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(dg]hf Designation: D 3454 — 97
]

\
INTERNATIONAL

Standard Test Method for
Radium-226 in Water '

This standard is issued under the fixed designation D 3454; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reappraval. A
superscript epsilon (€) indicates an editorial change since the last revision or reapproval,

1. Scope

1.1 This test method covers the measurement of soluble,
suspended, and total radium-226 in water in concentrations
above 3.7 X 107 Bg/L. This test method is not applicable to
the measarement of other radium isotopes. ’

1.2 This test method may be used for quantitative measure-
ments by calibrating with a radium-226 standard, or for relative
measurements by comparing the measurements made with
each other.

1.3 This test method does not meet the current requirements
of Practice D 2777, '

1.4 The values stated in SI units are to be regarded as the
standard. The inch-pound units given in parentheses are for
information only.

1.5 Hydrofluoric acid (HF) is very hazardous and should be
used in a well-ventilated hood. Wear rubber gloves, safety
glasses or goggles, and a laboratory coat. Avoid breathing any
HF fumes. Clean up all spills promptly and wash thoroughly
after using HF.

1.6 This standard does not purport to addvess all of the
other safety concerns, if any, associated with its use. It is the

responsibility of the user of this standard to establish appro-

priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards: ‘ :

D 1129 Terminology Relating to Water?

D 1193 Specification for Reagent Water® -

D 2777 Practice for Determination of Precision and Bias
Applicable Methods of Comumittee D-19 on Water”

D 3370 Practices for Sampling Water from Closed Can-

duits® ‘ , o
D 3649 Practice for High-Resolution Gamma-Ray Spec-
trometry of Water® ‘ . - .

i

! This test method is under the jurisdiction of ASTM Committee D 19 on Water

and is the direct responsibility of Subcommittee D19.04 on Methods of Radiochemi-*

cal Analysis.

Current edition approved Aug. 10, 1997, Publishéd February 1998, Originally
published as D 3454 — 75T. Last previous edition D 3454 — 91,

2 Annual Book of ASTM Standards, Vol 11.01,

3 Annual Baok of ASTM Standards, Vol 11,02

3. Terminology

3.1 Definitions—For definitions of terms used in this test’

method, refer to Terminology D 1129, and to other published
glossaries.* ‘

4, Summary of Test Method .

4.1 This test method® is based on the emanation and
scintillation counting of radon-222, a gaseous daughter product
of radium-226, from a solution. . ‘

4.2 Radium-226 is collected from water by coprecipitation

on a relatively large amount of barinm sulfate. The barium-:

radium sulfate is decomposed by fuming with phosphoric acid,
and the resulting glassy melt is dissolved by evaporation with
dilute hydrochloric acid to form soluble barium-radium phos-
phates and chilorides. These salts are dissolved and the solution
is stored for ingrowth of radon-222. After a suitable ingrowth
period, the radon gas is removed from the solution by purging
with gas and transferred to a scintillation counting chamber.
About 4 h after radon-222 collection, the scintillation chamber
is counted for alpha activity. The radium-226 concentration is
calculated from the alpha count. rate of radon-222 and its
immediate daughters, The radioactive decay characteristics of
radium-226 and its immediate decay progeny are listed in
Table 1. : o .

5. Significance and «Use ‘

5.1 The most prevalent of the five radium isotopes in ground
water, having a half life greater than one day, are radium-226
and radium-228. These two isotopes also present the greatest
health risk compared to the other naturally occurring nuclides
of equal concentrations if ingested via the water pathway.

5.2 Although primarily utilized on a water medium, this
technique may be applicable for the measurement of the
radium-226 content of any media once the medium has been
completely decomposed and put into an aqueous solution.

5.3 The general methodology and basis of this technique are

* American National Standard Glossary of Terms in Nuclear Science and
Technology, N1.1-1967.

% This test method is based on a previously published method by Rushing, D.E.;}
Garcia, W.J.,, and Clark, D.A. “The Analysis of Effluents and Envjrdnmental_
Samples from Uranium Mills and of Biological Samples for Radium, Polonium and
Urartium,” Radiological Health and Safety in Mining and Milling of Nuclear
Materials, Vol. T, IAEA, Vierina, Austtia, 1964), p. 187.

Copyright © ASTM International, 100 Barr Harbor Driva, PO Bax C700, West Conshohocken, PA 19428-29589, United Stales.
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TABLE 1 Radioactive Decay Characteristics of Radium-226 and
Its Daughters

Radionuclide Half-life Made of Decay
Radium-226 1602 yeats o
Radon-222 3.82 days o
Polonium-218 8.05 min o
Lead-214 26.8 min By
Bismuth-214 19.7 min By
Polonium-214 1644 s 1
Lead-210 22 3 years B,y

similar to the methodology “Radium-226 in Drinking Water
(Radon Emanation Technigque)” as described in the document
EPA-600//4-80-032.5 -

6. Interferences

6.1 Only the gaseous alpha-emitting radionuclides interfere,
namely, radon-219 and radon—220 Their half lives ate 3.9 and
34.5 s respectively; their presence iridicatés the presence of
their parents, radium-223 anid radiuin-224: These short-lived
radon isotopes decay before the fadon-222 is counted; it is their
alpha-emitting” decay products that ‘would interfere. ‘ These

intetferences are véry tare in water saniples but are frequently’

obséived in ceftain uranfum mill effluents,

,

AR

7. Apparatus. ., ~ ¢

7.1 Radon Bubbler’ (Fig.'1).’ R

7.2 Radon Scintillation Chamber (also Known as Lucas
Cell) (Fig. 2). ‘

7.3 ‘Manorneter, open-end capllleuy tube ‘or vacuum gage
having'a volume which is small compared to the volume of the
scmtﬂlatwn chamber, 0, 760'mm Hg Fig, 3):

' 74" Gas Purtﬁcatwn ‘Tube, ’7 to 8 mm outide diameter

standard -wall glass tubmg, 100 mm long, consmcted at lowet

end to'hold 2 glass’ wool plitg (Fig. 3). Thg’ upper half of the'

tube is filled with magnesium perchlorate and the lower Hatf
with a sodium hydrate-ashestos absorbent., .

7.5 Scintillation Counter Assembly, cons1st1ng of 2 50 mm
(2 in.) or mor€ iil diaméter photomultiplier tube mounted in a
light-tighit housing and’ coupled to the appropriate preamplifier,

highi-voltage supply, aifid scaler.” A hlgh«letage safety switch'

should open automatlcally Wheti the Tight ‘cover 1s removed to
avoid damiage to the photomultlpher tube. Thepre\amphﬁer

should incorporate a variable gain ‘adjustme; &' k:ounter

should Be eqiipped with & flexible ground wite which 1s‘

dttached to' the chassis photomulupher tibé by means of di

alligator clip or similar device. The operatmcr voltage is’

ascertdined by determining a' plateau using radon-222 in the

6 “Radium-226 in Drinking Water (Radon Bmanation Technique),” Prescribed
Proceduyes for Measurement of Radioactivity in Drinking Water, August 1980.
) 7Ava11able fram Corning Glass Works, Special Sales Section, Corning, N.Y.
11830.

' Available from W ]-I Johnston quonatones, 3617 Woodlzmcl Aye., Baltimore,
MD 21215, and Rocky Mountain Scientific Glass Blowmg Co., 4990 E, Asbury Ave.
Denver, CO 80222.
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STANDARD TAPER ~— T mm, 0.0,
AP T
)

p— STOPCOLK, 2mm. BORE

~s—e RIGIDITY BRACE

[ ~—  7mm, 0.0

28 mm. 8,0, —wex|

. . ERITTED GLASS, .
[ wepiumpOROSITY

40 mm,

IS P Jp—

. FIG. 1 Radon Bubbler

scititillation chamber as the alpha’ source. The slope 6f the
plateau should not exceed 2 %/100r V:“The counter andthe
scintillation chambér should be calibrited aid used as'a unit
when more than one counter is available. The background
counting rate for the counter assembly w1thout the scintillation
chamber should range from 0.00 to 0.03 cpm pAE

7.6 Membrane Filtérs, 0:A5-ym pore size: 2 ‘

7.7 Silicone Grease, h1gh—vacuum, for Bubblér: stopcocks

78 ‘Platinii Ware, criciblés,’ 20 0 30 mL and oneé 500-mL
capac1ty ‘dlSh Platmum wite"is ‘cleatied by 1mmersmg and
rotating i a- midltén bath of- potassium pyrosulfate, femoving,
cooling, and rmsmg in hot tap water, dlgestmg in hot HC1
(141); rinsing i watet and finally ’ﬂammg ovef a brner, *

79 Laboratory Glassware—Glassware tidy be décontami-
nated before and between uses by heating for 1 h in EDTA-
Na,CO, decontaminating solution at 90 to 100°C, then rinsing
in water, in (1+11) HCl and agam in water ’

8. Reageéits and' Matehals
8.1 Purity of Reagents—Reagent grade chemlcals shall be

[

9 Type HAWP (Millipore filtec Corp., Bedford, MA) has been found satisfactory.
An equivalent may be used.

PRO_00103924
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“=—— STOPCOCK, 2 mm BORE

PHOSPHOR
COATED

JEE—

. B0 mm,

o KOVAR METAL

wt—— CLEAR SILICA OR PYREX
GLASS WINDOW, COATED
WITH STANNIC OXIDE -

80 mm.

FIG. 2 Radon Scintillation Chamber

used in all tests. Unless otherwise indicated, it is intended that

all reagents shall conform to the specifications of the Commit-.

tee on Analytical Reagents of the American Chermnical Soci-
ety.!® Other grades may be used, provided it is first ascertained
that the reagent is of sufficiently high purity to permit its use
without lessening the accuracy of the determination.

8.2 Purity of Water—Unless otherwise indicated, reference

to water shall be understood to mean conforming to Spe01ﬁ-~

cation D 1193, Type IIL

8.3 Radioactive Purity of Reagents—Radloactlve purlty
shall be such that the measured results of blank samples do not
exceed the calculated plobable error of the measurement or are
within the desired precision,

84 Ammonium Sulfate Solution (100 g/l )—Dissolve 10 g
of ammonium sulfate (NH,),50,) in water and dilute to 100
mL. ,

8.5 Barium Chloride Carrier Solution Stock, (17.8 g/L)—

Dissolve 17.8 g of barium chloride (BaCl,-2H,0) in water and

dilute to 1 L. This solution will contain 10 mg Ba* */mL.
8.6 Barium-133 Tracer Solution—(approximately 2.74 X
10* Bg/mlL).

'9“Reagent Chemicals, American Chemical Saciety Specifications,” Am.
Chemical Soc., Washington, DC. For suggestions on tsting of reagents not listed by
the American Chemical Society, see* Analar Standards: for Laboratory Chemicals,”
BDH Ltd., Poole, Dorset, UK., and the “United States Pharmacopeia,” and National
Formulary, U.8. Pharmaceutical Convention, Inc. (USPC), Rockvilte, MD.
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w—— Scintillation Cell

i« Yacuum Source

Capillary T-Tube

e Vacuum Rubber Tubing
{or equiv.)

F_ . Thermometer Caplllary
2 o Anhydrous Magnesium

Perchlorate

— Counting Gas from Pressure
Regulator

«-—:——-e-R‘adon Bubbler

U

8 7 Barium Chlorzde Carrzei Solution, Working—Add 100
mL of barium chioride carrier stock solution and 10 mlL, of
barium-133 tracer solution to 890 mL of water and mix

"FIG. 3 De- emanatlon Assembly

thoroughly. This solution will contain approximately 1gof

Ba * /L. Allow to stand for 24 hand filter through a membrane
filter.

8.8 EDTA-Sodiuin Carbonate Decontaminating Solutzon—
Dissolve 10 g of disodium ethylenediaminetetraacetate and 10

g of sodium carbonate (Na,CO,) in water and dilute to 1 L.

8.9 Flux—To alar ge platinum dish (about 500-ml capacity)
add 30 mg of BaSO,, 65.8 g of K,CO,, 50.5 g of Na,CO;, and
33.7 g of N512B407 10 H,0. Mix well and heat cautlously until
the water is expelled fuse and mix thoxoughly by swirling.
Cool flux, grind itin a porcelain mortar to pass a U. 8. Standard
No. 10 (2.00-mum) (or finer) sieve. Store in an airtight bottle.
(Flux can be prepared in smaller batches.) .

8.10 Hydrochloric Acid (sp gr 1.19)—Concentrated hydro-
chloric acid (HCI).

8.11 Hydrochloric Acid Solution (1 + 1)—Mix 1 yolume of

concentrated HCI (sp gr 1.19) with 1 volume of water.
8.12 Hydrochloric Acid Solution (1 + 11)—Mix 1 volume

PRO_00103925
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of concentrated HC1 (sp gr 1.19) with 11 voluries of water.

8.13 Hydrochloric Acid Solution (14 49)—Mix 1 volume
of concentrated HC1 (sp gr 1.19) with 49 volumes of water.

8.14 Hydrochloric Acid Solution (1 + 119)—Mix 1 volume
of concentrated HC1 (sp gr 1.19) with 119 volumes of water.

8.15 Hydrofluoric Acid (sp gr 1.15)—Concentrated hydrof-
luoric acid (HF). Use extreme caution.

8.16 Hydrogen Peroxide (1-+9)—Mix 1 volume of
H,0, (30 %) with 9 volumes of water.

8.17 Magnesium Perchlorate——Anhydrous magnesium per-
chlorate Mg(ClO,),.

8.18 Phosphoric Acid (sp gr 1. 69)—ConCc:ntrated phospho-
ric acid (H;PO,).

8.19 Radium Standard Solution (0.37 Bg/mL)."!

8.20 Sodium Hydroxide-Coated Silicate Absorbent Propri-
etary, *? 8 to 20 mesh. x

8.21 Sulfuric Acid (sp gr 1. 84)—Concentrated sulfuric acid
(H,80,).

8.22 Sulfuric Acid Solution (1 +359)—M1x 1 volume of
concentrated H,80,(sp gt 1.84) with 359 volumes of water.
This solution is 0.1 N, Slowly add acid to water.

8.23 Helium, in a high-pressure cylinder with a two-stage
pressure regulator and needie valve.

9. Sampling

9.1 Collect the sample in accordance with the applicable
standards as described in Practices D 3370.

10. Calibration and Standardization

10.1 Close the inlet stopcock of a bubbler; (Note 1} add 5
ml. of BaCl,-2H,0 cartier solutioti, 1 mlL of concentratéd HCI
(sp gr 1.19), 3 mL (1.1 Bq) of standard radium, solution and il
the bubbler %3to % full with water.

Nore 1—RBefore using, test bubblers by placing about 10 mL of water
in them and passing air through them at the rat¢ of 3 to 5 mL/min. This
should form many fine bubbles rather than a few large ones. Do not use
bubblers requiring excessive pressire to initiate bubbling. Reject unsatis-
factory bubblers. Corning’s* medium-porosity” ﬁtted glass disks are

dsually satisfactory.

10.2 Insert the outlet Stopcock into thé' bubblér ‘with' the
stopcock open. Adjust the helium regulator (d1aphragm) valve
so that a very sIéw Stream of gas' will flow with the ‘needle
valve ope. Attach the helinm supply to the inlet of bubbler and
adjust the inlet pressure to produce a froth a few millimetres
thick. Establish a Zero ingrowth tlme by purgmg ‘the hqu1d w1th
helium for 15 to 20 min.

10.3 In rapid succession, close the inlet’ stopcock femove
the 'gas connection, and the' close outlet stopcock. Record the
daté and time and store the bubbler preferably for 2 to 3 weeks
before collécting and countmg the radon-222.

'10.4 Attach a scifitillation chamber as shown in Fig. 3;
substitute & glass tube with'a stapcock “for the biibbler so that
the Hieliumi gas can be turned dh'and off ‘convcmehtly Open thie
stopcock on the scmtﬂlauon cha.mber tlose the stopeock to'the

it

v

"1 $fandard radiem soluuons are avmlablc from the Natlonal Insutute of
Standards and Techinology. b
12 Agcarite IT has been found to be suitable 'md sy avatlable from VWR Scmrmﬁc
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gas and gradually open the stopcock to vacuum source to
evacuate the cell. Close the stopcock to the vacuum source and
check the manometer reading for 2 min to test the system,
especially the scintillation chamber for leaks. If leaks are
detected they should be identified and sealed.

10.5 Open the stopcock to the helium gas and allow the gas
to enter the chamber slowly until atmospheric pressure is
reached. Close all the stopcocks.

10.6 Place the scintillation chamber on the photomultiplier
tube (in a light-tight housing), wait 10 min, and obtain a
background count rate (preferably over a period of at least 100
min). Phototube must not be exposed to external light with the
high voltage applied.

10.7 With the scintillation chamber and bubbleér in positions
indicated in Fig. 3 and all stopcocks closed, open,the stopcock
to vacuum and then to the scintillation chamber. Evacuate the
scintillation cell and the gas purification system, Close the
stopcock to vacuum and check for leaks as in 10.4.

10.8 Adjust the helium regulator (diaphragm) valve so that
a very slow stream of gas will flow with the needle valve open.
Attach the helium supply to the inlet of the bubbler.

10.9 Very cautiously open the bubbler outlet stopcock to
equalize pressure and transfer all or most of the fluid in the
inlet side arm to the bubbler chamber.

10.10 Close the outlet stopcock and very cautiously open
the inlet stopcock to flush remaining fluid from the side atm
and fritted disk? Close the inlet stopcock.

10.11 Repeat steps 10.9 and 10.10 several times to obtain
more nearly equal pressure on the two sides of the bubbler.

10.12 With the outlet stopcock fully open, cautiously open
the inlet stopcock se. thatthe flow of gas produces a froth a few
millimetres thick at the surface of bubbler solution. Maintain
thei flow rate by adjusting, the pressute withthe regulator valve
and: confinué de-emanation until the pressure iri thé scintillation
chamber. reachcs the atmosphieric piessure. The total elapsed
time: for de-emanation should be 15 to 20 min.

10.13 Tn rapid succession; close the stopcock to the scintil-
lation chamber, close the bubbler irilet and the outlet stopcocks,
shut off.and disconnect the gas supply. Record the date and
tirhe, which is the end of ingrowth and the begitning of decay.

10.14 Store the bubbler for another fadon-222 ingrowth in’

thie ‘event a subscquent de-emanation i§ desired. The standard
bubbler dontaining: the standard may be kept and reused
indefinitely. RN

10.15 Four hours after de-emanatiot, place the' scititillation
chamber' ot tHe ‘photonititiplier tibe, wait 10 in, and cotint
with desired statistical aécuracy is acfneved Record the'date
and time the counting was started and finished.

10.16 Calculate the’ ca11brat1on constant E for the scmtﬂla—
tion chamber as folloWs .

=clA(l - e—)‘") ‘“z)

where: ‘ -

¢ = netcount rate, cpm (cpm standard — cpm background),.

A = activity of rad1um—226 in the bubbler, dpm,.

t; = ingrowth time of radon-222; h, ‘

t, = decay time of radon-222 ocourring between de-.
emanaﬁon and countmg, h; ahd ‘

PRO_00103926
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A = decay constant of radon-222 (0.00755 h™%).

10.17 Carry out the background measurements and calibra-
tions with each scintillation chamber used, and repeat fre-
quently as the calibration constant can change with time.

10.18 To remove radon-222 and prepare the scintillation

chamber for reuse, evacuate and cautiously refill with helium.
Repeat this evacuation and refilling twice. For chambers
containing high activitics of radon-222 repeat the procedure
more often,

11. Procedure

11.1 Soluble Radium-226:

1L.1.1 Filter the sample through a membrane filter, Take a
1-L aliquot, or a smaller volume so as not to exceed 1.1 Bq of
radium-226, and transfer to a 1500-mL beaker. Acidify with 20
L of concentrated HCI (sp gr 1.19) per litre of filtrate, heat,
and add with vigorous stirring 50 mL of BaCl, working carrier
solution. For sample volumes less than a litre, dilute to 1 L w1th
HCI (1 + 49) prior to the addition of carrier.

11.1.2 Cautiously and with vigorous stirting, add 20 mL of

H,50, (sp gr 1.84). Cover the beaker and allow to stand:

overnight.

11.1.3 Filter the supernate through a membrane filter, using
H,80, (1 +339) to transfer the Ba-Ra precipitate to the filter.
Wash the precipitate twice with H,S0, (1 + 359).

11.1.4 Place the filter in a platinum crucible, add 0.5 mL of

concentrated HF (sp gr 1.15) and 3 drops (0.15 mL) of‘

(NH,),80, solution, and evaporate to dryness.

11.1.5 Carefully ignite the filter and residue over a small:

flame until the carbon is burned off (after charring of filter; a
Mecker burner may be used).

11.1.6 Cool, add 1 mL of concentrated H;PQ, (sp gr 1.69),
and heat on a hot plate to about 200°C, Gradually raise
temperature to about 300 to 400°C for 30 min.

11.1.7 Switl the crucible over a low bunsen flame, adjusted
to avoid spattering. Swirl so that the crucible walls are covered
with bot concentrated H,PO, (sp gr 1.69). Continue to héat
until the BaSO, dissolves ‘to give a clear melt (just below
redness), and then heat for 1 min more to ensure removal of
S0,

11 1.8 Cool fill the crucible one-half full w1th HCl (1 +1),

heaton a steam bath, then gradually add the water to ‘within- 2
mm of the top of the crucible,

11.1.9 Evaporate on the steam bath unt11 there are no more'

vapors of HCL."

11.1.10 Add 6 mL of HCI L+ 11) sw1rl and warm (o'

dissolve the BaCl, crystals.
11.1.11 Close the inlet stopcock of a greased and tested
radon bubbler. Add a drop of water to the fritted disk and

transfer the sample from the platinum crucible to the bubbler:

using a medicine dropper. Rinse the crucible with at least three

2-mL portions of water. Add water until the bubblel is%to ¥

full.

11.1.12 De-emanate the solutlon in accordance with 10. 2
and 10.3.

11.1.13 ‘After 3 weeks of radon-222 ingrowth, de-emanate
and count as described in 10.7 through 10.15.

11.1.14 Transfer the. solution in the bubbler to a gamma~
countmg container. Wash the bubbler thoroughly with HCI

(1 + 11) and combine with the sample in a container. Measure
the barium-133 gamma activity in a gamma counter. For a
discussion of gamma ray counting refer to Practice D 3649,
Calculate the sample yield, ¥ by dividing the barium-133
activity of the sample by the barium-133 activity of a 50-mL
aliquot of BaCl, carrier working solution counted under
identical conditions of volume and geometry as the sample.

11.1.15 The sample may be stored for a second 1ngrowth or
discarded and the bubbler cleaned for reuse. A thorough rinsing
with HCI (1+49) is a satisfactory cleaning procedure, If
however, the radium-226 in a bubbler exceeded 10 pCi, a more
rigorous cleaning may be necessary. Remove the stopcock
grease, using a cloth and solvent, and then immerse for 1 h in
hot (90 to 100°C) EDTA - Na,CO; solution. Heat the bubblers
gradually to avoid thermal shock to the fritted glass disks,
Remove, cool at room temperature, and rinse with distilled
water. Immerse in HCl (1 + 11) and warm for about 30 min.
Remove, cool, and rinse with distilled water, Dry and regrease
the stopcocks.

11.1.16 Remove radon-222 from the scmtﬂlatlon chamber
as described in 10.18.

11.2 Suspended Radium-226:

11.2.1 Filter a volume of sample containing up to 30 pCi of
radium-226 and 1.0 g of irorganic suspended matter through a
membrane filter. If desired the filter and suspended matter from
step 10.1.1 may be used.

11.2.2 Place the membrane filter and suspended material
into a weighed 30-mL platinum crucible. Carefully ignite over
a small flame until the carbon is burned off (after charrmg of
the filter, a Meeker burner may be used),

11.2.3 Cool and weigh the crucible to estimate the res1due.

11.2.4 Add 8 g of flux for each gram of residue, but not less
than 2 g of flux, and mix with a glass stirring rod. .

11,25 Heat over a Meeker burner until melting begms, then
more carefully to avoid spattering. Continue heatmg for 20 min
after bubbling stops with occasional swirling of the crucible to
mix the contents and achieve a uniform melt. A clear melt is
usually obtained only when the suspended solids are present in
small amounts or have a hlgh silica content,

11.2.6 Remove the crucible from the burner and rotate it as
the melt cools to distribute it in a thin layer on the crucible
walls,

11.2.7 To a 500 mL beaker contalmng 120 mL H20 slowly
add, with stirring, 20 mL of concentrated H,SO, (sp gr 1.84)
and 5 mL of H,0,(1+9) for each § g of flux used.

11.2.8 Place the crucible in a beaker, cover, and swirl the
beaker to dissolve the melt. :

11.2.9 When the melt is dissolved, hft the crucible with
platinum-tipped tongs, and rinse Wlth water, allowmg nnse
water to go into thé beaker.

11.2.10 When the melt is dlssolved rinse and remove thc
crucible from the beaker and save for reuse in step 11.2.13.

11.2.11 Heat the solution and slowly add 50 mL of BaCl,
working solution with vigorous stirring. Cover the beaker and
allow to stand overnight for precipitation.

11.2.12 Add 1 mL of HyO, (1+9) and if the yellow color
(from titanium) deepens, add additional H202 until there is no
further color change.

PRO_00103927



Case 1:13-cv-01215-TSC Document 198-23 Filed 10/07/19 Page 9 of 127

48 o 3454

11.2.13 Continue as described in steps 11.1.3 to 11.1.16.

11.3 Soluble and Suspended Radium—226: = .

11.3:1 Take a-1-L aliquot of the thoroughly mixed sample;
or a smaller volume so as not to exceed (1.1 Bep) of radium-226
and transfer to a 1500-mL. bedker: Acidify :with 20 mL .of
concentrated HC] (sp.gr 1.19) per litre of sample; heat, and add
with vigorous stirring 50 mL of BaCl, working carrier solution.
For sample volumes less ‘than a litre, dilute .to 1 L with HCl
(1 + 49) prior to the addition of earrier.- ~* .

11.3.2 Cautiously and with vigorous stirring add 20 ml of
concentrated HySO, (sp gr:li 84) Cover the-beaker and allow
to stand overnight:

. 11.3.3 Filter the: supernate _through a meinbirane filter, using
HZSO4(1 +359) to transfer. the: solids to: the. filter. Wash the
solids twice with H,S0Q, (14 359). .«

11.3/4 Continue as described: in steps 11.2.2 to 11.2. lO

11.3.5 Digest the sample for 1 h on a stéam bath and add 1
mL of H,0, (L+9). If the yellow color (from titanium)
deepens, add add1t1onal H,0, unul there is no further color
change. - ‘

11.3.6 Contmue as descnbed in steps 11.1.3 to 11.1.16.

12. Calculation

12:1 Calculate the concentration of radium-226 in becquer-
els per litre as follows: :

4 1 1
PEERN T

where

D = concentratlon of Rad1um—226 Bq/L,

¢ = calibration constant for the scintillation cell, cpm/
dlsmtegranons per minute, |

v = volume of sample used, L,

R = recovery factor, o

t, = elapsed t1me betwéén the’ first and second de-
emanauons, \ is the decay constant of radon-222
(0.181 d°"}, ‘days, -

t, = timeé interval between the second de-emanation and
time of mid count, h; X is the decay constant of
radon-222 (0.00755 h-l), ‘

¢ = net count-rate: (sample-background), cps’

12.2 The 'total propagated uncértainty (1 s) for the concen-
tration of Rad1um-226 is calculated as follows:

SpBg/L) = D<Bq/L> *ESC/C)’ + <SE/E)2 + (VP + (SR (
1)

where: -

Sc = one s1gma uncertainty of the net sample countmg rate,

Sz = one sigma uncertainty of the detection efficiency of
the scintillation cell,.

Sy = one 31gma uncertamty of the sample volume, and

Sz .= ope sigma uncertainty in the fractional radium recov-

ery.
“The one s1gma uncertamty (Sc) in the net sample counting
rate is calculated from the followmg PR

= (Gltg™ +B/t,,2)“2‘ :

@
Wlléfe:
G

sample gross counting rate, s,

246

B = backgiound counting rate; s,
tg: = shmple-counting time, syand: - -
g = background counting time; §.

12.3.The a priari minimum detectable concentratton (MDC)
is caleulated as follows ST S

WG T 4 4085%(s BY
MDC(Bq/L)

TTIAERYVRE @)
where: ‘
F = product of the ingrowth and two decay factors,
E = detection efficiency,
R = fractional recovery, and
V = sample volui’ne
13. Precision and Blas

13.1 The available data do not permit a prec1s1on and bias

statement to be made in accordance with Practice D 2777.
13.2 A limited collaborative study of this test method was

conducted. Seven labs participated by processing one sample at

four levels; These collaborative data were obtained on distilled

water with reagent grade, chemicals added to vary the hardness..

The resultant hardness was 125 mg/L for levels A and B and
610 mg/L for levels C and' D., . - i

13.3. Precision—The overall precision of this test method
within its designated range varies with the quaritity being tested
according to Fig. 4. The relative precision, for this.test ‘m’ethod
is approximately 5 %.

13.4 Bias—A limited collaborative study of this test method
indicated that a negative bias of approximately 3 % was
present; based-on the average recovery of. the known amount. of
radium-226 added. Recoveries were.as follows::

Level poil’ ¥ Added; Byl  Fotnd, BYL Blas, %
A 1212 0.448 04351~ =29
B 8.96 0.331 03221 | . =27
c 2653 0.944 " 0.9514 ¢ ) “24
‘D B84 s . 0897 - -2.0

0.6831 -
14. Quality dontrol

14.1 Whenever pos51ble, the pro_]ect leader, as part of the

external quality control program, should submit quality control
samples to the analyst along with routine samples in such a
way that the analyst does not know which.of the samples are

the, quahty control samples. .These extemal quality contro],

samples which usually include duphcate and blank samples,
should. test sample, collect;on and preparation,as Well as sample
analysm whenever this is possible. In addition; analysts, are
expected to tun jinternal quality,; control, samples that will
indicate to them whether the analytical., procedures. are _in
control. Both the external and, internal -quality control samples
should be prepared in such a way, as to. duphcate the chemnigal
matrix, of the, routme samples, | msofar as this is. practwal - The
quahty control samples that are routmely used gansist of five
basic types:, blank; samples, replicate samples, reference mate-
rials, control samples, and spiked samples.

15. Keywords B oo
15.1 coprec;pltatwn, emanatmn, radioactivity; rad1um-226 '

. . ¢
* B Lot

P H o
oo ! foe i o ﬂ)l

© 13 gypporting data for thxs test method have been ﬁled at ASTM Headquarters
Reqiést RR/D-19-1130. * iy .
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The American Society for Testing and Materials takes no position respecting the valldity of any patent rights asserted in connection ‘

. with any item mentioned! in this standard. Users of this standard are expressly advised that determination of the validity of any such

patent rights, and the risk of infringement of such rights, are entirely their own responsibility,

This standard fs subject to revision at any time by the responsible tachnical committee and must be raviewed every five years and
ifnot revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters, Your comments will recelve careful considsration at a meeting of the responsible
techinical committes, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known fo the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, FA 19428,

"This standard is copyrighted by ASTM, 100 Barr Harbor Drive, West Conshahobkeﬁ, PA 19428-2959, Unlted Statss. Individual
reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at 610-832-9585
(phone), 610-832-9555 (fax), or service@astm.org (e-mall); or through the ASTM website (http:/fwww.astm,org).
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QHW Designation: D 3588 — 98

Standard Practice for

Calculating Heat Value, Cdrﬁpressmlllty Factor and Relative

Density of Gaseous Fuels

This standard is issued under the fixed designation D 3588, the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapptoval.

1. Scope

1.1 This practice covers procedures for calculating heating
value, relative density, and compressibility factor at base
conditions (14.696 psia and 60°F (15.6°C)) for natural gas
mixtures from compositional analysis. It applies to all com-
mon types of utility gaseous fuels, for example, dry natural gas,
reforroed gas, oil gas (both high and low Btuw), propane-air,
carbuteted water gas, coke oven gas, and retort coal gas, for
which suitable methods of analysis as described in Section é
are available. Calculation procedures for other base conditions
are given.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The SI units given in parentheses are for
information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

D 1717 Methods for Analysis of Commercial Butane-
Butene Mixtures and Isobutylene by Gas Chromatogra-
phy’

D 1945 Test Mcthod for Analysis of Natural Gas by Gas
Chromatography*

D 1946 Practice for Analysis of Reformed Gas by Gas
Chromatography*

D 2163 Test Method for Analysis of Liquefied Petroleum
(LP) Gases and Propane Concentrates by Gas Chromatog-
raphy”

! This practice is under the jurisdiction of ASTM Committee D-3 on Gaseous
Fuels and is the direct responsibility of Subcommittee D03.03 on Determination of
Heating Value and Relative Density of Gassous Fuels.

Current edition approved May 10, 1998, Published April 1999, Originally
published as D 3588 — 98,

2 A more rigorous calculation of Z(T.P) at both base conditions and higher
pressures can be made using the calculation procedures in “Compressibility and
Super Compressibility for Natural Gas and Other Hydrocarbon Gases,” American
Gas Association Transmission Measurement Committee Report 8, AGA Cat. No.
XQ1285, 1985, AGA, 1515 Wilson Blvd,, Arlington, VA 22209.

3 Discontinued, see 1983 Annual Book of ASTM Standards, Vol 05.01.

4 Annual Book of ASTM Standards, Yol 05.05.

3 Annual Book of ASTM Standards, Yol 05.01.

76

D 2650 Test Method for Chemical Composition of Gases by
Mass Spectrometry®

2.2 GPA Standards:

GPA 2145 Physical Constants for the Paraffin Hydrocarbons
and Other Components in Natural Gas’

GPA Standard 2166 Methods of Obtaining Natural Gas
Samples for Analysis by Gas Chromatography’

GPA 2172 Calculation of Gross Heating Value, Relative
Density, and Compressibility Factor for Natural Gas
Mixtures from Compositional Analysis”®

GPA Standard 2261 Method of Analysis for Natural Gas and
Similar Gaseous Mixtures by Gas Chromatography’

GPA Technical Publication TP-17 Table of Physical Prop-
erties 7of Hydrocarbons for Extended Analysis of Natural
Gases

GPSA Data Book, Fig. 23-2, Physical Constants’

2.3 TRC Document:

TRC Thermodynamic Tables—Hydrocarbons®

2.4 ANSI Standard:

ANSI Z 132.1-1969: Base Conditions of Pressure and
Temperatute for the Volumetric Measurement of Natural
Gasl&ll

3. Terminology

3.1 Definitions:

3.1.1 British thermal unit—the defined International Tables
British thermal unit (Btu).

3.1.1.1 Discussion—The defining relationships are:

1 Btuelb™ = 2.326 Jog™" (exact)
1 1b = 453.592 37 g (exact)

By these relationships, 1 Btu = 1 055.055 852 62 J (exact). For
most purposes, the value (rounded) 1 Btu 1055.056 ] is
adequate.

3.1.2 compressibility factor (z)-—the ratio of the actual

¢ Annual Book of ASTM Standards, Yol 05.02.

7 Available from Gas Processors Association, 6526 E. 60th, Tulse, OK 74145,

9 A program in either BASIC or FORTRAN suitable for running on corputers,
available from the Gas Processors Association, has been found satisfactory for this
purpose.

? Available from Thermodynamics Research Center, The Texas A&M University,
College Station, TX 77843-3111,

19 Avaifable from the American National Standards Institute, 11 W. 42nd St.,
13th Floor, New York, NY 10036,

!! Supporting data are available from ASTM Headquarters. Request RR:DO3-
1007,
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volume of a given mass of gas at a specified temperature and
pressure to its volume calculated from the ideal gas law under
the same conditions.

3.1.3 gross heating value—the amount of energy transferred
as heat from the complete, ideal combustion of the gas with air,
at standard temperature, in which all the water formed by the
reaction condenses to liquid. The values for the pure gases
appear i GPA Standard 2145, which is revised annually. If the
gross: heating value has-a volumettic rather than-a mass or
molar basis, a base pressure must also be specified. - -

3.1.4 net heating value—the amount of energy transferred
as heat from the total, ideal combustion of the gas at standard
temperature in which all the water formed by the reaction
remains in the vapor state. Condensation of any “spectator”
water does not contribute to the net heating value. If the net
heating value has' a volumetric rather than a mass or molar
basis, 2 base pressure must also be specified.

3.1.5 relative density—the ratio of the density of the gas-

eous fuel, under observed conditions of temperature and

pressure, . to the density of dry air (of normal carbon dioxide
content) at the same temperature and. pressure.

3.1.6 standard cubic foot of gas—the amount of gas that
occupies 1 ft* (0.028 m®) at a temperature of 60°F (15.6°C)
under &' given base pressure and either saturated with water
vapor (wet) or free of water vapor (dry) as specified (see ANSI
Z 132.1). In this practice, calculations have been made at
14.696 psia and 60°F (15.6°C), because the yeatly update of
GPA 2145 by the Thermodynamics Research Center, on which
these calculations are based, are given for this base pressure.
Conversions to other base conditions should be made at the end
of the calculation to reduce roundoff errors.

3.1.7 standard temperature (USA)—6Q°F (15, 6°C)

3.2 Symbols:

3.2.1- Nomenclature: ;

3.2.1.1 B—second virial coefﬁment for gas mixture

3.2.12 \/B_U ——summation factor for calculatmg real gas
correction (alternate method) '

3.2.13 (cor)—corrected for water content

3.2.1.4 (dry)—value on water-free basis :

3.2.1.5 d—-densrty for gas relative to the densuy of air.

3.2.1,6 d“—ideal relative density or relative molar majs,
that is, molar mass of gas relative to molar mass of zur L

3.2.17 G“—molar mass ratio ‘

3.2.1.8 H% _gross heating value-per unit mass. .

3.2.1.9 H“ —gross héating value per unit volumé

3.2.1.10 H“ —gross heating value per unit mole

3.2.1.11 K< —net heating value per unit mass

3.2.1.12 A —net heating value per unit volume:

3.2.1.13 h“ —net heating value per unit mole”

3.2.1.21 Q“‘ ideal energy per unit time released as heat
upon combustion

3.2.1.22 R—gas constant, 10 7316 psia. fts/(lb molsR) in this
practice (based upon R = 8.314 48 J/(mol<K))

3.2.1.23 (sat)—denotes saturation value

3.2.1.24 T—absolute temperature, °R =°F + 459.6’7 orK =
°C +273.15 ‘

3.2.1.25 (T, P)—value depcndent upon tcmperature and

pressure

3.2.1.26 V—gas volumetric flow tate

3.2.1.27 x—mole fraction = :

3.2.1.28 Z—gas compres51b111ty factor repeatability of prop-
erty ‘

3.2.1.29 d—repeatability of property

3.2.1.30 ‘pmdensity'.in mass per unit volume

32,131 j=1 —Droperty surnmed for Components 1
through n, where n represents the total number of components
in the mixture

3.2.2 Superscripts: ‘

3.2.2.1 id—ideal gas value.,

3.2.2.2. Iliquid

3.2.2.3 o—value at saturauon (vapor pressure)

3.2.2.4 '—reproducibility

3.2.3 Subscripts: Co

3.2.3.1 a—value for air

3.2.3.2 a—relative number of atoms of carbon in Eq 1

3.2.3.3 b—telative number of atoms. of hydrogen'in-Eq-1:

3.2.34 c¢—relative number of atoms of sulfur in Eq L

3.2.3.5 j—property for component j

3.2.3.6 ii—non-ideal gas property for component i

3.2.3.7 ij—non-ideal gas property for mixture of i and j

3.23.8 ji—non-ideal gas property for component j

3.2.3.9. w—value for water-

3.2.3:10 1—property for Component 1

3.2.3.11 2—property for Component 2

4. Summary of Practice

4.1 The ideal gas heatmg value and ideal gas relarlve
density at base conditions (14.696 psia and 60°F (5.6°C)) are

" calculated from the molar comnposition and the respective ideal

gas values for the components; these values are then adjusted

by means of a calculated compressibility factor. ¥

5, Significance and Use - \ :
5.1 The heating value is a measure of the suitability of a-

. pure gas or a gas mixture for use as a fuel; it indicates the*

© amount of energy that can be obtained as heat by burning a unit
. of gas: For use as heating agents, the relative merits of gases

3.2.1.14 a, b, c—in Bq 1, integers required to balance the .

equation: C, carbon; H, hydrogen; S, sulfur; O, oxygen
3.2.1.15 (id)—ideal gas state ‘ .
3.2.1.16 (1)—liquid phase B
3.2.1.17 M—imolar mass T
3.2.1.18 m—mass flow rate
3.2.1.19 n—number of components
3.2.1.20 ‘P—opressure in absolute units (psia)

from different sources and having different compositions can
be compared readily on the basis of their heating values;
Therefore, the heating value is used as a parameter for
determining the price of gas in custody transfer. It is also an

" essential factor in calculating the efficiencies of energy con-,

version devices such as gas-fired turbines. The heating values:
of a gas depend not only upon the temperature and pressure, |
but also -upon the degree of saturation with water. vapor.

" However, some calofimetric methods for measuring heating

77

values are based upon the gas bemg sarurared wrth water at the
specified conditions. " S
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5.2 The relative density (specific gravity) of a gas quantifies
the density of the gas as compared with that of air under the
same conditions.

6. Methods of Analysis’

6.1 Determine the molar composition of the gas in accor-
dance with any ASTM or GPA method that yields the complete
composition, exclusive of water, but including all other com-
ponents present in amounts of 0.1 % or more, in terms of
components or groups of components listed in Table 1. At least
98 % of the sample must be reported as individual components
(that is, not more than a total of 2 % reported as groups of
componernts such as butanes, pentanes, hexanes, butenes, and
so forth). Any group used must be one of those listed in Table
1 for which average yalues appear. The following test methods
are applicable to this practice when appropriate for the sample
under test: Test Methods D 1717, D 1945, D 2163, and D 2630.

7. Calculation—Ideal Gas Values; Ideal Heating Value

7.1 An ideal comBustion reaction in general terms for fuel
and air in the ideal gas state is:

CH,S, (id) + (a + bl4 + AOid) = aCOid) + (WH,O (id or 1)

+ c80,(id) (€Y}

where id denotes the ideal gas state and ! denotes liquid
phase. The ideal net heating value résults when all the water
remains in the ideal gas state. The ideal gross heating value
results when all the water forimed by the reaction condenses to
liquid‘ For water, the reduction from H,0id) to HyO(!)-is H?

~ H' , the ideal enthalpy of vaporization, which is somewhat
latger than the énthalpy of vaporization o -H.

711 Because the gross heatmg value results from an ideal
combustion reaction, ideal gas relatlonshlps apply. The Jideal

gross heating value per unit mass for a mixtute, H,ff , is:

TABLE 1 Propenies of Natural Gas Components at 60°F and 14.696 psia®

ideal Grass Heating Value?

Ideal Net Heating Value

Summation
Compound Formula Tb?:z:nhgﬁfg‘ ;\a(:?i:),MGa"s’g’ HY H',ﬁ ] H‘r:j " hind ) hid hlg , Fact‘orl 1b,.
kd-mol'  Btu bm'  Btu.fr®  ki.mor! Bui:-bm  Btu.ie - peia
Hydrogen Hy 2.0159 0.069 60 286.20 61022 324.2 241.79 51566 273.93 0
Helium He 4.0026 0.138 20 0 0 0 0 0 0 Q
Water H,O 18.0153 0.622 02 44,409 1059.8 50,312 0 0 0 0.0623
Carbon monoxide cO 28.010 0.967 11 282.9 4342 320.5 282.9 4342 3205 0.0053
Nitrogen N, 28.0134 0.967 23 0 0 0 0 0 [\ 0.0044
Oxygen * Oy 31.9988 1.104 8 0 0 0 0 0 0 0.0073
Hydrogen sulfide’ H,S 34.08- 11767 582.4 70942 637.1 517.99 6534 586.8 0.0253
Argon . Ar 39,948 13793 0 0 0 0 0 0 0.0071
Carbon dioxide CO, 44,010 15196 0 0 0 0 0 Q 0.0197
Alr g 28.9625 1.0000 0 0 0 .0 0 0 0.0050
Methane CH, 16,043 0.653 92 891.63 23 891 1010.0 802.71 215 909.4 0.0116
Ethane C,Hga 80.070 1.0382 1562.06 . 22333 1769.7 1428.83° 20429 1618.7 0.0239
Propane CaHg 44,097 1.522 6 2220.99 21 653 2516.1 2043.3 19922 2314.9 . 0.0344
FButane CiHio 58.123 20068 2870.45 21232 3251.9 2648.4 19590 3000.4 0.0458
n-Butane GC,Hqo 58.123 2.006 8 2879.63 21300 3262.3 2657.6 19 658 3010.8 0.0478
iPentane CsHyg 72,180 © 24912 3531.5 21043 4000.9 8265.0 19 456 3699.0 0.0581
nPentane CsHyg 72.150 24912 3535.8 21085 4008.9 3269.3 19481 3703.9 0.0631
n-Hexane CeHys 86.177 297686 4198.1 20 943 4755.9 3887.2 19393 4403.9 0.0802
n-Heptane CsHig 100.204 3.4508 4867.2 20839 §602.5 4501.9 19815 51003 0.0944
n-QOctane CgHyg ™' 114231 3.944 1 5516.9 20759 6248.9 5116.2 19 256 5796.2 . 0.1137
r-Nonane CgHpg 128,958 4.428 4 6175.9 20 701 6996.5 5781.8 19213 6493.6 0.1331
n-Decane CioHas 142.285 49127 6834.9 20651 7742.9 6346.4 19176 7189.9 0.15638
Neopentane CsHia 72.015 2.491% 3517.27 20 958 3985 3250.8 19371 3683
2-Methylpentane CgHy. 86,177 2.9755 4190.43 20 905 4747 3879.6 19 355 4395 0.080
3-Methylpentane CaHig 86.177 297556 4193.03 20918 4750 38822 19367 4308 0.080
2,2-Dimethylbutane CeHyy 86.177 2:.97565;  4180.63 20 866 4736 3869.8 19306 4384 0.080
2,3-Dimethylbutane CeHus 86.177 29755 4188.41 20 895 4745 3877.5 19344 4393 0.080
Cyclopropane CaHg 42,081 /. 14529 2092,78 21381 2371 1959'6 20020 2920
Cyclobutane C4Hg 56,108 . 1.9373 2747.08 21049 2747 2569.4 19688 | 2911
Cyclopentane CsHio 70.134 24215 9822.04 20 364 3764 3100.0 19003 3512
Cyslohexane "CoHyz '84.161 2.9069 3955.84 20208 4482 3689.4 18847 4180 Lo
Ethyrie (acetylerie) * CgHy 26,088 0.8990 1301.32 21487 1474 1256.9 20753 1424 0.021
Ethene (ethylens) CzHy, 28.064 0.9686 . 1412.08 21640 1600 1323.2 20278 1499 0.020
Propene (propylene) CaHg 42,081 14529 205935 21039 2333 1926.1 19678 2182 0.033
Benzene CaMHg © 78.114 2.697 1 3202.74 18177 3742 3169.5 17 444 3591 0.089
Butanes (ave) GyHyo 58.123 2.006 8 2875 21266 3257 2653 19 623 3006 0.046
Pentanes (ave) CsHyz 72.150 2.4912 3534 21056 4003 3267 19469 372 0.062
Hexanes (ave) =~ * “CgHis " 86,177 2.9755 4190 20 904 4747 3879 19353 4395 0.080
Buténds (ayé) C4Hg 56.108 1.9372 2716 20 811 3077 2538 19450 2876 0.046
Pentenes (ave), | LGt 70.184 24215 3875 20 691 3824 3153 19328 8572 ' 0.060

AThis table is consistent with. GPA 2145-89, but it is necessary to use:the values from the most recent edition of GPA 2145 for custady transfer calculations.

51984 Atornic Weights: G =
Molar mass ratio is the ratio of the miolar mass of the' gas to that of air.

12,011, H = 1,00794, O = 15.9994, N = 14,0067, S = 32.086.

OBaged upon ideal reaction; the shtry for water represents the total enthalpy of vaporization.

ECompasition from: F. E, Jones, J. Hes. Nat. Bur. Stand., Vol. 83, 418, 1978,

78
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1;5 - 2 xMH;,‘,I‘,/ 2 .xJMJ

x;1s the mole fraétion of Component JrM;isthe piolar

: Ta g L,
" “whete:

mass of Component j from Table L, and # is the total number -

of components.
712 HE, j 18 the pure component, ideal gross heaung value
per unit mass for Component j (at 60°F (15.6°C) in Table 1).
Values of H"’ are independent of pressure, but they vary with
\temperature ' T
7.2 Ideal Gas Density :
7. 21 The ideal gas density, p’ , 1s

f

oM = (PIRT) aijj =MPRT . o)
2

U where; M is the molar mass of the mixture, < .«

M= an xM; (4
P is the base pressure in absolute units (psia), R is the gas
constant, 10.7316 psia.ft>/(lb mol+°R) in this practice, based
upon R = 8.314 48 J/(mol+K), T'is the base temperature in
absolute units ("R = °F + 459.67). Values of the ideal gas
density at 60°F (15.6°C) and 14.696 psia are in GPA Standard
2145,
7.3 Ideal Relative Density:
7.3.1 The ideal relative density d* is:
= le xdy = 2 MM, = MIM, &)
where: M, is the molar mass of air. The ideal relative density
is the molar mass ratio.
7.4 Gross Heating Value per .Unit Volume
£7.4,1 - Multiplication of the gross beating value per unit mass
by the. ideal gas densrty provrdes the gross heatmg value per
unit volume, H’ e X o
Hy = p'”’ H:;’ 2 »,H R )
H‘d 1s the pure component gross heatlng value per urut
volume for Component j at specrﬁed tempetature and pressure.
(60°F (15.6°C).and 14.696 Jpsia in Table 1, ideal gas values).
o 4 2 Conversron of values in Table 1 to dlfferent pressure
bases results from mulhplymg by the pressure rauo !

_ o HYY (P) = H (P = 14.696) X PI14696 ' NS

7 5 Real Gas Values—-Compresszbzlzzy Factor :

7 Sl The compress1b1hty factor-is: Sowlon :
2P == (MPRD L @)

o
»where p is the real gas densuy in mass per unit volume. At
gonditions near'ambient; the trunicated virial equation of state’
sahsfactorrly represents the Volumetrrc behavror of’ natural gas i

CZ@PFLHBPRT o O

where B is the second vidal’ coefﬁcrent for Lhe gas mrxture
The sécond virial coefficient For'a mrxture 1s o

LB 1311 + 35 By e B.m * meBn et Zx,z-lann-,n :

Bomioa

"—zler,er. e

i=1j=1

(1i°)'

" where B is the second virial coefficient for Component j and
Byisthe second cross. virial coefficient for Components i and .
The second virial coefficients are functions of temperature. Eq
9 can be used with Eq 10 for calculation of the compressibility
factor for the various pressure bases, but it is not accurate at
pressures greater than two atmospheres. Special treatment is

-not required for H, and He at mole fractions up to 0.01.

Calculations can be made with B, = 0 for hydrogen ‘and

. helium.

- 752 Eq 9 and Eq 10 for calculauon of Z(T,P) for a gas
mixture are rigorous but require considerable calculations and

; information that is not always available. An alternative,. ap-
‘proximaté expression for Z(T,P) that is more convement for
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hand calculations is:

Z(rpy="1- P

where B; = B/RT aM is the summatron facLor for
Component j. Values of 4/B; at 60°F (15.6°C) appear in Table
2. The method based upon Eq 11 has been adopted for thrs
practice.

