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THE RATE OE SEDIMENTAT I Oil OE KAOL IK SUSPENSIONS
AS AEEECTED BY SALTS AT VARYING HYDROGEN

ION CONCENTRATIONS,

hy

W. T. H, WILLIAMBON.

A study of the rate of sedimentation * of sus¬

pensions is of interest from the point of view of

the general theories of the stability of particles

in suspension and also from the point of view of

many problems of practical importance such as the

flocculation of heavy soils, the mechanical analysis

of soils, and the clearing of drinking waters. It is

well known that electrolytes affect the rate of

sedimentation of suspensions, and a great deal of

work has been described in which the concentration

of the electrolyte present has been varied and the

resulting rates of sedimentation compared, but ex¬

periments in which two factors have been varied

simultaneously do not appear to be so numerous.

In 1848 Er. Schulse observed that the rate of

sedimentation of turbid particles is greater in

solutions of calcium hydroxide and ammonium carbonate

than it is in pure water or in solutions of ammonium

hydroxide. A similar observation was made by

Sheerer (1850). Schulze (1.866) later recorded the

results /



results of some experiments on the quantities of

calcium and magnesium salts necessary for the floc-

culation of clay suspensions, hut drew no general con¬

clusions from his results. Schloesing (1870) working

on suspensions of soil clay showed that small quantities

of salts were capable of bringing about complete

flocculaticn and that the quantities varied for differ¬

ent salts. Mayer (1879) also working on suspensions

of soil clay noted that the rate of sedimentation of

clay particles in solutions of alkalies and of salts

giving an alkaline reaction is no greater than it is

in pure water, whereas with mineral acids and their

salts it is markedly increased. The increase in the

rate of sedimentation of suspensions produced by acids

and neutral salts and the counteraction of flocculation

prodiiced by alkali hydroxides and carbonates was

emphasised by Hilgard (1879), who worked on methods

of mechanical analysis of soils.

The difference between electrolytes and non-

electrolytes was clearly, brought out in the experiment
could

of Bodl&nder■(1893) who showed that electrolytes/sedi¬

ment kaolin suspensions while non-electrolytes could

not. Bodl&nder also demonstrated the fact that there

is for each electrolyte a certain concentration below

which flocculation is not produced. He compared the

flocculating effects of various electrolytes, and his

results /



results show that acids and salts of hi- and tervalen

metals are good flocculators of kaolin suspensions,

while relatively very large quantities of alkalies

are required to bring about the same degree of sedi¬

mentation. His experimental data are in approximate

agreement with Schulze's Law (1882 and 1884),elaborated

by Picton and Linder (1895), Hardy (1899 and 1900 ),

and mathematically deduced by Whetham (1899), that

the precipitating power of an ion for suspensions is

a function of its valency. Hardy by careful quanti¬

tative measurements showed that the active ion is that

one whose electrical charge is of opposite sign to

that of the particles precipitated. Spring (1900)
observed that the sedimenting power of a salt for clay

suspensions depended on the cation and its valency.

Hall and Morison (1907-8) in an investigation of the

flocculation of kaolin suspensions found the flocculat

ing effect of tervalent cations was greater than that

of bivalent, while these in turn were more effective

than univalent ions, but they found no evidence for

the ratios demanded by the "Valency Law". The best

flocculators were the free acids, Hydrochloric acid,

Nitric acid, and Sulphuric acid, which were always

more effective than their salts. The flocculating

power of a cation was not independent of the anion

present with itU The relative effectiveness of the

three acids was Hydrochloric acid 20, Nitric acid 19,

Sulphuric /



Sulphuric acid 13. The same relation was obtained

whether the free acids or their 3alts were used. The

univalent cations were not equally effective, potassium

being about twice as effective as sodium, and the

effect of the hydrogen ion ten times greater still.

Other acids - acetic, oxalic, tartaric, and citric -

showed flocculating powers in the ratios 9 : 2*5 !

2*5 : 0. Wolkoff (1916) also found no correspondence

with the requirements of the Valency Law when he

treated suspensions of kaolin, of subsoil clay and of

various soils with a large number of different

electrolytes. His results further show that the

efficiency of the same electrolyte with different sus¬

pensions varies considerably, depending largely upon

the chemical composition of the suspended material.

This has not always been recognised, and too great

readiness has frequently been shown to draw general

conclusions for all clay suspensions from the results

of experiments on suspensions of one particular clay.

Recent researches such as those of Hall and Russell

(.1911), Hendrick and Ogg (1916), Robinson (1917),

Blanck (1918), and Joseph and Hancock (1924) show that

the chemical composition of different clays varies very

greatly. When attempts are made to correlate the re¬

sults of different workers on the sedimentation of clay

suspensions, a further complication arises in the fact

that the term "clay" is used in many senses. In this

country /



country in soil investigations the mineral fraction

of the soil consisting of particles less than 0*002 ram.

in diameter is designated clay, while in the United

States of America the upper limit of particle size

for the same fraction is 0*005 mm. : in ceramic work

material consisting of particles less than 0*1 ram. in

diameter would "be classed as "clay", while at the

other extreme it is possible to obtain true colloidal

suspensions of clay containing only ultramicroscopic

particles. It seems necessary to use the term "clay1

for all fine-grained material of an alumino-silicate

nature, and to distinguish between different types of

clay with regard to chemical composition and particle

size. Joseph and Hancock (loc. cit.) emphasise the

importance of the silica-alumina ratio, which seems

connected with essential "clay" properties, being,

for instance, low in non-plastic and high in plastic

materials.

The interpretation of experiments on the effect

of salts on the rate of sedimentation of clay suspen¬

sions is never simple owing to the fact that an ex¬

change of bases may take place between the clay part¬

icles and the salt solution added, so that part of the

flocculation which results may be due to ions brought

into solution by the base exchange. Attention was

drawn to this by Comber (1921) and ha3 since received

confirmation /



confirmation in the recent researches of Gedrciz

(1921-23) and of Wiegner (1925). Gedroiz (.1915) in

the course of an extensive series of experiments on

the action of electrolytes on soil clay suspensions,

pointed out- the importance of "base exchange, hut

owing to the fact that the results were published as

a Communication of the Petrograd Bureau of Agriculture

and written in the Russian language., his work did not

become known in this country until within the last

year o r two.

