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Dispersing Agents for Particle-Size Analysis 
of Soils 
A. M. WINTERMYER, Research Engineer, and 
EARL B. KINTER, Research Engineer, 
The Physical Research Branch, Bureau of Public Roads 

In the particle-size analysis of soils, mechanical agitation and the physico-
chemical action of a dispersing agent are employed to disperse a soil sample in 
water and prepare a suspension for subsequent determination of particle size-
groups by sedimentation techniques. The dispersing agent fulf i l ls two functions 
vital to the accuracy of the analysis: (1) assisting the mechanical treatment 
in the initial separation of naturally cemented or aggregated prime particles 
and (2) providing conditions for normal sedimentation in the suspension during 
the test period, by preventing flocculation (or other interfering effects) of the 
dispersed particles. 

Many different types of chemical dispersing agents have been employed 
with varying results. At present, sodium metasilicate is widely used in soil 
testing for engineering purposes, and sodium hexametaphosphate, sodium hy­
droxide, and sodium carbonate are among those used for agricultural soils. 
However, the reported results of numerous studies do not afford a clear eval­
uation of effectiveness, because of the lack of consistency in methods and tech­
niques and, frequently, the narrow scope of e^qierimental soils and dispersants. 
The investigation reported here was undertaken to provide this needed evalua­
tion. 

Many different dispersing agents were tested with a broad selection of soils 
under closely controlled conditions of analysis. Results showed sodium meta­
silicate to be relatively ineffectual in the dispersion of several soils and not 
suitable for general use. Several others, such as the carbonate, hydroxide, and 
oxalate of sodium, produced a high degree of dispersion with a few soils but 
failed to stabilize the suspensions of others. Sodium polyphos and sodium tripoly-
phosphate were highly and about equally effective for all of the experimental 
soils representing many of the great soil groups of the United States. Two 
others, sodium hexametaphosphate and sodium tetraphosphate, were only slightly 
less so. None of these four phosphates was effective with a laterite material, 
a ted, ferruginous soil of the tropics. Conversely, this soil was highly dis­
persed by trisodium phosphate and tetrasodium pryophosphate, which were 
generally ineffective with members of the other soil groups. 

•PARTICLE-size analysis is one of the is the dispersion of the soil sample. A 
oldest and most-valuable test methods satisfactory dispersion requires: (1) com-
for soil materials. Its purpose is to de- plete separation of the prime particles 
termine the quantitative distribution of of the soil or the reduction of agglomerates 
prime particles in several selected size- to sizes not larger than those of the small-
groups or separates, such as sands, silt, est size-group to be determined and (2) 
and clay. The resulting particle-size dis- maintenance of the resulting soil sus-
tribution data have long been used to pension in a condition satisfactory for sub-
characterize the physical makeup, or tex- sequent particle-size determinations. In 
ture, of soils and have been especially methods now in general use, dispersion 
important in soil classification for high- is accomplished by mechanical agitation 
way and other purposes. of a soil-water mixture, in conjunction 

Although details of analytical pro- with an added chemical dispersing agent, 
cedures vary considerably among dif- Silt and clay-size groups are determined 
ferent investigators, a required feature from the resulting soil-water suspension 
of all methods for particle-size analysis by sedimentation techniques involving 



either hydrometer readmgs or pipetting 
and drying of aliquots. Sand groups are 
determined by standard sievmg techniques. 

The accuracy of the analysis is strongly 
affected by the degree to which the me­
chanical agitation and the dispersing agent 
satisfy the above two requirements. Me­
chanical dispersion is accomplished by 
stirring or shaking the soil-water mix­
ture; a hi^-speed motor-driven stirrer 
has been widely used for this purpose 
in soil laboratories for many years. A 
more-recently developed air-jet device 
(12) has been shown to produce an even-
more-complete dispersion and also to 
minimize the attrition of prime particles 
which may occur with even a brief treat­
ment with the motor-driven stirrer. The 
use of either device is now optional in 
ASSHO Method T 88-49 (10). 

The present investigation was primarily 
concerned with the second requirement, or 
chemical phase, which has been far less 
well resolved. This concerns the physico-
chemical activity of the dispersing agent 
in the soil-water mixture, which assists 
in the initial mechanical dispersion but 
is more-particularly required for the 
maintenance of the resulting suspension. 
The problems involved in this part of the 
dispersion process result from inorganic 
and organic substances of clay and colloidal 
sizes. These adhere to and bind each 
other, as well as some of the larger parti­
cles, into aggregate structures which 
resist separation. In most highway-soil 
materials, the clay and colloidal particles 
are largely inorganic in nature and con­
sist chiefly of minute crystallites of one 
or more members of the clay mineral 
group. The crystal structures contain an 
excess of negative charges which attract 
positively-charged ions, such as H+, Ca++, 
and Na+. These, in turn, influence the 
tendency of the clay particles either to be 
dispersed or to remain in aggregates or 
f loccules. The hydrogen and calcium forms 
of clays resist dispersion, whereas the 
particles of sodium clays are separated 
with relative ease. 

Further, a dispersed suspension of 
soil particles in water may manifest 
colloidal properties, such as gelation 
(syneresis) or coagulation and floccula-
tion. Coagulation and flocculation hasten 
particle sedimentation, and gelation retards 
it . In the f i rs t case, hydrometer readings 
made in the soil suspension for particle-

size measurements yield low results for 
the finer particles, and the analysis makes 
the soil appear coarser than it actually is; 
in the second, the reverse is true. 

Most dispersing agents provide sodium 
ions to replace the flocculating cations 
from the soil clay and anions, such as 
hydroxyl, oxalate, carbonate, phosphate, 
or silicate, to inactivate the replaced 
cations. Or if instead of an electrolyte, a 
lyocratic (protective) colloid such as 
gum acacia is used, dispersion may be 
aided and the suspension maintained by 
the action of the colloid in forming pro­
tective layers around the clay particles. 
As often happens in practice, the dis­
persing agent may fai l to provide these 
effects, with the result that particle sed­
imentation is interfered with and meas­
urements of the silt and clay fractions are 
invalidated. 

In the long history of particle-size 
analysis, many different chemical dis-
persants have been used with varying 
success and acceptance. Among the more 
common are: ammonium hydroxide and 
the carbonate, oxalate, and hydroxide of 
sodium. Sodium hexametaphosphate is 
now widely used with agricultural soils 
(6 and 11), and AASHO Method T 88-49 
(10) specifies sodium metasilicate. The 
extensive literature reveals the extreme 
variability under which analyses have been 
made, including: experimental procedures 
and apparatus; types and concentrations of 
electrolytes; types and amounts of soils; 
and pretreatments of samples for removal 
of organic matter, soluble salts, or ex­
changeable bases. Rarely are comparative 
data presented for more than one or two 
dispersing agents, and the soils studied 
are usually severely limited in number 
and variety. Thus, for the most part, the 
literature reveals an inadequate testmg 
and evaluation of dispersing agents with 
regard to degree of dispersion obtained 
and to suitability for use with a wide 
variety of soils. It can only be concluded 
that, in general, the several dispersing 
agents used in the past vary considerably 
in both respects. Some are of severely 
limited value and none has been found 
suitable for use with all soils. 

This report presents the principal 
fmdings of a study designed to evaluate the 
effectiveness of a large group of dispers­
ing agents with a wide variety of soils 
under closely controlled conditions of anal-



ysis. For purposes of comparison, data 
obtained by the use of AASHO Method T 88-
49 are also presented. The criterion 
adopted for the degree of dispersion ob­
tained is the percentage value for the 
size-group of particles having a diameter 
of one micron (0. 001 mm.) and less. This 
I S determined from the 24-hour hydrom­
eter reading and is termed "the dispersion 
value." This size group was selected be­
cause i t is the smallest now determined in 
particle-size analyses for highway pur­
poses. Further, itsupper limit is well be­
low the 2-micron value commonly ac­
cepted for the clay fraction. 

MATERIALS AND METHODS 

Dispersing Agents 
The 19 dispersing agents selected for 

e^erimental study are listed in Table 1, 
divided among seven subgroups according 
to chemical composition. These include 
most of the materials which have been 
widely used for soil dispersion. A few of 
the phosphates are new to soil-testing; 
others, suchasLomar PWand Marasperse 
CB, have not been employed with soils but 
are finding application as industrial dis­
persing agents. 

With a few exceptions, the chemical-
reagent grade of each material was used. 
Sodium tripolyphosphate and sodium poly-
phos were of technical grade, and gum 
acacia and gum ghatti were of pharma­
ceutical quality. Although the grade of 
Marasperse CB is not known, its manu­
facturer , has stated that i t is a highly 
purified product. Al l are readily avail­
able at a cost not too high to prohibit their 
use in routine laboratory work. 

Soils 

The soils chosen for analysis are listed 
and described in Table 2. In addition to 
the soil names, when known, their liquid 
and plastic limits and classifications, as 
derived from the limit values and the per­
centages passing the No. 40 and No. 200 
sieves, are given as further descriptive 
information. Al l of the samples are from 
the B or C horizons, since this is the part 
of the soil profile usually used in highway 
construction. 

The soils selected represent a fairly 
wide range of genetical conditions and in­

clude members of many of the great soil 
groups of the world. Only one of the 
samples, Nipe No. 6, is from outside the 
United States. This is a true laterite, a 
soil group common to the tropics, but not 
found in this country. Two clay mineral 
samples, a bentonite and a kaolin, were 
included for testing, since they are re l ­
atively pure examples of two of the three 
chief clay mineral groups common to soils. 
An illi te sample was not available in suf­
ficient quantity for the testing of this clay 
mineral group as such, but illite occurs 
as a major clay mineral constituent in 
some of the soils included in the list. 

^paratus 

Samples were dispersed (at an air 
pressure of 20 psi. from a laboratory 
compressed-air line) with a Model A, air-
jet dispersion cupv^ich has been described 
in a previous report (12) and approved for 
use m AASHO Method T 88-49 (10). 

Densities of the soil suspensions were 
measured with an early model of the 
streamlined Bouyoucos hydrometer, cali­
brated for use at 67 F. Density readings 
were corrected for deviations from this 
temperature and for the presence of the 
di^ersing agent. 

Analytical Procedure and Methods 

Essentially, the e}q>erimental work con­
sisted of the following tests: (1) Soils 1 to 
6, dispersed in the air-jet dispersion cup 
with each of 19 dispersants which were 
added in 5 or 10-ml. increments of stock 
solution to replicate portions of each soil. 
(2) Soils 7 to 14 and the clay minerals 15 
and 16, dispersed in the air-jet disfpersion 
cup with a single concentration of each of 
the phosphates. (3) Soils 1 to 14, dis­
persed with the motor-stirrer and sodium 
metasilicate solution. 

For those tests made by the use of the 
air-jet dispersion cup, a 50-gram portion 
of air-dry soil passing the 2-mm. sieve 
was soaked overnight in a beaker containing 
about 75 ml. of distilled water. The mix­
ture was then transferred to the dispersion 
cup with the use of an additional 75 ml. of 
water from a wash bottle; the predetermined 
volume of dispersant stock solution was 
added; and with the air-pressure adjusted 
to 20 psi. , the mixture was dispersed for 
5 minutes with soils having a plasticity 



TABLE 1 

No. Name Formula 

Stock 
solution 

concentratior Type of reaction 
1 Sodium metasihcate 

(sodium silicate) 
NaiSiOi. 9HiO 0 4N , 

(56.8)' 
Supplies dispersive cation and alkalme reaction Hydrolyzes to 
silicic acid which acts as protective colloid (3) and precipitates 
Ca and Me 

2 Sodium hexametaphosphate 
(Calgon, buffered with 
NaiCOs) 

NaPOs or 
(NaPO,), 

0 4N 
(40 8) 

Forms soluble undissociated complexes with many cations and 
prevents flocculation effects Also supplies a dispersive 
cation 

3 Trisodium phosphate Na3P04.12H>0 0 4N 
(50 7) 

Do. 

4 Tetrasodium pyrophosphate NaiPiOT.lOHiO 0 4N 
(44 6) 

Do 

5 Sodium tripolyphosphate ^ NagPsOio 0 4N 
(29 4) 

Do 

6 Sodium tetraphosphate ^ NasP<Ou 0 4N 
(31.3) 

Do. 

7 Sodium polyphos ^ NauPioOsi 0 4N 
(36.1) 

Do 

8 Victamide b D.4N 
(38.6) 

Do. 

9 Sodiiun oxalate NaiCiOi 0 4N 
(26 8) 

Oxalate ion precipitates Ca and Mg. 
Supplies dispersive cation 

10 Lithium oxalate L11C1O4 0 4N 
(20 4) 

Do. 

11 Ammonium oxalate (NH4)>CK><.H|0 0 4N 
(28.4) 

Do. 

12 Sodium hydroxide NaOH 0 4N 
(16 0) 

Supplies dispersive cation and alkaline reaction 

13 Lithium hydroxide LlOH a.4N 
(9.6) 

Do. 

14 Sodium carbonate Na2C03 0 4N 
21 2) 

Do 

15 Lithium carbonate L12CO3 0. IN 
(3 7) 

Do 

16 Gum acacia Clomplex colloidal 
3olysaccharide 

0.13% 
(1 3) 

Prevents coalescence of particles by providing protective hydra-
ion layer. 

17 Gum ghatti Do 0 13% 
(1.3) 

Do. 

13 Lomar PW :;omplex sulfonate 
c 

D.4N 
(95 3) 

'reduces repelling negative charges on suspended particles 

19 

a - . 

Marasperse CB Complex sulfonate 
d 

3.33% 
3 3) Do. 

' Sodium tetraphosphate is sold under, the name of "Quadrafos" by Rumford Chemical Works, Rumford, N J . 
Victamide is an ammonium amido-polyphosphate furnished by the Victor Chemical Works, Chicago, 111. Its exact formula has 
not been released but (NH4)iPiO< NH NHPiOs(NH4)s was used to calculate the weight needed for a 0.4N stock solution. 

° Lomar PW is the sodium salt of a condensed mono-naphthalene sulfonic acid , furnished by Jaques & Co., Passaic, N J . The 
formula (Cii,HiSOjNaCHi)t CuHiSOsNa was used to calculate the weight needed for a 0 4N stock solution. 

' Marasperse CB is an indefinite mixture of partially desulfonated sodium lignosulfonates furnished by the Marathon Corp., 
Rothschild, Wisconsin 

' Sodium tripolyphosphate and sodium polyphosphate are products of the fusion of various combmations of phosphates, purchased 
from Blockson Chemical Co , Joliet, 111 

Figures in parentheses indicate grams of dispersing agent per liter of stock solution. 

Index of 5 and less, 10 minutes with those 
between 6 and 20, and 15 minutes with those 
greater than 20. These dispersion times 
were established previously (12) from tests 
of a large number of soils. The dis­
persed mixture was then transferred to a 
1,000-ml. volumetric cylinder and made 
up to volume. 

In accord with the details of the AASHO 

method, hydrometer readings were made 
m the suspension at 2-, 60-, and 1,440-
minute intervals for the silt, clay, and 
"colloid" size-groups and the mixture was 
then passed through standard sieves for 
separation of the sand groups. Sediment 
volumes were recorded at the time of the 
hydrometer readmgs and the suspensions 
were examined visually for evidence of 



TABLE 2 
EXPERIMENTAL SOILS 

Soil Series Name Soil group Geographical source Liquid Plasticity PH HRB classificiation 
No Limit Index (1-1 mix) and group index 

1 Iredell Yellow podzolic Fairfax Co., Va. 88 62 5 7 A-7-6(20) 
2 Cecil Red podzolic Lee Co ,Ala. 63 22 4.7 A-7-5(16) 
3 Tenn.I* Red podzolic Sevier Co., Tenn. 37 8 5.1 A-4(6) 
4 Tenn.n Yellow podzolic Sevier Co., Tenn. 38 9 4.9 A-4(6) 
5 Sharkey Alluvium from podzolic materials Knox Co., Ind. 47 24 6.7 A-7-6(15) 
6 Nipe Laterite Mayagues, P.R. 44 13 4.9 A-7-5(10) 
7 Miami Gray-brown podzolic Tippecanoe Co. ,Ind. 33 18 7.6 A-6(10) 
8 Washo* Lake sediment in and climate Oneida Co , Idaho 35 9 7.8 A-4(8) 
9 Houston Rendzina (blackland) Delta Co., Texas 54 32 7.0 A-7-6(19) 

10 Yazoo Alluvium of lower Miss. Valley Hmds Co., Miss. 91 65 7 8 A-7-6(20) 
11 Wabash Alluvium of Mississippi Delta Madison Parish, La 68 40 6.7 A-7-6(20) 
12 Salt Flat* Alkali (high Na^4) Lyon Co., Nev 58 35 8.6 A-7-6(20) 
13 Salt Flatn* Alkali (high NaCl) Churchill Co , Nev 23 8 9 4 A-4(8) 
14 Putnam Planosol (clay layer accumulation) Missouri 50 30 6.5 A-7-6(18) 
15 Bentonite Clay mmeral montmoriUonite Wyommg 347 303 8 6 A-7-5(20) 
16 Kaolin Clay mineral kaolinite Georgia 49 15 8 7 A-7-5(12) 

Series name not known, soil occurs in unmapped area. 

TABLE 3 
EFFECTIVENESS OF 19 DISPERSING AGENTS WITH bOILS 1 TO 6 

Dispersing agent 
Dispersion values (% of the <. 001-mm group)ob-
tained with the air-jet dispersion cup at the opti -

mum concentrations of the dispersing agents 
Average deviation from the 

maximum dispersion value (percentage-points] 
Soil Np 

No. Name 1 2 3 4 5 6 Podzolic soils Nos 1-5 
1 Sodium metasilicate 46* 

(11) 
33 
(3) 

7 
(3) 

6 
(2) 

28 
(8) 

51 
(10) 5.4 

2 Sodium hexametaphosphate 
(Calgon) 

55 
(2) 

36 
(0) 

10 
(0) 

7 
(1) 

34 
(2) 

52 
(9) 1.0 

3 Trisodium phosphate 52 
(5) F " F F 30 

(6) 
61 
(0) F 

4 Tetrasodium pyrophosphate 53 
(4) 

34 
(2) 

8 
(2) 

5 
(3) 

33 
(3) 

60 
(1) 2 8 

i Sodium tripolyphosphate 54 
(3) 

35 
(1) 

9 
(1) 

7 
(1) 

35 
(1) 

56 
(5) 1 4 

6 Sodium tetraphosphate 55 
(2) 

36 
(0) 

10 
(0) 

8 
(0) 

33 
(3) 

52 
(9) 1.0 

7 Sodium polyphos 56 
(1) 

33 
(3) 

8 
(2) 

6 
(2) 

34 
(2) 

48 
(13) 2 0 

8 Victamide S4 
(3) 

34 
(2) 

ND 
c 

ND ND 42 
(19) 2.5 

9 Sodium oxalate 53 
(4) 

F F 5 
(3) 

32 
M) 

F 
F 

ID Lithium oxalate 52 
(5) 

F F 3 
(5) 

34 
(2) 

F 
F 

11 Ammonium oxalate 49 
(8) 

F F 4 
(4) 

34 
(2) 

F 
F 

12 Sodium hydroxide 54 
(3) 

F F 4 
(4) 

34 
(2) 

F 
F 

13 Lithium hydroxide 53 
W) 

34 
(2) 

F 3 
(5) 

36 
(0) 

59 
(2) F 

14 Sodium carbonate 50 
C) 

F F 3 
(5) 

33 
(3) 

57 
(4) F 

15 Lithium carbonate 57 
(0) 

F F 3 
(5) 

33 
(3) 

41 
(20) F 

16 Gum acacia F 16 
(20) 

5 
(5) 

4 
(4) 

21 
(15) 

F 
F 

17 Gum ghatti 44 
(13) 

15 
(21) 

9 
(1) 

5 
(3) 

23 
(13) 

14 
(47) 10 2 

1« Lomar PW F F 6 
(1) 

5 
(3) 

F 44 
(17) F 

Id Marasperse CB 52 
(5) 

22 
(14) 

9 
(1) 

7 
(1) 

28 
(8) 

43 
(18) 5 8 

AASHO Method with sodium 
metasilicate and 1 min. in motor 
stirrer 

29 

(31) 

22 

(14) 

5 

(5) 

5 

(3) 

13 

(23) 

20 

(41) 15.2 

All numbers in parentheses refer to the deviation (in percentage-points) of the given dispersion value from the 
maximum obtained for that soil 

' F - indicates failure of the test due to flocculation or other colloidal effect. 

