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Determination of Cement Content of 
Soil-Cement Mixtures 

W. E. CURTIS, Bernard, Curtis, Hoggan, Engineering and Testing, Ltd., and 
A. J. FORBES, Associated Engineering Services, Ltd., Edmonton, Alberta 

Rapid and accurate determination of the cement content of soil
cement mixtures and cores becomes increasingly important 
with advanced construction techniques and improved designs. 
This paper covers an investigation and evaluation of six methods 
of test currently in use by various agencies. These methods 
are: (a) ASTM Designation D806 - 57; (b) Versene method; 
(c) flame photometer method; (d) California method; (e) con.:. 
ductivity method; and (f) chemical analysis method. 

The results indicate that all the test methods investigated 
could be utilized but that certain methods are more desirable 
than others for particular conditions. This investigation indi
cates that either the California or the conductivity method of 
test would be the most practical for field use and that the ASTM, 
Versene or the California method would be suitable for most 
laboratory requirements. (Cement contents throughout this 
paper are expressed as percent weight of dry soil. ) 

•WITH increasing use of soil-cement in Canada, many agencies have realized the need 
for a fast and accurate method of determining the cement content of the mix. In 1960, 
the Alberta Department of Highways began a laboratory investigation to determine the 
most suitable method of cement content determination for their particular needs. To 
correlate field data with laboratory design, it was necessary to determine the percent
age of cement present in field cores. 

The investigation was carried out on six different methods currently being used to 
determine the cement content of soil-cement mixtures. 

ASTM PROCEDURE 

In the ASTM procedure (Designation D806 - 57), chemical analysis is employed to 
determine the cement content of samples of soil-cement mixtures either during or after 
construction. Samples of the raw soil, cement, and soil-cement mixture must be ob
tained and analyzed. Hydrochloric acid is added to each sample and the resulting pre
cipitate discarded. The remaining filtrate is made slightly ammonaical and the hydrox
ides are allowed to settle out. The precipitate is washed with ammonium nitrate and 
the hydroxides are dissolved with hydrochloric acid. The solution is again made slight
ly ammonaical, the precipitate washed with ammonium nitrate and the hydroxide pre
cipitate discarded. Ammonium hydroxide is added to the filtrate, the solution is 
heated and ammonium oxylate is added. The calcium oxylate is filtered off, washed 
into a beaker, diluted, and sulfuric acid then added. This is then titrated with a stand
ard potassium permanganate solution. 

The above procedure is carried out for the three samples (raw soil, cement and 
soil-cement mixture) and the cement content then computed by means of the following 
formula: 
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in which 

Cement content(%)=~ x 100 
5H - I 

H = potassium permanganate (KMn04) solution required for titration of cement 
sample, ml; 

I = KMn04 solution required for titration of the raw soil, ml; and 
J = KMn04 solution required for titration of the soil-cement, ml. 

VERSENE METHOD 

The Versene method is recommended for all soils except those containing a large 
or variable amount of calcium. It is recommended by the British Road Research Lab
oratory for most purposes, including field tests, and results can be obtained in appre
ciably less time than with the ASTM method. This method can also be used for deter
mination of the lime content of soil-lime mixtures. 

The cement content is estimated by measuring the combined calcium and magnesium 
contents of the natural soil, the stabilized soil, and the cement. Titration is performed 
with the disodium salt of ethylene-diamine tetracetic acid (EDTA). Filtrations are 
eliminated but since the soil, cement and soil-cement mixture are analyzed separately, 
the errors introduced are largely canceled out. 

Hydrochloric acid is added to the samples to dissolve compounds of calcium, mag
nesium, iron, aluminum, etc., and then ammonium hydroxide is added to an aliquot 
portion until red litmus turns blue. The hydroxides of iron, aluminum, and titanium 
are precipitated out, if present, while the calcium and magnesium stay in solution. 
An aliquot portion containing the calcium and magnesium in solution is then titrated 
with EDTA using eriochrome blue-black as an indicator until all traces of pink have 
disappeared. 

FLAME PHOTOMETER METHOD 

The flame photometer method is preferable to the two previous ones where a large 
number of determinations are required on the same soil sample and time is an impor
tant factor. The equipment necessary for the test is, however, fairly expensive and 
a supply of gas, electricity, and compressed air is required. 

The method involves initial calibration of the photometer followed by spraying a 
portion of the processed soil-cement solution through the photometer. 