7.6 Real Gas Denszly

7.6.1 The real gas densrty p at a specrﬁc temperature and
pressure is: .

H
t

= p"‘/z (12)

where: p and z are evaluated ar the same temperature and

pressure.
7.7 Real Relative Density:

7.7.1, The real relative-density, d is: BRI T

sd = plp = MZ /M,,Z

7.8 Real Heating Value—The real heating value ishﬁot‘;glveri
by dlvrsron of the ideal heating ‘value by the compressrblhty
factor. Real £as heauncr values differ from the ideal gas values

by less thani one partin 104 at 14.696 p31a, whrch is of Lhe order

of the accuracy of the heating values:

.- 1.9 Gross Heating Value of Water Wet Gas:

7.9.1 If the gas containg water as.a component but the
composrtlonal analysls isona dry basis, it is necessary. to
adjust the mole fractions to reﬂect the presence of water. The
oorrected mole fractions are: '

xfeor) = x(1 -x,)
.. The mole fraction of water can range from zero up to the

saturated rvalue. The saturated value for. x,, is, -assuming
Raoult’s Law:

(14

xu(sat) = PP (15)

where: Fj, isthe vapor pressure 01” water (0,256 36 psia at

60°F (15; 6°C)) \

7.9.2 Techmcally, water has a gross heaung value, the ideal
enthalpy of condensation, If only the water that is formed
during the combustion condenses, then the heat released upon
oombusuon of a wet;gas with dry air becomes:, .

11"1 (wet gas) = (1 - vcu,)H'd (dry gas)

-"{Hor water~ aturared £88,.x;,, at 60° F(15.6°C)is 0. 256 36/P,
where Py i the base pressure. Eq 16 is adequate for custody

transfer applications as ‘a miatter’ of ‘definition. However, this:

(y

(1),
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TABLE 2 Example Calculations of Gas Properties at 60°F and 14.696 psia (Gas Analysis on Dry Basis)*

Notg 1—Division of Fv'® by Z doés moti:give a real gas heating value but rather an ideal gas heating value per real cubic fest. Any digits carried beyond
1 part in 1000 are not significant but-only allieviate roundoff error. Although CO, has a carbon atom, its & = 0 because it is not part of the fuel formula

C“HQS’Y‘ B H . : I e . L i~ ;
Compound X ] B v H G by Xpy X xy xhE % G _Xibl .
Methane 0,8302 1 4% 0 1010.0 0.553 92 00116 0.8302 33208 0O 838.5 0.4599 0.009 63
Ethane 10,0745 2 6 0 1769.7 1.038 20 0.0239 0.1480 04470 0 131.8 0.0773 000178
Propane 0.0439 3 8 0 2516,1 1.522 60 0.0344 0.1317 03812 0 110.5 0.0668 0.001 51
+Butane 0.0083 4 10 ‘0 3251.9 2.006 80 0.0458 0.0332 00830 0 27.0 . 0.0167 0.000 38
n-Butane 0.0108 4 10 0 3262.3 2.008 80 0.0478 0.0432 0.1080 0 35.2 00217 ~ 0.000 52
iPentane 0.0031 5 12 0 40009 249120 .0581 0.0155 00372 0© 124 0.0077 0.000 18
n-Pentane 0.0025 5 12 0 4008.9 2.491 20 0.0631 0.0125 003 0 10.0 0.0062 0.000 18
Héexane 0.0030 6 14 0 4755.9 2.975 50 0.0802 0.0180 00420 0 143 0.0089- :  0.000 24
Helium 0.0003 0 1} 0 0 0.138 20 0 0 0o ¢ 0 0.0000 0.000 00
Nitrogen 00032 . 0 Q 0 -0 0.967 28 00044 0 0 0 0 (.0031 0.000 0t
Carbon dioxide  0,0202 0 ¢} 0 0 1.519 60 0.0197 0 0o 0 0 0.0307 0.000 40
Surnmation 1.0000 1.2333 44192 0 179.7  0.6991 0.014 81

Ax,, = (0.256 36)/14.696 = 0.0174

GM (dry gas) = 0.6991

Z (dry gas) = 1 — 0,014 81]%(14.696) = 0,9968

Z (dry air) = 1 [0.0050]3(14.686) = 0.9996

G (dry gas, dry alr) = 0,6991(0.9996)/0.9968 = 0,7011

G (dry gas, sat air) = 0.8991(0.9995)/0.9968 = 0.7010

Hv? (dry gas, dry air) = 1179.7 Bluft=

Hv'9 (sat gas, dry air) = 1179.7(0.9826) = 1159.1 Btu-it2

|~ x, = 0.9826

G (sat gas) = 0.6991(0.9826) + 0.0174(0.622 02) = 0.6978

Z (sat gas) = 1 - [0.9826(0.014 81) + 0,0174(0.0623)]%(14.696) = 0.9964
Z (sat alr) = 1~ [0.9826(0.0050) + 0.0174(0.0623))%(14.696) = 0.9995
@ (sat gas, dry air) = 0.6978(0.9996)/0.9964 = 0.7001

G (sat gas, sat air) = 0.6978(0.9995)/0.9964 = 0.7000

{HVYZy(dry gas, dry aif) = 1179.7/0.9968 = 1183.5 Btu-ft®

{HV9/Z} (sat gas, dry airn) = 1159.1/(0. 9964) = 1163.3 Btu-ft-?

equation does not accurately describe the effect of water upon
the heating value. Appendix X1 contains a rigorous examina-
tion of the effect of water.

7.10 Calculation of the Ideal Energy Released as Heat

7.10.1 When multiptied by the gas flow rate, the ideal gross
heating value provides the ideal energy released as heat upon
combustion, O , an ideal gas property:

Q¥ = mH¥ (17

where mis the mass flow rate. For anideal gas, the mass flow

rate is related to the volumetric How rate, yid , by:

=y pH (18)

and
g = gt (19)
7.10.2 The ideal gas flow rate is related to the real gas ﬂow
rate by:

i = iz (20)

where V is the real gas volumetric flow rate and Z(T,F) is the
real gas compressibility factor at the same T and P. Hence,
combining Eq 19 and Eq 20 gives: -

0" = HVIZ(TP) 1)

Note I—The ideal snergy released per unit time' as heat upon com-
busnon Q , can be calculated usmg the mass flow rate (Eq 17), the ideal
gas flow rate (Fig 19), or the teal gas flow rate (Eq 21), but is always an
ideal gas property. Divisien of B by the gas compressibility factor Z(TiP)
does not produce a real gas heating value but only atlows calculation, of
Q' using the real gas flow rate rather than the, ideal gas flow rate.
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8. Precision

8.1 The properties reported in this practice derive from
experirnental enthalpy of combustion measurements: which, in
general, are accurate to | part in 1000. The extra digits that
appear in the accompanying tables alleviate preblems associ-
ated with roundoff errors and internal consistency, but they are
not significant.

8.2 The values of properties in this practice are those that
appear in GPA Standard 2172 97, Fig. 23-2 of the GPSA
Engineering Data Book, GPA TP-17 and the TRC Therrmody-
namic Tables—Hydrocdrbons. GPA Standard 2145 is updated
annually and the values inl that standard should bé used 1n all
calculations.

Note 2—Thtee sources of error must be considered: errors in heating
values of the coimponents, errots in the dalculated compressibility factor,
and errors in the composition. The uticertainty* (twice the standard
deviation) of the ideal gas heating values for components should be
0.03 %. Such errors affect the bias and the agreement between calculated
and measured heating values, but they do not affect the precision, Error in
the caloulated compressibility factor varies with the composition of the
gas, but for natural gas, this error should be less than 0.03 % and
negligible compemed to errors arising from uncertainty in composition. In
this practice, the ervors in the heating values of the components and the
calculated compressibility factoy, Z, are neglected. The precision of the
method is related to the 1epedtab1hty and 1ep10duc1blhty of the analysns
An example appeats in Table 3. ’

Note 3—It is essential to include all components in the gas sample that
appear with mole fractions greater than or equal to 0.001 in the analysis.
Some routine analyses do not determine compounds such as He and H,S,
but these compounds are impottant to the calculations.
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TABLE 3 Example Calculations ot Gas Propenies at'60°F and 14.696 psia (G‘as Analysis on Wet Basis)*

Note 1~—D1v1510n of Hv by Z does not give a real gas heatmg value but rather an ideal gas heating value per real cubic feet. Any digits carried beyond
1 partin- 1000 dre not significant but only allieviate: roundoff error. Although CO, has a carbon: atom, its o = 0 because it is not part of ‘the fuel formula

ColaS,

Compound X a B ¥i Ay G by X X8 X X H‘/ld X G;d xib;
Methana 08157 1 4 ] 1010.0 0.553 92 0.0116 0.8157 3.2629 [ 823.9 0.4518 0.009 46
Ethane . - 0.0732 21 6 (] 1769.7 1.038 20 0.0239 0.1464. 04392 a 120.5 0.0760  0.00176
Propane 0.0431 '3 8 0 2516.1 1.522 60 0.0344 0.1294 0.3451 0 108.5 0.0657 0.001 48
Butane 00082 . 4 10 0" 3251.9 2.006 80 0.0458 0.0326 0.0816 0 26.5 0.0164 0.000 37
n-Butane 0.0106 . -4 0. .. 0 3262.3 . 2,006 80 10,0478 0.0424 0.1061 Q 348 0.0213 - . 0.000 51
iPentane 0.0030 - 8§ 12 0 4000.9 2,481 20 0.0581 0.0152 0.0366 Q 12.2 T 0,0076 - 0.00018
nPentane 0.0025 5 12 0 4008.9 2.491 20 0,0631 0.0123 0,0295 a 9.8 0.0061 0.000 15
Hexane 0.0029 6 14 0 4755.9 2.975 50 0.0802 0.0177 0.0413 0 14.0 0.0088 -...: 0,000 24
Helium 0,0003 0 0 0 0 0,138 20 0 [(] 0 0 0 o0 0
Nitragen : 0.0031 0 0 0 - 0 0.967 23 0.0044 Q 0 0 0 0.0030-: . - 0
‘Carbon dioxide’ 0.0198° "0 " 0" 0 0 1.519 60 0.0197 S0 0" 0 gt 0.0302 0,000 39
Water 0.0174 0 0 0 50.3 0.622 02 0.0623 0 0 0 0.8 0.0108 0.001 09
Summation 10000 1218 48421 0, . 1160.0 .. 0.6977 : 0,015 64

. AGY (sat gas) = 0.6977. .
Z (sat gas) = 1 - (0,015 64]2(14, 696) = 0. 9964
Z {dry air} = 1 ~ [0.0050]2(14.696) = 0,9996

G (sat gas, dry air) = 0.8977(0.9996)/0.9964 = 0.6999

- HvV9 (sat gas, dry. air) = 1160.0 - 0,8 = 1159.1 Blu- i .
2Z (sat aif) = 1 - [0.9826(0.050) + 0. 0174(0 0623)128(14.696) = : 0. 9995

* @ (sat gas, sat air) = 0.6977(0.9995)/0,9954 = 0,6999: '

- fHVYZ)(sat gas, dry a|r) = 1159.1/(0.9964) = 1163.3 By 3

8 3 Repearabzlzry

8.3.1 If all the components are analyzed and the results are
normalized, then the repeatability of the heating value, 8H i 1s

8H \/(th)2 Z [ sz - H{d)ax.]Z

i MH"'E i (22)

- 8.3.2 I the results of the analyns are made’ to surh to 1.0'by
calculatmg the methane mole fraction as the d1fference be-
tween 1.0 and the sum of the’ mole fmctlons of the other
components, then . .
8H

. H"‘ \

© where 3x; is the: repeatablhty of the method of analysls for

"'(23)‘"

e

X1, RFFECT OF WATER UPON THE ﬁEA’x‘ING vaboe

X1.1 Custody transfer of natural gas uses a simple pricing
equation that stdtes that the cost of gas is the rate of energy
released upon combustion multiplied by the price of gas per
energy-unit multiplied by-the time or accounting:period: The
rate of energy released wpon combustion'is the praduct of the
heating value of the gas and the flow rate of the gas. The flow
rate of the gas requires knowledge of the compressibility factor
and the relative density of the gas. All three custedy transfer
properties (heating value, compressibility factor, and relative
density) can be calculated from the composition given pure
component property tables. The equations for calculating the
properties of dry natural gas are well known, but this appendix
also presents an account of the effects of water contained in the

APPENDIXL‘S [ T

. .(Nonmandatory Informatxon) ‘ ] ‘
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[

'

Component Ji Thc dlfferences between heatlng values calcu—
lated from successwe pzurs of anaIySLS performed by the same
operator using the same sample of gas. and the same 1nstmment
should exceed 28H i in onl 5_% of the tests when SH 1s taken
as one standard devi ,
8.4 Reproducibi ——The reprodue1b111ty BH’ is calculated ‘
from Eq 22 and Eq 23 using:8x';, the: reproduc1bthty -of the;

method. of analysis for Compound j. The difference between

heating values. calculated . from analysis. obtained in different |
Jaboratories is expected to exceed dH' - for only 3 %-of the |
analyses.

S ST S SRS &

gas arid in the air used to bum'the gas.

X1.2 The heating value of a natural gas is the absolute
value of its enthalpy of combustion in an ideal combustion
reaction. The heating value is, therefore; ah-ideal gas property
that can be calculated unambiguously from tables of pure
component values and it has no pressure dependence.

X1.3 Anideal combustion reaction with fuel and air in the
ideal gas state and the possibility of water in the fuel and air is:

C HyS\(id) + (c -+ B/4 + )1 + €)Oy(id)
+ 0.043 83(a + B4 + Y)(1 + €)Ar (id) (X1.1)

+ [0.001 62(c + B/4 + )1 + &) + x, /(I — xy —x5)JCO(id)
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. TABLE X1.1 Example Calculation of Precision

Hepeatabllnly Reproducibility

' Composition, HYw HY :
, Compound v . iy [ H" 8x]2 , CUHE - H X P
X Blusft™ 8, ) 1 3 (Btu rive
‘Methane 0.8302 169.7 0,0010 0.029 0.0020 0.115°
Ethane 0.0745. —590.0 0.0002 0.014 0.0004 0.056"
Propane 0.043¢8 -1336.4 0.0002 0.071 0.0004 0.286
Isobutane 0.0083 -2072.2 0.0001 0.043 0.0002 0171
Butane (.0108 ~2082.6 0.0002 0173 0.0004 0.694
Isapentane 0.0031 -2821.2 0.0001 0.080 0.0002 0318
Pentane 0.0025 -2829.2 0.0001 0.080 0.0002 0.320
Hexane 0.0030 ~3676.2 0.0001 0.128 0.0002 0512
Helium - 0.0003. 1179.7 0.0001 0.014 0.0002 0.056 -
Nitrogen 0.0032 1179.7 0.0001 0.014 0.0002 0.056
Carbon dioxide 0.0202 1179.7 0.0002 0.056 0.0004 0,223
Total 1.06000 - 0,702 2.807
A [3.728 73(a + Bl4 + )L +€) + xy /(1 =xy — X IN(id) + (nf, w = water.

+ m)H0 (id)
= [a + 0.001 62(ct + B/4 + y)(1 + €) + x /(1 ~ xy — x5 JCOLid)
+ myH0 (id) + niH,0 (1) + ¥SO,(id)
+ [3.728 73(c + B/4 + )1 + €)
+ /(1 = xy = x) Nfid)
+ 0.043 83(a + B/4 + y)(L + €)Ar (id) + (o + B/4 + )eOy(id)
where: «, 3, and v are stoichiometric coefficients, € is the
fraction excess air, the compasition of 4ir is assumed to be that
of Table X1.1, n$, and the moles of water contained in the gas,
n, are the molés of water contained ih the air, n are the moles
of water contained in the product gas tnixture, 7., are the moles
of gas that actually condetise, X is the mole fracnon of CO, in
the gas, and xy is the mole fractlon of N, in the gas. If air has
been: injected into the gas, it is assumed that the effect is
accoutited forf in the excess fraction . Fuel gas mixtures would
have non-integer values-of .o, B and v.

X1.4 TItis customary to define hypothetical reference states
for the water formed by the reaction denoted by Eq 1 (as
opposed to “spectator” water that enters the reaction carried by
the gas or air). If we assume that the water formed in the
reaction remains in the ideal gas state, the heating value is
termed “net.” If we assume that the water formed in the
reaction condenses totally to the liquid state, the heating value
is termed “gross.” The gross heating value is greater than the
net heating value by the ideal enthalpy of vaporization for
water:

heating value (gross) — heating value (net) = H,, (id) — H,, ()

(X1.2)
where:
H = enthalpy,
! = liquid state, and

82

The quantity H, (id) - H,() is the ideal enthalpy of
vaporization for water. ‘ ‘

X1.5 It is possible to calculate a real gas heating value
rather than using a hypothetical .state, but the calculations are
tedious, the numerical values bre negligibly different, and the
mathematical simplicity of the defining equation is lost. It is
customary in the gas industry to use gross hedting value for
most calculations, so for the remairnder of this appendix, the
term “heating value™ refers to the gross value.

X1.6 Eq7 in Section 7 provides the recipe to convert the
heating value from one base pressure to another. Note that
when using Eq 7, H," should be calculated using the values
from Taplé 1 before converting the pressure; the individual
values in Table 1 should not be converted. Conversion to
another temperature is more complicated. Heating value data
exist at 25°C based upon the reaction:

CoHgS\(id) + (a + B/4 + 7)Oy(id) = a COLid) + (B/2)H,0 (1)
+ YSO(id) (X1.3)

X1.7 The experiments use pure oxygen and are corrected to
stoichiometric proportions. It is necessary to correct the sen-
sible heat effects to arrive at a different temperature:

Hn® (1) = HA (25) + f w36 - X ¢ lr (X1.4)

where:
'g, c;';*‘= aChieo, + (B2)Cu0 + yc;’mz (X1.5)
g clt= Chicunys, + (o + B4+ y)Cl, (X1.6)

- and: ij’ is the ideal specific heat at constant pressure, r
denotes reactants and.#’ denotes products,
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X2.1 If the gas contains water (or must be assumed to. be
saturated) but the compositional analysis is on a dry basis, it is
necessary to adjust the mole fractions to account for the fact
that water has displaced some gas, thus lowering the heating

value. The mole fraction of water in. the gas results from the
definition of relative humidity: :

Xy = h P://P:rlw‘/(l'f'nw) (XZI)
(Based upon one mole of the fuel C,HpS,) where A¢ is the

‘X2.:‘ACCOUNTING,FOR' WATER e N LR

calculate n;”v Ve B and .o
‘ n1+ (xN + x (1 xy ——xc) + n”] = h“’P"/P

(X2.6)
)  nd = (EPYPII(1 = 3y —xg)(1 —hEPYP)
nﬁ/[4.774 lS(o& + B/4+ 'y)(_l, +e) + nwj = }{"P”/P ‘(X2‘7)‘ ‘

n = 4774 18(o + B/4 + (1 + e)(h“P "/PY(1- h°P/P)

i ‘nw/{ot Foy (xN +xc)/(1 — Xy ~xc) + (o + [?-/4+ v)[0.001 62(1 + es))
‘ X2

relative humidity of the gas, Py, is the vapor pressure of water,
¥ w

and n,, denotes moles of water. For saturated gas #® is unity.
Rearranging Eq X2.1 gives the moles of water:

n, = A’u/(l - xw) (X2.2)
The corrected mole fractions then become:
1 1
x,{car) = xi[:l T "w:l = xi[l T x“/(l—x,y)] = (1-x,)%
(X2.3)
and the heating value becomes:
N
Hy' = (1 - xw); £ B (X2.4)

where water is not included in the N components of the
summation. If the compositional analysis determines x,, and
water is included in the N components of the summation:
N
B = Zl X By x, By (X2.5)
X2.2 It is necessary to remove the effect of water because,
although water has a heating value, it is only a condensation
effect. Water carried by wet gas (spectator water) does not
actually condense, and only water formed in the reaction
contributes to heating value.

X2.3 Accounting for water in the above manner is sufficient
for defined custody transfer conditions, but when trying to
model actual situations, the question becomes much more
complicated. It is obvious that all of the reaction water actually
cannot condense because in a situation in which both gas and
air are dry some of the reaction water saturates the product
gases and the remainder condenses. It is possible to account for
these effects in a general manner. To do so, it is necessary to

3728731 + €) + 0.043 83(1 + &) + €] 17} = PYP

al = {a+ y + (xy + x 1~ xy — % + (@ + B/4 +)[0.001 62(1
+€) .

+3.728 73(1 + €) + 0.043 83(1 + €) + ]} (PYP)/(1 - PYP)
nw - B/2 + nw + nw w

where: A, is the relative humidity of the air. Eq X2.6 and Eq
X2.7 are reformulations of Eq X2.1 to reflect inlet conditions.
Eq X2.8 reflects Eq X2.1 for the saturated product gas (it must
be saturated before any water can condense). Eq X2.9 is a
water balance: (/2 are the moles of water formed by the
reaction, né, + nf are the moles of water that enter with the gas
and air, n;, are the moles of water that saturate the product gas,
and #!, are the moles of water that condense. Therefore, the
complete correction for the effect of water on heating value is:

H¥ = 1% (Bq X2.4 or Bg X2.5) + (2PYPY(1 —x, - x)(1 — hszzf)’ép) )
2.10

(X2.9)

+ 4,774 18(a + B/4 + y)(1 + &)W PYPY (- hi*PYP) - [ox + v
+ (xn —xc) ’
(1-x,—-%) +(a+ ﬁ/4 + Y)(3.774 18 + 477418 €)]
X (PYP)(1 - POYLH

X2.4 Depending upon the relative hurnidities of the gas and
air, the observed heating value can be greater or smaller than
that calculated using Eq X2.4 or BEq X2.5. A humidity of air
exists for each gas above which Hy* is greater than that
calculated by Eq X2.4 or Eq X2.5. That critical value depends
upon the gas composition, the humidity of the gas, and the
amount of excess air. For pure, dry methane with no excess air,
h, = 0.793 45.

X3, REAL GAS PROPERTIES

X3.1 In principal, we have ehough information to convert
the heating value to a real gas property (it is not necessary to
do so for relative density because the molar mass ratio, G“, is
the desired property). This is simply a matter of evaluating the

R IR

(X3.1)

where:

8

g% B
=B-Tp= 2R

BH\ v
B a7 P
where V is the motar volume. The temperature dependence
of b must be defined, but in the custody transfer region it is
easy to do so. The products and reactants again correspond to
Eq X1.3.

(X3.2)

X3.2 While it is obviously possible to make the required
calculations to convert the heating value into a real gas
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property, it serves no custody transfer purpose to do so. As we
have seen, the cost equation is unchanged; the calculations
while obvious are tedious. Hv is slightly different from Hv*
because the base pressure is low; the likelihood of having all
the information required to use Eq X3.1 is remote. The heating
value is defined in a hypothetical state. It is not possible, at

base conditions, to have all the water formed in the reaction be
either all gas or all liquid; some of the water formed is in each
state. Thus, if the definition is of a hypothetical state, using a
hypothetical real gas rather than an ideal gas state adds nothing
but complexity.

The American Socisly for Testing and Matsrials takes no posftion respecting the validity of any patent rights asserled in connection
with any item mentioned in this standard. Users of this slandard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own respansibiiity.

This standard is subject to revision at any lime by ihe responsible lechnical commitiee and must be reviewed every five years and
if not revised, sither reapproved or withdtawn. Your comments are invited efther for revision of this standard or for additional standards
and should be addressed o ASTM Headquarlers. Your comments will receive careful consideration at a mesting of the responsible
technical commities, which you may attend, If you feel thal your comments have nat received a-fair hearing you should make your
views known to the ASTM Commillee on Standards, 100 Barr Harbor Drive, West Conshohacken, PA 19428,
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an’ Designation: D 3697 - 92 (Reapproved 1996)

Standard Test Method for
Antimony in Water

This standard is issued under the fixed designation D 3697; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision, A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval,

1. Scope

"1.1 This test method2 covers the determmatlon of dis-
solved and total recoverable antimony in water by atomic
absorption spectroscopy.

1.2 This test method is applicable in the range from 1 to
15 pg/L of antimony. The range may be extended by less
scale expansion or by dilution of the sample.

1.3 The precision and bias data were obtained on reagent
water, tap water, salt water, and two untreated wastewaters.
The information on precision and bias may not apply to
other waters.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard fo establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations: prior to use. For specific
precautionary statements, see-5.1 and 8.12.

2. Referenced Docllments

2 1 ASTM Standards

D 1129 Terminology Relating to Water?

D 1193 Specification for Reagent Water®

D 2777 Practice for Determination of Precision and Bias
of Applicable Test Methods of Commiitee D-19 on
Water?

D3370° Practices  for Samplmg Water from Closed
Conduits?

D 4691 Practice for Measuring Elements in Water by
Flame Atomic Absorption Spectrophotometry?

D 4841 Practice for Estimation of Holding Time for Water
Samp31es Contammg Organic and Inorganic Constit-
uvents® -

L

3. Terminology

. 3.1 Definitions—For definitions of terms used in this test
method, refer to Terminology D 1129,

. 3.2 Definition of Term Specific to This Standard:

3.2.1 total recoverable antimony— an arbitrary analytical
term relating to forms of antimony that are determinable by
the digestion method which is included in the procedure.
Some organic compounds may not be completely recovered.

1 This test method is under the jurisdiction of ASTM Committee D-19 on
Water and is the direct l.‘csponsmxhty of Subcommittee D19.05 on Inorganic
Constituents in Water,

Current edition. approved: June 15, 1992, Pubhshed October 1992, Qriginally
published as D 3697 — 78, Last preyious edition D 3697 - 86.

. ZPlate, J. A, and Marcy, V. M, *A New Toal for the Water Chemist,”
Industrial Water Engineering; TWEGA, May 1965,
3 Annual Book of ASTM Standards, Vol 11.01.

315.

4, Summary of Test Methpd

4.1 Organic antimony-containing compounds are decom-
posed by adding sulfuric and nitric acids and repeatedly
evaporating the sample to fumes of sulfur trioxide. The
antimony so produced, together with inorganic antimony
originally present, is subsequently reacted with potassium
iodide and stannous chloride, and finally with sodium
borohydride to form stibine. The stibine is removed from
solution by aeration and swept by a flow of nitrogen into a
hydrogen flame where it is determined by atomic absorpnon
at 217.6 nm,

5. Significance and Use

5.1 Because of the association with lead and arsenic in
industry, it is often difficult to assess the toxicity of antimony
and its compounds. In humans, complaints referable to the

nervous system have been reported. In assessing human:

cases, however, the possibility of lead or arsenic poisoning
must always be borne in mind. Locally, antimony com-
pounds are irritating to the skin and mucous membranes.

6. Interference

6.1 Since the stibine is freed from the original sample
matrix, interferences in the flame are minimized,
6.2 Selenium and arsenic, which also form hydrides, do

not interfere at concentrations of 100 ue/L. Higher concen-

trations were not tested.

7. Apparatus

7.1 Atomic Absorption Spectrophoz‘ometer, for use at 217.6

nm with a scale expansion of approximately 3, A general
guide for the use of flame atomic absorption applications is
given in Practice D 4691.

Note 1—The manufacturer’s instructions should be followed for all
instrumental parameters,

7.1.1 Antimony Electrodeless Discharge Lamp.

7.2 Recorder or Digital Readout—Any multirange variable,

speed recorder or digital readout accessory, or both, that is
compatible with the atomic absorption spectrophotometer is
suitable.

7.3 Stibine Vapor Analyzer, assembled as shown in Fig, 1 .

NOTE 2—A static system, such as one using a balloon, has been

found to be satisfactory. See McFarren, E. F., “New, Simplified Method:

for Metal Analysis,” Journal of American Water Works Assoc.,
JAWWA, Vol 64, 1972, p. 28.

8. Reagents and Materials

8.1 Purity of Reagents—Reagent grade chemicals shall be
used in all tests. Unless otherwise indicated, it is intended

that all reagents shall conform to the specifications for the

Committee on Analytical Reagents of the American Chem-
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Aux. Nitragen <—Burner stable if a few small pieces of mossy tin are added to prevent
l oxidation,

= Gas Dispersion Tube

e K= Hydrogen
4—— Qutlet Tube
<= Rubber Stopper

Dropper ~===?
ar
Syringe

£— 200 to 300-mL Glass Container
' ! Nitrogen *

FIG. 1 Stibine Vapor Analyzer

ical Society, where such specifications are available.* Other
grades may be used, provided it is first ascertained that the
reagent is of sufficiently high purity to permit its use without
lessening the accuracy of the determination.

8.2 Purity of Water—Unless otherwise indicated, refer-
ences to water shall be understood to mean reagent water
conforming to Specification D 1193, Type L, I, or IIT water.
Type 1 is preferred and more commonly used. Type I water
was specified at the time of round robin testing of these test
methods.

NoTE 3—The user must ensure the type of reagent water chosen is
sufficiently free of interferences. The water should be analyzed using the
test method,

8.3 Antimony .Solution, Stock ('1.00 mL = 100 pg Sb)—
Dissolve 2743 mg of antimony potassium tartrate,
KSbOC,H, Q4 1 /2H20 m water and dilute to 1000 mL with
water

8.4 Antzmony Solutzon Intermedzate (1.000 mL = 10 pg
Sb)—Dilute 50.0 mL of antimony stock solutlon to 500.0
mL with water.

8.5 Antimony “Solution, Standard (1.0- mL. = 0.10 pg
Sh)—Dilute 5.0- mL of antimony intermediate solution to
500.0 mL with ‘water: Prepare ‘fresh before each use. This
standard is used to prepare working standards at the time of
analysis,

8.6 Hydrochloric Acid (sp gr 1.19)—C0ncentrated hydro-
chloric acid (HCY).

8.7 Nitric Acid (sp gr 142)——Concentrated nitric acid
(HNO3).

8.8 Nitric Acid (1+1)—Add 250 ml of concentrated nitric
acid (sp gr 1.42) to 250 mL of water, -

8.9 Potassiumi- Todide -Solutior: (15-g/100 ml)—Dissolve
15 g of potassium iodide (KI) in 100 mL of water. This
solution is stable when stored in.an ambcr bottle or in the
dark.

8.10. Sodzum Borohydrtde Solutzon (4 g/100 mL)———
Dissolve 4 g of sodium' borohydride. (NaBH,) and 2 g of
sodinm hydroxide (NaOH) in 100 mL water. Prepare
weekly. .

8.11 Stannous C’hlorzde Solm‘zon (4.6 g/100 mL of concen-
trated HCI)—Dissolve 5 g of stannous chloride (SnCl, - H,Q)
in 100 mL of concentrated HCL (sp gr 1.19). This solution is

4 Reagent Chemicals, American Chemical Soclety Specifications, American
Chemical Saciety, Washington, DC. For suggestions on the testing of reagents not
listed by the American Chemical Society, see Analar Standards for Laboratory
Chemicais, BDH Ltd., Poole, Dorset, UK., and the United States Pharmacopeia
and Natzonal Formulary, U.s. Pharmacopelal Conventwn, Inc (USPC),
Rockyille, MD.. S ap )
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8.12 Sulfuric Acid (1+1) Cautiously, and with constant
stirring and cooling, add 250 mL of concentrated sulfuric
acid (H,80,, sp gr 1.84) to 250 mL of water.

8.13 Hydrogen, commercially available. Set pressure on
burner control box to 8 psig (55 KPa) and adjust flowmeter
to apprommately 6 L/min,

8.14 Nitrogen, commercm]ly available. Set pressure on
burner control box to 30 psig (206.8 KPa) and adjust
flowmeter for maximum sensitivity by volatilizing standards.
A flow of approximately 9 I/min has been found satisfac-
tory. This will vary depending on the burner used.

9, Sampling

9.1 Collect the sample in accordance with Praotlces
D 3370. The holding time for the samples may be calculated
in accordance with Practice D 4841,

9.2 Immediately preserve samples with HNO; (sp gr 1.42)
to a pH of 2 or less at the time of collection; normally about
2 mL/L is required. If only dissolved antimony is to be
determined, filter the sample through a (No. 325) 0.45-um
membrane filter before acidification.

10. Standardization

10.1 Clean all glassware before use by rinsing first with
HNO; (1+1) and then with water.

10.2 Prepare, in 200 to 300-mL wide-mouth glass con-
tainers, a blank and sufficient standards that contain from
0.0 to 1.5 pg of antimony by diluting 0.0 to 15.0-mL
portions of the antimony standard solution to 100 mL with
water.

10.3 Proceed as dlrected in 11.3 to 11.8.

10.4 Prepare an analytical curve by plotting recorder scale
readings versus micrograms of antimony on linear graph
paper or calculate a standard curve, Alternatively, read
directly in concentration if a concentratlon readout is
provided with the instrument, )

11. Procedure

11.1 Clean all glassware before use by rinsing first with
HNO; (14+1) and then with water.

11.2 Pipet a volume of well-mixed acidified sample
containing less than 1.5 ug of antimony (100-mL max) into a
200 to 300-mlL wide-mouth glass container, and dilute to
100 mL with water (see Fig. 1).

Notg 4—If only dissolved antimony is to be determined, use a
filtered and acidified sample (9.2).

11.3 To each container, add 7 mL of H,SO, (I+1) and 5
mL of concentrated HNQ;. Add a small boiling chip and
carefully evaporate to fumes of SO, Maintain an excess of
HNO; until all organic matter is destroyed., This prevents
darkening of the solution and possible reduction and loss of
antimony, Cool, add 25 mL of water, and again evaporate to
fumes of SO; to expel oxides to nitrogen.,

11.4 Cool, and adjust the volume of each container to
approximately 100 mL with water.

11.5 To each container, add successively, with thorough
mixing after each addition, 8 mL of concentrated HCI, 1 mL
of KI solution, and 0,5 mL of SnCl, solutlon Allow about 15
min for reaction.
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TABLE 1 Recovery and Precision Data

Method Test Nur(')nfber \;I;ﬂee ya?:g Sy, 8.4 Bias, sg:ltge: A2 Precision Regression
y ) B} L \ ;
Solution Labs ng/l g/l g/ ng/L % g/l Equations
Hydride/ Flame RGW 4 3.0 3.15 0.92 0.70 +5.0 1-15 0.80 S; =0.451 + 0104 %
AAS 7.0 6.42 0.88 0.78 -8.3¥ 0.89 S, =0.256 +0109%
12.0 11.16 1.71 1.54 -7.0
woG 4 3.0 2.74 0.66 0.66 -8.7 0.98 8 =0.346 + 0.132%
7.0 6.00. 1.22 0.95. —14.3Y 1,00 S, = 0.386 + 0.0867 X
12.0 10.73. 1.73 1.43 -10.6¥ :

11.6 Attach one container at a time to the rubber stopper
containing the gas dispersion tube.

11.7 Fill the medicine dropper or syringe with 1 mL of
NaBH, solution and insert into the hole in the rubber
stopper. ‘

11.8 Add the NaBH, solution to the sample solution. After
the recorder reading (scale reading) has reached a maximum
and has returned to the baseline, remove the container,
Rinse the gas dispersion tube in water before proceeding to
the next sample. Treat each succeeding sample, blank, and
standard in a like manner.

12. Calculation

12.1 Determine the weight or concentration of antimony
in each sample by referring to 10.4. If the weight is
determined from the analytical curve, calculate the concen-
tration of antimony in the sample in micrograms per litre, as
follows:

~ Antimony, pg/L = 1000 X W)V

where: o
V = volume of sample, mL.,, and
W = weight of antimony in sample, pug.

13. Precision and Bias

13.1 The single operator and overall precision of this test
method for four laboratories, which included a total of six
operators analyzing each sample on three different days,
within its designated range varies with the quantity being
tested.

13.2 Recoveries of known amounts of antimony (from
antimony potassium tartrate) in a series of prepared standard
for the same laboratories and operators are given in Table 1.

13.3 The precision and bias data were obtained on reagent
water, tap water, salt water, and two untreated wastewaters.
The information on precision and bias may not apply to
other waters,

13.4 This precision and bias statement conforms to the:
edition of Practice 1D 2777 that was in place at the time of
round-robin testing, It does not meet the requirements of the
current edition of Practice D 2777,

14. Keywords

14.1 antimony; atomic absorption; vapor hydride genera-
tion; water

_ The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any ifem mentioned in this standard. Users.of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk. of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
If not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will recelve careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you shauld make your
views known to the ASTM Commifiee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428,
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QHW Designation: D 396 —98

Standard Specification for
Fuel Oils’

An American National Standard

This standard is issued under the fixed designation D 396; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification (Note 1) covers grades of fuel oil
intended for use in various types of fuel-oil-burning equipment
under various climatic and operating conditions. These grades
are described as follows:

1.1.1 Grades 1 and 2 are distillate fuels for use in domestic
and small industrial burners. Grade 1 is particularly adapted to
vaporizing type burners or where storage conditions require
low pour point fuel.

1.1.2 Grades 4 (Light) and 4 are heavy distillate fuels or
distillate/residual fuel blends used in commercial/industrial
burners equipped for this viscosity range.

1.1.3 Grades 5 (Light), 5 (Heavy), and 6 are residual fuels of
increasing viscosity and boiling range, used in industrial
burners. Preheating is usually required for handling and proper
atomization.

Note L—For information on the significance of the terminology and
test methods used in this specification, see Appendix X1,
Note 2—A more detailed description of the grades of fuel oils is given

in X1.3.

1.2 This specification is for the use of purchasing agencies
in formulating specifications to be included in contracts for
purchases of fuel oils and for the guidance of consumers of fuel
oils in the selection of the grades most suitable for their needs.

1.3 Nothing in this specification shall preclude observance
of federal, state, or local regulations which can be more
restrictive,

1.4 All values are stated in SI units and are regarded as
standard, ‘

Note 3—The generation and dissipation of static electricity can create
problems.in the handling of distillate burner fuel oils. For mare informa-
tion on the subject, see Guide D 4865. .

2. Referenced Documents

2.1 ASTM Standards:
D 56 Test Method for Flash Point by Tag Closed Tester®
D 86 Test Method for Distillation of Petroleum Products?

! This specification is under the jurisdiction of ASTM Committee D-2 on
Petroleum Products and Lubricants and is the direct responsibility of Subcommittee
DO02.E on Burner, Diesel, Non-aviation Gas Turbine, and Matine Fuels .

Current edition approved Apr. 10, 1998, Published September 1998. Originally
published as D 396 —34 T. Last previous edition D 396 —96.

2 Annual Book of ASTM Standards, Vol 05.01.

183

D 93 Test ‘Methods for Flash Point by Pensky-Martens
Closed Cup Tester?

D 95 Test Method for Water in Petroleum Products and
Bituminous Materials by Distillation*

D 97 Test Method for Pour Point of Petroleum Oils?

D 129 Test Method for Sulfur in Petroleum Products (Gen-
eral Bomb Method)?

D 130 Test Method for Detection of Copper Corrosion from
Petroleum Products by the Copper Strip Tarnish Test?

D 445 Test Method for Kinematic Viscosity of Transparent
and Opaque Liquids (and the Calculation of Dynamic
Viscosity)?

D 473 Test Method for Sediment in Crude Oils and Fuel
Oils by the Extraction Method?

D 482 Test Method for Ash from Petroleum Products?

D 524 Test Method for Ramsbottom Carbon Residue of
Petroleum Products® ‘
D 1266 Test Method for Sulfur in Petroleum Products

(Lamp Method)? -

D 1298 Practice for Density, Relative Density (Specific
Gravity), or API Gravity of Crude Petroleum and Liquid
Petroleum Products by Hydrometer Method?

D 1552 Test Method for Sulfur in Petroleum Products
(High-Temperature Method)? :

D 2622 Test Method for Sulfur in Petroleum Products by
X-Ray Spectrometry®

D 2709 Test Method for Water and Sediment in Distillate
Fuels by Centrifuge®

D324§ Test Method for Pumpability of Industrial Fuel
Oils-

D 3828 Test Methods for Flash Point by Small Scale Closed
Tester®

D 4052 Test Method for Density and Relative Density of
Liquids by Digital Density Meter®

D 4057 Practice for Manual Sampling of Petroleum and
Petroleum Products?

D 4294 Test Method for Sulfur in Petroleum Products by
Energy-Dispersive X-Ray Fluorescetice Spectrometry’

. D 4865 Guide for Generation and Dissipation of Static

Electricity in Petroleum Fuel Systems*
D 5949 Test Method for Pour Point of Petroleum Products

3 dnnual Book of ASTM Standards, Vol 05.02.

* dnnual Book of ASTM Standards, Vol 05.03.
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(Automatic Pressure Pulsing Method)*

D 5950 Test Method for Pour Point of Petroleum Products
(Automatic Tilt Method)*

D 5985 Test Method for Pour Point of Petroleum Products
(Rotational Method)*

2.2 Other Documents:’

26 CFR Part 48 Diesel Fuel! Exmse Tax Dye Color and‘T-ﬂ"

Concentration ‘
40 Part 80 Regulation of Fuel and Fuel Addifives

3. General Requirements

3.1 The grades of fuel oil specified heyein shall be homo-
geneous hydrocarbon oils, free from inorganic;acid; and: free
from: excessive amounts ofisolid or fibirous foreign matter:|

3.2 All grades containing residual-comperents shall remain
uniformm innormal storage and hot séparateby gravity ints light
and heavy-oil components dutside the v1sc051ty limits for the
grade s SRR

v

4. Detalled Requlrements

limiting requirements shown in Table 1. A represeniative
sample shall be taken for testing in accordance with Practice
D4057.. . .

4.2 Modifications of hrmtmg requglrements lo meet special
operating conditions agreed uporni:bétween thié purchaser, the
seller, and the supplier shall fall within limits specified for each

‘ gradé exoept as stated in supplementary footnotes for Table 1.
‘5. Test Methods

5.1 The requirements enumerated in this specification shall
be determined in accordance with the following ASTM test
methods,® except as may be required under 5.1.1. . .., .

5.1.1 Flash:Point—Test Method D 93, except where other
methods arg, prescrlbed by law For.all grades, Test. Method
D 3828 may be used as an alternate with. the sqme lumts For
Grades No. 1 and No. 2, Test Method D 56 may be used as an
alternate with the same limits, prov1ded the flash pomt is below

¢ o L .
. . : it

¢ For information on e eréefs;en of the ASTM test niethods for fitel il réfer
to “An Evaluation of Methods for Determination of Sutfur in Fuel Oils” by A« R.

A The' various grades of fuel 011 shall conform to. the
—_— Grawford, Fséo Mathematlcs & Systems Inc: and G: V. Dyioff, Bsso Research and
Engineeting Co.; 1969. ThlS document is available from the Publications Section,
APT Library American Petroleum Instltute 1220 L St NW, Washmgton, DC
20005

sAvallable from Supermtendent of Docurnents, U s Govemment Prmtmg
Oﬂ‘ ice, Washmgton, DC 20402

L : i CoeT

TABLE 1 Detailed Hequirements for Fuel Olls*

r e 1 Propett  ASTM Test’ o ‘0. 20 "Grédde No. 4 - i Neis " .. No.5
i i Property 4’ Method® « No. 1 © No.2 (Light)® No. 4 z\l{.ight) (Heavy) \ Né&: ‘6
Flash Point °C, min Des - 38 B 38 55 55 85 60
Wattsr and sedinient; % vol, riax: D 2709 . +0.08: 008 - W K PR
D95 + D473 ... (0.60)2 (0.50)° < - (1.00)2 (10002 .. (2.00°

Distillation temperature °C ., Des I O | P .
10 % volume récovered, riax - ‘ 218
* 90 % voliime redoverdd, min : v ) 282
max Ny .., 288 338

Kinematie; viscosity at 40”C mm% " D445 .
fiin o B 19 1.9
max ERTILCI RTINS - ¥ BT 3.4 55 Y i

Kinematic viscosity at*100°C; mm®s DAds o o ' P R N LA } [ .
min o T .50 9.0. 160
max ‘ L Coges 14: 9F ' 50,05

Ramsbotiom Caiton fesidue en 0% D524 .. 015 - 0.86 e ‘ .
distillation residue % mass, max Lo .

Ash, % mass, max D 482 ‘ 0.08 0:10 10,18 0.18

Suilfur, % mass trax” D129 0.50° 0.50 Y

Copper strip corrosion rating, rnax, D130 No. 3 No. 3 Ry
3hat50C. o :

Density at 15°C, Kg/ti® D208 : ‘ s
min »876¢ - P S
max: ) S L Loyt 850 876 . b e

Pour Point °C, max' o, D97 , 18, -6 -6 —6 !

Altis the intent-of these clagsifications that fallure to meet.any requirement of a given grade does not automatically place an oil in e it lower grade tnlass in fact
it meets all requirements of the lower grade, However to meet speclal operatlng conditions modifications of individual limiting requlrements may. be agreed upon among
the purohaser, seller and manufacturer. -

BTHe test methads indicated are thé 'approved referee methods Othet acteptable methtds'ars inticaled iri Section 2 and 5.4 i

GUnder United States regulations, Grades No. 1, No. 2, and No.4,(Light) are required by 40 CFR'Part 80 to contain a.sufficisht amount of the dye Solvent Red 164 80
its presence is vlsually apparerit. At of beyond terminal storage tanks, they are required by 26 CFR Part 48 to contain the dye Salvent Red 1 84 at a congentration spectrally
equivalent to 3.9 Ibs per thousand barrels of tié dolid dys’standard SolveniRed 26.

PThe amount of water by distillatiori by Test Method D95 plus theisediment by extraction by Test Method D 473 shall not exceed the value shown in the table. For Grade

No. B.fuelofl, the amount of sedlment by extractxon ehall not excesd 0.50 mass %, and.a deduction in quantity shall be made for all water and sediment in excess of 1.0
mass %.

EWnhere low sulfur fue! oil is required, fuel oil falling in the viscosity range of a lower numbered grade down to and including No. 4 can be supphed by agreement between
the purchaser and supplier. The viscosity range of the initial shipment shall be-identified and advance notice shall be requirad when changing from one wscoelty range
to another. This notice shall be insufficient time to permit the user to make the necessary adjustments. ) .

FOther sulfur limits may app[y in seleated areas in the United States and in other countries. -

SThis limit assures & minimum heating value and also prevents misrepresentation and misapplication of this product as Grade No, 2,

HLower or higher pour points can be specified whenever required by conditions of storags or use. When a pour point less than ~ 18°C is specified, the minimum viscosity
at 40°C for grade No. 2 shall be 1.7 mm®s and the minimum 90 % recovered temperature shall be walved.

Whers low sulfur fuel off is required, Grade No. 6 fuel il will be classified as Low Pour { + 15°C max) ar High Pour {no max). Low Pour fuel oil should be used unless
tanks and lines are heated,

B
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93°C and the viscosity is below 5.5 mm?/s at 40°C, This test
method will give slightly lower values. In cases of dispute, Test
Method D 93 shall be used as the referee method.

5.1.2 Pour Point—Test Method D 97. For all grades, the
automatic Test Methods D 5949, D 5950, and D 5985 can be
used as alternates with the same limits. In case of dispute, Test
Method 97 shall be used as the referee method. Alternative test
methods that indicate flow point properties can be used for low
sulfur residual fuels by agreement between purchaser and
supplier.

5.1.3 Water and Sediment—The water and sedlment in
Grade Nos. 1 and 2 shall be determined in accordance with Test
Method D 2709 and in Grade Nos. 4, 5, and 6 by Test Method
D 95 and Test Method D 473. A density of 1.0 kg/I shall be
used for the Test Method D 95 water. ‘

5.1.4 Carbon Residug—Test Method D 524.

5.1.5 Ash—Test Method D 482. ,

5.1.6 Distillarion—Distillation of Grade No. 1 and No. 2

oils shall be determined in accordance with Test Method D 86.

5.1.7 Viscosity—Viscosity shall be determined in accor-
dance with Test Method D 445.

5.1.8 Density—Practice D 1298. Test Method D 4052 can
be used as an alternate with the same limits. In case of dispute,
Practice D 1298 shall be used as the referee method.

5.1.9 Corrosion—Test Method D 130, 3 h test at 50°C.

5.1.10 Sulfur—Test Method D 129. Test Methods D 1552,
D 2622, and D 4294 can also be used for all grades. In
addition, Test Method D 1266 can be used for Grade 1, but
only with samples having sulfur contents of 0.4 mass per cent
and less (down to 0.01 %). In case of dispute, Test Method
D 129 is the referee test method for this specification.

o. Keywords

6.1 burner fuels; fuel oils; furnace oils; petroleum and
petroleum products; specifications -

APPENDIX .

‘(N“or‘lmandatory lnformaﬁon)

X1. SIGNIFICANCE OF ASTM SPECIFICATION FOR FUEL OILS

-X1.1 Scope

X1.1.1 This specification d1v1des fuel oﬂs mto grades based
‘upon the types of burners for which they are suitable. It places
limiting values on several of the properties of the oils in each
grade. The properties selected for limitation are those that are
believed to be of the greatest significance in determining the
performance characteristics of the oils in the types of burners
in which they are most commonly used.

X1.2 Classes

X1.2.1 Because of the methods employed in their produc-
tion, fuel oils fall into two broad classifications: distillates and
residuals. The distillates consist of overhead or distilled frac-
tions. The residuals are bottoms remaining from the distilla-
tion, or blends of these bottoms with distillates. In this
specification, Grades No. 1 and No. 2 are distillates and 'the
grades from No. 4 to No. 6 are usually residual, although some
heavy distillates can be sold as Grade No. 4. :
X1.3 Grades

X1.3\1 Grade No. 1 is a hght d1st111atc intended for use in
burnets of the vaporizing type in which the oil is converted to
a vapor by contact with a heated surface ot by radiation, High
volanhty is necessary to ensure that evaporanon proceeds with
a mindmum of residue.

X1.3.2 Grade No. 2 is a heavier dlstlllate than grade No. 1.
It is intended for use in atomizing type burners which spray the
oil into a combustion chamber where the tiny droplets burn
while in suspension. This grade of oil is used in most domestic
burners and in many medium capacity commercial-industrial
burners where its ease of handling and ready availability
sometimes justify its higher cost over the residual fuels.

X1.3.3 Grade No. 4 (Light) is a heavy diétillate fuel or

-distillate/residual fuel blend mesting the specification viscosity
-range. It is intended for use both in pressure-atomizing

185

commercial-industrial burners not requiring higher cost distil-
lates and in burners equipped to atomize oils of higher
viscosity. Its permissible viscosity range allows it to be

pumped and atomized at relatively low-storage temperatures,

X1.3:4 Grade No. 4. is usually a heavy distillate/residual
fuel blend but can be a heavy distillate fuel meeting the
specification viscosity range. It is intended for use in burners
equipped with devices that atomize oils of higher viscosity than
domestic burners can handle. Its permissible viscosity range

allows it to be pumped and atomized at relatively low storage

temperatures. Thus, in all but extremely cold weather it
requires no preheating for handling,
X1.3.5 Grade No, 5 (Light) is residual fuel of mtermedlate

‘v1scos1ty for burners capable of handling ﬁJcl more viscous
than grade No. 4 without preheating. Preheating may be
necessary in some types of equipment for burning and in colder

climates for handling.
X1.3.6 Grade No. 5 (Heavy) is a residual fuel more viscous
than Grade No. 5 (Light) and is. intended for use in similar

service. Preheating may be necessary in some types of equip-
ment for burning and in colder climates for handling. - -

X1.3.7 Grade No. 6, sometimes referred to as Bunker C, is
a high-viscosity oil used mostly in commercial and industrial
beating. It requires preheating in the storage tank to permit
pumping, and additional preheating at the burner to permit
atomizing. The extra equipment and maintenance required to
handle this fuel usually preclude its use in small installations.

