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Abstract
Calgon (a combination of sodium hexametaphosphate and 
sodium carbonate) has proved to be the most effective dispers-
ing agent in determining the grain size distribution of fine-
grained soils by means of the hydrometer analysis. Previous 
research on the effect of the sodium hexametaphosphate con-
tent of dispersing agents on the clay contents showed that the 
addition of sodium carbonate to sodium hexametaphosphate 
increases its dispersing effectiveness. Hence, Calgon 35:7 was 
used /recommended by many researchers/methods and proved 
to be the most effective dispersing agent. Although previous 
work focusing on the effect of varying the concentration of 
sodium hexametaphosphate in Calgon has been reported, 
the effect of the concentration of sodium carbonate in Cal-
gon has not been assessed and reported. For this reason, in 
this investigation a series of hydrometer test analyses were 
conducted using the 152H and ASTM 152H: E100 hydrometers 
with Calgon in ratios of 35:0, 35:20 and 35:30.  It was observed 
that with any increase in sodium carbonate content beyond 
7 grams, the percentage clay content actually decreased tre-
mendously in the case of hydrometer 152H. However, for the 
other hydrometer, Calgon (35:0) proved to be most effective 
combination. Thus, the increase in the sodium carbonate con-
tent in Calgon, beyond 7 g/ litre, is not recommended.
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1 Introduction 
Soils consist of various particle sizes and shapes. The parti-

cle size analysis is a method of separating the soil into different 
fractions, based on the sizes of particles present in the soil. The 
particle size analysis is divided into two categories (coarse and 
fine) with associated laboratory test methods. A sieve analysis 
is used to separate the coarse-grained fraction of soil i.e., the 
fraction of the soil with particle size greater than 425 micron. 
Whereas, the sedimentation analysis is used for the analysis 
of the fine-grained fraction of the soil, such as silt and clay, of 
which particle size is less than 75 microns. Various researchers 
have investigated the effectiveness of the determination of the 
particle size analysis, on the fine fraction of various soils, using 
different methods such as the hydrometer (sedimentation) 
method ([1], [2], [3], [4], [5], [6], [7], [8], [9], [10], [11], [12], 
[13]), the pipette method ([8], [14], [15]) and the laser diffrac-
tion method ([6], [9], [11], [15], [16], [17], [18], [19], [20]). 

This study however focused on the hydrometer analysis, as in 
South Africa, the national laboratories use the hydrometer anal-
ysis to determine the particle size distribution of the fines frac-
tion of soils. In addition, the hydrometer method [13] is still in 
widespread use, as it requires inexpensive equipment and only 
basic technical expertise. However, in South Africa, there is a 
problem with the accurate determination of the clay content of 
soils, which was reflected in the results obtained from different 
laboratories that analyzed the samples. This problem, which was 
formally expressed by Jacobsz and Day (2008) [21], justifies the 
need for research into all the variables of the hydrometer test, 
with a view to improving its accuracy and perhaps standardize 
the test nationally and possibly, in future, internationally. The 
accurate determination of the clay content of a soil is important 
as it is used to determine its activity, which in turn is used for 
design purposes. Inaccurate clay content determinations have 
resulted in inappropriate design solutions, which have even led 
to unacceptable damage to the structures. The TMH1 method 
[22] is usually applied in South Africa for the determination 
of the particle size distribution of soils. However, this stan-
dard has been superseded by a different method, SANS 3001 
[23], which has not been adopted by most laboratories. Almost 
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all the national laboratories follow the old method [22], with 
a deviation in the type of dispersing agent. Dispersing agents 
are used to disperse the fine-grained particles of the soil in the 
suspension medium (water) in the hydrometer analysis. The 
old method [22] prescribes the use of a combination of sodium 
silicate and sodium oxalate as the dispersing agent. However, 
this dispersing agent is often substituted with other dispersing 
agents such as Calgon or sodium pyrophosphate decahydrate 
(still used by Soil Laboratory, South Africa) or sodium tetra 
pyrophosphate (formerly used by the laboratory of Multitoets, 
South Africa) or Di-sodium Di-hydrogen pyrophosphate (for-
merly used by the Soils Testing Laboratory of Department of 
Water Affairs of South Africa) or sodium hexametaphosphate 
(still used by Soillab, South Africa).