CALIFORNIA METHOD 

The California method for finding the cement content of freshly mixed soil-cement 
is based on chemical titration methods which relate the cement concentration of samples 
to known solution concentrations. Two types of titrations are performed: an acid
base titration and a constant neutralization method. The acid-base titration is used 
when the aggregates do not react with hydrochloric acid and the constant neutralization 
method is used when there is a reaction. 

The acid-base test is based on the neutralization of the cement with an excess of 
hydrochloric acid. The residual excess acid, as measured by back titration with an 
alkali, is inversely proportional to the cement content of the soil-cement mixture. 

The constant neutralization procedure is based on +he continuous neutralization of 
an aqueous solution from the cement-treated aggregai8 specimen for a specified period 
of time. This is accomplished by adding just sufficient acid to neutralize the OH ion 
that is continuously being liberated during hydration of the cement. The amount of acid 
used is directly proportional to the cement content of the soil-cement mixture. 

CONDUCTIVITY METHOD 

The conductivity method (Washington State Highway Commission) is based on the 
change of conductivity of water with the addition of cement. Suitable calibration curves 
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are first obtained by measuring the conductivity of diluted mixtures containing a known 
percentage of cement. The cement content is then determined by measuring the con
ductivity of the diluted sample and referring to the standard calibration curves . 

The method of test is quite inexpensive and may be used in the field as well as in the 
laboratory, but there are several aspects of procedure that must be carefully controlled 
to insure accurate results. Some of the factors which may or may not have an appre
ciable effect on results are as follows: 

1. Use of field water supply instead of distilled water; 
2. Type of cement or aggregate; 
3. Sample size and grading; 
4. Length of tempering time (4); 
5. Length of dilution time; -
6. Amount of dilution; 
7. Effect of agitation; and 
8. Temperature. 

CHEMICAL ANALYSIS METHOD 

The chemical analysis method is essentially the same as the ASTM procedures ex
cept for the following points. The iron and aluminum are not precipitated but just the 
calcium in the form of the oxylate. The hydrochloric acid is neutralized with ammo
nium hydroxide and acetic acid added to decrease the pH from 7 and thus leave the iron 
and aluminum in solution. An excess of ammonium oxylate is then added to the calcium 
to give a precipitate of calcium oxylate. The procedure then continues as for the ASTM 
procedure. 

TEST PROGRAM 

Work on the test program was carried out from 1958 to 1961 and comprised the 
following phases: 

1. Comparison of the ASTM and Versene methods of test on laboratory samples of 
known cement content (summer and fall 1958); 

2. Comparison of results obtained by ASTM and Versene methods on field specimens 
consisting of both formed specimens and cores of soil-cement; 

3. Comparison of results obtained by experienced and inexperienced technicians 
using the Versene test method (1959); 

4. Comparison of results using ASTM, Versene, chemical analysis and conductivity 
methods of test (conductivity tests performed by Alberta Research Council); 

5. Comparison of results using California method and chemical analysis method on 
a prepared sample of known cement content; and 

6. Comparison of the six methods of cement content determination to evaluate 
suitability for the particular requirements. 

RESULTS AND CONCLUSIONS 

Table 1 gives a comparison between cement contents from the field and those ob
tained by the Versene method in laboratory test. The cement content from the field 
was an average value for the day, and the cement content of samples obtained for the 
laboratory tests could have varied appreciably from this average. The laboratory re
sult was considerably lower than the field result in most cases except for the Updike 
Lake material where the field control was difficult to obtain and results may not be 
completely reliable. The soil-cement samples tested consisted of a fine sand of the 
dune sand type for the Reaume, Elhardt and Ravenshaw pits, a coarse well-graded 
sand for the Sheppert pit and a crushed sandstone for the Updike Lake pit. 

The results of a comparison of the ASTM and the Versene methods (Table 2) show 
that both methods of test give sufficiently accurate results for either field or labora
tory usage. The Versene method appears to give slightly higher values than the ASTM 
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TABLE 1 

COMPARISON OF FIELD ESTJMATED 
CEMENT CONTENT AND LABORA

TORY CEMENT CONTENT (Ver
sene Method) , 1959 

Pit Name 

Reaume a 

Updike Lake b 

Elhardtc 

d Ravenshaw 

e 
Sheppert 

~Project 2-K-2 
Project 2-K-2 

cProject 12-B-l 

S 1 Lab. Field 
ampe Ceme~ Ceme~ 

No. (°lo) (°/o) 

