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INTRODUCTION 

The behavior of clays In water has been In¬ 

vestigated by many and found to be largely a colloid 

phenomenon. General reviews are to be found in Weieer^ 

and Alexander.^ references here will be those that have 

direct bearing on this investigation. Among these pro¬ 

perties not the least important is the viscosity, or 

resistance to shear. Since the degree of dispersion is 

the largest factor contributing to the viscosity, it is 

reasonable to expect changes in viscosity to be closely 

associated with changes in the colloidal content. 

Hauser and Reed^ ^ have shown the effect of 

particle size on the viscosity,but sufficient data are 

lacking on what factors influence the change in viscosity 

on stirring. It was suggested by Garrison^ that in the 

case of some clays the high viscosity resulting after 

long stirring was the result of a production of a greater 

number of fine particles. It was decided that the factors 

involved should be studied. 

Three types of time-viscosity relations are 

possible. In the first, no change in viscosity is ob¬ 

served on stirring,* the viscosity-time curve is a flat 

line. The second type is a rapid decrease in viscosity 
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In the first few minutes of stirring; the curve then 

flattens out and no further change Is observed. This 

decrease la reversible on standing; that is, after the 

suspension is allowed to set for a while, the starting 

viscosity is greater than the previous constant value 

but drops in a few minutes to the same value. This has 

been explained as & breaking up of a gel structure which 

sets up on standing. Bentonite is a good example. Fig. 11. 

The third type of viscosity-time relation la 

an increase in viscosity on stirring. If the suspension 

possesses a gel structure,there is an initial decrease 

in the first few minutes, followed by an increase. 

Broughton and Haraty, proposed two types of gel structure 

to account for these relations, k first is Incapable 

of developing in the absence of motion; and a second, 

which can build up when the suspension is at rest. 

The third type of change is the main subject 

of this thesis. Some factors influencing the rate of 

Increase in viscosity on stirring have been studied 

and a possible explanation of the results is presented. 
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EXPERIMENTAL 

The Instrument used in this laboratory to 

measure viscosity is an improved torsion viscosimeter. 

(Figs. 1 & 2). It consists of a monel metal cup which 

is mounted on a vertical wire and in which a hollow, 

monel metal cylinder is rotated by an adjustable-speed 

motor. The cup rests on a metal disc, the edge of which 

is marked in degrees. The torque produced by the resist¬ 

ance of the fluid in the cup can then be read in degrees 

by means of a stationary vernier scale. The rotating 

cylinder is equipped with a stroboscopic disc which is 

marked to give speeds of BOO, 600, k-00, 200, 100, R. P. M. 

when illuminated by a neon lamp on a constant cycle cur¬ 

rent. Thus, by adjusting the speed of the motor, one can 

obtain a constant rate of shearing. 

The essential difference of this instrument 

from other torsion viscometers la in the design of the 

cup. A closed cylinder is soldered inside the cup so 

that the fluid being measured is confined to a small 

space around the rotor. A lid fits over the cup to pre¬ 

vent evaporation and to Insure filling the cup to the 

same level each time. The standard Stormer cup has no 

such fixed cylinder and Is also equipped with two metal 

vanes on the Inside of the cup. This latter cup was 

found to be impracticable for us© with heavy suspensions, 

probably because of a gelling inside the rotating cy¬ 

linder. 
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The instrument ms calibrated with liquids of 

known viscosity. A calibration clmrt was then con¬ 

structed so that degrees could be converted to centi- 

polaes. 

pH values were obtained,by a glass electrode. 

The materials used were Wyoming Bentonite, a 

Texas semi-bentonite, and a Sulf Coast Miocene marine 

shale from y)&$ feat. Wyoming Bentonite, when suspended 

In water, is highly dispersed and a 7$ suspension has a 

pH of about S.6 and a viscosity of about 20 oentlpoises 

at 600 R. P. 1. The Texas semi-bentonite “swellaH to 

a much less extent than Bentonite but to a greater ex¬ 

tent than kaolin. Its pH is about 7.7 for a 20$ sus¬ 

pension which gives a viscosity of about 20 eentipolees 

at 600 R. P. M. 

Ail clay concentrations are expressed in per 

cent by weight. 

Preliminary experiments showed that large dif¬ 

ferences in viscosities resulted when the following 

.factors were varied! the time in contact with vmter, 

the concentration of solid material, the hydrogen ion 

concentration, and the presence of electrolytes. Ex¬ 

periments were then devised in order to find out the 

effect of each factor alone on clay suspensions. The 

effect of temperature was not investigated, but all 

experiments were made at room temperature. 

