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0. FOREWORD 

0.1 This Indian Standard was adopted by the 
Bureau of Indian Standards on 20 June 1988, 
after the draft finalized by the Cement and 
Concrete Sectional Committee had been approved 
by the Civil Engineering Division Council. 

0.2 For chemical analysis of hydraulic cement, 
the general practice is to follow the conventional 
gravimetric and volumetric methods. These 
methods are tedious and time consuming. The 
advent of instruments based upon electro- 
magnetic radiations has brought speed and 
accuracy to analytical methods. Adoption of 
such methods would help in rapid analysis of 
major and minor constituents of cement for 
quality control purposes by the cement industry. 

’ With this in view, the Cement and Concrete 
Sectional Committee considered it necessary to 
bring out a standard covering the methods for 
calorimetric analysis of hydraulic cement. Colori- 
metric methods of analysis of hydraulic cement 

are being introduced as alternate rapid methods 
of analysis and in case of any dispute, gravimetric 
methods described in IS : 4032-1985” shall be 
taken as referee methods. This standard lays 
down the procedure for conducting calorimetric 
analysis of major and minor constituents of 
different varieties of hydraulic cement. 

0.3 For the purpose of deciding whether a parti- 
cular requirement of this standard is complied 
with, the final value, observed or calculated, 
expressing the result of a test or analysis, shall 
be rounded off in accordance with IS : 2-19607. 
The number of significant places retained in the 
rounded off value should be the same as that of 
the specified value in this standard. 

*Method of chemical analysis of hydraulic cement 
(first revision ). 

tRulesfor rounding off numerical values ( revised ). 

1. SCOPE 

1.1 This standard covers the calorimetric Proce- 
dures for chemical analysis of different varieties 
of hydraulic cement. 

1.2 This standard covers the calorimetric deter- 
mination of SiO,, Al,O*, Fe,O,, CaO, MgO, 
TiOa, SOS, Mn,O,, P,O, and chloride in cement. 

2. SAMPLING 

2.2 The samples of the cement shall be taken 
according to the requirements of IS : 3535-1986* 
and the relevant standard specification for the 
type of cement being tested. The representative 
sample of the cement selected as above shall be 
thoroughly mixed before using. 

3. REPRODUCIBILITY OF RESULTS 

3.1 Blank determinations shall be made on 
reagents for each constituent in the cement and 
the corrections shall be applied where necessary. 
In all cases check determinations shall be made 
and repeated if satisfactory checks are not 
obtained. The difference between check deter- 
minations shall not exceed 0’ 15 percent for silica 
and calcium oxide, and 0’1 percent for all other 

*Methods of sampling 
revision ). 

hydraulic cements (first 

constituents, except for chloride where difference 
between check determinations shall not exceed 
0’02 percent. 

4. APPARATUS 

4.1 Spectrophotometer - Single or double 
beam, recording or non-recording type with a 
wavelength range of 350-950 rnp capable of 
providing band width of 10 rnp with wavelength 
accuracy of & 1 rnp and wavelength least count 
of 1 rnp fitted with optical glass cells and voltage 
stabilizer. 

4.2 Balance - Analytical chemical balance cap- 
abl-e of weighing up to 0’1 mg. 

4.3 Glassware - All~glasswares used in mea- 
surements shall be ‘A’ certified. 

4.4 Burner - Bunsen burner. 

4.5 Muffle Furnace - It shall be capable of 
operating up to 1 100°C. 

4.6 Platinum Crucible - Capacity 20 ml. 

4.7 NickeI/Zirconium Crucible - Capacity 
20 ml. 

5. USE OF FILTER PAPERS 

5.i In the methods prescribed in this standard, 
relative numbers of Whatman filter. paper only 
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IS : 12423 - 1988 

have been prescribed since these are commonly 
used. However, any other suitaible brand of titer 
papers with equivalent porosity may be used. 

6. CHEMICAL ANALYSIS’OF CEMENTS 

6.1 Reagents and Special Solutions - Unless 
specified otherwise, pure chemicals of analytical 
reagent grade shall be employecl in tests, and 
distilled water (see IS : 1070-1977” ) shall be 
used where the use of water as a reagent is 
intended. The following reagents and special 
solutions of analytical reagent grades are required 
( see IS : 2263-1979t and IS : 2316-19683 ) 

6.1.1 Reagents 
6.1.1.1 Acetic acid - glacial. 

6.1.1;2 Acetone 
6.1.1.3 Aluminium metal 

6.1.1.4 Ammonimm hydroxide - sp gr 0’90. 

6.1.1.5 Ammonium suiphqtes - solid. 
6.1.1.6 Ammonium. vanadate - solid. 

6.f.1.7 Amy1 alcohol 

6.1.1.8 Boiic.acid - solid 

-6.1.1.9 Calcium carbonate - solid. 

6.1.1.10 Diammonium hydrogen orrhephos- 
phate - solid. 

6.1.1.11 Dimethyl formamide solution 

6.1.1.12 Ethy! alcohol - of.99 percent purity. 

6.1.1.13 Ferric alum - solid. 
6.1.1.14 Ferric nitrate - solid, 

6.1.1.15 Gelatin - solid. 

6.1.1.16 Hydrochloric acid - sp gr 1’18 
( conforming to IS : ?65-19765 ). 

5.1.1.17 Hydroxylamine hydrochloride - solid. 

6.1.1.18 Iron metal 

6.1.1.19 Manganese powder 

6.1.1.20 Magnesium sulphate ( MgSO,, 7H,O ) 
- solid. 

6.1.1.21 Mercuric thiocyanate - solid, 

6.1.1.22 Phdsphorlc acid -. 85 percent ( 1 : 3 
by volume ). 

6.1.1.23 Polyvinyl alcohol - -solid. 

6.1.1.24 Potassium chloride - solid. 

6.1.1.25 Potassium titanium oxalate - solid. 

6.1.1.26 Potassium periodate - solid. 
6.1.1.27 Potassium sulphate - solid. 

*Specification for water for general laboratory use 
( second revision ). 

tMethods of preparation of indicator solutions 
(first revision ). 

$?$ethods of preparation of standard solutions for 
colorrmetric and volumetric analysis (j&r revision ). 

$Specification for hydrochloric‘acid ( second rerfslon ). 

6+.28 Quartz - solid, of 99’5 percent 
purity. 

6.1.1.29 Silver nitrate -solid. 

6.1.1.30 Sodium acetate trihydrate - solid. 

6.1.1.31 Sodium carbonate - anhydrous. 

6.l.T.32 Sodium hydroxide - pellets. 

6.1.1.33 Sodium sulphide -solid flakes. 

6.1.1.34 Sodium tetra-borate - solid. 

6.1.1.35 Sulphuric acid - sp gr 1’84 ( confor- 
ming to IS : 266-1977* ). 

6.1.1.36 Triethanolamine 

6.1.2 Dilute Solutions of Reagents - Prepare 
the following dilute solutions by diluting the 

*reagent with distilled water. 