' ND - value not determined. 
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flocculation or other interfering effects; 
pH measurements were obtained for each 
soil (1-to-l soil-water mixture), dispersant 
solution, and soil-water-dispersant mix­
ture, using a glass electrode and a Beck-
man Model G pH meter. 

For the tests made with the motor-
stirrer, the mixture was given a 1-minute 
dispersion in the prescribed cup of this 
device with 20 ml. of a 3-deg. -Baume (ap­
proximately 0. 2N) solution of sodium meta­
silicate. Otherwise, the details of the 
analysis were the same as those given 
above. 

Stock solutions of those dispersing 
agents having a definite chemical formula 
were 0.4N, except that of Li2C03, which 
was limited to 0. IN by low solubility. 
Those of the gums were 0.13 percent and 
that of Marasperse CB was 0.33 percent 
by weight. Weights used for a liter of 
stock solution are shown in Table 1. The 
volumes used in individual tests ranged 
from 5 ml. to a maximum at which no 
further increase in dispersion was meas­
ured. 

EXPERIMENTAL RESULTS AND 
DISCUSSION 

General Evaluation of the Dispersants 
Although percentage values of the usual 

size groups were determined in all of the 
tests, the present report is chiefly con­
cerned with those of the<0.001-mm. -size 
group, the dispersion values. In the 
majority of cases in the f i rs t series of 
tests, the dispersion values increased with 
increasing concentrations of the dis­
persant and reached a maximum. With 
further increases in concentration, varying 
for different soils and dispersants, the 
degree of dispersion either persisted at the 
maximum value or decreased to lower 
values. Several examples of these effects 
are illustrated by the curves in Figure 1. 
The concentrations at which maximum 
values occurred are referred to as "the 
optimum concentration range." Those 
yielding values within 1 percentage point 
of the maximum value are termed "the 
practical concentration range." Several 
other effects which also occurred in this 
series of tests were: flocculation at low 
and high but not at medium concentrations, 
gelling at certain concentrations, and 
failure of suspensions over the entire 

concentration range. 
The dispersion values obtained for 

Soils 1 to 6 at optimum concentrations 
of each of the dispersants are given in 
Table 3. The figure in parentheses ad­
joining each dispersion value represents 
the deviation of that value from the max­
imum of the 20 dispersion values obtained 
for that soil. The symbol F indicates 
failure of the suspension due to floccula­
tion or other colloidal effects at all con­
centrations of the dispersant. 

As indicated by the F symbols, ten of 
the dispersants failed at all concentrations 
with one or more soils. Two others, gum 
ghatti and Marasperse CB, maintained the 
suspensions of all six soils, but were 
highly ineffectual, as shown by their de­
viation values. For at least one soil, 
however, each of the twelve produced 
dispersion values equal to or reasonably 
near the maximum value. This e:^lains 
why, despite their failure with certain soils, 
several of these have been considered 
satisfactory m laboratories where the 
soils tested are closely related or of 
limited variety. 

For each soil, wide variations occur a-
mong dispersion valuesgiven by the several 
dispersing agents. This indicates that 
close agreement (± 1 percentage point) 
between the values from duplicate tests 
with the same soil does not insure that a 
specific dispersing agent has provided a 
high degree of dispersion, since other 
duplicate samples of the same soil dis­
persed with a different agent will also 
yield closely-agreeing dispersion values, 
though they are higher or lower in degree. 

With the podzolic soils. Numbers 1 to 
5, the majority of the phosphates provide 
a combination of high dispersion values 
(low deviations) and freedom of sus­
pensions from flocculation or other col­
loidal effects. Of the phosphates. Num­
bers 2, 5, 6, and 7 were highly effective 
and Numbers 4 and 8 were only slightly 
less so. However, Number 3 failed at 
all concentrations with three of the five 
soils 

With the laterite (No. 6) a high degree of 
dispersion was obtained from only four of 
the dispersants, among which were two 
phosphates, (Nos. 3 and 4). Trlsodium 
phosphate, (No. 3), which was ineffectual 
with the podzolic soils, gave the highest 
dispersion value obtained. This indicates 
that the dispersion of laterites presents a 



TABLE 4 

Practical concentration range 
(ml of stock solution) 

Dispersing agent Soil number Practical concentration for podzolic soils Ito S 
(ml of stock solution) No. Name 1 2 3 4 5 

Practical concentration for podzolic soils Ito S 
(ml of stock solution) 

2 Sodium hexametaphosphate 
(Calgon) 

85-150 120-150 105-150 25-150 135-150 140 

3 Trisodium phosphate 40-55 F* F F 20-100 55 
4 Tetrasodium pyrophosphate 90-140 5-110 20-100 25-140 60-150 100 
5 Sodium tripolyphosphate 25-100 30-115 10-120 15-100 45-150 80 
6 Sodium tetraphosphate 75-150 50-150 55-150 75-150 65-150 140 

7 Sodium polyphos 10-115 30-150 10-80 10-85 30-150 75 
8 Victamide 20-95 10-140 ND" ND ND 90 

* F - Suspension failure due to flocculation or other colloidal effect. 

ND. - Value not determmed. 

different problem from that of the podzolic 
soils. 

For most soils, sodium metasilicate 
yielded low dispersion values at optimum 
concentrations in the air-jet dispersion 
cup (Line 1, Table 3) and at the single 
concentration with the motor-stirrer 
(bottom line of Table 3). It has, however, 
the advantage of preventing flocculation in 
tests of all six soils. The dispersion 
values for Soils 2 and 5 also provide data 
for a valid comparison of the effectiveness 
of theair-jet dispersion cup and themotor-
stirrer for mechanical dispersion since 
the single concentration of sodium meta­
sihcate employed in the AASHO method 
IS within the optimum concentration range 
for both soils m the air-jet dispersion cup. 

Dispersion values from the air-]et dis­
persion cup are higher by 11 percentage 
points with Soil 2, and 15 with Soil 5. 
For the other soils, values from the air-
jet dispersion cup range from 1 to 31 per­
centage points higher, but concentrations 
of the dispersant are not equivalent. 

FURTHER STUDIES OF 
THE PHOSPHATES 

In the second series of tests, Soils 7 to 
14 and the clay minerals bentonite and 
kaolin, 15 and 16, were dispersed at the 
"practical concentration" of each of the 
several phosphates. This concentration, 
e^qpressed as a volume of stock solution, 
was determined individually for each phos-

TABLE 5 
EFFECTIVENESS OF PHOSPHATES WITH SOILS 7 TO 14 AND THE CLAY 

MINERALS BENTONITE. NO 15. AND KAOLINITE. NO. 16 

to 

iDispersing agent Dispersion value (%of<0.001 mm group) 
Concentration 
(ml of stock 

solution) 
Soil or clay mineral sample number 

10 11 12 13 14 15 
Deviation from maximum dispersion 

value (average for soils 7 to 14) 

[Sodium hexametaphosphate 
(Calgon) 

Trisodium phosphate 

Tetrasodium pyrophosphate 

Sodium tripolyphosphate 

Sodium tetraphosphate 

Sodium polyphos 

Victamide 

140 

55 

100 

80 

140 

75 

90 

40 
(3) 
39 
(4) 
39 
(4) 
43 
(0) 
41 
(2) 
41 
(2) 
30 
(13) 

63 
(21)1 

78 
(6) 
82 
(2) 
74 
(10) 
84 
(0) 
68 
(16) 

2.9 

F 

4.4 

1.2 

2.6 

1.0 

F 

lASHO Method with sodium meta-
iilicate and 1 minute in the motor 
itirrer 20 

8 
(20) (34) 

34 14 
(31)1 

20 
(10)1 

ND" 23.6 

' All values in parentheses are deviations (in percetiUge-pomts) of the given dispersion value from the maximum 
value obtained tor that soil. 

' F = Suspension failure due to flocculation or other colloidal effects 

' ND = Not determmed 



TABLE 6 

Deviation of the aispersion values from the maximum (aercentaee-Dointsl 
All soils 

Dispersing agent except Podzohc Montmoril- Montmoril-
All soils laterite soils Ilhtic soils Saolinitic SaoLmite lonitic lonite 
C# -14) [«-E &7- 14) (#1- n :#5,7 106 11) s Qllf oils Bentonite) 

«o. Name Max Mm Max. Mm Av tlax Mm. Av. Max. Mm Av. #2 K KM #16 #1 #9 #14 Av #15 
2 Sodium hexameta­ 9 0 2 5 5 0 2.0 3 0 1.3 5 2 3 2 0 9 4.5 4 2 3 0 1.7 21 

phosphate 
2 1.7 21 

(Calgon) 
4 Tetrasodmm 8 1 3.4 8 2 3 6 4 2 2.7 4 2 3.2 2 1 I.S 4 4 4 2 3.3 6 

pyrophosphate 
3.2 I.S 2 3.3 

5 Sodium tripoly- S 0 1 4 5 0 1.2 3 0 1.2 3 1 1.8 1 S 3.0 0 3 0 0 1.0 2 
phosphate 

3.0 1.0 

6 Sodium tetra- 9 0 2 4 3 0 1 e 3 0 1.3 3 2 2.5 0 9 4.S 4 2 2 2 2.0 10 
phosphate 

2 2 2.0 10 

7 Sodium polyphos 13 0 2.1 3 0 0.6 3 1 2 0 2 0 1.0 3 13 8.0 0 1 2 0 l.C 0 

phate from the volume-ranges m tests of 
Soils 1 to 5 that gave dispersion values 
within a percentage point of the maximum. 
Practical concentration values and the 
practical volume ranges from which they 
were derived are listed in Table 4 . 

The results of the second series of 
tests (Table 5 ) agree in general with those 
pertaining to the phosphates in the f i rs t 
series and reveal several points of further 
information: 

1. Sodium polyphos and sodium t r i -
polyphosphate (Nos. 5 and 7 ) are highly 
effective for the soils and clay minerals, 
having six optimum dispersion values 
(zero deviations) out of a possible 1 0 , 
maximum deviations of 5 and 3 percentage 

points, and low average deviations of 1 . 2 
and 1. 0 . 

2 . Sodium hexametaphosphate and 
sodium tetraphosphate (Nos. 2 and 6) are 
somewhat less effective, as shown by their 
average deviation values — 2 . 9 and 2 . 6 . 
This I S undoubtedly related to their higher 
deviations with the clay minerals: 2 1 and 
1 0 for bentonite, and 4 m both cases for 
kaolin. Approximately the same degree of 
effectiveness is shown by tetrasodium py­
rophosphate (No. 4 ) for most of the soils, 
but two deviations of 8 points raise its av­
erage to 4 . 4 , which approximates its dis­
persion results with the clay minerals. 

3 . Trisodium phosphate and Victamide 
(Nos. 3 and 8 ) each failed to maintain the 

uj 4 0 

V) 2 0 

N I P E S O I L W I T H 
T R I S O D I U M P H O S P H A T E 

I R E D E L L S O I L W I T H 
S O D I U M T E T R A P H O S P H A T E 

I R E D E L L S O I L W I T H ' 
S O D I U M M E T A S I L I C A T E 

C E C I L S O I L W I T H 
S O D I U M T R I P O L Y P H O S P H A T E 

T E N N . I S O I L W I T H 
S O D I U M T R I P O L Y P H O S P H A T E 

2 0 4 0 6 0 8 0 1 0 0 1 2 0 1 4 0 

M I L L I L I T E R S O F 0 4 N S T O C K S O L U T I O N O F D I S P E R S I N G A G E N T 

Figure 1. Effect of dispersing-agent concentration on dispersion value. 
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suspensions of three soils and was only 
moderately effective with the others. 
Victamide, however, produced the opti­
mum dispersion value for kaolin but was 
ineffective with bentonite, and trlsodium 
phosphate was ineffective with both of the 
clay minerals. 

4. Sodium silicate was even less ef­
fective than in the previous series of tests, 
with a suspension failure with one soil 
and very high deviation values varyingfrom 
10 to 34 with the others. 

5. Summarizing the results obtained 
with the clay minerals, bentonite was highly 
dispersed by only sodium tripolyphosphate 
and sodium polyphos (Nos. 5 and 7). Ka­
olin was highly dispersed by both of these 

from Tables 3 and 5 and rearranged and 
summarized in Table 6. Due to their f a i l ­
ure with several suspensions. Phosphates 
3 and 8 were not included. 

Comparison of the results of tests on 
aU of the soils (1 to 14) shows sodium 
tripolyphosphate (No. 5) to be most ef­
fective, with an average deviation value 
of 1.4 percentage points, followed closely 
by sodium polyphos, sodium tetraphos-
phate, sodium hexametaphosphate and tet-
rasodlum pyrophosphate (Nos. 7, 6, 2, and 
4) in the order of their average deviation 
values. The maximum deviation values 
show that each dispersant gives a high de­
viation with at least one of the soils of the 
group. 

TABLE 7 
EFFECT OF LOW, MEDIUM, AND HIGH DEGREES OF DISPERSION (THREE LEVELS OF DISPERSANT CONCENTRATION) 

A. - Cecil (No. 2) B. - Cecil (No 2) c. - Nipe (laterite. No. 6) 

Size Dispersed with sodium tripolyphosphate Dispersed with sodium polyphos Dispersed with trisodium phosphate 
group (mm ) a - 10 ml , b - 20ml, c -60 ml. a - 10 ml ; b - 30 ml a - SO ml. ,b - 60 ml. c - 120 ml. group (mm ) 

C - 100 ml. 
Amount found (percent) Amount found (i ercent) Amount found (percent 

a b c b-a c-b c-a a b c b-a c-b c-a a b c b-a c-b c-a 
2 - .42 4 5 4 +1 -1 0 4 4 4 0 0 0 6 5 3 -1 -2 -3 

.42 - .25 8 7 8 -1 +1 0 8 8 8 0 0 0 2 1 1 -1 0 -1 

. 25 - 074 20 20 19 0 -1 -1 19 19 19 0 0 0 5 4 3 -1 -1 -2 
. 074 - 05 4 4 3 0 -1 -1 5 5 5 0 0 0 1 1 0 0 -1 -1 
.05 - 005 25 21 22 -4 +1 -3 24 23 21 -1 -2 -3 18 15 15 -3 0 -3 

. 005 - 001 16 13 9 -3 -4 -7 16 11 10 -5 -1 -6 16 17 17 +1 0 +1 
< 001 23 30 35 +7 +5 +12 24 30 33 +6 +3 +9 52 57 61 +5 +4 +9 

D - Nipe (laterite. No. 6) E . - Iredell (No. 1) F - [redell (No. 1) 

Size Dispersed with sodium polyphos Dispersed with sodium h exa- Dispersed with tetrasodium pyrophos 
group (mm.) metaphosphate group (mm.) 

a - 10 ml, b - 20 ml, c - 60 ml. a - 10 ml , b - 40 ml., a - 10 ml , fc - 30 ml , c - 240 ml. 
c - 250 ml. 

Amount found (percent) Amount found (percent) A ̂ ount found (] percent 1 
a b c b-a c-b c-a a b c b-a c-b c-a a b c b-a c-b c-a 

2 - .42 13 10 8 -3 -2 -5 10 9 9 -1 +1 0 10 10 10 0 0 0 
42 - .25 5 5 3 0 •2 -2 2 2 2 0 0 0 2 2 2 0 0 0 
25 - .074 10 9 6 -1 -3 -4 8 9 9 +1 -1 0 8 8 8 0 0 0 

074 - .05 4 3 2 -1 -1 -2 2 2 1 0 -1 -1 2 2 1 0 -1 -1 
.05 - .005 24 21 20 -3 -1 -4 19 18 16 -1 -2 -3 19 18 17 -1 -1 -2 

.005 - 001 10 12 13 +2 +1 +3 16 10 8 -6 -2 -8 18 13 9 -5 -4 -9 
< 001 36 40 48 +4 +8 +12 43 50 55 +7 +5 +12 41 117 53 +6 +6 +12 

and Victamide (No. 8) and moderately well 
by sodium hexametaphosphate, tetra­
sodium pyrophosphate, and sodium tetra-
phosphate (Nos. 2, 4, and 6). It is sig­
nificant that only sodium tripolyphosphate 
and sodium polyphos (Nos. 5 and 7) were 
highly effective for both of the clay min­
erals. 

Dispersion of All Experimental Soils with 
the Five Effective Phosphates 

In order to compare the essential re­
sults obtained by using the most-effective 
phosphates with all of the experimental 
soils and with certain special groupings 
of soils, some of the data were selected 

For the soils in Groups 1 to 5 and 7 to 
14, from which the laterite is excluded, 
the best dispersant I S sodium polyphos (No. 
7) which has a very low average deviation 
value of 0.6. Sodium tripolyphosphate, 
sodium tetraphosphate and sodium hexa­
metaphosphate (Nos. 5, 6, and 2) follow 
in the order given. The average deviation 
of No. 4 (sodium pyrophosphate), 3. 6 per­
centage-points, is significantly higher than 
that of the others. 

For the podzolic soils, sodium tripoly­
phosphate, sodium hexametaphosphate, and 
sodium tetraphosphate (Nos. 5, 2, and 6), 
are almost equal in effectiveness, with 
closely agreeing average deviation values — 
1.2, 1.3, and 1.3. Those of No. 7, sodium 
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polyphos, are slightly higher but probably 
not significantly. Although No. 4, tetra­
sodium pyrophosphate, is again the least 
effective, it is noteworthy that in this 
group of soils none of the phosphates pro­
duced an inordinately high maximum de­
viation value. 