A. Time of Contact with Water. 

A 20 per cent suspension of Texas Gi&y in 
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water was prepared and samples were removed and stirred 
in the 

at 600 B. P. M/ viscosimeter one hour, two days, and nine 

days after mixing. The degrees of deflection were read 

from the instrument and the time noted. The viscosities 

as obtained from the calibration chart were then plotted 

against the time of stirring. Fig. 3 thus shows the ef¬ 

fect of varying the time of contact with water on the 

Initial viscosity and on the increase in viscosity, all 

other factors, such as concentration, etc., being con- - 

atant. The longer the contact with water, the higher 

the initial viscosity anti the greater the rate of in¬ 

crease with time of stirring. It is evident that the’ 

rate of rise of viscosity is not a single function of the 

energy applied. Equal viscosities represent the 'same 

input of energy per unit of time. 

B. Concentration of Clay. 

In order to determine the effect of concen¬ 

tration of clay on the viscosity, samples of different 

concentration by weight were made and run after they 

had aged the same length of time. Series it consisted 

of two samples of Texas Clay, 20 per cent and 25 per cent 

by weight, Each was stirred in the viscosimeter two 

days after the dry clay had been added to the calculated 

amount of water. The curves of Fig. 4 were obtained by 

plotting the viscosity against the time of stirring. 

The values at the start of the run and the slope of the 

lines chow that the initial viscosity as well as the 
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rate of rise in viscosity is greater the higher the con¬ 

centration. 

A second series, Series B of Fig. h, was de¬ 
signed to show the effect of concentration on the vis¬ 

cosity of shale suspensions which were made alkaline with 

KaOH. 

Weighed amounts of dry shale were .added to 

the correct amounts of water containing the calculated 

amount of sodium hydroxide so that the final mixtures 

consisted of 20^, 25l, 27.5^, and by weight of 

solid shale, each sample containing 31.I milliequivalents 

of sodium hydroxide per 100 grass of dry shale. These 

samples were then run in the viscosimeter thirty minutes 

after mixing. These curves likewise show that higher 

concentrations of solids result; in a greater rate of 

Increase in viscosity on stirring. 

0, Effect of pH. 

The samples of Texas Glay of Fig. 5, Series ■ 

A,were the same age in water but were not the same con¬ 

centration. The clay was aged three weeks in water and 

after the KaOH addition the samples were diluted to give 

the same initial viscosity reading. This was don© In 

order to obtain further evidence that the rate of increase 

was not entirely dependent on the energy put in, and also 

in order to get the viscosity within the range of the 

instrument. Flocculation or gelling was observed when 

the MaOH was added. Thus, sample 1 was more concentrated 
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than sample 2, and 2 than Nevertheless, the curves 

show that an Increase In the pH causes a greater rate of 

rise In viscosity on stirring. 

The Stormer cup was used for Series A, and the 

points did not make a smooth line. When the suspension 

was stirred with a stirring rod while the cylinder was 

rotating, the viscosity dropped. This was taken to mean 

that there was not complete stirring in this cup. This 

effect was not observed In the improved cup. 

In order to determine the effect of pH alone 

on suspensions of the same concentration and the same 

age in water, dry Texas Clay was added to basic solutions 

of LIOH so that the f inal mixtures contained 12/& clay, 

but different amounts of the base. Sample b contained 

14-.S mllliequlv&lents of LiOH per 1G0 grams of clay and 

sample'a contained 31.X milliequlv&lents of LiOH per 100 

grams of clay. After the mixtures had set thirty minutes, 

the pE values {10.25 for- sample 1> and 11.OS for sample SL) 

were measured and the time-viscosity curves were obtained. 

This method of adding the dry clay to'the basic 

solution avoided the flocculation of that part of a wet 

clay which first comes into contact with a strong basic 

solution, when the base is added to a suspension of clay. 

Moreover, the results of this method were believed to re¬ 

present more exactly the true defloceul&ting effect of 

the different amounts of base. 

Fig. therefore, shows that the higher the 
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pH the greater the rate of increase of viscosity on stir¬ 

ring, and also that a drop in pH is associated with the 

shearing. 

£.* Effect of Suspension in the Presence of Various Cations. 