In most of the former work on the subject of

sedimentation the effect of the reaction of the system

has either not been taken into account, or, where

considered, has been expressed as normality of acid

or alkali and not in terms of hydrogen ion concen¬

tration or pH. Bradfield (1923) has shown that while

widely varying quantities of different acids were requir¬

ed to flocculate a soil clay suspension, the hydrogen

ion concentration attained in each case was identical

He further shewed that the hydrogen ion concentration

had a great effect on the electrolyte requirement for

flocculation. It appeared to be of interest, there¬

fore, to carry out an extensive series of experiments

on the rate of sedimentation of a suitable suspension

where both the concentration of the salt present and

the pH of the medium were simultaneously varied. Por

initial /
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initial work it is advantageous to use a suspension
"v ■V

of a comparatively simple nature and of known chemical

composition. Kaolin was consequently chosen as ap-
'

proximately fulfilling these two conditions, although

it is clearly recognised that it is by no means an

inert substance (see for instance Sullivan (1907) ).

The limits of particle size were arbitrarily chosen

so as to give a suitable type of suspension for the

large number of experiments necessary.



EXPERIMENTAL.

The kaolin used was the ordinary commercially

pure variety. Ten grams of this were triturated

with a rubber pestle in a beaker containing 0*03 N

ammonium hydroxide solution. The beaker was then

filled to a depth of 8.5 cm. with the ammonium hydrox¬

ide solution and allowed to stand for 24 hour3, when

the supernatant liquid was decanted off. This pro¬

cess was repeated usually on five successive days,

thus removing particles below 0-002 mm. diameter. It

may be noted that the suspension obtained with the

first washing is less dense than the succeeding ones,

presumably because of the neutralisation of part of

the ammonium hydroxide by acids in the kaolin. This

neutralisation was shown by titration. The solid re¬

maining in the beaker after these washings was then

vigorously stirred uo with 0*03 N ammonium hydroxide"

solution, the beaker was filled up to the 8-5 cm. mark

with the 3ame solution, and the suspension was allowed

to sediment for 30 minutes. The supernatant suspen¬

sion decanted off at the end of this period was used

for the experiments described in this paper. Sus¬

pensions prepared in this way contained from 0*35 gm.

to 0.52 gm. kaolin in 100 c.c. and were shown by

titration to contain 0-025 N ammonium hydroxide, the

pH being between 9 and 10, One cubic centimetre of

suspension /



suspension diluted with its'own volume of distilled

water had cleared cornoletely only after about 12 hours.

After the addition of the various salt/solutions used,
readings were taken at the end of periods ranging

from 5 to 15, minutes. At the end of such times no

sediment had appeared in the control tube containing

kaolin suspension and water.

Solutions of acid of various concentrations

were prepared and 0*5 c.c. of these were added to each

of a row of tubes. To each tube in the various rows

was then added 0.5 c.c. of solutions of increasing

concentration of the salt investigated. One cubic

centimetre of the suspension was then rapidly added

to each tube, and the tubes were shaken as nearly as

oos3ible all at the 3ame time, allowed to stand, and

readings of the degree of sedimentation taken. The

shaking was repeated and a second reading taken after

the tubes had stood for twelve or more hours. The

second readings did not differ significantly from the

first except in the cases of calcium sulphate and

lanthanum chloride. These exceptions will be remarked

upon later. The pH of the supernatant liquid was

then determined colorimetrically.

The results are best represented in the series

of figs. 1 - 22. All concentrations given are those

of the 1 c.c. of solution to which 1 c.c. of kaolin

suspension /



suspension was added. The whole area of each figure

is divided by heavy lines into a number of regions.

Each region corresponds to a particular degree of

sedimentation, which is denoted by a Roman numeral

according to the following convention:- The amount

of precipitation after 15 minutes in the tube contain¬

ing 0-06 N hydrochlori-c acid and no salt is denoted by

IV. It was found that the opacity of the supernatant

liquid in this tube corresponded to that of No.6 of a

series of opacity tubes prepared as described by

Brown (1919).""" The readiig of the tube to which neither

acid nor salt has been added is denoted by 0, and in¬

termediate degrees of sedimentat ion are indicated

accordingly. Comparisons between the results of

different experiments could be made by means of opacity

tube readings. In cases where a combination of pH

and salt gave a degree of sedimentation greater than

that denoted try IV, numbers higher than four were em¬

ployed to denote such degrees of sedimentation, for

instance, where the opacity reading of the supernatant

fluid was 2, as determined by Brown's tubes the sedi¬

mentation is denoted by VIII, and an opacity reading

of 3 is denoted by VII. The pH values are shown in

the

These tubes are prepared from a 1 per cent suspension
of barium sulphate in a 1 per cent sodium citrate sol¬
ution, This 1 per cent suspension is diluted with seven
times its volume of 1 per cent sodium citrate solution
The tubes 1,2,3 ,. 10 contain respectively 1 c.c.,2 c.c.
3 c.c. 10 c.c. of this 1 in 800 suspension made up
to 10 c.c. with 1 per cent sodium citrate.



the figures by the ordinary numerals, within brackets.

Where a -f- or — sign occurs in the figures it refers

to the nature of the electric charge on the particles

as determined by cataphoresis.
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'
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DISCUSSION.

For purposes of discussion the salts investi¬

gated may he conveniently classified as containing

uni-, hi-, or tervalent cations. These groups will,

therefore, he considered separately.

Univalent Cat ions.