6.1.2.1 Ammonium hydroxide - 1 :. 1 and 
1 : 3 ( by volume ). 

6.1.2.2 Ammonium cltloride solution - Dis- 
solve 54 g ammonium chloride in one litre 
distilled water. 

6.1.2.3 Ammonium molybdate reagent - Two 
types of this reagent shall be prepared as follows: 

1) Type 1 
a) Dissolve 40 g of zimmonium molybdate 

and 20 g of sodium hydroxide in 172 ml 
of distilled water and filter, and 

b) Take 115 ml of 1 : 3 nitric acid. 

Mix ( a ) and ( b ) and make up the volunie 
to 400 ml ( ensure a pH of .1’5. to 1’7 ) and 
transfer to plastic bottle for storage. 

2) Type 2 - 10 percent solution. Dissolve 
10’0 g.ammonium molybdate in 80 ml of 
hot distilled water. Stir till it dissolves. 
Dilute it to 100 ml with distilled water in 
lOO-ml volurhetric flask. Mix and trans- 
fer it to a plastic bottle for storage. 

’ 6.1.2;4”A&orbic acid solution - Dissolve 1 g 
of ascorbic acid in 100 ml of distilled water. 

6.1.2.5 Barium chloride solution - Stir 5 g of 
gelatin and 3 g of polyvinyl alcohol in 50 ml of 
cold distilled water and add 400 ml of hot 
distilled water; keep it on water bath for 30 
minutes, cool and add 20 g of barium chloride to 
it. Let the solution stand for 24 hours. Filter 
through fast filter paper and make up the volume 
to one litre. 

6.1.2.6 Brilliant yellow sohrtion ( 0’01 percent 
with stabilizers ) - Stir 5 g of polyvinyl alcohol 
in 50 ml of cold distilled water. After one 
minute, add 500.ml distilled’water and heat the 
solution on a water bath for 30 minutes; stir 

*SPeci&at~on for sulphuric acid ( second revjsi~n ). 

  
  

 



frequently and cool after complete dissolution. 
La el this solution as ‘I’. Dissolve 0’100 0 g of 
brilliant yellow in 100 ml of distilled water and 
add this to solution ‘I’. Make up the volume to 
one litre, shake land allow to settle overnight, 
filter through Whatman filter paper No. 41 and 
store this solution under refrigeration. 

6.1.2.7 Bufir solution of pH 4’6 - Dissolve 
238 g of sodium acetate trihydrate in 500 ml of 
distilled water and add 102 ml of glacial acetic 
acid, dilute to one litre with distilled water. 

6.1.2.8 Bufer solution of pH 12’6. - Dis- 
solve 10 g sodium tetraborate and 20 g sodium 
hydroxide in one litre of distilled water and 
filter, if required. 

6.1.2.9 Buffer solurion of pH lo--Add 142’5 
ml of ammonium hydroxide to 17’5 g of ammo- 
nium chloride and dilute to 250 ml with distilled 
water. 

6.1.2.10 Chromeazurol solution - Dissolve 
0’165 0 g of chromeazurol-S in 5 ml of acetone 
and make up to 1 000 ml with distilled water, 
filter before use. 

6.1.2.11 Dimethyl formamide - 1 : 9 ( by- 
volume ). 

6.1.2.12 EDTA solution ( 0’01 M ) - Dis- 
solve 3’722’4 g of EDTA in distilled water and 
make up to one litre. 

6.1.2.13 Eriochrome black T - Grind 100 mg 
of indicator with 10 g of sodium chloride. Store 
in air-tight polyethylene bottle. 

6.1.2.14 Ferric ammonium sulphate ( 0’25 M ) 
- Weigh accurately 3’011 6 g of ferric ammo- 
nt%m sulphate, dissolve in 9 N nitric acid and 
make up to 250 ml with the acid in a volu- 
metric flask. 

6.1.2.15 Ferric nitrate - Dissolve ferric nit- 
rate in 100 ml water. 

6.1.2.16 Fusion mixture - Mix carbonates of 
sodium and potassium in equimolecular propor- 
tion. 

6.1.2.17 Glyoxal-bfs-2 hydroxyanil solution - 
Dissolve 0’750 0 g of glyoxal-bis-2 hydroxyanil 
indicator in 1 litre ethanol. 

6.1.2.18 Hydrochloric acid - 1 : 1 ( by 
volume ). 

6.1.2.19 Hydrogen peroxide - 6 percent (v/v). 

6.1.2.20 Mercuric thiocyanate solution - Satu- 
rated solution in ethyl alcohol. 

6.1.2.21 Nitric acid - Sp gr 1’42 ( conform- 
ing to IS : 264-1976* ); 1 : I, 1 : 3 ( by volume ), 
9 N and 6 N. 

*Specification for nitric acid ( second revision ). 

IS : 12423 - 1988 

6.1.2.22 Reducing agent 

a) Dissolve 0’7 g of sodium sulphite ( Na, 
SOS ) in’10 ml of distilled water. Add 
0’15 g of 1 amino-2 napthol-4 sulphonic 
acid. Stir it till it dissolves. 

b) Dissolve 9 0 g of sodium metabisulphite 
~;~~s&~ ) in 80 ml of dIstIlled water in 

Mix (a) and (b) solutions. Dilute it with 
distilled water to 100 ml in a volumetric flask. 
Store it in a dark place. Use this solution for a 
week only. 

6.1.2.23 Siver nitrate - Dissolve 0’157 5 g of 
silver nitrate in distilled water and make up to 1 
litre in volumetric flask. This will give 100 ppm 
silver solution. 

4.1.2.24 Sodium hydroxide ( 2N ) - Dissolve 
80 g of sodium hydroxide in distilled water and 
make up to one litre. 

6.1.2.25 Sodium sulphide - Dissolve 1’200 9 g 
of sodium sulphide ( Na,S.9Hp0 ) in distilled 
water, filter and make up to 500 ml in a volu- 
metric flask. 

6.1.2.26 Sodium phosphate~solution - Dissolve 
0’100 0 g of sodium phosphate solution in one 
litre of distilled water. 

6.1.2.27 Sulphosalicylic acid solution - Dis- 
solve 20 g of sulphosalicylic acid in one litre of 
distilled water. 

6.1.2.28 Tartaric acid 

a) 1 percent solution - Dissolve 2’5 g of 
tartaric acid in distilled water and dilute 
to 250 ml with distilled water. 

b) 10 percent solution - Dissolve 10 g of 
tartaric acid in distilled water and dilute 
to 100 ml with distilled water. 

6.1.2.29 Triethanolamine solution - 1 : 9 ( by 
volume ). 

6.1.2.30 Triethanolamine+ hydroxylamine hy- 
drochloride reagent - Dissolve 2’5 g of hydroxy- 
lamine hydrochloride in 50 ml of distilled water 
and add 25 ml of triethanolamine and make up 
to 250 ml. 

6.1.2.31 *Zinc solution ( 0’01 M ) - Dissolve 
0’653 8 g of pure zinc metal in the minimum 
quantity of hydrochloric acid and make up to 
one litre. 

6.1.2.32 Ammonium vanadomolybdate solution 
-Dissolve 1 g of ammonium vanadate in 300 ml 
of distilled water, if possible with the help ~of 
mechanical stirring. After complete dissolution, 
add slowly 140 ml nitric acid ( specific gravity 
1’42 ) and 400 ml of 10 percent ammonium 
molvbdate solution. Make up the volume to one 
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litre with distilled water. Prepare the solution 
fresh before use. 