In order to find out the effect of various bases, 

dry Texas Clay was added to equal .volumes of solutions con- • 

taining the calculated amounts of solutions of LiOH, HaOH, 

KOH, and Ba(OH)g (31*1 milli-ecuivalento of base per 100 

grs. clay). After a set of thirty minutes, the pH’s were 

taken and the tirae-viscosity curves obtained, (Fig. S). 

The three factors of time of contact with water, concen- 
a'n d pH 

trationA(about 11..2) were the same in each case. The only 

variable was the cation. The curves show a marked differenceJ 

the initial viscosity and the rate of rise in viscosity are 

in- the order Ba (it (Ha (Li. After a act of twelve hours, 

the samples were run again. The viscosity had dropped 

with the pfi,and the rate of rise was less than before the. 

set. 

It should be noted that after the first stirring 
of 

particularly in the c&se^LlOH, there la an Initial drop 

in viscosity in the first few minutes of stirring, and that 

the time required to obtain a rising curve is longer each 

time the stirring Is resumed after setting. 

A similar series {Sasa&ss«*#, Fig. S) was run on 

Miocene shale and the same order of the alkali metals was 

found. However, the time of set after the first run was 

twenty-four hours. That this longer time of aging affected 
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the slope of the line is shown by the fact that the curves 

for 25^ shale showed practically no increase on the 

first run, but after & set of twenty-four hours,there was 

a rise with time. 

This same effect of aging is probably a factor ' 

in the curves with a twelve hour set, but is less important, 

as shown by the curve for KQH. 
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DISCUSSION Of RESULTS. 

As outlined in the introduction, the three 

time-viscosity curves exhibit, 1} no change, 2} an in¬ 

itial decrease hut & final constant value, J) m ir¬ 

reversible increase sometimes superimposed on an initial 

decrease. A consideration of the factors which cause 

.viscosity will help to explain these changes. 

The viscosity of clay suspensions may he con¬ 

sidered to be the result of the resistance to shear of 

four components. These ares the resistance to shear of 

the medium., the mechanical interference of the volume of 

solids, that of the water or ionic atmosphere surround¬ 

ing the particles, and the resistance of the gel struc¬ 

ture. The- viscosity of the medium is very small and that 

Of the actual volume of solid is constant for any con¬ 

centration. . This is the; velum® used in the Einstein 

eciuatioh.. which docs not hold for concentrated clay eus- 
' . b - 

pensions. It is J1 - / + h <f > where 7® 
is the viscosity of the medium* ^, the apparent vis¬ 

cosity* <p , the proportion of disperse part to the en¬ 

tire volume* and K , a constant. 

The water surrounding the particle gives the 

particle its effective size, but there is no direct way 

of measuring the extent of hydration of a particle sus¬ 

pended in water. 

Except in the case of the bentonitic clays, 
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the resistance to shear caused by the gel structure seems 

by far the largest component. It Is this gel structure 

that gives clay suspensions the property of different 

viscosities at different rates of stirring. 

cosity relation of type 1} represents a system in which 

the rate of destroying & gel structure by stirring is 

equal to the rat© at which a structure is being formed. 

Type 2) shows the same kind of equilibrium value after 

the gel structure which was- formed in the aosenoe of mo¬ 

tion Is destroyed. If equilibrium is approached from a 

higher speed* the viscosity increases until the equili¬ 

brium value is attained. The only difference is these 

two types is In the. time required to reach equilibrium. 

cosity for which the following explanations are appli¬ 

cable . 

1). The mechanical production of smaller 

particles and subsequent increase In electro-viscous 

particles of bentonite give higher viscosities. Hence, 

if one considers the electroviBOGUS effect alone, an 

increase in the number of particles of colloidal size 

would cause a higher viscosity. The effect of the 

radius of the particle on the viscosity is given In 

Therefore it may be assumed that the ■ tlate-vle 

Type 3) exhibits a permanent change in vis. 

Smoluchowski! s ■modification. of the Einstein equation 

for viscosity; for viscosity] 

( 
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where 0 le the dielectric constant-, X , the conducti¬ 

vity,- / , the zeta potential; and the other symbols 
the same as before. 

2) . An increased rate of gel formation during 

stirring. If the rat© of the formation of a gel struc¬ 

ture is increased by stirring, then the apparent vis¬ 

cosity will Increase. This is the explanation used by 

Broughton and Mand^. 

3) . An increased gel strength. As pointed 

out by Hauser and Reed^, the strength of thixotropic gels 

Increases with decreasing particle size, although no de¬ 

finite alignment of particles was observed in the ben¬ 

tonite gels. 