As previously noted, an illite clay min­
eral, per se, was not available m suf­
ficient quantity for testing. However, 
data for Soils 5, 7, 10, and 11, which 
are reported as highly iUitic U and 4), 
are combined in Table 6 for an examina­
tion of dispersion results where illite 
is the principal (in percentage) clay min­
eral. These soils may also be considered 
as a group containing mixtures of the 
three chief clay minerals, since the re­
ported analyses (referredto above) indicate 
that in addition to illite, each contains 
about 10 percent of kaolinite and 25 per­
cent of montmoriUonite. Sodium poly­
phos (No. 7) again gave highest dispersion, 
with an average deviation of 1.0; sodium 
tripolyphosphate (No. 5) is next, with 1.8 
percentage-points; and sodium tetra­
phosphate, sodium hexametaphosphate 
and tetrasodium pyrophosphate (Nos. 6, 
2, and 4) follow as a less-effective group. 
Here, again, maximum deviations are 
not high. 

Since only two examples of kaolinitic 
soils, Cecil and Nipe (2 and 6) are in­
cluded in the e2q)erimental list and since 
these also contain considerable amounts 
of iron oxides (2 and 5), the specific in­
fluence of kaolinite in soils is not pre­
cisely defined by the data. However, de­
viation values given in Table 6 for Cecil 
soil and kaolin, 2 and 16, indicate that 
the five phosphates listed are relatively 
highly and about equally effective in dis­
persing these kaolinitic materials. Gen­
erally higher deviations for the laterite 
(Nipe) may be due to the iron oxides present 
in this soil. However, the moderately high 
iron-oxide content of Cecil soil has not 
similarly influenced its dispersion char­
acteristics. 

Results of the dispersion of bentonite 
show little resemblance to those of Ire­
dell, Houston, and Putnam soils (1, 9, 
and 14), in Table 6, which have been re­
ported (5 and 9) to be highly montmoril-
lonitic. These three soils are highly dis­
persed by each of the phosphates, though 
only sodium tripolyphosphate and sodium 
polyphos (Nos. 5 and 7) are highly effective 

with bentonite; tetrasodium pyrophosphate 
(No. 4) is moderately so, and sodium 
hexametaphosphate and sodium tetraphos­
phate (Nos. 2 and 6) are unsatisfactory. 
All of the phosphates were very highly 
effective with Putnam (No. 14), a clay-
pan soil with a clay fraction consisting 
largely of beidellite, a species of mont­
moriUonite (7). 

Miscellaneous Results and Observations 

Several examples of the specific size-
groups affected during the later stages of 
the dispersion process are given in Tables 
7 and 8. Those in Table 7 are of soils 
dispersed in the air-jet dispersion cup 
with three dispersant concentrations, 
yielding low, medium, and high degrees 
of dispersion. The size groups sustaining 
losses when the dispersion is increased 
are found to vary from one soil to another. 
Losses in Cecil and Iredell (Tables 7A, 
B, E and F) occur chiefly m the 0. 05-to-
0. 005-mm. and 0. 005-to-O. 001- mm. 
groups, and Nipe (Tables 7C and D) sus­
tains losses in al l of the groups above the 
<0.001-mm. size. Although a certain 
amount of attrition of prime particles un­
doubtedly occurs with any soil, it is be­
lieved that little of this effect is reflected 
in these data. 

Since dispersant concentration is 
the only variable involved in each set 
of figures, decreases in the coarser 
sizes are attributed to the breakdown of 
true aggregates. When the dispersant 
concentration is increased, the disag­
gregation increases until a maximum dis­
persion is reached at the optimum con­
centration. Differences in the degree of 
dispersion of the same soil with different 
dispersants are attributable, accordingly, 
to the greater ability of the better dis­
persant to disintegrate the aggregate struc­
tures and to maintain a condition of de-
flocculation in the resulting suspension. 

The data in Table 8 show the effects of 
the two mechanical dispersion devices on 
the percentages of the several particle-
size groups in two soils, Cecil and Sharkey. 
The values given are for dispersion treat­
ments of 15 minutes with the air-jet dis­
persion cup and 1 minute with the motor-
driven stirrer, using, for both treatments, 
20 ml. of 0.2N sodium metasilicate solu­
tion, in accordance with the Standard 
AASHO Method T 88-49. This amount of 
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the s i l i ca te so lu t ion also cor responds to 
the o p t i m u m concen t ra t ion f o r both s o i l s . 
The degree of d i spe r s ion produced by the 
a i r - j e t d i s p e r s i o n cup t r ea tmen t i s much 
g rea te r than tha t by the m o t o r - d r i v e n 
s t i r r e r , as ind ica ted by the values of 
the <0.001-mm. group. I n the C e c i l s o i l , 
the ga in of t h i s group i s d e r i v e d f r o m s m a l l 
reduc t ions of a l l of the coa r se r groups , 
whereas mos t of the r educ t ion i n the 
Sharkey s o i l o c c u r s i n the 0. 0 5 - t o - 0 . 0 0 5 -
m m . range. 

TABLE 8 
COMPARISON OF GROUPS FROM DISPERSIONS WITH AIR-
JET CUP AND MOTOR STIRREH USING THE OPTIMUM 

CONCENTRATION OF SODIUM METASIUCATE 
Amount found (percent of total weight ol soil) 
Cecil (No. 2) Sharkey (No 5) 

Size Air-jet Air-jet 
Dif­group dispersion Motor Dif­ dispersion Motor Dif­

(mm ) cup stirrer ference cup stirrer ference (mm ) 
a b a-b a b a-b 

2-0 42 8 9 -1 6 6 0 
0 42- .25 4 6 -2 3 3 0 

25- 074 17 20 -3 14 16 -2 
074- OS 4 5 -1 3 6 

35 
-3 

05- 005 23 24 -1 26 
6 

35 -9 
005- 001 11 14 -3 20 21 -1 

<.001 33 22 +11 28 13 +15 

Although an extensive study of the m i n -
e r a l o g i c a l nature and the p h y s i c a l and 
chemica l p r o p e r t i e s o f the d i f f i c u l t l y - d i s ­
pe r sed s o i l const i tuents was beyond the 
scope of the present inves t iga t ion , s tudies 
of th is s o r t o f f e r i n t e r e s t i n g p o s s i b i l i t i e s . 
I t would be of value to know: (1) the 
iden t i ty and quant i ty of the c lay o r o ther 
act ive f i n e m a t e r i a l wh ich i s "bound" i n 
d i f f i c u l t l y - d i s p e r s e d aggregates of s i l t and 
sand s izes; (2) whether p h y s i c a l p r o p e r t i e s 
such as p l a s t i c i t y and vo lume change of 
the aggregated c lay m a t e r i a l a re inh ib i t ed , 
and i f so, to what extent the p r o p e r t i e s of 
the whole s o i l a r e a f fec ted ; and (3) the 
basic nature of the b ind ing f o r c e s i n i n ­
organ ic so i l s and why and to what extent 
they a re e f f e c t i v e i n so i l s of d i f f e r e n t 
o r i g i n . 

Observa t ions on Sediment V o l u m e s and 
p H Values 

D u r i n g the sedimenta t ion of the s o i l 
suspensions, a l a rge number of measu re ­
ments of sediment v o l u m e s and p H values 
( ind ica t ing degree of ac id i ty ) and observa­
t ions of c o l l o i d a l a c t i v i t i e s w e r e made. 
Since the measurements do not const i tu te 
a thorough and spec i f i c study of any o f 
these e f f ec t s , the b u l k of the data i s t h e r e ­
f o r e not inc luded i n t h i s r e p o r t . However , 

some of the f i n d i n g s w a r r a n t a b r i e f m e n ­
t i o n . 

1. Sediment vo lumes measured m sus­
pensions ( a f t e r a 24 h r . sed imenta t ion 
p e r i o d p r e p a r e d w i t h v a r i o u s c o n c e n t r a ­
t i ons of a d i s p e r s i n g agent a re not a good 
indexof the degree of d i spe r s ion . I n the two 
examples g iven i n F i g u r e 2, c o n t r a r y to 
what m i g h t be e j e c t e d , the sediment 
vo lume i s s m a l l at a l o w degree of d i s ­
p e r s i o n , and increases as d i s p e r s i o n 
i m p r o v e s . Al though the r e l a t i onsh ip 
v a r i e d w i t h d i f f e r e n t so i l s and d i s p e r s i n g 
agents, s i m i l a r r e s u l t s w e r e obta ined i n 
many of the o ther tes ts . 

2. C o l l o i d a l e f f ec t s , such as f l o c c u l a -
t i o n and ge la t ion , that i n t e r f e r e w i t h the 
a n a l y t i c a l r e s u l t s a re o f t e n unnot iced u n ­
less they a re s t rong ly man i fes ted . H o w ­
ever , l e s s -ev iden t ones can o f t en be de­
tected by s i m p l e tes ts . The absence of a 
sharp l ine of demarca t i on between the 
sediment and the suspension, a f t e r a b r i e f 
s e t t l i ng p e r i o d , i n v a r i a b l y indica tes an ab­
n o r m a l i t y of the de f loccu la t ion p rocess . 
T h i s obse rva t ion can be made l ong b e f o r e 
any pronounced f l o c c u l a t i o n o r ge la t ion 
o c c u r s . A ge l l ed vo lume i n the l o w e r 
p a r t o f the suspension i s some t imes o b ­
se rved as a d a r k l aye r but i s o f t e n o b -

TABLE 9 
pH VALUES DJ SUSPENSIONS OF SOILS 1 TO 6 WITH 

PHOSPHATES 
(The two values shown tor each soil-dispersant combination are 
those which occurred at the high and low extremes of the practical 
concentration range of the dispersing agent when used with that 

sou ) 
Dispersing 

agent 
pH ranges and deviations from the maximum 

dispersion values 
pH 

of stock 
solution 

Soil No. 
No 

pH 
of stock 
solution 1 2 3 4 5 6 

2 6 8 6 6-7.0 
(2)a 

7 3-7 3 
(0) 

7 4-7.4 
(0) 

7 1-7.2 
(1) 

7.2-7 5 
(2) 

7 4-7 4 
(9) 

3 11 3 8 7-9.2 
(5) 

6 7-10 7 
Fb 

7 6-11 1 
F 

7 2-11 4 
F 

9.4-10 9 
(6) 

9. 5-11 3 
(0) 

4 10 0 8.2-8 7 
(4) 

6 2-9 0 
(2) 

8 6-9.5 
(2) 

8 5-9.3 
(3) 

8 8-9.3 
(3) 

9 2-9.4 
(1) 

5 8 8 7.2-7 6 
(3) 

6 8-8 4 
(1) 

7 3-9.1 
(1) 

7 2-8 9 
(1) 

7 9-8.8 
(1) 

8 1-9.0 
(5) 

6 7 6 6 7-7. 2 
(2) 

7.8-8 1 
(0) 

8 1-8 2 
(0) 

7 3-8 1 
(0) 

7.4-7 8 
(3) 

7 9-8 1 
(9) 

7 6 7 6 6-6 8 
(1) 

5.8-6 8 
(3) 

7 2-7.3 
(2) 

6.6-7 3 
(2) 

7 0-7 3 
(2) 

7 3-7 4 
(13) 

8 4 3 5.6-6 1 
(3) 

6.0-6 2 
(2) 

NDC ND ND 6 2-6 7 
(19) 

pH of soil 
(1-1 mix) 5 7 4 6 5 1 4 9 6 7 4 9 
* All values in parentheses are deviations (m r ige-pomts) 

of the dispersion value from the maxir iibiained for 
that soil 

*" F mdicates flocculation at all conccnlr. and over the pH 
range cited 
ND mdicates pH not determined 
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scured by the co lo r of the s o i l . I t can 
m o r e r e a d i l y be detected by the p e a r l y 
i r idescence wh ich r e s u l t s when the sus­
pension i s caused to ro ta te i n the c y l i n d e r 
by means of a glass r o d . W i t h n o r m a l 
de f loccu la t ion , s t i r r i n g produces a p e a r l y 

r e q u i r e m e n t a rou t ine examina t ion of each 
suspension under b r i g h t i l l u m i n a t i o n so 
that the appearance of the d e m a r c a t i o n l i ne 
and any p e a r l y - i r i d e s c e n t e f f e c t can be 
observed . 

3. Some of the data f r o m p H measu re -

24-HOUR 
SEDIMENT 

VOLUME 
MILLILITERS 

40 

35 

30 

30 
DISPERSION 

VALUE 25 
( % < 001 MM) 

20 

50 

24-HOUR 40 
SEDIMENT 
VOLUME 

MILLILITERS 30 

20 

z \/\ I \ 

/ CE :CIL SOIL 
SOOlUA 

DISPERSED WITH 
t POLYPHOS 

20 40 60 80 100 120 

/ 
/ 

45 

DISPERSION 40 
VALUE 

(%< 001 MM) 35 

30 

IREDELL SOIL DISPERSED WITH 
SODIUM METASILICATE 

10 20 30 40 50 
MILLILITERS OF STOCK SOLUTION 

60 70 

Figure 2. Ef fect of dispersion value on sediment volume with Cecil and Iredel l so i l s . 

e f f e c t of l i g h t and d a r k s t reaks t h r o u g h ­
out the suspension f r o m the r e f l e c t i o n of 
l i g h t by the f l a t s ides of p l a ty p a r t i c l e s , 
w h i c h a re h igh ly o r i e n t e d by the r o t a t i o n . 
I f ge la t ion i s p resen t i n any p a r t of the 
suspension, t h i s phenomenon i s reduced 
o r obscured i n the a f f ec t ed area . Gela­
t i o n i s a lso ind ica ted when (1) a f t e r a 
r e a d i n g has been made and the h y d r o m e t e r 
r e m o v e d f r o m the suspension, the l i q u i d 
r e m a i n i n g o n the h y d r o m e t e r f l o w s o f f a s 
a f i l m , o r (2) upon p o u r i n g the suspension 
in to a No. 200 o r No. 270 sieve f o r sep­
a r a t i o n and washing of the coarse s o i l 
f r a c t i o n s , a r e s t r i c t i o n of the f l o w of the 
suspension t h rough the s ieve i s noted. 
Al though any of these qua l i t a t ive tes t s 
may be used to advantage, the a n a l y t i c a l 
p rocedure should include as a m i n i m u m 

ments of suspensions obtained by the d i s ­
p e r s i o n of each of Soi ls 1 to 6 w i t h each 
of the phosphates a re g iven i n Table 9. 
The two p H values shown f o r each s o i l -
d i spersan t combina t ion a r e those w h i c h 
o c c u r r e d at the h igh and l o w e x t r e m e s of 
the p r a c t i c a l concen t ra t ion range of the 
d i s p e r s i n g agent when used w i t h that s o i l . 
The f i g u r e i n parentheses adjacent to each 
p H range i s the dev ia t ion ( i n percentage 
points) of the d i s p e r s i o n value obtained i n 
that range f r o m the m a x i m u m obtained f o r 
the s o i l . 

A s i n the p r ev ious d isucss ions , the data 
of So i l s 1 to 5 a r e cons ide red separa te ly 
f r o m those of So i l 6, the l a t e r i t e . W i t h 
the group of Soi l s 1 to 5, the p H range 
i n which each d i s p e r s i n g agent i s mos t 
e f f e c t i v e , i s d i f f e r e n t f o r d i f f e r e n t s o i l s . 
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F o r example , the p H ranges f o r D i spe r san t 
2 a r e w i t h i n n a r r o w l i m i t s , 6. 6 to 7. 5, and 
a re nea r ly i den t i c a l ; those f o r D i spe r san t 5 
cons is t of somewhat h igher values (up to 
9 . 1 ) , and a r e b roade r m scope, 6 .8 to 
9 . 1 . I t IS f u r t h e r observed that f o r any 
one of the so i l s of t h i s group, both a h igh 
degree o f d i s p e r s i o n and good s t a b i l i t y o f 
the suspension can occur at s eve ra l d i f ­
f e r e n t p H ranges, depending on the d i s ­
pe r san t used. However , suspension f a i l ­
u r e ( f l occu l a t i on of Soi ls 2, 3, and 4 w i t h 
D i spe r san t 3) can occur also over b road 
p H ranges w h i c h inc lude values at w h i c h 
suspensions a re success fu l ly main ta ined 
by other d i spersan ts . The s tock s o l u ­
t i ons of the be t t e r d i spersan ts (Nos. 2, 

5, 6, and 7) f o r Soi ls 1 to 5, have pH 
values between 6. 7 and 8 .8 ; that of No. 
4, wh ich IS less e f f e c t i v e , i s 10. 0; and 
those of Nos. 3 and 8, wh ich a re least 
e f f e c t i v e , a r e 11.3 and 4 . 3 . 

I n con t r a s t to Soi ls 1 to 5, the l a t e r i t e 
(No. 6) i s e f f e c t i v e l y d i spe r sed only under 
condi t ions of h igh p H ; i t s devia t ions a re 
lowest (best d i spers ion) at p H values of 
9. 2 and above w i t h Di spe r san t s 3 and 4, 
i n t e rmed ia t e i n the range f r o m 8 . 1 to 
9. 0 w i t h D i spe r san t 5, and highest (poor­
est d i spers ion) i n the range f r o m 6. 2 to 
6. 7 w i t h D i spe r san t 8. 

P u n has presen ted data (8) showing that 
many so i l s a re mos t h igh ly d i spe r sed at a 
p H of 11 . 2 when sod ium hydrox ide i s used 
as the d i spersan t and the s o i l samples a re 
p r e t r e a t e d to conver t t h e m to the H - f o r m . 
The data i n Table 9 a re at va r i ance w i t h 
P u r i ' s f i n d i n g s , s ince they were obtained 
us ing (1) s o i l samples i n t h e i r n a t u r a l 
ca t ionic state, and (2) phosphate m a t e r i a l s 
wh ich a re m o r e e f f ec t i ve at l o w e r p H v a l ­
ues. The p resen t i nves t iga t ion was c o n ­
cerned w i t h d i s p e r s i o n techmques w h i c h 
p rov ide a h igh degree of d i s p e r s i o n w i t h ­
out t i m e - c o n s u m i n g p r e t r e a t m e n t s of the 
s o i l samples . 

S U M M A R Y A N D CONCLUSIONS 

Nineteen c h e m i c a l d i s p e r s i n g agents 
were tes ted to de t e rmine t h e i r e f f e c t i v e ­
ness i n the d i s p e r s i o n of so i l s and the 
s t ab i l i z a t i on of s o i l suspensions f o r p a r ­
t i c l e - s i z e ana lys i s . D i s p e r s i o n s were 
made i n a i r - j e t d i s p e r s i o n cup and w i t h 

a h igh-speed m o t o r s t i r r e r . I n a l l , 14 
so i l s and two c lay m i n e r a l s were tes ted. 
B o t h so i l s and d i s p e r s i n g agents were se­
l ec t ed to inc lude a wide range of p r o p ­
e r t i e s and condi t ions of the respec t ive 
m a t e r i a l s . I n a l l tes ts , comple te p a r ­
t i c l e - s i z e analyses were made and the 
usua l size groups were de t e rmined by 
the hyd rome te r method and w i t h s tandard 
s ieves. Except f o r v a r i a t i o n s i n k i n d and 
amount of d i spersant , de ta i l s of the ana l ­
yses c o n f o r m e d to the Standard AASHO 
Method T 88-49 (10). Sodium m e t a -
s i l i c a t e , of the AASHO Method , was among 
the d i spersan ts tested. 