44102 9.3 
44106 11. 1 
44108 9.7 
44104 11. 1 
44254 10.8 
44259 10. 4 

44134 12.8 
44138 14.6 
44142 21. 1 
44144 19.2 
44146 12.5 
44152 13.8 
44116 9.6 
44118 15. 8 
44126 15.8 
44128 10.4 
44130 12.8 

43465 4.9 
43467 7. 1 
43832 5.3 

43732 7.3 
43734 6.8 
43736 8. 1 
43738 6.4 
43740 8.6 
43742 6.2 
43744 6.6 
43746 6.2 
43748 10. 5 
43750 12.4 
43839 10. 0 
43843 10.4 
43845 6.3 

44572 7.9 
44578 4.0 
44582 3.8 
44584 6.6 
44586 5.8 
44590 5.3 
44594 7. 1 

dPrn,ject 12-11-l 
8
Projcct 28-B-2 

10.7 
10.8 
13.3 

11. 0 
11. 2 

10.9 
13.4 
13.2 
13.2 
17.0 
12.0 
6.0 

10.5 
11. 0 
12. 1 
8.4 

8.0 
8.0 
8.0 

9.0 
9.0 
9.0 
9. I) 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 

10. 5 
9.0 
6.8 
6.7 
7.0 
7.0 
7.0 

TABLE 2 

RESULTS OBTAINED FROM THE 
ASTM AND VERSENE 

METHODS, 1959 

Sample 

1 
2 
3 
41166 
41186 
41200 
41196 
41575 

Cement Content (°lo) 

Standard ASTM 
Method 

6.0 
7.9 
9.9 
9.2 

10. 4 
9.4 

10. 0 
5.5 

Versene 
Method 

5.8 
8.0 

10.0 
9.7 

10.7 
10.6 
11. 3 

6.3 

a 
bKnown. 

Unkno•m ( 3.pproximatc ) . 

method which may be due in part to small 
quantities of aluminum or iron being pres
ent which are taken as calcium in the 
Versene determination. It may also be due 
to a poor end point obtained in the titration 
process. 

The comparison of results obtained with 
experienced and inexperienced personnel 
using the Versene method of test (Table 3) 
definitely indicated the need for experienced 
personnel. A good knowledge of quantita
tive chemistry plus knowledge of the physi
cal and chemical properties of cement must 
be combined with good laboratory technique 
to insure accurate results. 

Table 4 compares results using the 
ASTM, Versene, chemical analysis and 
conductivity methods. On the basis of the 
limited data available, the Versene and 
conductivity methods appear to give the 
best average value of test. The ASTM 
method appears to give a slightly low value 
of test and the chemical analysis method 
a slightly high value. However, it is felt 
that considerably more investigation and 
test data would be required to substanti
ate or disprove these findings. 

Table 5 indicates that the California 
method gives excellent results when checked 
against a known admixture content, whereas 
the chemical analysis method again indi
cates results slightly on the high end of the 
scale. However, test data to verify this 
indication are very limited. 



TABLE 3 

RESULTS OBTAINED WITH EXPERI-
ENCED AND INEXPERIENCED 

TECHNICIANS (Versene 
Method), 1959 

Cement Content (%) 
Sample No. 

Experienced Inexperienced 

1 8.7 8.5 

2 9. 5 9.6 

53797 7.6 14. 8 
13. 0 
11. 0 
10.8 

53801 5.6 12.2 
10.4 
9.0 
8.8 

53802 10.0 
8.3 

53804 8.2 8. 1 
8.3 
7. 1 
6.9 

53805 7.5 15. 1 
13. 9 
11. 9 
11. 7 

54521 6.3 13 . 3 
11. 0 
10. 0 
9. 5 

54522 8.7 11. 5 
12.3 
10.7 
10.3 

54526 6. 8 13.8 
10. 1 
6.2 
6.1 

54528 6.4 13.7 
13.2 
11. 9 
10. 8 
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TABLE 4 

RESULTS USING VARIOUS METHODS 
FOR DETERMINING CEMENT 

CONTENT, 1960 

Cement Content (°lo) 

Sample No. 
ASTM Versene Chemical Conductivity 

53797 

53801 

53804 

53805 

54521 

54522 

54526 

54528 

54523 

54524 

54525 

54527 

54529 

Method Method Analysis Method 

6.6 7.6 8.3 

4.4 5.6 6.7 

8.2 8.6 

6.4 7.5 8. 1 

7. 1 6.3 7. 5 6.5 

7.9 8.7 8. 1 7.8 

6.2 6.8 8. 4 7.4 

5. 8 6.4 8.4 7.0 

11. 0 (?) 7.4 

10. 9 (?) 7.5 

11. 5 (?) 8.3 

11. 1 (?) 7. 5 

9. 2 (?) 7.3 

TABLE 5 

COMPARISON OF RESULTS FROM 
CHEMICAL ANALYSIS AND 

CALIFORNIA METHOD 

Sample 
No. 