7. DETERMINATION OF MAJOR CONSTI- 
TUENTS 

7.1 Decomposition of Test Sample - Weigh 
accurately 0’250 0 g of test sample in a 20 ml 
nickel/zirconium crucible and fuse it with app- 
roximately 2’5 g of dry sodium hydroxide on a 
low flame. After the fusion is complete, cool the 
outer side of the crucible with distilled water. 
While the melt is still warm, place the crucible 
on its side in a 500 ml polyethylene beaker, pour 
100 ml of boiling distilled water into’ the beaker 
and cover it immediately with watch glass. Rinse 
both the crucible and the lid with distilled water 
wash both with 5 ml of 5 N hydrochloric acid 
and then 3 to 4 times with distilled water. 

7.2 Preparation of Stock Solution - Pour the 
fusion extract obtained in 7.1 through a poly- 
ethylene funnel into a 500-ml volumetric flask 
containing 50 ml of 5 N hydrochloric acid. Swirl 
the flask rapidly to obtain a clear solution. Take 
care to obtain a clear solution. 

In case any turbidity appears due to colloidal 
silica, reject the solution and start afresh with 
fusion. The solution of acidified fusion extract 
thus obtained contains monomeric SiOz, 2H,O 
and it has a pH of approximately 1 to 1.5; the 
pH may, however, be checked to ensure that it is 
in the range of 1 to 1’5. Label this as stock 
solution A. 

7.2.1 Alternatively, weigh accurately 0’250 0 g 
of test sample in a platinum crucible, add 2’5 g 
of sodium carbonate and 1’0 g of boric acid. 
Mix well. Heat the crucible on a low flame for 
about ten minutes and then at 1 000°C in a muffle 
furnace for about 20 minutes. After fusion is 
complete, cool the outside of the~crucible with 
distilled water. While the melt is still warm, place 
the crucible on its sides in 250 ml beaker con- 
taining 17’5 ml of concentrated nitric acid and 
100 ml distilled water. Transfer the solution in a 
500 ml volumetric flask and dilute it to the mark 
with distilled water. Label this as stock solution B. 

7.3 Preparation of Blank Solution 

7.3.L For Stock Solution A - Dissolve 2’5 g 
of dry sodium hydroxide in distilled water, add 
55 ml of 5 N HCl, transfer the solution to a 
500 ml flask and dilute to the mark with distilled 
water. Label this solution as C. This solution is 
used subsequently for the preparation of reagent 
blank along with stock solution A. 

7.3.2 For Stock Solution B - Dissolve 2’5 g of 
sodium carbonate and .l’O g of boric acid in 
10’5 ml concentrated nitric acid. Transfer this 
solution in 500 ml volumetric flask and dilute 
to the mark with distilled water. Label the 
solution as D. This solution is used subseouentlv 
for the preparation 
stock solution B. 

of reagent blank along with 

7.4 Silica 

7.4.1 Method 1 

7.4.1.1 Outline of the method - With ammo- 
nium molybdate, monomeric silica forms a stable 
yellow silica-molybdic complex under controlled 
conditions of pH, 1’7 - 3.7, in aqueous ethanol 
medium. Phosphorus, arsenic and- germanium 
interfere with the estimation. Interference due io 
phosphorus is eliminated by using organic acids 
like tartaric or citric .acid. Arsenic and ger- 
manium can be completely volatilized by boiling 
with hydrochloric acid. The optical density of 
the test solution ( from which the int.erfering 
agents have been removed ) is measured at 410 
rnr after a total of 15f2 minutes of colour 
generation at 32f 1°C. 

7.4.1.2 Preparation of standard stock solu- 
tion - Weigh 0’ 100 0 g of pure ground quartz 
passing through 106 pm 1s Sieve in a nickel/ 
zirconium crucible. Add 1’5 g of sodium hydr- 
oxide pellets to it, cover the crucible and heat on 
a medium meeker flame to dull red for 5 to 7 
minutes. Heat it further for 2 to 3 minutes if the 
fusion is not complete, cool and extract with 
100 ml of boiling distilled water in polyethylene 
beaker. Add to the extract, 12 ml of 5 N hydro- 
chloric acid to yield a clear solution. Make up 
to the mark in a 500 ml volumetric flask with 
distilled water. The stock solution thus obtained 
will have a concentration of 200 ppm SiO,. 

NOTE - Alternatively, prepare standard stock solu- 
tion using National Council for Cement and Building 
Materials/National Bureau of Standards chemically 
analyzed standard reference cement samples, and suit- 
able aliquots may be taken for calibration. 

7.4.1.3 Calibration - Pipette out 1, 3, 5, 7, 9, 
10, 12, 14, 16, 18 and 20 ml of the 200 ppm SiOB 
solution into eleven different 100 ml volumetric 
flasks. Add 19, 17, 15, 13, 11, 10, 8, 6, 4, 2 and 
0 ml of blank for stock solution A ( see 7.3.1 ). 
Then add the following in the sequence indicated 
to each of the flasks and make up to 100 ml with 
distilled water: 

a) 5 ml tartaric acid, 

b) Water to bring up the volume to about 
80 ml, 

c) 5 ml acetone, and 

d) 10 ml ammonium molybdate reagent. 

Prepare a blank solution with 20 ml blank 
solution for stock solution A, adding the reagents 
mentioned in the same or;ler. Immerse the flasks 
exactly for lominutes 1:~ a w:?ter bath maintained 
at 32fl”C. Pour each ot‘the solution immediately 
on preparation into an absorption cell and mea- 
sure the respective optical densities at ~410 rnp 
after a total of 15*2 minutes of colour genera- 
tion against reagent blank. Read optical density 
value up to 7 ppm SiO, directly against blank and 
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let this value be X. Then adjust this to zero in 
order to expand the scale of observation. If the, 
optical density reading for a solution is now y, 
then its optical density against blank will be X+V. 

Draw the calibration curve by plotting diffe- 
rent values of optical density against the respec- 
tive concentrations in ppm of silica. Whenever 
any fresh reagent solution is prepared, the cali- 
bration should be checked for correctness and 
redrawn, if necessary. 

7.4.1.4 Estimation in test solution - Take 15 
to 25 ml aliquot of stock solution A, the acidi- 
fied fusion extract, in a 100 ml volumetric flask 
and add all the reagents in the same sequence as 
in 7.4.1.3. Make up the volume to 100 ml and 
measure the optical density -exactly as done for 
the calibration. From the value of the optical 
density, read out the concentration of silica from 
the calibration curve. Calculate the percentage of 
silica as follows: 

Silica, percent 
=C&entration in ppm ( from graph ) x 20 

Volume of aliquot 

7.4.2 Method 2 
7.4.2.1 Outline of the method -- Silicon forms 

an intense yellow coloured complex with ammo- 
nium molybdate under acidic conditions. The 
silica-molybdic acid is reduced to molybdenum 
blue by reducing agent. Phosphorus, arsenic and 
germanium interfere with the estimation. Inter- 
ference due to phosphorus is eliminated by using 
organic acids like tartaric, citric or oxalic acid. 
Arsenic and germanium, if present, can be com- 
pletely volatilized by boiling with hydrochloric 
acid. The optical density of the test solution 
( from which the interfering agents have been 
eliminated ) is measured at 650 rnp after a total 
of 15 minutes of coloui generation. 