P r i n c i p a l f i n d i n g s and conclus ions f r o m 
the inves t iga t ion a r e : 

1 . T h i r t e e n of the d i s p e r s i n g agents 
w e r e found to be genera l ly u n s a t i s f a c t o r y . 
Severa l f a i l e d to s t ab i l i ze the suspensions 
of one o r m o r e so i l s , o the r s f r e q u e n t l y 
p roduced low d i s p e r s i o n values , and some 
were i n e f f e c t i v e i n both respec ts . 

2. Sodium me ta s i l i c a t e was among the 
l e s s - s a t i s f a c t o r y d i spersan t s . Al though i t 
f a i l e d to s t ab i l i ze the suspension of on ly one 
s o i l , many of i t s d i s p e r s i o n values w e r e 
s e r i ous ly l o w . I t s use as a genera l s o i l 
d i s p e r s i n g agent should be d iscouraged . 

3. Wide ly e f f e c t i v e d i s p e r s i n g agents 
w e r e found o n l y among the phosphate 
m a t e r i a l s . T w o of these, sodium polyphos 
and sod ium t r ipolyphosphate were h igh ly 
e f f e c t i v e w i t h a l l so i l s except one, a l a t ­
e r i t e . Sodium hexametaphosphate and 
sod ium tetraphosphate were only s l i g h t l y 
l e ss e f f e c t i v e . 

4. The highest d i s p e r s i o n values f o r a 
l a t e r i t e s o i l were obtained f r o m t r i s o d i u m 
phosphate and t e t r a s o d i u m pyrophosphate . 
F o r mos t o ther so i l s , however , the f i r s t 
was u n s a t i s f a c t o r y and the second p r o ­
duced d i s p e r s i o n values that we re on ly 
modera t e ly h igh . 

5. F r o m the standpoint of spec ia l 
groupings , such as, podzo l i c , l U i t i c , 
k a o l i n i t i c , and m o n t m o r i l l o n i t i c s o i l s , 
the f o u r phosphates noted i n I t e m 3 (above) 
w e r e cons is ten t ly h igh ly e f f e c t i v e , though 
t h e i r r e l a t i v e r a t i n g s v a r i e d somewhat 
among the groups . F o r genera l use, 
sod ium polyphos i s r a t e d bes t and sod ium 
t r ipo lyphosphate i s a close second. T h e i r 
u n s u i t a b i l i t y f o r the d i s p e r s i o n of a t r u e 
l a t e r i t e s o i l does not extend to r e l a t e d , 
p a r t i a l l y l a t e r i z e d s o i l s . 
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Deflocculating Agents for Mechanical Analysis 
of Soils 
T . Y . CHU, Ass i s t an t P r o f e s s o r of C i v i l Eng ineer ing , and 
D . T . DAVIDSON, Associa te P r o f e s s o r of C i v i l Eng ineer ing ; 
Iowa Eng inee r ing E}q>eriment S ta t ion , 
Iowa State College 

So i l samples f r o m d i f f e r e n t p a r t s of the Un i t ed States were used i n mechan ica l 
ana lys i s expe r imen t s f o r c o m p a r i n g the e f fec t iveness of seve ra l chemica l s as 
de f loccu l a t i ng agents. Sodium metaphosphate was f o u n d m o s t p r o m i s i n g . Since 
d i f f e r e n t v a r i e t i e s of t h i s c h e m i c a l a re manufac tu red , expe r imen t s were c o n ­
ducted to evaluate compounds avai lable th rough c h e m i c a l supply houses. 

The recommended compound was f u r t h e r s tudied to de t e rmine the e f f e c t of 
amount and age of the de f loccu la t ing so lu t ion used on e f f i c i e n c y of d i s p e r s i o n . 
E3q}eriments were also p e r f o r m e d to de t e rmine the change i n v i s c o s i t y and 
densi ty of a s o i l suspension due to the use of sod ium metaphosphate. 

The v i s c o s i t y of the s o i l suspension i n the s tandard methods of mechan ica l 
ana lys i s i s assumed to be that of water . V i s c o s i t y measurements i n t h i s study 
indica te that c o r r e c t i o n f a c t o r s f o r the inf luence of both the de f loccu l a t i ng agent 
and s o i l f i n e s a re des i rab le . The e f f ec t of sodium metaphosphate on the densi ty 
of the s o i l suspension was also found to be apprec iable , and a method f o r de­
t e r m i n i n g a c o r r e c t i o n f a c t o r i s presented . 

• A D E Q U A T E and stable d i s p e r s i o n of a 
s o i l sample i s i m p o r t a n t f o r an accura te 
mechanica l o r p a r t i c l e - s i z e ana lys i s . Since 
mos t s o i l s a r e d i f f i c u l t t o d i sperse i n w a t e r 
and tend to f l o c c u l a t e a f t e r being d i spe r sed , 
the chemica l s used as def l o c c u l a t i i ^ o r d i s ­
p e r s i n g agents a re added to the s o i l - w a t e r 
m i x t u r e to obtain s a t i s f a c t o r y d i s p e r s i o n . 

The add i t ion of a de f loccu la t ing agent 
to a s o i l - w a t e r m i x t u r e a f f ec t s the degree 
of d i s p e r s i o n of the s o i l sample and may 
a lso a f f e c t the spec i f i c g r a v i t y of the s o i l 
p a r t i c l e s and the v i s c o s i t y and spec i f i c 
g r a v i t y of the suspending m e d i u m . The 
exper imen t s desc r ibed i n t h i s paper w e r e 
conducted: (1) to compare the e f fec t iveness 
of s eve ra l chemica l s as de f loccu la t ing 
agents f o r the d i s p e r s i o n of so i l s and (2) t o 
de t e rmine the e f f ec t of one of the d e f l o c ­
cu la t ing agents on the spec i f i c g r a v i t y of 
the s o i l d i spersed and on the v i s c o s i t y and 
spec i f i c g r a v i t y of the suspending m e d i u m . 

Soi l samples f r o m d i f f e r e n t p a r t s of the 
Uni ted States w e r e used i n the exper imen t s . 
Table 1 g ives the sources and some p r o p ­
e r t i e s of the s o i l samples . 

E F F E C T I V E N E S S O F D E F L O C C U L A T I N G 
AGENTS 

The theo ry of s o i l d i s p e r s i o n has been 

discussed i n a p r ev ious paper (1). The 
e f fec t iveness of a de f loccu la t ing agent can 
be r a t ed on the degree of d i s p e r s i o n of a 
s o i l sample w i t h the de f loccu la t ing agent. 
The degree of d i s p e r s i o n can be d e t e r m i n e d 
espec ia l ly by p a r t i c l e - s i z e measurements 
of the f r a c t i o n s f i n e r than 0. 005 m m . and 
0. 001 m m . F o r example , the h igher the 
content of m a t e r i a l f i n e r than 0. 005 m m . 
and 0 . 0 0 1 m m . , the h igher the degree of 
d i spe r s ion . 

T w o types of d i s p e r s i o n apparatus w e r e 
used i n the mechanica l ana lys i s e x p e r i ­
ments r e p o r t e d i n t h i s paper . The f i r s t i s 
the mechanica l s t i r r e r s p e c i f i e d by both 
the A m e r i c a n Society f o r T e s t i n g M a t e r i a l s 
and the A m e r i c a n A s s o c i a t i o n of State H i g h ­
way O f f i c i a l s ; the second i s the So i l D i s ­
p e r s i o n Tube (S. D . T . ) . The d i s p e r s i o n 
p rocedure w i t h the mechanica l s t i r r e r i s 
g iven i n the A S T M and AASHO s tandard 
methods of mechanica l ana lys i s (2 , 3) . The 
S. D . T . apparatus and i t s use have been 
desc r ibed (4). 

H y d r o m e t e r t es t s w e r e p e r f o r m e d es­
sen t i a l ly acco rd ing to the s tandard methods 
of mechanica l ana lys i s , except that c o r ­
rec t ions w e r e appl ied to h y d r o m e t e r r e a d ­
ings , to compensate f o r the change i n the 
spec i f i c g r a v i t y of the suspending m e d i u m 
due to the add i t ion of a de f loccu la t ing agent. 

15 
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The d e t e r m i n a t i o n of c o r r e c t i o n constants 
i s d iscussed l a t e r i n t h i s paper . P a r t i c l e -
s ize measurements r epo r t ed i n t h i s paper 
a re the average of r e su l t s f r o m dupl ica te 
t es t s . 

COMPARISON O F SODIUM S I L I C A T E , 
SODIUM P Y R O P H O S P H A T E , A N D 

SODIUM M E T A P H O S P H A T E AS 
D E F L O C C U L A T I N G AGENTS 

Sodium s i l i c a t e i s spec i f i ed as the de -
f l o c c u l a t i n g agent i n the p resen t A S T M and 
AASHO s tandard methods of mechanica l 
ana lys is . Sodium pyrophosphate and so­
d i u m metaphosphate have been found e f ­
f e c t i v e as de f loccu l a t i ng agents f o r many 
types of s o i l ( 1 , 5, 6). These th ree c h e m ­
i ca l s w e r e evaluated as de f loccu la t ing 
agents f o r the s o i l samples l i s t e d i n 
Tab le 1. 

TABLE 1 
SOURCE AND SOME PROPERTIES OF SOIL SAMPLES 

Sample Source Textural Plas­ Organic Content 
No. Classi­ ticity Matter of 

fication Index Content, 
Percent 

Carbonates, 
Percent 

PH 

1 Iowa CUy 51 7 1.2 2 5 5.3 
2 Virginia Clay 35.3 0 7 2 S 6.7 
3 California Clay 38 7 0 3 6.8 8 5 
4 NewYork Clay 13 1 0 6 14 9 8.1 
5 Texas Clay loam 3 6 0 2 81.3 8 2 
6 Iowa Silty loam 6 2 0 3 11.6 8 3 
7 Virginia Sand N P 0.3 40.8 7 4 
8 Texas Clay 42 4 0 3 13 6 7 5 

Note Only material passing No 10 sieve was used m this 
study Textural classifications are based upon the Bureau of 
Public Roads system except that 0.074 mm was used as the 
lower limit of the sand fraction. 

I n a l l e3Q)eriments r e p o r t e d i n t h i s paper , 
de f loccu la t ing agents i n so lu t ion w e r e added 
to the s o i l - w a t e r m i x t u r e . The concen t ra ­
t i o n of sod ium s i l i c a t e so lu t ion p r e p a r e d 
f r o m sod ium me tas i l i ca t e c r y s t a l s was 3 
deg. Baume. The concent ra t ion of sod ium 
pyrophosphate^ so lu t ion and of sod ium 
metaphosphate solut ion* was 0. 5 N . 

The degree of d i s p e r s i o n of a s o i l sample 
usua l ly v a r i e s w i t h the amount of d e f l o c ­
cu la t ing agent used. The t r e n d of v a r i a t i o n 
depends on the type of s o i l d i spersed , the 
type of de f loccu la t ing agent used, and the 
apparatus and p rocedure of d i spe r s ion . So i l 
Samples 1 and 6 w e r e used to de t e rmine the 
r e l a t i o n between degree of d i spe r s ion and 
amount of each de f loccu la t ing so lu t ion . 

^ The chemical used is also known as tetrasodium pyrophos­
phate (Na<P>0, lOHiO) 

'Sodium metaphosphate B was used to prepare the solution. 
The description of this chemical is given in Table 3 
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Figure 1. R e l a t i o n between amount of 
sodium s i l i c a t e so lut ion and degree of 
dispersion obtained with d i f f e r e n t d i s ­

persion apparatus. 

B o t h t h e mechanica l s t i r r e r and the S. D . T . 
w e r e used i n d i s p e r s i n g the s o i l s . 

A s ment ioned b e f o r e , the degree of d i s ­
p e r s i o n obtained by d i f f e r e n t methods of 
d i s p e r s i o n can be compared by means of 
p a r t i c l e - s i z e measurements . T h i s ap­
p roach was f o l l o w e d i n c o m p a r i n g the de­
gree of d i s p e r s i o n obtained w i t h d i f f e r e n t 
amounts of the th ree de f loccu la t ing s o l u ­
t ions . The r e l a t i ons between the amount 
of each de f loccu la t ing so lu t ion and the de­
gree of d i s p e r s i o n of the two samples , as 
represen ted by the percent of p a r t i c l e s 
f i n e r than 0. 005 m m . , a r e shown i n F i g u r e s 
1, 2 and 3. The curves f o r percentages 
f i n e r than 0. 001 m m . a re s i m i l a r . 

Note that f o r equal amounts of so lu t ion 
the S. D . T . gave a h igher degree of d i s ­
p e r s i o n than the mechanica l s t i r r e r "and 
that the amount of de f loccu la t ing agent used 
i n the S. D . T . p rocedure was of less i m ­
por tance than i n the mechanica l s t i r r e r 
p rocedure . F o r example . F i g u r e 3 shows 
that the degree of d i s p e r s i o n of Sample 1 
v a r i e d only s l i g h t l y w i t h the amount of so­
d i u m metaphosphate so lu t ion when the s o i l 
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TABLE 2 
COMPARISON OF EFFECTIVENESS OF DEFLOCCULATING AGENTS IN SOIL DISPERSION 

Dispersion 
Apparatus 

Deflocculating Agent 
Sample 1 Sample 2 Sample 3 Sample 4 

Dispersion 
Apparatus 

Type 

Concen­
tration 

of Solutioi 
Amount* 

(ml ) 

Sample 1 Sample 2 Sample 3 Sample 4 

Dispersion 
Apparatus 

Type 

Concen­
tration 

of Solutioi 
Amount* 

(ml ) 
Percen t" of Particles Fmer Than 

Dispersion 
Apparatus 

Type 

Concen­
tration 

of Solutioi 
Amount* 

(ml ) a. OOSmm. 0 001mm. 0 005mm. 0.001mm. 0 005mm^ 0. OOImm 0.005mm.| 0.001mm Dispersion 
Apparatus No deflocculating agent 58.2 38 6 54.9 34.6 Flocculated Flocculated 

S D.T. 

Sodium 
Silicate 3° Baumc 20 63 1 51.1 58. u 45 9 53 7 40.8 56.9 29.8 

S D.T. Sodium 
Pyrophosphate 0 SN 40 62.7 51 5 62.4 49 6 53.5 44.1 53.7 28 9 

S D.T. 

Sodium 
Metaphosphate 0 5N 40 63 7 53.3 62.9 50.6 56.0 52 1 57 1 30 2 

Mechanical 
Stirrer 

No defloculatme agent 34.0 13.5 35 0 9.8 Flocculated Flocculated 

Mechanical 
Stirrer 

Sodium 
Silicate 3° Baume 20 57 0 34.8 51.8 25.4 43 9 16.8 55.3 27.3 

Mechanical 
Stirrer 

Sodium 
Pyrophosphate 0 5N 40 59 6 48.4 59.5 48 2 54 2 42.7 53.3 28.4 

Mechanical 
Stirrer 

Sodium 
Metaphosphate 0.5N 40 62 8 51 0 59 9 48.0 54.8 43 0 56 3 29 6 

Refers to the amount of deflocculating solution used in dispersing a sample of 50g or lOOg into a one liter soil 
suspension 

' AH percentages are the average of results from duplicate tests 

Dispersion 
Apparatus 

Deflocculating Agent 
Sample 5 Sample 6 Sample 7 Sample 8 

Dispersion 
Apparatus 

- Type 

Concen­
tration 

of Solution 
Amount* 

(ml.) 

Sample 5 Sample 6 Sample 7 Sample 8 

Dispersion 
Apparatus 

- Type 

Concen­
tration 

of Solution 
Amount* 

(ml.) 
Percentb of particles Finer Than 

Dispersion 
Apparatus 

- Type 

Concen­
tration 

of Solution 
Amount* 

(ml.) 0.005mm .{0.001mm 0 005mm 0.001mm 0 OOSmm.jO. 001mm 0.005mm.| 0 001mm. Dispersion 
Apparatus No deflocculating agent Flocculated 15.7 6.0 Flocculated Flocculated 

3 D T 

sodium 
Silicate 3° Baume 20 28.8 7 1 17.8 10 4 4.8 2.7 Floccul ited 

3 D T Sodium 
Pyrophosphate 0 5N 40 30.1 7.4 20 6 13.6 5 5 3 5 65 6 50.6 

3 D T 

Sodium 
Metaphosphate 0 5N 40 30 7 8.8 18 8 12.7 6 6 4.0 65 7 52.3 

Mechanical 
Stirrer 

No deflocculating agent Flocculated 9.4 4.1 Flocculated Flocculated 

Mechanical 
Stirrer 

Sodium 
Silicate 3° Baume 20 20.1 2 6 11.3 4.2 3.8 1.8 Flocculated 

Mechanical 
Stirrer 

Sodium 
Pyrophosphate 0.5N 40 29.6 7 5 17.9 11.0 5 5 3 5 63 6 47 7 

Mechanical 
Stirrer 

Sodium 
Metaphosphate O.SN 40 29.4 9.1 16.2 9.9 6.0 3.8 64 6 51.3 

was d i spe r sed w i t h the S. D . T . A s a c o n ­
t r a s t , when d i spe r sed w i t h the mechanica l 
s t i r r e r , the degree of d i s p e r s i o n changed 
subs tan t ia l ly as the amount of sod ium 
metaphosphate so lu t ion was v a r i e d f r o m 
10 to 30 m l . 

The data i n the th ree f i g u r e s f u r t h e r 
indicate that , r ega rd less of the type of 
d i s p e r s i o n apparatus used, the degree of 
d i s p e r s i o n of each sample p r a c t i c a l l y r e ­
mained unchanged when the amount of de ­
f l o c c u l a t i n g so lu t ion used was about 20 m l . 
o r m o r e , as i s shown i n F igu re s 1 and 2, 
and was about 40 m l . o r m o r e i n F i g u r e 3. 

The th ree de f loccu la t ing agents w e r e 
f u r t h e r compared i n the d i spe r s ion of s a m ­
ples 2, 3, 4 , 5, 7 and 8 w i t h both types of 
d i s p e r s i o n apparatus . The amounts of de ­
f l o c c u l a t i n g so lu t ions used f o r these s a m ­
ples w e r e 20 m l . of sod ium s i l i c a t e so ­
lu t ion* , 40 m l . of sod ium pyrophosphate 
so lu t ion , and 40 m l . of sod ium metaphos­
phate so lu t ion . Resul ts a re g iven i n Tab le 
2. W i t h mos t of the samples , sod ium s i l i -

* As specified m ASTM Method D422-S1 and AASHO Method 
T88-49 

cate was found i n f e r i o r to the other two 
de f loccu la t ing agents, and sod ium me ta ­
phosphate gave s l i g h t l y be t t e r r e su l t s than 
sod ium pyrophosphate. T h e r e f o r e sod ium 
metaphosphate was chosen f o r m o r e de ­
t a i l e d s tudies . 