From consideration of figs. 1-10 it appears that

the action of salts with univalent cations varies

according as to whether the medium is alkaline or

acid. At pH 2, for example, sodium chloride does

not, in any concentration, increase the rate of sedi¬

mentation, and, in fact, in concentrations exceeding

0*085 11, causes considerable decrease. On the other

hand, at pH 9 to 10 the same salt always causes an

irrrease in the rate of sedimentation when present in

concentrations greater than 0*085 11. Lower concen¬

trations have little effect. The result of this is 1

that although, where there is no salt, there is a very

marked difference in the rate of sedimentation at a

pH of 2 compared with that at a pH of 10, yet in pre¬

sence of 0* 171-0* 342 11 sodium chloride the rate of

sedimentation is practically independent of the pH,

If the sodium ion is coupled with a bivalent anion

instead of a univalent one, that is, if sodium sul¬

phate he used instead of sodium chloride, the same

tendencies /



tendencies may "be observed even though in a very much

less marked degree.

This retardation of the rate of sedimentation

in acid medium occurs also with lithium and ammonium

chlorides at concentrations exceeding 0*063 IT, although

it is not so marked in these cases as with sodium

chloride.

In alkaline medium, on the other hand, lithium

chloride produces an increased rate of sedimentation

when present in concentrat ions greater than 0*031 IT,

and the same effect is observed with ammonium chlorid

at pH 6 to 9. Lower concentrations of these salts

have apparently no effect when the pH is above 7. In

presence of 0*125 - 0*50 IT solutions of the same salt

the rate of sedimentation is practically independent

of the pH. In all cases where a retardation of the

rate of sedimentation occurred in acid medium the

phenomenon was most marked at the beginning of sedi¬

mentation, while after ha.lf-an-h.our the degree of pre

cipitation tended to become the same at all concentra

tions of the salts. Potassium chloride at pH 9 to 1

and caesium chloride at pH 8 to 9 both cause a more

marked increase in the rate of sedimentation than do

the chlorides of the other univalent metals at the

same equivalent concentration. This is evident on

comparing the precipitation occurring when potassium

chloride of 0*342 N is used with that occurring when

sodium /



14.

sodium chloride of the same normality is used. On

the other hand neither potassium chloride nor caesium

chloride has apparently any action-in decreasing the

rate of sedimentation at pH 2 to 3. Prom this it is

evident that the effect of the chlorides of sodium.,

lithium and ammonium is one due to the cation and not

to the anion. It is further clear that it is not due

simply to the increase in density of the solution.
.

The sedimenting actions of the univalent cations at

half-normal concentration have "been more closely

determined and the results are given in .fig. 6. It

will he seen that the caesium ion has a slightly

greater effect than the potassium ion in both acid

and alkaline solution, while potassium in its turn

is decidedly more effective than sodium.

The varied action of the univalent cations and
'

the retardation of the rate of sedimentation observed I

with ammonium, sodium, and lithium chlorides in the
■

presence of hydrochloric acid is presumably related
-

to chemical actions taking place at the surface of

the kaolin particles. It has already been pointed

out that when an electrolyte is added to a suspension

of kaolin an exchange of bases may take place between

the added salt and the kaolin particles, and the re-
.

suiting phenomena observed may be only partly brought

about by the added cations. The cation which is

absorbed by the particles may materially affect their

properties /



properties, and the cations which are brought into

solution, by means of the base exchange, may have a

greater or less sedimenting action than those in the

added salt solution. Gedroiz (1921-23 and 1924) has

shown that great variations may occur in the physical

properties of soil clay, according to the cation with
*

which it is saturated. Clay saturated with sodium

is more easily dispersed and is, in general, hydrc-

philic in character, whereas clay saturated with

calcium is relatively hydrophobic and forms a less

stable suspension. Per the univalent ions the in¬

crease of dispersion is greatest with sodium and

least with hydro gen,--ammonium and potassium being

intermediate in effect. This correlation between

the univalent ions is exactly the same as that found

for the action of electrolytes on clay suspensions.

Wiegner (loc. cit.) points out that a satisfactory

explanation of these phenomena can be found in the

variations in the degree of hydration of the cations.

He considers the clay particle to consist of a complex

silicate nucleus carrying a negative charge .and sur¬

rounded by a swarm of cations in dynamic equilibrium.

The greater the valency and the less the hydration of

these cations the greater will be the attractive force

on them. When the outer layer consists of highly

hydrated ions, the effective distance between the

outer layer and the nucleus will be increased, and,in

consequence /



consequence, the potential difference "between the

two layers will be increased. This increased

potential will give rise to a greater stability in

the clay suspension. Por instance, a highly hydrat-|
ed lithiurn cation in the outer swarm, owing to the

sheath of water molecules surrounding it, will not be

able to approach so near to the inner surface as the
■' "

, ■ i

slightly hydrated caesium ion. A clay containing

lithium ions in the outer cat ionic swarms of its

particles should, therefore, be more stable than a

caesium-clay. On this conception it should be

expected that the stability of a series of clays
-

would increase in the following order:- hydrogen-
'

clay, caesium-clay, rubidium-clay, potassium-clay,

ammonium-clay, sodium-clay, lithium-clay,-if the

usual order for the hydration of the various ions is

accepted. It also follows that the least hydrated

ions would have the greatest coagulating effect,since

they can approach more nearly the inner layer, and so

can produce a greater reduction of potential. Simpl

effects of added electrolytes will be obtained only

if the added cations are the same as these in the
-

other swarm of the clay particle; in all other cases

flocculation effects will be complicated by a base

exchange. In order to test these ideas Wiegner

carried out an extensive series of experiments with

clays /



clays in which the "bases had "been completely replaced

by sodium, ammonium, potassium, and calcium respect¬

ively. The sodium-clay was least sensitive to the

addition of potassium chloride and the calcium-clay

was the most sensitive. In general the clays were

found to be mere stable, more hydrophilic in char¬

acter, and less sensitive to electrolytes the greater

the hydration of the cations they contained, and the

best flocculator§ were those salts which contained

the least hydrated cations. Owing to base exchange

small equivalent amounts of potassium and calcium

chlorides had the same sedimenting action when added

to a large amount of a calcium-clay. These ideas

offer a suitable explanation for the different floc¬

culating effects of ions of the same valency and for

other divergencies from the Schulze-Hardy Valency Law

frequently observed with clay suspensions.