7.4.2.2 Preparation of standard stock solu- 
tion - Weigh 0’100 0 g of pure quartz passing 
through 106 pm IS Sieve in a platinum crucible. 
Take 2’ 5 g of sodium carbonate and 1’0 g of 
boric acid and transfer it to crucible containing 
the sample. Mix intimately with platinum rod or 
teflon rod. Cover it with platinum lid. Heat the 
crucible on a low flame for about 10. minutes and 
then at 1 000°C for about 20 minutes, After 
the fusion is complete, cool the outside of the 
crucible with distilled water. While the melt is 
still warm, place the crucible on its sides in 250 
‘ml beaker containing 17’5 ml concentrated nitric 
acid and 100 ml distilied water. Transfer the 
solution in a 1 000 ml volumetric flask and dilute 
it to the mark with distilled water. The stock 
solution thus obtained will have a concentration 
of 100 ppm SiO,. 

NOYE r Alternatively, prepare standard stock solu- 
tion from NBS*/NCBt chemically analysed SRM 

*NBS - National Bureau of Standard& 
tNCB - National CouuciJ for Cemeti and Building 

Materials. 

8s : 12423 - 19&I 

cement samples and suitable aliquots may be taken for 
calibration. 

7.4.2.3 Calibration - Pipette out 1, 2, 3, 4, 5 
and 6 ml of 100 pm SiO, Solution into different 
100 ml volumetric flasks. Add 2’5, 2, 1’5, 1, 0’5 
and 0 ml of blank solution for stock solution B 
( see 7.3.2 ) to above flasks ( for example, in a 
flask containing 1 ml of aliquot solution, add 
2’5 ml of blank solution and similarly for 3 ml 
aliquot, add 1’5 mlof blank solution and so on ). 
Dilute it approximately to 70 ml with distilled 
water. Add the following in the sequence indi- 
cated to each of the flasks and make up to 100 ml 
with distilled water: 

a) 5 ml of 10 percent ammonium molybdate 
solution ( see 6.1.2.3, Type 2 ). Mix well 
and allow to stand for 5 minutes; 

b) 5 ml of tartaric acid; 

c) ‘3 ml of concentrated nitric acid and mix 
well; and 

d) 5 ml of reducing agent and mix well. 

Prepare a blank solution using 5 ml of blank 
solution for stock solution B adding the reagents 
mentioned in the same order. Allow the solution 
to stand for about 15 minutes. Pour each of the 
solution into an absorption cell and measure the 
respective optical densities against the reagent 
blank at 650 rnp. 

Draw the calibration curve by plotting the 
values of optical density against respective con- 
centration in ppm of silica. Whenever any fresh 
reagent solution is prepared, the calibration 
should be checked for correctness and redrawn, 
if necessary. 

7.4.2.4 Estimation in test solution - Take 
2’5 ml aliquot from stock solution B in a 100 ml 
volumetric tlask and add 2’5 ml of blank solution 
for stock solution B. Add all the reagents in the 
same sequence as in 7.4.2.3. Make up the volume 
to 100 ml and measure the optical density against 
reagent blank exactly as done for the calibration. 
From the value of the optical density, read out 
the concentration of silica from the calibration 
curve. Calculate the percentage of silica as 
follows: 

Silica, percent 

= Concentration in ppm ( from graph ) x 20 
Volume of aliquot 

7.5 Alumina 

7.5,1 Outline ofthe Method - Aluminium forms 
a stable complex with chromeazurols-S at pH 4’6. 
The sesquioxide of iron and titanium~interfere 
with the estimation but are masked by complex- 
ing with ascorbic acid and sodium phosphate, 
respectively. The simultaneous presence of silica 
and manganese as. well as large quantities og 
calcium do not disturb the estimation, The 
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optical density of 
568 mp. 

the solution is measured at 

1.5.2 Preparation of Standard Stock Solution - 
Dissolve 0’529 2 g of pure aluminium metal in 
10 ml 1: I hydrochloric acid, heat the contents 
to complete dissolution and cool. Make up to 
one litre with distilled water in order to get a 
solution of 1 000 ppm alumina and label it E. 
Take 10 ml of,E and make up to one litre with 
distilled water in order to get a solution of 10 
ppm alumina and label it F. 

NOTE - Alternztive!y, prepare stock solution using 
National Council for Cement and Building Materials/ 
National Bureau of Standards standard reference 
cement samples, and suitable aliquots may be taken for 
calibration. 

7.5.3 Calibration - Pipette out, in a series of 
lOO-ml volumetric flasks, 0’5, 1, 2, 4, 6 and 9 ml 
of solution F and add the following reagents in 
the sequence indicated and proceed as under: 

4 
b) 

c) 

4 

2 ml ascorbic acid solution, 

5 ml of sodium phosphate solution. Leave 
for 5 minutes in contact and dilute with 
50 ml of distilled water. Then add: 

5 ml of buffer solution of pH 4’6, and 

20 ml of chromeazurole-S ( accurately 
measured ). 

Prepare a reagent blank exactly in the same 
manner starting with distilled water. Leave in 
contact for 15 minutes and make up the volume 
to 100 ml with distilled water. Measure the 
optical density using a 10 mm thick cell at 568 
rnp. The net optical density is obtained by sub- 
tracting reagent blank from the measured optical 
density. 

Draw the calibration curve by plotting diffe- 
rent values of net optical density against the 
respective concentrations in ppm of alumina. 
Whenever fresh reagent solutions are prepared, 
check the calibration curve with two or three 
points and adjust the curve, if necessary. Since 
the complexing agent chromeazurole-S is highly 
coloured, it is desirable to carry out a fresh 
calibration ( 3 points are sufficient ) from one 
series of measurements to another. 

NOTE -Use suitable aliquots of blank soluGon 
for stock solution A or blank solution for stock 
solution B when standard stock solution is made from 
cement sampl _ 

7.5.4 Estimation in Test Solution - Dilute 10 
ml of stock solution ,4 or B to 100 ml. Take 5 to 
25 ml aliquot of this solution ( containing 0’01 
mg to 0’09 mg of Al,03 ) in a loo-ml volumetric 
flask and add all the reagents in the same 
sequence~as in 7.5.3. Make up the volume to 100 
ml and measure the optical density exactly as 
done for the calibration. From the value of the 
net optical density, read out the concentration 

of alumina from the calibration curve. Calculate 
the percentage of alumina as follows: 

Alumina, percent = 

Concentration in ppm ( from graph ) X 200 
Volume of aliquot/ 

NOTE -If the test solution is highly ‘acidic, neutra- 
lize it partially Gth 10 percent NaOH using methyl 
orange indicator; this is not required with slightly 
acidic solution. 

7.6 Iron Oxide 

7.6.1 Outline of the Method - Iron forms a 
yellow complex with sulphosalicylic acid in 
ammoniacal medium, Iron can be determined in 
the presence of up to five times its weight of 
titanium or cobalt. Silicon, aluminium, calcium, 
magnesium, sodium, potassium and lithium do 
not interfere. The optical density of the solution 
is measured at 420 rnp. 