COMPARISON O F D I F F E R E N T 
V A R I E T I E S O F SODIUM 

M E T A P H O S P H A T E 

The sod ium metaphosphate used i n the 
f o r e g o i n g expe r imen t s i s one v a r i e t y of the 
complex c h e m i c a l a lso known as sod ium 
hexametaphosphate o r Graham ' s sa l t . The 
nomencla ture of t h i s group of chemica l s i s 
d iscussed i n the appendix. 

Since the d i f f e r e n t v a r i e t i e s of sod ium 
metaphosphate so ld by c h e m i c a l supply 
companies may d i f f e r i n t h e i r d i s p e r s i n g 
ac t ions , exper imen t s w e r e made to c o m ­
pa re the s i x v a r i e t i e s l i s t e d i n Tab le 3. 
V a r i e t y B was used i n the p r e v i o u s l y d i s ­
cussed e ^ e r i m e n t s to compare sod ium 
metaphosphate w i t h sod ium s i l i c a t e and 
sod ium pyrophosphate . The source and 
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Figure 2. Relation between amount of so­
dium pyrophosphate solution and degree of 
dispersion obtained with d i f f e r e n t d i s ­

persion apparatus. 

s t r u c t u r e o r c r y s t a l l i n i t y of each v a r i e t y 
a re g iven i n the tab le . The s ign i f i cance of 
the s t r u c t u r e of sod ium metaphosphate w i t h 
respect to i t s d i s p e r s m g ac t ion i s d iscussed 
by T y n e r (5) , who suggests that only the 
glassy f o r m be used f o r s o i l d i s p e r s i o n 
purposes . 

Soi ls 1 and 6 w e r e chosen f o r the e x ­
p e r i m e n t s . The S. D. T . was the only d i s ­
p e r s i o n apparatus used. Since the amount 
of de f loccu la t ing so lu t ion needed f o r m a x ­
i m u m d i spe r s ion may be d i f f e r e n t f o r d i f ­
f e r e n t v a r i e t i e s of sod ium metaphosphate, 
a number of so lu t ions i n the range f r o m 30 
to 60 m l . of 0. 5N so lu t ion w e r e tes ted t o 
compare the s i x v a r i e t i e s (see Table 4 ) . 

The mechan ica l ana lys i s r e su l t s g iven i n 
Tab le 4 indica te that the degree of d i s ­
p e r s i o n v a r i e s only s l i g h t l y w i t h the v a r i e ­
t i e s and amounts of sod ium metaphosphate 
tes ted. The type of s t r u c t u r e of sod ium 
metaphosphate appears to be of l i t t l e 
consequence. 

Because the mechanica l analys is data 
f o r Samples 1 and 6 showed no s i g n i f i c a n t 
d i f f e r e n c e i n the e f fec t iveness of the s i x 

TABLE 3 
SOURCE AND STRUCTURE OF DIFFERENT VARIETIES OF 

SODIUM METAPHOSPHATE 
Variety of 

Sodium 
Metaphosphate Source Structure 3-

A Made by Calgon, Inc , Pit­
tsburg, Pa and distributed 
under the trade name 
"Calgon" 

Partially 
lulicrocrystalline 

B Made by Blockson Chemical 
Co , Joliet, 111 , available 
at Fisher Scientific Co , St 
Louis, Mo as sodium 
metaphosphate, C P 

Glassy 

C Distributed by Fisher Scien­
tific Co , St Louis, Mo as 
sodium hexametaphosphate 

Crystalline 

D Prepared at Iowa Engr £:qp 
Sta Laboratory from sodium 
dihydrogen phosphate ac­
cording to Tyner (5) 

Glassy 

E Made by Rumford Chemical 
Works, Rumford, R I , 
and sold under the trade 
name "Ouadrafos" 

Glassy 

F Made by Rumford Chemical 
Works, Rumford, R 1., 
and sold under the trade 
name "Metafos** 

Glassy 

" Based on examination with a petrographic microscope 
v a r i e t i e s of sod ium metaphosphate, only 
t w o types , B and F , w e r e used w i t h the 
o ther s i x s o i l samples . Types B and F w e r e 
se lec ted m a i n l y because of t h e i r c o m p a r a ­
t i v e p u r i t y . The amounts of these two de-

TABLE 4 
COMPARISON OF EFFECTIVENESS OF DIFFERENT 

VARIETIES OF SODIUM METAPHOSPHATE IN 
SOIL DISPERSION 

Deflocculating Agent 
(Sodium Sample No 1 Sample No. 6 

MetaphosDhate) Percent of Particles Finer Thanb 
Variety Amount ̂  0.005mm 0 001mm 0 005mm. 0 001mm. Variety 

(ml ) 
30 61 9 51 1 18 2 12 3 

A 40 63 1 52 1 19 0 13 3 
50 62 9 51 5 19 7 14 2 
60 63.6 51 3 18 9 13 5 
30 62 4 51 3 19 1 11 7 

B 40 63 7 53 3 18.8 12 7 
SO 61 7 52 0 18 4 11 9 
60 62 0 51 7 18.9 13 3 
30 63.0 51 7 20 3 11 8 

c 40 62 6 52.2 18 9 12 2 
50 62 8 52. 6 19 2 11 3 
60 62.9 52.1 18 2 11.7 
30 62 5 50.8 20 3 11.^ 

D 40 63 6 52 3 19.6 10 6 
50 62 8 51 4 19 3 10 6 
60 63.5 52.3 20.8 10 0 
30 63 4 51 8 19 1 12 2 

E 40 63 0 51. 6 18.7 14 3 
50 62 2 50 8 18 4 11.9 
60 64 4 53.2 18.4 12 8 
30 62.6 51 5 18 1 15 0 

F 40 63 4 52 0 19.0 13.0 
50 61 5 51 6 18.5 13.4 
60 . 64.4 52.3 18.3 15.2 

Refers to the amount of 0 5N deflocculating solution used in 
dispersing a sample of 50g into a one liter soil suspension 

*" All percentages are the average of results from duplicate 
tests 
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appara 

f l o c c u l a t i n g solu t ions to be used w i t h Sam­
ples 2, 3, 4 , 5, 7 and 8 w e r e chosen on the 
basis of the data shown i n F igu re s 3 and 4. 
The curves represen t ing d i spe r s ion w i t h the 
S. D. r . show that when the amount of 
e i the r B o r F so lu t ion i s w i t h i n the range 
f r o m 20 to 120 m l . , the degree of d i s ­
p e r s i o n i s n e a r l y independent of the amount 
of de f loccu la t ing so lu t ion . F o r t h i s reason, 

t of sodium metaphosphate solu-
ained with d i f ferent dispersion 
tus. 
two amounts , 40 m l . and 100 m l . , w e r e 
used to cover t h i s compara t i ve ly wide 
range. I n these exper imen t s only the 
S. D . T . d i spe r s ion apparatus was used. 

Mechan ica l - ana lys i s data r ep resen t ing 
the degree of d i s p e r s i o n obtained w i t h the 
two v a r i e t i e s of sod ium metaphosphate a re 
presen ted i n Tab le 5. Types B and F a p ­
pear equal ly e f f e c t i v e . A n ana lys i s of the 

TABLE 5 
COMPARISON OF TWO VARIETIES OF SODIUM METAPHOSPHATE IN SOIL DISPERSION 

Variety 

Deflocculating 
Agent (Sodium 
Metaphosphate) 

Amount 
(ml ) 
40 

100 
40 

100 

Sample 1 | Sample 2 | Sample 3 | Sample 4 | Sample 5 | Sample 6 | Sample 7 
Percent of Particles Finer Than " 

Sample 8 

0 005 
mm 

63.7 
63.0 
63.4 
62.2 

O.OOll 
mm 
63.3 
52 0 
52 0 
53 1 

0 005 
mm. 
62 9 
62 5 
59.0 
60 8 

0.001 
mm. 
50.6 
52 9 
46.0 
50.3 

0.005 
mm. 

56.01 
55 2 
56 3 
55 7 

0.001 
mm 

10.005 
mm 

52.1 
48 2 
48.1 
51 0 

0.001 
mm. 

57 1 
57 0 
56.6 
57.8 

10 005 
mm 

30 2 
30.3 
32 0 
30.5 

30 7 
30.2 
30.8 
31.5 

0.001 
mm 

|10.3 
8.3 

|10 0 

0 005 
mm. 

0 001 
mm 

18.8 
19.1 
19 0 
19 3 

12 7 
12 5 
13 0 
14.5 

0.005 
mm 

6 5 
7.4 

0.001 
mm 

4.0 
4.3 
4.0 
4.0 

0 005 
mm. 
65.7 
66.2 
67 1 
67.6 

0 001 
mm 
52 3 
54 0 
52 1 
54.6 

* Refers to the amount of 0 5N deflocculating solution used in dispersmg a sample of 50g. or lOOg into a one liter soil suspension. 
Al ' percentages are the average of results from duplicate tests 
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data i n the table indicates that the use of 
100 m l . of both k inds of sod ium metaphos­
phate gives s l i g h t l y be t t e r r e su l t s than 
40 m l . 

Al though a l l v a r i e t i e s of sodium me ta ­
phosphate were equal ly e f f ec t i ve i n d i s ­
p e r s i n g the so i l s used i n the p reced ing 
exper imen t s , t h i s m i g h t not be t r u e w i t h 
a g rea te r v a r i e t y of s o i l s . Because of 
t h i s , i t seems des i r ab le t o r e c o m m e n d one 
k i n d of sodium metaphosphate i n a s tand­
a r d method of mechanica l ana lys is . A m o n g 

70 r 

so i l s i s des i r ab le . On the basis of the 
expe r imen t s d e s c r i b e d i n t h i s paper , 100 
m l . of 0 . 5 N sod ium metaphosphate (B) 
so lu t ion seems to be a safe amount to 
r ecommend . 

E F F E C T OF AGE O F SODIUM M E T A ­
PHOSPHATE B S O L U T I O N O N ITS 

DISPERSIVE A C T I O N 

T y n e r (5) po in t s out that sodium me ta ­
phosphate so lu t ions may s lowly r e v e r t 
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Figure 4. Relation between amount 
tion and degree of dispersion obta 

sodium metaphosphates of equal e f f e c t i v e ­
ness as de f loccu la t ing agents, p r e f e r e n c e 
should be g iven to a k ind , such as B , wh ich 
IS compara t i ve ly pure and r e a d i l y a v a i l ­
able . 

I n a s tandard method of mechanica l 
ana lys is , the r ecommenda t ion of an amount 
of de f loccu l a t i ng so lu t ion that w i l l give 
adequate d i s p e r s i o n to a grea t v a r i e t y of 

of sodium metaphosphate F solu-
ined with the S.D.T. apparatus. 
o r hyd ro lyze back to the orthophosphate 
f o r m w i t h a r e su l t an t decrease i n d i s ­
p e r s i v e ac t ion . Because of t h i s p o s s i ­
b i l i t y , expe r imen t s were made to de te r ­
mine the e f f ec t of ag ing on the d i spe r s ing 
ac t ion of 0. 5N sod ium metaphosphate (B) 
so lu t ion . The p H of the so lu t ion used was 
6 .8 , and i t s t empe ra tu r e d u r i n g storage 
was about 70 to 80F . Both p H and t e m p -
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e r a tu r e may a f f e c t the r a t e of r e v e r s i o n . 
Two amounts o. the so lu t ion , 40 and 100 

m l . , were used i n d i s p e r s i n g Samples 1 
and 6 w i t h the S. 3. T . apparatus. Resu l t s 
g iven i n Tab le 0 indica te that aging over 
a p e r i o d of eight weeks had no apprec iable 
e f f ec t on the d i s p e r s i n g ac t ion of the B 
so lu t ion . Because of the l i m i t e d extent 
of t h i s e^^er iment , no de f in i t e conc lus ion 
should be d r a w n . I t appears safe to say, 
however , that aging of a so lu t ion up to 
one month w i l l not decrease the d i spe r s ive 
ac t ion of sod ium metaphosphate Type B . 

SECONDARY E F F E C T S OF A D E F L O C ­
C U L A T I N G A G E N T O N RESULTS 

I n add i t ion to a f f e c t i n g the degree of 
d i s p e r s i o n of a s o i l sample, a d e f l o c c u l a t -

of s o i l p a r t i c l e s r e m a i n i n g i n suspension 
a f t e r a g iven sed imenta t ion p e r i o d a re 
computed by the f o l l o w i n g equations:* 

: f x l 0 0 (1) 

Where 

P percentage of o r i g i n a l l y d i spe r sed 
s o i l r e m a i n i n g i n suspension. 

R = h y d r o m e t e r r ead ing ( t empera tu re 
c o r r e c t i o n should be appl ied i f nec­
essa ry) . 

W = weight i n g r a m s of s o i l o r i g i n a l l y d i s ­
pe r s ed m i n u s the hygroscopic m o i s ­
t u r e . 

a = constant depending on the spec i f i c 
g r a v i t y of s o i l d i spe r sed and the 
spec i f i c g r a v i t y of the suspending 
m e d i u m . 

TABLE 6 
EFFECT OF VARIATION IN AGE OF SCXIIUM META­
PHOSPHATE B SOLUTION ON ITS EFFECTIVENESS IN 

SOIL DISPERSION 

J 3 0 n L 
• 980 ( G - G i ) T 

Deflocculatmg Agent Percent of Particles 
Soil (sodium metaphosphate B) Finer Thanc 

Amounta (ml ) Age» (weeks) 0 OOSmm 0.001mm. 
0 63 7 S3 3 
2 62 1 52 0 

40 4 63 0 52 0 
6 62 8 51 4 
8 62 6 51 0 

Sample 1 
0 63 0 52.0 
2 62.2 51 S 

100 4 62 7 S3 1 
6 64 3 52. S 
8 62 3 51 3 
0 18 8 12 7 
2 20 2 13.8 

40 4 18.4 14.2 
6 20 4 13 3 
8 19 5 13.1 

sample 6 0 19 1 12.5 
2 19 7 14.3 

100 4 18.9 15.0 
6 20 0 13.9 
8 18 9 13 5 

Refers to the amount of 0 SN deflocculating solution used 
in dispersing a 50g sample into a one liter soil sus­
pension 

' Age refers to the time period after the solution is pre­
pared 

' All percentages are the average of results from duplicate 
tests 

i n g agent may have other i m p o r t a n t e f f e c t s 
on mechan ica l - ana lys i s r e s u l t s . These 
e f f e c t s , w h i c h w i l l be r e f e r r e d to as 
secondary e f f ec t s , include the changes 
i n the spec i f i c g r a v i t y of the s o i l p a r t i c l e s 
and i n the v i s c o s i t y and spec i f i c g r a v i t y of 
the suspending m e d i u m . 

I n the s tandard methods^ of mechan ica l 
ana lys i s , the percentage and the d i ame te r 
'ASTM Method D422-51, AASHO Method T88-49 

TABLE 7 
COMPARISON OF SPECIFIC CKAVITIES OF SOILS BEFORE 
AND AFTER DISPERSION WITH 100 ML 0 SN SODIUM 

METAPHOSPHATE (B) SOLUTION 

Sample 
No 

Specific Gravity^. 20C/20C 
Before Dispersion 

2 714 
2 729 

After Dispersion 
2 711 
2 724 

Specific gravity values are the average of the data from 
triplicate tests 

Where : 

d = m a x i m u m p a r t i c l e d i ame te r i n m m . 
n = c o e f f i c i e n t of v i s c o s i t y of the sus­

pending m e d i u m m poises . 
L = distance i n c m . th rough which s o i l 

p a r t i c l e s se t t le i n a g iven p e r i o d of 
t i m e . 

T = t i m e i n minu tes , p e r i o d of sedimenta­
t i o n . 

G = spec i f i c g r a v i t y of s o i l p a r t i c l e s . 
Gi = spec i f i c g r a v i t y of the suspending 

m e d i u m 

I n comput ing the percentage and the d i ­
ameter of s o i l p a r t i c l e s r e m a i n i n g i n 
suspension f r o m Equat ions 1 and 2, i t i s 
usua l ly assumed that values of R and a i n 
Equat ion 1 and of n , G, and Gi i n Equat ion 
2 a re not s i g n i f i c a n t l y a f f ec t ed by the use 
of a de f loccu l a t i ng agent. A c t u a l l y these 
values may be subs tan t ia l ly a f fec ted , 

'Equation 1 is for tests using Bouyoucos hydrometer When 
specific gravity hydrometers are used, the equation for com­
puting the percentage of soil in suspension will be slightly dif­
ferent but the same variables are involved 
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espec ia l ly when a r e l a t i v e l y l a rge quant i ty 
of de f loccu la t ing so lu t ion i s used. 

E x p e r i m e n t s desc r ibed i n t h i s p a r t of 
the paper were conducted to de t e rmine the 
secondarv e f f ec t s r e s u l t i n g f r o m the use 

TABLE 8 
COMPARISON OF AnsCOSITIES OF DISTILLED WATER, 
DISTILLED WATER WITH DEFLOCCULATING AGENTS, 

AND SOIL SUSPENSIONS 

Liquid 
Viscosity at 68 F, 

(centipoise) 
A (Distilled water) 1 004 

(20 ml. 3 deg. Baume sodium silicate 
B solution mixed with 961 ml distilled 

water) 
1 018 

(40 ml 0 5N sodium metaphosphate B 
C solution mixed with 941 ml distilled 

water) 
1.025 

(100 ml 0 5N sodium metaphosphate B 
D solution mixed with 881 ml distilled 

water) 
1 038 

Soil suspension^ prepared from fraction 
finer than 0.001 mm. in Sample 1 with 
the following suspending medium 

Liquid A 
Liquid B 
Liquid C 
Liquid D 

1 026 
1 031 
l;0S6 
1 097 

Soil suspension^ prepared from fraction 
finer than 0.001 mm. in Sample 6 with 
the following suspending medium 

Liquid A 
Liquid B 
Liquid C 
Liquid D 

1.116 
1.195 
1 251 
1 274 

The soil suspension prepared from the fraction finer than 
0 001 mm in Sample 1 contains about 20 g in 1000 ml sus­
pension, that prepared from the fraction finer than 0. 001 mm 
in Sample 6 contains about 3 g in 1000 ml. suspension 

of sodium metaphosphate(B). I n these 
expe r imen t s the S . D . T . d i spe r s ion ap­
para tus was used f o r Samples 1 and 6. 

E F F E C T O N SPECIFIC C21AVITY O F 
SOIL DISPERSED 

W i n t e r k o r n , et. a l . (7), i n expe r imen t s 
w i t h homoionic so i l s , f ound that the spe­
c i f i c g r a v i t y of a s o i l v a r i e s w i t h the k i n d 
of adsorbed ca t ion . Since exchange of 
ca t ions , as w e l l as o ther c h e m i c a l changes, 
may take place when a de f loccu la t ing agent 
IS added to a s o i l - w a t e r m i x t u r e , the re i s 
a p o s s i b i l i t y f o r a change to occur i n the 
spec i f i c g r a v i t y of the s o i l p a r t i c l e s . 