Prom consideration of fi. 1-6 it will be

observed that the correlation between the action of

th^inivalent cations on the rate of sedimentation and
the order of the hydration of these ions is not so

apparent as in Wiegner's experiments, but, in general

it is in the same direction. The introduction of

the highly hydrated sodium ion by means of base ex¬

change into the outer cationic swarm of the kaolin

particle produces a more stable suspension than i3

the case when the alightly hydrated ions of either

po t as s ium /



18.

potassium or caesium take the place of some other

cations in the outer layer of the particle, and this

would account for the fact that sodium chloride is

not so effective as either potassium or caesium
.

chlorides in increasing the rate of sedimentation of

the kaolin suspensions. A possible explanation of

the retardation of the rate of sedimentation at low

pH values observed with the ammonium, sodium, and

lithium ions may also be found in a similar manner.

At low concentrations of sodium chloride the effect

of base exchange will not be so great and the sedi¬

ment ing action of the hydrogen ion will predominate.

At higher concentrations of the salt, however, more

sodium will be absorbed by the kaolin, and the part¬

icles into the outer layer of which the highly

hydrated sodium ions are introduced will not be so

readily sedimented as the original kaolin particles

containing less hydrated cations. As the suspensions

•were ones which ultimately cleared of themselves, it

follows that any differences in the rates of sedi¬

mentation were apparent only in the first few hours

after the addition of the salts used. In consequence,

the retardation observed in the above cases was not
,

so noticeable at the end of half-an-hour, the tubes in

which the rate of sedimentation was at first slow
,

ultimately attaining the same degree of clearing as

those in which the rate of sedimentation was at first

more /



more rapid. Contrary to what would Toe expected from

the relative degrees of hydration of their ions
.

sodium has less effect than lithium in increasing the

rate of sedimentation of the suspensions (fi^l, 2 & 6)
and it also has a greater retarding action in presence

of acid. It must he remembered, however, that the

kaolin was treated with ammonium hydroxide and, con¬

sequently, the cations surrounding the particles

might he expected to consist largely of ammonium ions.

Both the 3odium and the lithium ions are more highly

hydrated than the ammonium or other ions likely to he
.

associated with the kaolin particles. The lithium
"

ion, heing more hydrated than the sodium ion, would

not he ahle to replace the ammonium or other cations

as readily as the less hydrated sodium ion^, and,

therefore, it is possible that in the first few min¬

utes after the treatment with lithium chloride a

slightly less stable kaolin would he produced than

would he the case after treatment with dodium chloride,

the sodium ion heing ahle to enter the cuter layer of

the particle more rapidly and thus at first to pro¬

duce a more stable kaolin than the original. This

would offer a probable explanation for the slightly

greater inhibiting action of sodium in acid medium.
*

It is interesting to note in this connection that in

the results of Wiegner's viscosimetric experiments on

a calcium-clav given in Table VIII of his paper (loc.cit.)
the effect of lithium chloride is in general very nearly

equal to that of sodium chloride and within the first
six minutes actually exceeds it slightly.



When the sodium ion is coupled with a tervalent

anion, as in sodium phosphate or sodium citrate (figs.

11-13), a certain complication is introduced in as far

as the pH varies from tube to tube in the row. How¬

ever, making allowance for this change, two facts

emerge:- Firstly, the presence of the tervalent anions

obscures the effect of the sodium, ion even more than

in the case of the bivalent anions, which also have a

less pronounced effect in the same direction, e.g. in

presence of 0»07 IT di-sodium hydrogen phosphate the

rate of sedimentation varies from 0 at pH 9*4 to IV at

pH 3 to 4. These figures are the same as those ob¬

tained when no salt is present. Secondly, the point

at which transition takes place from no sedimentation

to a marked sedimentation in presence of 0*017 H

sodium phosphate and phosphoric acid is about pH 4,

and in presence of 0*017 IT sodium phosphate and hydro¬

chloric acid it is about pH 5. In fig. 7 with acetic

acid alone, this transition point is between pH 5*6

and 8*6. As might be expected the presence of in¬

creasing amounts of tervalent anions makes it necessar

to reach a higher hydrogen ion concentration in order

to effect the same rate of sedimentation. From this

point of view the tervalent anions may be locked upon

as having a definite protective action. On the other

hand, this protective action is barely perceptible if

we /



we merely consider the effect of the salts at a

definite pH. Gengou (1908-9), for example, found

that sodium- citrate is very potent in retarding the

sedimentation of suspensions of "barium sulphate.

However, in the case of suspensions of kaolin, under

the conditions of the experiment, this effect was not

nearly so marked. It will "be seen from fig. 13 that

in acid solution retardation-of sedimentation does

occur. It will be observed, however, that this

effect is almost completely accounted for by the

buffering action of the sodium citrate, and that

practically no tetarding action was evident apart from

that due to change of pH. It may be noted that there

were present in these acid solutions small amounts of

ammonium chloride which may have been sufficient to

neutralise any retarding effect. On the alkaline

side, so far from there being any protection, readings

after half-an-hour showed greater sedimentation in the

tubes containing sodium citrate than in those contain¬

ing none.



Bivalent Cations.

Calcium was chosen as an example of a bivalent

cation because of the important use of certain calcium

compounds in agriculture. In the simple case of

calcium chloride and hydrochloric acid (fig.14) no

unexpected features appear. The calcium ion as com¬

pared with the sodium ion or the potassium ion is, as

one would expect, a much more efficient flocculator.

In the case of calcium sulphate .and sulphuric acid

two figures are given (figs. 15 and 16), the second

containing the readings observed for a sedimentation

time of 10 minutes, the tubes having been reshaken

after standing for a period of 24 hours from the time

of the first reading. The differences noted in the

alkaline region have been repeatedly verified, and

occur also when hydrochloric acid is used instead of

sulphuric acid. There is, as would be expected, a

certain hindering of the sedimentation by the sulphate

ion noticeable in the alkaline region in both figs.