7.6.2 Pr’eparation of Standard Stock Solution - 
Dissolve 0’699 4 g of pure iron powder or 
6’039 7 g of ferric alum [ Fe, ( SOa )9 ( NH, ), SO‘. 
24 H,O 1 in the minimum quantity of concen- 
trated hydrochloric acid. Add a few drops of 
concentrated nitric acid and boil. After dissolu- 
tion is complete, make up the volume to one 
litre with distilled water. The stock solution thus 
obtained will have a concentration of 1 000 ppm 
ferric oxide Take 100 ml of the stock solution 
and make up to one litre with distilled water in 
order to get a solution of 100 ppm ferric oxide. 

NOTE - Alternatively, standard stock solution 
obtained from NBS/NCB chemically analysed SRM 
cement samples may be used for calibration with suit- 
able aliquots. 

7.6.3 Calibration - Pipette out 2, 4, 6, 8, 10, 
12 and 16 ml of 100 ppm ferric oxide solution 
into eight different volumetric flasks, each of 
100 ml capacity. Then add the following reagents 
in the sequence indicated: 

a) 5 ml ammonium chloride, and 

b) 6 ml sulphosalicylic acid solution ( 10 ml 
in case of PPC ). 

Add ammonia solution till the pink colour of 
the original solution changes to bright yellow, 
add 1 ml more of ammonia solution and make 
the volume to 100 ml with distilled water. Pre- 
pare a blank solution with distilled water, adding 
these reagents mentioned in the same order. 
Measure the optical density of each of the above 
eight solutions at 420 rnp against the blank using 
a 10 mm cell. Draw the calibration curve by 
plotting different values of optical density against 
the respective concentrations in ppm of ferric 
oxide. It is necessary to check the calibration 
curve from time to time. 

NOTE -Use suitable aliquots of blank solution for 
stock solution A or blank solution for stock solution B 
when standard stock solution is made from cement 
sample. 
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following to each of the flask in the sequence 
indicated: 

a) 10 ml triethanolamine, 

b)“iO ml buffer solution of pH 12’6, and 

c) 40 ml glyoxal-bis-2-hydroxyanil reagent. 

Make up the volume to 100 ml in each case 
with distilled water. Prepare a blank solution 
with distilled water, adding the reagents men- 
tioned in the saae order. Measure the optical 
density of each of the above solutions at 570 rnp 
against water using a IO mm cell. The net optical 
density of the solutions is obtained by subtracting 
the reagent blank. Draw the calibration curve 
by plotting different values of net optical density 
against the respective concentrations in ppm 
calcium oxide. It is desirable to check the cali- 
bration curve from time to time. 

NOTE - Use suitable aliauots of blank solution for 
stock solution A or blank $olution for stock solution 
B when standard stock solution 1s made from cement 

7.64 Estimation in Test Solution -Take 10 to 
15 ml aliquot of stock solution A or B in a lOO- 
ml volumetric flask. Add the two reagents in the 
sequence mentioned in 7.6.3. Make up the 
volume to 100 ml with distilled water and 
measure the optical density at 420 rnp exactly 
as done for the calibration. From the value of the 
net optical density, read out the concentration of 
ferric oxide from the calibration curve. Calculate 
the percentage of ferric oxide as follows: 

Ferric oxide, percent 

= Concentration in ppm ( from graph ) x 20 __~~ 
Volume of aliquot 

7.7 Calcium Oxide 

7.7.1 Outline of the Method - Glyoxal-bis-2 
hydroxyanil forms a 1 : 1 red coloured complex 
with calcium at pH 12’6. Since the colour of the 
complex is highly susceptible to time, the optical 
density is measured within 2 to 4 minutes of 
addition of the indicator. Though the colour 
generation is highly specific and reproducible, yet 
it is not possible to estimate calcium up to 70~per- 
cent by the normal procedure. Hence a combi- 
nation of complexometry and calorimetry has 
been adopted. The complexometric part consists 
in the addition of a calculated amount of EDTA 
to the test solution so that some calcium, not 
eiceeding 10 percent, is left uncomplexed in the 
solution. The mixture is then analysed colori- 
metrically at 570 rnp. Iron interferes with the 
estimation but is masked by the addition of 
triethanolamine. 

7.1.2 Preparation of Standard Stock Solution - 
Dissolve 1’785 7 g of pure calcium carbonate in 
the minimum quantity of hydrochloric acid. 
After dissolution is complete, make up the volume 
to one litre with distilled water. The stock solu- 
tion thus obtained will have a concentration of 
1 000 ppm calcium oxide. 

NOTE - Alternatively, standard stock solution 
obtained from NBS/NCB chemically analysed SRM 
cement samples may be used for. calibration with suit- 
ablealiquots. 

7.7.3 Standardization af EDTA - Dilute 25 ml 
of the standard zinc solution ( 0’01 M ) to 100 
ml with distilled water, add 20 ml of the buffer 
solution of pH 10 and 50 mg of Eriochrome Black 
T indicatior. Titrate with EDTA solution until 
the colour changes from wine red to blue. 

1 ml 0’01 M EDTA = 0.653 8 mg zinc. 

7.7.4 Calibration - Pipette out 25 ml of the 
standard stock solution of 1 000 ppm calcium 
oxide in a 250-ml volumetric flask and add to it 
22’90 ml of 0’01 M EDTA solution and make up 
the volume. Since 1 ml of 0’01 M EDTAzO.560 8 
mg of calcium oxide, the solution will now 
correspond to 50 ppm calcium oxide. Pipette out 
2, 4,~6, 8, IO and 12 ml of this solution into 
different loo-ml volumetric flasks. Then add the 

sample. 

7.7.5 Estimation of Test Solution - Pipette out 
50 ml of stock solution A or B, in a IOO-ml 
volumetric flask and to this, add 25’85 ml of 
0’01 M EDTA solution ( equivalent to 58 percent 
calcium oxide) and make up the volume( see Notes 
1 and 2 ). Label this as solution G. Pipette out 5 
to 20 ml aliquot from G into loo-ml flask and add 
all the reagents in the same sequence as men- 
tioned under 7.7.4. Make up the volume to 100 
ml with distilled water and measure the optical 
density, read out the concentration of CaO 
equivalent to available lime after EDTA com- 
plcxation. To this percentage of lime, now add 9 
percentage of lime equivalent to which EDTA has 
been added. Calculate the percentage of calcium 
oxide as follows: 

Calcium oxide, percent= 
Concentration in ppm ( from graph ) x 40 + 58 _-_. _ - .- ____- 

. 3 Volumt: of aliquot 
NOTE l- In case of Portland pozzolana cement, add 

20.05 inl of 0’01 M EDTA ( equivalent to 45 percent 
qalcium ox’ide ). 