X1.3.8 Residual fuel oil supplied to meet regulations requir-
ing low sulfur content can differ from the grade previously
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supplied. It may be lower. in viscosity (and fall into a different
grade number). If it must be fluid at a given temperature; Test
Method D 97 need not accurately reﬂect the pour point Whlch
can be expected after a perlod of storage It is suggested that
the purchaser and’ suppller dlSCllSS the proper handlmg and
operating techmques for a given low- sulﬁlr remdual fuel 011 m
the mstallatlon where 1t 1s to be used

X1:4 Slgmﬁcance of Test Methods . 1 ¥

' X1.4.1 The significancé of iitie propérties of fuel 011 on
which limitations ‘dre placed by the specification is as folloWs

X14.1.1 Flash Poine=<The flash pomt of'a fiel il i§"an
1r1d1cat10n of - the "maximim temperature at- which ‘it can be
stored and handled-without sefious firé hazard. The' mintmurh
permissible flash point is usually regulated by federal, state, or
municipal laws and is based on accepted practice it hahdling
and use.., ;

X14.1. 2 Pour Pomt—The pour pomt 1s an mdlcatlon of the
lowest temperature at which a fuel oil can be stored and still be
capable of flowing under very low forces. The pour point is

prescribed in accordance with the conditions of storage and
use. Higher pour point fuels are permissible where heated -

storage and adequate piping facilities are provided. An i increase
in pour point can occur when residual fuel oils are subjécted o
cyclic temperature variations that can ogeur in the course of
storage or when the fuel is prehieated and returned to storage
tanks, To predlct these propemes, Test Method D 3245 may be
required. -

X14:13 Water and Sedzment——~Apprec1able athounts  of
yater ‘and sediment in 4 fuel 011 tend to-Cause fouling ‘of
fa¢ilitiés for handling it, and to give trotble in burner mecha-
nisms. Seditnent may ‘accimulate stofage tanks and on filter
‘Séreens or burneér parts, resultmg in obstruct1on to flow of 011
from the tank to ‘fhié burier. Watet in d1st111ate flels can cause
‘Cortosion of tanks and equlpment and 1t cah cause emulswns in
residual fuels. 2

X1.4.14 Carbon Residue=-The carbon res1due of d fuel isa
'measurd of the carbofacéous material left after all the volatile
components are Vaporized in the absence of air. It is'a rough
apprommatlon of the tendericy of ‘a fuel to form: deposits ih
vaporizitig burtiers; such ds pot-type and sleeve-type buiners,
where the fuel is vaporized ifi' ah ait-déficient atmosphere.

X1:471.4;1-To obtaid measurabls values of carbon residue in
& lighter distillate fuel oils, it i¥ necessary to distill the oil to
‘femove 90 % of acdordancs with: Section 9'of TestMethod
D524, and then ‘deterimine the catbon remdue concéntrated in
the remaining 10 % bottoms. i o

“Xli4, 1.5 :dsh-—The amount of-ash is the quantlty of non-
‘combustible matérial iti arvoil. Excessive dntounts carl indicate
the'presenics of materials that cause high wear'of buirer purips
and valves vand contnbute to deposxts oty bo11er heatlng
surfaces. . SRR S A

XL 6 Dzstzllatzon——The d1st1l]anon test shows the vola-

il P LT . iyt

v o

tility of a fuel and the ease with which it can be.vaporized, The
test is-of, greater significance for oils, that are to be burned in.
vaporizing type burners than for the atomizing - type. For
example;-the maximum 10 % and 90.% distilled temperatures
ate.specified: for grade No. 1 fuel. The limiting 10 % value
assures easy starting in vaporizing type burners and the 90 %
limit -excludes heavier - fractions that would be difficult to
vaporize,

- X1:4,1:6.1 The lnmts speclﬁed for: grade No 2 heatmg oil
define a product that is acceptable for burners of the atomizing
type iri Houseliold heating installations: Distillation' limits are
not spec1ﬁed for fel o1ls of grades Nos. 4, 3, and 6.

CXIALT Vscoszty Lzmzts Jor Grades Nos. 1 and 2--The
v1scosxty of an’oil 1§ a ‘easure of its resistance to flow. In fuel
oil it is highly 51gn1ﬁcant since it ihdicates both the relative
ease with which 'the’oil Will ﬂow or can be pumped ald the
ease of atomlzauon

X1.4.1.77.1 Viscosity limits for No. 1 and No 2 grades are
specified to help maintain uniform fuel flow in appliances with
gravity flow, and to provide satisfactory atomization and
‘cotistant flow rate through the small nozzles of household
burners. For the heavier grades of industrial and bunker fuel

“ioils, visosity is of major importance, so that adequate pre-

186

heating facilities can be provided to permit them to be pumped
o the burner and to provide good atomization. However, it is
equally important that the maximum viscosity under the
existing conditions be such that the oil can be¢ pumped
‘gatisfactorily from the storage tank to the preheater. | . -
X1.4:1.8 Density=~Density alone is‘of littlé significance as
ari ‘indicatiori -of the burning charicteristics of fuel’oil: How-
evet,” Wheh'us'ed iti ‘conjunction with other'prOpemes, it is of
valie” m mags-volure relat1onsh1ps and> 1n calculatmg the

‘specific ensrgy (Heating value) of ¢ an il

ey

X1.4.1.9 Corrosion—The cofrosion fest serves to indicate
the presence or absence of materials that could corrode copper,
brass, and bronze components of the fuel system. This property
1s spec1ﬁ d‘only for Nos. 1 and 2 distillate fuel oils.
TUX1.4.1.10 L1m1ted sulfur content of fuel oil can be required
for special, uses in connection with heat treatment, nonferrous
metal, glass and ceramic furnaces or to meet federal, state, or
local leg1slat10n or regulations.

KX14:1:11 Nitrogen—Nitrogen oxide emission regulatlons
have been imposed -on certain’ combustion. facilities- as -a
function of fuel nitrogen content. For purposes of these
regulations, distillate fuels, low nitrogen residual fuiels; .4nd

High nitrogen. residual fuels have been defined by their nitrogen

«cottent.. Installations: are . required. to, meet different emission
standards according to the classification of the fue] being used.
When regulations require such g distinction to be made, fuel
nitrogen spec1ﬁcatlons can be needed in the contractual agree-
ment'between: the puichdser and the supplier..
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The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection I
with any item mentioned in this standard, Users of this standard are expressly acvised that determination of the validity of any such |
patent rights, and the risk of infringement of such rights, are entirely their own responsibility. ) ) \

‘ \

This standard is subject to revislon at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will recelve careful consideration at a meeting of the responsible
technical committes, which you may attend, If you feel that your comments have not recelved a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, FA 19428,
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An American National Standard

Automatic Sampling of Petroleum and Petroleum Products’

This standard is issued under the fixed demgnanon D 4177; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision, A pumber in parentheses indicates the year of last reapproval, A
superscript epsilon () indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense. Consult the DoD Index of Specifications and
Standards for the specific year of issue which has been adopied by the Department of Defense.

and

This practice has been approved by the sp ing commi)

established procedures.

1. Scope

1.1 This practice covers information for the design, instal-
lation, testing, and operation of automated equipment for
the extraction of representative samples of petroleum and
petroleum products from a flowing stream and storing them
in a sample receiver. If sampling is for the precise determi-
-nation of volatility, use Practice D 5842 in conjunction with
this practice. For sample mixing, refer to Practice D 5854.
Petroleum products covered in this practice are considered to
be a single phase and exhibit Newtoman characteristics at the
point of sampling.

1.2 Applicable Fluids—This practice is applicable to pe-
troleum and petroleum products with vapor pressures at
sampling and storage temperatures less than or equal to 101
kPa (14.7 psi). Refer to D 5842 when sampling for Reid
vapor pressure (RVP) determination.

1.3 Non-applicable Fluids—Petroleum products whose
vapor pressure at sampling and sample storage conditions are
above 101 kPa (14,7 psi) and liquified gases (that is, LNG
LPG etc.) are not covered by this practice.

1.3.1 While the procedures covered by this practice will

produce a representative sample of the flowing liquid into APl Manual of Petroleum Measurement Standards
the sample receiver, specialized sample handling may be Chapter 3 ' ‘ ’
necessary to maintain sample integrity of more volatile APl Manual of Petroleum Measurement Standards.
materials at high temperatures or extended residence time in Chapter 4 "
the recetver. Such 1'1and]1ng requirements are not within t.he APl Manual of Petroleum Measurement Standards,
scope of this practice. Procedures for sampling these fluids Chanter 5 )
are described in Practice D 1263, Test Method D 1145, and API 151 al f Petrol M. Standard
GPA 2166. oh amé 0 etroleum easurement Standards,
1.4 Annex A2 contains theoretical calculations for se- API aﬂ:; al of Petrol Meas nt Standard
lecting the sampler location. Annex A3 lists acceptance Chapterlio 0 oleum ureme andards,

methodologies for sampling systems and . components.
Annex A4 gives performance criteria for permanent installa-
tions, while Annex A5 has the criteria for portable sampling
units. Appendix X1 is a design data sheet for automatic
sampling systems; Appendix X2 compares the percent sedi-
ment and water to unloading time period.

! This practice is under the jurisdiction of ASTM Committee D-2 on Petroleum
Products and Lubricants and is the direct responsibility of Subcommittee D02.02
on Static Petroleum Measurement.

Current edition approved Nov, 10, 1995. Published January 1996. Originally
published as D 4177 ~ 82. Last previous edition D 4177 - 82 (1990)¢t,

d by the cooperating organizations in accordance with

1.5 The values stated in SI units are to be regarded as the
standard. The values given in parentheses are for informa-~
tion only.

2. Referenced Documents

2.1 ASTM Standards:

D923 Test Method for Sampling Electrical Insulating
Liquids?

D 1145 Test Method for Sampling Natural Gas3

. D 1265 Practice for Sampling Liquified Petroleum (LP)

Gases—Manual Method?*

D 4057 Manual Sampling of Petroleum and Petroleum
Products®

D4928 Test Method for Water in Crude Oils by
Coulometric Karl Fischer Titration%

D 5842 Practice for Sampling and Handling of Fuels for
Volatility Measurements®

D 5854 Practice for Mixing and Handling of Liquid
Samples of Petroleum and Petroleurn Products®

2.2 API Standards.”

2.3 Gas Processors Association Standard?®
GPA 2166 Obtaining Natural Gas Samples for Analysis by
Gas Chromatography

2 Annual Book of ASTM Standards, Vol 10.03.

3 Annual Book of ASTM Standards, Vol 05.05.

4 Annual Book of ASTM Standards, Vol 05.01.

5 Annual Book of ASTM Standards, Vol 05,02,

8 Annual Book of ASTM Standards, Vol 05.03.

7 Available from American Petroleum Institute, 1220 L St., NW, Washington,

DC 20005.
8 Available from (Gas Processars Assoc., 6526 B, 60th St., Tulsa, OK 14145,

749
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2.4 Institute of Petroleum Standard?

IP Petroleum Measurement Manual, Part IV, Sampling
Section 2, Guide to Automatic Sampling of Liquids
from Pipelines, Appendix B, 34th Ed

2.5 Government Standard:*°

CFR 29, Section 11910.1000

3. Terminology

3.1 Description of Terms Specific to This Standard:

3.1.1 automatic sampler, n—a device used to extract a
representative sample from the liguid flowing in a pipe.

3.1.1.1 Discussion—The automatic sampler usually con-
sists of a probe, a sample extractor, an associated controller,
a flow measuring device, and a sample receiver:

3.1.2 automatic sampling system, n—a system consisting
of stream conditioning, an automatic sampler, and sample
mixing and handling.

3.1.3 dissolved water, n—water in solution in petroleum
and petroleum products.

3.1.4 emulsion, n—a water in oil mixture, which does not
readily separate,

3.1.5 entrained water, h—water suspended in the oil.

3.1.5.1 Discussion—Entrained water includes emulsions
but does not include dissolved water.

3.1.6 flow proportional sample, n—flow taken such that
the rate is proportional throughout the sampling period to
the flow rate of liquid in the pipe.

3.1.7 free water, n—water that exists as a separate phase.

3.1.8 grab, n—the volume of sample extracted from a
pipeline by 2 single actuation of the sample extractor.

3.1.9 homogeneous, adj—when liquid composition is the
same at all points in the container, tank, or pipeline cross
section,

3,1.10 isokinetic sampling, n—sampling in such a manner
that the linear velocity through the opening of the sample
probe is equal to the linear velocity in the pipeline at the
sampling location and is in the same direction as the bulk of
the liquid approaching the sampling probe.

3.1.11 Newtonian fluid, n—a liquid whose viscosity is
unaffected by the order of magnitude or agitation to which it
may be subjected as long as the temperature is constant.

3.1.12 power mixer, n—a device which uses an external
source of power to achieve streami conditioning.

3.1.13 primary sample receiver/container, n—a vessel into
which all samiples are initially collected.

3.1.14 probe, n—the portion of the automatic sampler
that extends into the pipe and directs a portion of the fluid to
the sample extractor,

3.1.15 profile iesting, n—a procedure for simultancously
sampling at several points across the diameter of 4 pipe to
identify the extent of stratification.

3.1.16 representdtive sample, n—a portion extracted from
a total volume that contains the constituents in the same
proportions as are present in the total volume.

3.1.17 sample, n—a portion extracted from a total
volume that may or may not contain the constituents in the

9 Available from The Institute of Petrolewm, 61 New Cavendish St,, London
WIM 8AR, England.

10 Available from Supt. of Documents, U.S. Government Printing Office,
Washington, DC 20402,

750

same proportions as are present in that total volume.

3.1.18 sample controller, n—a device which governs the
operation of the sample extractor.

3.1.19 sample extractor, n——a device which removes a
sample (grab) from a pipeline, sample loop, or tank.

3.1.20 sample handling and mixing, n—the conditioning,
transferring and transporting of a sample.

3.1.21 sample loop (fast loop or slip stream), n—a low
volume bypass diverted from the main pipeline,

3.1.22 sampling, n—all the steps required to obtain a
sample that is representative of the contents of any pipe,
tank, or other vessel and to place that sample into a
container from which a representative test specimen can be
taken for analysis, o

3.1.23 sampling system proving, n—a procedure used to
validdte an automatic sampling system.

3.1.24 sediment and water (S&W), n—material which
coexists with, but is foreign to, a petroleum liquid.

3.1.24.1 Discussion—S&W may include dissolved water,
free water and sediment, and emulsified and entrained water
and sediment.

3.1.25 static mixer, n—a device which utilizes the kinetic
energy of the flowing fluid to achigve stream conditioning,

3.1.26 stream condition, n—the distribution and disper-
sion of the pipeline contents, upstream of the sampling
location.

3.1.27 stream conditioning, n—the mixing of a flowing
stream S0 that a representative sample can be extracted.

3.1.28 time proportional sample, n—a sample composed
of equal volume grabs taken from a pipeline at uniform time
intervals during the entire transfer.

3.1.29 worst case conditions, n—the operating conditions
for the sampler that represent the most uneven and unstable
concentration profile at the sampling location.

4. Significance and Use

4.1 Representative samples of petroleum and petrolenm
products are required for the determination of chemical and
physical properties, which are used to establish standard
volumes, prices, and compliance with commercial and
regulatory specifications.

5. Representative Sampling Criteria

5.1 The following criteria must be satisfied to obtain a
representative sample from a flowing stream.

5.1.1 For non-homogeneous mixtures of oil and water,
free and entrained water must be uniformly dispersed at the
sample point.

5.1.2 Grabs must be extracted and collected in a flow
proportional manner that provides a representative sample
of the entire parcel volume,

5.1.3 Grabs must be a consistent volume.

5,14 The sample must be maintained in the sample
receiver without altering the sample composition. Venting of
hydrocarbon vapors during receiver filling and storage must
be minimized. Samples must be mixed and handled to
ensure a representative test specimen is delivered into the
analytical apparatus,

6. Automatic Sampling Systems
6.1 An automatic sampling system consists of stream
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Nore—Arrow does not indicate piping orientation.

Automatic Sampling With a Fast Loop

FIG. 1 Typical Automatic Sampling Systems

conditioning upstream of the sampling location, a device to
physically extract a grab from the flowing stream, a flow
measurement device for flow proportioning, a means to
control the total volume of sample extracted, a sample
receiver to collect and store the grabs and, depending on the
system, a sample receiver/mixing system. Unique properties
of the petroleum or petroleum product(s) being sampled may
require the individual components or the entire system be
insulated or heated, or both. Appendix X1 references many
of the design consideration that should be taken into
account,

6.2 Grabs must be taken in proportion to flow. However,
if the flow rate, during the total parcel delivery (week,
month, etc.) varies less than +10 % from the average flow
rate, a representative sample may be obtained by the time
proportional control of the grabs,

6.3 There are two types of automatic sampling systems
(see Fig. 1). Both systems can produce representative samples
if properly designed and operated. One system locates the
extracting device directly in the main line, whereas the other
system locates the extracting device in a sample loop.

6.4 In a sample loop type system, a probe is located in the
main pipeline and directs a portion of the fluid flow into the
sample loop. This probe may be a 90° elbow or a 45° level
facing upstream (see 10.2). The average flow velocity through
the sample loop shall be near the maximum average velocity
expected in the main pipeline, but not less than 2.5 m/s (8
ft/s).

6.5 The controller which operates the sample extractor in
the sample loop receives its flow proportional signal from the
flow meter(s) in the main line. For sample loop installations,
a flow indicator must also be installed in the sample loop.

6.6 If circulation in the sample loop stops and sampling
continues, a non-representative sample will result. A low-
flow alarm should be installed to alert the operator of a loss
of flow, In no case shall a filter be installed in a sample loop,
upstream of the sample extractor, as it may alter the
representativeness of the sample.

7. Sampling Frequency
7.1 Guidelines for sampling frequency can be given in

terms of “grab per lineal distance of pipeline volume.” For
marine and pipeline service this minimum. guideline can be
related. to barrels per grab using the following equation:

BBL/grab = .0001233 x D? or .079548 X d? ()]

where:
D = nominal pipe diameter, mm and
d = nominal pipe diameter, in.

7.2 This formula equates to one grab for every 25 lineal
metres (approximately 80 ft) of pipeline volume.

7.3 Sampling frequency should be based on maximizirig
grabs for the available receiver size. Typically, Lease Auto-
matic Custody Transfer (LACT) or Automatic Custody
Transfer (ACT) units are paced at one grab per one to ten
barrels.

7.4 The optimum sampling frequency is the maximum
number of grabs which may be obtained from any parcel
operating within the grab frequency and grab volume limita-
tions of the equipment, The completed sample should be of
sufficient volume to mix and properly analyze while not over
filling the sample receiver. ‘

8. Stream Conditioning

8.1 The sampler probe must be located at a point in the
pipe where the flowing stream is properly conditioned. This
conditioning may be accomplished with adequate flow
velocity through the piping system or mixing elements may
be added to supplement mixing provided by the basic piping.
Petroleum that contains free or entrained sediment and
water (S&W) requires adequate mixing energy to create a
homogeneous mixture at the sample point.

8.2 Petroleum products are generally homogeneous and
usually require no special stream conditioning. Exceptions to
this may occur if free water is present or if a product is
exiting a blending system.’

8.3 Velocities and Mixing Elements:

8.3.1 Figure 2, based on tests, provides a guideline for
minimum velocities versus mixing elements for pipes 50 mm
(2 in.) in diameter and larger. Stream conditioning can be
accomplished with pressure reducing valves, metering mani-
folds, lengths of reduced diameter piping, or piping elements
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Mixing Minimum Pipeline Velocity, meters pet secéind
Element Piping 0 .308 61 91 122 1.52 1.83 213 2.44
Power mixing Horizontal or

vertical Adequate at any velogity

Not

Static mixing Vertical Stratified | Predictable | Adequately dispersed
Static mixing Horizontal Stratified Not predictable Adequately dispersed
Piping elements Vertical Stratified. Not predictable Adequately dispersed
Piping elements Horizontal Stratified I Not predictable Adequalely dispersed
None Horizontal or

vertical Stratified or not predictable

2 3 4 5 [ 7 8

Minimum Pipeline Velocity, feet per second

FIG. 2 General Guidelines for Minimum Velocities Versus Mixing Elements

(valves, elbows, tees, piping, or expansion loops).

8.3.2 Where the flow velocity at the automatic sampler
probe location falls below the minimum levels detailed in
Table 1, additional means will be required to provide
adequate stream conditioning such as power mixers or static
mixers. The effect of viscosity, density, water content, as well
as the rélative position of the mixing element(s) and sample
probe should also be considered.

8.3.3 Specific calculation procedures for estimating the
acceptability of a proposed or existing sampling location are
detailed in Annex A2.

8.3.4 Again it should be remembered that petroleum
products are assumed fo be homogeneous at the point of
sampling and require no additional stream conditioning
unless specifically sampling for water content, or where the
sampler is downstream of a blending manifold.

9." Special Considerations for Marine Applications

9.1 When pumping from a shore tank or from a vessel, a
significant amount of free water may be transferréd during a
short period of time (see Appendix X2). This may occur
when the pumping rate is low and the eilywater mixture is
stratified. The stream conditioning may not be adequate to
provide a representtative sample. . To . help minimize this
condition, a tank that does not contain free water should be

utilized first. Tanks contatmng free water can be discharged
when the pumping rate is normal.

9.2 If the sampler is located some dlstance from the point
of load/discharge, operating ‘procedures should account for
the line fill between those two points.

10. Probes

10.1 Probe Location and Installation:

10.1.1 The recomiriended samplitig area is approximately
the center one-third of the pipeline cross-section area as
shown in Fig, 3. A

10.1.2 The probe opening must face upstieam and the
external body of the probe should be mdrked with the

TABLE 1 Typical Recelver Sizes

10-60 L (3—15 gal)
20-60 L (5-15 gal)
4-20 L. (1-5 gal)
1-20 L, (1 qt-5 gal)
20~75 L (5-20 gal)

Lease automatlc custody transfer
Pipelines (crisde pétroleum)
Pipelines (products)

Portable sampler

Tanker loading/unloading
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Recommended region
for sampling point

FIG. 3 Recommended Sampling Area

direction of flow to verify that the probe is installed correctly.

10.1.3 The probe must be located in a zone where
sufficient mlxmg results in adequate. stream cond1txon1ng
This zone is generally from 3 to 10 diameters downstream of
piping elements, .5 to 4 diameters from static mixers, and 3
to 10 diameters from power mixers. When static or power
mixers are used, the manufacturer of the device should be
consulted for the probe’s-optimum location.

10.1.4. The line from the outlet of the éxtractor to the
sample receiver must continuously slope downward from the
extractor. to the receiver and contain no deéad space.

.10.1.5 The preferred installation of a comblned probe-
extractoris in the- horizontal plane.

10.1.6 If 4. vertical piping loop is used for stream condi-
tioning, locate the probe in the downflow séction of the loop
to obtain the benefit of the additional stream conditioring
provided by the three 90° eélbows. Locate the probe a
minimum of three pipeé diameters downstream of the top 90°
elbow and not closer than one-half pipe diameter upstream
of the final exiting elbow (see Fig. 4).

10.1.7 According to tests sponsored by the American
Petroleuni Institute (API), locatmg a sample probe down-
stream of 4 smgle 90° bend is not recommiendéd because of
1nadequate stream conditioning,

10.2 Probeé Design:

10.2.1 The mechanical design of the probe should be
compatible with the operating conditions of the pipeline and
the fluid being sampled. There are threé basic designs stiown
in Fig. 5. Probe.openings should be in the center third of the

4
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3 PIPE DIAMETER
MINIMUM

PROBE LOCATION
-—1—"_1/2 PIPE DIAMETER

\ w,

FIG. 4 General Vertical Piping Loop Configuration

FLow

cross sectional area of the pipe.

10.2.2 Probe designs commonly used are described as
follows:

10.2.2.1 A closed end probe equipped with an open orifice
(see Fig. 3A).

10.2.2.2 A short-radius elbow or pipe bend facing up-
stream. The end of the probe should be chamfered on the
inside diameter to give a sharp entrance (see Fig. 5B).

10.2.2.3 A tube cut at a 45° angle with the angle facing
upstream (see Fig. 5C).

11. Automatic Sampling Components

11.1 Extractor—An automatic sample extractor is a de-
vice that extracts a sample (grab) from the flowing medium.
The extractor may or may not be an integral part of the
probe. The sample extractor should extract a consistent
volume that is repeatable within +5 % over the range of
operating conditions and sampling rates.

11.2 Controller—A sample controller is a device which
governs the operation of the sample extractor. The sample
controller should permit the selection of the sampling
frequency.

12. Sampler Pacing

12.1 Custody Transfer Meters—Custody transfer meters
should be used to pace the sampler where available. When
flow is measured by multiple meters, the sampler should be
paced by the combined total flow signal. Alternatively, a
separate sampler may be installed in each meter run, The
sample from each meter run must be considered a part of the
total sample and in the same proportion as that metet’s
volume is to the total volume.,

12.2 Special Flow Meters—When custody transfer is by
tank measurements, a flow signal must be provided to the
sample controller. This signal may be provided by an add-on
flow metering device. These devices should have an accuracy
of =10 % or better, over the total volume of the parcel.

12.3 Time Proportional Sampling—An automatic sam-
pler should preferably operate in proportion to flow. How-
ever, sampling in a time proportional mode is acceptable if
the flow rate variation is less than £10 % of the average rate
over the entire parcel.

13. Primary Sample Receivers

13.1 A sample receiver/container is required to hold and
maintain the composition of the sample in liquid form. This
includes both stationary and portable receivers, either of
which may be of variable or fixed volume design. If the loss
of vapors will significantly affect the analysis of the sample, a
variable volume type receiver should be considered. Mate-

rials of construction should be compatible with the petro-
leum or petroleum product sampled.

13.2 Stationary Receivers:

13.2.1 General Design Features—These features may not
be applicable to some types of receivers, that is, variable
volume receivers.

13.2.1.1 Receiver design must allow for preparation of a
homogeneous mixture of the sample.

13.2.1.2 The bottom of the receiver must be continnously
sloped downward toward the drain to facilitate complete
liquid withdrawal. There should be no internal pockets or
dead spots.

13.2.1.3 Internal surfaces of the receiver should be de-
signed to minimize corrosion, encrustation, and clingage.

13.2.1.4 A means should be provided to monitor filling of
the receiver. If a sight glass is used, it must be easy to clean
and not be a water trap.

13.2.1.5 A relief valve should be provided and set at a
pressure that does not exceed the design pressure of the
receiver,

13.2.1.6 A means to break vacuum should be provided to
permit sample withdrawal from the receiver.

13.2.1.7 A pressure gage should be provided.

13.2.1.8 Receivers should be sheltered from adverse am-
bient conditions when in use.

13.2.1.9 Receivers may need to be heat traced or insu-
lated, or both, when high pour point or high viscosity
petroleum or petroleum products are sampled, Alternatively,

- they may be housed in heated and insulated housing.
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Exercise caution to ensure added heating does not affect the
sample.

13.2.1.10 Use ‘of multiple sample receivers should be
considered to allow flexibility in sampling sequential parcels
and line displacements. Exercise care in the piping design to
prevent contamination. between samples of different parcels.
See Fig. 6.

13.2,1.11 Receivers should have an inspection cover or
closure of sufficient size to facilitate easy inspection and
cleaning,

13.2.1.12 Facilities for security sealing should be pro-
vided.

13.2.1.13 The system must be capable of completely
draining the receiver, mixing pump, and associated piping.

13.2.1.14 The circulating system shall not contain any
dead legs.

13.3 Portable Receivers—In addition to considerations
outlined in 13.2, portable receivers may include the fol-
lowing additional features:

13.3.1 Light weight,

13.3.2 Quick release connections for easy connection/
disconnect to the probe/extractor and the laboratory mixer
(see Fig. 7), and '

13.3.3 Carrying handles.

13.4 Receiver Size—The receiver should be sized to
match its intended use and operating conditions. The size of
the receiver is determined by the total volume of sample
required, the number of grabs required, the volume of each
grab and, transportability of the receiver if portable. Typical
sample receiver sizes are shown in Table 1. ‘

14, Sample Mixing and Handling ‘
14.1 Sample in the receiver must be properly mixed to

PRO_00104363



Case 1:13-cv-01215-TSC Document 198-23 Filed 10/07/19 Page 41 of 127

b o a177

End of probe
closed orifice
facing upstream
114" 2" ¢ pipe
or tubing

Manufacturers
standard
diameter

To receiver
or extractor

/or tubing

142" ¢ pipe 1/4°-2" ¢ pipe

/ or tubing

(o —— 45" Bevel ] ——
To receiver To receiver
or extractor or extractor

FIG. 5 Probe Designs

Probe or extractor

Minimize
manifold size
and length

Salenoid
valves

Note IN—"
Note 1-m|
A B C
Single Multiple
receiver receivers

NoTE—6.4 or 9.5 mm (Vs or % in.) tubing, as short as possible and sloping
continuously toward the sample receiver, should be used, 9.5 mm (% in.) tubing
should be used where long sampling lines cannot be avaided or in crude oil
service. Heat trace and insulate these lines when necessary.

FIG. 6 Receiver(s) Installation

ensure a homogenous sample. Transfer of samples from the
receiver to another container or the analytical glassware in
which they will be analyzed requires special care to maintain
their representative nature. See Practice D 5854 for detailed
procedures.

15. Portable Samplers

15.1 A typical application of a portable sampling system is
on board a marine vessel. There are also occasional applica-
tions on shore. The same criteria for representative sampling
applies to both portable and stationary sampling systems.
Exercise caution when using portable samplers on marine
vessels due to the difficulty in verifying stream conditioning
during actual operations. An example of a marine applica-
tion is shown in Fig. 8.

15.2 Design Features—Special features and installation
requirements for a portable sampler are:

15.2.1 A spool assembly fitted with a sample probe/
extractor and flow sensor is inserted between the ship’s
manifold and each loading/unloading arm or hose. If the
grab size of each sampler is equal, a common receiver can be
used.

15.2.2 A controller is required for each extractor. The
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C
3.way ball valve—
hand or motor Note 1
operated from control room Probe or
extractor

Quick
disconnect

Quick
disconnegt

Sample Sample

receiver recejver
B

(Note 2) (Note 2)

Installation Showing Portable Receivers

Note 1—6.4 or 9,5 mm (% In) tubing, as short as possible and sloping
continuously toward the sample receiver should be used. Three-eighths inch
tublng should be considered where long sampling lines cannot be avoided or the
crude oil is viscous. Heat trace and Insulate these lines when necessary.

Note 2—Samgple should flow into & connection at the top of the contalner. In
warm climates, a sun shield should be provided to avoid excessive temperature
changes in sample receivers.

NoTe 3—In warm climates, a sun shield should be provided to avoid excessive
temperature changes in sample receivers.

Note 4—In cold climates, consider placing sample recelvers in a heated
housing or heat trace and insulate the receivers and sample lines.

FiG. 7 Portable Receiver(s) Installation

controller must be able to record total number of grabs and
total volume.

15.2.3 Piping arrangement at the ship’s manifold will
often distort the flow profile. The flow sensor, when operated
under the piping and flow conditions at the ship’s manifold,
must meet the accuracy criteria in 12.2.

15.2.4 Stream conditioning is accomplished by velocity of
the fluid and the piping elements ahead of the probe. The
number of hoses, arms, and lines in service at any one time
may need to be limited to maintain sufficiently high velocity.

15.2.5 The controller may be placed on the ship’s deck,
which is usually classified as a hazardous zoned area. If the
controller is electronic, it should meet the requirements of
the hazardous area.

15.2.6 Air supply must meet the requirements of the
equipment,

15.2.7 For high pour or viscous fluids, particularly in cold
climates, the line from the extractor to the receiver may
require a thermally insulated high pressure hose or tubing,
The receiver should be placed as close to the extractor as
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Recaiver

Contral Unit

FIG. 8 Typical Portable Marine Installation

possible to minimize the hose length. The hose or tubing
should have an internal diameter of 9.5 mm (¥s in.) or more
and slope continuously downward from the extractor to the
receiver. The line from the extractor to the receiver may have
to be heat traced.

15.2.8 Filling of receivers should be monitored to ensure
that each sampler is operating properly. Frequent visual
inspection, level indicators, and weighing have proven to be
acceptable monitoring methods.

15.2.9 The portable sampler is used intermittently; there- -

fore the sample probe, extractor, and flow sensor should be
cleaned after every use to prevent plugging.

15.2.10 All components and installation must meet appli-
cable regulations, that is, U.S. Coast Guard regulations.

153.3 Operating Considerations—The portable sampler
operator must maintain operating conditions which provide
adequate mixing and produce a representative sample,
Performance criteria is given in Annex A5, To meet the
criteria requires cooperation of the vessel crew and shore
personnel. Special operating requirements are:

15.3.1 The portable sampler operator should keep the
flow rate at each flow sensing device within its design range
by limiting the number of loading lines or hoses in service
during periods of low flow rates, for example, start-up,
topping off, stripping, etc. ‘

15.3.2 For discharge operations, the vessel compartment
discharge sequence must be controlled so that the amount of
free water being discharged during the start-up operation is
less than 10 % of the total amount of water in the cargo.

15.3.3 For loadings, a shore tank with no free water is
preferred for the initial pumping. Water drawing the tank or
pumping a small portion of the tank to another shore tank
prior to the opening tank gage, or both, are suggested.

16. Acceptance Tests

16.1 Testing is reccommended to confirm that a sampling
system is performing accurately. Annex A3 outlines methods
for testing samplers that are used for the collection of S&W

7535

or free water samples. The test methods fall in two general
categories; Total System Testing and Component Testing.

16.2 Total System Testing—This test method is a volume
balance test where tests are conducted for known amounts of
water. It is designed to test the total system including the
laboratory handling and mixing of sample. Two procedures
are outlined. One involves only the sampler under test, the
other utilizes an additional sampler to measure the baseline
water.,

16.3 Component Testing—This test method involves
testing individually the components that comprise a sam-
pling system. Where applicable, some of the component tests
may be conducted prior to installation of the total system.
Components to be tested include:

16.3.1 Probe/extractor,

16.3.2 Profile (for stream conditioning),

16.3.3 Special flow meter, and

16.3.4 Primary sample receiver and mixer.

16.3.5 If a system design has been proven by testing,
subsequent systems of the same design (for example, LACT
Units), including piping configuration and operated under
the same or less criterial conditions (that is, higher flow rate,
higher viscosity, lower water content, etc.) need not be tested.
Once a system or systen design has been proven, the
following checks can be used to confirm system reliability:

Component Check
Stream conditioning  Flow rate or pressure drop if equipped with power or
static mixer,
Profile test for systems with only piping elements,
Pacing device Compare recorded batch volume to known,
Compare actual sample volume to expected volurme.
Extractor Compare actual sample volume to expected volume.

Corapare actual grab size to expected grab size.

16.3.6 Portable sampling systems can be tested by the
component testing method except for proper stream condi-
tioning. To compensate for this, the performance test for
each operation has been designed to evaluate the operation
of the sampler. This is shown in Annex AS5.

16.4 Requirements for Acceptability—Testing by eithet
the component or total system method requires that two out
of three consecutive sets of test data repeat within the limits
shown in Annex A3,

17. Operational Performance Checks/Reports

17.1 Monitoring of sampler performance is a necessary
part of every sampling operation. Monitoring is required to
make sure that the sample extractor is extracting a uniform
grab in a flow proportional manner. This is normally
accomplished by assessing the sample volume collécted to
ensure that it meets expectations for the equipment and
transfer volume involved.

17.2 Several procedures may be used to accomplish this
requirement, that is, sight glasses, gages, or weigh cells.
Selection of a procedure should be based on (1) volume of
transfer, (2) type of installation, (3) time interval of transfer,
(4) whether the sampling facility is manned, (5) receiver
type, (6) purpose of the sample, and (7) equipment used.

17.3 For LACT and ACT units, monitoring may consist
of comparison between sample volume collected and ex-
pected sample volume. For very large transfers including
marine transferee, more information may be desired as
outlined in Annexes A4 and A3.
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Note—Times are calculated based on minimum oll ﬂow rate and the distance between the injection and the sample point.
FIG. 9° Sequence of Acceptance Test Activities
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primary sample receiver, probe; representative sampling;
representative sampling criteria; sampling handling; sample
loop; sample mixing; stream conditioning

ANNEX

(Mandatory Infbrtnation)

Al. PRECAUTIONARY INFORMATION

Al.l Physical Characteristics and Fire Considerations:

Al.1.1 Personnel involved in the handling of petroleum-
related substances (and other chemical materials) should be
familiar with their physical and chemical characteristics,
including potential for fife, ‘xplosion; and reactivity, and
appropriate emergency procedures. These procedures should
comply with the individual ¢ompany’s safe operating prac-
tices and local, state, and federi] régulations, including those
covering the use of proper protective clothing and equip-
ment, Personnel should be alert to avoid potential sources of
ignition and should keep the materials’ containers closed
when not in use.

Al.1.2 API Publication 2217 and Publication 2026° and
any applicable regulations should be consulted when sam-
pling requires entry to confined spaces. -

A1.1.3 INFORMATION REGARDING PARTICULAR
MATERIALS AND ‘CONDITIONS SHOULD BE OB-
TAINED FROM THE EMPLOYER, THE MANUFAC-
TURER OR SUPPLIER OF THAT MATERIAL OR THE
MATERIAL SAFETY DATA SHEET.

Al.2 Safety and Health Consideration:

Al.2.1 General:

Al1.2.1.1 Poteritial bealth effects ‘cani tesult’ from éxpostire
to any cheniicdl and are dependenit on thé toxicity of the
chemieal, concentrauon, and’ length ‘of the exposure. Ev-
eryone should' minimize his or her exposure to work place
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chernicals. The following general precautions are suggested:

(@) Minimize skin and eye contact and breathing of
vapors. '

(b) Keep chemicals away from the miouth; they can be
harmful or fatal if swallowed or aspirated.

(¢) Keep containers closed when not in use.

(d) Knep work areas as clean as poss1b1e and well venti-
lated.

(e) Clean spills promptly and in accordance with pertinent
safety, health, and environmental regulations.

) Observe established exposure limits and use proper
protective clothing and equipment.

NotE Al, 1--Informat10n on exposure limits. can be found by
consulting the most recent editions of the Occupational Safety and
Hedlth Standéirds, 29 Code of Federal Regulations Sections 11910, 1000
and following and the ACGIH publication “Threshold Limit Values for
Chemical Substances and Physical Agénts in the Work Environment.”1!
© A1.2.1.2 INFORMATION CONCERNING SAFETY
AND HEALTH RISKS AND PROPER PRECAUTIONS
WITH RESPECT TO PARTICULAR MATERIALS AND
CONDITIONS SHOULD BE OBTAINED FROM THE
EMPLOYER, THE MANUFACTURER OR THE MATE-
RIAL SAFETY DATA SHEET.

11 Available from American Conference of Government Industrial Hygienists,
(ACGIH), Bldg. D7, 6500 Glenway Ave., Cincinnati, O 45211-4438,
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A2, THEORETICAL CALCULATIONS FOR SELECTING THE SAMPLER PROBE LOCATION

A2.1 Introduction:

A2.1.1 This annex describes calculation procedures for -

estimating the dispersion of water-in-oil at a sampling
location. These procedures have a very simple theoretical
base with many of the equations not being strictly applicable;
therefore, they should be used with extreme caution in any
practical application. A conservative approach is strongly
recommended when estimating the acceptable limits for
adequate dispersion (steam conditioning).

Note A2.1—From IP Petroleum Measurement Manual, Part IV
Sampling;

A2.1.2 The equations contained in this annex have been
shown to be valid for a large number of field data. The range
of the field data covered the following correlating parame-
ters:

Relative density
Pipe diameter
Viscosity

Flowing velocity
Water concentration

Note A2.2—Use caution when extrapolating outside of these ranges.

A2.1.3 When evaluating if dispersion is adequate or not in
a given system, using the worst case conditions is recom-
mended.

A2.1.4 When calculating the dispersion rate E in A2.3, it
should be noted that dispersion energies of different piping
elements are not additive in regard to dispersion, that is,
when a series of elements is present, the element that should
be considered is the one that dissipates energy the most.

A2.1.5 As an aid in determining the element most likely
to provide adequate dispersion, Fig. A2.2 has been devel-
oped. When using Fig. A2.2, it is important to consider it as
a guide only and that particular attention should be paid to
the notes. Fig. A2.2 does not preclude the need for a more
detailed analysis of these elements, within a given system,
shown by the table to be the most effective.

A2.2 Symbols—The symbols used in Annex A2 are
presented in Table A2.1.

A2.3 Dispersion Factors: ‘

A2.3.1 As a measure of dispersion, the ratio of water
concentration at the top of a horizontal pipe C, to that at the
bottom C, is used. A C,/C, ratio of 0.9 to 1.0 indicates very
good dispersion while a ratio of 0.4 or smaller indicates poor
dispersion with 'a high potential for water stratification.,
Calculations giving ratios less than 0.7 should not be
considered reliable as coalescence of water droplets invali-
dates the prediction technique.

A2.3.2 The degree of dispersion in horizontal pipes can be
estimated by:

.8927-,8550 (27°-34° API)
40 cm-130 em (16 in~52 in.)
6-25 ¢St at 40°C

>0-3.7 m/s (>0-12 fi/s)

<5 %

o _ o — W
&= (20)
where:
C,/C, = the ratio of water concentration at the top (C,) to
that at the bottom (C5), )
14 =the settling rate of the water droplets, and
¢/D = the turbulence characteristic, where ¢ is the eddy

diffusivity and D the pipe diameter.
A2.3.3 An alternative measure of dispersion, G, can be

defined in Eq 2. Table A2.2 presents the relationship of
C\/C, with G.
D
G= W 2
A2.3.4 It is important to note that the uncertainty of the
calculations is such that errors in G of more than 20 % may
result at low values of G. For this reason, it is recommended
that no reliance be placed upon calculated G values of less
than 3 and that additional energy dissipation calculated G
value.
A2.4 Determination of Energy Dissipation:
A24.1 Two different techniques are given for deter-

. mining the rate of energy dissipation.
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+ A2.4.2 Method A uses the relationship in Eq 3.

g=APV

N7 )

where;

AP = the pressure drop across the piping element,

V' =the flow rate at the pipe section in which energy is
dissipated, and !

TABLE A2.1 Symbols Used in Annex A2
Note 1—1 Pa = 105 bar
NoTe 2—1 m?/s = 108 ¢St = 108 mm2/s
NoTe 3-—1 Nfm = 108 dynfom

Symbol Term Units
C water concentration (watet/oil ratio) dimensioniess
D pipe diameter m :
d - droplet diameter m
E rate of energy dissipation Wikg
E, snergy dissipation in straight pipe Wikg
. E required energy dissipation Wikg
G parameter, defined in A2.3.3 dimensionless
K resistance coefficient dimensionless
n number of bends dimensionless
AP pressure drop Pa(1)
Q volumetric flow rate m3/s
r bend radius m
v flow velocity m/s
V| flow nozzle exit velocity m/s
w settling rate of water droplets m/s
AX digsipation distance m
@ parameter, defined in A2.4.3 dimensionless
¥ ratio between small and large diameters dimensioniess
€ eddy diffusivity mafs
[ turn angle degrees
v kinematic viscosity ©m2fs (2)
7 surface tension N/m (3)
P crude oil density kg/m@
P water density kg/m?3
) flow nozzle diameter m
TABLE A2.2 Dispersion Factors
¢} 01 / cz 02/ C1
10 0.90 1.11
8 0.89 114
6 0.85 1.18
4 0.78 1.28
3 0.71 141
2 0.81 1.64
1.5 0.51 1.96
1 0.37 2.70
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TABLE A2.3 Suggested Resistance Coefficients, K

Norte—y is the small diameterflarge diameter and K is based on the velocity in
the smaller pipe.

Contraction K=05(0 —~+8 {0 =K = 05)
e
Enlargement K= o 0=K=05)
1 4
Orifice K=28(1—7) [(;) _ ]
Circular mitre bends K=12(1- cos 6) where 8 0=K=12)
= turn angle
Swing check valve K=2
Angle valve K=2
Gilobe valve K=6
Gate valve K=018

AX = a characteristic length which represents the distance in
which energy has been dissipated. In most cases AX is
not known with any confidence. Wherever possible,
the value to be used should be supported by experi-
mental data,

NOTE A2.3--If AX is not known, a substitute value of AX = 10D
may be used as a very rough approximation for devices of low mixing
efficiency such as those in Table A2.3. For specially designed high
efficiency static mixers the value AX will be small and should be
obtained from the designer.

NoTE A2.4—If AP is not known, calculate it from Eq 4.

KopV?
AP =" “
2
where:
K = the resistance coefficient of the piping element under
consideration.

Suggested values of K for different piping elements are
given in Table A2.3.

A2.4.3 Method B uses the relationship E = 8E,, where 8
is a characteristic parameter of a mixing element and E, is
the rate of energy dissipation in a straight pipe. E, is
calculated from Eq 5.

Ey = 0.005,025D~ 125275
where: v is given in mm?/s (cSt).

A2.4.4 Suggested values of 8 and tentative relationships
for E (other than E = BE,) are given in Tables A2.4 and A2.5
respectively.

A25 Contraction:

&)

. 8=25(1 -~ (6
A2.5.1 Contraction effects can be calculated with Eq 6.
A2.6 Enlargement:
5(1 — v3)2
A2.6.1 Enlargement effects can be calculated with Eq 7,
A2.7 Mean Water Droplet Diameter:
A2.7.1 The mean water droplet diameter d may be
estimated using Eq 8.

d=0.3625 (5)"‘6 E-04 ®
o

where:

‘¢ =the droplet surface tension between water and oil

measured in N/m, All formulas and examples in this
Annex A2 assume o = 0.025 N/m.

A2.7.2 Interfacial tension values may be significantly
affected by additives and contaminants. If it is known that
the value is other than 0.025 N/m, the water droplet seitling
velocity W, given in A2.8, should be modified by multiplying

by Eq 9.
a 0.5
(0.025)

A2.8 Water Droplet Settling Velocity:

A2.8.1 The determination of either of the dispersion
factors requires a knowledge of the water droplet settling
rate, W. This can be calculated using the relationship in Eq
10.

©)

_ 855(py — p)EO8
- 22

w (10)
vp
where:
pg = the water density. For salt water (from wells or tankers)
a suggested value is 1025 Kg/m? if the actual one is not
available.

A2.8.2 If the mean water concentration is higher than
5 %, multiply W by 1.2.

A29 Turbulence Characteristic:

A29.1 Determination of either of the dispersion factors
requires the turbulence characteristics ¢/D to be evaluated
using Eq 11. '

€
D ({1

A2.10 Verification of an Existing Sampler Location—1It is
important to select the worst case conditions in the following
sequence:

A2.10.1 Determine the desired profile concentration ratio
C,/C, and, using Table A2.2, the corresponding value of G.

A2.10.2 Determine, using Fig. A2.1, which pipeline fit-
tings within 30D upstream of the sampler are most likely to
provide adequate dispersion.

A2.10.3 Estimate the energy available from each of the
most likely fittings using either of the methods described in
A2.4,

A2.10.4 Calculate the value of G from the highest value of
available energy obtained in step (c) using the formulas
presented in A2.3, A2.8, and A2.9.

A2.10.5 Obtain the C,/C, ratio from Table A2.2,

A2.10.6 Check that the calculated C,/C, (or G) value is
higher than the desired value obtained in A2.10.1, If it is, the
sampler location should prove suitable for the application. If
not, remedial action should be taken.

= 6313 % 10“3 0875 3—0.125,0.125

TABLE A2.4 Dissipation Energy Factors (8) (1, 2)

r/d 1 15 2 3 4 5 10
n=1 1.27 1.25 1.23 1.22 1.18 1.15 107
=2 1.55 1.50 1.48 1.45 1.38 1.30 113
n=3 1.90 1.80 1.75 1.70 1.56 1.44 118
n=4 2.20 210 200 1.93 1.72 1.56 1.23
n=5 260 240 2.30 2.20 1.90 1.70 128
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TABLE A2.5 Dissipation Energy Relationships

. AP/
Centrifugal pump E=0125 —
oD
APV
Throttling valve E= m
Vv
Flow nozzle | E = 0.022 f

A2.11 Selection of a Suitable Sampler Location—It is
again very important to select the worst case and continuing
the above sequence. \

A2.11.1 Determine if the desired profile concentration
ratio C,/C;, and, using Table A2.2, the corresponding value
of G.

A2.11.2 Determine the turbulence characteristic ¢/D as
described in A2.9.

A2.11.3 Calculate the water droplet settling rate using Eq
12.
oD

G .
A2.11.4 Determine the energy required to produce the

desired profile concentration ratio using the formula pre-
sented in A2.8 re-written in the form of Eq 13.

W= (12)

D 4177
5 3630 [”_d ”]‘-25 (13)
p2.75 W

A2.11.5 Select from Fig. A2.1 the available piping ele-
ments most likely to provide adequate energy dissipation.

A2.11.6 Calculate the dissipation energy F for the selected
piping elements using either of the methods described in
A2.4,

A2.11.7 Compare E, with E to determine if an acceptable
profile can be achieved. If for any piping element E > E,,
then a satisfactory profile can be achieved using that ele-
ment. If £ < E, for all piping elements, then additional
dissipation energy must be provided. This can be done by
reducing the pipe diameter (a length > 10D is recommended)
by introducing an additional piping element or by incorpo-
rating a static or dynamic mixer.

A2.11.8 If the flow rate has been increased by reducing
the pipe diameter, repeat steps A2.10.8 to A2.10.13.

A2.11.9 If a new piping element has been introduced into
the system without changing the flow rate, check, using step
A2.11.6, that its dissipation energy is larger than the best so
far achieved and, if so, proceed to step A2.11.7.

A2.11.10 If a static or dynamic mixer is considered, then
the manufacturer should be consulted as to its design and
application,

A2.12 Examples—Verification of an existing sampler lo-
cation:

PUMP A P (bar) 214 6| 8 12|20 30 50
X— X-Rf~K—X— X—x|—x
0.9 0.8 0.7 0.6 0.5 0.4 0.3]|0.25
ORIFICE Yy = d/b = ® x b4 >4 X =% K fe -]
0.8 0.7 0.6 0.5 0.4 0.3 0.2
ENLARGEMENT ¥ =4d/D = x x x X x % —x-
1 2 4 68 12| 20 30 50
THROTTLING VALVE A P (bar) X— H—] — %~ K| K=K ——F— x| — K
GLOBE VALVE
SWING CHECK OR ANGLE VALVE
45 60 20
CIRCULAR MITRE 8 (deg) — i XX
BEND
0.8 (0.7 0.5 0.1
CONTRACTION ¥ = d/D K e = el —— X
10 4 1
BENDS (E-OFF) /D % X —t%
10 4 1
BENDS (4-OFF) r/D X—X—X
10 1
BENDS (3-OFF) x/D X—x
10 1
BENDS (2-OFF) /D x—x
10 1
BENDS (1-OFF) r/D XX
STRAIGHT PIPE
GATE VALVE
RESISTANCE COBFFICIENT (X) 0.2 Q.5 1.0 2.0 4.0 10.0 20,0 40.0 100.0 200.0 400.0 1000,0
' CHARACTERISTIC 1.0 2.5 5.0 10.0 20.0 50.0 100.0 200.0 500.0 1000.0 2000.0 5000.0

(P)
PARAMETER OF MIXING ELEMENT

Note 1-—The table has been compiled assuming the same pipeline diameter downstream of any device. If the downstrearn diameter of any twa devices Is not identical,

comparisons using Fig. A2.1 cannot be performed.