1 

2 

3 

~Ci>.ment. 
Lime. 

Cement Content (%) 

. Known 
California Chem1c~l Admixture 

Method Analysis Content (%) 

5.0 6.9 5a 

9.7 11. 5 lOa 

11. 0 12.7 lOb 
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A .S . T . M. E.D.T.A 
METHOD METHOD 

Ppte & filter R<lmov aliquot, 
off Iron and process, allow 
alumlnum. to settle & 
Ppte . Ca -I+ as titrate with 
oxylate, E.D.T.A. 
fllter off, I 
titrate with 1 hr 35 min 
KMn04 

l 
I 

2 hrs 25 min 

mT\ru-,1 
TIME 

lsAMPLING I 
5 hrs Grinding, Riffling, 

Drying & Weighing. 

Boil with acid and 
dilute volumetrically. 

ANALYSIS OF DIGESTION SOLUTION 

FLAME PHOTO- CAUf'ORNIA CONDUCTIVlTY 
METER METHOD METHOD METHOD 

Remove aliquot, Callbrate (60 min) Temper, dilute & 
process, allow to & perform test 
settle & spray perform test 30min

1 solution through (30 min) 
photometer Calibration 

I (30 min) 
1 hr 5 min I 

~ 
Ellmlnnl<> Ellml1111tc 
Gr inding, etc . Grinding, etc. 

~ ~ 

CHEMIC 
ANALYSIS 

Same as ln 
A.S. T .M. Method 
plus 1/2 hour for 
extra ppt. etc , 

8 hrs 30 min 

Figure l. Time required for determination of cement content of soil- cement mixtures by 
six methods of analysis. 

TABLE 6 

COMPARISON OF VARIOUS METHODS OF CEMENT CONTENT 
DETERMINATION OF SOIL-CEMENT MIXTURES 

Property ASTM Chemical Conductivity Flame California Versene A 1 . Photometer na ysrs 

Speed 5 4 6 1 3 2 

Accuracy 2 1 4 1 3 2 

Initial cost of equipment 2 1 3 5 6 4 

Training of technicians 5 4 6 1 3 2 

Space required 3 3 3 1 2 2 

Portability 4 3 5 1 6 2 

Maintenance cost 5 4 6 1 3 2 

Supervision required 4 3 5 1 5 2 

Computations 5 4 6 1 3 2 

Reproducibility of results 5 4 6 3 2 1 

Technician's safety 5 3 6 1 2 4 

Availability of utilities 3 4 5 1 6 2 
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Figure 1 compares the time required in the various methods of test to determine 
cement content of a soil-cement mixture. Information obtained during the local inves
tigation is substantiated with that from reference material. The California and the 
conductivity methods require much less time to run inasmuch as the time of grinding, 
riffling and drying has been eliminated. The time required for the calibration of appara
tus has not been included in these two methods but in any event they would take less than 
one-quarter the time of the other test methods. This time factor plus the indicated 
accuracy of these two test methods certainly makes them worthy of further investigation. 

Table 6 was prepared to show the relative merits of each type of test and to serve 
as a guide in choosing a test method for a particular purpose. Preparation was to a 
large extent from noted reference material as personal experience has not been suffi
cient to permit accurate appraisal of all list methods. The following points are indicated: 

1. After calibration of the equipment, the conductivity, flame photometer and 
California methods are appreciably faster than other methods of test; 

2. The ASTM and Versene methods appear to be most accurate, while the chemical 
analysis method appears to give slightly high results; however, all methods appear to 
be sufficiently accurate for job control purposes; and 

3. In practically all other ways noted, the conductivity and California methods of 
test appear to be most suitable for use. 

The ASTM and Versene methods are rated low in this comparison on the basis of 
reproducibility of results because trained and experienced technicians are required. 
Comparisons in general are on the basis of tests carried out by relatively unskilled 
technicians, who might be found in the average testing laboratory. 

In Table 6, number 1 in each case represents the most desirable method; number 6 
represents what is considered to be the poorest. For example, the fastest method is 
rated as number 1; the slowest method as number 6. 

Items which may have an important bearing on the general test results are listed below. 