In an attempt to study the geotechnical properties (mainly 
the clay content) of the soils naturally found in South Africa, 
an exhaustive study was undertaken [1] to determine the most 
effective dispersing agent in terms of type, optimum concen-
tration and volume used on the percentage clay yielded. A vol-
ume of 80 ml of Calgon 35:7 proved to be the most effective 
dispersing agent (when testing was carried out with different 
volumes and concentration of Calgon by varying only the con-
centration of sodium hexametaphosphate in the Calgon) in the 
case of one of the samples (black soil), yielding a clay content 
of 35.2% [1]. In the case of another sample (red soil), 20 ml of 
Sodium tetra pyrophosphate yielded the maximum clay con-
tent of 32.3%, whereas 29 % clay content was yielded by 125 
ml of Calgon 35:7 [2]. All these results were computed by con-
sidering the effect of the dispersing agent on the hydrometer 
reading, and appropriately correcting the hydrometer readings 
by subtracting the readings obtained on companion “blank” 
solutions containing only water and the relevant dispersing 
agent (no soil), at relevant time period, from the reading taken 
on the solution containing water, soil and dispersing agent.

TMH1 (1986) [22] does not make any provision for the effect 
of dispersing agent in the solution on the readings recorded 
during the test and it was observed that with the change in 
the type of dispersing agent, the method was actually incor-
rectly yielding inflated fines (including clay) contents. Hence, 
ideally all the national laboratories, which follow the TMH1 
(1986) method [22] with a deviation in the dispersing agent 
type, should consider correcting the hydrometer test readings, 
if this is not being done.

A study on the effect of different types and quantities of 
dispersing agents on the grain size distribution, particularly 
the percentage of clay size, was described by Sridharan et al 
[4]. They concluded that clay size fraction could vary from 
4%–45% for marine clays, depending upon the dispersing 
agent used. It was further seen that 100 – 125 ml of Calgon 
33:7 (33 grams of Sodium hexametaphosphate and 7 grams of 
Sodium carbonate in 1 litre of distilled water) was found to be 
the most effective dispersing agent. 

Bindu and Ramabhadran [5] conducted a study to evaluate 
the effect of the concentration of the dispersing agent on the 
hydrometer analysis and attempted to optimize the concentra-
tion of the dispersing agent to be added to obtain maximum 
dispersion. It was observed that the addition of sodium car-
bonate improved the dispersing capacity of sodium hexameta-
phosphate. The optimum volume and concentration was found 
to be 100 ml of 6% (53:7) and there was a significant decrease 
in dispersion with a further increase in the concentration as 
well as the volume of the dispersing agent added. 

Emeka [10] conducted a hydrometer analysis study on two 
soil samples naturally available in Nigeria using four solutions 
(100 ml of Calgon (35:7), 125 ml of 4% of Sodium hexameta-
phosphate, 14 % of sodium carbonate and no dispersing agent). 
It was observed that both calgon and sodium hexametaphos-
phate proved to be consistent solutions whereas the sodium car-
bonate solutions did not effectively disperse both the samples. 

Calgon, which is a combination of sodium hexametaphos-
phate and sodium carbonate, is one of the popular dispersing 
agents adopted by various countries in the sedimentation test 
analysis. This dispersing agent in different concentrations 
(varying the amount of only sodium hexametaphosphate in 
Calgon) is recommended and adopted by many methods and 
researchers ([1], [2], [3], [4], [5], [10], [24], [25], [26]).

However, the effect of variation of the amount of sodium 
carbonate in Calgon on the magnitude of clay content deter-
mined by the hydrometer analysis is still to be explored. Bindu 
and Ramabhadran [5] concluded that the addition of sodium 
carbonate improved the dispersion capacity of sodium hexam-
etaphosphate, but they carried out the testing by adding only 
7 grams of sodium carbonate with different masses of sodium 
hexametaphosphate (13 grams, 33 grams, 53 grams and 73 
grams). In the past, no work has been reported pertaining to 
various concentrations of sodium carbonate in the Calgon. 
Hence, the primary purpose of this investigation was to assess 
the effect of the amount of sodium carbonate in Calgon on the 
clay content yielded by a series of hydrometer tests, performed 
on two South African soils. The effect of the hydrometer type 
was also assessed by incorporating two types of hydrometers 
(152H and ASTM 152H: E100) into the test program.