Note 2-~It is not intended that Fig. A2.1 be used to ascertain 8 or K values but only. to provide a comparisan of the likely mixing effects of devices.
NoTe 3—For centrifugal pumps and throttling valves, the dissipation energies, which are defined without the use of 8 values (see Table A2,1), the comparison has been
done using an assumed 8 equal to E/E, and the following typical values—D = 0.4 m; » = 18 ¢Bt; p = 900 kg/m®, V = 5.6 m/s.

FIG. A2.1 Comparison of Mixing Devices
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A2.,12.1 Using the procedure of A2.10, for an installation
in a 500 mm pipe where the most severe operating condi-
tions are represented by: -,

CYe=2mls
p- =850 kg/m3;.
» =§cSt,

pa = 1025 kg/m?

A2.12.1.1 The desued C,/C, ratio 1s 09 from Table
A22, G = i0.

A2.12.1.2 The pipeline fittings within 30D upstream of
the sampler ar¢ a globe valve, an’ enlargement with' diaméter
ratio, v = 0.5 and two 90° bends, Then, from F1g A2.1 the
globe vilve or the enlargement 1s dleatly most likely to
provide adequate dispersion.

A2.12.1.3 The energy available may be ‘caleulated using
either Méthod A or B of A2.4, Howeveér, orily K values are
given for the globe valve, therefore, these must be used to
compare the likely mlxmg effects of the globe valve and the
enlargement.

Globe valve K = 6

(1 —_ 2)2
Enlargémient K = —4 =9

(Table A2.3)
(Table ‘A2.3)
The enlargement has the higher K value and should be

used in the following calculations. A2.4 may be used for the
rest of the calculation. (4) Using Method A, A2.4:

APV
E==0 Wik 3)
or as:
KpV?
AP= —”2~ W/ks )
then:
KV?
== W/k 12
AT ke (12)
and using AX = 10D
IX2 45 Wik (13)
2%x10x05 g
A2.12.1.4
_4D
6= o)
% = 6.313 X 10~3p/0375)~0.125;0.125 1 g (11)
855(p, —
W= _M E08 /s (10)
vp2'2
E = 6313 X 107 X 20915 X g X RO (14)
= 1637 %X 103 m/s
and
8551025 — 850) _ . 1
W= w852 X708 (13)
=138x 107 mfs J
1637 x 1073 ‘
G TaxoT s U8 .06

than 0.9,
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A2.12.1.5 From Table A2.2: the CI/CZ rauo is greater RS

A2.12.1.6 The cal¢ulated value of C,/C, is greater than
the required value, and therefore, adequate conditions for

sampling exist.
A2.12.1.7 Using Method B, A2.4:

E = BE, W/ke
5(1 — y2P
g= —(—;})— = 45 (Table A2.3)
Y

E, = 0.005,0-25D-1.2572.75
S =45 0005 X 8935 X 3 X 2273

, = 6.0545 W/kg
. A2.12.1.8

_<D L2 (Tabte 422)

D= 16.37 x 10-3 m/s
as calculated for Method A:
_ 855(0a = o)
sz'z
_ 855(1025 — 850) 1
8 x 85022 6.054508
= 1,59 x 10~ m/s
=16.37 x 1073
1.59 x 1073

E-%8 m/s

=10.29

(17)
(18)
(19)

(20)

@
@n

(10)

(22)

(23)

A2.12.1.9 Follow A2.12.1.5 and A2.1.1.6 as for Method

A,

A2.12.2 Selection of a Suitable Sampler Location—Using

the procedure of A2.11:

A2.12.2.1 The proposed pipeline configuration consists of
a 600 mm line enlarging to 800 mm followed by.a ling of
three 90° bends each with an r to D ratio of 1 and ﬁnally a
throttling valve with the differential pressure of one bat. The
most severe operating conditions are représented by the

following conditions:

V=15m/s
s =820 kg/m?
» =7 cSt

pq = 1025 kg/m3

A2.12.2.2 The desired C,/C, ratio is 0.9; then, from

Table B.2, G = 10.

A2.12.2.3 The turbulence characteristic from B.6 is:
¢/D = 6.313 X 10-3p0875D=0-125,0.125 m /g

= 6.313 X 1073 X 1.59875 x

0‘80 125

= 11.81 X 10~3 m/s

A2.12.2.4 The water droplet settling velocity is:

_¢D_ 1181 X 10-3
=G 10

4630 pg ~ P25
V‘r" 275 uW -

X 70.125

=1.18 % 1073 m/s

13
@4

©5)

. A2.12.2.5 The energy dissipation rate required per Eq 26
Cig T ’

@)
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4630 1025 — 820 \1.25 ¢ 1
= _ = -3 0.875 —_ 0.125
= o0 (7 VENTI" 10%3) @7 3= 6313 X 107 x 2,677 x o X mis G0
= 13.99 W/kg =20.25 x 103 m/s
A2.12.2.6 From Fig. A2.1 the throttling valve is clearly A2.122.10
. . » - " 2 .2 10—5
the element most likely to provide sufficient energy dissipa P W27t 0~ m/s @)
tion. G 10
A2.12.2.7 Method B is the only one to provide an energy A2.12.2.11
dissipation formula for a throttling valve; see Table A2.5. 4630 1025 — 820 Tizs
APV 82057 |Tx 202 % 103) /K8 (32)
nE==T ke (28) :
200D =7.13 W/keg
_ 1x105x 15 _ ins A2.12.2.12 Unchanged from previous calculation.
=20 x 820 x 0.8 |} bar = 10° Pascal] @) A212213
= 11.43 Wikg E= ZM’Z Wike 33)
A2.12.2.8 The energy dissipation rate E provided by the 00
throttling valve is less than required E,. Therefore, a G value _ 105X 2,67 G4)
of 10 has not been achieved and sampling from this location 20 % 820 %X 0.6
is unlikely to prove adequate. If the erilargement from 600 to =27.10 W/kg

800 mm is moved downstream of the throttling valve and
sampling location, then the following recalculation applies
with D = 0.6 m and V' = 2.67 m/s:

A2,12.2.9

A2.12.2,14 The energy dissipation rate provided by the
throttling valve located in the smaller diameter pipe is more
than sufficient to give a G value of 10. Adequate sampling
should therefore be possible.

A3. ACCEPTANCE METHODOLOGIES FOR SAMPLING SYSTEMS AND COMPONENTS

A3.1 Descriptions of Terms Specific to This Standard—
The following definitions are included as an aid in using
Tables A3.1 and A3.2 for profile test data and point averages
and deviation:

A3.1.1 minimum flow rate, n—the lowest operating flow

rate, excluding those rates which occur infrequently (that is,
1 of 10 cargoes) or for short time periods (less than 5 min).

A3.1.2 overall profile average, n—the average of all point
averages.

A3.1.3 point, n—a single sample in a profile.

A3.1.4 point average, n—the average of the same point
from all profiles (excluding profiles with less than 1.0 %
water).

A3.1.5 profile, n—multi-point samples taken simulta-
neously across a diameter of the pipe.

A3.2 Acceptance Testing—Water Injection Volume Bal-
ance Tests: '

A3.2.1 This annex describes three test methods shown to
be acceptable in proving the performance of pipeline and
marine automatic pipeline sampling systems, that is, single
sampler, dual sampler and component testing. These
methods have equal validity and the order listed should not
be construed as one method having preference over another.
Once a system design has been proven, subsequent systems
of the same design (for example, LACT units), including
piping configuration and similar service need not be tested.
Refer to Section 16 for verification of systems of the same
design,

A3.2.2 The following procedures are presented for the
testing of systems to identify water in petroleum. The same
approach may be modified to apply to petroleum blending
systems.

A3.2.3 The single and dual sampler tests are designed to
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TABLE A3.1 Allowable Deviations for the Single and Dual
Sampler Water Injection Acceptance Tests (Volume %)

Note 1—The reference to tanks or meters refers to the method used to
determine the volume of crude oil or petroleun in the test.

NoTe 2—Deviations shown reflect use of the Karl Fischer test method
described in D 4928 for water.

Note 3—Interpolation is acceptable for water concentrations between valugs
shown in the table. For example, if the total water is 2.25 % the allowable deviation
using tank gages would be 0.176 % and 0.1356 % if using meters,

Note 4—This table Is based, in part, on statistical analysis of a data base
consisting of 36 test runs from 19 installations. Due to the nurmber of data, it was
not possible to create separate data bases for analysis by the volume determina-
tion method, that is, by tank or meter. Therefore, it was necessary to treat the data
as a whole for analysis. The data base is valid for the water range 0.5 % 1o 2.0 %.

Note §—The reproducibility standard deviation calculated for the data, at a
95 % confidence level, has been used for the meter values shown in the table in the
water range 0.5 to 2.0 %. Assigning these values to the meter is based on a model
that was developed to predict standard deviations for volume determinations by
tanks and meters. Values shown in the table for the tank, in the range 0.5 % to
2.0 %, were obtained by adding 0.04 % to the meter values in this water range. The
value of 0.04 % was derived from the aforementioned model as the average bias
between tank and meter volume determinations.

NoTte 6—As there is insufficient test data for water levels over 2.0 %, values
shown In the table above 2.0 % have been extrapolated on a straight line basis
using the data in the 0.5 % to 2.0 % range.

Note 7—iIn order to develop a broader data base, owners of systems are
encouraged to forward a copy of test data using test data sheets as shown in
Annex A6 to the American Petroleumn Institute, Industry Services Department,
1220 L Street, N.W., Washington, DC 20005.

Allowable Deviations

Total Water (W test)

Using Tank Gages Using Meters
0.5 0.13 0.09
1.0 0.1 0.11
1.8 0.16 0.12
20 0.17 0.13
25 0.18 0.14
3.0 0.19 0.15
3.5 0.20 0.16
4.0 S 0.21 0.17
45 0.22 0.18
5.0 0.23 0.19
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test the entire sampling system starting with the stream
condition in the pipeline through collection and analysis of
the sample. These are volume balance tests in which a
known amount of water is injected into a known volume of
oil of a known baseline water content. As these volumes pass
the sampler under test, a sample is collected and the results
analyzed for comparison against the known baseline water
plus injected water.

A3.2.4 The single sampler test requires that an assump-
tion be made concerning the baseline water content during
the time that test water is injected. Successful tests are
dependent upon a constant baseline oil throughout the test.
If a constant baseline. oil cannot be ensured, 1nconclu51ve
results will be obtained.

A3.2.5 In the dual sampler test, the first sampler (that is,
baseline sampler) is used to measure the baseline water
content during the test. Test water is injected between the
baseline and primary samplers. The primary sampler (one
under test) is used to collect the baseline plus injected water
sample. It is not necessary that the two sampling installations
be of identical or similar design.

A3.3 Preparations Prior to Acceptance Test:

A3.3.1 Test the sample receiver and mixer as outlined in
Practice D 5854, Annex A2. During the sampler acceptance
test, water injection should last at least 1 h. The corre-
sponding sample volume collected during a sampler accep-
tance test is usually less than the volume expected under
normal conditions. Therefore, if the sample volume to be
collected during the samplér acceptance test is less than the
minimum volume at which the receiver and mixer have been
tested, the receiver and mixer must be tested prior to the
acceptance test in accordance with Annex A2 of Practice
D 5854 using the oil and volume that are to be sampled.

A3.3.2 Determine the method and accuracy by which the
water and oil volumes will be measured. Water 1nject1on

3"VALVE

/ 2" PIPE

meters should be installed and proven in accordance with
API MPMS Chapters 4, 5 and 6. Qil volumes should be
measured by tank gage or meter in accordance with appli-
cable API MPMS Chapters 3, 4, 5 and 6 guidelines.

A3.3.3 Locate the water injection point upstream of the
elements expected to produce the streamn conditioning for
the sampling system. Be aware of potential traps in the
piping. which may prevent all of the injected water from
passing the sample point. Exercise care to ensure that the
location and manner in which water is injected does not
contribute additional mixing energy at the point of sampling
which would distort the test results. Equipment or facilities
used to inject water should be in accordance with local safety
practices.

A3.3.4 Review the normal operating conditions of the
pipeline in terms of flow rates and crude types. Select the
most common, worst case conditions to test the sampling
gystem. The worse case is commonly the lowest normal flow
rate and the highest API gravity crude normally received or
delivered.

A3.3.5 In the case of the single sampler acceptance test, a
source of constant water content for oil must be identified
for the test. If possible, it is suggested that this oil be isolated
as changes in the baseline water content can produce
inconclusive test results.

A3.4 Single Sampler—Acceptance Test:

A3.4.1 Purge the system at a sufficiently high flow rate to
displace free water which may be laying in the pipeline
system upstream of the automatic sampling system (refer to
Fig. A3.1).

A3.4.2 Establish the flow rate for the test.

A3.4.3 Collect the first baseline sample(s). A baseline
sample may be a composite sample collected in a separate
sample receiver or several spot samples collected at intervals
directly from the sample extractor.

A3.4.4 Record the initial oil volume by tank gage or

L

"’Tv-'l—l'm] NQTE 2

/

ya

/

SEE
DETAIL

Ao
BLEED

" SAFETY
1" 0.D. PACKING
VALVE  PRESSURE CHAIN | 3
PROBE BODY GAGE GLAND (NOTE )
sTOP
NUT MIDPOINT  1/4 POINT 1" FROM
1" FROM 3/4 POINT WALL
WALL o/ / 2 / - COLLECTORS
— - ' -—
POINT 5 / s 7 = ‘ =zis
L ? { / { ') - = ‘l’"'
Lo o NEEDLE VALVES
15 6 HOLE 3 1 / = \ TOGGLE-TYPE
. SHUT-OFF VALVES
1/4” PROBE SILVER SOLDER

PROBE DETAIL (NOTE 4)
Note 1—For pipes less than 30 cm (12 in.), delete the ¥4 and ¥4 points.

PROBE
BODY

TO END OF
PROBE BODY

Note 2—-The punch mark on probe sleeve identifies the direction of prabe openings.
NoTe 3--When the probe is fully inserted, take up the slack in the safety chains and secure the chaiis tightly.
NoTe 4—The probe is retractable and is shown in the inserted position.

FIG. A3.1 Muiti Probe for Profile Testing
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meter reading and simultaneously begin collecting grabs in
the sample receiver.

A3.4.5 Record the initial water meter reading. Then turn
the water on and adjust injection rate.

A3.4.6 A minimum of 1 h is recommended for the water
injection.

A3.4.7 Turn the water off and record the water meter
reading,

A3.4.8 Continue sampling into the receiver until the
injected water is calculated to have passed the sampler.

A3.4.9 Stop the collection of test sample and simulta-
neously record the oil volume by tank gage or meter reading.

A3.4.10 Collect the second baseline sample(s),

A3.4.11 Analyze the baseline samples.

A3.4.12 Analyze the test sample.

A3.4.13 Using the following Eq 35, calculate the deviation
between the water in the test sample minus the water in the
baseline, corrected to test conditions, compared to the
amount of water injected.

Dev = (Weq =

W) — W (3%

where:

Dev = deviation, vol %,

Wies: = water in test sample, vol %,

baseline water adjusted to test conditions, vol %
T0V -V

= Wew X 1oy (36)
W, = average measured baseline water, vol %,
TOV = total observed volume (test oil plus injected water)
' that passes the sampler (barrels),
V= volume of injected water in barrels (Note A), and
Wi = water injected during test, vol %
v .

A3.4.14 Repeat A3.4.3 through A3.4.13 until two consec-
utive tests that meet the criteria in A3.6 have been obtained.

A3.4.15 When production water is used, make correction
for dissolved solids as applicable.

A3.5 Dual Sampler—Provmg Test:

A3.5.1 The dual sampler test is a two-part test. In the ﬁrst
part, the two samplers are compared to one another at the
baseline water content. In part two of the test, water is
injected between the two samplers to determine if the
baseline water plus injected water is detected by the primary
sampler, Refer to Annex A6. ‘

A3.5.2 Baseline Test Procedure:

A3.5.2.1 Purge system to remove free water.

A3.5.2.2 Establish steady flow in line.

A3.5.2.3 Start baseline sampler. Record tank gage or
meter reading.

A3.5.2.4 Start primary sampler after plpelme vyolume
between samplers has been displaced.

A3.5.2.5 Stop baseline sampler after collecting targeted
sample volume. A minimum of 1 h is recommended. Record
tank gage or meter reading.

A3.5.2.6 Stop primary sampler after pipeline volume
between baseline and primary samplers has been displaced.

A3.5.2.7 Analyze test samples.

A3.5.2.8 Compare results and make sure they are within
acceptable tolerance as per Table A3.1 before proceeding,

A3.5.3 Water Injection Test:

A3.5.3.1 Record water meter reading.

A3.5.3.2 Start baseline sampler, injection of water and
record tank gage or meter reading all in rapid succession.

A3.5.3.3 Start primary sampler immediately prior to ar-
rival of injected water.

A3.5.3.4 Collect targeted sample volume with baseline
sampler.

A3.5.3.5 Stop baseline sampler, record tank gage or meter
reading and shut off water injection all in rapid succession,

A3.5.3.6 Record water meter reading.

A3.5.3.7 Stop primary sampler after displacement of pipe-
line volume between baseline and primary samplers.

A3.5.3.8 Analyze test samples.

A3.5.3.9 Repeat A3.5.2.2 through A3.5.3.6 until two
consecutive tests that meet the criteria in A3.6 have been
obtained for both parts of the test.

A3.6 Approval for Custody Transfer:

A3.6.1 The acceptance test is valid and the automatic
sampling system is acceptable for custody transfer if two
consecutive test runs meet the following criteria:

A3.6.2 Single Sampler Test:

A3.6.2.1 The difference in the percent water in the
beginning and ending baselines is 0.1 % or less, and

A3.6.2.2 The deviation between the test sample and the
known baseline plus injected water is within the limits shown
in Table A3.1.

A3.6.3 Dual Sampler Test:

A3.6.3.1 The difference between the two samplers during
the baseline test must be within 0.1 %, and

A3.6.3.2 The difference between the second sampler (test
sampler) and the baseline sampler plus injected water must
be within the limits shown in Table A3.1.

A3.6.4 Procedures to Follow if the Acceptance Test Fails:

A3.6.4.1 Ensure volume of oil was calculated and re-
corded correctly.

A3.6.4.2 Ensure volume of water was calculated and -

recorded correctly. Ensure scaling factor is correct or the
meter factor has been applied to obtain correct volume, or

" both.
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A3.6.4.3 If inadequate stream conditioning in the pipeline
is suspected, validate the sample point by one of the
following:

(2) Annex A2 to estimate the water-in-oil dispersion

(b) A multiple point profile test as described in A3.7.1.

A3.7 Component Performance Test: ‘

A3.7.1 Profile Test to Determine Stream Condition—The
extent of stratification or non-uniformity of concentration
can be determined by taking and analyzing samples simulta-
neously at several points across the diameter of the pipe. The
multipoint probe shown in Fig. A3.1 is an example of a
profile probe design. This test should be conducted in the
same cross-section of pipe where the sample probe will be
installed.

A3.7.1.1 Criteria for Uniform Dispersion and Distribu-
tion—A minimum of five profile tests meeting criteria in
A3.8.2. If three of those profiles indicate stratification, the
mixing in the line is not adequate.

A3.7.1.2 Profile Probe—A probe with a minimum of five
sample points is recommended for 30 cm (12-in.) pipe or
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TABLE A3.2 Typical Profile Test Data, in Percent Volume of
Water

Note—Far invalid sample or missed data point, the point should be shown as
missing data and the remaining data averaged.

Point (% volume — water)

Profile

A B Cc D E
Bottom V4 Point Midpoint %4 Point Top
1 0,185 0.096 0.094 0.096 0.096
2 0.094 0.182 0.135 0.135 0.185
3 13.46 13.72 13.21 12.50 12.26
4 8.49 7.84 8.65 8.66 8.33
[} 6.60 7.69 7.69 6.60 8.00
6 6.73 7.02 6.48 6.73 5.38
7 7.88 6.73 6.73 727 5.96
8 278 3.40 3.27 3.08 2.88
9 115 1.36 154 1.48 1.32
10 0.58 0.40 0.48 0.58 0.47

larger. Below 30 cm (12-in.) pipe size, three sample points
are adequate.

A3.7.1.3 Sampling Frequency—Profile samples should
not be taken more frequently than at 2 min intervals.

A3.7.1.4 Probe Orientation—Profiles in horizontal lines
must be taken vertically, where as profiles in vertical lines
should be taken horizontally.

A3.7.1.5 Test Conditions—The test should be set up to
measure the worst case conditions including the minimurn

flow rate and lowest flow viscosity and density or other

conditions as agreed upon.

A3.7.1.6 Water Injection—The water injection method
described in testing automatic sampling systems (see A3.2
and A3.3.3) is recommended.

A3.7.1.7 Sampling—Sampling should begin 2 min before
the calculated water arrival time and continue until at least
ten profiles have been taken.

NOTE A3.1—Probe instaltation and operation are covered in A3.9.
As a safety precaution, the probe should be installed and removed
during low pressure conditions. However, the probe should be equipped
with safety chains and stops to prevent blow-out should it be necessary
to remove it during operation conditions.

A3.8 Application of Dispersion Criteria:

A3.8.1 Table A3.2 lists data accumulated during a typical
profile test. Units are percent volume of water detected.
Approximately 1000 barrels of seawater were added to a
center compartment of a 76 000 dead weight ton crude oil
tanker. The quantity of water was verified by water cut
measurements shortly before the loading operation.

A3.8.2 To apply the dispersion criteria, it is best to
eliminate all profiles with less than 0.5 % water and the
profile taken in the leading edge of the water (which occurs
in Profile 3 of Table A3.2), Typically, a profile of the leading
edge is erratic with respect to water dispersion. While it is a
useful means of verifying arrival time, it hinders evaluation
of profile data and can cause an unnecessarily reduced pro-
file test rating. Calculate the point average and deviation for
all other profiles with 1 % or more water. (See Table A3.3.)

A3.9 Water Profile Test Procedures—Refer to Fig, A3.1
while following the steps of this procedure.
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TABLE A3.3 Calculation of Point Averages and Deviation

Note 1—The system is rated with respect ta the worst point average in the
test: point average E has the largest deviation (—0.28).

Note 2—For representative sampling, the allowable deviation is 0.08 % water
for each 1 % water in the overall profile avérage. In this example, the allowable
deviation is given by the (5.69 x 0.05) % W = +0.28 % W.

Paint (% volume — water) Average
A B ¢ D E E%
Average of profiles 4 through 8 561 567 678 564 531 5569

Deviation from overall profile
average (Note 1) (% water)
Allowable deviation (Note 2)

+0.02 +0.08 +0.14 +0.06 —0.28

(5.59 x 0.05) % water = +0.28 % water

A3.9.1 Install profile probe in line. Check that the probe is
properly positioned and safely secured.

A3.9.2 Position a slop can under the needle valves. Open
the shut-off and needle valves and purge the probes for one
thinute (or sufficient time to purge 10 times the volume in
the probe line). ’

A3.9.3 Adjust needle valves so that all sample containers
fill at equal rates.

A3.9.4 Close shut-off valves.

A3.9.5 Open the shut-off valves, purge the probe lines,
and quickly position the five sample containers under the
needle valves. Close shut-off valves.

A3.9.6 Repeat A3.9.5 at intervals of not less than 2 min
until a minimum of ten profiles have been obtained.

A3.10 Sample Probe/Extractor Test:

A3.10.1 The grab size should be repeatable within +5 %
over the range of operating conditions. Operating parameters
that may affect grab size are sample viscosity, line pressure,
grab frequency and back pressure on the extractor.

A3.10.2 Test the sample probe/extractor by collecting 100
grabs in a graduated cylinder and calculate the average grab
size. Perform the test at the highest and the lowest oil
viscosity, pressure and grab frequency.

A3.10.3 The average grab size will determine if the target
number of grabs will exceed filling the samplé receiver above
the proper level. The average grab size is also used in deter-
mining the sampler performance (see Annexes A4 and A5).

A3.11 Special Flow Meter Test: '

A3.11.1 If custody transfer meters are used, verification of
the flow meter calibration is not necessary,

A3.11,2 Special types of meters, such as those described in
12.2, can be verified by comparing the meter pacing the
extractor with tank pages or custody transfer meters. Condi-
tions for the test are:

A3.11.2.1 The test should be conducted at the average
flow rate experienced during normal operations,

A3.11.2,2 The flow meter must be tested in its normal,
operating location to determine if piping configuration
affects its accuracy.

A3.11.2.3 When using tank gages as a reference volume,
the tank level changes must be large enough to give accurate
volume readings.

A3.11.3 Flow meters used for pacing sample extractors
should be within £10 % of the volume measured by tank
gaging or custody transfer meters.
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A4, PERFORMANCE CRITERIA FOR PERMANENT INSTALLATIONS

Ad.1 Calculations Prior to Operation:

PV, Expected parcel volume, m?
b  Expected extractor grab size, mL
SV, Expected sample volume, mL (normally 80 % of receiver

capacity)
n  Number of sample grabs expected

[:4

n= 38
b (38)
B Frequency of sampling, m3/grab (Controller input)
PV,
B=— (39)
n .

A4.2 Data from the Sampling Operation:

N  Total number of grabs ordered by the controller

SV Sample volume collected, mL

SV, Sample volume calculated, mL

PV Parcel volume measured by sampler flow sensmg device, m?
PVw Custody transfer or outturn parcel volume, m?

A4.3 Calculation of Performance Report—The following
calculations can be helpful in evaluating if a sample is

representative:
A4.3.1 Grab Factor (GF):
SV
GF = o= 5= 1£005 (40)

A4.3.1.1 Components and variables involved:
(a) Average grab size,
(b) Controller-to-probe link, and

(¢) Probe operation.
A4.3.2 Performance Factor (PF):
SV

PF= SVC‘I +0.10 (41)
.SV
= 77, =1=%0.10 (42)
5
Ad4.3.3 Flow Sensor Accuracy (S4):
PV,
SA = =1+0.10 @3
A4.3.4 Sampling Time Factor (SF):
Sampling Factor = Total sampling time =1+0.05 (44

Total parcel time

Time parcel began
Time parcel completed
Total parcel time
Time sampler begins operation
Intermittent outages
Time sampler stops operation
Total sampling time
Note: Record actual times sampler is not in service.

A4.3.5 Sampler 1nstallat10n was tested according to Prac-
tice D 4177

Yes No Date tested

A4.3.5.1 Components and variables involved are (a) av-
erage grab size, (b) flow sensor-to-controller link, (¢) con-
troller, (d) controller-to-probe link, (¢) probe operation, and
(f) flow sensor accuracy. :

AS, PERFORMANCE CRITERIA FOR PORTABLE SAMPLING UNITS

AS5.1 Representative sampling is more difficult to docu-
ment and verify when a portable sampler is used. The flow
sensing device is usually limited in accuracy and turndown.
Stream conditioning is usually limited to piping elements
and flow velocity. The sampler controller data logging is
usually limited. Special precautions and operating proce-
dures with additional record keeping by the operator can
overcome these limitations.

A5.2 Calculations Prior to Operation:

PV, Expected parcel volume, m?

b  Expected extractor grab size;, mL -
SV, Expected sample volume, mL (normally 80 % of receiver

capacity)
n Number of sample grabs expected

_ SV, (38)

b

B Frequency of sampling, m3/grab (Controller input)
PV,

B= (39)

n

A3.3 Data from the Sampling Operation:

N Total number of grabs ordered by the controller
SV Sample volume collected, mL

PV, Parcel volume measured by sampler flow sensmg device, m3
PVC(, Custody transfer or outturn parcel volume, m

AS5.4 Calculation of Performance Report—The following
calculations can be helpful in evaluating if a sample is

representative:
A5.4.1 Grab Factor (GF):
. SV . '
G m =1 %005 (40)
A5.4.2 Modified Performance Factor (PF,,):
PF,,,—PVSV =1£0.10 o @5)
—_
3 X b,

PV, is normally not available. When this is the case, use PV,
which excludes the effect of flow sensor malfunction or
inaccuracy on PF,,. If PV is available from the controller,
calculate PF as in Annex A4,

AS5.4.3 Flow Sensor Accuracy (SA)—The volume as mea-
sured - by the sampler(s) flow sensor(s) is normally not
available, The volume measured by the flow sensor(s) is
calculated from the number of grabs ordered by the control-
ler(s).

NXB

PV,

S4 = =1+0.10

(46)
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VESSEL LOCATION
LOADING DISCHARGE TIME PUMPING BEGINS ___ENDS

DATE PUMPING BEGINS

Probe ID (1) Line No. (1) Parcel Calculation (2)
Into Out of Into Qut of Flow Velocity at Velocity
Date Time Service Service Service Service Rate Probe Thru Line

Note -1—Line No. = Identification letter or number from Figs. AB.1 or AB.2,

Note 2--Velocities should be calculated for lines A to D in Fig, A5.1 as major rate changes ocour and arms/hoses are added or removed from service, The same applies
to spools | to IV on the vessel. The same applies for line and spools designated | to IV in Fig. A5.2.

FIG. A5.1 Portable Sampler Operational Data Gonfirmation of Mixing and Flow Sensor Velocity

A5.4.4 Sampling Factor (SF):

Total sampling time
Total parcel time

AS5.4.5 Stream Conditioning:

A5.4.5.1 For 95 % of the parcel volume, the flow rate in
piping ahead of the sampler(s) was a minimum of 2 m/s (6.6

Sampling Factor = =lat+005 (44)

766

ft/s) Yes No
A5.4.5.2 No more than 10 % of the total free water in the
tanks/compartments was pumped at flow rates of less than 2
m/si - Yes No The criteria for stream
conditioning is met if both answers are “Yes.”
AS5.5 Line and Manifold Data—Complete forms as out-
lined in Tables A5.1 through AS5.4 for each sample.
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VESSEL LOCATION DATE

TABLE G2 PORTABLE SAMPLER OPERATIONAL DATA
CONFIRMATION OF MIXING AND FLOW SENSOR VELQCITY

Tank or Initial Pumping Pipe }
Compartment Free Water Bagins Velogity at Calaulations for Pipe Velocity at Sampler When
Number Sampler Pumping Begins
Volume % Date Time
Total h

Note 1—Free water is assumed to be pumped from a tank or compartment with the initial § % of the volume pumped.
Note 2—A sample cannot be Judged representative if mare than 10 % of the water found in the total parcel after the operation is complete is pumped as free water and
the velocity in the piping ahead of the sampler at the time of pumping is less than 2.44 m/s (8 ft/s).
FIG. A5.2 Portable Sampler Operational Data Confirmation of Free Water Sampled
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Lines from Vessel
Pump Room fo Manifold

Line Size__.

o

Line Size_..

!

Line Size___.

]
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Vessel Manifold and Sampler Spools

Vessel
Manifold

 ——
—
—

Line No. 1

>

Line Size___

Line No. 2

o

Line Size__.

Line No. 3

bt

Line Size_..

Line No. 4

Sample Spool Diameter

NoTe—In the spaces provided, enter the tank numbers and lines sizes used during loading.
FIG. A5.3 Typical Piping Schematic to Be Recorded for Loading
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Line Size__
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Tanks lLInes to Dock |Lines and Arms andg Sampler Spools
! or on Vessel

: | Hoses on the Dock'

-

Tank No_. Line No. 1

, Line No. A ! l <

! ‘ Arm/Hose Size____ Line Size_

l.ine No, 2 Vessel

-

Lfne Size___ Line No. B
? I l—'[—_—}_b"’_ Manifold
Tank No— : i ) : Arm/Hose Size [ Line Size__ ‘
1 Line Size._. \ |
1 : : Line No. 3 }———wrtp
4 line Size_ ]-—-[:g—-—-bd—
o ) Arm/Hose Size____ | Line Size__.
1
| I i
1
T NOw.
e | Line No. 4
{ ,
! | Line No. D i |—-—r:1—1>4—
I [ Arm/Hose Size, l Line Size—

Sompler Spool Diameter.

-

Tank No

Note—In the spaces provided, enter the line sizes used during discharge.
FIG. A5.4 Typical Piping Schematic to be Recorded for Discharges
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A6. SAMPLER ACCEPTANCE TEST DATA

A6.1 Figure A6.1 is an example of the sampler acceptance test data sheet,

Page 57 of 127

Company: Location; Sampler ID: Test # of
Date: Company Witness: Other Witness:
SYSTEM DATA
Crude Grade: Viscosity: APL: Flow Rate: bph/m3 | Velocity ____ fps/mps| Line Size: in
cis @ 40C Flow Temp: F/C
Crude Volume Determination by: Probe Design; Probe Orlentation: || Stream Conditioning: Laboratory Analysis:
___ Meter ___ Tank __ TIsokinetic ___ Top Power Mixing Centrifuge
Tank Increment Vol. bbls/m3| _ Ell __ Side ____ Static Mixer—Vertical Distillation
__ Beveled ___ Bottom __ Static Mixer—Horizontal Karl Fischer
__ Plain ____ SampleLoop| __ Piping Element—Vertical Mass
Sample Receiver Volume: gall{ ___ Other ___ Piping Element—Horizontal Volume
Test Sample Volume gal/l | __ Grab Size(ml) __ None
Test Water: Fresh; Brackisk; Sea; Production
TEST DATA
Baseline Test Data
1. Single Sampler Method Baseline Test:
(Wavg) = (lstbaseline % + 2ndbaseline %) 12 %
2. Dual Sampler Method Baseline Test:
a. Before Water Injection Comparison Test
(Baseline Sampler % — Primary Sampler %) %
Mazximum Deviation From Table A.1 %
b, During Water Injection Test: (Wavg) %
Water Injection and Crude Volumes:
3. Water Injected (V)
Stop Meter Totalizer galll
Start Meter Totalizer
V = Difference gali x x bbls/m3
. (Meter Factor) (0.0238 gal/bbl or 0.001 }/m3)
4, Crude Volume
Stop Tank or Meter Totalizer bbl/m3
Start Tank or Meter Totalizer
Difference bbl/m3 % bbls/m3
(Meter Factor, as applicable)
5. TOV (line3 + line 4) bbls/m3
CALCULATIONS:
Dev = (Wtest — Whl) — Winj
Where:
Witest = Percent water in test sample
6. Wbl = Wavgx [(TOV —V)/TOV]
= x ( - )/ %
(line 1 or 2b) (line 5) (line 3) (line 5)
7. Winj = (V/TOV)x100
=( / ) x 100 %
(line 3) (line 5)
Dey = — ) - %
(Wiest) (line 6) (line 7)
Maximum Deviation From Table A.1 %
NOTES:

— All percent figures are % Volume.

— Correct the volume of water injected for solids content,as applicable, if production water is used.
— Deviations must be within Hmits outlined in MPMS Chapter 8.2, Table A.1.

— Note below any physical or procedural changes made between consecutive test runs,

— Attach copy of sampler receiver—mixer proving test report. See MPMS Chapter 8.3,

COMMENTS:

FiG. A8.1 Samplsr Acceptance Test Data Sheet
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APPENDIXES
(Nonmandatory Information)

X1. DESIGN DATA SHEET FOR AUTOMATIC SAMPLING SYSTEM

X1.1 Figure X1.1 is a sample of the design data sheet for an automatic sampling system.

PROCESS DATA i DESIGN DATA

Type of Praduct Pipeline I.D,

Speciffc Gravity or AP Design pressure

Viscosity Operaling pressure

Vapor Pressure Other

Expected water content (%) Flow Rate

HeO (%) Maximum Mininum

Other physical properties Narmal

Sediment (%) Parcel or batch size

SAMPLER DATA . SAMPLE RECEIVER

Grab size (ml/grab) Total Valurme

Collection period: Hours__ Days __ Weeks___ Deslign pressure

Probe insertion length required Design temperature

Maxirmum grab rate required Materlal of construction

Ar (Pressura) Intemal coating

Electricity (Voltage) _ Portable Fixed

Praportion to time , Flow Accessories:

Meter manufacturer Prassutre relief valve (ssttings)
Type Vacuum relief (settings)
Signal Pressure gauge Level gauge

Sampler Controller alarms: Volume weight/indicator

Other
SYSTEM SPEGIFICATIONS

INSTALLATION: AVAILABLE UTILITIES:

Permanent Portable Electrical: Voltage Hz

Elactrical Classifications at proposed (nstallation site Phase

Air: Pressure {nstrument
Steam: Presstre Temperature

NOTES:

COMPANY - PROJECT

ADDRESS :

DATE PREPARED DATE REQUIRED

Note: This document is part of the joint ASTM/API standards process and is for joint ASTM/API committee use only. It shall not be reproqucted or girculated or quote in
whole ar in part, autside ASTM/API committee activities except with the approval of the ¢hairman of the committee having jurisdiction ar a higher ASTM/API author’s
Copyright 1991,

FIG. X1.1 Design Data Sheet for Automatic Sampling System
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X2.1 Figure X2.1 presents a comparison of percent sediment and water versus unloading time period.

PERCENT WATER

13
124

114
10

gﬂ

&7 * CRUDE — 33.1 *API.

2 ' * INDICATED 1600 BARRELS OF FREE WATER IN

450,000 BARRELS CARGO.
] » ALL WORKING COMPARTMENTS OPEN TO
6 ] UNLOADING PUMPS SUCTION.
» PUMPING RATE 8000 BARRELS/HOUR INITIALLY, UP

5 TO 35,000 BARRELS/HOUR (N 30 MINUTES,

]

[ ]
[ ]

37 \

2= ‘\.

1 %

\...______'...= 20— 8 a
{, i L : - 1 i : L L - 1 I 1 1, l[ 1 ‘T 2 i
START 30 60 90 120 150
UNLOADING

UNLOADING TIME PERIOD (MINUTES)
FIG. X2.1 Comparison of Percent Sediment and Water Versus Unloading Time Period

The Amétican Society for Testing and Materlals takes no position respecting the valldity of any patent rights assettad in connection
with any item mentioned iri this standard. Users of this standard are éxpressly advised that determination of the validiiy of any such
patent rights, and the risk of infringement of such rights, are entirely thelr own responsibility.

This standard is subject fo revision at any time by the respensible technical committee and must be reviewed every five years and
if not revised, elther reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a falr hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Ganshohocken, FA 19428,
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QH.“V, Designation: D 4239 — 97<

Standard Test Methods for

Sulfur in the Analysis Sample of Coal and Coke Usmg
HighTemperature Tube Furnace Combustion Methods’

This standard is issued under the fixed designation D 4239, the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval, A
superscript epsilon () indicates an editorial change since the last revision or reagpraval.

&' Nore—Section 18.4 has been editorially corrected in June 1999,

1. Scope
1.1 These test methods cover three alternative procedures
using high-temperature tube furnace combustion methods for
the rapid determination of sulfur in samples of coal and coke,
1.2 These test methods appear in the following order:

Sections
Method A—High-Temperature Combustion Method with Acid
Base Titration Detection Pracedures §-9
Method B—High-Temperature Combustion Methad with ladi-
metric Titration Detection Procedures 10-13
Method C—High-Temperature Combustion Method with (nfra-
14-16

red Absorption Detsction Procedures

1.2.1 When automated equipment is used to perform any of
the three methods of this test method, the procedures can be
clagsified as instrumental methods. There are several manufac-
turers that offer to the coal industry equipment with instrumen-
tal analysis capabilities for the determination of the sulfur
content of coal and coke samples.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use. See 7.8 and 15.2.

2. Referenced Documents

2.1 ASTM Standards:

D 346 Practice for Collection and Preparation of Coke
Samples for Laboratory Analysis?

D 1193 Specification for Reagent Water?

D 2013 Method of Preparing Coal Samples for Analysis?

'D 2361 Test Method for Chlorine in Coal”

D 3173 Test Method for Moisture in the Analysis Sample of
Coal and Cake?

D 3176 Practice for Ultimate Analysis of Coal and Coke?

'D 3180 Practice for Calculating Coal and Coke Analyses

from As-Determined to Different Bases?

' 'This test method is under the jurisdiction of ASTM Committee D-5 on Coal and
Coke and is the direct responsibility of Subcommittee D05.21 on Methods of
Analysis,

Current edition approved June 10, 1997, Published May '1998. Originally
published as D 4239 — 83, Last previous edition D 4239 - 94.

* Annual Book of ASTM Standurds, Vol 05.05.

3 Annual Book of ASTM Standards, Yol 11.01.

399

D 4208 Test Method for Total Chlorine in Coal by . the
Oxygen Bomb Combustion/Ion Selective Electrode
Method?

D 4621 Guide for Accountability and Quality Control in the
Coal Analysis Laboratory?

D 5142 Test Methods for the Proximate Analys1s of the
Analysis Sample of Coal and Coke by Instrumental
Procedures®

3. Summary of Test Methods

3.1 Method A—High-Temperature Combustion Method with
Acid-Base Titration Detection Procedures—A weighed sample
is burned in a tube furnace at a minimum operating temperature
of 1350°C in a stream of oxygen. During combustion, all sulfur
contained in the sample is oxidized to gaseous oxides of sulfur
(sulfur dioxide, SO, and sulfur trioxide, SO3) and the chlorine
in the sample is released as Cl,. These products are then
absorbed into a solution of hydrogen peroxide (H,0,) where
they dissolve forming dilute solutions. of sulfuric (H,50,) and
hydrochloric (HCI) acids. The quantities of both acids pro-
duced are directly dependent upon the amounts of sulfur and
chlorine present in the original coal sample. Once the amounts
of each acid present have been determined, the percentage of
sulfur contained in the coal may be calculated.

3.1.1 This method is written to include commercially avall-
able sulfur analyzers that must be calibrated with appropriate
standard reference materials (SRMs) to establish recovery
factors or a calibration curve based on the range of sulfur in the
coal or coke samp]es bemg analyzed. ‘

NOTE |-—Elemerits ordmdrlly present in coal do not interfere in Method
A (3.1), with the exception of chlorine; results must be ‘corrected for
chlorine content of the samples (9.1),

3.2 Method B—High-Temperature Combustion Method with
lodimetric Detection Procedures—A. weighed sample is
burned in a tube furnace at a minimum operating temperature
of 1350°C in 4 stream of oxygen to ensure the oxidation of
sulfur. The combustion products are absorbed in an aqueous
solution that contains iodine. When sulfur dloxxde is scrubbed
by the diluent, the trace iodine originally pxesent in the solution
is reduced to iodide, thus causing an increase in resistance. The
detection system of the instrument consists of a polarized dual
platinum electrode. Any change in resistance of the solution in
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the vessel is detected. lodine titrant is then added proportion-
ally to the reaction vessel until the trace excess of iodine is
replenished and the solution resistance is reduced to its initial
level. The volume of titrant expended is used to calculate the
sulfur concentration of the sample. The method is empirical;
therefore, the apparatus must be cahbrated by the use of
standard reference material (SRM).

3.2.1 This method is designed to be used with commercially
available sulfur analyzers, equipped to perform the preceding
operation automatically, and must be calibrated with an appro-
priate sample (5.4) based on the range of sulfur in each coal or
coke sample analyzed.

Note 2—Nonautomatic systems may be used with the titration proce-
dures and calculations performed manudlly by qualified laboratory tech-
nicians. The resulting loss in accuracy or speed, or both, would then
negate the advantages of using the fully automated instrumental approach.

3.3 Method C—High-Temperature Combustion Method with
Infrared Absorption Detection Procedures—The sample is
burned in a tube furnace at a minimum operating temperature
of 1350°C in a stream of oxygen to oxidize the sulfur. Moisture
and particulates are removed from the gas by traps filled with
anhydrous magnesium perchlorate. The gas stream is passed
through a cell in which sulfur dioxide is messured by an
infrared (IR) absorption detéctor. Sulfur dioxide absorbs IR
gnergy at a precise wavelength within the IR spectrum, Energy
is absorbed as the gas passes through the cell body in which the
IR energy is being transmitted: thus, at the detector, less energy
is received. All other IR eriergy is eliminated from reaching the
detector by a precise wavelength filter. Thus, the absorption of
IR ‘energy can be attributed only to sulfur dioxide whose
concentration is proportional to the change in energy at the
detector. One cell is used as both a reference and a measure-
ment chamber. Total sulfur as sulfur dioxide is detected on a
continuouis basis. This method is empirical; therefore, the
apparatus must be calibrated by the use of SRMs,

3.3.1 This method is for use with commercially available
sulfur analyzers equipped to carry out the préceding operations
automatically and must be calibrated using standard reference
material (coal) of known sulfur content based on the range of
sulfur in each coal or coke sample analyzed.

4. Signiﬁéance and Use

4.1 Determination of sulfur is, by definition, part of the
ultimate analysis of coal.’

4.2 Results of the sulfur analysis are used to serve a number
of interests: evaluation of coal preparation, evaluation of
potential sulfur émissions from coal combustion or conversion
processes, and evaluation of the coal quality in relation to
contract specifications, as well as other scientific purposes.

4.3 The instrumental analysis provides a reliable, rapid
method for determining the concéentration of sulfur in a lot of
coal or coke and are especiaily appllcable when fesults must be
obtained rapidly for the successful completion of industrial,
beneficiation, trade, or other evaluations.

5. Sample
5.1 The sample shall be the material pulverized to pass No.

60 (250-pm) sieve and mixed thoroughly in accordance with
Method D 2013 or Practice D 346.
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Note 3—It may be difficult to meet the precision statements of Section
18 when high mineral content coals are ground to pass 60 mesh. When the
precision of analysis required cannot be obtained, it is recommended that
the coals be ground to pass through a No. 100 (150-pum) sieve. The
reduced paiticle size should result in a mote homogeneous sample.

5.2 A separate portion of the analysis sample should be
analyzed for moisture content in accordance with Test Method
D 3173, so that calculation to other than the as-determined
basis can be made.

5.3 Procedures for converting as-determined sulfur values
obtained from the analysis sample to othier bases are described
in Practices D 3176 and D 3180. :

5.4 Standard Reference Material (SRM) such as SRM Nos.
2682 through 2685-Sulfur in Coal* which consist of four
different coals that have been individually crushed and ground
to pass a 60-mesh sieve, and bottled in 50-g units, or other
commercially available reference coals with a certified sulfur
content.

METHOD A—HIGH-TEMPERATURE
COMBUSTION METHOD WITH ACID-BASE
TITRATION DETECTION PROCEDURES®

6. Apparatus

6.1 Tube Furnace—Capable of heating 150- to 175-mm
area (hot zone) of the combustion tube (6.2) to at least 1350°C.
It is usually heated electrically using resistance rods, a resis-
tance wire, or molybdenum disilicide elements. Specific di-
mensions may vary with manufacturer’s design.

Note 4—Induction furnace techniques may be used provided it can be
shown that they meet the precision requirements of Section 18,

6.2 Combustion Tube—Approximately 28-mm internal di-
ameter with a 3-mm wall thickness and 750 mm in length made
of porcelain, zircon, or mullite. It must be gastight at working
temperature. The combustion may be carried out in a tapered-
end tube that is closely connected to the gas absorber by high
temperature tubing with gastight joints. Acceptable configura-
tions include connecting the tapered-end tube directly to the
elbow of the fritted gas bubbler or to a 10/30,standard
taper-ground joint that is attached to a heat resmtant glass right
angle bend. The temperature at the tapered end of the tube
should be maintained high enough to prevent condensation in
the wbe itself.

6.2.1 Alternatively, a high-temperature straight refractory
tube may be used, if available. It requires a silica adaptor 6.11)
with a flared end that fits inside the combustion tube and serves
as an exit for the gases.

6.3 Flowmeter, for measuring an oxygen flow rate up to 2.0
L/min.

6.4 Sample Combustion Boats, must be made of iron-free
material and of a convenient size suitable for the dimensions of

4 Available from the Office of Standard Refersnce Materials, Room B314,
Chemistry Bldg., National Bureau of Standards, Washington, DC 20234.

3 Based on the method of Mott, R. A., and Wilkinson, H. C., “Determination of
Sulfur in Coal and Coke by the Sheffield High Temperature Method,” Fuel, Fuel B,
Vol. 35, 1956, p. 6, This method is designed for the rapid determination of sulfur in
coal and coke, It is not applicable to coals or coal density fractions that have been
subjected to treatment with chlorinated hydrocarbons because of the potentially high
acidity of the combustion gases.
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the instrument being used.
6.5 Boat Puller—Rod of a heat-resistant material with a

bent or disk end to insert and remove boats from the combusﬁ

tion tube.

6.5.1 If the boat puller is to remain within the combustion
tube while the boat is moved into the hot zone, it is necessary
to pass the puller through a T-piece that is fitted into a rubber
stopper at the inlet of the combustion tube. The open end of the
T-piece is sealed with a rubber stopper to permit movement of
the pusher and prevent escape of the oxygen that enters at the
side limb of the T. The rubber stopper or tube should be
checked often to avoid leakage.

6.6 Gas Absorber or Analyzer Titration Vessel—A narrow
vessel of such diameter that the end of the tube from which the
gasses exit is inside the vessel and submerged to a depth of at
least 90 mm, when 200 mL of the peroxide solution (7.4) is
added to the vessel.

6.6.1 Alternatively, 125-ml capacity bottles with fritted
disk can be used for gas absorption. The bottles should be of
such a diameter that the fritted end is covered by the peroxide
solution to a depth of at least 50 mm. The fritted glass end
porosity should be 15 to 40 pm. The bottles are fitted in a series
of two to the outlet end of the combustion tube.

6.7 Gas-Purifying Train—Designed to be used with specific
instruments, or a U-tube packed with soda asbestos may be
used. See configuration in Fig. 1.

6.8 Vacuum Source—Needed if a negative pressure is used
to transport the gasses and combustion products through the
system.

6.9 Vacuum Regulating Bottle, containing mercury with an
open-ended tube dipping into the mercury, used with a vacuum
source.

6.10 Silica Adaptor, 300 mm long by 8 mm in outside
diameter and flared at one end to 26 mm. To be used with a
straight refractory combustion tube.

6.11 Other Configurations of Apparatus—Complete sulfur
analyzer assembly units designed to perform functions similar
to this method, with automated features that perform the sulfur
analysis in a more rapid manner are commercially available.
These instruments may have combustion tube dimensions and
oxygen purifying apparatus that differ slightly from those
described in this method, but are acceptable, provided equiva-
lent values within the precision statement of Section 18 are

Rubber Tubing Conn!c'lon! Flare to

26 S(ampl'e
/ca mm. /oa

obtained, (See Fig. 2 and Fig. 3.)

7. Reagents

7.1 Purity of Reagents—Reagent grade chemicals shall be
used in all tests., Unless otherwise indicated, it is intended that
all reagents shall conform to the specifications of the Commit-
tee on Available Reagents of the American Chemical Society,
where such specifications are available.® Other grades may be
used, provided it is first ascertained that the reagent is of
sufficiently high purity to permit its use without lessening the
accuracy of the determination.