The exchangeable ca t ions i n Sample 6 
a re m a i n l y sod ium, po tas s ium, and c a l ­
c i u m , w i t h the l a t t e r ca t ion occupying 
about 80 p e r c e n t o f the exchange pos i t ions . 
Those i n Sample 1 were not de t e rmined 
a n a l y t i c a l l y bu t a r e e s t ima ted to be m a i n l y 
hydrogen. The ca t ion exchange capac i t ies 
of Samples 6 and 1 a re 4 0 . 0 and 13. 4 
m . e. pe r 100 g , r e spec t ive ly . 

E x p e r i m e n t s to de t e rmine the e f f ec t of 
sod ium metaphosphate (B) o n the spec i f i c 
g r a v i t y of Samples 1 and 6 consis ted of 
spec i f i c g r a v i t y measurements ( A S T M 

D854-45T) be fo re and 
F o l l o w i n g d i spe r s ion 

0. 5N so lu t ion , the s o i l 
l e f t und is tu rbed f o r 24 
washed w i t h d i s t i l l e d 
d r i e d . Resu l t s g iven i n 

Tab le 7 indica te tha t no s i g n i f i c a n t change 
i n spec i f i c g r a v i t y o c c u r r e d . 

Standard Method 
a f t e r d i spe r s ion , 
w i t h 100 m l . of 
suspension was 
hours , f i l t e r e d , 
wa te r , and then 

E F F E C T O N VISCOSITY OF SUSPENDING 
M E D I U M 

The r e l a t i o n between the v i s cos i t y of 
the suspending m e d i u m and the d i ame te r 
of s o i l p a r t i c l e s i n suspension i s shown 
by Equat ion 2. I n the AASHO and A S T M 
methods of mechan ica l ana lys is , the v i s ­
cos i ty of d i s t i l l e d water i s taken as the 
v i s c o s i t y of the suspending m e d i u m . 
A c t u a l l y , when a de f loccu l a t i ng agent i s 
used, the suspending m e d i u m w i l l be a 
combina t ion of water and the de f loccu l a t i ng 
so lu t ion , and the v i s c o s i t y of the r e s u l t i n g 
suspending m e d i u m may be apprec iab ly 
d i f f e r e n t f r o m that of water . T h i s i s i l l u s ­
t r a t e d by the v i s c o s i t y measurements 
g iven m Table 8 of L i q u i d s A , B , C, and 
D r ep re sen t ing d i f f e r e n t k inds of suspend­
ing m e d i u m . A Cannon-Fenske-Os twald-
type v i s c o m e t e r was used, and the t e s t 
p rocedure recommended i n A S T M Method 
D445-46T was f o l l o w e d . Note that the 
v i s c o s i t y of L i q u i d D i s about 3 .4 percent 
h igher than that of d i s t i l l e d water ( L i q u i d 
A ) . Such a d i f f e r e n c e i n v i s c o s i t y w i l l 
r e s u l t i n a r e l a t i v e d i f f e r e n c e of about 1. 7 
pe rcen t i n the d i ame te r of s o i l p a r t i c l e s 
computed by Equat ion 2. 

T h e o r e t i c a l l y , ne i the r the v i s c o s i t y of 
wa te r nor that of wa te r m i x e d w i t h a de ­
f l o c c u l a t i n g agent should be used as n 
i n Equat ion 2. Cons ider a s o i l suspension 
conta in ing s i l t - s i z e and c l a y - s i z e p a r ­
t i c l e s . Since the s i l t - s i z e m a t e r i a l se t t les 
much f a s t e r than the c l a y - s i z e , espec ia l ly 
the s izes f i n e r than 0. 001 m m . , the m e ­
d i u m through wh ich s i l t - s i z e m a t e r i a l 
se t t les i s a s o i l suspension c o m p r i s e d of 
c l a y - s i z e m a t e r i a l , de f loccu l a t i ng agent, 
and wate r . The v i s c o s i t i e s of s o i l sus­
pensions p r e p a r e d f r o m the f r a c t i o n f i n e r 
than 0 . 0 0 1 m m . i n Samples 1 and 6 a r e 
a lso g iven i n Tab le 8. Note that the v i s ­
cos i ty of such suspending med iums may be 
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as much as 27 percen t h igher than that of 
pu re wa te r . I n u s i n g Equat ion 2, t h i s 
wou ld r e s u l t i n a d i f f e r e n c e of about 13 
percent i n the d iamete r of s o i l p a r t i c l e s . 

F r o m the s o m e w h a t - l i m i t e d e x p e r i ­
menta l r e s u l t s d iscussed above, f o r an 
accurate mechanica l ana lys i s i t appears 
that the v i s c o s i t y value used i n comput ing 
p a r t i c l e d i a m e t e r s should be as n e a r l y as 
poss ib le that of the ac tua l suspending 
m e d i u m . The m o s t - p r a c t i c a l approach i n 
rou t ine t e s t s m i g h t be to apply c o r r e c t i o n s 
to the d i a m e t e r s as computed i n the con­
vent iona l manner . The c o r r e c t i o n w i l l 
v a r y hot on ly w i t h the t empera tu re of the 
s o i l suspension but a lso w i t h the p a r t i c l e 
size compos i t i on of the s o i l sample and 
the value of the p a r t i c l e d i ame te r . One 
way to ob ta in the c o r r e c t i o n values f o r 
rou t ine t e s t ing purposes i s to a r b i t r a r i l y 
d iv ide the c o m m o n types of s o i l in to sev­
e r a l g roups and to de te rmine the c o r ­
r ec t i ons needed f o r the d i f f e r e n t p a r t i c l e -
s ize ranges i n each group. The t e m p e r a ­
t u r e c o r r e c t i o n can e i the r be inc luded i n 
these c o r r e c t i o n values o r can be appl ied 
separa te ly . 

E F F E C T O N SPECIFIC G R A V I T Y 
SUSPENDING M E D I U M 

O F 

The add i t ion of a de f loccu l a t i ng agent 
to a s o i l - w a t e r m i x t u r e w i l l change the 
densi ty o r spec i f i c g r a v i t y of the suspend­
i n g m e d i u m , wh ich w i l l a f f e c t p a r t i c l e -
s ize de t e rmina t ions i n two ways . The 
value of a m Equat ion 1 and that o f Gi 
i n Equat ion 2 may be s i g n i f i c a n t l y a f ­
f ec t ed . The h y d r o m e t e r r ead ing R i n 
Equa t ion 1 i s i n f luenced i n the f o l l o w i n g 
manner . Regard less of the type of hy ­
d r o m e t e r used, h y d r o m e t e r readings give 
the d i f f e r e n c e between the spec i f i c g r a v i t y 
of the s o i l suspension and that of wa te r . 
I f the suEfpending medium i s wa te r on ly , 
the h y d r o m e t e r r ead ing R rep resen t s the 
increase i n spec i f i c gravity due to the 
presence of suspended s o i l p a r t i c l e s . I f 
water m i x e d w i t h a de f loccu l a t i ng agent i s 
the suspending m e d i u m , the h y d r o m e t e r 
r ead ing R rep resen t s the increase i n the 
spec i f i c g r a v i t y due to the presence of 
both the suspended s o i l p a r t i c l e s and the 
de f loccu la t ing agent. 

The change i n the values of a and Gi 
can be d e t e r m i n e d by m e a s u r i n g the spec i f i c 
g r a v i t y of the ac tual suspending m e d i u m , 
water conta in ing a de f loccu l a t i ng agent. 

F o r example, when 100 m l . of 0.5N sodium 
metaphosphate (B) so lu t ion i s contained m 
one l i t e r of s o i l suspension, the spec i f i c 
g r a v i t y of the suspending m e d i u m at 67 F . 
w i l l be about 1.003, wh ich i s app rox ima te ly 
0.5 percen t h igher than the spec i f i c g r a v i t y 
of water at the same t empe ra tu r e . A d i f ­
f e r e n c e of t h i s amount w i l l r e s u l t on ly i n a 
change of about 0.3 percent i n the p e r ­
centage values and of about 0. 2 pe rcen t 
i n the d i ame te r values o b t a i n e d f r o m Equa­
t i o n 1 and 2, r e spec t ive ly . These s m a l l 
changes can p robab ly be ove r looked i n 
rou t ine mechan ica l analyses. 

The idea of c o r r e c t i n g the h y d r o m e t e r 
r ead ing R f o r the presence of a de f loccu l a t ­
i n g agent i s not new. Many l a b o r a t o r i e s 
apply such a c o r r e c t i o n when the quant i ty 
of d e f l o c c u l a t i n g so lu t ion used i s r e l a t i v e l y 
l a r g e . 

H y d r o m e t e r read ings may be c o r r e c t e d 
by sub t rac t ing the h y d r o m e t e r reading* of 
the suspending m e d i u m (water p lus a de­
f l o c c u l a t i n g agent) f r o m the r ead in g taken 
i n the s o i l suspension. The hyd rome te r 
r ead ing of the suspending m e d i u m can be 
de t e rmined by a h y d r o m e t e r measurement 
i n water conta in ing the amount of d e f l o c ­
cu la t i ng agent i n the s o i l suspension. The 
c o r r e c t i o n constant can be de t e rmined f r o m 
the hyd rome te r r ead ing ( i n the use of the 
Bouyoucos h y d r o m e t e r , the r ead ing i s 
the constant) . 

When d i f f e r e n t amounts of a g iven de­
f l o c c u l a t i n g so lu t ion a r e be ing inves t iga ted , 
the f o l l o w i n g equations may s i m p l i f y the 
d e t e r m i n a t i o n of c o r r e c t i o n constants . 

F o r Bouyoucos hyd rome te r 
m R d 
1000 - W 

F o r spec i f i c g r a v i t y h y d r o m e t e r 

^ m (Rd - 1) 
^ ~ 1000 - W 

(3) 

(4) 

Where : 

C = c o r r e c t i o n constant. 
m = amount of d e f l o c c u l a t i n g so lu t ion i n 

m l . contained i n one l i t e r of s o i l sus­
pens ion . 

R(}= hyd rome te r r ead ing of de f loccu l a t i ng 
so lu t ion a t s p e c i f i e d t e m p e r a t u r e . 

W = weight i n g r a m s of s o i l o r i g i n a l l y d i s -

'With specific gravity hydrometers, only the decimal portion 
of the hydrometer reading will be subtracted 
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TABLE 9 
COMPARISON OF EXPERIMENTAL AND COMPUTED CORRECTION CONSTANTS FOR HYDROMETER READINGS 

hydrometer reading of soil Difference in hydrometer readings Correction constani 
Soil Deflocculating Agent suspension at the elapsed of soil suspension with and determmed by 

Amount* time indicated ̂  without deflocculatmg agent Equation 3 
Type (ml ) 15 min 60 min. 15 min 60 mm. 

Sample 1, No deflocculating agent 14.5 14.5 0 0 — 
fraction finer than Sodium meta­ 40 17 0 17.0 2.5 2 5 •i a 
0 0005 mm phosphate B 100 21 0 21.0 . 6.5 S 5 6.4 
Sample 6, No deflocculatmg agent 6 5 Not taken 0 — --
fraction finer than Sodium meta­ 40 9 0 Not taken 2 5 — 2.b 
0 005 mm. phosphate B 100 13 0 Not taken 6.5 — 6.4 

Refers to the amount of 0 5N deflocculating solution used in preparing one liter of soil suspension 
Bouyoucos type hydrometer was used in all tests, 
hydrometer test 

The temperature of soil suspension was mamtamed at 67F. durmg the 

• Example- Hydrometer reading of suspension without defloccuUtmg agent = 14 5, hydrometer reading of suspension with 
40 ml. deflocculating solution = 17.0, difference in hydrometer readings = 17 0 - 14.5 = 2. 5. 

persed m i n u s the hygroscopic m o i s ­
t u r e . 

G = spec i f i c g r a v i t y of s o i l d i spersed . 

I n d e r i v i n g Equat ions 3 and 4, the 
Bouyoucos and the spec i f i c g r a v i t y h y ­
d r o m e t e r readings f o r water at the spec­
i f i e d t empera tu re (usual ly 67 F . o r 68 F . ) 
a r e assumed to be ze ro and one r e ­
spec t ive ly . F o r p r a c t i c a l appl ica t ions of 
the two equations, the spec i f i c g r a v i t y G 
can be assumed as 2. 65 because i t has 
l i t t l e e f f ec t on the c o r r e c t i o n constant c o m ­
puted. I t should also be ment ioned that 
the c o r r e c t i o n constant computed f r o m 
e i the r Equat ion 3 o r 4 i s a lways pos i t i ve 
i n value and should be subt rac ted f r o m 
hyd rome te r readings taken i n the s o i l 
suspension. 

The method of d e t e r m i n i n g c o r r e c t i o n 
constants discussed above i s v a l i d on ly i f 
i t can be assumed that c h e m i c a l changes 
caused by the addi t ion of a de f loccu la t ing 
agent to a s o i l - w a t e r m i x t u r e do not s i g ­
n i f i c a n t l y a f f e c t h y d r o m e t e r readings taken 
i n the s o i l suspension. 

A d i r e c t tes t of the v a l i d i t y of t h i s as ­
sumpt ion i s to compare the c o r r e c t i o n 
constant de t e rmined by Equations 3 o r 4 
w i t h the r e q u i r e d c o r r e c t i o n as de t e rmined 
expe r imen ta l l y . The r e q u i r e d c o r r e c t i o n 
equals the d i f f e r e n c e between the h y ­
d r o m e t e r r e ad ing taken i n a s o i l sus­
pension conta in ing a de f loccu la t ing agent 
and that taken i n a s i m i l a r s o i l suspension 
wi thout the de f loccu la t ing agent. Since 
the degree of d i spe r s ion of a s o i l sample 
may be g r ea t l y a f f e c t e d by the use of a de ­
f l o c c u l a t m g agent, the e x p e r i m e n t a l de­
t e r m i n a t i o n of the r e q u i r e d c o r r e c t i o n 
mus t be accompl i shed i n such a way that 
any change i n the degree of d i spe r s ion of 
the s o i l sample w i l l not s i g n i f i c a n t l y a f f e c t 
hyd rome te r readings taken i n the s o i l 

suspension. T h i s can be done by us ing 
c l a y - s i z e s o i l samples . A d e s c r i p t i o n of 
two such de te rmina t ions f o l l o w s . 

The c l a y - s i z e m a t e r i a l was co l lec ted 
by the l aye r method (8) f r o m Samples 1 and 
6. The c l ay separa ted f r o m Sample 1 was 
f i n e r than 0. 0005 m m . i n s i ze , and that 
f r o m Sample 6 was f i n e r than 0. 005 m m . 
Samples of each separated c lay m a t e r i a l 
were soaked f o r over 18 hours i n e i ther 
d i s t i l l e d water or d i s t i l l e d wa te r con ta in ­
ing sod ium metaphosphate B (Table 9) be­
f o r e be ing d i spe r sed w i t h the S. D . T . f o r 
the hydromete r test . The h y d r o m e t e r t es t s 
w e r e conducted i n essen t ia l ly the same 
manner spec i f i ed i n the AASHO and A S T M 
standard methods of mechanica l ana lys i s . 

As ment ioned, the purpose of us ing 
such c l a y - s i z e ' m a t e r i a l was to e l imina te 
the degree of d i s p e r s i o n va r i ab l e f r o m the 
tes ts . Thus , any v a r i a t i o n i n the degree 
of d i s p e r s i o n of a sample cons i s t ing of 
p a r t i c l e s f i n e r than 0. 0005 m m . w i l l not 
s i g n i f i c a n t l y a f f e c t h y d r o m e t e r read ings 
taken w i t h i n an hour a f t e r the beginning of 
sedimenta t ion . S i m i l a r l y , hyd rome te r 
readings i n a s o i l suspension cons i s t ing of 
m i n u s - 0 . 0 0 5 - m m . m a t e r i a l w i l l not be 
s i g n i f i c a n t l y a f f ec t ed by a v a r i a t i o n i n the 
degree of d i spe r s ion , i f the readings a re 
taken w i t h i n 15 minu tes a f t e r the beg in ­
n ing of sed imenta t ion . 

Carbonates i n a s o i l sample may i n ­
f luence c h e m i c a l changes t ak in g place i n a 
s o i l suspension i n which sod ium me ta ­
phosphate i s the de f loccu la t ing agent. The 
m i n u s - 0 . 0 0 0 5 - m m . c l ay m a t e r i a l used i n 
the tests contained a neg l ig ib le amount of 
carbonates; the 0 . 0 0 5 - m m . c lay con­
ta ined about 8 pe rcen t of carbonates , p r i n ­
c i p a l l y c a l c i u m carbonate . 

H y ( ^ o m e t e r readings of the p r e p a r e d 
s o i l suspensions taken at d i f f e r e n t s e d i -
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menta t ion t i m e s a re g iven i n Table 9. The 
readings taken be fo re 15 minutes a re not 
shown i n the table , s ince they were the 
same as those taken at 15 minu tes due to 
the smal lness of the p a r t i c l e s izes contamed 
i n the suspensions. T o e l im ina t e the e f ­
f e c t of v a r i a t i o n i n degree of d i s p e r s i o n on 
h y d r o m e t e r readings , no readings were 
taken a f t e r 60 minutes of sed imenta t ion i n 
the s o i l suspensions p repa red w i t h m i n u s -
0 . 0 0 0 5 - m m . m a t e r i a l and none a f t e r 15 
minutes i n suspensions p r e p a r e d w i t h the 
m i n u s - 0 . 0 0 5 - m m . m a t e r i a l . 

The r e q u i r e d c o r r e c t i o n constant f o r 
each suspension conta in ing sod ium me ta ­
phosphate (B) , obtained by sub t r ac t i ng the 
h y d r o m e t e r r ead ing of the Suspension f r o m 
the h y d r o m e t e r r ead ing of a s i m i l a r sus­
pension conta in ing no de f loccu l a t i ng agent, 
I S g iven m the table together w i t h the 
c o r r e c t i o n constants computed by Equat ion 
3. Cons ide r ing that h y d r o m e t e r readings 
were taken to the neares t half d i v i s i o n , 
the r e q u i r e d and the computed c o r r e c t i o n s 
a r e p r a c t i c a l l y i n complete agreement . 
A c c o r d i n g to t h i s e^^er iment , the as­
sumpt ion made i n developing Equations 3 
o r 4 seems v a l i d . 

CONCLUSIONS 
1. A m o n g the th ree chemica l s c o m ­

pared , sodium metaphosphate i s the m o s t -

p r o m i s i n g de f loccu la t ing agent. 
2. Among the d i f f e r e n t v a r i e t i e s of 

sod ium metaphosphate compared , v a r i e t y 
B appears to be w e l l su i ted f o r adopt ion 
as a de f loccu l a t i ng agent i n s tandard m e t h ­
ods of mechan ica l ana lys i s . 

3. On the bas is of the r e s u l t s w i t h the 
so i l s tested, the use of 100 m l . of 0. 5N 
Sodium Metaphosphate B so lu t ion i n m a k i n g 
one l i t e r of s o i l suspension i s r e c o m ­
mended. 

4. T o avo id a poss ib le decrease i n i t s 
d i spe r s ive ac t ion , i t seems advisable to 
make up f r e s h B solut ions about eve ry 30 
days. 

5. The e f f e c t of B so lu t ion on the 
spec i f i c g r a v i t y of so i l s tes ted was found 
to be i n s i g n i f i c a n t . 