4-). An increase of the hydration of the parti¬ 

cles. Although the water hull theory of Freundllch is 

no longer accepted as the best explanation of a gel 

structure, an Increase in the hydration of a particle 

would result in an Increase in its effective size or 

Einstein volume. 

Sedimentation Experiment. 

In order to obtain evidence that would dis¬ 

tinguish between the above possibilities, a sedimenta¬ 

tion experiment was carried out on two samples of Texas 

Clay. The first sample was shaken with water and aged 

two days, while the other sample was stirred in the vis¬ 

cosimeter for about twenty hours. The latter was diluted 

when necessary as the viscosity reacfaeithe maximum values 
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of the Instrument. The samples were then diluted to 1$. 

If the stirring produced only a higher rat© of gel forma¬ 

tion, the two samples would be expected to settle at the 

same rate. 

The sedimentation experiment was carried out by a 

pipette method similar to those first used by Robinson.,^, 

Krauss11# and Jennings, Thomas and Gardner^. This method 

is considered accurate for particles down to 500 m p In 

diameter, the beginning of the colloidal range. Two pi¬ 

pettes were constructed of glass tubing and rubber stoppers 

were glued on them so that the lengths inserted into the 

test tubes containing the suspensions would be the same. 

The first pipette was used to adjust the liquid to the 

proper height at the beginning and the second (ten cm. 

longer than the first) was used to remove the top layer 

after a certain time. The latter pipette led Into a t&red 

weighing bottle which was partially evacuated by a connec¬ 

tion viith an aspirator. By lowering the pipette slowly and 

letting air enter, one can remove a fraction with very 

little resulting turbulence. 

Test tubes were calibrated by weighing the test 

tubes empty, filled with water to the level allowed by the 

first pipette, and after the 10 cm. pipette had removed the top l*y«n 
Pfoin +Kc Volwn»< of ike. 
Atop layer (removed portion) and that of the residual layer 

were calculated. 

Twelve test tubes were filled to the level of the 
. 'the- 

first pipette by 1$ suspensions ofAstirred and the unstirred 



samples of Texas Clay. After a certain time of settling, 

the top layers were removed by the second pipette. The 

weight of the solid remaining in the top 10 cm. and that 

of the solid in the residual layer was obtained by evapora¬ 

tion and drying at 107-110°C. The weight of solid con¬ 

tained originally in these layers was known from the con¬ 

centration of the suspension and the volume of these layers. 

Hence the per cent settled from 10 cm. in time } t, was 

calculated by dividing the weight lost in the top layer by 

the original weight present. The value of the weight lost 

was checked by the weight gained in the residual layer. 

These values agreed within about one per cent. 

The following equation derived from stokes law is 

generally used to calculate the apparent radius of the 

particle: 

>•’-= i —-- 
a- (d, - <0 %t 

where r is the radius of the particle; h, the height of 

liquid through which the particles settle; the density 

of the solid; d^, the density of the liquid; ^ ( the vis¬ 

cosity of the liquid; g, the gravitational constant; and 

t, the time. 

This equation is true only for spherical particles. 

Since clays are known to be irregularly shaped and usually 

plate-like, the radius obtained by this equation may be 

called an equivalent spherical radius,. It should be pointed 
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out that this sedimentation experiment cannot distinguish 

between a swollen particle and a finely divided one, because 

it is assumed that the density of the particles of all sizes 

Is the same. Hence, we sight term our calculated radius an 

"apparent spherloal equivalent radius". 

A smooth curve resulted when per cent settled was 

plotted against radius and the following table gives the 

per cent by weight in the listed size ranges? 

Size 
Range 

Unstirred 
Cl ay 

Stirred 
Clay 

Difference 

7.0 x ICT4 

cm* 
48.5 41*5 -7.2 

>7.0 x icr11 

t0
 k 

2.5 x icr4 
15.4 13.5 -1*9 

2.5 X 10”^ 
t0 c 

1.0 x lCHP 
7.0 4.1 -2.9 

1.0 x 10~5 
t0 -h 

5*0 x 10 ^ 5.if 4.1 -1.3 

5*0 x io-5 
to ~ 

2*5 -x 10”5 
3.7 4.5 4.6 

<2.5 x 10-5 19.9 32.4 412.5 

Table 1. Particle Size Distribution of 
Texas Clay Before and After 

Stirring. 