7.2 Purity of Water—Unless otherwise indicated, references
to water shall be understood to mean reagent water, Type IV,
conforming to Specification D 1193,

7.3 Aluminum Oxide (Al,O;)—finely divided and dried at
1350°C.

7.4 Hydrogen Peroxide (H,0,) Solution—One volume per-
cent (50 mL of 30 % H,0, with 1450 mL of water). The pH is
adjusted (using NaOH or H,80, as appropriate) to that which
is used for the end point in the titration. Solutions should be
discarded after two or three days.

7.5 Indicator—Indicators that change color (titration end
peint) between pH 4 and 5.are recommended, but in no case
should the pH exceed 7. Adequate lighting and stirring to
ensure proper detection of the end point is essential. A. choice
of indicators or use of a pH meter is permitted (Note 5).
Directions for preparing two acceptable mixed indicators are as
follows:

7.5.1 Mix 1 part methyl red solution (dissolve 0.125 g in 60
mL of ethanol and dilute to 100 mL with water) with 3 parts
bromeresol green solution (dissolve 0.083 g in 20 mL of
ethanol and dilute to 100 mL with water). Discard the mixed
solution after one week.

7.5.2 Mix equal volumes of methyl red solution (dissolve
0.125 g in 60 mL of ethanol and dilute to 100 mL with water)
and methylene blue solution (dissolve 0.083 g in 100 mL of

® Reagent Chemicals, American Chemical Society Specifications, American
Chemical Society, Washington, DC. For suggestions on the testing of reagents not
listed by the American Chemical Society, see Analar Standards for Laboratory
Chemicals, BDH Ltd,, Poole, Dorset, U.K., and the United States Pharmacopeia
and National Formulary, U.S. Pharmacopeial Convention, Inc. (USPC), Rockville,
MD.
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FIG. 1 Apparatus for the Determination of Sulfur Using Acid-Base Titration
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FIG. 2 Apparatus for the Determination of Sulfur by the lodimetric Detection Method
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FIG. 3 Apparatus for the Determination of Sulfur by the Infrared Detection Method

ethanol and store in a dark glass bottle). Discard the mixed
solution after one week.

Note 5—Although two end-point indicators or a pH meter method are
described, the use of the pH meter is accepted as more definitive of the end
point of the titration process and considered to give maore reproducible
results.

7.6 Soda-Asbestos, 8 to 20 mesh, if a U-tube is used.

7.7 Sodium Hydroxide, Standard Solution, 0.05N—Dissolve
2.05 g of sodium hydroxide (NaOH) in water and dilute to 1 L.
Standardize against a primary standard.

7.8 Oxygen, 99.5 % Pure—Comptessed gas contained in a
cylinder equipped with a suitable pressure regulator and a
needle valve to control gas flow. Warning—Pure oxygen
vigorously accelerates combustion. All regulators, lines, and
valves should be free of grease and oil.
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8. Procedure

8.1 Assemble the apparatus, as directed, by the instructions
of the instrument manufacturer. Alternatively, the apparatus
shown in Fig. 1 can be assembled except do not initially
connect the rubber tube from the oxygen supply to the soda
asbestos U-tube.

8.2 Calibration—Sulfur analyzers must be calibrated at
least once on each day they are used, following the analysis
procedure outlined in Section 8, using coal or coke standards
(5.4) with sulfur values in the range of the samples being
analyzed. A recovery factor (F) or calibration curve must be
established and appropriately used in each calculation.

P = Actual Sulfur in Standard, Dry Basis
™ Analyzed Sulfur in Standard, Dry Basis

1)
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8.3 Furnace Adjustment—Raise the temperature of the fur-
nace to at least 1350°C. Bring the temperature up slowly,
allowing approximately 3 to 4 h in advance, to allow sufficient
time to come to a stable temperature. Be sure to check the
manufacturer’s instructions for raising the temperature of the.
furnace and heed any precautions for protecting heatmg
elements from deterioration or thermal shock.

8.4 Titration Vessel Prepararion—Fill the titration vessel in
accordance with the manufacturer’s instructions with approxi-
mately 200 mL of the gas absorption fluid (hydrogen peroxide)
(7.4). Adjust the pH of the solution to make it definitely acidic
by adding dilute sulfuric acid. If chemical indicators (instead of
a pH meter) are used, add five or six drops of the indicator and
then add a very small quantity (as required) of dilute sodium
hydroxide (NaOH) to reach the end point color that will be
developed in the sulfur analysis.

8.4.1 If the apparatus with two gas absorption bottles is
used, add 100 mL of 1 % H,0,(7.4) to the bottles so that at

least 50 mm of the fritted disk is covered in the first bottle. -

8.5 Oxygen Flow—Connect the oxygen supply and adjust
the oxygen flow to approximately 2 L/min with the oxygen
baffle inserted in the entrance end of the combustion tube. Be
sure to check manufacturer’s instructions. The flow rate at the
temperature of 1350°C should be sufficient to prevent the
formation ‘of oxides of nitrogen. Allow the oxygen to flow
through the combustion tube for at least 1 min before inserting
any sample. Check the system for any possible leaks. ‘

85.1 If a vacuum source is used, draw air through the
apparatus ‘at about 350 mL/min, then connect the oxygen

supply to the U-tube and adjust the rate of flow of the oxygen

to 300 mL/min. The flow rate is adjusted by changing the depth

of the penetration into the mercury of the open-ended glass-

tube in the vacuum regulating bottle. The preliminary adjust-
ment to 350 mL/min of air ensures that the connections at the

outlet end of the combustion tube are under slightly reduced
internal pressure and no leak of combustion products should.

OCCUI

Note 6—A gastight combustion train must be established Wltll an:
adequate flow. of approximately 300 mL/min of pure acid-free oxygen
before analyzing samples on the equipment. This is best accomplished
during the périod the high-temperature wbe furnace is brought to its.
operating temperature of 1350°C. The required gas flow may be estab-
lished by the use of reduced internal pressure, or should the manufacturer
specify or the operator prefer, it can be obtained by the use of a positive’
pressure train operated at'slightly above atmospheric pressure to obtain the

required oxygen flow rate. In all cases, the instructions of the manufac--

turer of the equipment should be followed. This.also applies to the.
addition of sufficient gas absorption fluid as well as to the assembly of the
apparatus.

8.6 Analysis Sample Size—Weigh out 0.5 g of the analysns
sample to the nearest 0.1 mig:for coals _conmmnw up to 4.0 %
sulfur and 0.25 g to the nearest 0.1 mg of analysis sample for,
coals containing over 4.0 % sulfur. Spread the sample, evenly in
a combustion boat.

+8.6.1 A thin layer of A1203 can be used to. 1me the sample
boat and cover the sample to ensure complete combustlon and
reduce splattering or loss of sample..

8.7 Sample Combustion—Remove the oxygen bafﬂc or,
rubber stopper or both from the combustion:tube and put the

charged sample boat into the inlet end of the combustion tube
approximately 270 mm from the center of the combustion tube

hot zone. Close the combustion tube by replacing the oxygen:

baffle or rubber stopper or both and, if necessary, readjust the
rate of flow of the oxygen. Leave the boat in this position for
1 to 3 min until the volatiles have been driven off. This will
also eliminate the “popping” and soot accumulation in the right
angle bend. Remove the oxygen baffle or rubber stopper and
move the sample boat slowly forward until the boat is in the
center of the hot zone, approximately 30 mm at the beginning
of each minute for 6 min is the suggested schedule to ensure a
slow heating rate. Be sure to remove the boat puller from the
hot zone and replace the baffle or stopper after each movement.
Allow the sample to burn in the hot zone for approximately 3
to 4 mih until all sulfur in the sample is oxidized to sulfur

dioxide (SO,) or sulfur trioxide (SOg). The complete sample:

burning time is not more than 14 to 15 min. This heating
program has been established for all types of coal, Where it is
shortened for a particular coal or by instruction of the manu-
facturer of a particular sulfur analyzer, results should be
checked against those obtamed by using the longel heatmg
schedule.

8.7.1 If the rubber stoppel with the T-piece is used (6.5. l) :

the rubber stopper.remains in the end .of the combustion tube
and the boat puller is permltted movement into the fumace
through the T-piece: See Fig. 1.

8.8 Titration—The gasses of combustion leave the combus—
tion tube through the exit end and are dissolved in the hydrogen
peroxide in the gas absorption bottles or analyzer titration
vessel forming a dilute sulfuric acid. Titrate the contents of thiis
vessel with 0.05N sodium hydroxide (7.7), backwashing the
titration vessel. and inlet tubes according to manufacturer’s
instructions, The total acidity, because of oxides of sulfur and
chlorine, is given according to thie following reactlons

S0, + Hp0; — HpSO,
ClL+H,0, = 2HCl + O, ~

8.8.1 If the contents of thé gas absorption bottles must be
transferred to a suitable titration flask, be ‘sure to wash the
bottles and inlet tube or silica adaptor with water (7.2) and add
these washings and five or six drops of indicator to the titration
flask before titrating with the 0.05 NaOH solution (7.7).

8.8.2 High-temperature combustion acid/base titration sul-
fur analyzers mady be designed to give a buret reading directly
in percent sulfur content of the coal sample, but a correction
still must be made for acidity caused by chlorine. present in the
sample using Test Methods, D 2361 or D 4208..

Nots 7—Often no.correction is madé for the presence of chlorine in the

sample, or & percentage value (found as arelatively invariant value based -

upon prior knowledge of the coals being -analyzed) is subtracted trom the

“percent sulfur determined. This method can be acceptable for coals of

known chlorine content, however, for work of the highest accuracy, the
percentage of chlorine présent in the’ sample must be determined analyti-
cally, and correction for its presence made- by subtractmg air equivalent
value from a value equwa]em to lhe total acidity dctcrmmed by the sulfur

titration, !

9. Calculations L
9.1 Some sulfur analyzers are.designed. to give burét read-
ings in percent sulfur if the titrant'is adjusted and standardized

403 -
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to exactly 0,05V and the sample weight-is exactly 0.500 g.
After the observed percent sulfur has been adjusted using the
recovery factor or calibration curve, then it must be corrected
for chlorine using the following calculation;

S, = 1603 (S/1.603 X F — Cl, %/3.546) @)

where: .

S, = sulfur corrected for chlorine (as determined), %;

Sy, = sulfur from buret reading, %;

F = the recovery factor or factor taken from a calibra-
tion curve for the analyzer; and

Cl, % = chlorine in sample (as determined), %.

9.2 On analyzers that are designed to give buret readings in
percent sulfur, but where the normality of the titrant or sample
weight may vary from that prescribed, the following calcula-
tion must be used:

S, = 1.603[(S, X N, X F X 10) = Cl, %/3.546)W )]
where
S.. = sulfur corrected for chlorine (as determined), %;
Sy = sulfur taken from buret reading, %;
N, = normality of the sodium hydroxide;
F = recovery factor or factor taken from a calibration
curve for the analyzer;
ClL% = chlorine in sample (as determined), %; and
w = weight of sample, g

9.3 When sulfur analyzers are used that have buret readings
in millilitres of titrant, the following calculation will apply:

8, = 1.603 [(V, X N, X F) — Cl, %/ 3.546YW @

S, = gulfur corrected for chlorine (as determined), %;

S, = sulfur taken from buret reading, %;

V) = sodium hydroxide, mL;

N, = normality of sodium hydroxide; ‘

Cl, % = chlorine in sample (as determined), %;

F = the recovery factor or factor taken from a calibra-
tion curve for the analyzer; and

w = weight of sample, g,

METHOD B—HIGH-TEMPERATURE COMBUSTION
METHOD WITH IODIMETRIC TITRATION
‘ DETECTION
PROCEDURES

10, Apparatus

10.1 Analytical Apparatus—Designed to perform the analy-
sis procedure described in 3.2 automatically.

Note 8—It is recommended that the analytical equipment be an
automated sulfur analyzer. Otherwise, the restrictions and limitations
given in Note 3 for nonautomated systems apply.

10.2 Tube Furnace—Ses 6.1.

10.3 Combustion” Tube—Made of mullite, porcelain, or
zircon, approximately .a 27-mm inner diameter, a 33-mm outer
diameter, and 750 mm in length, with the last 23 mm of the exit
end reduced to 10-mm outer diareter and 5-mm inner diameter
to facilitate exit and collection of the gases in the titration
vessel.

10.4 Sample Combustion Boais—See 6.4,

10.5 Boat Puller—See 6.5.
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11. Reagents

11.1 Purity of Reagents—See 1.1.
11.2 Purity of Water—See 7.2,

11.3 Todine Titrant—Dissolve 2.5 g of iodine in 280 mL of
pyridine. Mik well and be certain all iodine is dissolved. Add
700 mlL of methahol and 20 mL of water. (See Note 9.)

11.4 Diluern—Mix 280 mL of pyridine with 700 mL of
methanol and 20 mL of water. Mix well.

Note 9—Alternative formulations ﬁiay be substituted to the extent that
they can be demonstrated to yield equivalent results in regard to accuracy
and precision.

11.5 Oxygen—See 7.8.

12. Procedure

12.1 Instrument Preparation:

12.1.1 Assemble the analytical apparatus according to the
manufacturer’s instructions. Check all connections carefully to
avoid leaks. ‘

12.1.2 Set furnace temperature to 1350°C.

12.1.3 Set oxygen flow rate according to manufacturer’s
instructions,

12.1.4 Place approximately 150 mg of a coal sample in a
boat and insert into the 1350°C region of the furnace. Sample
boat should remain within the hot zone of the furnace for at
least 2 min or until sample is completely burned. This action
will serve to condition the apparatus in all functions.

12.2 Calibration: ‘

12.2.1 Select a coal standard reference material (SRM), as
described in 5.4, which has a sulfur value in the range of the
sample to be analyzed. Weigh out about 150 .mg of this
previously dried coal standard and record the welght to the
nearest 0.1 mg,.

12.2.2 Enter the wexght and sulfur content of the standard
reference material sample into the memory of the analyzer.

12.2.3 Tosert SRM sample into the 1350°C region of the
furnace.

12.2.4 After endpoint is reached, not less than 2 min, record
the titrant factor as milligrams sulfur per millilitre of titrant
(mgS/mL), If analyzer does not have an integral computer,
record the volume of titrant used and calculate titrant factor as
instructed in 13.1.

12.2.5 Remove sample boat and repeat Steps 12.2.1-12.2.4
two more times.

12.2.6 If analyzer does not automatically average the titrant
factors obtained in the calibration step and enter the average
into the microprocessor, then do so manually. Successive
calibrations should yield titrant factors within 0.01 mgS/mL of
each other.

12.3 Analysis Procedure:

12.3.1 Use an instrument that has been conditioned and
calibrated according to 12.1 and 12.2.

12.3.2 Weigh to the nearest 0.1 mg, approximately 150 mg
of the coal analysis sample into a boat.

12.3.3 Enter the sample weight into the. sulfLu analyzer
memory.

12.3.4 Insert the coal sample into the 1350°C region of the
furnace.

12.3.5 After the endpoint is reached (not less than 2 min)
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record the sulfur concentration of the sample. If analyzer does
not have an integral computer, record the volume of titrant used
and calculate the sulfur concentration as instructed in 13.2.

13. Calculatlons

13.1 On analyzers that do not calculate the titrant factor
automatically, the following calculation must be used:

T=8,%X W00 X V, )
where:
T = titrant factor, mg of sulfur/mL;
S, = sulfur concentration of standard, dry basis;
W = weight of standard, mg; and
V, = volume of titrant, mL.

13.2 On analyzers that do not calculate the percent sulfur in
the analysis sample automatically, the followmg calculation
must be used:

= 100 (T X V)W 6)

where:
S

Il

percent sulfur (as determined),

T = titrant factor (see 13.1),
V, = volume of titrant, ml, and
W = weight of sample, mg.

METHOD C—HIGH-TEMPERATURE COMBUSTION

METHOD WITH INFRARED ABSORPTION
PROCEDURE

14. Apparatus

14.1 Measurement Apparatus—Eqmpped to combust the
sample as described in 3.3 automatically. (See Note 8.)

14.2 Tube Furnace—See 6.1.

14.3 Combustion Tube—Made of mullite, porcelain, or
zircon with provisions for routing the gasses- produced by.

combustion through the infrared cell.
14.4 Sample Combustion Boats—See 6.4.
14.5 Boat Puller—See 6.5.

15. Reagents

15.1 Purity of Reagents—See-T1.1. ‘

152 Magneszum Perchlorate—Warning: Magnesnum per-
chlorate is a strong ‘oxidizing agent. Do not try to régenerate
* the absorbent. Do not allow contact with organjc materials or
reducing agents. ' ' ;

15.3 Oxygen—See.7.8. ‘
15.4 Standard Reference Material (SRM)—-Such as SRM
Nos. 2682 through 2685—Sulfur in Coal,” reference coals or

calibrating agents with certified dry-basis sulfur values must be

used. The materials must be supplied by or have traceability to
internationally recognized ceitifying organizations, such as the
National Institute of Standards and Technology. |

15.4.1 All SRMs, reference coals, or cahbmtmg agents must

have precision values of less than or equal to method repeat-

ability. Such SRMs, reference coals, or calibrating agents must

7 Available from the Office of Standard Refuence Mateuals, Room RB314,

Chemistry Bldg., meonal Institute of Stqndmds and Technology, Wnshmgmn, DC

20234,
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be stable with respect to moisture and be pulverized to pass
100 % through a 0.250-mm (No. 60) USA Standard Sieve.
SRMs, reference coals, or calibrating agents must be mixed
thoroughly beforé each use. '

16. Procedure

16.1 Instrument Preparation—Perform system update
checks in accordance with manufacturer’s instructions.

16.1.1 Balance Calibration—Calibrate internal balance in
accordance with manufacturer’s instructions.

16.2 Calibration of the Infrared Derection System—Select
SRMs, reference coals, or calibrating agents with known
dry-basis sulfur values in the range of the samples to be
analyzed. For the initial calibration and periodic verification of
instrument linearity, at least three such SRMs, reference coals,
or calibrating agents are recomimended for each range of sulfur
values to be tested. When performing a single-point calibration

(Note 10) the SRM, reference coal, or calibrating agent
containing the highest sulfur value for the expected range
should be used for calibration. The other two SRMs, reference:

coals, or calibrating agents should represent the low and
midpoints of the expected range. When performing a multiple
point calibration, two of the SRMs, reference coals, or cali-
brating agents should bracket the range of sulfur values to be
tested with thé third falling within the range. All results
obtained must be within the allowable limits of the SRMs,
reference coals, or calibrating agents. Records for all calibra-
tions will be maintairied in accordance with Guide D 4621.
16.2.1 All SRMs, reference coals, or calibrating agents used
for calibrating the instrument should comply with the provi-
sions of 15.4. CAUTION—An indicated problem with linear-
ity of the instrument during calibration could result from

contamination of the SRM, reference coal, or calibrating agent

as the container becomes depleted. It is, therefore, suggested
that extreme ‘care be used in mixing the SRM, reference coal,
or -calibrating agent before removing ary sample from the
container and that it be discarded when less than 5 g remain in
the container. , :

Note 10:—When performing a single-point calibration, the teclinique of
calibrating the instrument with the SRM,:reference.coal, or calibrating
agent corresponding to the highest sulfur value expected for the range uses

the optimum linear range available for calibration. Single-point calibration
is most linear from the point of calibration to zero.

16.2.2 Calibration Procedure—Make a minimum of two

determinations. to -condition the equipment before calibrating.
the system. The as-determined sulfur value of the SRM,

reference coal, or calibrating agent used for calibration of the-

instrument must have been previously. calculated from the
certified. dry-basis sulfur value and residual moisture deter-
mined using -either Test Methods D' 3173 or D 5142, Alter-
nately, a quantity of the SRM, reference coal, or calibrating
agent allocated .to be used within a.normal production period
(Note 11) can be.dried using either Test Methods D 3173 or
D 5142, in which case, the dry basis sulfur.value will be used.
The dried material must be stored in a desiccator, and any
remaining at the end of the normal production period must be
discarded: Weigh five samples of the SRM, reference coal, or
calibrating agent (Note 12) chosen' to represent the range of
sulfur values being’ tested. Follow: the calibration procedure

~
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recommended by the manufacturer. For verification of the
calibration curve, use SRMs, reference coals, or calibrating
agents that bracket the range of values to be. tested. All resuits
obtained must be within the allowable limits-‘of! the' SRMs,
reference coals, or calibr atmg agents. Records for all calibra-
tions will be mamtamed in accordance with Test Method
D 4621. o

Note {1—A ncrmal production period would routinely be considered
an 8-h shift. Dried SRMs, reference coals, or calibrating agents should not
be maintained beyond one day for the putposes of instrument calibration,
CAUTION—Previously drled materlal ‘should not be redried as oxrdatlon
can readily occur.

Note 12—Weigh to the nearest 1.0 mg. Since the sulfur content of the'
SRMs, reference coals, or calibrating agents bracket the range of sulfur
values being determined from the. samples, the mass of the SRM,
reference coals, or cahbratmg agents used for calibration and the samples
to be apalyzed should be approxrmately the same so that both materials

produca about the same amount of infrared ceil saturatl‘or‘l‘(éo to 70 %).

16.2.3 Periodic Calibration Verzﬁcatzon—On a periodic
basis, verify the stability of the instrument and its calibration
by analyzmg a portion of the SRM, reference coal, or calibrat-
ing, agent used to calrbrate the, instrument. The value deter-
mired for this material, when used as an unknown sample,
must be within the certified value plus or, minus the stated
precision limits of the material. If the criteria for a successful
verification of callbratron in-accordance with Test Method
D 4621 is.not met, the cal1bratlon procedure of 16.2.1 must be
repeated and samples analyzed since the last successful veri-
fication must be repeated.

16.3 Analysis Procedure—Stabllrze and calibrate the ana-
lyzer (see 16 2).

16.3.1 Raise the furnace temper ature as recommended by
the manufacturer to at least 1350°C. Weigh the sample (Note
12), Spread the sample evenly in a combustion boat and use a
boat puller to posmon .the sample in the hot zone of the furnace
for at least 2 min (Note 13) or until completely combusted.

Norg 13—The analytical cyclé should begin automatrcally as soon as
sulfur is detected.

16.3.2 When the analysis is complete, the instrument should
indicate the sulfur value. Refer to the manufacturer $ recom-
mended procedure

17. Report

17.1 The percent sulfur value obtained.using any of the
described methods is on anras-determined basis, ..
17.2 The results of thé'sulfur analysis may bBe reported on

any of a.number of. bases, differing from each other in the:

manner by which moistire is treated.
17.3 Use the percentage of moisture in the sample passihg a
No. 60 (250-pm) sievé to calculate the as-deterinined results of
the' analysis sample to a dry basis.
17.4 Procedures fori converting the valug obtamed on the
analysis sample  to other bases are described in Plactices
D 3176 and D 3180. : ‘ i :

18. Precision and Bias . | l

18.1; These are emplrlcal methods that are hrghly dependent
upon the calibration of the equipment; the closeness of .the
standards to the samples in sulfur content, chloring content,

406

iron content, and so forth,

18.2 Precision Statement for HzghuTemperarure Combustzon
Method Using Acid Base Titration Detection Procedures—The
relative precision of this method for the determination of total
sulfur covers the concentration range from 0.546 6.0 %. =

- 18:2.1 Repegiability—The difference in absolute value be-
tween two gonsecutive test results carried out on,the same
sample of 60-mesh pulp, in the same laboratory, by the same
operator, using the same apparatus, should not exceed the
repeatability interval I(r) more than 5 % of such paired valdes
(95 % confidence level):;When such a differenceis found to
exceed the repeatability irterval, there is reason to question one
or both of the test results. The repeatability interval may Be
calculated by use of the followmg equatton

I(r) —«006+003x .
where ¥ is the average of the two test results.

0

Nore 14—This equation applies to the relative spread of a measure-
ment that is expressed as a percentage and is derived from the statistical
evaluation of the round-robin analytical results, Example; Duplicate
analysis for total sulfur gave values of 1.52 and’1.57 %. The average
sulfur of the duplicate analysis value ‘is 1.55 % and the calculated
repeatability I(r) is 0.11. The difference between the two sulfur values is
0.05 and does not exceed the I(r) of 0.11; thereforg, these two values are
acceptable at the 95 % confidence level.

18.2:2 Reproduczbzlztyﬂ’l'he diffetence in absolute valie
between thie averagés &f replicate detemlmatrons, carried out in
different laboratories on representative 60-mesh samples, pre-
pared from the same bulk sample after the last stage of
reduction, should not exceed the reproducibility ‘interval I(R)
mote than 5 % of such paired values (95 % confidence level).
When such-a difference is found to exceed thé producibility
interval, there is reason to question one, or both, of the test
results,"The teproducibility interval may be calculated by the
use of the followirg equation:

I(R) —()0"5 +0 1%
where X is the average of between- laboratory results.

(®)

Note 15—This equation applies to the relative spread of a measure-
ment that is expressed as a percentage and is derived from the statistical
evaluation of the round-robin analytical results, Example: Duplicate
analysis for total sulfur in one laboratory. gave an average value of 3,81 %,
and a value of 400% was obtained in a different, labotatory The
bctween—laboratory average sulfur vatue is 3.91 %, the calculated I(R)
interval is 0.46 %, -and the differénce between the differént laborator y
vatues is 0.19 %. Since this difference is less than the I(R), these two
values are aceeptable at the 95 % conﬁdence level. O

18.3 Precision Staremem‘ for Hzgh Temperature Combustzon
Method. Usmg Iodzmemc Detedtzon Procedures—'[’he relative
precision Jf 'this méthod for the determmatron of total sulfur
covers the concentraﬁon rang rom 0.5 to 6, O % '

18.3.1 Repeatabzlzty—'l;he drfference in absolute value be-
tween two corsecutive test results camed Out on' the same

sample of 60-mésh pulp, in the same laboratory, by the same .

operator using the "same appmatus should ‘not exceéd the
repealability interval I(r) moté than 5 % of such paired values
(95 % confidence level). When such a difference is found to
exceed the repeatability interval, there is reason to questlon
one, or both, of the fest results. The lepeatablhty interval may
be determined by use of the following equation:
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1) =008 ©)
where ¥ is the average of the two test results.

Note 16—This equation applies to the relative spread of a measure-
ment that is expressed as a percentage and is derived from the statistical

evaluation of the round-robin analytical results. Example: Duplicate '

analysis for total sulfur gave values of 1.52 and 1.57 %. The average
sulfur of the duplicate analysis value is 1.55 %, and the calculated
repe'ttability interval {(r) is 0.12. The difference between the two sulfur
values is 0.05 and does not exceed the /(r) of 0.12; therefore, these two
values are acceptable at the 95 % confidence level.

18.3.2 Reproducibility—The difference in absolute value
between the averages of replicate determinations, carried out in
different laboratories on representative 60-mesh samples pre-
pared from the same bulk sample after the last stage of
reduction, should not exceed the reproducibility. interval /(R)
more than 5 % of such paired values (95 % confidence level).
When such a difference is found to exceed the reproducibility
interval, there is reason to question one, or both, of the test

results. The reproducibility interval may be determined by use

of the following equation:
IR) = 0.08 + 0.09 & ‘ (10)
where F is the average of the between-laboratory results.

Note '17—This equation applies to the relative spread of a measure- *

ment that is expressed as a percentage and is derived from the statistical
evaluation of the round-robin analytical results. Exdmple: Duplicate
analysis for total sulfur in one laboratory gave an average value of 3.81 %,
and a value of 4.00% was obtained in a different laboratory. The
between-laboratory average sulfur value is 3.91 %, the calculated I/(R)

interval is 0.43 %, and the difference between the different laboratory,
values is 0.19 %. Since this difference is less than the I(R), these two,

values are acceptable at the 95 % confidence level.

18.4 Precision Statement for High-Temperature Combustion
Method Using Infrared Absorption Detection Procedures—

18.4.1 Precision—250-um (No. 60) Samples—The relative
precision of this test method for the determination of sulfur
covers the concentration range from 0.28 to 5.61 %. ‘

18.4.1.1 Repeatability—The difference .in absolute value
between two consecutive test results, carried out on the same
sample in the same laboratory by the same operator using the
same apparatus, should not exceed the repeatability interval
(limit) I{r) more than 5 % of such paired values (95 %
confidence level). When such a difference is found to exceed
the repeatability interval (limit), there is reason to question one
or both of the test résults. The repeatability interval on a dry
basis may be determined by use of the following equation:

I(ry =002 +003 % (11

where % is the average of the two test results (see Note 18).
18.4.1.2 Reproducibility—The difference in absolute value

of replicate determinations, carried out in different laberatories

on representative samples prepared from the same bulk sample

after the last stage of reduction, should not exceed the
reproducibility interval (limit) /(R) more than 5 % of such
paired values (95 % confidence level). When such a difference
is found to exceed the reproducibility interval (limit), there is
reason to question one or both of the test results. The
reproducibility interval on a dry basis may be determined by
use of the following equation:

1(R) = 0.02 + 0.09 % (12)

where % is the average of the two test results (see Note 18).

Note 18—These equations apply to the relative spread of a measure-
ment that is expressed as a percentage as derived from a statistical
evaluation of the round-robin results.

18.4.2 Precision—2.36-mm (No. 8) Samples—The relative
precision of this test method for determination of sulfur covers
the concentration range from 0.2 to 3.0 %.

18.4.2.1 Repeatability—The difference in absolute value

between test results obtained in the same laboratory, by the,

same operator, using the same apparatus, determined on ‘a
single test specimen of two separate 2.36-mm (No. §) test units
of coal reduced entirely to 250-pm (No. 6) and prepared from

the same bulk sample, should not exceed the repeatability.

interval for more than 5 % of such paired values (95 %
confidence level). When such a difference is found to exceed
the repeatability interval, there -is reason to question one or

more. of the test results. The repeatablhty interval for this

method is as follows: -

Bituminous coals
Subbituminous and lignite coals

18.4.2.2 Reproducibility—The difference in absolute value
betweeén test results obtained in laboratories calculated as the
average of determinations on single test specimens of two
separate 2.36-mm (No. 8) test units of coal reduced entirely to
250-pm (No. 60) and prepared from the same bulk sample,
should not exceed the reproducibility interval for more than
5 % of such paned values (95 % confidence level). When such
a difference is found to exceed the reproducibility interval,
there is redson to question one or more of the test results. The
reproducibility interval for this test method is as follows:

0.09 % -
0.13%

Bituminous coals
Subbituminous and lignite coals

Note 19—Supporting data for 2.36-mm (No. 8) coal has been filed at
ASTM Headquarters and may be obtained by requesting RR: DO5-1015.

18.5 Bias—Bias is eliminated when the instrument is prop-

erly calibrated against certified reference standards. Proper

calibration includes comparison of instrurhental results to
certified sulfur values. Results for certified standards above and
below anticipated analysis sample results should be within
certified precision levels for all standards over the calibration
ra}rige for the instrument. . )

Thé American Saé[ety for Testing and Malerials takes no position respecting the validity of any patent rights asserted in connection
"with any item mentioned in this standard. Users of this slandard are expressly advised that determination of the validity of any such
parent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the respons,/b/e technical committee and must be reviewed every five years and

' if not revised, either reapproved or withdrawn. Your comments are invitad either for revision of this standard or for additional standards

and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a mesting of the respansible

technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.

0.05 % ..
008 %
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qm‘” Designation: D 4268 - 93
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Testing Fiber Ropes'’
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This standard is issned under the fixed designation D 4268; the number immediately following the designation indicates the year of
original adoption or, in the case of tevision, the year of last revision. A number in parentheses indicates the year of last reapproval, A
superseript epsilon () indicates an editorial change since the last vevision or reapproval, ,

1. Scope

1.1 These test methods specify procedures to determine
diameter and circumference (Section 8), linear density
(Section 14), breaking force (Section 21), and elongation
(Sections 28 and 36)) of fiber ropes except those ropes
incorporating steel wire, (See MIL-STD-191) .

1.2 The values stated in ST units are to be regarded as
standard. The values provided in parentheses are provided
for information purposes only,

1.3 This standard does not purpors to address all of the
safety concerns, if any, associated with its use, Ii iy the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use. Additional
precautions for these test methods are given in Section 5.

2. Referenced Documents

2.1 ASTM Standards:

D76 Specification for Tensile Testing Mdchmeb for
Textiles?

D 123 Terminology Relating to Textiles? :

E 4 Practices for Force Verification of Test Machines® -

E 74 Practice for Calibration of Force Measuring Instru-
ments for Verifying the Load Indication of Testing
Machines®

2.2 Miliiary Standard®:

MIL-STD-191 -~

3. Terminology
3.1 Definitions: ‘
3.1.1 braided rope, n—a cylindrically produced rope
made by intertwining, maypole fashion, several to many
strands according to a definite pattern with adjacent strands
normally containing yarns of the opposite twist,

3.1.2 cycle ength n-—in braided rope, the distance, par

" allel to the rope axis, of the strand to make one revolution

around the rope.

- 3,1.2.1 Discussion—pick count is reported .in pu,ks per
metrc, picks per foot, picks per inch, etc.

3.1.3 pick count n—in brazded rope, the number of
strands rotating in one direction in one cycle length.

F'These tost methods are under the jurisdiction of ASTM Cotamittes I-(3 on
Textiles and are the direct responsibility ot Subcommittes 13,16 on Ropes and
Cordage,

“Current edition approved July 15, 1993, Published September 1993, Originally
published as D 4268 - 83, Last previous edition 1D 4268 - 93,

2 Annual Book of ASTM Standards, Vol 07,01,

3 Annual Book of ASTM Siandards, Vol 03,01,

4 Available from Standardization Documents Order Desk, Bldg 4 %ccnon D,
700 Robbins Ave., Philadelphia, PA [9111-5094, Attn: NPODS. | .

3.1.4 elongation, n—the ratio of the change in length of a
rope during application of tension to the original length of
the rope when new,

3.1.4.1 non-elastic elongation (NE) n—of rope, clongation
after cyclic tensioning the rope to a specified force for a
specified number of ¢ycles.

3.1.4.2 recoverable elongation (CE) n—of rope, elongation
which may be reclaimed following a period of rope relax-
ation after the rope was cyclic tensioned.

3.1.4.3 residual elongation (RE) n—qf rope, elongation
after cyclic tensioning the rope to a specified force for a
specified number of cycles and allowing the rope to relax for
a specified period of time.

3.1.4.4 working elongation (WE) n-of rope, elongation'
which is immediately recoverable when tension is removed
from the rope.

3.1.4.5 torad elongation (TE) n—of rope, the entire elonga~
tion at any given applied force.
© 3.1.5 extension, n—the ratio of the change in length of a
rope during application of tension to the length of the rope
immediately before application of that load.

3.1.6 fiber rope, n—a rope produced primarily from
textile fibers.

3.1.7 fid, n—a wooden or hard plastic tapered tool used as
dll aid. in rope splicing,

3.1.7 hockle, n—in rope, a strand kink in a rope causing
yarn displacement in the strand Lesultmg in rope deforma-
tlon and damage.

3.1.8 kink, n--in rope, an abrupt bend or loop in the rope
which is the result of an unbalanced twist relationship in the
rope structure.

3.1.9 plaited rope, ne—rope made from eight strands
arranged in four pairs in which one strand is placed adjacent
to the second in each pair and in which each strand in each
pair has been twisted in one direction while each strand in
each alternate pair has been twisted in the opposite direction
and the four pairs of strands are intertwined maypole fashion
in a manner such that each pair of strands passes over and

- under adjacent pair of strands (syn. eight strand rope)

3

3.1.10 tuck, n—in rope, a tree strand of the rope placed
between rope strands during rope splicing.

C3.1,1L reference tension, n—a low tensile force, genemlly
about 1 % of the rope breaking strength, calculated in
accordance with 11.2, and used for initial rope 1@1’151011
determinations.

3.1.12 rope, n—a compact and flemble, generally torsion-
ally balanced continuous structure, greater than 4 mm (332"}
diameter capable of applying or transmitting - tension bc«
tween two points.

3.1.13 strand, n—in fiber rope, an ordered assemblage of
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textile yarns used to make fiber rope.

3.1.14 twisted or laid rope, n—xope made from three or
more strands which are twisted or laid together in a twist
direction opposite to the twist in the strands.

3.1.15 For definitions of other textile terms used in these
test methods, refer to Terminology I 123,

e e ey

4. Significance and Use, o,

4.1 Test Methods D 4268 for the detel minatioh” of size,

linear density, brmkmg force, and elongation may be used
for raceeptance testing ‘of commetcial shiprients- of ‘fiber
ropes; bt ‘Gauition 1§ advised since mformatlon on betweem
laboratories precision is not complete, " e
4,1.}In case of dispute: atising from’ ‘dﬂTcrcmw in 1c~
ported results whicn. using Test Methads D 4268 for dc(,cp-
tance testing of commercial shiprients,.the purchaser’ ahd
thesupplier should condiict compacative teststo detérining if
there-is.a statistical hias betweén: their Taboratoties, Cohpe-
tent statistical assistance.is recommended-for the investiga=
tion of bias. As:a, minimui the two parties should stake a
group of: test specimens; which::dre,4s - homogeheous as
possible and which are from;.alot of material-of the type in
question. The test specimens should :themibe ranclomly
assigned in equal numbers to each laboratory-fortesting. The
average . test, results from -the, dwo, labomtmlgs should,, be
compared using Student’s T-Test for unpaired data. with-an
ageeptable probability level chosen by the.two. parties before
the testing ‘is begun. If 4 bias’ 15 estimated, either its cause
mqgt be found and corrected or the ,purchdber dnd supplier
may, dgree t 1gerglet fur sults in’ relation, to the
obiserved mi?cxéncce, betwe 0 the dverdge test, f@:;ult;,, ‘
4.1.2 The final, decision 10’ use a spemﬁcd mithod. for
adbptanée téting of commercial shipments must be made
by the purcba T and the supphel and will (iepend ofl
considérations *dther thidn ‘the pr émsnon .0f the methiod,
including the cost of samphng and testing md the value of
the lot'of fuateril - faeihg {esied ot very large’ mpcs, ‘where
thd " cost' for tefiing such’ rofés’ ay be piohlque, 4n
extmpolatwn method for determmmg the tope chataclells~
tiek miay ‘be'd viable Altsthiive whed such fiite iods are
agreed upon by the phichisérand the suppher :

fhe, 5

5. Ilamrds

‘ ,tesn;n‘ ;
e ‘aware of i

ning he*‘xi'oﬁé“srmc‘imeﬁ ; ,
servers'6i:'should be'éticlosed withi' dir Anchofed cover of net
thetswill contain the' rope-after it bieiks. ‘Pefsons Witnessing
the tests and the madhing opéraié‘r‘lﬁuﬁt be either far snough
atway froth the testirig machine of b Behihd bartiers that will
protest “theln " if :the - broken tope Should “snap back and:
whiiplash ot of thie testindghithe. " "0 07 0 e

5.2 One can not expect a ﬁbcr rope that'breaks at &
specifie: foree as: detérmined susing: this” test procedirk to
break atithat samie force:ifitherope is subjected o 4 sudden
force sueh:as while arresting a: falling. miass: ot if*the rogesds:
distorted by a knot, a kink or other such distortion, & knot,:
kink-or..other suchdistortion- of*thesrepe 'structure . miay

reduce the breaking force as much as 60 %.

6. Sampling . e PP

6.1 Lot SamplemAs a lot sample fo" accepwnce testing,
take at random. the’ Yumber of spoals; i¥éels, coils, or other
shipping units directed in an applicable material specifica-

tion-pr other agreement between the purchaser and supplier.

-+ Consider-spodls, reelsy co;ls, o other slmpmng units to be the
prithaty simpling units.

Notg |—An adequate spcmhczmon or other agreemont between the
purchaser and the supplier requires taking into account the vaﬂabihty
bs;twcen shiipping units and between spegimens from_a singlé shipping
unit 50 as o proyide a sampli ; plan,which, at the specified lovel of the,
grop 1y of mtemst “hag a mea nsk awcepmblq guallty

ningful produoer
level 1d hmxting quality Tével, ,'W,,

6.2 Test Sp{aczmenSMR,ope specmwns for l.aboratory
testing, shall be taken from.the lof sample anits in lengths
dnected in the. sectigns. on, prcyccdurs, for jnd Ldual pmper»
ties. .

£.2.1;,Ta remove a. spemmen for tesung ﬁom a spool or
reel, insert a pipe ot solid mund bap through the center hales
of; the spogl.or reel and suppogt the p1pc or b@n ends so:that
the apool o1 reel can rotate as-the.specimon: 13 pulled off the
spool, or reel. Do-pot, remaove ithe rope specimen over the
spool or reel flange 48 1 this- WILL distort. the rope construction,
by addmg or removing twist from the rope. If the shipping
unit is a coil, remove cach rope specimen according 40-the
mdnuidcturer s instructions,

6.2.2 Using a crayon or other sultabile. marking :device,
marka line-parallel to thesibpe axis along the rope Speciméen
surface. The mark can be placed on the rope surface-While
the rope is on the spool-or reelor the marking can be doneias
the rope-isrérhoved from the spool orredl. If the repe i§in a
coil; the marking: &hould be done as: the rope is mmovcd Trum
thewxl noeee R

7. Conditioning

7.1 Unless specified, standard condmonmg of theuopc
specimen is not required,

DIAMETER AND CIRCUMFERENCE‘f““

8..8copg ;i -, A AL -

8l Thistest miethod determmcs tlm diameter‘eind cimum~
forerice:of ﬁber fopey '
9., Slgmﬁgaqce and Use Vi g e w0
19,1 Roperspetifications - inchcatc nommal dlamewl or
nommal circumference or both, The nominal diametet fvist -
be kriown toicalculate the Reforence: Tension 1o apply-to the
rope for test purposes. Thevadtiial: diameter - should ‘be
determined-when thi¢ end use of the rope requires that the
rope be threaded through sized holes or oiher sized hard-
ware,

10, Apparams S e e

10 T enszomng ),’J(Jvzce for’ applying ‘the feference ten~
sion.Use calibrated.masses-or.a calibrated. fopce mechanism.

10.2 Measuring Mdterial, for- circur encnce dewrmma»

tion shall have zero or very Jow: stretoh 9 vhile' :undcx slight
tension, such as.manila or sisal fibers cﬁ;ﬁ 1/" s mj ylde
strip of kraft papsr - or botided paper, .+.4 :
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10.3 Measuring Devices.

10.3.1 For circumference determination.

10.3.1.1 A narrow flexible tape having zero to very low
stretch, calibrated in 1 m (V32 in.} increments,

10.3.2 For diameter determination,

10.3.2.1 A narrow flexible Pi tape, having zero to very low
stretch, calibrated to measore diameter directly when
wrapped around a cylinder, The Pi tape should indicate
diameter in millimetres (0.01 in.). This tape is called a Pi
tape because of ifs scaling.

10.3.2.2 (‘alipers calibrated to measure diameter directly
in 1 m (0.01 in.) increments. The caliper px essing feet should
cover the width of two strands,

11. Procedure

11.1 If the nominal diameter is known, use it to calculate
the initial rope tension for determination of linear density
and elongation, If the diameter is not known, measure it with
calipers or diameter tape while the rope is under zero
tension, If circumference is measured, divide the measure-
ment by 3.14 (Pi). Use this result for the nominal diameter
and calculate the initial rope tension.

11.2 Caleulate the Reference Tensions using eqs 1 & 2:

SI Units: Reference Tension = N = 1,38 D? (1)
Inch-Pound Units: Reference Tension = P = 200 & )

where:
N = reference tension in newtons,
P = reference tension in pounds,
D = diameter in millimetres, and
d = diameter in inches.

11.3 From the laboratory sample, prepare a test specimen
at least 1800 mm (6 ft} long between grips, knots or ends of
splices. (See 6.21.) ‘

11:4 Place the rope in the tensioning device with the
marked line on the mpe (see 6.2.2) parallel with the rope
axis.

11.5 Apply the 1,efercnce tension  (see 11.2) to the
specimen.

11.6 While the rope is under this tension, measure the
diameter or circumference directly using one of the mea-
suring devices specified in 10.3,

11,7 Repeat the measurement as described in 11.3.4 at
two more points along the specimen of rope with no two
points closer than 300 mm (1 ft) from each other or from the
grips, knots or ends of the splice. Average the three determi-
nations,

11.7.1 If calipexs are uqed the caliper feet should span and,
contact at least two strand crowns and a moderate compres-

sion applied, Secure the caliper feet, remove the catiper-and
rcad and record the dimension omcuncd

11.7.2 If the flexible tape is used, wrap it around the rope,
apply a. moderate tension, read thc circumference directly
and record the result. ‘

11.7.3 If a low stretch measuring mawnal is used, wrap it
around the rope and apply a moderate tension, cut or mark
the measuring material at a point of overlap, measure the
resulting length of the mdtelldl and xccond the result as the
circumference,

11.7.4 1f a direct diatveter measuring tape is used, wrap lt‘

around the rope-and apply a moderate tension. Read the
diameter directly from the tape and record the result,
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12. Report

12.1 State that the specimens were tested as directed in
Test Method D 4268 for Measuring Diameter and Circum-
ference. Identify the rope specimen, the type of measuring
devices used and method of sampling used.

12,2 Report the following information:

12.2.1 The average diameter and/or circumference in
millimetres or inches, as required by the purchase order or
contract,

12.2.2 The purchase order or contract number.

12.2.3 When required the ambient temperature and rela-
tive humidity prevalent during the test,

13, Precision and Bias

13.1 Precision—The precision of the procedure in Test
Methods D 4268 for determining diameter and circumfer-
ence is being determined and it is anticipated that the
interlaboratory testing and statistical analysis will be com-
pleted by 1994.

13.2 Bias—The value of the mameter or circumference of
rope can only be defined in terms of a specified test method.
Within this limitation, the procedure in Test Method D 4268
for determining ropc diameter and circumference has no
known bias.

LINEAR DENSITY

14, Scope
14.1 This test method detemunes the linear densny of
fiber rope, ‘ . o P

15 Significance and Use

"15.1 Fiber ropes are usually specified and evaluated on a
linear demuy and slrength basis. ‘

16. Apparams
16.1 Tensioning Device—Ses 10.1.
16.2 Weighing Device—Balance or scale to measure the
specimen mass to an accuracy of 0.25 % of its total mass,
16.3 Megsuring Device—A graduated tape which will

measure the required: length of rope specimen to-the nearest

1 mm (VY32 in, )

17. Procedure

17.1 The test specimen shall be at least 1800 mm (6 ft)

between the holding clamps or other means used to termi--

nate the rope, with the rope line paralle! to the rope axis (seo
6.2.2). Then the specimen slnli be tensioned to the Refelw
ence Tension of 11.2,

17.2 Measure & minimum of 1500 mm (5 ft)'of ungdis-

turbed rope in the specimen and mark the length on the rope
carefully while the specimen is under the Reference Fension.
;. 17.3 Remove the tension from the rope specimen, wrap
adhesive tape tightly around the rope adjacent to the marks

10 prevent the specimen from unravelling when cut, 'and then;

cut the test length at the marks and perpendicular to the rope
axis. Remove the tapes used to secure the specimen.
17.4 Weigh the rope xpemmen on- the welghmg dewcu

l8 (‘f\lculatlon .

18.1 Calculate the llnmr dmsnt; nf the spt:clmen to thé:.
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nearest 1 % of its specification linear density in kg/l()() m
(lb/lOO ft) using equation 3or 4. . 4 ¢
CSIUAits: A ‘ :(3’3

P : Ao KAMOCLO0 ¢ 0 5
T Inch Pound Umls =-R/F % JOO S e {4d)
where; ' ’ : T

= linear density in’ kllogfama per 1()0‘met1 (il
= linear dt,nm.ty in pounds’ per 100: fciet‘ :
K" = miass in‘kilograms, ,
P = mass in pounds, Gt
= length-in mietres; and
I = length in feet, - TG et
19, Report i ' '

9.1 State that the specimens were: tested  as dirscted in
ASTM . Test- Method: D 4268- for. Determination of Rope
Lingar Density, Desgribe th@ xope tested: and tho mcthod of
sampling used,. ;.. . .

. 19.2.. Repeort: followmg mformduqn, ;

19.2.1 The linear density in kilograms per 100 m@lrcq or
pounds. per 100 ft ;lS requlrcd by 1,he putchdse otder or
contragh . G

--19.2.2: The purcha‘;ﬁ, ordecr or- wnu act, number TR

19.2.3. When.required. the-ambient tempemmre and rclam
tive humldny prevalent during the test. .

T

20. Precision and Bias =

20.1 Precision—The precision of the procedure in Test
Methods D 4268 for determining linear density of fiber rope
is being - détdimined - and it 1§ anticipated that: the
interlaboratory testing and statistical analysis will be com-
pleted by 1995.

20.2 Bigs—The valye of linear densﬂy of fibet mpe can
only be defined in-terms of 4 specified test method. Within
this limitation, the procedurt:in “Test Method D 4268 for
determining rope diameter and ciccumference has no known
bias.

. az.BREAKING FORGE: -
21, Swpe o 'Ag R
-2k "This test method: determmes the brealcmg eforce 01 a
ﬁbcr rope.

22, Significance and Use

(221 The breaking, force ‘of a'rope i a majot property to
gage its serviceability. When comparing;thé breaking foices
of . twosor-moré ropes’ haying the :same’ construction -or
different:constiuetions, ‘it is'important to: know: thelir com-
parative linear densities; for although ropes miay appearthic
same size i diameter or ¢ircumferencs, their linear densities
may be’ differént enobight to affect their breaking force; .

.22.2 Published specifications of fiber rope propertics. usus
ally cover new and;unused ropes: Used ropes may be tested
usingthese methods, but test tesults whay be different than:
published specifidationd dependingdn low the rope was wsedh
and .how: long. ithwas rused: . Most uséd: topes do” suffer
strength loss due;to: damage from abrasion, its, ‘misuse due
to mishandling; improper storage or ovet tensionitig, It can
be expected that strength loss will occur dcpendmg on the
severity of the rope use. The degree of rope deféribration
may - be-sigrificant- enough - to' warrant replacing :the ‘rope.

When in doubt, consult with the manutacturen‘ .
SRS
23. Apparatus- a3 BRI SENTANE

23.1 Tensile-Testing' Machme meetmg lhe followmg té-
quummenls

CB3 141 CThe raté of trave] of ‘the pulling ctoss:head duung
the’brealung forck'test shall be such that, after prccyclmg the
rope 48 deséribed in'254, the Tope'is 1oadcd to 20 %"Of its
éstimatdd ‘brsakiniy forée in' not less'than’ 20 $eC NI more
than 200 sec. The rate of travel of-the pullmg head may be
ad justed durlnig the precycling to achieve this rate; o

“23.1.2° The stroke and-bed lerigth of the testing machine
shall be long enough to extend the rope spécimen o rupture
in one continuous pull without interruption,, With pmor
agreement of the purchaser and supplier, the sphoe proce-
dure and ‘splice eye sizé may b miodified, it this will Allow
the tést HAhing 16 acwmmodatc: thn, prcsanbed 1ength of
mpe between $plicés,” -

23.1.3 'The holding ‘and’ pullmg cnds ‘of the testing ‘ma-
chine shall ‘have ping ‘or posts whoss dmmetefs areno less
than-one and*ohe half times the didmeter of the Tope bemg
tested when using eye splice triinations, * -

23.1.4 The stroke of ‘the testing ‘machine (the total dis-
tance the cross head will move) must be long enough to
¢xtend the rope specimen 16 rapture in one:c¢ontintous pull.