.15 and 16, but otherwise the results are substantially

the same as those obtained for similar concentrations

with calcium chloride and hydrochloric acid. When,

however, figs. 17 and 18, dealing with the effect of

monocalcium phosphate, are examined, certain peculiar¬

ities are at once observed. In the case of mono-

calcium phosphate and hydrochloric acid the outstand¬

ing fact is, that where a concentration of the

phosphate /



phosphate greater than 0*005 IT is present, the degreeI ""

of sedimentation is actually increased hy increase of

pH. At a concentration of 0*02 IT there is a change

from II at a pH of 2 to V at a pH of 7*9, and at a

concentration of 0*08 IT a change from a sedimentation

of II at pH between 2*4 and 4*2 to one of VI at pH 4*

If phosphoric acid is used instead of hydrochloric acid

these phenomena are even more marked. It is further

to be noted that in the case of these abnormal sedi¬

mentations a very bulky ana floceulent sediment separ

ated in a very short time, leaving a practically clear
I
supernatant fluid. It seems probable that precipi¬

tation of basic calcium pho:sphate over the surface of

the kaolin particles takes place, as a bulky preci¬

pitate of the same type separates when a solution of

0*025 IT ammonium hydroxide is added to solutions of

monocalcium phosphate of the concentrations showing

this abnormal effect with kaolin.

In view of the importance of "superphosphate"

as a fertiliser, the action of a mixture containing

amounts of monocalcium phosphate and calcium sulphate

proportionally equivalent to those present in "super¬

phosphate" was investigated (fig. 19). The rather

surprising result was obtained that the abnormal

sedimentation was even more marked and more extensive

a3 compared with that caused by monocalcium phosphate

alone./



alone. In comparing this figure with fig. 17 it is-

to he observed that whereas the latter commences with

a calcium phosphate concentration of 1 per cent

(0'08 IT), or a calcium ion concentration of 0*16 per

cent, the "superphosphate" commences with a total salt

concentration of 0-186 per cent, or a calcium ion

concentration of approximately 0-04 per cent. At the

latter concentration (0*02 1J) the monocalcium phos¬

phate alone does not show the effect in nearly so

marked a degree. This may he related to the fact

that a precipitate of basic phosphate is more easily

obtained from the mixture of calcium sulphate and

phosphate than from the phosphate alone.



Tervalent Cations.

The results of the experiments with aluminium,

ferric, and lanthanum chlorides, represented in figs.

20-22, are similar to those already described in as

far as the action in all cases is very different in

acid and in alkaline solution. In acid solution the

action of the tervalent ion is not marked. This is

rather surprising, as these tervalent ions have, a3 i

well known, a powerful flocculating action, hut a

possible explanation may he that the hydrogen ion

alone has a sedimenting action on kaolin so marked

that the addition of further ions, however active, is

without appreciable effect. In alkaline solutions,

on the other hand, the sediment ing effect is practic¬

ally zero, except at a pH of 7-8, where, if the con¬

centration is appropriate, very marked precipitation

occurs. The sediment formed at this point- is very

bulky, and, as it separates, leaves a very clear super

natant fluid. From the fact that in the case of

ferric chloride the precipitate is yellow in colour,

and the supernatent fluid has lost its original

yellow colour,- it is to be inferred that these pre¬

cipitates contain the metallic hydroxides probably in
•

an absorbed condition. Mere precipitation of the

metallic hydroxide by the alkali is not sufficient to
.

effect flocculation of the kaolin, as shown by the

fact /



fact that in the cases of iron and aluminium

chlorides a precipitate of the metallic hydroxide

could he observed in certain tubes although the

kaolin was not sedimented at all. At a pH less

than 7 a very rapid reduction in precipitation takes

place, and, in fact, the particles become protected,

and acquire a positive charge at pH between 5 and 3.

This is particularly marked in the cases of aluminium

and ferric chlorides. In the case of lanthanum

chloride the results are slightly different. The

regions of precipitation and of protection are not

nearly so well defined. In addition, the zone of

| maximum precipitation was observed after a few days

to have shifted towards the region of higher concen¬

tration of lanthanum..
. These differences in the case

of lanthanum may be related to the fact that lanthanum

hydroxide does not, like aluminium and ferric hydroxides,

form stable colloidal solutions at pH between 3 and 7.

These characteristic zones of precipitation

which are observedwith salts containing tervalent

cations resemble very much the zones of precipitation

which occur when these salts in the proper concentra¬

tion and at the necessary pH are added to ordinary

colloidal sols such as gold and gum benzion (Kermack

and Voge, 1S25), a similarity particularly emphasised

by the fact that the zone of precipitation separates

a /



27.

a region where the particles are negatively charged

from a region within which they are positively

charged. These results are similar to those ob¬

tained by Gedroiz (1915) and Comber (l92l) with soil

clay, and support their views that this characteristic

flocculating action of tervalent ions falls into line

with the results obtained with ordinary colloids.



The Charge on the Particles and the
Isc-electric Point.

It is well known that an electric charge nearly

always exists at the "boundary surface 'between a solid

and a liquid. This fact was first observed by

Reuss at Moscow in 1808 and the phenomenon has been

the subject of many investigations since that time.

Reuss was using clay diaphragms in water and he

noticed that an electric current forced the water

through the clay towards the negetaive pole, while

any suspended particles of clay migrated towards the

positive pole. The first phenomenon is now known as

"electrical endosmose" and the second as "cataphoresis

Helmhol'tz (1879) in the course of a quantitative and

mathematical development of the subject put forward

the view that under most circumstances a solid in

contact with a liquid would become electrically

charged, the layer of liquid next the solid having

the opposite charge from that of the surface of the

solid, thus giving rise to a so-called electrical

double layer. Following the work of Reusa and others

on electrical endosmose, the study of the motion of

the particles of ordinary suspension under an electric

field was taken up by various workers and the results

of their work is summarised by Wiedemann (1893). It

was first clearly demonstrated by Picton and Linder

(1892) that the particles of a colloidal solution

are /



are electrically charged and it is now generally

recognised that such charges play an important part

in the properties of colloidal solutions and ordinary

sixspens ions.