2 Laboratory tests, materials and methodology 
2.1 Materials

Soil Samples: Two soil samples were collected from various 
parts of South Africa, which comprised of a black soil from the 
town of Brits in the North-west Province and a red soil sample 
from Springfield (near Springs) in the Gauteng area. The black 
soil is a residual soil derived from Norite rock and the typical 
predominant clay type in the soil is Montmorillonite, whereas the 
geological origin of the red soil was not established. The Atter-
berg Limits and Activity of these soils were determined, at the 
laboratories of the Department of Civil Engineering Technology, 
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as shown in Table 1. The TMH1 (1986) method [22] was used 
for the determination of the Liquid Limit and Plastic Limit. 
The clay content in Table 1 was determined by the means of 
the hydrometer analysis by following TMH1 (1986) guidelines 
[22] with a deviation in the prescribed dispersing agent. TMH1 
(1986) Method A6 [22] prescribes 5 ml of sodium silicate and 
5 ml of sodium oxalate as the dispersing agent. However, 125 
ml of Calgon 35:7 (a solution comprising 35 grams of sodium 
hexametaphosphate (NaHMP) and 7 grams of sodium carbonate 
(Na2CO3) in 1 litre of distilled water) was used. Furthermore, the 
hydrometer readings were appropriately adjusted by subtracting 
the hydrometer readings obtained on the “blank” companion 
specimens to account for the effect of the dispersing agent.

Table 1 Atterberg limits and Activity of the soils sampled

Properties Black Soil Red Soil

Liquid Limit (LL) 56 28.3

Plastic Limit (PL) 22 15.1

Plasticity Index (PI) 34 13.2

Clay Content (%) 32 29

Activity (A) 1.07 0.5

Dispersing Agents: The hydrometer tests were performed by 
varying the amount of sodium carbonate to 0 grams, 20 grams 
and 30 grams from usual 7 grams in Calgon (keeping the amount 
of sodium hexametaphosphate constant as 35 grams) on the two 
soil samples, following the THM1 (1986) test method [22].

Hence, the amounts of 3.5% (Calgon 35:0), 5.5% (Calgon 
35:20) and 6.5% (Calgon 35:30) solution of Calgon were pre-
pared, by mixing the required quantity in 1 litre of distilled 
water. The results obtained from these concentrations were 
compared with the results obtained by Calgon (35:7), which 
was used as the reference dispersing agent. The quantities (in 
grams) of chemicals added for the preparation of these stock 
solutions are given in Table 2.

Table 2 Quantity of chemicals added for preparation of Calgon solutions

Concentration of 
Solution (%)

Calgon 

Quantity of NaHMP 
Added (g)

Quantity of Na2CO3 
Added (g)

3.5 35 0

5.5 35 20

6.5 35 30

In most of these tests the minimum volume of Calgon ini-
tially used was 100 ml. The justification for this quantity is 
that methods [24] and [25] recommend 100 ml and 125 ml of 
Calgon solution, respectively and hence 100 ml volume was 
selected to confirm the recommended volume. However, this 
volume was incrementally increased or decreased until the 
optimum volume for each concentration was established. In a 
few cases the minimum volume of Calgon was even reduced to 
25 ml to get the desirable results.

Hydrometers: TMH1 (1986) [22] prescribes the use of 
hydrometer 152H, but the authors [3] concluded that the 
152H:E100 was more effective by yielding higher clay contents 
in the case of the more active soil. Therefore, both hydrometers 
were incorporated into this investigation i.e. 152H and ASTM  
152H:E100. 

2.2 Testing procedure and calculations
For the current testing, the guidelines laid down by TMH1 

(1986) [22] were followed. Figure 1 shows the details of the 
hydrometer tests including the determination of the percentage 
finer than the various sizes. The procedure detailed in this fig-
ure was followed using the Bouyoucos (152H) hydrometer as 
well as the ASTM 152H: E100 (H2) hydrometer. The procedure 
is discussed below. For all the tests performed, 50 grams of 
soil sample passing through 425 micron sieve was mixed with 
the desired quantity of dispersing agent and about 400 ml of 
distilled water in a canning jar. The soil water mixture was 
allowed to stand overnight. After the mixture had been allowed 
to stand, it was dispersed for 15 minutes with a standard pad-
dle. The paddle was washed clean with distilled water allowing 
the wash water to run into a container with the suspension.