NOTE 2- In case of Portland slag cement, add 15’60 
ml of 0’01 M EDTA ( equivalent to 35 percent calcium 
oxide), 

7.8 FyXagnesia 

7.8.1 ‘Outline of the Method - With Brilliant 
Yellow ( the sodium salt of 2-2’-disulpho- 
stilbene 4-4“ -diazobisphenol ), magnesium 
forms a scarlet lake in alkaline medium. 
Although, the colloidal suspensions are fairly 
stable, say, up to 10 minutes but the optical 
density of the test solution shouid prefer- 
ably be measured after 1 to 2 minutes of 
adding the reagent. The measurement is made 
at 550 my. The main interference is from dis- 
solved silica and manganese. Silica up to 30 per- 
cent is masked by dimethyl formamide while the 
interference from manganese is overcome by 
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using reducing agents like hydroxylamine hydro- 
chloride. Interference due to iron, aluminium 
and calcium is overcome by incorporating them 
in the same amounts in sample and standards. 

7.8.2 Preparation of Standard Stock Solution - 
Dissolve 6’115 1 g of pure hydrated magnesium 
sulphate [ Mg SO1 .7Ha0 I in distilled water. 
After dissolution is complete, make up the 
volume to one litre. The stock solution thus 
obtained will have a concentration of 100 ppm 
‘magnesia. 

NOTE - Alternatively, standard stock solution 
obtained from NBSINCB chemically analysed SRM 
cement samples may be used for calibration with suit- 
able aliquots. 

7.8.3 Preparation of Composite Solution - 
Dispense suitable volumes of silica, alumina, 
ferric oxide, calcium oxide and magnesia solutions 
in a 500~ml volumetric flask as to give a com- 
posite solution of 100 ppm silica, 325 ppm 
calcium oxide, 30 ppm alumina, 25 ppm ferric 
oxide and 20 ppm magnesia and make up with 
distilled water. 

7.8.4 Calibration - Pipette out 2’5, 5, 10, 20, 
25 and 30 ml of 20 ppm MgO composite solution 
into different loo-ml volumetric flasks. Add the 
following in the given order, mixing well after 
each addition but avoiding bubbles by swirling 
gently in one direction only: 

a) 10 ml triethanolamine hydroxylamine 
hydrochloride mixture ( see Note 2), 

b) About 40 ml distilled water, 

c) 5 ml dimethyl formamide, 

d) 10 ml Brilliant Yellow reagent, and 

e) lO’m1 of 2 N sodium hydroxide. 

After making up the volume with di$tiIled 
water, mix thoroughly and measure optical 
density of each of the solutions at 550 mp within 
two minutes of colour generation against distilled 
water, using a 10 mm cell. Prepare a fea@nt 
blank with distilled water adding tE& reagems 
mentioned in the same order. ThC net optic&i 
density is obtained by subtracti@ the reagent 
blank from the measured optical d&&y. Draw 
the calibration curve by -plottin# the &&rent 
values of net optical density agamat,.tho iecrpec- 
tive concentrations in ppm of M#I. It is 
desirable to check the calibratioa curve from 
time to time. 

NOTE 1 -Use suitable aliquots al blaabt Lblution 
for stock solution A or blank solutioa for 8tock solu- 
tion B when standard stock solution ia &ads from 
cement sample. 

NOTE 2 -When samples contain more than 0.2 
Percent MnP03, the quantity of the reagent should bb 
increased to overcome interference due to Mn,O,. 

7.8.5 Estimation in Test Solution - Transfer 
5 to 20 ml of stock solution A or B into a lOO- 
ml volumetric flask and add all the reagents in 

the same sequence as given in 7.8.4. Make UP 
the volume to 100 ml with distilled water and 
measure the optical density exactly as done for 
the calibration. The net optical density is ob- 
tained by subtracting the reagent blank from the 
optical density. From the value of the net 
optical density, read out the concentration Of 
~@O., Calculate the percentage of magnesia as 

. 

Percent MgO in the sample 
= Concentration in ppm (from graph) X 20 

Volume of aliquot 

7.9 Sulphuric Anhydride 

7.9.1 Outline of the Method - Sulphate is 
determined by turbidimetric technique by adding 
barium chloride solution ( stabilised ) to the test 
solution at PH 1’5 to 2’5. Silica interferes due 
to its tendency of getting co-precipitated with 
barium sulphate. This is overcome by the 
addition of dimethyl formamide solution. The 
optical density is measured at 502 mp. 

7.9.2 Preparation of Standard Stock Solution - 
Dissolve 2’177 5 g of dry potassium sulphate in 
distilled water and make up to one litre. This 
solution contain 1 000 ppm sulphate. 

NOTE - Alternatively, standard stock solution ob- 
tained from NBS/NCB chemically analysed SRM 
cement samples may be used for calibration with 
suitable aliquots. 

7.9.3 Preparation of Standard Stock Solution 
with Catcium Oxide as Compensator - Measure 
out 100 ml of the stock solution under 7.9.2 in 
a one litre measuring flask and add 3’571 4 g 
of pure calcium carbonate in it. Dissolve by 
shaking and addition of dilute hydrochloric acid 
till a clear solution is obtained. Make up the 
volume with distilled water. 

‘7.9.4 Preparation of Silica Solution - Weigh 
0’125 g of pure quartz in a nickel/zirconium 
crucible and proceed for the preparation of silica 
solution as under 7.4.1.2. Make up the volume 
to 250 ml. The stock solution thus obtained has 
a concentration of 500 ppm silica. 

7.9.5 Calibration - Pipette out 2’5, 5, 7’5, 
12’5, 17’5 and 20 ml of solution under 7.9.3 and 
2 times these volumes of solution under 7.9.4 
into different lOO-ml volumetric flasks. Add the 
following reagents in the sequence indicated: 

a) 10 ml dimethyl formamide, and 

b) 15 ml stabilized barium chloride solution. 

Make up the volume to 100 ml in each case 
with distilled water. Measure the optical density 
of each of the above solutions at 502 rnp using a 
10 mm absorption cell after 5 minutes of adding 
the barium chloride solution. Prepare a blank 
solution with distilled water, adding the reagents 
mentioned in the same order. The net optical 
density is obtained by subtracting the reagent 

  
  

 



blank from the measured optical density. Draw 
the calibration curve by plotting the different 
values of optical density against the respective 
concentrations in ppm of sulphate Whenever 
a fresh reagent is prepared, check the calibration 
with two or three standards and adjust the curve 
if necessary. Also, wash the absorption cell with 
EDTA solution after each measurement since 
barium sulphate has a tendency to adhere to the 
walls of the cell. 

NOTE - Use suitable aliquots of blank solution for 
stock solution A or blank solution for stock solution, B, 
when standard stock~solution is niade from cement’ 
sample. 

7.9.6 Estimation in Test Solution - Take 20 to 
25 ml aliquot of stock solution A or B in a lOO- 
ml volumetric flask, and add all the reagents in 
the same sequence as mentioned under 7.9.5. 
Make up the volume to 100 ml with distilled 
water and measure the optical density at 502 rnp 
using a 10 mm absorption cell exactly as done 
for the calibration. From the value of the net 
optical density, read out the concentration of 
sulphate from the calibration curve. Calculate 
the percentage of sulphuric anhydride as follows: 

Sulphuric anhydride, percent 

Concentration in ppm ( from graph )X20 =: 
Volume of aliquot 

8. DETERMINATION OF MINOR 
CONSTITUENTS 

‘8.1 Titanium Dioxide 

8.1.1 Outline of the Method - Ti”+ forms a 
yellow complex with hydrogen peroxide in acid 
medium, the most suitable acid for this purpose 
being sulphuric acid of 2N to 3N concentration. 
Iron interferes with the estimation but is masked 
by using phosphoric acid. Calcium and mag- 
nesium do not affect the estimation. The optical 
density is measured at 410 mp. 