The particles of a kaolin suspension in water

or in a dilute solution of ammonium hydroxide are

negatively charged, and the suspension defends in part

at any rate for its stability on the existence of the

electrical potential differences between the particles

and the dispersion medium. When a suitable quantity

of an electrolyte is added to such, a suspension these

: potential differences will be reduced and, the sus¬

pension being thus rendered less stable, the rate of

sedimentation of the particles will be increased.

Complete discharge of the particles does not appear

to be necessary in order to obtain entire clearing of

the suspension in the shortest time. Kaolin precipi¬

tated from suspension by means of tenth-normal calcium

chloride was found to be still negatively charged

with respect to the solution in contact with it. The

results of the work of Ellis (1911 and 19.12) and

Powis (19.14) indicate that when the interfacial

potential difference in oil-emulsions is reduced

below a certain minimum, flocculation of the oil

! particles takes olace. Similar results were obtained

by Powis (1916) with colloidal arseniou3 sulphide.

It /



It seems, therefore, that under definite conditions,

there exists what may be called a "critical potential

below which a suspension or emulsion tends to lose

its stability.

The question now arises whether a kaolin sus¬

pension possesses an iso-electric point or not.

0. Arrhenius (1922) put forward the view that clay

could act as an ampholyte and disolay behaviour

analagous to that of proteins according to the ex¬

planation of Loeb (1922). He showed that when the

rate of settling of clays of different origin and

different reaction was plotted against the hydrogen

ion concentration the curve had the same course as

that for the swelling of gelatine at different

hydrogen ion concentrations. He therefore concluded

that these clays had the same iso-electric point at

which the maximum rate of settling would occur and on

either side of which the clays would exhibit basic

and acidic properties respectively. Arrhenius

apparently did not measure the charge on the particles,

and the flocculation experiments on which he based his

views can be interpreted in another fashion as pointed

out by Bradfield (l923,l). A maximum rate of settling
was found by Arrhenius .to occur at pH 4-5. Above

this point the suspensions became more stable until a

pH of about 10 was reached when the rate of settling

again increased. Bradfield considers that an excess

of electrolyte over the minimum requirement for

flocculation increases the volume of the floccule and

decreases its specific gravity, and consequently re¬
tards /



retards the rate of settling very appreciably. He

suggests that the initial swelling is probably due

to the setting up of a Donnan equilibrium between

the floccules formed on coagulation and the excess

of the electrolyte in the solution. On the

alkaline side Arrhenius's results are in accordance

with the well-known fact that slight traces of

alkali hinder the flocculation of clay, while higher ■

concentrations of alkali facilitate flocculation.

Bradfield's cataphoresis experiments also afford no

support for Arrhenius's view. In two other papers

Bradfield (.1323,11 and 1924) clearly demonstrates by

means of conductometric and electrometri-c titrations

that various clays actually behave as true acids.

Dayhuff and Hoagland (1924) made a careful series of

cataphoresis measurements with a soil clay over a

range of hydrogen ion concentrations extending from

pH 2.1 to pH 12.7 and found that throughout the whole

of this range the clay particles carried a negative

charge. It seems certain, therefore, that there are

no grounds for attributing amphoteric properties to

clays under natural conditions.

In the case of the kaolin suspensions examined

in the present series of experiments the particles were

found to be negatively charged in the presence of

univalent and bivalent cations throughout the whole

of a range of hydrogen ion concentrations extending

from /



from pH 1.4 to pH 10. As-already indicated in the

discussion on figs. 20-22 reversal of the charge on
.

the particles does occur in the oresence of tervalent

cations, and, in accordance with the view of Burton

(1916) regarding colloidal solutions of gold, silver,

and copper, this might be taken as evidence of the

existence of an iso-electric point for kaolin sus¬

pensions. It must be remembered, however, that in

all these cases reversal of the charge on the par¬

ticles occurred only in the presence of tervalent

ions, and there is no indication that within the

range of hydrogen ion concentrations studied a kaolin

suspension possesses a definite isc-electric point in

the sense that a protein has one.



GENERAL CONCLUSIONS.

The rate of sedimentation of kaolin suspensions

as affected Toy salts may he -very different according

as the medium is alkaline or acid.

Generally speqking, with low concentrations of

salts the rate of sedimentation is greater in an acid

medium than in an alkaline one, hut tends to "become

independent of the hydrogen ion concentration with

increasing concentration of salt.

Nor kaolin suspensions the cation is the active

sedimenting agent, hut the anion with which it is

combined is not entirely without effect. The sul¬

phate ion, for instance, hinders the action of the

sodium and calcium ions in increasing the rate of

sedimentation of the suspensions. In certain cases,

as with sodium phosphate and citrate, the hindering

effect of the anion is attributable to the buffering

action of the salts.

The action of an ion in increasing the rate of

sedimentation of the suspensions is, in general, the

| greater the higher the valency of the ion, but ions

of the same valency do not all have the same effect.

Among the univalent cations, caesium has a slightly

greater sedimenting action than notassium, and

potassium is more effective than sodium. These

differences can be correlated with the degree of

hydration of the ions.

Ammonium /



Ammonium chloride, sodium chloride, and lithium

chloride, while increasing the rate of sedimentation

in alkaline solution, actually inhibit it in acid
of the salts

solution at concentrations^ exceeding 0»06 1>F. This

may possibly be accounted for by the occurrence of an

exchange of bases between the added salt and the

kaolin and by the difference in the degrees of hydra¬

tion of the ions.

In certain concentrations of rnonocalcium phos-

phate abnormal sedimentation in alkaline or slightly
.