1. Relatively small samples are used in the ASTM, Versene and Chemical Analysis 
methods of test and segregation or poor sampling of materials could therefore have an 
appreciable effect on the test results. 

2. The ASTM method required a double precipitation to be performed and it is con
sidered that there is a possibility of losing calcium or having a portion of the ferrous 
iron and aluminum stay in the precipitate, which would give erroneous results. In 
cases where the soil contains an appreciable amount of these materials, the error could 
perhaps become significant. The Versene method of test reacts the same way and here 
the error could possibly be even greater. 

3. In the Chemical Analysis method, the iron and aluminum is not precipitated but 
only the calcium in the form of the oxylate. The hydrochloric acid is carefully neutral
ized with ammonium hydroxide and the pH decreased from 7 by the addition of acetic acid 
to leave the iron and aluminum in solution. An excess of ammonium oxylate is then 
added to the calcium to give a precipitate of calcium oxylate. The procedure from this 
point is identical to the ASTM method. 

4. The ASTM, Versene and Chemical Analysis methods of test require test equip
ment such as an analytical balance, electric oven, dessicator and glassware and are 
therefore relatively expensive tests to set up in the field. In contrast, the California 
method uses plastic ware which is an advantage. 

5. The Flame Photometer method requires experienced, well trained technicians 
and the equipment has a high initial cost. 

6. The end point in titration is much more distinct for the Chemical Analysis than 
for the ASTM or Versene methods. This could possibly be improved in the California 
method by titrating 25 ml of solution rather than 100 ml. 

7. The Conductivity method could possibly require frequent re-calibration of the 
equipment as slight vibration or jarring of the equipment may give sufficient change to 
the conductivity cell to alter results. In addition, the technician must know the electric 
circuits involved and have a knowledge of chemistry. 
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On the basis of the above, it would appear that, of the methods investigated, the 
California or the Conductivity method \ivould be the most practical for field use. In the 
main laboratory, the ASTM method, the Versene method or the California method would 
probably be most suitable. These test methods also permit determination of the lime 
content of soil-lime mixtures and can be used for hydrated or unhydrated soil-cement. 

ACKNOWLEDGMENTS 

The authors would like to express their appreciation to Messrs. Shields and Ricks 
of the Alberta Research Council for their kind cooperation and advice on this program. 
Also to Mr. Cronkhite, Chief Construction Engineer, and other members of the Alberta 
Department of Highways for making information in this paper available, and finally to 
staff members of the Highways Testing Laboratory for their careful work and interest 
in the program. 

Appreciation is also expressed to authors of reference material from which sources 
information has been freely drawn. 

REFERENCES 

1. "Soil-Cement Laboratory Handbook." Portland Cement Association. 
2. State of California: Materials Testing Manuel Test Method No. 338A. 
3. "California Highways and Public Works." (Nov. - Dec. 1959). 
4. LeClerc, R. V., and Sandahl, H. E., "A Rapid Method for Determining Cement 

Content of Plastic Cement-Treated Base." HRB Bull. 267, 1-13 (1960). 
5. Sherwood, P. T., "Laboratory Method for the Determination of the Cement or 

Lime Content of Cement of Lime Stabilized Soil." 
6. Sherwood, P. T., "The Determination of the Cement Content of Soil-Cement." 
7. Gilliland and Hunter , "Rapid Method for Estimating Cement Content of Soil-Cement 

and Blended Cement." 
8. "The Laboratory." Fisher Scientific Co., Ltd. 
9. American Society for Testing Materials: Method D806 - 57. 

Appendix 

PROCEDURE1 FOR HIGHWAYS TESTING LABORATORY, 
EDMONTON, CANADA 

Test Method 

1. Weight out, on the analytical balance the following amounts of the samples: 

Raw soil, 5, 000 g 
Soil-cement mixture, 5, 000 g 
Cement, 1, 000 grams 2 

Place the materials in a 250-ml beaker . 

1 Adapted from ASTM Procedure D806 - 57. 
2 Exact weights of 5,000 g for the samples of soil and soil-cement and l,000 g for the 

sample of cement do not have to be used. This will save time in weighing. If ~xnct 
weights are not used then the following corrections must be made: 

1(5) J(S) H(l) 
°/a Cement ----X lOO 

Wt. Used Wt. Used Wt. Used 5H1 
- 11 
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2. (a) Add 50-ml HCL (1:1) to the soil and soil-cement. 
(b) To the cement add 40-ml water. Stir into a paste. Then add 10-ml concen

trated HCL (Sp. Gr. = 1. 18). 
3. Cover and boil gently for 5 minutes. 3 

4. Add 25-ml hot water. Stir, allow to settle through a Whatman No. 1 filter paper, 
preferably 15 cm in diameter. If the filtration period exceeds one hour, sub
stitute a No. 41 paper in subsequent similar cases. 