23.1.5 The testing machine shall be equipped with a force
indicating device such as a dial, digital read-out, or digital
recorder, so that the maximum foroe rcqulred to.rupture the
specimen will remain on the mdncatm

23.1.6 The testing machine shall be cahbmted at lwet
once, a year.. The. method .of verification and. pertinent data
-c,hou]d 'bp in accordance with Speuﬁ(,auou E 4. with, force
measuring instruments certified in accordance with: Prachce
E 74, and is directly;.traceable to the . National Instltute of
<}t'1nd'1rds and Technology.

23.2 Fids, of appropr iate design and size to aid in ey@
splicing of the rope specimen. .

LY b

24. Precautions. - :
24,1 See 1.3, 5.1, andsz

25. Procedure, . :
251 The length of tim‘listurbcd‘mpe botweC:n 1he splicés

or'otheil termmatlon& 3hall'be a i mmum of 1300mm (5 fiy

for rt)pes iip! to- 125 min (3 i) circumfererice 4
minimum of at least 12 times the i

fee—stmnd lid* ropeq theé
minimum number of tucks for ‘sach splice’ shall of four fiill
tilcks, onie™¥s tuck and one ¥4 tuek. For ‘¢ight-strand plaited
ropes, the minimuin number of tucks for ‘each splice shall
consist of two double and two single tucks, For braided fopes
and -any special rope constrictions, consult With' the Tope
manufictier or the: Cox‘dage Instimtc for the nccess'try

spiicmg inistructions,
WL

Note 4mPom spllcmg czm lcsult in pom test multq whwh do not
reflect the iwtual breaking force of the rope, It is cssential that the person
or pmsans piepdring the spocimen for test be trtined property and be
cxpeuenccd i the ‘art of splicing rope 0 that the* Splxcmg 9 doue'
properly dnid with good workanship, - - : ad

AN -
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25.1.2 The inside length of each eye splice, measurad with
the insides of the eyes in contact, shall be at least twice the
pin diameter around which the eye will be placed on the test
machine. The results of a rope break which occurs in the
tucked portion of the rope specimen may be disregarded and
another rope tested,

25.1.3 If agreed to in advance by the purchaser and
supplier, blocks, clamps, grips, or any other suitable means
may be used in the above procedure instead of eve splices
and pins to hold the test specimen while subjecting the rope
to the test break. If a dispute arises concerning the test results
using blocks, grips or any other holding mcehamsm, make
the test with eye spliced rope.

25.4 Cycle the rope ten times from the Reference Tension
of 11.2 to 20 % of the estimated breaking force. During this
precycling, the rate of travel of the testing machine moving
cross head may be adjusted to achieve the required rate of
travel prescribed in 23.1,1.

25.5 At the beginning of cycling, during the tenth cycle,
after the tenth cycle, and after the 30 minute waiting period,
carry out the measurements prescribed in Parts 36 through
40, :
25.6 Increase the force in the rope from the reference
force calculated in 11,2 until it breaks, at the rate of moving
cross head travel prescribed in 23.1.1, Record the force at
which the rope breaks and the maximum force applied to the
rope, if higher than this breaking force. .

25.7 Carry oul the calculations called for in Section 41.

26. Report

26.1 State that the break test was mdde as directed in Test
Methods D 4268. Describe the rope tested and the method of
sampling used.

26.2 Report the following mformdtlon

26.2.1 The specific method used for holding the specimen
in the testing machine, the type of straining mechanism used
and the rate of travel of the cross head,

26,2,2 The purchase order or contract number.

26.2.3 The number of ¢ycles, applied load, elongmons
and extension called for in Part 42.

26.2.4 The breaking force of the specimen in lqlonewlons
or pounds foree;

26.2.5 The ambient temperature and per cent relative
humldlty prevalent durmg temng when reqmred by 7. l

27 Precision and Blm

27.1 Precision—The precision of the pmcedme in Test
Methods D 4268 for determining breaking force is being
determined and it is anticipated that the interlaboratory
testing and statistical analysis will be completed by 1995.

27.2 Bias—The value of the breaking force of fiber rope
can only be defined in terms of a specified test method.

Within this limitation, the procedure in Test Method D 4268

for determining breaking force is a function of the rate of the

force application, condition and size of the holding mecha-

nisms, splicing quality and technigue, and other factors.

ELONGATION OF NEW ROPE, INITIAL TENSION
APPLIC ‘A TTON

28, Scope

28.1,. This method determinés the elongation of new fiber

rope during the initial application of force.

29, Significance and Use

29.1 Some end uses of fiber rope require information
concerning the increase in rope length when initial forces are
applied and other end users require information on the
potential energy absorption ability of the fiber rope when
used the first thme. Both requirements can be calculated from
a force-extension curve which can be created from informa-
tion that can be obtained using this test method.

30. Apparatus
'30.1 Tensile Test Machine—see 23.1.
30.2 Fids—see 23.3.
30.3 Measuring Scale, accurate to at least 1.0 rom (V2
in.),
30.4 Marking Device—a pen or soft lead pencil that can
clearly mark the rope surface.

31. Precaution .
31.1 See 1.3, 5.1 and 5.2,

32, Procedure

32.1 Prepare the rope %peelmen ag directed in 25 L

32.2 If the breakmg strength of the rope is not known, for
safety sake, a specimen should be tested for breaking- foroe
before the elongation measurement is made.

32.3 Place the rope specimen in the tcstmg mdehme and
apply the Reference Tension determined in 11,2,

32.4 While the specimen is under Reference Tension,

measure and clearly make two marks around the circumfer- .

ence of the rope beyond the effect of the splices such that the

length of rope between the marks is a minimum of 1500 mm
(5 ft) for ropes up to 125 mm (5 in.) circumference and a

minimum of at least 12 times the rope circumference for
larger ropes. This is distance A.

325 Apply 75 % of the breaking strength of the rope and
remeasure the distance between the marks on the specimen...

This is distance B. i
33. Calculations
33.1 Calculate the elongauon to the nearest 0.1 % uqmg,
eq 5 .
Elongat'icm = {00 (8 — A)/A (5)

where:
A = original distance measured af reference tension, and

B = distance measured at tension equal to 75 % breaking

stlcngth
33.2 If the percentage elongation at the breakmg e,trength
or any other lesser applied force is required, measure
distance at several applied force levels up to 75 % breaking
strength. Plot a force extensive curve accordingly, and then
extmpolem tlw curve 1o the rope’s breaking s,trem,th

Norg 5-Thene are other ways of measuring the specimen’s elonga-

tion . during continuous tensioning of the rope and right up to rope
rupture nsing mechanical or electronic devices, such methods are safer

and are acceptable as long as all other requirements of this test method
are met. When such other methods are used, they must be descubcd'

fully and be acceptable to both purchaser and supplier,
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34. Report ST e

34.1 Identify thc; rope specimen, method of sdmphng
used, lot number from which rope was: e,ampled “afid
pmchasg orcontract number,i- ;.

34.2 Repqrt the, percent; Llwngqmon al, 75: % breakmg
strength to_the. nearest 0.1 %,and at. othernapphed forees
s'pwtwd md agreqd upon. between the. purchapcr«md sellmg
State that 1h<~; specimen was teeted as (;llr;:cted i ASTM Test
Method 124268, for determining .clongation. of mew, rope
during its 1n1t1al temmn appllcmon. T BT

35, Precision and Bias

35.1 Precision—The precision of the, procedurc in 'Iest
Methods D 4268 for determmmg percettage elongauon ofa
new rope specimen durmg its initial exposure 10 tens,lomng is
being established. Tt is anticipated that the interlaborator y
testmg and statistical analysis will be completed by 1994,

-35,2" Bihs-<The valie of elohgation of new f‘opc dunng its
initial exposure to tension can only bé defined in terms of a
spccnfied test method, Within this limitation, the procedure
in Test Method D 4268 for determmmg this typc ‘of ulom,m
tion has no known bias. ,

ELONGATION AND EXTENSION AFTER CYGLIC
’l‘LNSIONlNG TO A SPLCIMED AI’PLIM) l"()RLE

booovia e
36. Swpe IO x PR
361" This test method d(btmmﬁcs elofigation and exten-
smn after cyclmg ﬂber rope 0 any speclﬁd "applied fonw

37, &1gn1filcance and Usc

37T “This- test-method provides elongahon emd extension
mformatmn ‘whicti ‘can b used to pedict the sullabxhty and
‘zemccabillty of ‘& fiber rope in'ah operation ! requmng the
fiber rope to'stipport répeated apﬁlned forcés on a continuous
or | elmittent b‘am -

38 Appal atus

g ’T“enszle Test Machir, '—desmibed in 23.1, except that
for-the plirposes of cbﬁductmg long cyclic 16ad testing the
moving cross head rate of travel may be iricréased 1o a rate
agreed 1o by the purchaser and shipper,

38.2 Fids—described in 23.2.

~38.3 ‘Medsuring Scale—+described.in 30.3. - .-

38.4 Marking Device—described in 30,4,

39. Precaution
391 Sec: 1.3 5 1 cmd 52

40: l’roced\ue SRR Co

;40,1 Prepare the specimen ag directed in 25. l

4(5 2 Place thé s ';pemmen in the,w‘mng mdchme and apply
the Refc:rencc ’é n,,determmecl in 11,2,
.  $pecimen Is: under Refcwn(:c I‘enswn,
make twol ks around ‘the c1rcumfelepce of the rope
beyond the effect of splices such that the length of rope
betwebn the marks is-a minifaun of | 500 fibd (5 ft) for ropes
up:to 128 mm 5 m) circumferende and 4 mlmmum 0(‘ at
Teast (2 tlméb tl;m tope: mrmmfcrenqc for 1arger ropes T This is,
distance A,

40.4 Cycle tcnswn the spcclmen Ior th&, prcscmbed‘

376

number-of cycles'te the preseribed apphed force.. When
conduoting .this -test - in" conjunctiott -with - Bwakmg “Fored
"Testing, sthat- prescribed: number-of cycles is ten and that
presetibed .appliedforce is. 20.% of the estitmated bredking
force.For:pthet testing, the preseribed number of eycles and
the applied force shall be as agreed upon by the: putchaser
and seller;’ Apply the prescmhcd number of tenmomng cycles
oontmuously o

< 405 Before mhe ldst of the pmsmbed number of cycles,
wnh thé rope at the Reéference Tension, measure the distance
between . marks +at . lhe prescrlbed .apphed forw This. is
Distance €. - . AL ‘

40.5 On the last of the pruScribed mumber of cycleb,
measure the-distancde between. marks: at. the prescnbed
applied force. This is Distance D, .~ .

. 40,6-'When: the Jast presctibed cycle“haq decraascd 1o the
Refexenée Force, again:méasure the distance between marks
at this Reference Force, This is Distance B, &~ h

40,7 -Tethediately -after idistance Eis deteimined, reduce
tension to Orand leave the rope iti a relaxed state (0 tension
condition) fot 30 plus or minus. min, Afier the relaxation
time, reapply the Reference Force and remeasure the d1s~
tancc bclween the marks This i 1s distance F.

41 Calculation S

" 41:1 Using Beuation 6, cxlcu’.late‘ the nonwelastlc elonga—
tlon to the nearest 0.1 % ‘
NE = 100 (13‘
where: NE == nonelastic elongation, -
- 41.2. Using Equauon 7, calcula‘ce the resldual elongatmn
1o the nearest 0.1 %.
RE = 100 - (F - A)/A o o
where: RE = residual elongc,mon . )
41.3 Usmg equauon 8 calculate the mcovemble elonga~
tion to the nearest 0.1 %. , L
) C'IJ NE - RE o 8)
where: CE = tecoversble elongation.

41.4 Using Equation 9, caiculaie the total olongcmon to
the nearesi'0.1 %.

@

[

i TES 10D

thfc TE = totcxl alongatlon e
41.5 Umng equation 10 calculate the workmg elongatlon
to the nearest 0.1 %.

ALV

S ()

WE =18~ WE e
théfe WF—'WOrklng elongahon o

416 Usnng Equauon ll Jc.dluul«xté the Extensmn to the
neares 01 _A

SV =100 (D = c)/(*
whele EX = cxtenemn et

2/Report - Lo
42.1 State that the tests for Elongations and Extension’

after cyclic tensioning ‘were made as directed:in. Test
Methods D 4268. ;o

42.2 Describe the rope specimen tested and melhod of
sampling used.

42:3. Report the.number of cyoles and the applled force.
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pleted by 1994,

43.2 Bias-—The values of the elonga‘uons and extensmn
after cyclic tensioning of the rope specimen to any specified
applied force can only be defined in terms of a specified test
method, Within this limitation, the procedures in Test
Methods D 4268 for determining elongation after cyclic
tensioning of the rope specimen at a given applied force has
no known bias.

44, Keywords

44,1 breaking force; cychc, tensioning; elongation; exten-
sion; fiber rope; linear density; rope

42.4 Report the eclongations and the extensions after
cyclic tensioning of the rope specimen.

42,5 The purchase order or contract number,

42,5 When required the ambient temperature and relative
humidity prevalent during the testing,

43, Precision and Bias

43,1 Precision—The precision of the procedure in Test
Methods D 4268 for determining elongation and extension”
after cyclic tensioning of the rope specimen to any specified
applied force is being established and it is anticipated that the
interlaboratory testing and statistical analysis will be com-

The Ametican Society for Testing and Materials dakes no position respéotmg the validity of ahy patent rights asserted in connection
with any item mentionad in this standard. Users of this standard are expressly advised that determlnat/on of the valrdity of any such
patent rights, and the risk of infringement of such rights, are entirely thelr own responslbil/ty

This standard is subject to revision at any time by the mspanslble technical comm/ttae and must be reviewsd every five yoars and
If not revised, either reapproved or withdrawn. Your comments are invitad either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeling of the responsible
technical committes, which you may attend. If you feel that your comments have not recelved a falr hearing you should make your
views known {o the ASTM Gommittee on Standards, 1916 Race St., Philadeiphia, PA 19103, .

"t
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qﬂm Designation: D 4294 — 98

Standard Test Method for

Sulfur in Petroleum and Petroleum Products by Energy-
Dispersive X-ray Fluorescence Spectrometry’

This standard is issued under the fixed designation D 4294; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval, A
superseript epsilon (€) indicates an editorial change since the last revision or reapproval.

1. Scope

1,1 This test method covers the measurement of sulfur in
hydrocarbons, such as diesel, naphtha, kerosine, residuals,
lubricating base oils, hydraulic oils, jet fuels, crude oils,
gasoline (all unleaded), and other distillates. In addition, sulfur
in other products, such as M-85 and M-100, may be analyzed
using this technique. The applicable concentration range is
0.0150 to 5.00 mass % sulfur.

1.2 The values stated in SI units are to be regarded as the
standard. The preferred concentration units are mass % sulfur.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use’ It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory lLimitations prior to use. For specific
precautionary statements, see Sectionn 7,

2. Referenced Documents

2.1 ASTM Standards:

D 3120 Test Method for Trace Quantities of Sulfur in Light
Liquid Petroleum Hydrocarbons by Oxidative Microcou-
lometry? :

D 4057 Practice for Manual Sampling of Petroleum and
Petroleum Products?

D 4177 Practice for Automatic Sampling of Petroleum and
Petroleum Products?

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications®

3. Summary of Test Method

3.1 The sample is placed in the beam emitted from an X-ray
source, The resultant excited characteristic X radiation is
measured, and the accumulated count is compared with counts
from previously prepared calibration samples to obtain the
sulfur concentration in mass %. Two groups of calibration
samples are required to span the concentration range 0.015 to
5 mass % sulfur—0.015 to 0.1 % and 0.1 to 5.0 %.

! This test method is under the jurisdiction of Committee D-2 on Petroleum
Products and Lubricants and is the direct responsibility of Subcommittee 202.03 on
Elemental Analysis.

Current edition approved Apr. 10, 1998, Published October 1998. Originally
published as D 4294-83. Last previous edition D 4294-90 (1998).

2 Annual Book qf ASTM Standards, Vol 05,02

3 Annual Book of ASTM Standards, Vol 14,02

803

4, Significance and Use

4,1 This test method provides rapid and precise measure-
mett of total sulfur in petroleum products with a minimum of
sample preparation. A typical analysis time is 2 to 4 min per
sample.

4.2 The quality of many petroleum produects is related to the
amount of sulfur present. Knowledge of sulfur concentration is
necessary for processing purposes. There are also regulations
promulgated in federal, state, and local agencies that restrict
the amount of sulfur present in some fuels.

4.3 This test method provides a means of-compliance with
specifications or limits set by regulations for sulfur content of
petroleum. products.

4.4 1f this test method is applied to petroleum matrices with
significantly different composition than the white oil calibra-
tion materials specified in this test method, the cautions and
recommendations in Section 5 should be observed when
interpreting the results.

4.5 Compated to other test methods for sulfur determina-
tion, Test Method D 4294 has high throughput, minimal sample
preparation, good precision, and is capable of determining
sulfur over a wide range of concentrations. The equipment
specified is in most cases less costly than that required for
alternative methods. Consult the ASTM Subject Index* for
names of alternative test methods.

5. Interferences

5.1 Spectral interferences result when some sample compo-
nent element or elements emit X-rays that the detector cannot

resolve from sulfur X-ray emission. As a result, the lines -

produce spectral peaks that overlap with each other. Spectral
interferences may arise from samples containing water, lead
alkyls, silicon, phosphorus, calcium, potassium, and halides if
present at concenrations greater than one tenth of the mea-
sured concentration of sulfur, or more than a few hundred
milligtams/kilogram. Follow the manufacturer’s operating-
guide to compensate for the interferences.

5.2 Matrix effects are caused by concentration variations of
the elements in a sample. These variations directly influence
X-ray absorption and change the measured intensity of each
element. For example, performance enhancing additives, such
as oxygenates in gasoline, can affect the apparent sulfur

4 Annual Book of ASTM Standards, Yol 00,01,
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reading. These types of interferences are always present in
X-ray fluorescence analysis and are completely unrelated to
spectral interferences.

5.3 Both types of interferences are compensated for in
contemporary instrumerts with the use of built-in software. It
is recommended that these interferences be checked from time
to time and that the software corrections offered by the
manufacturer not be accepted at face value. Corrections should
be verified for new formulations.

5.4 M-85 and M-100 are fuels containing 85 and 100 %
methanol, respectively. As such, they have a high oxygen
content, hence, absorption of sulfur Ko radiation. Such fuels
can, however, be analyzed using this test method provided that
the calibration standards are prepared to match the matrix of
the sample, There may be a loss of sensitivity and precision.
The repeatability, reproducibility, and bias obtained in this test
method did not include M-85 and M-100 samples.

5.5 In general, petroleum materials with compositions that
vary from white oils as specified in 9.1 may be analyzed with
standards made from base materials that are of the same, or
similar, composition. Thus, a gasoline may be simulated by
mixing isooctane and toluene in a ratio that approximates the
true aromatic content of the samples to be analyzed. Standards
made from this simulated gasoline will praduce results that are
more accutate than results obtained using white oils.

Note 1—In the case of pefrolewn materials that contain suspended
water, it is recomimended that the water be removed before testing or that
the sample be thoroughly homogenized and immediately tested, The
interference is greatest if the water creates a layer over the transparent film
as it will attenuate the X-ray intensity for sulfur. One such method to
accomplish the removal of water is to centrifuge the sample first under
ambient sealed conditions, taking care that the sample integrity is not
comprogised.

6. Apparatus

6.1 Energy-dispersive X-ray Fluorescence Analyzer—Any
energy dispersive X-ray fluorescence analyzer may be used if
its design incorporates, as a minimum, the following features:

6.1.1 Source of X-ray Excitation, X-ray source with energy
above 2.5 keV

Note —Precaution: In addition to other precautions, if a radioactive
source is used, it must be well shielded to international standard
requirements and, therefore, riot present any safety hazard, However,
attention to the soirce is only to be carried out by a fully trained and
competent person using the correct shielding techniques.

Note 3—Operation of analyzers using X-ray tube sources is to be
conducted in accordance with the manufacturer’s safety instructions and
local regulations.”

6.1.2 Sample Cell, providing a sample depth of at least 4
mm and equipped with a replaceable X-ray transparent plastic
film window.

6.1.3 Xeray Detector, with sepsitivity at 2.3 keV and a
resolution value not to exceed 800 eV, A gas filled proportional
counter has been found to be suitable to use.,

6.1.4 Filters, or other means of discriminating between
sulfur Ko radiation and other X-rays of higher energy.

6.1.5 Signal conditioning and data handling electronics that
include the functions of X-ray intensity counting, a minimum
of two energy regions (to correct for background X-rays),
spectral overlap corrections, and conversion of sulfur X-ray

806

intensity into percent sulfur concentration. ‘
6.1.6 Display or Printer, that reads out in mass % sulfur.

7. Reagents and Materials

7.1 Purity of Reagents—Reagent grade cheinicals shall be
used in all tests. Unless otherwise indicated, it is intended that
all reagents conform to the specifications of the Committee on
Analytical Reagents of the American Chemical Society where
such specifications ate available.® Other grades may be used,
provided it is first ascertained that the reagent is of sufficiently
high purity to permit its use without lessening the accuracy of
the determination.

7.2. Di-n-Butyl Sulfide (DBS), a high purity standard with a
certified analysis for sulfur content. Use the certified sulfur
content when calculating the exact concentrations of the
calibration standards (9.1.7).

Notg 4—Warning: Di-n-butyl sulfide is flammable and toxic.

Note 51t is essential to know the concentration of the sulfur in the
di-n-butyl sulfide, not the purity, since impurities may also be sulfur
containing compounds.

7.3 Mineral Oil, White (MOW), ACS reagent grade or less
than 2 mg/kg sulfur.

7.4 X-ray Transparent Film, any film that resists attack by
the sample, is free of sulfur, and is sufficiently X-ray transpar-
ent may be used. Films found to be suitable are polyester,
polypropylene, polycarbonate, and polyimide films.

7.4.1 Samples of high aromatic content may dissolve poly-
ester and polycarbonate films. In these cases, other materials
besides these films may be used for X-ray winidows, provided
that they do not contain any elemental impurities. An optional
window material is polyimide foil. Although polyimide foil
absorbs sulfur X-rays more than other films, it may be a
preferred window material as it is much more resistant to
cheinical attack by aromatics and exhibits higher mechanical
strength. :

7.5 Sample Cells, resistant to sample attack and meet
geometry requirements of spectrometer.

8. Sampling and Specimen Preparation

8.1 Samples shall be taken in accordance with the instruc-
tions in Practice D 4057 or D 4177, where appropriate.
Samples should be analyzéd immediately after pouring into a
sample cell abd allowing for the escape of the air bubbles
caused by mixing.

8.2 Ifusing reusable sample cells, clean and dry cells before
use. Disposable sample cells are not to be reused, A new piece
of X-ray film on a reused sample cell is required prior to
analyzing the sample, Avoid touching the inside of the sample
cell or portion of the window-film in the cell or in the
instrument window that is exposed to X-rays. Oil from
fingerprints can affect the reading when analyzing for low

3 “Reagent Chemicals, American Chermical Socity Specifications,” Am. Chemi-
cal Soc., Washington, DC. For suggestions on the testing of reagents not listed by
the American Chemical Society, see “dnalar Standards for Laboratory UK.,
Chemicals,” BDH Ltd., Poole, Dorset, and the United States Pharmacopeia, and
National Formulary, U.8. Pharmacopeial Conveuntion, Inc., (USPC), Rockville,
MD,
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levels of sulfur. Wrinkles in the film will affect the intensity of
sulfur X-rays transmitted. Therefore, it is essential that the film
be taut and clean to ensure reliable results. The analyzer will
need recalibration if the type or thickness of the window film
is changed.

8.3 Impurities or thickness variations, which may affect the
measurement of low levels of sulfur, have been found in
polyester films and may vary from lot to lot. Therefore, the
calibration shall be verified after starting each new roll of film.

9. Calibration and Standardization

9.1 Preparation of Calibration Standards:

9.1.1 Although it is possible to make a single calibration to
measure sulfur in a variety of matrices, it is strongly recom-
mended that, whenever possible, the calibration is matrix
specific, that is, a diesel calibration should be based on diesel
standards. This is especially true for the analysis of sulfur at
low levels. Hence, the matrix diluent should be as close to the
form of the matrix being analyzed as possible. White mineral
oil (see 7.3) is acceptable as an alternative matrix dituent,

9.1.2 Make primary standards independently at 0.1 and 5
mass % sulfur and not by serial dilution from ‘a single
concentrate. The exact sulfur content in each standard is to be
calculated to four decimal places.

9,1.3 Accurately weigh the nominal quantity of matrix
diluent to the nearest 0.1 mg, as shown in Table 1, into a
suitable, narrow-necked container and then accurately weigh in
the nominal quantity of di-»-butyl sulfide. Mix thoroughly (a
PTFE-coated magnetic stirrer is advisable) at room tempera-
ture.

9.1.4 Prepare calibration standards with the nominal con-
centration ranges identified in Table 2 for the two ranges by
diluting each primary standard with the applicable matrix
diluent, '

9.1.5 Alternatively, National Institute of Standards and
Technology (NIST) traceable certified standards, prepared as
described above or composed of the matrix to be analyzed, can
be used.

9.1.6 If the matrix diluent being used for the preparation of
standards contains sulfur, add this value to the calculated sulfur
content of the prepared standards (consult your supplier for a
certified sulfur concentration or test the mineral oil using Test
Method D 3120 or any other equivalent low level sulfur
analyzing method with an MDL no higher than 1 ppm).

9.1.7 Weigh the DBS and matrix diluent to the recom-
mended mass to the nearest 0.1 mg. It is important that the
actual mass is known; thus, the actual concentration of the
prepared standards is calculated and entered into the instrument
for calibration purposes. The concentration of ‘sulfur can be
calculated using the following equation:

S=[DBS X Spue)+(MO X 8),)J(DBS + MO) )

TABLE 1 Composition of Primary Standards

Sulfur Mass of Mass of
Content, mass Matrix Di-n-Butyl
% Diluent, g Sulfide, g

5.0 486 14,4

0.10 43.6 0.200
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TABLE 2 Calibration Standards
Rarnge 1 2
Sulfur mass % 0.0020 - 0.1 0.1 -5.0

Std 1 0.0000 0.00
Std 2 0.0020 0.10
Std 3 0.0050 0.50
Sid 4 0.0100 1.00
Std 5 0.0300 2.50
Std 6 0.0600 5.00
Std 7 0.1000

where

S = mass % sulfur of the prepared standards,
DBS = actual mass of DBS, g,

Spps = the mass % sulfur in DBS, typically 21.91 %,
MO = actual mass of mineral oil, g,

Syo = mass % sulfur in the mineral oil.

9.2 Certified Calibration Standards—Calibration standards,
which are certified by a national standards organization, may
be used in place of some or all of the standards prescribed in
9.1 when of similar matrix to the sample of interest. Such
standards include Standard Reference Materials (SRM) pre-
pared and certified by the National Institute of Standards and
Technology (NIST), that is, SRM 2724 for sulfur in diesel. The
standards used must cover the nominal concenfrations ranges
identified in Table 2.

9.3 Calibration Check Standards—Several additional stan-
dards (calibration check standards) that were not used in
generating the calibration curve can be used to check the
validity of the calibration. Calibration check standards may be
independently prepared according to 9.1, or certified standards
according to 9.2, The concentration of the calibration check
standards shall be near the expected concentration of the
samples being analyzed. :

9.4 Quality Control Samples—Stable petroleum or product
samples (that is, quality control samples) representative of the
samples of interest may be run on a regular basis to verify that
the system is in statistical control (see Section 14).

9.5 Storage of Standards and Quality Control Samples—
Store all standards in glass bottles, either dark or wrapped in
opaque material, closed with glass stoppers, inert plastic lined
screw caps, or other equally inert, impermeable closures, in a
cool, dark place until required. As soon as any sediment or
change of concentration is observed, discard the standard.

10. Preparation of Apparatus

10.1 Set up the apparatus in accordance with the manufac-
turer’s instructions. Whenever possible, the instrument should
remain energized to maintain optimum stability.

11. Procedure

11.1 Although X-radiation penetrates only a short distance
into the sample, scatter from the sample cell and the sample
may vary. Consequently, the analyst must ensure that the
sample cell is filled with sample above a minimum depth, at
which point, further filling causes an insignificant change in the
counting rate. Generally speaking, filling the sample cup to at
least three-fourths the capacity of the sample cell will be
sufficient. Prepare the sample cell by providing adequate head
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space. Provide a vent hole in the top to prévent bowing of the
X-ray film durmg measurement of volatile samples. ’

Note 6—Warning: Avoid splllmg flammable liquids msxde the ana-
lyzer

11.2 Instrument Calibmz‘ion—Cahbrate the ingtrument for
the appropriate range as listed in Table 2, following tmanufac-
turer’s instructions. Typically, the calibration procedure in-
volves setting up the instrument for recording of net sulfur
X-tay iitensity, followéd by the mcasurement of kuown'
standards. Obtain two readings on the standard using the
recommended counting time for the instrument according to
Table 3. With minimal delay, repeat the procedure using freshly
prepared cells and fresh portions of the standard. Once all the
standards hdve been analyzed, follow the manufacturer’s
instructions for generating the optimum calibration curve based
on the net sulfur counts for each standard that bas been
analyzed four tities. Immediately :upon completion of. the
calibration, determine the sulfur concentration of one or mote

of the calibration’ check.samples (see 9.3). The measured’

values should be within:3 % relative: of the certified values. If
this is not the case, the calibration or calibiation standards are
suspect. and - corrective measures: should be taken and the
calibratiom reruii The. degree-of matrix mistiatch betwoer
samples:and standards should alse be oon51dered when evalu—
ating a calibration.

11.3 Analysis .of Unknown: Samples—Fﬂl the. cell with the
sample to:be measured as described in 11.1. Before filling the.
cell, it may benecessary to heat viscous samples so that they,
are easy to pour into the:cell. Ensure-that hio air bubbles are
present. between - the . céll -window -atid the liquid sample:
Medsure “each sample - (see.Table 3 for ‘the recommended
counting “tiines for thespecific ‘concentration ‘ranges): With
minimal delay, repeat the measurement using. a freshly pre-
pared cell arid a fresh portion of the sample. Obtain the average
of the two reddings for the sulfur :content in.the unkhown
ganiple. If the average reading is‘not within the concentration
range for that calibration, repeat the sample measurement inh
duplicate’ usmg the range that brackets the-sample average
determined.

12 Cal fation
2. 1 The concentratlon of sulfur in. the sample is automati-
cally calculated from, the calibration., curve
13. Report '
13.1 Report the result as the total stlfii content, tnass %,
rouriding to three’ significant figures «using. Practice E 29, and
stateithat the' results were obtamed accordmg to-Test Method
D 4294,
14, Quality Control

14,1- The use of quality control programs, such as the .one
descrlbed 111 14 1.1, can. assast in mamtammg statistical control
of this test method , e

TABLE 3 Counting Times For: Sulfur Comem Analysm e
“Sulfisr Cornitarit Rehge, o

Lo

1 ]

“ Counting Time,

G i %emass NN TR SO e
" 6:0000 00,1000 200 o 300
100

... 0.1000 fo 5.0

i

Note 7—Verificatian of gystem control through the use of QC saniples
and control is highly recommended. It is recognized that QC procedures
are the province of the individual laboratory.

14.1:1 For the purpose of establishing the statistical control
status of the testing process since the last valid calibration,
quality control samples prepared from material(s) selected and
stored according to 9:3 and 9.4 are to be regularly tested as if
they were unknown production samples. Results are recorded
and immediately analyzed by control chartsS or other statigti-
cally equivalent techniques to ascertain the statistical control
status of the total testing process. Ay out of control data shall
trigger investigation for root cause(s). The outcome of the
investigation may result in instrument recalibration. Depending
op the criticality of the quality being medsured and the
demonstrated stablllty of the testing process, the frequency of
quality control sample testing can range from once each day
the test apparatus. is in use to twice per ‘week, Tt is recom—
mended that at least one type of quality control sample be
analyzed that is representative of samples routinely analyzed
(as in 9.3.1).

15. Precision and Bias 7

15.1 Precision—The precision of this test method as ob-
tained by statistical analysis of interlaboratory test results is as
follows:

. 1511 Repeatabllzty—The difference between . successive
t,est results obtained. by the same operator with the same
apparatus under constant operating conditions on identical test
materials would; in the long run, in the normal and correct
operatmn of the test method, exceed the following values only
in one case in twenty: . '

b 0.02894(X +10.1691) L@

' liére X is the sulfiir concentration in trass %. '

15.1.2 Reproducibility—The difference between two single
and independent resilts obtained by different Gpérators work-
ing in different laboratories on idetitical test material would, in
the long run, exceéd the following vahiés only in one case in
twenty:

“ 0.1215 (X + 0.05555) 3)
where X is the sulfur concentration in mass %.

15.2 Bias—The interlaboratory study included eight NIST

reference materials. The certified values and bias.are given in
Table 4. TR S

vyl

'
- P PR

L TP

"6 ASTM'MINL 7, Manual ¢ o Piesentation of Data and Control Chiuit Analysis,

Section 3, Contrdl Chiarts for Individyals; -
7 Supporting data are available from ASTM Headquarters Request RR:D02-
1418.

5 TABLE 4 Bias
NIST Sulfur

Standard ., mass%, Bias Significant
SRM té16a 0.0148 0.0009 No
SRM 27244 0.0430 0.0008 No
SRM1617a‘ 0.173 0.0003 No -
SRM 16236 0.381 -0.0119 Yas
SRM 1621e 0,948 -0.0198 No
SRM 2717

3.02 0.0072 ..+ No
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16. Keywords
16.1 analysis; energy dispersive; petroleum; spectrometry;

sulfur, X-ray

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard, Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewad every five years and
if not revised, either reapproved orwithdrawn. Your comments are invited sither for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your commeants will receive careful consideration at a meeting of the responsible
technical committes, which you may attend. If you feel that your commenis have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19426,
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qﬂn,) Designation: D 4329 — 99

| Standard Practlce for

Fluorescent UV Exposure of Plastics

Thxs standard is issued under the fixed demgnauon D 4329; the number 1mmed1ately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
. superscnpt epsilon (e) indicates an editorial change since the last revision or reapproval

1. Scope * -

1.1 This practice covers specific procedures and test condi-
tions that are applicable for fluorescent UV exposure of plastics
conducted in accordance with Practices G'151 and G 154, This
practice also covers the preparation of test specimens, the test

conditions best suited for plastlcs, and the evaluation of testﬂ

results

Note I—Prevxous versions of this practice referenced ﬂuorescent 10AY%
devices described by Practice G 53, which described very specific
equipment designs. Practice G 53 is being replaced by Practice G 151,
which describes performance criteria for all exposure devices that use
laboratory light sources and by Practice G 154, which gives requirements
for exposing nonmetallic materials in fluorescent UV devices. Practice
G 53 will be balloted for withdrawl before December 2000,

. 1.2 The values stated in ST units are be regarded as standard,
The values given in parentheses are for information only.
1.3 This standard does not purport to address all of the

safety concerns, if amy, associated with its use. It is the

responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

Note 2—This practice is technically eqmvalent to ISO 4892-3.

2. Referenced Documents

2.1 ASTM Standards: ‘

D 3980 Practice for Interlaboratory Testing of Pamt and
Related Materials®

D 5870 Practice for Calculatmg Property Rebentlon Index
of Plastics®

E 691 Practice for Conducting an Interlaboratory Study to
Determine the Precision of a Test Method*

G 53 Practice for Operating Light- and Water-Exposure
Apparatus (Fluorescent UV-Condensation Type) for Expo—

~ sure of Nonmetallic Materials*

G 113 Terminology .Relating to Natural and Artxﬁc1a1
Weathering Tests of Nonmetallic Materials*

. ! This practice is under the jurisdiction of ASTM Committee D-20 on Plastics
and is the direct responsibility of Subcommittee D20.50 on Permanence Propeities.,

-Current edition approved Jan, 10, 1999. Published April' 1999. Omgmally
published D 4329 — 84, Last previous edition I 4329 - 92,

? Annual Book of ASTM Standards, Vol -06,01.

3 Annual Book of ASTM Standards, Vol 08.03.

* Annual Book of ASTM Standards, Vol 14,02,

G 141 Guide for Addressing Variability in Exposure Tesdng;

on Nonmetallic Materials*

G 147 Practice for Conditioning and Handling of Nonme-
tallic Materials for Natural and Artificial Weathering Tests*

G 151 Practice for Exposing Nonmetallic Materials in Ac-
celerated Test Devices That Use Laboratory -Light
Sources*

G 154 Practice for Operating Fluorescent Light Apparatus
for UV Exposure of Nonmetallic Matcnals‘* ‘

2.2 ISO Standard:®

ISO 4892-3 Plastics—Methods of Exposme to Laboratory
- Light Sources — Part 3, Fluorescent UV Lamps

3. Termmology

3.1 The definitions in Terminology G 113 are apphcable to
this practice,

4, Significance and Use

4.1 The ability of a plastic material to resist deterioration of
its electrical, mechanical, and optical properties caused by
exposure to light, heat, and water can be very significant for
many applications. This practice is intended to induce property
changes associated with end-use conditions, including the
effects of sunlight, moisture, and heat. The exposure used in
this practice is not intended to simulate the deterioration caused
by localized weather phenomena, such as, atmospheric pollu-
tion, biological attack, and saltwater exposure.

4.2 Caution—Variation in results may be expected when
operating conditions are varied within the accepted limits of
this practice. Therefore, no reference to the use of this practice
should be made unless accompanied by a report prepared in
accordance with Section § that describes the specific operating
conditions used. Refer to Practice G 151 for detailed informa-
tion on the caveats applicable to use of results obtained in
accordance with this practice.

Note 3—Additional information on’ §outces of vatiability and' on

strategies for addressing variability in the design, execution, and data
analysis of laboratory-accelerated exposure tests is found in Guide G 141.

4.3 Reprodumblhty of test results between laboratories has
been shown to be ‘good when the stablhty of matenals is

% Available from American National Standards Institute, 11 W, 42nd St,, 13th
Floor, New York, NY 10036.

*A Summary of Changes section appears at the end of this standard.
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evaluated in terms of performance ranking compared to other
materials or to a control.®’ Therefore, exposure of a similar
material of known performance (a control) at the same time as
the test materials is strongly recommended. It is recommended
that at least three replicates of each material be exposed to
allow for statistical evaluation of results.

4.4 Test results will depend upon the care that is taken to
operate the equipment in accordance with Practice G 154.
Significant factors include regulation of line voltage, tempera-
ture of the room in which the device operates, temperature
control, and condition and age of the lamp.

5. Apparatus

5.1 Use of fluorescent UV apparatus that conforms to the
requirements defined in Practices G 151 and G 154 is required
to conform to this practice.

5.2 Unless otherwise specified, the spectral power distribu-
tion of the fluorescent UV lamp shall conform to the require-
ments in Practice G 154 for a UVA 340 lamp.

5.3 Test Chamber Location.

5.3.1 Locate the apparatus in an area maintained between 18
and 27°C (65 and 80°F). Measure ambient temperature at a
maximum distance of 150 mm (6 in.) from the plane door of
the apparatus. Control of ambient temperature is particularly
critical when one apparatus is stacked above another, because
the heat generated from the lower unit can interfere with the
operation of the units above,

5.3.2 Place the apparatus at least 300 mm from walls or
other apparatus. Do not place the apparatus near a heat source
such as an oven.

5.3.3 Ventilate the room in which the apparatus is located to
remove heat and moisture.

6. Test Specimen

6.1 The size and shape of specimens to be exposed will be
determined by the specifications of the particular test method
used to evaluate the effects of the exposure on the specimens;
the test method shall be determined by the parties concerned.
Where practical, it is recommended that specimens be sized to
fit specimen holders and racks supplied with the exposure
apparatus. Unless supplied with a specific backing as an
integral part of the test, specimens shall be mounted so that
only the minimum specimen area required for support by the
holder shall be covered. This unexposed surface must not be
used as part of the test area,

6.2 For specimens of insulating materials, such as foams,
maximum specimen thickness is 20 mm in order to allow for
adequate heat transfer for condensation.

6.3 To provide rigidity, attach flexible specimens to a
backing panel made of aluminum, 0.635 mm (0.025 in.) thick.
Suggested aluminum alloys are 5052, 6061, or 3003.

S Fischer, R., “Results of Round Robin Studies of Light- and Water-Exposure
Standard Practices,” Accelerated and Outdoor Durability Testing of Organic
Maerials, ASTM STP 1202, Warren D. Ketola and Douglas Grossman, eds.,
American Society for Testing and Materials, Philadelphia, 1993,

7 Ketola, W, and Fischer, R., “Characterization and Use of Referetice Materials
in Accelerated Durability Tests,” VAMAS Technical Report No, 30, available from
NIST, Gaithersburg, MD.

6.4 Seal any holes in specimens larger than 2 mm and any
openings larger than 1 mm around irregularly shaped speci-
mens to prevent loss of water vapor. Attach porous specimens
to a solid backing such as aluminum that can act as a vapor
barrier.

6.5 Unless otherwise specified, expose at least three repli-
cate specimens of each test and control material.

6.6 Follow the procedures described in Practice G 147 for
identification, conditioning, and handling of specimens of test,
control, and reference materials prior to, during, and after
exposure.

6.7 Do not mask the face of a specimen for the purpose of
showing on one panel the effects of various exposure times.
Misleading results may be obtained by this method, since the
masked portion of the specimen is still exposed to temperature
and humidity cycles that in many cases will affect results.

6.8 Since the thickness of a specimen may markedly affect
the results, thickness of test and control specimens shall be
within *10 % of the nominal dimensions.

Nore 4—This is especially important when mechanical properties are
being investigated.

6.9 Incident energy at the extremes of the specimen expo-
sure area in older equipment may be only 70 % of that at the
center. If the irradiance at any position within the exposure area
is less than 90 % of the peak irradiance, follow one of the
procedures outlined in Practice G 154 to ensure either equal
radiant exposure or compensation for differences in radiant
exposure.

6.10 Retain a supply of unexposed file specimens of all
materials evaluated.

6.10.1 When destructive tests are run, ensure that sufficient
file specimens are retained so that the property of interest can
be determined on unexposed file specimens each time exposed
materials are evaluated.

6.11 Specimens should not be removed from the exposure
apparatus for more than 24 h and then returned for additional
tests, since this does not produce the same results on all
materials as tests run without this type of interruption, When
specimens are removed from the exposure apparatus for 24 h or
more and then returned for additional exposure, report the
elapsed time as noted in accordance with Section 9.

Nore 5—Since the stability of the file specimen may also be time-
dependent, users are cautioned that over prolonged exposure periods, or
where small differences in the order of acceptable limits are anticipated,
comparison of exposed specimens with the file specimen may not be valid,
Instrumental measurements are recommended whenever possible.

7. Procedure

7.1 When the test and control specimens do not completely
fill the specimen racks, fill all empty spaces with blank panels
to maintain the test conditions within the chamber,

7.2 Unless otherwise specified, program the device to one of
the following test cycles, Operate the device continuously.

7.2.1 Cycle A:

8 h UV with uninsulated black panel temperature controlled at 80 =
3°C

4 h condensation with uninsulated black panel temperature con-
frolled at 50 3°C

(Usad for most general applications)
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7.2.2 Cycle B:
8 h UV with uninsulated black panel temperature controlled at 70 %
3°C
4 h condensation with uninsulated black panel temperature con-
trolled at 50+ 3°C
(Typically used for autamotive applications)

7.2.3 Cycle C: ’

8 h UV with uninsulated black pariel temperature contralled at 50 *
8¢ .

trolled at 50+ 3°C
(Typically used for plastio bullding products)

7.3 Practice G 154 lists several other exposure cycles that
are used for fluorescent UV exposures of nonmetallic materi-
als. Obtain mutual agreement between all concerned parties for
the specific exposure cycle used.

7.4 In order to minimize any effects from temperature or UV
light variation, reposition the specimens as follows. Fig. 1
shows a diagram of the specimen repositioning. -

7.4.1 Reposition the specimens horizontally once per week
by () moving the two extreme right-hand holders to the far left
of the exposure area, and (2) sliding the remaining holders to
the right. '

7.4.2 Reposition the specimens vertically so that each speci-
men spends the same amount of exposure time in each vertical
position within the specimen holder. For instance, if two
specimens are stacked vertically in each holder, then. the top
and bottom specimens should switch places halfway through
the test. If four specimens are stacked vertically, then the
specimens should be reposmoned vertically three times during
the test.

7.5 Water Purity—The purity of water used for specimen
spray is very important, Follow the purity requirements in
Practice G 151 for water sprayed on specimen surfaces. It is

recommended that deionized water be used for water used to.

produce condensation.

7.6 It is recommended that a control material be exposed at
the same time as the test specimens for comparison purposes,
if performance comparisons are not being made between the

1.2-

1.0

0.8 1

0.6 -
0.4 1
y UVA-340
0.2 1

Sunlight ~

Irradiance W/m2/nm

0.0 L B A M S mma LS — | | —
260 280 300 320 340 360 380 400

Wavelength (nm)

FIG. 1 Representative Spectral Power Distribution of UVA-340
Fluorescent Lamps

"4 h condensation with uninsulated black panel temperature con-

test materials themselves. All concemed parties must agree on
the control material used.

7.6.1 Identification of any control spemmen used shall
accompany the report. -

8. Periods of Exposure and Evaluation of Test Results

8.1 In most cases, periodic evaluation of test and control
materials is necessary to determine the variation in magnitude

or radiant exposure.

8.2 The time or radiant exposure necessary to produce a
defined change in a material property can be used to evaluate
or rank the stability of materials, This method is preferred over,
evaluating materials after an arbitrary exposure time or radiant
exposure.

8.2.1 Exposure to an arbitrary time or radiant exposure may
be used for the purpose of a specific test if agreed upon
between the parties concerned or if required for conformance,
to a particular specification, When a single exposure period is
used, select a time or radiant exposure that will produce the
largest performance differences between the test materials or.
between the test material and the control material, .

8.2.2 The minimum exposure time used shall be that nec-
essary to produce a substantial change in the property of
interest for the least stable material being evaluated. An
exposure time that produces a significant change in one type of
material cannot be assumed to be applicable to other types of
materials. _

8.2.3 The relation between time to failure in an exposure
conducted in accordance with this practice and service life in:
an outdoor environment requires determination of a valid
acceleration factor. Do not use arbitrary acceleration factors
relating time in an exposure conducted in accordance with this
practice and time in an outdoor environment because they can

give erroneous information. The acceleration factor is material- -

dependent and is only valid if it is based -on data from a
sufficient number of separate exterior and laboratory-
accelerated exposures so that results used to relate times to
failure in each exposure can be analyzed using statistical
methods.

Note 6—An example of a statistical analysis using multiple-laboratary
and exterior exposutes to calculate an acceleration factor is described by
Simms.® See Practice G 151 for more information and additional cautions
about the use of acceleration factors.

8.3 After each exposure increment, evaluate or rate changes
in exposed test specimens in accordance with applicable
ASTM test methods,

Note 7—For some materials, changes may continue after the specimen
has been removed from the exposure apparatus. Measurements (visual or
instrumental) should be made within a standardized time period or as
agreed upon between the interested parties. The standardized time period
needs to consider conditioning prior to testing,

8.4 Use of results from exposures conducted in accordance
with this practice in specifications:

8.4.1 If a standard or specification for general use requires a
definite property level after a specific time or radiant exposure

8 Simms, J.A., Journal of Coatings Technology, Yol 50, 1987, pp. 45-53,
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in an exposure test conducted in accordance with this practice,
base the specified property level on results from round-robin
experiments run to determine the test reproducibility from the
exposure and property measurement procedures. Conduct these
round robins in accordance with Practice E 691 or Practice
D 3980 and include a statistically representative sample of all
laboratories or organizations who would normally conduct the
exposure and property measurement.

8.4.2 If a standard or specification for use between two or
three parties requires a definite property level after a specific
time or radiant exposure in an exposure test conducted in
accordance with this practice, base the specified property level
on two independent experiments run in each laboratory to
determine the reproducibility for the exposure and property
measurement process. The reproducibility of the exposure/
property measurement process is then used to determine the
minimum level of property after the exposure that is mutually
agreeable to all parties,

8.4.3 When reproducibility in results from an exposure test
conducted in accordance with this practice has not been
established through round-robin testing, specify performance
requirements for matérials in terms of comparison (ranked) to
a control material. All specimernis shall be exposed simulta-
neously in the same device. All concerned parties must agree
on the specific control material used.

8.4.3.1 Conduct analysis of variance to determine whether
any differences between test materials and control materials is
statistically significant. Expose replicates of the test specimen
and the control specimen so that statistically significant per-
formance differences can be determined

Note 8—Fischer illustrates use of rank comparison between test and
control materials in specifications.®

Note 9-The ASTM Committee G-3 on Weathering and Durability is
developing a Standard Guide for Application of Basic Statistical Methods
to Weathering Tests, which will includ examples showing use of analysis
of variance to compare materials. K

9. Report
9.1 Report the following informatl\xn:

® Fischer, R., Ketola, W,, “Impact of Research&on Development of ASTM
Durability Testing Standards,” Durability Testing of Nan-Metallic Materials, ASTM
STP 1294, Robert Herling, ed., American Society for Testing and Materials,
Philadelphia, 1993. .

9.1.1 Type and model of exposure device.

9.1.2 Age of fluorescent lamps used at the start of the
exposure, and whether any lamps were changed during the
period of exposure.

9.1.3 If required, irradiance in Wm™.nm™, or radiant
exposure in Jm2 at the sample plane, and the wavelength
region in which the measurements were made,

9.1.3.1 Do not report irradiance or radiant exposure unless
direct measurement of irradiance was made during the expo-
sure.

9.1.4 Elapsed exposure time.

9.1.5 Light- and dark-water condensation or humidity cycle
employed.

9.1.6 Operating black panel temperature.

9.1.7 If required, operating relative humidity.

9.1.8 Type of spray nozzle, if used.

9.1.8.1 If used, total solids and silica level of water used for
specimen spray (if above limits specified in Practice G 151).

9.1.9 Specimen repositioning procedure, if different from
the procedure described in 7.4.

9.1.10 Results of property tests. Calculate retention of
characteristic property in accordance with Practice D 5870
when it is reported.

10, Precision and Bias

10.1 Precision—The repeatability and reproducibility of
results obtained in exposures conducted in accordance with this
practice will vary with the materials being tested, the material
property being measured, and the specific test conditions and
cycles that are used. It is essential to determine reproducibility
of the exposure/property measurement process when using the
results from exposures conducted in accordance with this
practice in product specifications.

10.2 Bias—Bias cannot be determined because no accept-
able standard weathering reference materials are available.

11. Keywords

11.1 degradation; exposure; fluorescent UV; light exposure;
ultraviolet
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SUMMARY OF CHANGES

This section identifies the location of selected changes to this practice.. For the convenience of- the: user,
Committee D-20 has highlighted those changes that may impact the use of this practice. This section may also
include descriptions of the changes or reasons for the changes, ‘or both,

D4329 - 99: el " (3) Added specific procedures for condmomng and handling
(]) Title changed. =~~~ ' ) .- - during the exposure test, , ~ .. L
" (2) Referenced new ASTM performance standard for fluores- (4) Revised section covering evaluat1on of results.

cent. UV exposure tests, = - - @ .. AR &) De-emphamzed use of a single required exposure time;

The Amerjcan Socisty for Testing and Materials takes no position respaoﬂng rha val/dlty ofany patant nghrs assened in connection
with any. fterm mant/oned in this-standard. Users of this standard are expressly advised that determination of the validity of any suoh .
paient r/ghts, and the nsk of mfr/rrgement of such rlghts, are entirely thelr own responsibility.