.

acid solution takes place, _with the result that it is
much more complete than at the corresponding concen¬

trations in solutions of higher hydrogen ion concen¬

tration.

In acid solution the tervalent ions, aluminium,

ferric, and lanthanum have little effect, but a zone

of very marked flocculation occurs at pH 7-8. This

zone separates a region within which the unsedimented

particles are negatively charged from a region withinj
which they are positively charged. In all other

cases the particles remain negatively charged throughf

out a range of hydrogen ion concentration from pH 1*4

to 10. Within this range, therefore, a kaolin sus¬

pension does not possess an iso-electric point in the

sense that a protein has one.

It may be concluded that in studies of the rate

of /



of sedimentation of suspensions due attention must

"be paid to the final hydrogen ion concentration and

also to the .original reaction of the medium under

investigation.



REFERS IT CES.

Arrhenius (1922), Jour. Amer. Chem. Soc. , 44, 521.
$K3C£5»

Blanck (.1918), Landw. Versuchs-Stat. , .91, 85.

Bodl&nder (1893), ITeues Jahr"b. f. Mineral Geol. u.

Paleont.,^, 147.

Bradfield (1923), Jour. Amer. Chem. Soc., 45, 1243.■E8RRS

" (l923,l), Missouri Agric. Expt. Sta. Res.
Bull., 50.

" (1923,11 ), Jour. Amer. Chem. Soc., 4J5, 2669.
" (1924), Jour. Physical Chem., 28, 170.

Brown, H. C. (1919), Ind. Jour, of Med. Res., J7, 238.
Burton (1916), The Physical Properties of Colloidal

Solutions. (Longmans,Green & Co.)
pp, 151-155.

Comber (l92l), Jour. Agric. Science, JXL, 450.

Dayhuff and Hoagland (1924), Soil Science, 401.

Ellis (1911), Zeit. physik. Chem., ,7^., 321.
" (1912), Zeit. physik. Chem,, j^,, 597.

Gedroiz (1915), Communication XXIV, Bureau of
Agriculture, Petrograd.

" (1921-23), Zhurnal Opitnoi Agromonii, 13, 363«

« (1924) " M " 22, 29.

Gengou (1908-09), Arch. Internal. Physiol., J7, I.

Hall and Morison (1907-03), Jour. Agric. Science, 2, 244.

Hall and Russell (1911), Jour. Agric. Science, <4, 199.

Hardy (1899), Proc. Roy. Soc., J56, 110.
" (1900), Zeit. physik. Chem., 33, 285 & 355, and

Jour. Physical Chem., 4, 235.
Helmholtz /



I

Helmholtz (1879), Wied. Ann., J7. 337 ®t seq.

Hendrick and 0gg (1916), Jour. Agric. Science, J7» 458.

Hilgard (.1879), Forsch. Geb. Agr. Phys., 2, 441.

Joseph and- Hancock (.1924), Jour. Chen. Soc., 125, 1888

Kermack and Voge (1925), Proc. Roy. Soc. Edin.,
45, 90.

Loeb (1922), Proteins and the Theory of Colloidal
Behaviour. (McGraw-Hill Book Co.)

Mayer (1879), Forsch. Geh. Agr. Phys., 2, 251.

Picton and Binder (1892), Jour. Chem. Soc., 61, 148.

" " " (1895), " " " 67, 63.

Powis (1914), Zeit. physik. Chen., 3J5, 91, 179 & 186.
" (1916), Jour. Chen. Soc., 734.

Reus3 (1808), quoted by Wiedemann, Electric itS/t,(1893)
I, 1007,

Robinson (1917), Jour, Agric. Science, 8, 338.

Schloesing (1870), Compt. Rend., J70, 1345.

Schulze, Fr. (.1848), Jahrb. der Acad, zu Eldena, ^,328
" (1866), Ann. Phys. und Chen., 129. 366.

Schulze (1882), Jour. Prakt. Chen., 25, 431.

M (1884), " " " 22, 320.

Sheerer (1850), Arm. Phys. und Chen., 82, 419.

Spring (1900), Rerj- Trav. Chin. Pays Bas., 1J3, 204.
Sullivan (1907), Bulletin 312, U.S. Geol. Survey.

Whetham (1899), Phil. Mag., 48, 474.

Wiedemann (1893), Electric itSit, 1, 1007.

Wiegner (1925), Kollcid Zeit., 3jj5, 341.
Wolkoff (1916), . Soil Science, 1, 585.



Cone.

HCl.

o-og N

0-os N

O'O^N

o-osN

002N

o-o fN

0-0

Cone. Li CI. in giw. equivalents.
0-60 0 25 0-125 0 0625 0 03ISL 0-0156 0-OO78 0 003 9 0

(I -4)

(I- 8)

(Z-3)

(3-0)

(8 4i

(8-9)

(Q-4-)

n

W

o

(1-5)

(I- 5)

(2-1)

[2 -9)

(8-3)

(9-1)

(9 3)

Hig.l.- Lithium Chloride and Hydrochloric Acid.
(Sedimentation after 15 minutes.)

Kaolin pejr 100_ c_. c_. suspension « 0*44 gm.
(The Reman numerals indicate the degree of precipitation
and the ordinary numerals within brackets the pR values)

Conc. NaCl in gm. equivalents.
0-342 0171 0-055 0-042 0 021 0 010 0 005 0 0025 0

Rig.2.- Sodium Chloride and Hydrochloric Acid.
(Sedimentation after 15 minutes.)

Kaolin per 100 c.c. suspension «* 0-35 gm.



Cone.

HCl.

0-06N

005N

0-04-N

0-02N

o-oiN

0

Cone. KCl. in gm. equivalents.
0-34-2 0-171 0 085 0 04-2 0 021 0-01 0 005 0 0025 0

(2 0)

(2 7)

(2-9)

(8-8)

(5-4)

(9-8)

n o

(2-0)

(2-7)

(2 9)

(8 -8)

(9 3)

(10-0)

Pig.3.- Potassium Chloride and Hydrochloric Acid.
(Sedimentation after 15 minutes)

Kaolin per 100 c.c. suspension a 0.37 gm.