6. The v i s c o s i t y of water i s used as 
that of the suspending m e d i u m on the 
p resen t s tandard methods of mechanica l 
ana lys i s i n comput ing p a r t i c l e d i a m e t e r s . 
A c o r r e c t i o n should be appl ied to the c o m ­
puted d iamete r f o r accura te mechanica l 
ana lys i s r e s u l t s to compensate f o r the 
d i f f e r e n c e between the v i s c o s i t y of water 
and that of the ac tua l suspending m e d i u m . 

7. The suggested method f o r d e t e r m i n ­
i n g the c o r r e c t i o n constant to compensate 
f o r the change i n spec i f i c g r a v i t y of the 
suspending m e d i u m due to the use of a de­
f l o c c u l a t i n g agent appears to be v a l i d . 
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Appendix 
N O M E N C L A T U R E O F SODIUM P O L Y P H O S P H A T E S 

The re i s no u n i v e r s a l l y adopted nomen­
c l a t u r e f o r the sod ium polyphosphates at 
the p resen t t i m e . The f o l l o w i n g i s one 
method of c l a s s i f y i n g the d i f f e r e n t sod ium 
polyphosphates. 

The sodium polyphosphates may be 
c l a s s i f i e d acco rd ing to t h e i r s t r u c t u r e 
in to two groups: the c r y s t a l s and the 
glasses. The c r y s t a l l i n e sodium p o l y ­
phosphates include sod ium metaphos­
phate, sodium pyrophosphate, and sod ium 
t r ipo lyphospha te . The glassy sod ium p o l y ­
phosphates include sodium tetraphosphate, 
sod ium hexametaphosphate, and also 
sod ium metaphosphate. The two names, 
sod ium hexametaphosphate and sod ium 
metaphosphate, a re o f t en used i n t e r ­
changeably. M a n u f a c t u r e r s use t rade 
names (e. g. Calgon, Sodium Polyphos, 
Quadrafos , Metaphos) i n r e f e r r i n g to t h e i r 
glassy sodium polyphosphate p roduc t s . 

As ment ioned, sodium metaphosphate 

can be e i ther c r y s t a l l i n e o r glassy. D i f ­
f e r e n t v a r i e t i e s of t h i s c h e m i c a l a r e a v a i l ­
able f r o m c h e m i c a l supply companies . 
The compl i ca t ed p r o p e r t i e s of t h i s group 
of "hemica l s were d iscussed by Thorne 
and Rober t s (9) as f o l l o w s : 

"Metaphosphor ic ac id , HPO3, and i t s 
sal ts possess the mos t compl i ca t ed p r o p ­
e r t i e s of a l l the acids of phosphorus , be ­
cause, on the one hand, they have a s t rong 
tendency to p o l y m e r i z e , when v a r i e d 
p roduc t s of h igh m o l e c u l a r weight can be 
f o r m e d , w h i l e , on the other hand, these 
p roduc t s show i s o m e r i s m through d i f ­
f e r e n t a r rangements w i t h i n the i n d i v i d u a l 
molecu les , so that v a r y i n g cons t i tu t ions 
may appear w i t h the same m o l e c u l a r c o m ­
p l e x i t y . The r e l a t i o n s of the metaphos-
phates a re s t i l l so confused, i n spi te of 
numerous inves t iga t ions , that the p r a c t i c e 
of g i v i n g de f in i t e f o r m u l a e f o r the p roduc t s 
mus t be given up f o r the p r e s e n t . " 



Rapid Methods for Determining 
Liquid Limits of Soils 
FRANK R. OLMSTEAD and CLEMENT M. JOHNSTON, 
Highway Physical Research Engineers, 
Bureau of Public Roads, Physical Research Branch 

Engineers responsible for the routine testing of large numbers of soil samples 
for highway construction and maintenance need rapid methods for testing. In 
this study, two simplified methods of determining the liquid l imit of soil are 
compared with the standard method to indicate their reliability and accuracy. 
Both are one-run methods, i . e., require a single determination of moisture 
and number of blows for groove closure to calculate the liquid limit. The meth­
ods discussed—(1) a so-called chart method developed by the Washington State 
Highway Department and (2) a modification of the chart method by use of a slide 
rule—have been compared for a wide range of soils found in many of the states. 
Both of these methods are rapid and reduce the time normally required for test­
ing as much as 30 to 70 percent. They were found to have good reproducibility 
and to have sufficient accuracy, within limits, to be acceptable as alternate test 
procedures for the standard method used for the determination of the liquid-
limit constant. 

• IN 1926 the lower liquid limit, developed 
by Albert Atterberg,' and described in the 
International Reports on Pedology, 1911, 
was suggested as one of the soil constants 
that could be used to evaluate a soil as a 
road-building material. 

This soil constant is now widely used by 
highway and airport engineers to evaluate 
soils for use assubgrade, base course, and 
embankment material. High liquid limits 
usually indicate heavy clays and low values 
indicate friable soils, silts, and clayey 
sands. 

The lower liquid limit, now known as 
the liquid limit, is defined as the percent 
of moisture, based upon the dry weight of 
soil, at which a soil will just begin to flow 
when jarred slightly, and according to this 
definition, soils at their liquid limit have a 
small but definite shear resistance which 
can be overcome by the application of very-
little force. The cohesion of the soil-water 
mixture at the liquid limit is practically 
zero. 

The determination of this soil constant 
as originally proposed was made by a hand 
method. In this method, the operator ad­
justed the moisture content by tr ial and er­
ror until exactly 10 blows closed a standard 
width groove made in the soil sample. The 
moisture content for this groove closure 

' Adaptation of Atterberg Plasticity Tests for Subgrade Soils, 
by A M Wintermyer, PUBLIC ROADS, Vol 7, No 6, Aug 
1926 

was taken as the liquid limit of the soil. 
This method required considerable skill 
and judgment by the operator to obtain 
duplicate test results. 

As soil testing became more widely 
used, the need for a more practical test 
procedure became apparent and a mech­
anical device^ was developed which elimi­
nated personal judgment in estimating the 
intensity of the blows which cause closure 
of the groove. Although the liquid limit 
machine was found to give good repro­
ducibility of results and has been adopted 
as a standard test procedure', it requires 
more time than the hand method. 

For example, the standard method re­
quired that three random trials be made, 
each at a different moisture content and 
number of blows; that the percent moisture 
and number of blows be plotted on semilog 
paper and a flow curve drawn; and that the 
liquid limit be taken as the moisture content 
corresponding to the point where the flow 
curve intersects the 25-blow line. This 
procedure has less probable error than a 
single determination by the hand method and 
the machine can be used by operators of 
less skill, but the additional trials, weigh-
^ Research on the Atterberg Limits of Soils, by Arthur Casa-
grande, PUBLIC ROADS, Vol 13, No 8, Oct 1932. 

'standard Method of Determining the Liquid Limit of Soils, 
AASHO Designation T89-49, Part II, Standard Specifications 
for Highway Materials and Methods of Sampling and Testing, 
published by The American Association of State Highway Of­
ficials, 1990 
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Figure 1. Re lat ion between slope of typ ica l flow curves and 
l iqu id l i m i t . 

ings, and computations require consider­
ably more time than that required by skilled 
operators familiar with the use of the one-
point hand method. 

It I S reasonable toe^ect that engineers 
responsible for routine testing of soils 
would be reluctant to accept a longer test 
procedure without carefully examining the 
method to determine if modifications could 
be made which would permit more rapid 
testing of soils. 

One of the f i r s t modifications to be tried 
was the use of the mechanical liquid-limit 
device to furnish the standardforce used in 
the hand method. This was accomplished 
by adjusting the soil- water consistency by 
a trial-and-error method until exactly 
25 blows by the liquid-limit machine closed 
the standard-width groove. 

This modification of the machine meth­
od, usually referred to as the "moisture-
adjustment method, " can be developed into 
an accurate rapid method by skilled oper­
ators if calibrated with the standard meth­

od, and it can be used effectively to reduce 
the time required for the determination of i 
the liquid limit of a soil. However, it is 
difficult for ine;q}erienced or less-skilled 

TABLE 1 
COMPARISON OF DEVIATIONS IN VALUES OF LIQUID 
LIMIT OBTAINED BY THE COOPER AND JOHNSON CHART 

Range in 
deviations^ 

OriKinal Chart Method̂  Revised Chart Method̂  Range in 
deviations^ * tests % total Cum % # tests « total Cum % 

0 4 6 6 B 9 9 
0 1 - 0 5 28 38 44 41 48 57 
0 6 - 1 0 19 26 70 26 31 88 
1 1 - 1 5 6 8 78 7 8 96 
1 6-2.0 6 8 86 3 4 100 
2 1 - 2 S 6 8 94 _ _ _ 

2 6 - 3. 0 1 1 95 _ _ _ 

3 1 - 3. 5 2 3 98 _ _ 

3 6 - 4 0 0 0 98 _ _ 

over 4 0 2 2 100 - - -
Total 74 100 85 100 

""v--^^^^ i c s L c u , Wire 1.U1UU111 uxuws anu ine 
other by the standard test procedure used in the laboratory 

*" Deviations + from the value of liquid limit determined by 
test 
Chart (Fig 1) based on groove closure within range of 15 
to 40 blows 
Chart (Fig 2) based on groove closure within range of 17 
to 36 blows 
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Figure 2. Chart developed by Washington State Highway Depart­
ment for the calculation of the l iquid l imi t . 

operators to adjust the consistency of the 
soil- water mixture to obtain groove closure 
at exactly 25 blows. 

CHART METHOD FOR DETERMINING 
LIQUID LIMIT 

A rapid method for determining the 
liquid limit has been devisedby Cooper and 
Johnson, of the Washington State Highway 
Department, * for the routine testing of 
soils in their laboratory. It is called the 
"chart method" and is based upon the re­
lation between the slopes of flow curves 
obtained for soils with different liquid-
limit test values. 

Cooper and Johnson observed, m their 
initial study of soils taken from various 
*A Rapid Method of Oetermining the Liquid Limit of Soils, by 
John H Cooper and Kenneth A Johnson, Materials Laboratory 
Report No 83 March 1950, Washington State Highway Depart­
ment 

parts of Washington, that the flow index 
computed from the flow curves obtained 
by the Standard AASHO Method of Test 
increased uniformly with the liquid limit 
of the soils. From these data, six typical 
flow curves, A through F, shown in Fig­
ure 1, were developed. 

Cooper and Johnson established the 
validity of the six typical curves by plot­
ting the number of blows and moisture con­
tents for single points representing random 
trial runs on each of 27 different soils. In 
this series of tests, the number of blows 
for groove closure was varied within a 
range of 15 to 40. The liquid limit was 
determined for each soil by drawing a line 
through the plotted point, which is parallel 
to the nearest typical flow curve (A through 
F) and recording as the liquid limit, the 
moisture content at the intersection of 
this line with the 25-blow line. 
' Flow index is the range in moisture content represented by 
the number of blows or shocks in one cycle of the logarithmic 
scale of a flow curve 
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TABLE 2 
FREQUENCIES OF DIFFERENT SIZE DEVIATIONS OF 
CHART AND SLIDE RULE LIQUID LIMITS FROM THOSE 

BY THE STANDARD AASHO METHOD 

Deviation Frequency of 
Range of Number of from deviations 
liquid one-point tests Standard Slide 
limit LLa Chart'' rulfi*̂  

Percent Percent 
(1) (2) (3)" (4) (5) 

15 - 25 171 0 76 6 84 8 
1 23 4 15.2 
2 0 0 
0 76 1 77 0 
1 23.4 23 0 

26 - 40 209 2 0 5 0 0 
3 0 0 
0 69 0 70 6 
1 27.1 27 9 

41 - 55 129 2 3 9 1 6 
3 0 0 
0 58 6 58 6 
1 40.2 40 2 

56 - 70 82 2 1 2 1 2 
3 0 0 
0 44.7 45.7 
1 47 9 48.9 

71 - 85 94 2 7 4 5 3 
3 0 0 
0 39.2 35 2 
1 37.8 43.2 

86 - 1004- 74 2 20 2 18.9 
3 2.7 2 7 
4 0 0 

Total No. 
of tests 759 

" Determined by AASHO Standard Method T 89-49 
Determined by the Washington State Highway Dept Chart 
Method 

^ Determined by the Bureau of Public Roads Slide Rule 
Method 

"* Liquid limit values are reported to the nearest whole num­
ber, therefore, deviations from the standard values within 
the ranges of 1:(0 to 0.49), t(0 50 to 1 49), 1(1 50 to 2.49), 
+(2. 50 to 3.49), and ±(3 50 to 4.49) are grouped under the 
nearest values of 0, 1, 2, 3, and 4, respectively. 

These values were compared with the 
liquid limit determined by the standard 
laboratory method and good agreement 
was found between the computed values 
obtained by this chart method and those 
determined by the standard test procedure. 

Cooper and Johnson made a further 
simplification of the chart method by sub­
dividing the original chart to show typical 
flow curves for each percentage of mois­
ture so that any point selected from a 
single moisture content and corresponding 
number of blows for groove closure could 
be projected visually to the 25-blow line 
to obtain the liquid limit. 

This improved chart, shown in Figure 
2, was checked by Cooper and Johnson 
by using 84 duplicate tests of 73 soil 
samples. In each case, the liquid limit 
was determined by the "moisture-adjust­
ment method" and by the chart method. This 

comparison between the two methods of 
test showed that discrepancies ranged from 
0.0 to 1.8 percentage points. However, 
because of the low frequency of errors in 
excess of 1.0 percent, they considered 
the accuracy of the chart method adequate 
for soil-classification purposes. They 
pointed out that two separate closures of 
the soil-water mixture should be observed 
to check its consistency before selecting 
a moisture sample for the determination 
of the liquid limit by this revised chart 
method. It was their opinion that the 
operator should, after completing the 
second closure, be sufficiently familiar 
with the flow characteristics of the mate­
rial to detect any erroneous results. 

Although this method is used in their 
routine identification and classification 
of soils. Cooper and Johnson recom­
mend that i t should not be used for the 
acceptance or rejection of materials which 
have borderline values of liquid limit or 
plasticity index. In these cases, they 
recommend the use of the standard me­
chanical method (AASHO Designation T 
89-49). 

The results of a statistical analysis 
of the basic data made by Cooper and 
Johnson in the preparation of their original 
and revised chart methods are shown m 
Table 1. These data show that the re­
duction from tlie 15-to-40 to the 17-to-36 
range m the number of blows for groove 
closure increased the accuracy of the 
chart method. The maximum deviation in 
the revised chart method for the i7-to-
36 blow range was two points. For 88 per­
cent of the tests, the deviation was less 
than one as compared to 70 percent for the 
15-to-40 range. 

TABLE 3 
VALUES OF THE DENOMINATOR OF EQUATION 1 COR­
RESPONDING TO THE NUMBER OF BLOWS REQUIRED 
FOR GROOVE CLOSURE IN THE LIQUID LIMIT TEST 

S 
Blows 1 419 - 0 3 log S^ 

S 
Blows 1 419 - 0. 3 log Ŝ  

15 1 066 28 0 985 
16 1 059 29 0. 980 
17 1 050 30 0 976 
18 1.043 31 0 972 
19 1 036 32 0 968 
20 1 029 33 0 964 
21 1 023 34 0 960 
22 1.017 35 0 956 
23 1 Oil 36 0 952 
24 1 005 37 0 948 
25 1.000 38 0 945 
26 0 995 39 0 942 
27 0 990 40 0 939 
Value of the denominator of Equation 1 
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Figure 3. Map showing the number of s o i l samples from various 
areas used by the Bureau of Public Roads in testing the re lat ion 
between the one-point l i q u i d l i m i t tests and the standard AASHO 
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CHART METHOD INVESTIGATED AND 
COMPARED WITH STANDARD METHOD 

Since only soils from Washington had 
been studied by Cooper and Johnson, and 
the moisture-adjustment method was the 
yardstick of comparison, the Bureau of 
Public Roads widened the scope of their 
investigation by checking the new method 
against the standard method of liquid limit 
(AASHO Designation T 89-49) for 364 soil 
samples selected to represent soils from 
all sections of the United States. Figure 
3 shows the areas from which these sam­
ples were obtamed. The soils selected 
have liquid limits ranging from 15 to 104. 

Data for checking the accuracy of the 
chart method were taken from laboratory 
records and two points with the highest 
and lowest number of blows were selected 
from each standard flow curve for each of 
the 364 soil samples. The moisture con­
tents corresponding to these two numbers 
of blows for these two points were used 
for calculating the liquid limit from the 
revised chart. 

To compare the accuracy of these results 
with those obtained by the standard test 
method, the data were subdivided accord­
ing to their liquid limit values into six 
groups. The f i rs t group was terminated 
at 25 since it is the maximum liquid limit 
allowed for base course materials by the 
standard specifications of AASHO, and it 
I S also the upper limit for A-1 soils in the 
AASHO system of soil classification. ° 

The second group was terminated at 40, 
the maximum liquid limit for A-4 and A-6 
soil groups in the AASHO system of soil 
classification. The liquid limit values 
above 40 were arbitrarily subdivided into 
four 15-point ranges. A tabulation of the 
deviations of 759 liquid-limit values cal­
culated by the chart method from those 
determined by the Standard AASHO Machine 
Method I S shown in Table 2. Since the 
groups do not contain the same number of 
tests, the frequencies of the deviations, 
Column 4, are expressed in the form of 
percentages to facilitate comparisons. 

These data obtained for 364 soil sam­
ples tested by the Bureau of Public Roads 
show a range in deviations from the stand­
ard values of 0. 0 to about 2. 0. This range 
'The Classification of Soils and Soil-Aggregate Mixtures for 
Highway Construction Purposes, AASHO Designation M 145-
49, Part I, Standard Specifications for Highway Materials and 
Methods of Sampling and Testing, 6th Edition 1950, published 
by the American Association of State Highway Officials 

of deviations compares quite favorably 
with the range 0 to 1. 8 reported by Cooper 
and Johnson for test data obtained for 
73 soil samples taken from Washington. 

SLIDE-RULE METHOD DEVELOPED 
The preceding investigation of the ac­

curacy of the chart method for calcula­
tion of the liquid limit suggested the pos­
sibility of eliminating the use of the chart 
by the development of a special scale 
which could be inscribed on a slide rule. 

This was accomplished by deriving an 
equation for the family of typical curves 
used by Cooper and Johnson in the prep­
aration of their chart. A study of the 
typical curves in Figure 1, indicated a 
point of convergence near the zero-mois-
ture-content axis, and while i t would be 
possible to derive an equation for such a 
family of curves, the problem was simpli­
fied by arbitrarily moving the point of 
convergence to the zero axis. This point 
is so far from the 25-blow line that the 
consequent changes in the slopes of the 
flow curves are negligible within the 17-
to-36 blow range used. The formula de­
rived for this new family of curves is: 

LL W 
1. 419 - 0.3 logs (1) 

where 
LL= liquid liniit 
S = number of blows (or shocks) required 

to close groove 
W = percent moisture contained by the 

soil when S-blows close the groove 
The use of this formula is facilitated 

by computing a table of the denominator 
(1. 419 - 0.3 log S) for different values of 
S. The data in Table 3 show values of this 
denominator for values of S and the liquid 
limit for any moisture content at groove 
closure between 15 and 40 blows is ob­
tained by dividing the percent moisture 
by the value of the denomination in Table 
3 corresponding to the number of blows re­
quired to close the groove. 