8.1.2 Preparation of Standard Rock Solution - 
Boil a mixture of 0’443 3 g of potassium titanium 
oxalate [ KzTiO ( C,Or )n, 2H,O 1, 1 g of ammo- 
nium sulphate and 25 ml of concentrated 
sulphuric acid for 15 minutes. Cool and dilute 
to 1 litre with distilled water to get a 100 ppm 
titanium dioxide solution 

8.1.3 Calibration - Pipette 2, 5, 8, 10, 15 and 
20 ml of 100 ppm titanium dioxide solution into 
different loo-ml volumetric flasks. Add the 
following in the sequence indicated: 

a) 5 ml phosphoric acid ( 1 : 3 ), and 

b) 5 ml of 6 percent hydrogen peroxide. 

Make up the volume to 100 ml with distilled 
water. Prepare blank solution under ‘identical 
conditions. Measure the optical density of each 
of, the solutions against the reagent blank at 
410 mp. Draw the calibration curve by plotting 

8.1.4 Preparation of Test Solution and Estima- 
tion - Treat 1 g of the sample with 20 ml of 
concentrated hydrochloric acid, boil, dilute with 
hotdistihed water and filter * off silica; preserve 
the filtrate. Fuse the* residue left after hydro- 
flourization of silica with 1 : 1. borax and sodium 
carbonate mixture and dissolve in hydrochloric 
acid. Add the solution of filtrate obtained after 
removing silica and then precipitate R,OI by 
adding two or three drops of methyl red solution 
and 1 g of ammonium chloride and precipitate 
the hydroxides by adding 1 : 2 ammonia solution 
drop by drop till the solution turns yellow. Stir 
vigorously during the precipitation. Filter off 
the precipitate of R,Os, wash first with distilled 
water and then with hot 1 1 3 H,SOI and collect 
the washings in a loo-ml volumetric flask. 
Finally wash the filter paper with hot water till 
the volume reaches about 85 ml, cool and add 
all the reagents in the same sequence as mentioned 
in 8.1.3. Make up the volume to 100 ml with 
distilled water. Shake the contents of the flask 
thoroughly and measure the optical density at 
410 rnp against the reagent blank and read the 
titanium dioxide concentration in ppm from 
the calibration curve. Calculate the percent of 
titanium dioxide as follows: 

9 

Titanium dioxide, percent 

=Concentration in ppm ( from graph ) 
100 

8.2 Manganese Oxide 

8.2.1 Outline of the Method - Manganese is 
oxidized to permanganate by the action of 
potassium periodate in nitric acid solution. Iron 
and chloride interfere with the estimation. Inter- 
ference of chloride is overcome by evaporating 
the solution with sulphuric acid and that of iron 
by using phosphoric acid. The optical density 
is measured at 525 mp. 

8.2.2 Pr eparatiin of Standard Stock Solution - 
Dissolve 0’695 9 g of pure manganese powder in 
15 ml of concentrated nitric acid. If pure 
manganese is not available, prepare the solution 
from potassium permanganate. Generate the 
colour by adding 1 g of potassium periodate 
followed by heating the solution on water bath 
for about 30 minutes. Make up volume to 1 
litre with distilled water. This will give a 1000 
ppm manganese oxide solution. 

8.2.3 Calibration - Dilute 25 ml of 1 000 ppm 
manganese oxide solution to 500 ml to get 50 
ppm manganese oxide solution. Pipette out 
2, 5, 7, 9, 11, 13 and 15 ml of this solution into 
different 50-ml volumetric flasks. Add 5 ml of 
1 i 3 phosphoric acid and make up the volume 
with distilled water. Prepare reagent blank 
with distilled water under identical conditions. 
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the optical density against the respective concen- 
trations in ppm of titanium dioxide. 
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Measure the optical density of the above solu- 
tions at 525 rnp against reagent blank using 
10 mm cell. Draw the calibration curve by 
plotting different values of optical density against 
the respective concentrations in ppm of manga- 
nese oxide. 

0.2.4 Preparation of Test Solution and Estima- 
tion - Treat 1 g of the sample with 10 ml of 
concentrated nitric acid, heat for 5 minutes, 
dilute with hot water and filter off. Collect the 
filtrate in a loo-ml beaker and add to it, 0’5 g 
of potassium periodate and keep the beaker on a 
water bath for about 45 minutes. After the 
colour is developed, cool the beaker and then 
transfer the solution to a SO-ml volumetric flask 
taking care to wash down all the contents to the 
volumetric flask with distilled water. Add 5 ml 
1 : 3 phosphoric acid and make up the volume 
with distilled water. Measure the optical density 
at 525 rnp against the reagent blank and read the 
concentration of manganese oxide from the 
calibration curve. Calculate the percent of 
manganese oxide as follows: 

Manganese oxide, percent 

L Concentration in ppm ( from graph ) 
200 

6.3 Phosphorus Pentoxide 

8.3.1 Outline of the Method - Phosphorus on 
treatment with ammonium vanadomolybdate, 
gives a yellow coloured ammonium ‘phospho- 
vanadomolybdate complex. This yellow coloured 
complex is extracted with amyl alcohol to avoid 
interference by silica and iron. The optical 
density is measured at 426 rnp. 

8.3.2 Preparation of Standard Stock Solution - 
Weigh exactly 0’186 0 g of dry diaminoniuti 
hydrogen orthophosphate [ ( NH, >o HPO, 1, 
dissolve in distilled water and make up to 500 ml. 
This will give a 200 ppm phosphorus pentoxide 
solution. 

8.3.3 Calibration - Pipette out 0’5, 1, 2, 3, 4, 
5,6’S, 8,9 and 10 ml of the 200 ppm phosphorus 
pentoxide sqlution into loo-ml volumetric flasks, 
add 25 ml of ammonium vanadomolybdate 
solution to each, shake and make up the volume. 
These will correspond to 1, 2, 4, 6, 8, 10, 13, 16, 
18 and 20 ppm phosphorus pentoxide solutions. 
Run 10 ml amyl alcohol ( exactly ~measured ) into 
a 150-ml conical separating funnel, then add 
1 ppm phosphorus pentoxide solution from the 
first volumetric flask. Shake the contents of the 
separating funnel vigorously for 2 minutes and 
allow to settle for 5 minutes. Run off the aqueous 
layer completely. Run off about 1 ml of alcoholic 
lajter in order to rinse the stem of the separating 
funnel and filter the remainder of the extract 
through a small .Whatman No. 40 filter naner. 
Discard the first 
collect finally the 
10 mm absorption 

few drops of the iiltraie gnd 
clear amyl alcohol extract in a 
cell. Repeat the process for 

the other solutions also and measure the optical 
density against the reagent blank ( prepared in 
the same manner starting with distilled water ) 
at 426 rnp. Draw the calibration curve by plot- 
ting the different values of optical density against 
the respective concentrations in ppm of phos- 
phorus pentoxide. 