The conclusion from this sedimentation experiment 

Is that the increase in viscosity caused by stirring re¬ 

sults from either an increase in the amount of colloidal 

material or an increased hydration of the particles. The 
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latter effect would follow an entrance of water molecules 

between the individual sheets of which the particle is com¬ 

posed or the addition of water molecules to the surface 

film of the particle. Either type of hydration would in¬ 

crease the effective volume of the particle thereby in- 
decveASi^f t&t* of 

creasing the f of Einstein’s equation andA sedimentation. 

This idea of swelling is substantiated by the experiments 

of Bradley, Grim and Clark.** who believed that X-ray studies 
j 

indicated the formation of definite hydrates of bentonite, 

the water molecules entering between the planes of the 

crystal lattice and forcing them apart. 

The former effect, namely the dispersion of rela¬ 

tively large particles, would make the olay more bentonitic. 

That is an increase in the number of small particles v/ould 

result in a higher viscosity by increasing the gel rate or 

gel strength. 

Whichever mechanism is assumed, the results of this 

sedimentation experiment indicate that the increase in vis¬ 

cosity caused by stirring is the result of permanent changes 

which affect the colloidal particles, further evidence is 

to be found in the faot that this rise in viscosity is ir¬ 

reversible on standing and that on stirring in the presence 

of & base, the hydrogen ion concentration increases, indi¬ 

cating <M production of & greater surface on which the ca¬ 

tions may be adsorbed. 

A fairly clear picture can be drawn to describe' 

the mechanism of the behavior of clay in water. The clays 

consist of crystals of aluminum hydrosilicates. X-ray 
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studies on the kaolin group indicate that the crystal is 

se.de up of layers of atoms. Three of the four valence 

bonds of the silicon-oxygen tetr&hedra are linked together 

to form rings in one plane, while the fourth bond is di¬ 

rected outward and is linked to alumina groups In another 

plane. This sheet-like' structure is rigid; that is, the 

Interplsnar bonds of attachment are strong. At the edges 

of these- sheets the broken bonds afford points-of attach¬ 

ment to the cations. These sheets are believed to be 

bound to other sheets according to Baulingn _, and this 

•constitutes the Individual particle. The cations may 

be removed by electrodialysis or may be exchanged with 

other-cations under different conditions. Also the parti¬ 

cle behaves like a weak acid and dissociates to give positive 

ions and the negative particle. Eleotrodl&lyzed clay may 

be titrated, to an end point usually above a pH of 9* 

Natural bentonite is much closer to its neutral point than 

most natural clays. Hauser and Bee&g estimate that clays 

have an equivalent weight of about 1000. 

The large particle of dry clay that is added to 

water must be a large aggregate of these individual parti¬ 

cles, not necessarily oriented in any regular manner. It 

Is probably this aggregate that is split by the water 

molecules. As the particle assumes a negative charge, ions 

are adsorbed and a suspension results. At high concentra¬ 

tions of solid the attraction between the particles is 

sufficient to cause a gel structure. Hence, the more con¬ 

centrated the suspension the more friction there is be¬ 

tween the grains on stirring and a more efficient shearing 
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this frictional effect is shown by the curve ot Fig. 11. 

Sodium hexa-rueta-phosphate in very small Quantifies will 

reduce the gel of a clay suspension as evidenced by the . 

slope of the viscosity - 1/R. f. M. curve^^ without in¬ 

fluencing the intercept of the curve at infinite shear. A 

sedimentation experiment similar to the on© described above 

was carried out or, two portions of aged bentonite, to one 

of which was added 0.01 grs. of sodium hexa-meta-phosphate 

per 100 co. fluid. There was no difference in the rate of 

sedimentation of the two samples, indicating that the salt 

has no effect on the else.or hydration of the particle. . 

When this salt is added to a concentrated suspension of 

the Texas Clay, the rate of increase in viscosity with 

stirring is decreased very markedly. 

The effect of the time of context with water on 

the rise in viscosity with stirring is probably the result 

of further penetration of water molecules with time into 

the clay aggregate. The high deflocculating power of the 

hydroxyl ion is shown by the results in Fig. 5* 

To understand the drop in viscosity withnpH, 

fig. 6, it is necessary to consider the effect of pH -on a 

suspension which exhibits constant viscosity on stirring. 

The effect of adding KaOH to eleotrodialyzed bentonite 

was studied in this laboratory^*and the results show a 

very great increase in viscosity for a email change in pH 

beginning at a pH of about 10.5* This can be attributed 

to a flocculation or gelling as the result of excess elec¬ 

trolyte. This high viscosity in the case of the Ba(0H)2 
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treated clay can be lowered ^ ^xe oreolpiNation of BaCO^ 

and the resulting lowering «{ ^ toy xaeans of GOg. 