This standard is aub/sct to ravision at any time by the responsible technical committee and rmust be reviewed avery five years and
if nat revised, aither reapproved or withdrawn. Your comiments are invitad either for revision of this atandard or for ‘additional standards
. -and should bg addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical cammlttee, which you may attend. If you feel that your comments have not received a fair hearing you should make your. - .
v/ews known to the ASTM Cornmmse on Standards, 100 Barr Harbor Drive, Weast Conshohacken, PA 19428 - ’
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qmp Designation: D 4809 - 95

Standard Test Method for

An American National Standard

Heat of Combustion of Liquid Hydrocarbon Fuels by Bomb

Calorimeter (Precision Method)?

This standard is issued under the fixed designation D 4809; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval, A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval,

1. Scope

1.1 This test method covers the determination of the heat
of combustion of hydrocarbon fuels. It is designed specifi-
cally for use with aviation turbine fuels when the permissible
difference between duplicate determinations is of the order
of 0.2 %. It can be used for a wide range of volatile and
nonvolatile materials where slightly greater differences in
precision can be tolerated.

1.2 In order to attain this precision, strict adherence to all
details of the procedure is essential since the error contrib-
uted by each individual measurement that affects the preci-
sion shall be kept below 0.04 %, insofar as possible.

1.3 Under normal conditions, the method is directly
applicable to such fuels as gasolines, kerosines, Nos. 1 and 2
fuel oil, Nos. 1-D and 2-D diesel fuel and Nos. 0-CT, 1-CT,
and 2-CT gas turbine fuels.

1.4 Through the improvement of the calorimeter controls
and temperature measurements, the precision is improved
over that of Test Method D 240,

1.5 The values stated in SI units are to be regarded as the
standard.

1.6 This standard does not purport to address the safety
concerns, if any, associated with its use. It is the responsi-
bility of the user of this standard to establish appropriate
safety and health practices and determine the applicability of
regulatory limitations prior to use. For specific hazard
statements, see 7.6, 7.8, Notes 3, 4, 5 and 11, 10.6, Note
Al.l and Annex A3.

2., Referenced Documents

2.1 ASTM Standards:

D129 Test Method for Sulfur in Petroleum Products
(General Bomb Method)?

D240 Test Method for Heat of Combustion of Liquid
Hydrocarbon Fuels by Bomb Calorimeter?

D1018 Test Method for Hydrogen in Petroleum
Fractions?

D 1193 Specification for Reagent Water?

D 1266 Test Method for Sulfur in Petroleum Products
(Lamp Method)?

{This test method is under the jutisdiction of ASTM Committee D-2 on
Petroleum Products and Lubricants and is the direct responsibility of Subcom-
mittee 02.05 on Petroleum, Coke, and Carbon Materials,

Current edition approved Aug. 15, 1995, Published October 1995. Originally
published as D> 4809 - 88. Last previous edition D 4809 - 90.

2 Annual Book of ASTM Standards, Vol 05.01.

3 Annual Book of ASTM Standards, Vol 11.01.

1048

D 2622 Test Method for Sulfur in Petroleum Products by
X-Ray Spectrometry*

D 3120 Test Method for Trace Quantities of Sulfur in
Light Liquid Petroleum Hydrocarbons by Oxidative
Microcoulometry*

D 3701 Test Method for Hydrogen Content of Aviation
Fuels by Low Resolution Nuclear Magnetic Resonance
Spectrometry*

E 1 Specification for ASTM Thermometers®

E 144 Practice for Safe Use of Oxygen Combustion
Bombs®

E 200 Practice for Preparation, Standardization, and
Storage of Standard Solutions for Chemical Analysis’

3. Terminology

3.1 Definitions:

3.1.1 gross heat of combustion—expressed as megajoules
per kilogram. The gross heat of combustion at constant
volume of a liquid or solid fuel containing only the elements
carbon, hydrogen, oxygen, nitrogen, and sulfur is the quan-
tity of heat liberated when a unit mass of the fuel is burned in
oxygen in an enclosure of constant volume, the products of
combustion being gaseous carbon dioxide, nitrogen, sulfur
dioxide, and liquid water, with the initial temperature of the
fuel and the oxygen and the final temperature of the
products at 25°C. Gross heat of combustion (see Note 1) is
represented by the symbol Q,.

Note 1—Users of this test method desiring to calculate AH” for a
pure compound should note that corrections must be applied to the
value of g, for buoyancy of air, heat capacities of reaction components,
reduction to a constant-pressure process, and deviations of the reaction
from the thermodynamic standard state. In any comparison of measure-
ments on pure compounds with those cited in these compilations, the
user of this test method should realize that impurities of various kinds,
including water and foreign hydrocarbons may cause significant effects
on the values obtained for particular samples of material.

3.1.2 net heat of combustion—expressed as megajoules
per kilogram. The net heat of combustion at constant

4 Annual Book of ASTM Standards, Vol 05,02

3 Annual Book of ASTM Standards, Vol 14.03,

6 Annual Book of ASTM Standards, Vol 14,02,

7 Annual Book of ASTM Standards, Vol 15,05,

8 Prosen, E. J., “Experimental Thermochemistry,” F. D. Rossini, editor,
Interscience Publishers, 1956, pp. 129-148, Reliable values for heats of combus-
tion of pure compounds are given in National Bureau of Standards Circular C-461,
“Selected Values of Properties of Hydrocarbons” (U.S, Government Printing
Office, Washington, DC, 1947) and in F. D. Rossini, et al, “Selected Values of
Physical and Thermodynamic Properties of Hydrocarbons and Related
Compounds,” Carnegie Press, Pittsburgh, PA, 1953. These compilations were
prepared by F, D, Rossini, et al, as part of American Petroleum Institute Research
Project 44,
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pressure of a liquid or a solid fuel containing only the
elements carbon, hydrogen, oxygen, nitrogen, and sulfur is
the quantity of heat liberated when a unit mass of the fuel is
burned in oxygen at a constant pressure of 0.101 MPa (1
atm), the products of combustion being carbon dioxide,
nitrogen, sulfur dioxide, and water, all in the gaseous state,
with the initial temperature of the fuel and the oxygen and
the final temperature of the products of combustion at 25°C.
The net heat of combustion®1? is represented by the symbol
Q, and is related to the gross heat of combustion by the
following equation:

0, (net, 25°C) = Q, (gross, 25°C) — 0.2122 X H 09)

where:

Q, (net, 25°C) = net heat of combustion at constant pres-
sure, MJ/kg,

gross heat of combustion at constant
volume, MJ/kg, and

mass % of hydrogen in the sample.

3.1.3 energy equivalent (effective heat capacity or water
equivalent)—the energy equivalent of the calorimeter ex-
pressed as joules per degree Celsius, J/°C.

Note 2—The energy equivalent may be expressed in any energy unit
and any temperature unit so long as the value is used consistently
throughout the calculations.

3.2 Units:

3.2.1 Temperatures are measured in degrees Celsius,

3.2.2 Time is expressed in minutes and decimal fractions
thereof. It can be measured in minutes or seconds, or both.

3.2.3 Masses are measured in grams. No buoyancy cor-
rections are applied except to obtain the mass of benzoic
acid, '

3,2.4 The energy unit of measurement employed in this
test method is the joule with the heat of combustion reported
in megajoules per kilogram (Note 3).

1 MI/kg = 1000 J/g 2

Note 3—In SI the unit of heat of combustion has the dimension
J/kg, but for practical use a multiple is more convenient. The MJ/kg is
customarily used for the representation of heats of combustion of
petroleum fuels,

3.2.5 The following relationships may be used for con-
verting to other units;

1 cal (International Table calorie) = 4.1868 J4
1 Btu (British thermal unit) = 1035.06 ]

1 cal (LT.)/g = 0.0041868 MI/kg~

1 Btu/Ib = 0.002326 MJ/kg"

Q, (gross, 25°C)
H

I

4 Convergion factor is exact.

4. Summary of Test Method

4.1 The heat of combustion is determined by burning a
weighed sample in an oxygen-bomb calorimeter under
controlled conditions. The temperature increase is measured
by a temperature reading instrument which allows the

9 Derivation of equations has been filed at ASTM Heédquuﬂers. Request RR:
D02-1346.

10 See Jessup, R. S., “Precise Measurement of Heat of Combustion with a
Bomb Calorimeter,” NBS Monograph 7, U.8. Government Printing Office.
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precision of the method to be met. The heat of combustion is
calculated from temperature observations before, during,
and after combustion, with proper allowance for thermo-
chemical and heat-transfer corrections. Either isoperibol or
adiabatic calorimeters may be used.

5, Significance and Use

5.1 The heat of combustion is a measure of the energy
available from a fuel. A knowledge of this value is essential
when considering the thermal efficiency of equipment for
producing either power or heat.

5.2 The mass heat of combustion, that is, the heat of
combustion per unit mass of fuel, is measured by this
procedure. Its magnitude is particularly important to weight-
limited vehicles such as airplanes, surface effect vehicles, and
hydrofoils as the distance such craft can travel on a given
weight of fuel is a direct function of the fuel’s mass heat of
combustion and its density.

5.3 The volumetric heat of combustion, that is, the heat of
combustion per unit volume of fuel, can be calculated by
multiplying the mass heat of combustion by the density of
the fuel (mass per unit volume). The volumetric heat of
combustion, rather than the mass heat of combustion, is
important to volume-limited craft such as automobiles and
ships, as it is directly related to the distance traveled between
refuelings,

6. Apparatus

6.1 Test Room, Bomb, Calorimeter, Jacket, Thermome-
ters, and Accessories, as described in Annex Al

6.2 Semimicro Analytical Balance, having a sensitivity of
0.01 mg as specified in 10.5.1.

6.3 Heavy-Duty Analytical Balance, having a sensitivity of
0.05 g as specified in 10.7.2,

7. Reagents and Materials

7.1 Purity of Reagents—Reagent grade chemicals shall be
used in all tests. Unless otherwise indicated, it is intended
that all reagents shall conform to the specifications of the
Committee on Analytical Reagents of the American Chem-
ical Society, where such specifications are available.!' Other
grades may be used, provided it is first ascertained that the
reagent is of sufficiently high purity to permit its use without
lessening the accuracy of the determination.

7.2 Purity of Water—Unless otherwise indicated, refei-
ences to water shall be understood to mean reagent water
conforming to Specification D 1193, Type IV or better.

7.3 Benzoic Acid'*—The acid must be pelleted before use,

7.4 Firing Wire—0.127 mm (No. 36 gage) platinum wire,
No. 34 B & S gage iron wire or Chromel C resistance wire,
cut in 100-mm lengths.

7.5 Methyl Red Indicator.

7.6 Oxygen—Commercial oxygen. produced from liquid

11 Reagent Chemicals, American Chemical Society Specifications, American
Chemical Society, Washington, DC, For suggestions on the testing of reagents not
listed by the American Chemical Society, see dnalar Standards for Laboratory
Chemicals, BDH Ltd,, Paole, Dorset, U.K., and the United Staies Pharmacopeia
and National Formulary, U.S. Pharmaceutical Convention, Inc. (USPC),
Rockville, MD,

12 Obtainable from the National Institute of Standards and Technology,
Clopper and Quince Orchard Roads, Guaithersburg, MD 20899. as Standard
Sample 39i. B
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air can be used without purification*(Warning-See Note 4.)
Oxygen prepared by electrolysis of water cannot be used
without purification as it can donfaih some hydrogen
Combustible impurities may be removed by passage over
copper oxide at 500°C. i

Note 4: Warning—Oxygen vigorously accelerates comibustion. (See
Annex A3.1.) 1

7.7 Pressure-Sensitive Tape—Cellophane tape 38 mm
(1% in.) wide, free of chlorine and sulfur.!?

7.8 Alkali, Standard Solutions. :

7.8.1 Sodium Hydroxide Solution (0. 0866 N)-—Drssolve
3.5 g of sodium hydroxide (NaOH) in water and dilute to 1
L. (Warning-—See Note 3.) Standardize with. potassrum acid
phthalate and adjust to 0.0866° N as descnbed in Practice
E 200, or alternative use.

NoTl: 5: Warning—Corrosive. Can cause sevére burns or blindness.
Evolution of heat produces a violent reactlon oreruption upon too rapid
mixture with water. (Sée Arinex A3.2.)

7.8.2 Sodium Carbonate Solution (0 0725 N)—Dissolve
3.84 g of Na,COy in water and dilute to 1 L.
7.9 2,2,4-Triméthylpentane (isooctane), Standard. '

NotE 6: Warning—Extremely flafnmable. Harmful if inhaled, Va-
pors may cause flash fire. (See Annex A3.3.)

8. Preparation of Apparatus

8.1 Arrangement of Apparatus—Install the thermomeéters
as recomtiiended by the manufacturer of the calorimeter.
Position the mercury-in-glass thermometer so that the bulb is
halfway to the bottom of the ‘bucket: and locate the
thermistor with its sensing element at about the midpoint of
the thermometer bulb, Mount these elements so that exactly
the same length is immersed each time the calorimeter is
used. Install a thermistor in the water jacket with the element
immersed to the same depth as in the bucket. It is helpful,
but not necessary to havé ‘mercury-in-glass calorimetric
theérmometers it both the bucket and - jacket for quick
temperature observations. Therinistors can be taped to thése
thermometers iIf the thermistors are taped to the thermom-
eters, it can be dote in such a manner that the sensing
elements are at the midpoint of the thermometer Bulbs, The
thermometer bulbs and temperature-sensing elements shall
not touch the bomb, bucket, or water jacket: :

8.2 Calovimeter Jacket Controller and Auxiliary Equip-
ment—Adjust the Jacket ‘controller, valves, Hheater, etcy as
recomerided by the calonmeter manufacturer ‘

9. Standardlzatlon

9.1 Energy Equzvalent of the Calorimetér—Benzoic acid
shall be used as the primary standard (Note 4). Choose a
sample mass so that the temperature rise is approximately
equivalent to an energy change of 30 000 J. Initially deter-
mine the energy equivalent by averaging six determinations
made using benzoic acid over a period of at least 3 days.

9.1.1 A relative standard deviation (RSD) of 0.1 %-or less

13 Cellophane tape Scotch Brand No. 610, available from 3M Co., meets the
specrﬁcatlon requirements,

14 Obtainable from the National Instituts of Stahdards and Technology,
Clopper and Quince Roads, Gaithersburg, MD 20899, as Standard Sample' No,
217b.
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for the six determinations must be achieved. If not, continue
to run until six determinations establish a value that has a
RSD of 0.1 % 6r bettér. If this degree of precision cannot be
achieved, review the procedure, critical measurements, me-
chamcal opera’uons and everything that may contribute to
scatter in the results. After-establishing an energy equlvalent
value, determine the value at frequent intervals using
benzoic acid (every 1 or 2 ddys of testing) with the average of
the last six determmatrons being used for the energy equiva-
Iént as long as ‘the last'six determmatlons have a RSD of
0.1 % or less,

:9.1.2 If any part of the equipment is changed or any part
of the procedure is altered, redetermine the value. Make each
determination in accordance with Section 10, Determine the
correction for nitric acid (HNO3) as described in 11.3 and
substitute in the following equation:

W= (Qb X m+ e/ 3
where: '
W = energy equrvalent of calorimeter, J/°C,
m = mass of benzoic acid, g, (Note 5),
At = corrected temperature rise, as calculated in accor-

dance with 11.1 or 11.2, °C,,

e, = correction for heat of formatlon of mmc acid, J and
@, = heat of combustion of benzoic acid, I/g calcu]ated

from the certified value in kilojoules per gram mass
. given for, NBS Standard 39i. Multiply kilojoules per
gram mass-by 1000 to obtam Joules per gram (Note
8).
Notg. 1=2,2,4-trimethyl pentane may be used for ‘checking the
energy equivalent of the system for use with volatile fuels, :

Note §—Multiply the heat evolved by combustion of the standard
sample by the followmg factor 15

1+ 1079197 (P ~ 304) +42((m/V) = 3)

+ 30((M,/ V) = 3) — ®

45(¢ — 25)]

where:
LS

il

initial absolute pressure of oxygen, MPa (1 atm = 0.101325 MPa)
‘at temperature [ o

' mass of benzoic dcid, g, ‘

‘&' inass of wter placed in botib before combustion, g, *

internal volume of bomb, L, and ‘
temperature to which the combustion reaction is referred, °C
(final temperature of the calorimeter),

9.2 Heat of Combustion of Pressure-Sensitive Tape—
Determine the heat of combus’uon of the pressure-sensitive
tape in accordance with Section 10 usmg about 1,2 g of tape
and omitting the sample. Make at least three determinations
and calculate the heat of combustion as follows:

R
(] f:'n

Qe = (AL X W —¢))a 6)
where:
Qpsr = heat of combustion of the pressure-sensitive tape, J/g
At = corrected temperature rise, as calculated in accor-

, dance with 11.1 or 11.2, °C,

W = energy equivalent of the calorimeter, J/°C,
e, =:correction for the heat of formation of HNO,, J, and
a4 ='iass of thie pressure—sensrtlve tape,'g.

9.2.1 Average the determinations, and redetermine the
heat of combustion of the tape whenever a new roll is started.

15 See' NES Moriograph 7. p. 12,
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10. Procedure

10.1 Turn on the apparatus. Make all electrical connec-
tions and open the water lines.

10.2 Before beginning, be sure that the bomb and its
fittings are completely dry, inside and out.

10.3 Measure a piece of firing wire 100 mm long and
attach the wire to the bomb electrodes forming a U-shaped
loop.

10.4 Pipet 1.0 cm? of water into the bomb and cover with.
a watch glass.

10.5 Mass of Sample:

10.5.1 Weigh the sample cup to 0.0! mg on a semimicro
analytical balance. Place a piece of pressure-sensitive type
(Note 9) across the top of the cup, trim around the edge with
a razor blade, and seal tightly. Place a 3 by 12-mm strip of
tape creased in the middle and sealed by one edge in the
center of the tape disk to give a flap arrangement. Weigh the
cup and tape. Remove from the balance with forceps. Fill a
hypodermic syringe with the sample. The volume of sample
necessary to produce a temperature rise equivalent to ap-
proximately 30 000 J can be estimated as follows:

V= (W% 0.0032)/(Q x D) N
where; .
V = volume of sample to be used, ¢cm?,

W= energy equivalent of the calorimeter, J/°C,

Q = approximate heat of combustion of the sample MJ /kg,

and
D = density, g/em?, of the sample.
or
V=(Wx 1.3)/(Q X D) @®)
where:
Q = approximate heat of combustion of the sample, Btu/lb

Note 9—For relatively high-bonlmg samples, such as non-volatile
(i.e. IBP above 180°C) kerosine-type jet fuels, it is not necessary to use
tape.

10.5.2 Add the sample to the cup by inserting the tip of
the needle through the tape disk at a point so that the flap of
tape will cover the puncture upon removal of the needle. Seal
down the flap by pressing lightly with a metal spatula.
Reweigh the cup with the tape and sample. Take. care
throughout the weighing and filling operation to avoid
contacting the tape or cup with bare fingers. Place the cup in
the curved electrode and arrange the fuse wire so that the
central portion of the loop presses down on the center of the
tape disk.

10.6 Bomb Assembly—Assemble. the bomb and tighten
the cover securely. Connect the bomb to the oxygen cylinder
and slowly admit oxygen until a pressure of 3.0 MPa (30
atm) is attained. Do not purge the bomb to remove
entrapped air. Disconnect the bomb from the oxygen cyl-
inder and replace the valve cover. (Warning—See Note 10.)
Be careful not to overcharge the bomb. If by accident, the
oxygen introduced into the bomb does exceed 4.0 MPa (40
atm) DO NOT proceed with the combustion. A violent
explosion, capable of rupturing the bomb, might occur.
Detach the filling connection and exhaust the bomb in the
usual manner. Discard the sample. .

Note 10—Warning—A violent explosion may ocour:

NotE 11-—Pressures within the range of from 2.5 to 3.55 MPa (25 to

35 atm) may be used, provided the same pressure is used for all tests

including standardization,

10.7 Calorimeter Water:

10.7.1 Adjust the temperature of the calorimeter water.
The choice of the temperature to which the water is adjusted
before weighing depends on a number of factors, including
room temperature, the desired initial temperature of the
experiment, and the relative heat capacities of the calorim-
eter bucket, water, and bomb. No definite rule can be given,
but the operator will learn by experience how to select the
proper temperature under the conditions of his particular
laboratory and apparatus. The following can be used as a
guide:

Isothermal method 3.0 to 3.5°C below jacket teruperature
Adiabatic method 1.5 to 1.8°C below room temperature

10.7.1.1 Isoperibol Method—Adjust the temperature such
that after assembly of the calorimeter bomb and bucket its
temperature will be a few tenths of a degree below the desired
initial temperature.

10.7.1.2 Adiabatic Method-—Adjust the temperature so
that the initial temperature of the determination will be as
close to some fixed values as possible. Control the mean
temperature of all determirations within more than +0.5°C
and the temperature rise for all determinations within
+0.3°C. ‘

10.7.2 Weigh the calorimeter bucket to +0.05 g on a
heavy-duty analytical balance. After once establishing the
dry bucket weight, it need only be checked occasionally. Fill
with the desired quantity of water (2000 to 2100 g) and
reweigh to 0.05 g (Note 9). The exact quantity of water is not
important as long as it is enough to cover the bomb and 1ts
fittings and is the same in each determination.

NoTE 12—The change in the mass of the water in the calorimeter
bucket due to evaporation after weighings will affect the energy
equivalent. The effect of this loss is small and cancels if the procedure of
placing the bomb in its bucket and completing the assembly of the
system is carried out in the same manner and in the same length of time
in the cahbratlon experiments as in the measurement of the heat of
combustion.

10.7.3 Immediately after weighing, place the bucket in
position in the calorimeter jacket, carefully place the bomb
in the bucket, and complete the firing circuit. Close the
calorimeter cover and lower thermometers and thermistors.

Note 13—The bonib should be lowered into the calorimeter
withouttouching the water with the fingers. This can be done by using a
hook on which the bomb can be hung and which can be removed after
the bomb is in place in the calorimeter bucket. A hook made of a piece
of brass rod about 1.6 mm (% in.) in diameter has been found
satisfactory. The hooked ends of the rod are inserted into holes on
‘opposite sides of the screw top of the bomb and are easily removed after
the bomb is in place. It is very important that all operations in the
experimental procedure be carried out in an identical manner
throughout for the energy equivalent and heat of combustion measure-
ments,

10.8 Procedure for Isoperibol Method:

10.8.1 Start the stirrer motor and the controller on the
jacket heater to bring the temperature of the water in the
jacket to 28°C, Take time and temperature readings over a
25-min period. During this period there are three definite
time intervals:

10.8.1.1 An initial period of about 6 to 9 min during
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which the temperature change results solely from thermal
leakage and heat of stirring.

10.8.1.2 A middle period of about 12 min, at the begin-
ning of which the charge in the bomb is fired, and during
which the teriperature change is due primarily to the heat
liberated by the combustion reaction in the bomb and partly
to thermal leakage and heat of stirring, and

10.8.1.3 A final period of 9 1o 11 thin during which the
temperature change is again due solely to thermal leakage
and heat of stirring.

10.8.2 Allow the temperature of the calonmeter water to
drift up to the starting temperature and then make and
record readings of the time and temperatire of the initial
period. During this initial period when the rate of tempera-
ture rise is constant, make observations of temperature at
l-min intervals. The starting témperature always has the
same value as determined from the calibration runs.

10.8.3 When the firing temperature is reached, fire the
sample by closing the firing circuit through the fuse wire in
the bomb by depressing the button on the ignition unit. The
pilot light should glow momentarily and the temperature
should start increasing in about 15 s. If the circuit does not
close, or if it remains closed, or if the temperature does not
start rising, the experiment has misfired and must be
discontinued. After the combustion of the sample and during
the middle period when the temperature is rising rapidly,
take temperature measurements at 30 s intervals. After about
3 min, the rate of temperature rise will decrease so that
temperature readings may be taken with more accuracy.
These readings shall be continued until the rate of tempera-
ture change has been constant for at least 10 min, The
readings made after the rate of temperature change has
become constant constitute the final period. ‘

Nore 14—During the initial and final periods the thermometer
should be read with the highest possible care, since the overall precision
of the determination depends directly upon these temperature measure-
ments, During the middle period, because -of the very rapid rate of
temperature rise, it is mot possible to make readings as carefully as
during the initial and final periods. This is not important because the
readings of the middle period are used only for calculating the relativety
small correction for thermal leakage and heat of stirring,

10.9 Procedure for Adiabatic Method:

10.9.1 Start the stirrer motor and turn on the calorimeter
controller. Use the manual control switch of the controller to
bring the jacket temperature in close agreement with the
buckeét temperature. Allow the controller to automatically
control the temperature and wait 15 min for equilibrium to
be attained. At this point, and at the end point also, control
the temperature of the jacket to the same temperature as the
bucket, or slightly (0.005°C at most) below. Make readings at
l-min intervals until three consecutive readings show no
change. Fire the sample by depressing thé button of the
ignition unit, The pilot light should glow momentarily and
the temperature should start increasing in about 15 s. (If the
temperature does not start rising, the experiment has mis-
fired and must be discontinued.) Read and record the initial
resistance, estithating the value to ‘the nearest 0.00005°C:

10.9.2 Afier 6 min from firing, begin feading temperature
every minute. Continue until three consecutive readings
show no change, or the readings decredse, Read and record
the final temperature reading estimating the value to the
nearest 0.0005°C.

1052

10.10 Analysis of Bomb Contents:

10.10.1 Turn off the controller and stirrer and remove the
bomb from the calorimeter. Open the needle valve and allow
the gas to escape at a uniform rate such as to reduce the
pressure to atmospheric in not less than 1 min. Open the
bomb and examine the interior for unburned carbon. If any
trace of unburned carbon is found, the experiment should be
rejected. Wash the interior of the bomb including the
electrodes and the sample cup with a fine jet of water and
quantitatively collect the washings in a 500-cm? Erlenmeyer
flask. Use a minimum amount of wash water, preferably less
than 300 cm?®. Titrate the washings with standard alkali
solution using methyl red indicator,

10.10.2 Determine the sulfur content of the sample to the
nearest 0.02 % sulfur as described in Test Method D 129,
D 1266-IP 107, D 2622, or D 3120, depending upon the
volatility of the sample.

10.10.3 When iron or Chromel C wire is used, remove
and measure the corabined pieces of unburned firing wire,
and subtract from the original length, Record the difference
as wire consumed.

11. Calculation

11.1 Temperature Rise Isoperibol Method—Using data
obtained in Section 10, plot a graph of readings of tempera-
ture versus time and calculate the corrected temperature rise,
At, in °C as follows:

At=t—t;—ri(b~ a) —ryic—b) )
where:

At = corrected temperature rise, °C,

a = time of firing,

b = time (to nearest 0.1 min) when the temperature rise
reaches 63 % of total (obtained graphically or numer-
ically),

¢ = time at beginning of final period in which the rate of
temperature change with time has become constant,

t; = températuré at timie of firing, °C,

Iy = température at time ¢, °C,

ry = rate at which the température was rising during the
initial period before firing, °C, and

r; = rate at which the temperature as rising during the final

period, °C. ‘
11.2 Temperature Rise, Adiabatic Method—Using data
obtained in Section 10, calculate the temperature rise, A, in
°C, as follows:

A=y (10)
where:

At = corrected temperature rise, °C,

tr = final eqliilibrium teinperature, °C, and

l; = temperature at time of firing, °C.

11.3 Thermochemical Correction (Annex A2)—Calculate
the followmg corrections for each test:
e, = correction for the heat of formation of the HNO,;, I'=
" em® of standard (0.0866 N) NaOH solution used in
titration X 5,
e, = correction for the heat of formation of sulfuric acid
(H,S0,), J = 58.6 X percentage of sulfur ih sample X
mass of sample, g.
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ey = correction for the heat of combustion of pressure-
sensitive tape, J = mass of tape, g X heat of combus-
tion of tape J/g.

ey = correction for heat of combustion of firing wire, MT

1.13 X millimetres of iron wire consumed/109

0.96 X millimetres of Chromel C wire consumed/ 109
11.4 Gross Heat of Combustion—Calculate the gross heat

of combustion by substituting in the following equations:

O (gross £'C) = (M X W— e, — &, — e, — ,)/1000 M O,

o

(gross, 25°C) = Q, (gross, °C) + A(t — 25) an
where:

0, (gross, 1°C) = gross heat of combustion at constant
volume and final temperature of the
experiment, expressed as MJ/kg,

0, (gross, 25°C) = gross heat of combustion at constant
volume expressed as MJ/kg,

At = corrected temperature rise, °C,

174 = energy equivalent of calorimeter, J/°C

M = mass of sample, g,

t = final temperature of combustion, °C,

corrections as described in 11.3, and
correction factor, MJI/kg °C to correct
from final temperature of combustion to
25°C!5 where values of factor A4 are
given in Table 1,

€1, €3, €3, €4
A

o

NoOTE 15—The gross heat of combustion at constant pressure may be
calculated as follows:

Qup = O + 0.006145H

where:
. MJ
Qg = gross heat of combustion at constant pressure, g’ and
H = hydrogen content, mass %
Cupultn = (@, MI/kg)/0.002326
Qeady = (O, MI/kg)/0.0041868

11.5 Net Heat of Combustion—Calculate the net heat of
combustion¢ as follows:

O, (net, 25°C) = Q. (gross, 25°C) — 0.2122 X H (12)

where:
Q.(net, 25°C) = net heat of combustion at constant pres-
sure, MJ/kg,
O, (gross, 25°C) = gross heat of combustion at constant
volume, MJ/kg, and

H = mass percent of hydrogen in the sample.
When the percentage of hydrogen in the sample is not
known, determine the hydrogen in accordance with Test

Methods D 1018 or D 3701.

12. Report
12.1 Net heat of combustion is the quantity required in

16 See NBS Monograph 7, p. 16.

TABLE 1 Values of Factor A

Qg (Gross, t°C) A Q, (Gross, t°C) A
MJ/kg MJ/kg-°C MJ/kg Mdjkg-°C
43.00 0.00157 4575 0.00271
43.25 0.00167 46.00 0.00282
43.50 0.00178 46,25 0.00292
43.75 0.00188 46.50 0.00302
44.00 0.00199 46.75 0.00313
44.25 0.00209 47.00 0.00323
44,50 0.00219 47.25 0.00333
44.75 0.00230 47.50 0.00344
45.00 0.00240 47.756 0.00354
45.25 0.00250 48.00 0.00365
45.50 0.00261

practical applications. Both gross and net heat are reported
to the nearest 0.002 MJ/kg.

12.1.1 To obtain the gross or net heat of combustion in
cal (I.T.)/g or Btu/Ib divide by the appropriate factor given in
3.2.2 reporting to the nearest 0.5 cal/g or 1 Btu/lb.

13. Precision and Bias'”

13.1 Precision—The precision of -this test method as
determined by the statistical examination of interlaboratory
test results is as follows.

13.1.1 Repeatability—The difference between successive
results obtained by the same operator with the same appa-
ratus under constant operating conditions on identical test
material would, in the long run, in the normal and correct
operation of the test method, exceed the following values
only in one case in twenty.,

Repeatability, MJ/kg

Gross Net

Method
1. All fuels 0.097 0.096
2, Nonvolatile 0.096 0.099
3. Volatile 0.100 0.091

13.1.2 Reproducibility—The difference between two
single and independent results obtained by different opera-
tors working in different laboratories on identical test mate-
rial would, in the long run, ¢xceed the following values only
in one case in twenty.

Reproducibility, MI/kg

Gross Net

Method
1. All fuels 0.228 0.324
2. Nonvolatile 0.239 0.234
3. Volatile 0,207 0.450

13.2 Bias—The bias of the procedure in this test method
as determined by the statistical examination of
interlaboratory test results is as follows:

Bias, MJ/kg
Gross Net
0.001 0.089

17 The precision and bias values in this statement were determined in a
cooperative laboratory program that follows RR: D02 - 1007, Supporting data
have been filed at ASTM Headquarters and may be obtained by requesting
RR: D02 - 1229,
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ANNEXES

(Mandatory Informgtiofl)

Al. APPARATUS FOR HEAT OF COMBUSTION TEST

Al.1 Test Room

AlL.1,1 The room in which the calorimeter is operated
must be free from drafts and not subject to sudden temper-
ature changes. The exact temperdture is not important as
long as it is in the range from 23 to 26°C (74 to 78°F) and is
held constant. The temperature must be. constant, not only
throughout the day, but from one. time of the year to
another. The direct rays of the suni shall not strike the
calorimeter jacket, bridge, and galvanometer Adequate
facilities for lighting, heating, and ventilation should be
provided. Thermiostatic control of room temperature and
controlled humidity are desirable.

Al.2 Oxygen Bomh

Al.2.1 The oxygen bomb shall meet the reqmrements
specified in Practi¢e E 144 and have an internal volumeé of
350 # 50 mL. All parts shall be constructed of materials that
are hot affécted by the combustion process or products
sufficierit to introduce measurable héat input or alteration of
end products. If the bomb is lined with platinum.or gold, all
openings shall be sealed to prevent combustion products
from reaching the base metal. The bomb must be designed so
that all liquid combustion products can be completely
recovered by washing the inner surfaces. There must be no
gas leakage during a test. The bomb must be capable of
withstanding a hydrostatic pressure test to a gage pressure of
20,7 MP4 (3000 psi) at room temperature without stressing
any part beyond its elastic limit.!8 If 1 Hecessary, modify the
bomb such that the feet are 12 mum high to allow for bétter
water mrcula’uon under the bomb

Al3 Calonmeter Bucket

Al.3.1 The calorimeter bucket shall be made of metal
(preferably copper or brass) with a tarnish-resistant coating,
and with all outer surfaces highly polished. Its size shall be
such that the bomb will be completely immersed in water
when the calorimeter is asssmbled., It shall have a device for
stlrrmg the water thoroughly and at a uniform rate but with
minimum heat input. Continuous stirting for 10 ‘min shall
not raise the temperature more than 0. Ol"C starting with
identical temperatures'in the calorimeter, room, and jacket,
The immersed portion of the stirrer shall be coupled to the
outside through a material of a low-heat conductivity.

Al.4 Jacket

Al.4.1 The calorimeter bomb, bucket, and water shall be
completely enclosed within a stitred watet' jacket and sup-
potted so that its sidés, top, and bottom are approximately 1
cm from the jacket walls. The jacket may be arranged so as

18 The oxygen bomb, Parr No. [108 or equivalent, available from Parr
Instrument Co., 211 Fifty-third St., Moline, IL 61265,

1054

to remain at a constant temperature, or with provisions for
automatically adjusting the jacket temperature to equal that
of the calorimeter bomb, bucket, and water for adiabatic
operation. It must be constructed so that any water evapo-
rating from the’ Jacket will not condense on the calorimeter
bucket,'°

A15 Thermometers

Al5.1 Temperatures in the jacket and the calorimeter,
respectively, shall be measured with the following thermom-
eters:

Al5.1.1 Etched stem, mercury-in-glass, ASTM Bomb
Calorimeter Thermometers, having a range from 66 to 95°F,
19to 35"C 18.9 t0 25.1°G, or 23.9 to 30.1°C as specified, and
conforming to the requirements for Thermometer 56F, 56C,
116C, or 117C, respectively, as prescribed in Specification
E 1. Each of these thermometers shall have been tested for
accuracy at intervals no larger than 2.5°F or 1.5°C over the
entire graduated scale. Corrections shall be calculated to
0.005°F or 0.002°C, respectlvely, for each test point.

Al.5.2 Temperature in the calorimeter shall be measured
with the following thermometers:

Al.5.2.1 Platinum resistance, thermistor, or other tem-
perature measunng dev1ces which when used with its associ-
ated instrumentation will measure the temperature rise
repeatably with a recorded resolution of 0. 0001°C and a

- repeatability such that the precision requirements fot the

energy equivalent are met. Further, that these specifications
are limited to the requirements that the mean temperature of
all determinations fiot deviate by more than 0.05°C and that
the temperature rise for all experiments be within +0.3°C.

Al.6 Automatic Calorimeter Microprocessor Controller

Al1.6.1 In place of manually recording temperatures and
calculating the energy equivalent, an automatic controller
may ‘be used. It shall be capable of storing calorimeter
temperature readings taken at dccurate intervals, firing the
bomb ‘and ending the experiment. The stored information
along with the samplé mass, hitric acid correction and sulfur
contenit, when enteréd into the ‘instrument, shall be used to
calculate the desired energy equivalent or heat of combus-
tion.

Al1.7 Firing Circnit

Al7.1 A .6 to 16-V alternating or direct current is
required for ignition purposes with an ammeter or pilot Light
in the circuit to indicate when current is flowing. A step-
down transformer connected to a 115 V. 50/60:Hz lighting

19 The Calorimeter Jacket, Parr No. 1261 or equivalent, available from Parr
Instrument Co., meets the specification requirements.
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circuit or storage battery may be used.?°

- Note Al.1: Caution—The ignition circuit switch shall be of

themomentary contact type, normally open, except when held closed by

the operator.

Al1.8 Timing Device ;
Al1.8.1 A watch or other timing device capable of mea-~

20 Ignition Unit, Parr No, 2901, available from Parr Instrument Co., meets the
specification requirements. '

suring time to 1 s is required for use with the isoperibol
method. ‘ o :

A1.9 Sample Cup

A1.9.1 Alow-form platinum cup, 26 mm in diameter and
11 mm deep with a spun rim.?! Base metal alloy crucibles
are acceptable if after a few preliminary firings the weight
does not change significantly between tests.

21 Sample Cup, Parr No. 43A6, available from f’arr Instrument Co., has been
found satisfactory.

A2. CORRECTIONS

A2.1 Thermometer Corrections

A2.1.1 It is not necessary to apply stem corrections to the
thermometers. . !

A2.2 Thermochemical Corrections

A2.2.1 Heat of Formation of Nitric Acid—A correction of
5 J is applied for each cubic centimetre of standard (0.0866
NN) NaOH solution used in the acid titration. This is based on
the assumption that (1) all of the acid titrated is HNO, and
" (2) the heat of formation of 0.1 N HNQ; under the test
conditions is 57.8 kJ/mole. When H,SO, is also present, part
of the correction for H,50, is contained in the e, correction,
and the remainder in the ¢, correction.

A2.2.2 Heat of Formation of Sulfuric Acid—A correction
of 5.86 kJ is applied to each gram of sulfur in the sample.
This is based upon the heat of formation of 0.17 N H,80,,
which is +301.4 kJ/mole. But, a correction equal to 2 X 57.8
kJ/mole of sulfur was applied for H,S0, in the e, correction.
Thus, the additional correction necessary is 301.4 — (2 X
57.8) = 185.8 kJ/mole or 5.86 kJ/g of sulfur.

A2.2.2.1 The value of 5.86 kJ/g of sulfur is based on a fuel
oil containing a relatively large amount of sulfur since as the

percentage of sulfur decreases; the correction decreases and

. consequently a larger error can be tolerated. For this

calculation 0.8 % S, 99.2 % CH, was taken as the empirical
composition of fuel oil. If a 0.6-g sample of such a fuel oil is

burned in a bomb containing 1 ¢m?® of water, the H,SO,

formed will be approximately (.17 V.

A2.2.2.2 Using data from National Bureau of Standards
Circular No. 500, the heat of reaction SO, (g) + 2 O, (g) +
651 H,0 (1) — H,80,+650 H,O (1) at constant volume and
3 MPa is —301.4 kg/mole.

A2.2.3 Heat of Combustion of Fuse Wire—When using
platinum wire no correction need be applied for the heat of
combustion of the wire. The electrical energy required can be
neglected if the same length of wire is used in both the energy
equivalent and unknown experiments. When using iron or
Chromel C wire, the following heats of combustion are
accepted:

1.13 J/mm

Iron wire, No. 34 B & S gage =
= 096 J/mm

Chromel C wire

A2.2.4 Heat of Combustion of Pressure-Sensitive Tape—
The correction for the heat of combustion of the tape (as
determined in accordance with 9.2) assumes complete com-
bustion of the tape.

A3. PRECAUTIONARY STATEMENTS

A3.1 Oxygen

Do not exceed the sample size limits.

Following manufacturer’s commendations for filling the
bomb.

Do not use oil or grease on regulators, gages, or control
equipment.

Use only with equipment ‘conditioned for oxygen service
by carefully cleaning to remove oil, grease, and other
combustibles.

Keep combustibles away from oxygen and eliminate
ignition sources,

Keep surfaces clean to prevent ignition or explosion, or
both, on contact with oxygen.

Always use a pressure regulator. Release regulator tension
before opening cylinder valve.

All equipment and containers used must be suitable and
recommended for oxygen service.

Never attempt to transfer oxygen from cylinder in which it
is received to any other cylinder.

Do not mix gases in cylinders,

Do not drop cylinder. Make sure cylinder is secured at all
times.

Keep cylinder valve closed when not in use.

Stand away from outlet when opening cylinder valve.

Keep cylinder out of sun and away from heat.

Keep cylinder from corrosive environment.

Do not use cylinder without label.

Do not use dented or damaged cylinders.

For technical use only. Do not use for inhalation purposes.

Use only in well-ventilated area.
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See compressed gas association booklets G-4 and G-4.1 for
details of safe practice in the use of oxygen.

A3.2 Sodium Hydroxide

Before using, secure information on procedures and pro-
tective measures for safe handling.

Do not get in eyes, on skin, on clothing,

Avoid breathihg dusts or mists.

Do not take internally,

When handling, use chemical safety goggles or face shield,
protective gloves, boots and clothing.

When mixing with water, add slowly to surface of solution
to avoid violent spattering. In the preparation of solutions do

not use hot water, limit temperature rise, with agitation, to

* 10°C/min or limit solution temperature to a maximum of

90°C. No single addition should cause a concentration
increase greater than 5 %,

A3.3 2,24-Trimethylpentane

Keep away from heat, sparks, and open flame.

Keep container closed.

Use with adequate ventilation.

Avoid buildup of vapors and eliminate all sources of
ignition, especially nonexplosion-proof electrical apparatus
and heaters,

Avoid prolonged breathing of vapor or spray mist.

Avoid prolonged or repeated skin contact.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely thelr own responsibility.

This standard Is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn, Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at & meeting of the responsible
technical committes, which you may attend. If you feel that your comrments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103.
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qm}o Designation: D 4891 - 89 (Reapproved 1994)¢1

Standard Test Method for

Heating Value of Gases in Natural Gas Range by

Stoichiometric Combustion?

This standard is issued under the fixed designation D 4891; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval,

€1 NoTE-—Section 11 was added editorially in July 1994, .

1. Scope

1.1 This test method covers the determination of the
heating value of natural gases and similar gaseous mixtures
within the range of composition shown in Table 1.

1.2 This standard involves combustible gases. It is not the
purpose of this standard to address the safety concerns, if any,
associated with their use. It is the responsibility of the user of
this standard to establish appropriate safety- and health
practices and deZermme the applicability of regulatory limi-
tations prior to use.

2 Referenced Documents

2.1 ASTM Standards:

D 1826 Test Method for Calorific . Value of Gases in
Natural Gas' Range by Contlnuous Recording Cal-
orimeter?

E 691 Practice for Conducting an Interlaboratory Study to
Determine the Precision of a Test Method? .

3. Terminology

3.1 All of the terms deﬁned in Test Method D 1826 are
included by reference.

3.2 Descriptions of Terms: .

3.2.1 combustion ratio—the ratio of combustion air to
gaseous fuel.

3.2.2 stoichiometric ratio—the combustion ratio when the
quantity of combustion air is just sufficient to convert all of
the combustibles in the fuel to water and carbon dioxide,

3.2.3 burned gas parameter—a property of the burned gas
after ‘combustion which 1s a funcuon of the combustion
ratio.

3.2:4 critical combustion ratio—for a specific burned gas
parameter, the combustion ratio at which a plot of burned
gas parameter versus combustion ratio has eithér maximum
value or maximum slope.

4. Summary of Test Method

4.1 Air is mixed with the gaseous fuel to be tested. The
mixture is burned and the air-fuel ratio is adjusted so that
essentially a stoichiometric proportion of air is present. More

! This test method is under the jurisdiction. of ASTM Committee D-3 oii
Gaseous Fuels and is the direct responsibility of Subcommittee D03.03 on
Determination of Heating Value and Relative Density of Gaseous Fuls,

Current edition approved Jan. 27, 1989. Published March 1989,

% Annual Book of ASTM Slandards, Vol 05.05.

3 Annual Book of ASTM Standards, Vol 14,02,

exactly, the adjustment is made so that the air-fuel ratio is in
a constant proportion to the stoichiometric ratio which is a
relative measure of the heating value. To set this ratio, a
characteristic property of the burned gas is measured, such as
temperature or oxygen concentration.

5, Slgmficance and Use

5.1 This test method prov1des an accurate and rehable
procedure to measure the total heating value of a fuel gas, on
a continuous basis, which is used for regulatory compliance,
custody transfer, and process control.

5.2 Some instruments which conform to the requlrements
set forth in this test method can have response times on the
order of | min or less and can be used for on-line meas-
urement and control. . T : v

. 5.3 The method is sensitive to the presence of oxygen and
nonparaffin fuels. For components not listed and composi=
tion ranges that fall outside those in Table 1, modifications
in the method may be required to obtain correct results,

6. Apparatus

6.1 A suitable apparatus for carrying out the stoichiomet-
ric combustion method will have at least the following four
components: flow meter or regulator, or both; combustion
chamber; burned gas sensor; and electronics. The require-
ment for each of these components is discussed below. The
detailed design of each of these components can vary. Two
different apparatus are shown in Figs. 1 and 2. In each figure

the equivalent of the four necessary components are enclosed

in dashed lines.

6.2 Overview—Air and fuel enter the apparatus and the
flow of each is measured. Alternatively, only one gas flow
need be measured if the flow of the other is kept the same

TABLE 1 Natural Gas Components and Range of Composltlon
‘ Covered

~ Gompound

Concentration Range, mole, %

Hellum . 0.01t05
Nitrogen ' 0.01 to 20
Carbon dioxide 0.01 to 10
Methane .- ' . §0to100
Ethane B . o 0.01t0 20
Propane 0.01 to 20
n-butane 0.01't0 10
isobutane -0.0110 10
n-pentane 0.01to 2
Isopentane 0.01t02

0.01t0 2

Hexanes and heavier
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FIG. 1 Gas Btu Transmitter (Functional Overview)

during measureniént and calibration. This is illustrated in
Fig. 2. Next there is a combustion chamber in which the air
and fuel are mixed and burned. This can be as simple as a
bunsen or meeker burner, but precautions should be taken
that subsequent measurements of burned gas characteristics
are not influenced by ambient conditions. Finally, there is a
sensor-in the burned gas which measures a property of this
gas that is sensitive to the combustion ratio and has a unique
feature at the stoichiometric ratio, Two such properties are
temperature and. oxygen ¢oncentrations, and either can be
measured.

6.3 Flow Meter and/or Regulatoerhe flow measure-
ment part of the apparatus should have an' a¢curacy and
precision of the order of 0.1 %. Likewise, if the-flow is to be
kept constant, the flow regulator should maintain this
constant value within 0.1 %. The meter or regulator for
natural gas must maintain this precision and accuracy over
the density and viscosity ranges consistent with the compo-
sition range in Table 1.

.. 64 Combustion Chamber:

"'6.4.1, There are two different types of combustion cham-
bers that may be used In the first type the air and fuel are
mixed and burned in a single burner. The apparatus shown
in, Fig. 1 has this type of combustion chamber.
~6.4.2 In the second type of combustion chamber, the air

~— FLOW METER
§ A0 RECULATOR )
AR ' B REGULATOR
FILTER =
stufSore AR
W CAPILLARIES
CALIBRATION R [ EURNED GAS SENSOR
STANDARD . CAPILLARIES e
SOLENGID ) rer
s ‘ LR
V™ REGULATOR iy '|
: 5OUD_STATE !
FLOW WETER - I coumustion
BANPLE OR g t " CHAMBER
L) ot
SOLENOID MaTaR ! rt {
FUEL | BUANE |
R N 4 assebeLes !
Il ——
) €
: 11 ‘ o e —
et T MiCRO ———:@
————————————————— :' COMPUTER F——— SAVE |
FUEL/AR

. ELECTRICAL = === ==~
FIG, 2 Stoichiometric Combustion Apparatus

and fuel are each divided into two streams, and combustion
takes place simultaneously in two burners. The division of
air flow must be such that the proportion of air going to each
burner always remains the same. Likewise the division of

. fuel flow ‘must always remain the same éveh through fuel

composition changes. Another requirement is that the flow
divisions be  such that one burner has a mixture with a
slightly h1gher combustion ratio than the other, The appa-
ratus shown in Fig. 2 has this type of combustion chamber.

6.5 Burned Gas Sensor:

6.3.1 The burned gas sensor must measure 4 characteristic
of the burned gas which is a function of the combustion ratio
and for which there is a critical combustion ratio related to
the stoichiometric ratio. A combustion chamber of the first
type (Fig. 1) would have one sensor in the burned gas and its
output signal would constitute the desired measurement, In a
combustion chamber of the second type (Fig, 2) there would
be a sensor in the burned gas from each burner. The
difference between the two output. s1gnals would constitute
the desired measurement,

6.5.2 There are several properties of the burned gas which
are related uniquely to the combustion ratio. A burned gas
sensor may be selected which provides a measure of any one
of these, for example, either temperature or oxygen partial
pressure.

6.6 Electronics—Electronics are used to receive the signals
from the components described above to control the flow of
gases into the combustion chamber in response to the signal
from the burned gas sensor and to provide a digital or analog
output signal, or both, which is proportional to the heating
value of the gaseous fuel.

6.7 Temperature Stability and Operatmg Environment—
The method is capable of dperating over 4 range of temper-
atures limited on]y by the specific apparatus used to. realize
the method. It is desirable to equilibrate the air and fuel
tethperatures before the gases are measured. The electronics
should also be stabilized against temperature changes and the
burned gas sensor should be insensitive to changes in the
ambient conditions,

7. Reagents and Materials

7.1 Physical Conmmmazzon_The air and gas must be
free of dust, liquid, water, liquid hydrocarbons, and other
entrained solids, Foreign materials should be removed by a
sample line filter. To avoid any problcms in the line from
any liquid accumulation, pitch the line to a low point and
provide a, drip leg.

7.2 Chemical Contamination—The gir must be free of
combustible compounds The oxygen content and the abso-
lute humidity of the air should be the same during measure-
ment as during calibration.

8. Procedure

8.1 Measure the burned gas parameter at different com-
bustion ratios and determine that combustion ratio for
which the parameter has a specified characteristic such as a
maximum, minimum, or maximum rate of change.