8.3.4 Preparation of Test Solution and Estima- 
tion - Weigh 0’2 g of the sample into a lOO-ml 
beaker, add 1 ml of water and 1 ml of concentra- _ 
ted nitric acid ( sp gr 1’42 ). Stir and add S ml 
of 60 percent perchloric acid. Cover the beaker 
with a watch glass and warm on a hot plate in a 
fume chamber. Adjust the temperature so that 
thick white fumes of perchloric acid appeai 
after 3 minutes. Then move the beaker to the 
cooler part of the hot plate and continue the 
reaction for 10 minutes, allowing to fume gently. 
Remove the beaker from the hot plate and cool. 
Add 20 ml of water, filter through a Whatman 
~No. 40 filter paper into a 300-ml conical flask 
and wash four times with hot water. Heat the 
filtrate to just below the boiling point, cool and 
transfer into IOO-ml volumetric flask. _4dd 25 
ml of ammonium vanadomolybdate solution, 
make up the volume by adding distilled water, 
shake and keep for about 2 minutes. Proceed 
exactly as in the calibration and measure the 
optical density at 426 mp. A blank determina- 
tion is absolutely necessary as am-y1 ~alcohol 
extracts faint colour from the ammonium vana- 
domolybdate solution. From the net optical 
density value, the concentration of phosphorus 
pentoxide is read from the calibration curve. 
Calculate the percent of phosphorus pentoxide 
as follows: 

Phosphorus pentoxide, percent 

= Concentration in ppm ( from graph ) 
20 

8.4 Chloride 

8.4.1 Method I 

8.4.1.1 OutIine of the method - Chloride ions 
displace thiocyanate ions ~from mercuric thiocy- 
anate; in the presence of ferric ion, a highly 
coloured ferric thiocyanate complex is formed, 
the intensity of which is proportional to the 
original chloride ion concentration. The optical 
density is measured at 460 mp. 

8.4.1.2 Prepafation of stock solution - Dry 
potassium chloride at 110°C for about 2 hours. 
Dissolve 2’098 6 g of the salt in distilled water 
and make up to one litre. This solution provides 
a concentration of 1 000 ppm chloride. Take 50 
ml of this solution and make up to one litre in 
order to get a stock solution of 50 ppm chloride. 

8.4.1.3 Preparation of blank solution - 
Measure appropriate volumes of solutions CaO, 
AIPOI, Fe&, and MgO in a”500-ml volumetric 
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flask so as to provide a composite solution of 
15 000 ppm CaO, 875 ppm Fe,Oa, 15 00 ppm 
AlsOa, and 500 ppm MgO. 

8.4.1.4 Calibration - Pipette out 2, 4, 6, 8 
and 10 ml of stock solution under 8.4.1.2 into 
different lOO-ml volumetric flasks. Add 20 ml of 
blank solution under 8.4.1.3 to each of the flasks. 
Add the following reagents in the sequence 
indicated: 

a) 10 ml saturated solution of mercuric 
thiocyanate in ethyl alchol, and 

b) 5 ml ferric nitrate. 

Make up the volume to 100 ml with distilled 
water. Prepare a reagent blank solution adding the 
reagents under identical conditions including 20ml 
blank solution under 8.4.1.3. Measure the optical 
density of the above solutions after 5 minutes at 
460 rnp against reagent blank. Draw the cali- 
bration curve by plotting the different values of 
net optical density against the respective concen- 
tration in ppm of chloride. 

8.4.1.5 Preparation of test solution and esti- 
mation - Weigh accurately 0’50 g of test sample 
in a beaker, moisten with water and add 10 ml 
of HNO, ( 1 : 1 ), heat to boil to ensure complete 
decomposition. Filter through Whatman No. 40 
filter paper into lOO-ml flask. Add the following 
n the sequence i-ndicated: 

a) 10 ml saturated solution of mercuric 
thiocyanate, and 

b) 5 ml ferric nitrate. 

Make up the volume to the mark. Measure 
the optical density against the reagent blank at 
460 m,u after 5 minutes. Calculate the percentage 
of chloride as follows: 

Chloride, percent = 

Concentration in ppm ( from graph ) 
50 

8.4.2 Method 2 

8.4.2.1 Outline of the method - Estimation 
of chloride is based on the precipitation of 
chloride by silver nitrate as silver chloride and 
dissolving the precipitate in ammonia. Brownish 
yellow coloured solution of silver sulphide is 
obtained by adding sodium sulphide to the 
ammoniacal solution and measuring the silver 
content. The chloride content is obtained by 

. multiplying the silver content by 0’329. 

8.4.2.2 Pfeparation of standard stock solu- 
lion - Weigh exactly 9’157 51 g of silver nitrate 
and ~dissolve in distilled water and make up to 1 
litre in a volumetric flask. This will give a 100 
ppm silver solution. 

0.4.2.3 Calibration - Pipette out 1, 2, 3, 4, 5, 
6,7, 8, 9 and 10 ml of silver solution in different 
loo-ml volumetric flasks. These will be 1, 2, 3, 4, 
5,6, 7, 8, 9 and 10 ppm of silver solution, 
respectively. Add 3 ml of 1: 1 NH,OH solution 
to each flask, make the volume to about 90 ml 
with distilled water and then add 2 ml of 0’01 M 
sodium sulphide in each flask and make the 
volume to 100 ml in each case. Prepare a blank 
solution by adding likewise amount of each 
solution except the silver solution. Measure the 
optical density of each solution against the re- 
agent blank at 415 rnp after 5 minutes of making 
up the volume. Draw a standard calibration 
curve between silver concentration and optical 
density. 

8.4.2.4 Preparation of test solution and esti- 
mation - Weigh exactly 0’5 g of the sample 
( see Note ) and dissolve in the minimum quantity 
of 1 : 1 HNOI, dilute with distilled water to 50 
ml. Heat for about 5 minutes and filter through 
Whatman No. 40 filter paper into a loo-ml 
volumetric flask. Add 10 ml or more of 100 ppm 
silver solution to the filtrate to ensure complete 
precipitation and digest the silver chloride pre- 
cipitate on a water bath for 3 hours. Filter 
through Whatman No. 42 filter paper and wash 
twice with hot water. Discard the filtrate. Dis- 
solve the precipitate in 3 ml of 1 : 1 NH,OH. 
Transfer the contents in a IOO-ml volumetric 
-flask. Dilute to about 90 ml with distilled water 
and add 2 ml of ‘01 M sodium sulphide and 
make up the volume. Measure optical density 
after 5 minutes at 415 rnp. Corresponding to the 
optical density of unknown cement solution 
obtained above, get the silver concentration from 
the standard calibration curve. Multiply the silver 
concentration by 0’329 to get the chloride con- 
centration in ppm in that particular volume. 
Chloride percentage in the sample shall be calcu- 
lated as follows: 

Chloride, percent 

= Concentration in ppm of chloride 
50 

NOTE - The mass of sample shall be 1.5 to 2 g in 
cases where chloride content is 0.01 percent. 
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