The suspension was then poured into the Bouyoucos cylin-
der and the canning jar was rinsed with distilled water from 
the wash bottle. The cylinder was then filled with distilled 
water to 1130 ml mark with the Bouyoucos hydrometer (152H) 
inside. Thereafter, the hydrometer was removed and the cylin-
der was inverted a few times, using the palm of one hand as a 
stopper over the mouth of the cylinder to ensure that the tem-
perature was uniform throughout. After bringing the cylinder 
to vertical position, a stopwatch was started. The hydrome-
ter was inserted and readings were taken at 18 and 40 sec-
onds without removing the hydrometer from the cylinder. The 
hydrometer was then taken out and rinsed with water and it 
was again inserted into suspension when the elapsed time was 
2 minutes. This reading was noted and the hydrometer was 
removed and placed in the distilled water. This procedure was 
repeated for the 5 minutes, 15 minutes, 30 minutes, 1 hour, 
4 hour and 24 hours readings. After taking each hydrometer 
reading, position, a stopwatch was started. The hydrometer 
was inserted and readings were taken at 18 and 40 seconds 
without the temperature of the liquid was recorded.

Temperature corrections were applied to the readings. The 
same procedure was followed for the tests performed with the 
other hydrometer (ASTM 152H: E100) as well. This hydrome-
ter is referred to as H2 in the discussion of the results.

In addition, a blank solution comprising distilled water and 
dispersing agent (no soil) was prepared, in a second bouyou-
cos cylinder in the same proportions as the solutions prepared 
with the soil. The dispersing agent and water mixture was also 
soaked overnight and identical hydrometer tests were per-
formed for the blank solutions. 
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The hydrometer readings taken on the samples which con-
tained soil were appropriately adjusted by subtracting the 
hydrometer readings obtained on the “blank” companion 
specimens, at the relevant times. This accounted for the effect 
of the dispersing agent on the readings. It should be noted that 
the TMH1 (1986) method [22] does not make any provisions 
for this correction.

The percentages finer than 0.075 mm, 0.05 mm, 0.04 mm, 
0.026 mm, 0.015 mm, 0.01mm, 0.0074 mm, 0.0036 mm and 
0.0015 mm were respectively calculated by the readings taken 
at 18 sec, 40 sec, 2 min, 5 min, 15 min, 30 min, 1 hour, 4 hour 
and 24 hours, by means of Equation 1.

                             P = (C × Sf )/Sh                       (1)

Where, P = Percentage finer than relevant size,
Sh = Mass of soil fines used in analysis (50 grams), 
Sf = Percentage soil fines in total sample (<0.425 mm),
C = Corrected hydrometer reading
The percentage clay content present in each sample (frac-

tion finer than 0.002 mm) was obtained from the relevant par-
ticle size distribution curve.

3 Results and discussion
3.1 Black soil

Figure 2 represents the effect of different concentrations 
of sodium carbonate in Calgon and volumes of Calgon on the 
clay content of the black soil, determined by hydrometer anal-
ysis, using the two hydrometer types. 

Figure 2 clearly show that the following.
• The 4.2 % Calgon (35:7) was the most effective dispers-

ing agent yielding a maximum clay content of 35 % for the 
black soil when the testing is done with hydrometer 152H. 
Thus increasing the amount of sodium carbonate was not 
effective in this case. Emeka [10] also concluded that Cal-
gon (35:7) is a consistent solution. 

• When the tests were performed with hydrometer 152H: 
E100 (H2), 3.5% Calgon (35:0) yielded the maximum clay 
content of 26.7%. This is in disagreement with Bindu 
and Ramabhadran [5], as they indicated that the addition 
of sodium carbonate increases the dispersing capacity of 
sodium hexametaphosphate.

• For both the hydrometers, for all the concentrations of dis-
persing agent, any further increase in the volume of chem-
ical after attaining optimum volume generally resulted in a 

Fig. 1 Details of hydrometer tests
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decrease in clay content. Similar results were obtained by 
other researchers as well ([1], [2], [3], [4], [5]).    

• Relatively high sodium carbonate contents (5.5% and 6.5 
%) resulted in a decrease in the clay contents and rendered 
the hydrometer 152H: E100 (H2) to be more effective. The 
reason behind this finding is still not known.