To show that elect^y^^g ©ven in flocculating 

concentrations do not entity pP©vent dispersion of clay 

particles, samples of the T^afi 0i&y'a,nd Bentonite, Fig. 7, 

were added dry to a 2 per jCaGL solution to give con¬ 

centrations of 27.5# and l4%0jg respectively. The same 

initial viscosity could be stained in pure water toy a 7/1 

suspension of Bentonite instead of the l4$,&nd toy a 20% 

Texas Olay instead of the 27.3$.' Nevertheless, an increase 

in viscosity is observed on stirring, indicating dispersion 

of the clay aggregates. 

With these facta in mind one might interpret, 

for example, the L10H curve of Fig. 6 as follows! 

The rapid rise in viscosity on stirring is the result of 

dispersion of the particles toy the high deflocoulatlng 

power of the hydroxyl ion and also of a gelation due to 

the excess electrolyte. After twelve hours the suspension 

shows a lower pH, indicating adsorption of the cation, and 

a lower viscosity obtains. On subsequent stirring and 

sitting an equilibrium viscosity ia approached. 

Comparison of the relative effects of the cations 

shows the order of the Initial and final viscosity as well 

as the rate of rise in viscosity to be 8a (Na < Li. This 

series in the order of precipitating power is 3a) l) N&) Li, 

and in the order of hydrated ionic sizes is Ba (J£ (Na ^ Li. 

Time-viscosity curves were obtained for the Texas 
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Clay in the presence of various nitrates and acetates under 

conditions given on the curves of Figs. 9 and 10. With the 

exception of Jfc and 1C, which gave about the same effect, 

the eaaie relative order of cations was observed. The ef¬ 

fect of various acid radicals on clay suspensions should 

be studied before & theoretical Interpretation of the de¬ 

tails of these curves is made. 
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Tills series of cations throws some light on the 

possible explanations of the Increase in viscosity with 

stirring, that Is, either the production of smaller parti¬ 

cles or the further hydration of the original particles, 

or both. 

The actual size of the calcium clay particle 

was measured in the ultraalcroacopo by B&verg. He was 

unable to determine the size of & sodium clay as it could 

not be resolved. Marshaling also found that the Ca, Mg, 

8s, and H clay particles were larger than the sodium clay 

particles. This would indicate that the higher viscosity 

of the Li clay is the result of smaller particles. 

The sice of the hydrated cation may also contri¬ 

bute to the viscosity by increasing the amount of water 

associated with the particle. Saver measured the relative 

viscosities of a day sol by the capillary method after 

equivalent amounts of various bases were added. He con¬ 

cluded that the viscosity changes were the result of changes 

in the volume of the disperse phase due to hydration of the 

adsorbed ion. 

Jenny and Reitmeier^g showed that the floccula¬ 

tion power of a cation is greater the smaller the site of 

the hydrated ion]' that the seta potential of clay part ids s 

is higher the larger.the hydrated ion and Is higher the 

smaller the valencej and that the ease of replacement in¬ 

creases as the seta potential increases* Thus, the vis¬ 

cosity of the clay in LiOH solution is higher because 
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the flocculation power of Li^ is smaller and because the 

zeta potential is higher than in the case of the other 

bases. 

Thus, a preference of either theory to account 

for changes in viscosity on stirring is not justified by 

present data. Both an increase in the number of email 

particles and further hydration of particles could .take 

place when a clay suspension is stirred. But a gel struc¬ 

ture due to stirring alone Is not indicated by the results 

of the sedimentation experiment. 
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SUMH&HX 

X. three types of time-viscosity relations of 

clay suspensions stirred at a constant rat© have been 

discussed. 

2. Experimental result© have been presented 

showing the Individual effects of the following Important 

factors on the increase In viscosity on ©timing: 

a) . The time of contact of the clay with 
water. 

b) . The concentration of the clay suspen¬ 
sion. 

o). The hydrogen ion.concentration. 

&). The presence of electrolytes. 

3. The effect of cations on the Increase in 

viscosity has been shown to be in the order LI} K&} Ba 

which is the order of the slse of the hydrated Ion. 

k. Evidence has been presented to show that an 

increase in viscosity of clay suspension© on stirring Is 

the result of either, or both, an increase in the number 

of. small particles or an Increase in the hydration of 

clay particles. 
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