8.1.1 Use an apparatus such as in Figs. 1 or 2 where the
components of the apparatus meet the Jequirements of
Section 6. If the apparatus has.two flow metcrs, the combus-
tion ratio is the ratio of the output of the air flow meter
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divided by the output of the fuel flow meter, If the apparatus
has only one flow meter, then the combustion ratio is set
numerically equal to either the output of the air flow meter
or the reciprocal of the output of the fuel flow meter. The

burned gas parameter is a function of the combustion ratio

and is measured at different combustion ratios. The critical
combustion ratio, R, is taken as that point where this
function has a maximum value, minimum value, or max-

- imum rate of change. The- heatlng value, C, is calculated .

from the equation
C=F R+ B,

where the constants B and F are determined as described in
9.1 and 9.2

8.1.2 This procedure may be automated, for example, by
using a microprocessor in the electronics.

8.2 For making laboratory measurements of highest pre-
cision, use the following procedure:

8.2.1 First calibrate the instrument as described in 9.2.
Then, before measuring the test gases, measure two other
standard gases of known heating value. After the test gas
measurements, measure the two standard gases again. The
known heating values of these standard gases, CAL.VAL.
LOW and CAL.VALHIGH, should bracket that of the
unknown gas. Combine the measured values of the standard
gases and the test gases to obtain a best estimate of the heating
value of the test gas. Do this using the following calculation
procedure,

8.2.1.1 Step I—There are four measured values for the
calibration gases, two for the high calorific gas and two for
the low calorific gas. Average these four measurements
together. The result is represented by the symbol,
AV.STD.GASES.

8.2.1.2 Step 2—Average the two known heating values of
the standard gases together. The result is represented by the
symbol, AV.CAL.VAL. Thus, AV.CAL.VAL = [(CAL.VAL.
HIGH) + (CAL.VAL.LOW)]/2.

8.2.1.3 Step 3—Calculate a correction to the test gas
measurements. This correction is represented by the sym-
bol, CORR. The calculation is as follows: CORR =
(AV.STD.GASES) — (AV.CAL.VAL).

8.2.1.4 Step 4—Subtract the quantity, CORR, that is
calculated in Step 3 from each of the test gas measurements
to give the corrected value,

8.2.2 Example 1--Standard gas low has CAL.VAL.LOW "

= 1000 Btu/standard cubic foot and measured values after

calibration are 1002.0 and 1002.8. (All heating values in

Example | and Example 2 have units of Btu per standard

cubic foot.) Standard gas high has CAL.VAL.HIGH = 1200

and measured values of 1202.0 and 1203.2.

AV.STD.GASES = (1002.0 + 1002.8 + 1202.0 + 1203.2)/4
= 1102.5.

AV.CAL.VAL = (1000.0 + 1200.0)/2 = 1100.0

CORR = 1102.5 — 1100 =2.5

TEST GAS MEASUREMENT = 1080.6

CORRECTED VALUE = (1080.6 — 2.5) = 1078.1

8.2.3 Example 2:

CAL.VAL.LOW = 1000 Btu/standard cubic foot.
Measured values are 998.0 and 998.2.
CAL.VAL.HIGH = 1200

Measured values are 1199.0 and 1199.2

AV.STD.VAL =
1098.6

AV.CAL. VAL = 1100

CORR = (1098.6 — 1100) = 1.4

TEST GAS MEASUREMENT = 1076.7

CORRECTED VALUE = [1076.7 — (—1. 4)] = 1078.1

(998.0 + 998.2 + 1199.0 + 1199.2)/4 =

9. Cahbratlon and Standardxzatnon .

9.1 The calibration factor, F, and the constant, B, in the |
' equation, C' = F:R + B, dare determined through an initial

calibration, in which the critical combustion ratios of at least
two standard gases of known but different heating values are
measured using the procedure described in 8.1.

9.2 The calibration factor, F, is routinely redetermined at
regular intervals under field conditions using a calibration
gas of known heating value. The constant, 8, is not adjusted
in the routine calibrations. The interval between routine
calibrations must be determined under the specific operating
conditions, and is usually of the order of 24 h. Determina-
tion of F establishes the amount of net oxygen per standard
volume of combustion air. Variations in net oxygen constant
can be caused by several factors, such as changes in absolute
humidity or the presence of contaminants in the air supply.

10. Precision and Bias

10.1 To determine precision and bias, an interlaboratory
study was carried out using two types of commercial
instruments that implement the stoichiometric method. For
each type of instrument six different laboratories each
measured five different reference gases. Cylinders containing
these reference gases were transported from laboratory to
laboratory. Each laboratory used its own instrument and
personnel to measure the heating values of the gases in these
cylinders. The same calibration gas was used to calibrate
each instrument.

10.2 The heating values of the reference gases were
determined prior to the study by the Institute of Gas
Technology. These values were established by averaging
three recording calorimeter measurements. The values were
unknown to the participants in the interlaboratory test
program. At the end of the study, the heating values were
remeasured at the Institute of Gas Technology to establish
that the gas compositions did not change. The statistical
analysis of the results was in accordance with the procedures
in Practice E 691.

10.2.1 Repeatability—The root mean square estimate of
the within laboratory component of standard deviation was
0.76 Btu/standard cubic foot. The corresponding 95 %
confidence repeatability interval was 2.1 Btu/standard cubic
foot.

10.2.2 Reproducibility—The root mean square estimate
of the between laboratory component of standard deviation
was 1.67 Btu/standard cubic foot. The corresponding 95 %
confidence reproducibility interval was 5.1 Btu/standard
cubic foot. )

10.2.3 Bias—The average of all measurements agreed
with the average reference value within 0.1 %.

11. Keywords
11.1 natural gas range by stoichiometric conversion
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The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in corngetion

with any item mentioned in this standard. Users of this standerd are.expressly agw’sed that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely thelr own résponsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not ravised, sither reapproved or withdrawn. Your comments are invited either for ravisfon of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful cansideration at & meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not recelved a falr hearing you should make your
views known to the ASTM Committeé on Standards, 1916 Race St., Philadelphia, PA 19103,
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QHI Designation: D 4986 - 98

Standard Test Method for

Horlzontal Burning Characteristics of Cellular Polymerlc

Materials’

This standard is Tssuéd Tinder the fixed desighatior D 4986 the fiuniber immnediately following the designation md.tcates thie. year of
original adoption o, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval, A
superscript epsilon (€) indicates an editorial change since the last revision or reapproval. :

1. Scope

1.1 This fire-test-response test method describes a small-
scale horizontally oriented burning test procedure for compar-
ing the relative rate of burning and the extent and time of
burning of cellular polymeric materials having a density less
than 250 kg/m®,

1.2 The classification system described in the Appendix X1
is intended for quality assurance and the preselection of
component materials for products.

1.3 This standard measures and describes the response of
materials, products, or assemblies to heat and flame under
controlled conditions, but does not by itself incorporate all
Sactors required for fire hazard or fire risk assessment of the
materials, products, or assemblies under actual fire conditions.

1.4 This standard does not purport to address all of the
safety concerns, If any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use, For a specific
hazard statement, see Note 2.

Nore 1—This test method and ISO 9772 are equivalent,

2. Referenced Documents

2.1 ASTM Standards: )
D 4483 Practice for Determining Precision for Test Method
Standards in the Rubber and Carbon Black Industries®
D 5025 Specification for Laboratory Burner Used for
Small-Scale Burning Tests on Plastic Materials®

E 176 Terminology to Fire Standards*

E 437 Specitication for Industrial Wire Cloth and Screens
(Square Opening Series)?

2.2 ISO Standard:

ISO 9772 Cellular Plastics—Determination of Honzontal

! This test method is under the jurisdiction of ASTM Comumittee D-20 on Plastics
and is the direct responsibility of Subcommittee D20.30 on Thermal Properties.

Current edition approved July 10, 1998. Published January 1999. Originally
published as D 4986 — 89. Last previous edition D 4986 — 95.

2 Annual Book of ASTM Standards, Vol 09.01.

3 Annual Book of ASTM Standards, Vol 08.03.

* Annual Book of ASTM Standards, Vol 04,07,

3 Annual Book of ASTM Standards, Vol 14.02.

295

Burning Characteristics of Small SpecimensA Subjected to
a Small Flame®

3. Terminology

3.1 Definitions—For definitions of fire-related terms used
in this test method, refer to Terminology E 176.

3.2 afterflame  time, n—ihe length of time for which a
material continues to flame, under specified condltlons, after
the ignition source has been removed.

3.3 afterglow time, n—the length of time for which a
material continues to glow under specified test conditions, after
the ignition source has been removed or cessation of ﬂammg,
or both,

3.4 flame, vb—to undergo combustlon in the gaseous phase
with emission of light.

3.5 glow, n—visible light, other than from ﬂammg, emitted
by asolid undergoing combustion.

4. Summary of Test Method

4.1 This test method for measuring the burnmg characteris-
tics of cellular polymeric materials ernploys a small standard
test specimen 50 by 150 mm. The specimen is supported
horizontally. One end is exposed to a specified gas flame for
60 s and the extent of burtting is measured. .

3. Significance and Use

5.1 This test method provides a means of measuring the
time and extent of burning for cellular polymeric materials. It
also provides a means of measuring burning rates for materials
that continue to burn past the specified gage marks.

5.2 This test method provides a means of comparing the
burning characteristics of materials of like thickness density.
cell size, and skin irregularities, including the effect of falling
particles of cellular polymeric materials. It may be used for
quality control, specification acceptance, and for research and
development. Such materials may be filled or reinforced, rigid
or flexible, cut or formed. ’

5.3 In this test method, the specimens are subjected to one
or more specific sets of laboratory fire test exposure condi-
tions. If different test conditions are substituted or if the
anticipated end-use conditions are changed, it may not be

¢ Available from American National Standards Institute, 1 1 W. 42nd Street, 13th
Floor, New York, N'Y 10036.
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possible from this test method to predict changes in the
performance characteristics measured. Therefore, the results
are strictly valid only for the fire test exposure conditions
described in this procedure.

5.4 This test method is not intended to be a criterion for fire
hazard. The fire hazard created by materials depends upon the
form and end use of the material, Assessment of fire hazard
includes, but is not limited to, many factors such as flame
spread, burning rate, ease of ignition, fuel contribution, heat
evolution, products of combustion, and others.

6. Apparatus

6.1 Test Chamber—A laboratory hood free of induced or
forced draft during test. The hood shall be totally enclosed,
with a heat-resistant transparent window for observing the test.
Alternatively, the test may be conducted in a cabinet placed
inside the hood. The cabinet should be constructed of noncom-
bustible materials and should have a transparent window for
observing the test. The cabinet must provide adequate ventila-
tion for characteristic burning, but must not allow drafts across
the burning specimen; therefore, a suitable damper may be
necessary. ‘

6.2 Laboratory Burner—Burner shall be constructed in
accordance with Specification D 5025.

6.3 Wing Top—Wing top, having an opening 48 = 1 mm in
length by 1.3 % 0.05 mm in width fitted to the burner. (See Fig.
1)

6.4 Gas Supply—Methane gas, technical grade or natural
gas having a heat content of 37 * 1 MJ/m> with suitable
regulator and meter for uniform gas flow,

6.5 Wire Cloth-——Low-carbon, plain, steel wire, 6.4-mm
mesh of 0.90 * 0.05-mm wire diameter. The cloth mesh and
wire diameter shall be determined in accordance with Specifi-
cation E 437, Appendix X3. The wire cloth shall be cut to
approximately 215 by 75 mm and shall be formed to provide a
90° bend at one end, 13 mm high. (See Fig. 1.)

6.6 Support Fixture—Any fixture that will support the wire
cloth horizontally, 13 £ 1 mm above the burner wing top and

BURNER
WING TOP

Note—Dimensions in millimetres.

175 = 25 mm above the base of the test chamber. Figure 2
shows one acceptable arrangement.

6.7 Timing Device(s)—Accurate to =1 s,

6.8 Linear Measuring Device—Graduated in millimeters.

6.9 Corton—A supply of dry, absorbent 100 % cotton.

6.10 Desiccator—Containing. a suitable drying agent, ca-
pable of maintaining a relative humidity not exceeding 20 % at
23 £ 2°C.

6.11 Conditioning Room or Chamber—Capable of being
maintained at 23 % 2°C and a relative humidity of 50 = 5 %.

6.12 Conditioning Oven—A full-draft circulating air oven
capable of being maintained at 70 = 2°C. :

6.13 Dial Gage Micrometer—For measuring thicknesses
with a 650-mm® pressure ft exerting a pressure of
0.175 + 0.035 kPa.

7. Test Specimens

7.1 The standard test specimen shall be 150 = 10 by 50 = 1
mm, in the thickness appropriate to the objectives of the
determination. Specimens tested in accordance with this test
method are limited to a maximum thickness of 13 mm.
Materials supplied in thicknesses over 13 mm, shall be cut to
13 + 1 mm thickness with the skin on one side.

7.2 The surfaces of the specimen must be smooth and
unbroken. Any loose particles shall be removed. The corner
radius must not exceed 1.3 mm. Specimens with skin shall be
tested skin side down,

7.3 Five specimens per type of conditioning are to be tested,
ten specimens in all.,

8. Conditioning

8.1 Condition specimen sets as follows:

8.1.1 Condition one set of five specimens for at least 48 h at
a temperature of 23 = 2°C and a relative humidity of 50 = 5 %
prior to testing.

8.1.2 Coendition a second set of five specimens in a circu-
lating air oven for 168 * 2 h at 70 = 2°C, and then cool in a
desiccator for at least 4 h at room temperature prior to testing.

SPECIMEN
SURPORT GAUZE

TEST SPECIMEN

FIG. 1 Test Specimen and Specimen Support Gauze
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DIMENSIONS' IN MILLIMETRES, '~

\

COTTON INDICATOR —

FIG. 2 Support Gauze Holder

8.2 All specimens shall be tested in a laboratory atmosphere
of 15 to 35°C and 45 to 75 % relative humidity.

9. Procedure

Note 2: Warning—Conduct the burming test in an enclosed laboratory
hood or cabinet free of induced or forced draft. An exhaust fan is required
for removing the products of combusuon which may be toxic, immedi-

ately after the test.
Note 3—To maintain a dra.ft—frec environment during the test, it may

be necessary to install a damper in the exhiaust duct which can be closed - ‘

during the test.

9.1 Position the formed wire cloth in the support fixture so
that the major section is horizontal and the upturned edge is
nearest the burner. The bottom of the cloth shall be 13 1 mum.
above the burner wing tdp and 175 mm above the base of the

test ciamber. Place 0.05 to 0.08 g of ¢otton thinned to an area’

approximately 75 X 75 mm and a maximum thickness of 6
mm. on the base of the test chamber under the front’ portlon of
the wire cloth having the upturned ends.

9.2 Mark the test specimen across its width with lmes at 25

mm, 60 mm, and 125 mm from one end. Place the teést:

specimen flat on the wire cloth with the 150 by 50-mm siuface
horizontal. The end of the specirien closer-to the 60-mny mark:

is to be placed in contact with the upturned end of the w1re‘

cloth. (See Fig. 1.)

9.3 Place the ‘burner, with wing top, remote from the
specimen, ignite, and adjust it to produce a blue flame:38 mm
high. Adjust the gas supply and the air ports of the burner until

a yellow-tipped blue flame is produced. and then increase:the:
air supply until the' yellow tip just disappears. Measure the’

height of the flamie, and, 1f Tiecessary, readjust to obtam a flame
38 = 2 mm high. y

9.4 Place the burner under the uptumed end of the ‘wire:

cloth so that one edge of the flame is'in line with the upturned
end and the other edge of the flame extends into the front end
of the specimen. (See Fig. 3.) The cetter of the wing top is to
be in line with the longitudinal axis of the specimen. ‘

9.5 Start the timing device(s) when the test flame is applied.
Remove the flame after 60 s. Record the times when the flame
reaches the 25-mm, 60-mm, or 125-min mark when the
specimen extmgmshes

9.6 If the specimen burns past the 125-mm mark the time
for the specimen to burn from the 25-mm mark to the 125-mm
mark is to be determined, Record the time, in seconds, as the
burning time, ¢. Calculate the burning rate as 600/ cm/min,

13 MM THICK

TEST SPECIMEN,

SPECIMEN SUPPORT GAUZE, 6.4 MM MESH

PROFILE OF VISIBLE FLAME, 38 MM HIGH

BURNER WING TOP

""FIG.3 Details of Flame and Relative Positions of Burner Wing

Top, Test Specimen, and Specimen Support Gauze

9.7 If the specimen ceases to burn, the duration of the total
afterflame plus afterglow time after removal of the test flame
is to be recorded. The furthest distance affected by burning
(flaming plus glowing) is to be measured and recorded. Also,
itiis to be noted whether or not the cotton placed 175 mm below
the test specimen was ignited by flaming particles. )

‘9.8 If the specimen does not burn after removal of the test
flame, record the duration of afterflame time as zero. The
furthest distance affected by burning is to be measured and
recorded. Note whether or not the cotton was ignited.

9.9 Repeat the procedure in 9.1 through 9.8 on the four
reméiningspecimens for edch set. If a new wire' cloth is ‘not
uséd for each test, any material remaining on the wite cloth
from previous tests is to be burned off and the wire cloth
allowed to cool to room temperature before conductlng the test.

Note 4—When the test chamber is in contmuous use, heatmg of the
chamber may affict test results

10. Report

:10.1 The complete report shall include the tollowmg

10.1.1 Material IdentificationThe generic.  description,
mafiufacturer, comrercial designation, lot number, color, con-
ditioning,density, t.hu,kness, and the presence or. absence of
skin. -

10.1.2 The burmng rate of each spe01men that has bumcd to
the 125-mrn mark. w

10.1.3 The duration of afterﬂame and afterglow tlme and
the distaiice affected for each specimen. :

10.1.4 Whether or riot 'any ‘of ‘the specimens dnp ﬂam.mg
particles that ignite cotton.

10.1:5 -Note' any' unusual burhing. phenomena, such &s
warpage, shrinkage, melting, or other atypical responses.

10.1.6 The statement: These data describe the response of
materials to heat and flame under controlled laboratory condi-
tions and should not be used for the appraisal or regulation of
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TABLE 1 Type 1 (Test) Horizontal Burning Characteristics
Part 1 Burn Times, s
Within Laboratories Between Laboratories
Material Mean
8r r SR R

A 60.8 8.0 226 227 64.3

B 774 126 35.4 15.4 43.5

o} 109.4 23.3 66.0 302 88.3

D 185.9 62.5 177.0 86.6 245.2

E 8.5 6.7 18.8 8.8 24.8

F 10.3 124 356.1 18.8 63.1

G 23 87 16.3 7.4 21.0

H 4.1 21 6.0 8.5 241

| 0.6 Q.7 1.9 1.8 5.1
Average Pooled Values 50.8 23,4 €6.1 32.9 93.0

Part 2 Burn Lengths, mm
Within Laboratories Between Laboratorles
Material Mean
&r r S8R R

A 99.4 5.3 14.9 53 14.9

B 100.0 0.0 0.0 Q.0 0.0

o] 88.9 10.5 28.6 10.8 20.6

D 80.2 19.3 54.7 24.6 69.9

E 18.9 3.3 9.3 8.3 288

F 52.3 18.5 35.2 23.8 67.3

G 26.7 9.4 90.5 14.5 411

H 24.8 8.7 18.1 11.0 31.0

| 6.0 241 16.6 8.4 23.9
Average Pooled Values 56.3 10.7 30.3 14.1 39.8

Sr= Within-laboratory standard deviation,
r= Repeatability.

SR = Between-laboratory standard deviation.
R = Reproducibility.

the fire hazards associated with them under actual fire condi-
tions.

10.1.7 If the material will be classified, indicate the cat-
egory designation from the classification system in Appendix
X1,

11. Precision and Bias

11.1 An interlaboratory test program was conducted to
obtain precision data for this test method. Both precision and
bias sections were prepared in accordance with Practice
D 4483.

11.2 Test Method:

11.2.1 The interlaboratory program was a Type 1 precision
conducted in 1990. Both repeatability and reproducibility were
short term. A test result is the average value obtained from five
determinations. A single test result was obtained for two fire
test responses for all materials on each of two separate days.

11.2.2 Nine different materials were used in this study and
nine laboratories participated in the interlaboratory program.

11.2.2.1 The precision results in this precision and bias
section give an estimate of the precision of this test method
with the materials used in this particular interlaboratory pro-
gram. These precision parameters should not be used for
acceptance or rejection testing of any group of materials
without documentation that they are applicable.

11.2.3 Al materials were prescreened for properties by one
laboratory and then forwarded to a second laboratory. The

298

second laboratory prepared all samples for testing and distrib-
uted them to the other participating laboratories. The test
specimens only had to be conditioned in accordance with this
test method prior to actual testing.

11.2.4 Material testing order was randomized.

11.2.5 The results of the precision calculations for repeat-
ability and reproducibility are given in Table 1.

11.2.6 Repeatability—The repeatability, r, of this test
method has been established in Table 1. Two single test results
obtained within one laboratory that differ by more than this
tabulated r (for any given material) must be considered to have
come from different or nonidentical sample populations.

11.2.7 Reproducibility—The reproducibility, R, of this test
method has been established in Table 1. Two single test results
obtained in different laboratories that differ by more than this
tabulated R (for any given material) must be considered to have
come from different or nonidentical sample populations.

11.2.8 Bigs—In test method terminology, bias is the differ-
ence between an average test value and the reference (true) test
property value. Reference values do not exist for this test
method since the value or level of the test property is
exclusively defined by this test method. Bias, therefore, cannot
exist,

12, Keywords

12.1 burning characteristics; burning rate; cellular materi-
als; horizontal
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APPENDIX

(Nonfnandatory Informaﬁonj -

X1, CLASSIFICATION SYSTEM FOR DETERMINING THE COMPARATIVE HORIZONTAL BURNING CHARACTERISTICS
OF CELLULAR POLYMERIC MATERIALS

.. X1.1 This appendix describes a classification system that

can be used to characterize the burning behavior of cellular
materials, supported in a horizontal position, in response to a
small flame ignition source. The use of a category designation
code is optional and is determined by examining the test results
of materials tested by this test method. Each category code
represents a preferred range of performance levels that simpli-
fies description in material designations or specifications and
may assist certification bodies to determine compliance with
applicable requirements.

X1.2 Materials Classified HBF—Materials classified HBF
shall perform as follows:

X1.2.1 HBF materials shall not have any specimens with a
burning rate exceeding 40 mm/min over a 100 mm span, or

X1.2.2 HBF materials shall have each specimen cease to
burn before flaming or glowing reaches the 125 mmn gage
mark.

X1.3 If only one specimen from a set of five specimens does
not comply with the requirements in X1.2, another set of five
specimens, subjected to the same conditioning, shall be tested.
All specimens from this second set of specimens shall comply
with the requirements in X1.2 for the material in that thickness
and density to be classed HBF.

X1.4 Materials Classified HF1 and HF2—Materials classi-
fied HF1 and HF?2 shall be in compliance with Table X1.1.

SUMMARY

TABLE X1 Material Classifications

Criteria Conditions HF1 HF2
Afterflame time 4/51s =284 4515 =2 s*
1/5is <10s® 1/5is =10 8%
Afterglow time for each individual specimen =308 =30 s
Cotton indicator ignited by flaming partictes or  No Yes
drops '
<60 mm <60 mm

Damaged length for esch individual specimen

A 4/5—Four out of & set of five specimens.
B {/5—One out of a set of five specimens.

X1.5 If a set of five specimens does not comply with the
requirements in X1.4, because of one of the following situa-
tions, another set of five specimens subjected to the same
conditioning shall be tested as follows:

X1.5.1 A single specimen flames for more than 10 s; or,

X1.5.2 Two specimens flame for more than 2 s but less than
10 s; or,

X1.5.3 One specimen flames for more than 2 s but less than
10 s, and a second specimen flames for more than 10 s; or,

X1.54 One specimen does not comply with the additional
criteria in X1.4,

X1.6 All specimens from this second set shall comply with
the requirements in X1.4 in order for the foamed plastic
material in that thickness and density to be classed HF1 or
HF2.

OF CHANGES

This section identifies the location of selected changes to this test method. For the convenience of
the user, Committee D-20 has highlighted those changes that may impact the use of this test method.
This section may also include descriptions of the changes or reasons for the changes, or both,

D 4986 ~ 98:

(1) Specified the density of a cellular material covered by
this test method (1.1).

(2) Added an ISO equivalency statement (Note 1.

(3) Added an option to use a classification system to
categorize materials (1.2, 10.1.7 and Appendix X1).

(4) Added a reference to ISO 9772 and removed the
reference to ISO 3582 (2.2).

(5) Provided terminology for afterflame time and afterglow
time (3.2 and 3.3).

(6) Deleted reference to joint task group with D 11.17 (5.4).

(7) Removed references to inch-pound units and added
tolerances to critical dimensions for harmonization with ISO
9772.

(8) Added a Dial Gage Micrometer with a pressure foot to
the Apparatus Section (6.13). '

(9) Added requirements for the armount of cotton to be used
©.1).

(10) Added a marker line on the specimen at 60 mm from
the upturned end of the wire cloth so that the material can be
classified HF1 or HF2 (9.2, 9.5 and Appendix X1).
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The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard, Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard Is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Yourcoriments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters, Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend, If you feel that your comments have not received a fair hearing you should make your
views kriown to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428,
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QH.“V) Designation: D 512 — 89 (Reapproved 1999)

Standard Test Methods for
Chloride lon In Water’
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This standard is issued under the fixed designation D 512; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
. superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 These test methods cover the determination of chlonde
ion in water, wastewater (Test Method C only), and brmes The
following three test methods are included:

. Sections
Test Method A (Marcurimetric Titration) 7 to14.
Test Method B (Silver Nitrate Titration) 15 to 21
Test Method C (lon-Selective Electrode Method) 22 to 29

1.2 Test Methods A, B, and C were validated under Prac-
tice D2777 — 77, and only Test Method B conforms also to
Practice D 2777 —~ 86. Refer to Sections 14, 21, and 29 for
further information.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use. For a specific
hazard statement, see 26.1.1.

1.4 A former colorimetric test method was discontinued.
Refer to Appendix X1 for historical information. :

2. Reférenced Documents

. 2.1 ASTM Standards:
. D 1066 Practice for Sampling Steam?
D 1129 Terminology Relating to Water?
D 1193 Specification for Reagent Water?
D 2777 Practice for Determination of Precision and Bias of
Applicable Methods of Committee D-19 on Water?
D 3370 Practices for Sampling Water from Closed Con-
duits?
D 4127 Texmmology Used with lon- Se]ectlve Electrodes

3. Terminology :
31 Deﬁnin‘on&——For definitions of terms used in these test
methods, refer to Terminologies D 1129 and D 4127.

N

4, Significance and Use o
4.1 Chloride ion is under regulatlon in water, and must

' These test methods are under the jurisdiction of ASTM Committee D-19. on
Water and are the direct responsibility of Subcommitiee D19.03 on Inorgamc
Constituents in Water,

Current’ edition approved Oct. 2, 1989. Published December 1989. Orlgmally
published as D 512 — 38, Last previous edition D 512 — 88,

2 Ahnual Book of ASTM Siandurds, Vol 11.01.

therefore, be measured accurately. It is highly detrimental to
high-pressure boiler systems and to stainless steel, so monitor-
ing is essential for prevention of damage. Chloride analysis is
widely used as 2 tool for estimating the cycles of concentration,
such as in cooling tower applications. Processing waters and
pickling solutions used in the food processing industries also
require dependable methods of analysis for chloride.

5. Purity of Reagents

5.1 Reagent grade chemicals shall be ‘used in all tests..
Unless otherwise mdlcated, it is intended that all reagents shall
conform to the specifications of the Committee on Analytical
Reagents of the American Chemical Society, where such
specifications are available.® Other grades may be used, pro-
vided it is first ascertained that the reagent is of sufficiently
high purity to permit its use without lessening the accuracy of
the determination.

5.2 Purity of Water— Unless otherwise-indicated, all réfer-
ences to water shall be understood to mean.Type II reagent
water conforming to Specification D 1193, T

6. Sampling

6.1 Collect the sample in accordance w1th Practice D 1066
and Practices D 3370, as applicable.

TEST METHOD A-—«MERCURIMETRIC
‘ TITRATION ¢ '

7. Scope
7.1 This test method can be used to determine chloride ion
in water, provided interferences are absent (see Section 9).

7.2 Though not specified in the research report, the preci-
sion statement is presumed to have been obtained using Type IT

reagent water. It is the responsibility of the analyst to assure the
validity of this test method for untested matrices.
7.3 This test method was validated for the concentration

® Reagent Chemicals, American Chemical Society Specifications, American
Chemical Society, Washington, DC, For suggestions on the testing of reagents not
listed by the American Chemical Society, see Analar Standards for- Laboratory.
Chemicals, BDH Ltd., Poole, Dorset, UK., and the United Siates Pharmacopeia
and Natignal Formulary, U.S. Pharmaceutical Convention, [nc, (USPC), Rockville,
MD.
4 For information of interest in connection with this test method, and supporting
data, refer to’ Clark, F. E., “Determination of Chloride in Water,” Analytical
Chemistry, Vol 22, April 1950, pp. 554-555, and Vol 22, November 1950, p. 1458,

*A Summary of Changeé section appears at the end of this standard.

Copyright ® ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2059, United Stales.
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range 8.0 to 250 mg/L. CI™.

8. Summary of Test Method

8.1 Dilute mercuric nitrate solution is added to an acidified
sample in the presence of mixed diphenylcarbazone-
bromophenol blue indicator. The end point of the titration is the
formation of the blue-violet mercury diphenylcarbazone com-
plex.

9. Interferences

9.1 The anions and cations generally found in water offer no
interference. Zine, lead, nickel, and ferrous and chromous ions
affect solution and end-point colors, but do not reduce the
accuracy of the titration when present in concentrations up to
100 mg/L. Copper is tolerable up to 50 mg/L. Titration in the
presence of chromate ion requires indicator with extra back-
ground color (alphazurine) and prior reduction for concentra-
tions above 100 mg/L. Ferric ion above 10 mg/L. must be
reduced before titration, and sulfite ion must be oxidized.
Bromide and fluoride will be partially titrated with the chlo-
ride. Quaternary ammonium salts also interfere if present in
sigriificant amounts (1 to 2 mg/L). Deep color may also
interfere.

10. Apparatus

10.1 Microburer, 1 or 5-mL, with 0.01-mL graduation
intervals.

11. Reagents and Materials

11.1 Hydrogen Peroxide (30 % H,0,).

11.2 Hydroquinone Solution (10 g/L)—Dissolve 1 g of
purified hydroquinone in water and dilute to 100 mL.

11.3 Mercuric Nitrate Solution, Standard (0.025N)—
Dissolve 4.2830 g of mercuric nitrate (Hg(NO3),-H ,0) in 50
mL of water acidified with 0.5 mL of concentrated nitric acid
(HNOg, sp gr 1.42). Dilute the acidified Hg(NO3) , solution
with water to 1 L. Filter if necessary, and standardize against
the standard sodium chloride (NaCl) solution, using the pro-
cedure described in Section 12 (see Note 1).

Note |—Sharpness of End Poini—The end point, while sharp, can be
improved somewhat for certain types of water by adding several drops of
a 0.05-g/L solution of xylene cyanole FF or alphazurine blue-green dye
(color index 714) 1o the titration sample.

11.4 Mixed Indicator Solution >—Dissolve 0.5 g of crystal-
line diphenylcarbazone and 0.05 g of bromophenol blue
powder in 75 mL of ethyl alcohol (95 %), and dilute to 100 mL
with the alcohol (Note 2). Store in a brown bottle and discard
after 6 months (Note 3).

Note 2-—Methanol, isopropancl, or ethanol denatured with either
methanol or isopropanol (Formula 3A) may be used if pure ethyl alcohol
is not available. Other denatured ethanol formulae are not suitable.

Note 3—Liquid indicator generally deteriorates to the point that it
yields no end-point color after 12 to 18 months of storage. High
temperature (above 37.8°C (100°F)) and exposure to bright light may
shorten storage life. A dry powder mixture of the two indicator ingredients

*This diphenylcarbazone I-bromophenol blue indicator is covered by U.S.
Patent No. 2,784,064,

is stable for much longer periods. Both the powder mixture (capsule form)
and the liquid indicator are available commercially.

11.5 Nitric Acid (3 + 997)—Mix 3 volumes of concen-
trated nitric acid (HNOs, sp gr 1.42) with 997 volumes of
water.

11.6 pH Indicating Paper, long-range type, covering a pH
range 1 to 11.

11.7 Sodium Chioride Solution, Standard (0.025N)—Dry
several grams of sodium chloride (NaCl) for 1 h at 600°C.
Dissolve 1.4613 g of the dry salt in water, and dilute to 1 L at
25°C in a volumetric flask.

11.8 Sodium Hydroxide Solution (10 g/L)—Dissolve 10 g of
sodium hydroxide (NaOH) in water and dilute to 1 L.

12. Procedure

12.1 Use a volume of sample such that it will contain not
more than 20 mg of chloride ion, diluting the sample with
water to approximately 50-mL volume if necessary, Determine
an indicator blank on 50 mL of chloride-free water, applying
the same procedure followed for the sample.

12.2 Add S to 10 drops of mixed indicator solution, and
shake or swirl the flask. If a blue-violet or red color develops,
add HNO; (3 +997) dropwise until the color changes to
yellow. Add 1 mL of excess acid. If a yellow or orange color
forms immediately on addition of the mixed indicator, add
NaOH solution (10 g/L) dropwise until the color changes to
blue-violet; then add HNO; (3 + 997) dropwise until the color
changes to yellow and further add 1 mL excess of acid (Note
4).

Nore 4—The prescribed acidification provides a satisfactory pH range
from 3.0 to 3.5. Acidified samples on which electtometric pH measure-
ments have been made shall not be used for chloride- determinations,
because the use of the calomel reference electrode may introduce error due
to chloride contamination. For precise pH adjustment of samples having a
low-chloride concentration, instrumental measuremerits may bé made on
one sample aliquot to détermine treatment needed for ariother to be used
for the chloride test.

12.3 Titrate the solution and a blank with 0.025 N Hg(NO,),
solution until a blue-violet color, as viewed by transmitted
light, persists throughout the solution (Note 5). Record the
millilitres of Hg(NO,), solution added in each case.

Note 5—The use of indicator modifications and the presence of heavy
metal jons can change solution colors without affecting accuracy of the
determination. For example, solutions containing alphazurine may be
bright blue when neutral, grayish purple when basic, blue-green when
acidic, and blue-violet at the chloride end point. Solutions containing
about 100 mg/L nickel ion and normal mixed indicator are purple when
neutral, green when acid, and gray at the chloride end point. When
applying this test method to samples that contain colored jons or that
require modified indicator, it is recommended that the operator be familiar
with the specific color changes involved by experimenting with solutions
prepared as standards for comparison of color effects,

12.4 If chromate ion is present in the absence of iron and in
concentration less than 100 mg/L, use the alphazurine modified
mixed indicator (Note 1) and acidify the sample as described in
12.2 but to pH 3 as indicated by pH indicating paper. Titrate the
solution as described in 12.3, but to an olive-purple end point.

12.5 If chromate ion is present in the absence of iron and in
concentration greater than 100 mg/L, add 2 mL of fresh
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hydroquinone solution and proceed as described in 12.2 and
12.3.

12.6 If ferric ion is present in the absence or presence of
chromate ions, use a sample of such volume as to contain no
more than 2.5 mg of ferric ion or of ferric ion plus chromate
ion. Add 2 mL of fresh hydroquinone solution, and proceed as
described in 12,2 and 12.3,

12.7 If sulfite ion is present, add 0.5 mL of H ,0, to 50 mL

" of the samplé in the Erlenmeéyer flask and mix for 1 min. Then

proceed as described in 12.2 and 12.3.

13. Calculation
13.1 Calculate the chloride ion concentration, in milligrams
per litre, in the original sample as follows:
Chioride, mg/L. = [(V |, — V) X N X 35 453)/S

where:

V, = standard Hg(NO,), solution required for titration of
the sample, mL,

V, = standard Hg(NO3), solution required for titration of
the blank, mL,

N = normality of the Hg(NQ,), solution, and

S = sample used in 12.1, mL.

14. Precision and Bias ¢

14,1 Precision Statement—The precision of this test method
may be expressed as follows:

Sy = 0.023X + 0.43
Sp =0.002X + 0.46 -

where

S, = overall precision, mg/L,

So = single-operator precision, mg/L, and

X = concentration of chloride ion determined.

14.2 Bias Statement— Recovemes of known amounts of
chloride were as follows:

Statistically
Significant (95 %

Amount Added, = Amount Found,

‘mg/L. ma/L + % Bias Confidence Level)
250 248 -0.80 no
80.0 793 -0.88 no
8.00 7.51 -6.13 ‘ yes

14.3 The information presented in 14.1 and 14.2 is derived
from round-robin testing in which five laboratories, including
seven operators, participated. Though not clearly specified in
the test report, the matrix is presumed to be Type II reagent
water, Of seven data sets ranked as described in Practice
D 2777, none was rejected, nor were any data points deter-
mined to be “outliers.” Three sample levels were run on at least
three days. The method of “least squares” was used to
determine the precision statement, with correlation of 0.7394
for S, and 0.9993 for Sr. ‘

14,4 Tt is the responsibility of the analyst to assure the
validity of this test method for untested matrices.

14.5 Precision and bias for this test method conforms to
Practice D 2777 -77, which was in place at the time of

“Suppomng data are available from ASTM Headquarters. Request RR: D19-
1076,

collaborative testing, Under the allowances made in 1.5 of
Practice D 2777 - 86, these precision, and bias data do meet
existing requirements for interlaboratory studies of Committee
D-19 test methods.

TEST METHOD B—-SILVER NITRATE TITRATION

15. Scope

15.1 This test method” is intended primarily for water where
the chloride content is 5 mg/L or more, and where interferences
such as color or high concentrations of heavy metal ions render
Test Method A impracticable.

15.2 Though not specified in the research report, the preci-
sion and bias statement is presumed to have been obtained
using Type II reagent water. It is the responsibility of the
analyst to assure the validity of this test method for untested
matrices.

15.3 This test method was validated for the concentration
range 8.0 to 250 mg/L CI,

16. Summary of Test Method

16.1 Water adjusted to approximately pH 8.3 is titrated with
silver nitrate solution in the presence of potassium chromate
indicator. The end point is indicated by persistence of the
brick-red silver chromate color.

17. Interferences

17.1 Bromide, iodide, and sulfide are titrated along with the
chleride. Orthophosphate and polyphosphate interfere if
present in concentrations greater than 250 and 25 mg/L,
respectively. Sulfite and objectionable color or turbidity must
be eliminated. Compounds which precipitate at pH 8.3 (certain
hydroxides) may cause error by occlusion.

18. Reagents

18.1 Hydrogen Peraxide (30 %) HO0yp). -

18.2 Phenolphthalein Indicator Solution (10 g/L)—Prepare
as directed in Methods E 200,

18.3 Potassium Chromate Indicator Solutzon—~D1ssolve 50
g of potassium chromate (K,CrO ,) in 100 mL of water, and
add silver nitrate (AgNO;) until a slight red precipitate is
produced. Allow the solution to stand, protected from light, for
at least 24 h after the addition of AgNO,. Then filter the
solution to remove the precipitate, and dilute to 1 L with water,

18.4 Standard Solution, Silver Nitrate (0.025 N)—Crush
approximately 5 g of silver nitrate (AgNO ) crystals and dry to
constant weight at 40°C. Dissolve 4.2473 g of the crushed,
dried crystals in water and dilute to 1 L. Standardize against the
standard NaCl solution, using the procedure given in Section
19.

18.5 Standard Solution, Sodium Chlorzde (O 025 N)— Pre-
pare as described in 11.7.

18.6 Sodium Hydroxide Solution (10 g/L)—Prepare as de-
scribed in 11.8.

18.7 Sulfuric Acid (1 + 19)—Carefully add 1 volume of
concentrated sulfuric acid (H,SO,, sp gr 1.84) to 19 volumes of
water, while mixing.

7 Mohr, F., ANN., 97, 335 (1856).
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19. Procedure

19.1 Pour 50 mL, or less, of the sample, containing not more
than 20 nor less than 0.25 mg of cliloride ion, into a white
porcelain container (see Note 6). If sulfite ions are present, add
0.5 mL of hydrogen peroxide (H,0,) to the sample, mix, and
let stand for 1 min. Dilute to approximately 50 mL with water,
if necessary. Adjust the pH to the phenolphthalein end point
(pH 8.3), using H,S0 4, (1 + 19) or NaOH solution (10 g/L).

Note 6—An 80 mL white porcelain dish, a 1-in stirrer bar, and a
magnetic stirrer have been found useful for this purpose.

19.2 Add approximately 1.0 mL of K,CrO , indicator
solution and mix. Add standard AgNO, solution dropwise from
a 25-mL buret until the brick-red (or pink) color persists
throughout the sample when illuminated with a yellow light or
viewed with yellow goggles,

19.3 Repeat the procedure described in 19.1 and 19.2, using
exactly one half as much original sample, diluted to 50 mL
with water.

19.4 If the volume of titrant used in 19.3 is one-half of that
used in titrating the aliquot in 19,1, proceed to the calculation
section. If not, significant interferences are present and com-
pensation must be made; alternatively, another method must be
used.

20. Calculation

20.1 Calculate the chloride ion concentration in the original
sample, in milligrams per litre as follows:

Chloride, mg/L = [(V| — V5) X N X 70 906)/S

where:
VI

standard solution AgNQ, added in titrating the
sample prepared in 19.1, mL,

V, = standard solution, AgNO, added in titrating the
sample prepared in 19.3, mL,

N = normality of standard AgNO 5 solution, and

§ = original sample in the 50-mL test specimen prepared

in 19.1, mL.

21, Precision and Bias ¢

21.1 Precision—The precision of this test method may be
expressed as follows:

Sy = 0.013X + 0.70
Sy = 0.007X + 0.53

where:
Sy overall precision, mg/L,
So single-operator precision, mg/L, and
X concentration of chloride ion determined.
21.2 Bjas—Recoveries of known amounts of chloride were

as follows:

i

Statistically

Amount Added, Amount Found, Significant (95 %

mg/L. mg/t *+ % Bias Confidence Level)
250 248 -0.80 yes
80.00 79.1 -1.13 yes

8.00 1.77 -2.88 yes

21.3 The information in 21.2 is derived from round-robin
testing in which six laboratories, including ten operators,
participated. Though not clearly specified in the test report, the

10

matrix is presumed to be Type Il reagent water. Of ten data sets
ranked as described in Practice D 2777, none was rejected, but
one data point was determined to be an “outlier.” Three sample
levels were run on at least three days.
The method of least squares was used to determine the
precision statement, with correlation of 0.9959 for S, and
0.9940 for Sy :

21.4 It is the responsibility of the analyst to assure the
validity of this test method for untested matrices.

TEST METHOD C—ION-SELECTIVE ELECTRODE

22. Scope

22.1 This test method is applicable to the measurement of
chloride ion in natural waters, drinking water, and waste
waters,

22,2 Samples containing 2 to 1000 mg/L of chloride may be
analyzed by this test method. The concentration range may be
extended by dilution of an appropriate aliquot before the
addition of the ionic strength adjustor.

22.3 The precision and bias statements were obtained using
reagent water and a water matrix of choice that included
natural and waste waters. It is the responsibility of the analyst
to determine the acceptability of this test method for the matrix
being analyzed.

23. Summary of Test Method

23,1 Chloride ion is measured potentiometrically using a
chloride ion-selective electrode in conjunction with a double
junction, sleeve-type reference electrode, Potentials are read
using a pH meter having an expanded millivolt scale, or a
selective-ion meter having a direct concentration scale for
chloride,

23.2 The electrodes are calibrated in known chloride solu-
tions, and the concentrations of unknowns are determined in
solutions with the same background. Samples and standards
should be at the same temperature.

23.3 Standards and samples are diluted with an ionic
strength adjustor that also minimizes possible interferences
such as ammonia, bromide, iodide, cyanide, or sulfide.

24. Interferences

24.1 There is no interference from up to 500 mg/L of
sulfide, 1000 mg/L of bromide or iodide, a hundredfold excess
of cyanide over chloride, or from 1000 mg/L. of ammonia.

25. Apparatus

25.1 pH Meter, with expanded millivolt scale. This test
method can be adapted' for use with a selective-ion meter.

25.2 Chloride Ion-Seléctive Electrode, having a light-
desensitized silver ¢hloride (AgCl) membrane. Not all chloride
ion-selective electrodes are suitable for this test method, since
the ionic stréngth adjustor is incompatible with some mem-
branes. In particular, silver chloride/silver sulfide miembranes
are inapptopriate, since the stlfide can be oxidized by the ionic
strength adjustor. ‘

25.3 Sleeve-Type Double Junction Reference Electrode, us-
ing solution prepared in 26.4 as the outer sleeve filling solution,

Note 7—Other types of double junction reference electrodes may be

PRO_00104762



Case 1:13-cv-01215-TSC Document 198-23 Filed 10/07/19 Page 125 of 127

il
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recommended type.

25.4 Mixer, magnetic, with a TFE fluorocarbon-coated stir-
ring bar.

26. Reagents

26.1 Chloride Ionic Strength Adjustor (CISA)—Dissolve
15.1 g of sodium bromate in 800 mL of water. Add 75 mL of
coficéiitrated nitric acid (HNO,, sp. gr 1.42) (Note 8)..Stir well.
Dilute with water to 1 L. Store CISA in a polyethylene or glass
container.

Nore 8—For low-level chloride measurement (less than 5 mg/L) the
nitric acid used must not contain more than 0.005 % chloride and the

sodium bromate must not contain more than 0.003 % chloride. A test for
reagent purity is included in this test method.

26.1.1 Caution—Sodium bromate is a strong oxidant and

should be handled appropriately. Also note that preparation and ,

dilutions of CISA should be made in a well-ventilated area,
preferably a hood.

26.2 Chloride Solutlén Stock (1000 mg/L)——stsolve 1.648

g of sodium chloride (dried for 1 h at 600°C) in wate1 m a
volumetric flask and dilute to'1 L. SR

26.3 Chloride Solutions, Standard (100, 10, and 1 mg/L)—
Using volumetric pipets,-transfer 100,10, and 1.0 mL of the
chloride stock solution into separate 1-L. volumetnc ﬂasks and
dilute each to1 L with water.

26.4 Double-Junction -Reference Electrode Outer lelmg
iSolutzonwDilute 1 volume of CISA (26 1) thh 1 volume of
water. . .. o

27 Calibration -

"27.1 Mix equal volumes of the 1000 mg/L of ‘chioride
‘standard solution, and CISA reagent. Do the same for cach of
the other three standards.

27.2 Mix equal volumes of water and CISA reagent,

27.3 Place the electrodes in the solution froni 27.2; stir well,
wait 3 to 5 min,-and record the millivolt reading. This solution

D 512

contains no added chloride; and the potential reading will not
be very stable.

27.4 Rinse the electrodes thoroughly, place them in the 1 mg
CI7/L-CISA mixture and stir well. Wait 1 to 2 min and record
the result.

27.4.1 If the difference in readings between 27.3 and 27.4 is
less than 15 mV, there is chloride contamination of the reagent

that will affect low-level readings, and purer reagents must be

obtained.

27.5 Rinse the electrodes, place them in the 10 mg Cl
-/LCISA mixture and stic well. Wait 1 min and record the
results,

27.6 Repeat 27.5 with 100 and 1000 mg CI7/L-CISA mix-
tures.

27.7 Prepare a calibration curve by plotting, on semiloga-
rithmic graph paper, the potential observed (on the linear scale)
versus the concentration of each of the standards used (on the
logarithmic scale), Note that volume corrections are incorpo-
rated into the calibration, so that samples analyzed in accor-

. dance with'Section 28 can be read directly.

28, Procedure

28.1 Mnc t_he sample w1th an equal volume of CISA reagent
‘and stir thotoughly for 1 to 2 min. ‘

28.2 ‘Insert the electrodes, wait 1 to 2 miin, and record the
reading, "

28. 3 Read chlorlde concentrauon of the sample in m1lll-
grams per litre directly from the calibration curve.

29. Precision and Blas . o

29.1 Preczszon—The overall and smgle operator precmon
of this test method, within its designated range, varies with the
-quantity tested, as shownin Fig. 1, for reagent water, and in
Fig. 2, for selected water matrices. These matrices included
natural and waste waters.. Ce
292, Bzas—Recoverles of known amounts of chlor1de from
reagent water and selected water .matrices_are, as shown in
Table 1.. O T ‘

! I l l
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FIG. 1 Interlaboratory Precigion for Chloride Found in Reagent Water {lon Selective Electrode)
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TABLE 1 Determination of Bias {lon Selective Electrode) was rejected in the case of selected water matrices. Eight

Statistically Significant

“outlier” data points within the sets were also rejected. Four

Amount Amount Bias, ) )
Added, mgl. Found, mgl. =% & %Lcéflgf;da”"e sample levels were run on three days, and blanks were obtained
for the water used.
Reagent water 1.1 1,03 -6.4 no . -
10.0 9.94 -0.8 no 29.4 1t is the responsibility of the analyst to assure the
1338 ;gg.a :8'3 o validity of this test method for untested matrices.
29.5 Precision and bias for this test method conforms to
Water matrices 11 1.04 -55 no Practice D 2777-77, which was in place at the time of
100 10.24 +2.4 no X , .
160 146.0 27 no collaborative testing. Under the allowances made in 1.5 of
1000 991 -09 no Practice D 2777 — 86, these precision and bias data do meet

existing requirements for interlaboratory studies of Committee
D-19 test methods. '

29.3 The information in Table 1 is derived from round-robin
testing in which five laboratories, including seveh operators,
participated. Of seven data sets ranked as described in Practice
D 2777, none was rejected in the case of reagent water and one

30. Keywords

30.1 analysis; chloride; electrode; titrametric; water

APPENDIX
(Nonmandatory Information)

X1, RATIONALE FOR DISCONTINUATION OF METHOD

X1.1 Former Test Method C (Colorimetric):

X1.1.1 This test method was discontinued in 1988, The test
method may be found in its entirety in the 1988 Annual Book
of ASTM Standards, Vol 11.01.

X1.1.2 This test method may be applied to waters contain-
ing chloride ion in concentrations from 0.10 to 10 mg/L.

X1.1.3 Solutions of ferric ammonium sulfate and mercuric
thiocyanate are added to the sample. The chloride ion reacts
with the mercuric thiocyanate to produce thiocyanate ion

12

which in turn combines with ferric to form red ferric thiocy-
anate. The intensity of the color, which is proportional to the
concentration of the chloride ions, is measured photometrically
at a wavelength of 463 nm, or by visual comparison with
standard solutions.

X1.1.4 This test method was discontinued because there
were insufficiént laboratories interested in participating in
another collaborative® study to obtain the necessary precision
and bias as required by Practice D 2777.
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SUMMARY OF CHANGES

This section identifies the location of selected changes to these test methods that have been incorporated since
the last issue. For the convenience of the user, Committee D19 has highlighted those changes that may impact
the use of these test methods. This section may also include descriptions of the changes or reasons for the
changes, or both.

(1) Subsequent to round robin testing, waters tested and ranges  (2) The equation in 20.1 was revised from a previously rounded .
used were revised. value.

The American Society for Testing and Materials takes na position respecting the validity of any patent rights asserted in connection
with any itern mentioned In this standard. Users of this standard are expressly advised that determination of the valldity of any such
patent rights, and the risk of infringement of such rights, are sntirely their own responsibility.

This standard Is subject to revision at any time by the responsible technical commiliee and must be raviewed every five years and
if not revised, aither reapproved or withdrawn, Your comments are invited sither for ravision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technicel! comrmittes, which you may attend. If you feel that your comments have not received a falr hearing you should make your
views known to the ASTM Commitiee on Standards, at tha address shown below.

This standard is copyrightad by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be oblained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (s-mail); or through the ASTM website (www.astm.org).
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