A more-convenient methodfor using the 
data in Table 3 is to inscribe a special 
scale in the blank space below the B scale 
of a slide rule to indicate the number of 
blows required for groove closure cor­
responding to the values of the denominator 
of Equation 1. 

Figure 4a shows a section of a 20-inch 



33 

polyphase slide rule with this special 
scale inscribed for the number of blows 
between 15 and 40. A study of this special 
scale with respect to the normal B scale 
of the slide rule shows that it is constructed 
by making a mark in the blank section lo­
cated below the B scale of the slide rule 
for each value of the denominator of 

COMPARISON OF THE SLIDE RULE AND 
CHART METHOD 

The reproducibility of the slide-rule 
method was checked against the standard 
method for the same data that were used 
to check the revised chart method de­
veloped by Cooper and Johnson (see Table 
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Figure 5. Percentage of chart and s l ide-rule tests deviating from 
the AASIIO standard l i q u i d l i m i t by 0, ±1, ±2 or more, in s i x 
ranges of l iqu id l i m i t . ( A l l tests made between 17 and 36 blows 

and l iquid l imi t values reported in whole numbers). 

Equation 1. For example, the 20-blow 
mark on the special scale corresponds to 
a B-scale reading of 1.029, the 25-blow 
mark to a value of 1. 000 (the midpoint of 
the B scaje) the 30-blow mark reading of 
0.976, etc. 

The calculation of the liquid limit by 
the slide-rule method is easily made by 
setting the indicator line over the per­
cent of moisture found in the soil pat on 
the A scale of the slide rule and adjusting 
the special scale until the corresponding 
number of blows coincides with the indicator 
line. With this setting of the slide rule, 
the liquid limit is read on the A scale 
above the end index of the B scale, or on 
the A scale directly above the 25-blow 
mark on the special scale. 

In the example, shown in Figure 4b, 20 
blows were required to close the groove and 
the corresponding moisture content was 
21.4 percent. The calculated liquid limit 
shown above the end index of the B scale, 
on the A scale, is 20. 8. 

2, Column 4). The percentage frequency 
for the same deviations, Column 3, is 
shown in Column 5, Table 2, so that com­
parisons can be made with the chart meth­
od. Figure 5 shows the comparison of the 
accuracy of the slide rule and the revised 
chart methods in the form of a bar graph 
for the ranges of liquid limits selected 
for this study. The number of tests de­
viating by ±0, tl, and +2 from the liquid 
limits determined by the standard method 
I S expressed on a percentage basis to 
facilitate the comparison of the accuracy 
of the two methods. 

It is shown by these comparisons that 
within the range of liquid limits most gen­
erally encountered, the chart and slide-
rule methods may deviate from correct 
values by as much as 2 percentage points. 
Therefore i t is concluded that dependence 
should not be placed on results obtained by 
the chart or slide-rule methods for the 
acceptance or rejection of materials when 
the liquid limit as determined by either of 
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these methods is within 2 percentage points 
of the specification limits. 

The data in Figure 5 show that for the 
liquid limit range of 15 to 40, over 75 
percent of the calculated values for both 
methods are within i l point and practically 
all are within t2 points of the values de­
termined by the standard test procedure. 

.However, for the acceptance or re­
jection of soil-aggregate materials based on 
a specification having a maximum liquid 
limit of 25, a deviation of +0. 5 from that 
value, or 2 percent of 25, is the maximum 
that can be permitted. In order to pro­
vide this accuracy, the one-point method 
needed further improvement. It was 
thought that this could be accomplished if 
the range of blows for groove closure was 
decreased. 

ACCURACY OF METHODS IMPROVED 
BY NARROWING THE RANGE IN BLOWS 

A statistical analysis was made of the 
test data to determine the range in num­
ber of blows for groove closure which 
would give results withm 2 percent of 
those obtained by the standard AASHO 
method. The results of this analysis are 
shown in Table 4 and a study of these data 
indicates that the desired level of accuracy 
can be accomplished by narrowing the 
range of the acceptable number of blows 
for groove closure from a range from 
17 to 36 to a range from 22 to 28. 

Three ranges in number of blows for 

groove closure 29 to 35, 22 to 28, and 17 
to 21 are indicated in Column 1 of Table 4 
to show the reproducibility obtained by 
chart and slide rule methods for six ranges 
in liquid limit. Column 2. The number of 
tests studied in each of these ranges is 
shown in Column 3. 

To facilitate comparison of the accuracy 
of the methods for each of the three ranges 
in blows for groove closure, the number 
of cases having less than the indicated 
deviations is expressed on a percentage 
basis for each of the six ranges in liquid 
limit. 

Within each of the ranges of liquid limit, 
the number of cases having less than each 
consecutive larger deviation is expressed 
on a cumulative percentage basis. For 
example, under the chart method for 29 
to 35-blowrange, Column 1 of Table 4, and 
a liquid limit range of 15 to 25, Column 2, 
the percentages of test results deviating 
less than 0. 3, 0. 5, 0.8, 1.1, 1. 4, 1. 7 
and 2. 0+ from the true values, (see Col­
umns 4, 5, 6, 7, 8, 9 and 10 of Table 4) 
are 42, 74, 90, 100, 100, 100 and 100, 
respectively. The underlined values of 
42 and 74 are the percentages of test re­
sults deviating less than 0.3 and 0. 5, and 
are within 2 percent of the maximum and 
minimum values of liquid-limit range of 15 
to 25. Similarly, other comparative values 
for any designated range in number of blows 
or liquid limits can be determined for 
either the chart or slide-rule methods. 

A study of these comparative data in 

TABLE 4 
COMPARISON OF ACCURACY OF CHAUT AND SLIDE RULE METHODS 

Range of Frequency deviations from std test values in cum percentages 
blows Liquid No Chart Method Slide Rule Method 
for limit of Deviations + Deviations t 

LL tests ranees tests 3- 5- 8 1 1- 1 4- 1 7- 2 0+ 3- 5- 8- 1 1- 1 4- 1.7- 2 0-f 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) 

15-25 31 42 74 90 100 100 100 100 81 97 100 100 100 100 100 

29-35 
26-40 37 51 84 95 100 100 100 100 65 61 100 100 100 100 100 

29-35 41-55 37 38 54 6i 97 100 100 100 43 li 05 100 100 100 100 
56-70 22 32 41 86 96 96 100 100 23 50 86 100 100 100 100 
71-85 31 23 29 61 81 90 97 100 23 36 74 it 07 97 100 
86-100-(- 20 15 25 30 40 6b Ob 100 20 25 35 so 70 8b 100 
15-25 34 88 100 100 100 100 100 100 91 100 100 100 100 100 100 

!2-28 
26-40 27 8S lOO 100 100 100 100 100 03 106 100 100 100 100 100 !2-28 41-55 23 65 Si 106 100 100 100 100 65 06 166 100 100 100 100 
56-70 13 62 92 106 100 100 100 100 69 92 lOO 100 100 100 100 
71-85 28 68 82 96 96 100 100 100 82 96 100 106 100 100 100 
86-100+ 20 30 45 85 85 05 lOo 100 35 45 70 85 05 100 100 
15-25 37 51 81 97 97 100 100 100 73 95 97 100 100 100 100 

7-21 
26-40 43 S6 tl 100 100 100 100 100 5S 84 98 100 100 100 100 7-21 41-55 25 52 6b 88 96 100 100 100 40 68 ' 84 88 96 100 100 
56-70 22 36 50 li 91 100 100 100 36 50 68 82 91 100 100 
71-85 29 38 41 66 86 •• 03 93 100 38 59 69 00 93 93 100 
86-100+ 22 9 23 41 50 64 73 100 9 18 36 46 55— SO 100 

range shown m Column 2. 
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Table 4 clearly shows that the greatest 
degree of accuracy for both methods is ob­
tained in the 22-to-28-blow range and the 
least accuracy occurs in the 17-to-21 blow 
range. Within the 22-to-28 blow range 
there are no test values (see underlined 
results in Table 4) calculated by either 
the chart or the slide-rule methods which 
exceed the maximum deviations based 
upon 2 percent limit of error in the liquid-
limit values determined by the standard 
AASHO method. The only exception was 
the deviation of less than 0. 3, which is 2 
percent of the minimum value (15) in the 
15-to-25 liquid-limit range, which shows 
88 percent for the chart and 91 percent 
for the slide-rule methods. However, 
this is insignificant, since it is the usual 
practice to report the liquid-limit value 
to the nearest whole number. For this 
reason, the 22-to-28-blow range was 
selected as the limits to be used to obtain 
test results meeting the tolerance spec­
ified. 

SUMMARY 
Thus, on the basis of the data obtained 

in this investigation, both the chart and 
slide-rule methods should be acceptable 

as alternates for the standard methods, 
provided: (1) procedure for the prepara­
tion of the soil pat for test be that pre­
scribed for the standard method, (2) the 
acceptable number of blows for groove 
closure be within the22-to-28 blow range, 
and (3) at least two consecutive closures 
be observed before selecting the moisture 
sample for calculation of the liquid limit. 

Under these conditions, the results of 
the slide-rule method have been consist­
ently checked with those obtained by the 
AASHO Standard Method in the Bureau of 
Public Roads Soils laboratory for more 
than 2 years. There appears to be no dif­
ficulty for technicians in the adjustment of 
the consistency within the 22-to-28 blow 
range. 

It I S suggested that other laboratories 
make similar comparative check studies, 
using local soils, to determine whether 
the accuracy of this improved one-point 
method of calculation can be established 
for a range of conditions wider than those 
included in this study. If comparable ac­
curacy is obtained by these proposed check 
tests, it would warrant the use of this 
method as a standard AASHO and ASTM 
method. 

Discussion 
ROGER V. LeCLERC, Senior Materials 
Engineer, Washington Department of High­
ways — The one-shot method of liquid-limit 
determination, as described in the Wash­
ington Highway Department Laboratory 
Report 83, "A Rapid Method of Determin­
ing the Liquid Limit of Soils," by Cooper 
and Johnson, has beenused in routine test­
ing in our laboratory for approximately 4 
years. It is not used as a basis of accept­
ance or rejection of materials, the me­
chanical method of ASTM Designation D423 
being used in these cases. We find that 
the rapid method is quite acceptable for 
classification purposes and that i t promotes 
an appreciable saving in time. 

For quite some time it had been our 
contention that it would be possible to 
convert the chart developed by Cooper and 
Johnson into an equation which could be 
solved by means of a slide rule. The 
paper by Olmstead and Johnston has ably 
demonstrated that this is so and, also, 
that the one-shot method of liquid-limit 
determination is applicable to soils else­

where throughout the United States. The 
equation that they have developed to rep -
resent the relationship between flow curves 
and liquid limits and their suggestion for 
converting an ordinary slide rule into a 
liquid-limit slide rule are most commend­
able. 

Some investigation along similar lines 
was begun in our laboratory in the spring 
of 1953, but the investigation was short­
lived, due to the press of an extra-heavy 
work load and did not, therefore, proceed 
to any conclusion. The results of our 
minor investigation and comments are 
offered for whatever worth they may be m 
supplementing the work so ably presented 
by the authors. 

The work done m our laboratory was 
primarily a re-analysis of data presented 
in our Laboratory Report 83, the report 
by Cooper and Johnson, in an attempt to 
find an equation for the chart. No new 
data were involved. Our f i rs t efforts in­
dicated two possible approaches. The 
following equation was developed from 
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that approach which appeared more ac­
curately to f i t the data: 

(LL - 10) (W - 10) 
1. 48 - . 343 log S 

The terminology is the same as given in the 
paper by Olmstead and Johnston. This 
equation would argue that the curves as 
presented in the chart tend to converge at 
the lO-percent-moisture-content line. It 
was at this point that our work had to be 
abandoned with only a cursory attempt to 
check the accuracy of the equation. 

After receipt of the authors' paper, 
curiosity led us to follow through on the 
second possibility for an equation. We 
found that the equation which developed 
from this latter approach was identical 
with that developed by the authors. It is 
quite apparent that we were somewhat 
amiss in our evaluation of which approach 
would give the better results. 

It might be pointed out that work of a 
similar nature on the liquid l imit deter­
mination has been reported by the Corps 
of Engineers, U. S. Army, Waterways 
Experiment Station at Vicksburg, Miss­
issippi, in their Technical Memorandum 
3-286, entitled "Simplification of the 
Liquid Limit Test Procedure." They, too, 
developed an equation which was based on 
the fact that a logarithmic plot of moisture 
content versus number of blows in the 
liquid-limit test produced flow curves 
with approximately the same slope, at 
least within a limited range of blows. 
They stated that their equation, which is 
shown below, was considered strictly ap­
plicable only to those soils which they 
tested (inorganic clays from the Alluvial 
Valley of the Mississippi River and the 
East and West Gulf Coastal Plains). 

LL = W (S/25) 0. 121 (B) 
The terminology, once again, is that used 
by the authors in their paper. 

Analysis of the liquid l imit data con­
tained in the report by Cooper and Johnson 
in a manner similar to that used by the 
Army Engineers showed that their liquid 
limit chart may also be represented quite 
closely by the equation: 

LL = W (S/25)''-0. 130 (C) 
Within a 17-to-36 range in the number 

of blows, the above equation and that of the 
authors give close results. Both of these 
equations may easily be converted to slide-

rule form in the manner demonstrated by 
Olmstead and Johnston. We found that a 
10-inch polyphase duplex slide rule with 
the special scale inscribed below the folded 
C scale (CF) works well. The C, D, CF, 
and DF scales are used and the accuracy 
should be comparable to that of the A and 
B scales on the 20-inch slide rule used by 
the authors. 

A comparison of deviations in values 
of the liquid limit as determined by the 
chart method, by the authors' equation, 
and by Equations A and C given previously 
shows no significant difference in accuracy 
for a range of blows between 17 and 36 
when applied to data on Washington soils. 
We would be curious to know if this same 
comparison of accuracy would prevail 
on a wider range of soils. 

In conclusion, we feel that Olmstead and 
Johnston have contributed greatly to sim­
plifying the routine task of liquid l imit 
determination in soils testing. The data 
they have presented should provide the im­
petus for further substantiation of their 
conclusions and the eventualuseof a rapid 
method as a standard for the determination 
of the liquid limit of soils. 

W.J. EDEN, Division of Building Research, 
National Research Council, Ottawa, Can­
ada — The authors are to be commended 
in their effort to summarize the results of 
liquid-limit determination of soils in the 
United States. Perhaps it would be of 
interest to add to the data presented, the 
results of 150 tests on two Canadian soils. 
The two soils in question are the "Leda" 
clay, a marine clay, which occurs in the 
vicinity of Ottawa, and varved clay occur­
ring at Steep Rock Lake in northwestern 
Ontario. 

The data were originally treated in the 
manner suggested by the U. S. Army Corps 
of Engineers, Waterways Ejqieriment 
Station. Briefly, this method assumes 
that (1) flow lines plotted on logarithmic 
paper wil l be straight lines and (2) soils 
of the same geological origin will have a 
constant flow lines slope. With these as­
sumptions, the flow line may be expressed 
by the equation: 

tanB 
L. L. 

where: 
N = 

Wn = 
no. of blows 
water content at N blows 
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TABLE A 

Soil Type and Location No of Tests Tan B 

Leda Clay — Ottawa, Canada 100 0 1003 

Dark Laminae, varved clay — Steep 
Rock Lake, Ontario, Canada 31 0.1400 

Light Laminae, varved clay - Steep 
Rock Lake, Ontario, Canada 19 0 0982 

Average for Three Canadian Soils 150 0 1082 
Alluvial and Coastal Soils — Southern 

USA (Reported by Vicksburg Water­
ways Exp Station) 767 0.121 

Soils from Various Locations in USA 
(Reported by Olmstead) 759 0.1351 

TABLE B 
DATA WITHIN RANGE OF TAN B 

Soil Type TanB 
Standard 
Deviation 

+ 6 

% of ToUl 
Observations Within 

TanB ± 6 

Leda Clay 0 1003 .0516 82% 

Dark Laminae 
74% — Varved Clay 0 1400 0404 74% 

Light Laminae 
84% — Varved Clay 0 0982 0265 84% 

Average 0 1082 0497 78% 

tan B = slope of the flow line when plotted 
on logarithmic paper 

At any particular number of blows N, the 
equation may be expressed as L. L. = Wn 
X K. This is a reciprocal relation to the 
equation e;q)ressed by the authors. 

, , Wn Wn 
' 1.419 - 0.3 log N ~ K 

Data for 100 tests on Leda clay, 31 tests 
on the dark laminae of varved clay, and 
19 tests on the light laminae of varved 
clay were collected, and values of tan B 
shown in Table A were computed. 

As can be seen from the values of tan 
B, the values obtained are close. In the 
writer's opinion, the geological origin of 
the soil need not be considered, because it 
was found in the analysis, that the varia­
tion in values of tan B for soils of any 
particular geological formation was greater 
than the variations shown m Table A. 

To show the errors inherent in this 
method, take for example a soil with a 
water content of 50 percent at 20 blows. 
If the liquid limit is calculated using the 
various values of tan B shown in Table A, 
the results are as follows: 

Tan B 
O 0 0 3 
0. 1400 
0. 0982 
0.1082 
0. 1210 
0.1351 

L. L. 
4 0 
48.4 
48.9 
48.8 
48.7 
48.7 

In conclusion, the writer suggests that 
the rapid methods for determining liquid 
limit are sufficiently accurate for all but 
special correlative purposes, certainly 
for classification purposes. Before a 
one-point method is adopted, i t would be 
well as suggested by the authors, to 
make an effort to collect existing data in 
order to arrive at a truly representative 
value of tan B or other constant. In this 
regard, since the authors have already 
done so much toward this to date, the ef­
fort towards standardization of the method 
could well be sponsored by the Bureau of 
Public Roads. 

F. R. OLMSTEAD and C. M. JOHNSTON, 
Closure — It is gratifying to note (from 
information on the three Canadian soils) 
that all SIX of the liquid-limit values Eden 
used to illustrate the inherent error of the 
method differ from one another by less 
than the tolerance we specified as the max­
imum limit consistent with the reproduci­
bility of the test. 

We have conducted many cooperative 
check tests with a large number of state 
highway laboratories using different soils 
at various times. The results of these 
tests have shown that experienced operators 
working in the same or different lab­
oratories cannot be expected to check 
closer than t2 percent of the liquid limit 
of the soil involved, even when using the 
standard method. Of course, some op­
erators check perfectly, but not every 
time; therefore, the 2-percent rule was 
selected to embrace as large a number of 
operators as possible while stil l main­
taining safe classification of soils for 
highway use. 

Based on this evidence, we feel that a 
search for a more-perfect series of slopes 
for the family of typical flow curves would 
serve no practical purpose, unless we 
find some soils that invariably fal l outside 
the +2-percent limit. 
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