5. Receive the filtrate in a 250-ml volumetric flask. 
6. Wash the residue once by decantation using hot water, then transfer it to the 

filter paper. 
7. The beaker should be rapidly policed, the loosened material being transferred 

to the filter paper. 
8. Wash the material on the filter 4 times with hot water (use about 10 to 15 ml 

each time). 
9. Discard the filter. 

10. Dilute the filtrate in the volumetric flask to 250 ml with cold water and mix the 
contents by agitating. 

11. Using a 50-ml pipette remove a 50-ml aliquot into the original 250-ml beaker. 
12. Dilute to about 100 ml. 
13. Make the solution slightly ammoniacal by adding NH40H. (Put a small piece 

of red litmus paper into the beaker; stop adding NH40H after the litmus paper 
has turned blue.) 

14. Boil 1 to 2 minutes and then allow the hydroxide to settle. 
15. Filter through an 11-cm Whatman No. 1 filter paper. 
16. Receive the filtrate ih a 600-ml beaker. 
17. Wash the original 250-ml beaker into the filter with hot NH4N03 (20 g per 1) 

once. Follow by washing the hydroxide precipitate once or twice with hot 
NH4N03(20 g per 1). 

18. Set the filtrate aside (in the 600-ml beaker). 
19. Transfer the paper and precipitate to the original beaker. Add 20-ml hot HCL 

(1:3) and then add 50-ml water. 
20. Make the solution slightly ammoniacal (as in 13) and boil 1 to 2 minutes. 
21. Allow the precipitate to settle. 
22. Decant through a Whatman No. 1 filter paper, receiving the filtrate in the 600-

ml beaker containing the first filtrate (previously set aside). 
23. Wash and police the 250-ml beaker in which the precipitation took place. 
24. Wash the precipitate on the filter paper 3 or 4 times with NH4N03 (20 g per 1). 
25. Discard the hydroxide precipitate (on the filter paper). 
26. Add 2-ml concentrated NH40H (Sp. Gr. O. 90) to the filtrate (which will now have 

a volume of 250 to 350 ml). 
27. Heat the solution to boiling. 
28. Add 10-ml hot saturated (NH4) 2C204 (ammonium oxalate) solution. 
29. Keep the mixture near boiling until the precipitate becomes granular. 
30. Set aside the beaker on a warm hot plate for 30 minutes or more. 
31. Before filtering off the CaC204 (calcium oxalate) precipitate, verify complete

ness of precipitation by adding a little more (NH4) 2C204. If the solution re
mains clear then precipitation is complete. Make sure that a slight excess of 
NH40H is present. (Dip a stirring rod into the solution and put a drop of it on 
some red litmus paper, which will turn blue if there is an excess of NH40H. ) 

32. Filter through an 11- or 15-cm Whatman No. 2 filter paper, making sure that 
all the precipitate is being retained. 

33. With a rubber policeman clean the 600-ml beaker in which precipitation took 
place and transfer the contents to the filter with a stream of hot water. 

34. Wash the precipitate on the filter 6 to 10 times with a stream of hot water (not 
over 75 ml). 

3 Vigorous or extended boiling of s81Ilples is seldom necessary and often results in much 
slower filtration . 
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35. Carefully open the filter paper and wash the precipitate with water into the 600-
ml beaker (where precipitation was effected). Save the filter paper. 

36 Dilute to 200 ml. 
37. Add 10-ml H2S04 (1:1). 
38. Heat the solution short of boiling and titrate it with KMnQ4 solution to a persis

tent pink color. (The KMn04 solution need not be a standard solution, but the 
same solution shall be used in titrating all the components.) 

39. Add the filter paper and macerate it. 
40. Continue the titration slowly until the pink color persists for 10 seconds. 
41. Record the volume of KMnQ4 used. 

Calculation: 

in.which 

% Cement = (J - I) x 100 
5H - I 

H = KMnQ4 solution required for titration of the sample of cement, ml; 
I = KMn04 solution required for titration of the sample of raw soil, ml; and 
J = KMn04 solution required for titration of the sample of soil-cement mixture 

ml. 