3.2 Red soil
Figure 3 represents the effect of different concentrations 

of sodium carbonate in Calgon and volumes of Calgon on the 
clay content of the red soil, determined by hydrometer analy-
sis, using the two hydrometer types.

The following considerations can be described according 
to the Fig. 3.
• The 4.2 % Calgon (35:7) is still the best dispersing agent 

yielding the maximum clay content of 29 % for the red soil 
when the testing is done with hydrometer 152H. This was 
the case in the Black soil as well that, increasing the amount 
of sodium carbonate did not increase the effectiveness of 
the dispersing agent. Emeka [10] also concluded that Cal-
gon (35:7) is a consistent solution.

• When the tests were performed with the hydrometer 152H: 
E100, 150 ml of 3.5% Calgon (35:0) yielded the maximum 
clay content of 29% however 100 ml of 3.5% Calgon (35:0) 
yielded 28.9% of clay content. Hence, 100ml of 3.5% Calgon 
may be considered as the optimum volume. These results are 
in disagreement with Bindu and Ramabhadran [5] as they 
indicated that the addition of sodium carbonate increased 
the dispersing capacity of sodium hexametaphosphate.

• There is decrease in the clay contents of the red soil after the 
optimum concentration and volume for each hydrometer is 
reached and this is actually high in case of hydrometer 152H.

• Also 6.5% Calgon was relatively less effective in the case 
of both the hydrometers, yielding even zero readings in 
case of hydrometer 152H: E100. The percentage clay con-
tent obtained at optimum volume decreased tremendously 
(90.8% for hydrometer 152H and 49.3% for ASTM 152H: 
E100 hydrometer) when the concentration of Calgon was 
increased from 5.5% to 6.5%. 

• For both the hydrometers, for all the concentrations of dis-
persing agent, any further increase in the volume of chem-
ical after attaining optimum volume generally resulted in 

Fig. 2 Effect of sodium carbonate concentration in Calgon and volume of Calgon on the clay content of Black Soil.

Fig. 3 Effect of sodium carbonate concentration in Calgon and volume of Calgon on the clay content of Red Soil.
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a decrease in clay content. Similar results were obtained 
by other researchers [1], [2], [3], [4], [5]. However, a con-
tradictory trend was noticed where, with an increase in 
volume there was an increase in percentage of clay con-
tent (3.5% Calgon (35:0)). The reason for this is that with an 
increase in the volume of dispersing agent in the companion 
“blank” solutions, the hydrometer readings increased but 
the increase was not constant.

4 Conclusions
The following observations and conclusions were made 

regarding the effect of the quantity of sodium carbonate in Cal-
gon, in the hydrometer analysis, on the clay contents yielded 
for both the black and red soil samples: 
1. Tests on soil samples with Calgon as dispersing agent clearly 

indicated that the percentage of clay size material decreased 
significantly when amount of sodium carbonate in Calgon 
increased beyond 7 grams for both types of hydrometer.

2. In case of both the soils, for the hydrometer 152H, the opti-
mum concentration of Calgon was found to be 4.2% of the 
solution. Further increases in sodium carbonate yielded 
lower clay contents. The percentage decrease was found to 
be 54% and 17.6% for black and red soil, respectively.

3. When the ASTM hydrometer 152H: E100 (H2) was uti-
lized for recording the readings, any addition of sodium 
carbonate to Calgon solution actually reduced the effec-
tiveness, thus yielding lower results in comparison to the 
results obtained with 3.5% Sodium hexametaphosphate or 
3.5% Calgon (35:0). The percentage decrease in clay content 
beyond the optimum concentration of 3.5% was 12% and 
21.7% for black and red soil, respectively.

4. 6.5% Calgon was the least effective concentration of dis-
persing agent. 

5. No trend was established regarding the accuracy of each 
hydrometer type when used with a particular dispersing 
agent. However, the hydrometer 152H (H1) was generally 
more effective in the case of the tests conducted on the red 
soil.

6. When considering each dispersing agent, the optimum vol-
umes were lower in the case of the red soil, which had a 
lower activity (0.5) than the black soil (1.07).
Finally, the effect of variation of amount of sodium carbon-

ate beyond the recommended 7 grams proved to be ineffective, 
particularly in the case of higher concentrations and hence is 
not recommended
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