Cone.

HCL

o-oefi

O-OJN

0-04 N

0-03N

Cone. NH4CI. in gm. equivalents.
0-50 0-25 0-125 00625 0-0312 0-0156 00075 0 0030 0

(l-G)

(1-8)

(1-2)

(01)

W

(1-5)

(1-9)

(2 4)

(6 0)

0 02 N (6-2) (7-6) (7-6)

n
(8-3)

(7-6) 0 (7-6)

001N (80)

1
(8 4) (8-6) (83)

0
IE
(8-8)

(8-8) (8-8) (9-D (9-3) (9-5)

Pig.4.- Ammonium Chloride and Hydrochloric Acid.
(Sedimentation after 15 minutes.)

Kaolin per 100 c.c. suspension ■ 0«44 gm.



Cone.
HCL

006 N

0-05 H

0-04-H

0-02N

o-oi N

0

Cone. CsCt in gm. equivalents
0'50 0 OJ 0-/25 0-0625 00312 0-0156 00078 0-0039 0

(17)

(i-l)

(2-7)

(7-7)

JV

E O
(6-0) (8-8)

(lb)

((■9)

(2-5)

(7-8)

(8-3)

(6-7)

Fig.5.- Caesium Chloride and Hydrochloric Acid
(Sedimentation after 15 minutes)

Kaolin per 100 c.c. suspension « 0*44 gm.

Cone. Cone. in gm. equivalents = 0-5,

1

HCt. HCl. CsCl. KCi NHjCL NaCt. LiCt. 0

006 N 4
{<12)

4
(1-9)

3i
( 1-9)

3 Zi
(1-8) (20)

3
fl-9)

4
(1-9)

0 4
(<12)

4-i
(8-6)

4
(8-6)

4 3
(7 9) (87)

3
(8-5)

0
(8-4-)

Fig.6.- Chlorides of Univalent Metals
and Hydrochloric Acid.

(Sedimentation after 15 Minutes)
Kaolin per 100 c.c. suspension ■ 0.44 gm.

(In this figure the numerals in red indicate
the degree of precipitation and the numerals
within brackets the pH values.)



Fig. 7.- Sodium Chloride and Acetic Acid.
(Sedimentation after 15 minutes)

Kaolin oer 100 c.c. susoension « 0*35 gm.

Cone.

HC I.

0-06N

0-05N

0-D4N

0-03N

0-02N

001 N

0

Cone. NajSQ}. in qm. equivalents.
056 0-28 0-14- 0-07 Q-Q35 0-017 0 008 0004- 0-002 0

(2-4)

12-7)

(CO)

(3 4)

IV

(1-8)

(2-2)

(2-6)

(3 -0)

(8 6)

(9 2)

(10-0)

O

(82)

(9-0)

(9 A")

Fig.8.- Sodium Sulphate and Hydrochloric Acid.
(Sedimentation after 15 minutes.)

Kaolin per 100 c.c. suspension « 0.35 gm,



Cone.

H2SO4
0-06N

Cone.
0-56 0-28 0-14

Na^SO^ in gm. equivalents.
0 0 7 0 035 0-017 0-00 6 0 004- 0-002 0

(2*) < (2-0)

0051s/ [2 7) w (2-1)

0-04-N (3-0) (2-6)

0 03N (3-4) b-o)

0-02 N 13-4) (84)

0-01 N (9-3) 0 (90)

0' (io-o) (9-5)

Pig.9.- Sodium Sulphate and Sulphuric Acid.
(Sedimentation after 15 minutes.)

Kaolin per 100 c.c. suspension = 0.35 gm.

Cone.

h,so. 0-50

Cone. (ISIH4.5O4 in
0-25 0125 0-0625

c/ m.
0-0312

quivalents.
0-015 G 0-0078 0-0039 0

* 4"

O'ObN (2i; (18)

0-05 N (24) iv (2-2)

004 N [2-5) ill (2-4)

002N

0-0 i N

(7 7)

(ft-l)

(7-8)

(8-2)

(6 -l)

h
(8 4)

(8-5) (3 6)

;9 0) (94)

(S 3) (9 0) (9-5)

O

(9-4)

(9-6)

0 ,84; (9-Oj (9-4) (9-5) (9-8) (9-9)

Fig.10.- Ammonium Sulphate and Sulphuric Acid.
(Sedimentation after 15 minutes.)

Kaolin per 100 c.c. suspension * 0.35 gm.



Cone.

HCl. bid
Cone.
0-04

NajH P0+
0-07 0-035

in gm. equivalents.
0OI7 0-008 0-004- 0-002 0

0-06N (6-0) III
(3 0) (1-8)

0 05l\l (7-0) (.5-8) (3-0) (2-0)

0-04-M (72) (<=») (4-0) (3 0) (2-2)

0-03 N (7-7) >-oJ(6-0) (51) (3-6) (2-8) (2-S)

0 - 02 N (8-4) (8 4) (8 -i)

0-01 N (9-D O (9-0)

0 (46) (94)

Fig.11,- Di-Sodium Hydrogen Phosphate and Hydro¬
chloric Acid.

(Sedimentation after 15 minutes.)
Kaolin per 100 c.c. suspension = 0» 52 gm.

Cone.

H3po4
0 05 N

D-U4N

0-03 N

0 -02. Nl

O-OI N

0

Cone. NaaHPO^ in gm. equivalents.
0-28 0-I4- 0-07 0-035 0-0I7 Q-00& 0 004- 0 002 0

(6-3) (5-+)

(6-8)

(PI)

up IV ?•«)

(3-0) I 3-0) (3-0) (2-8)

(3-0) (3-0) (3-0)

(5-JZj

(5-6) II
(4-2) 03-8)

(7-4) (7-4) (7-2) (7-0) (6-0) (6-8) (6-6) (6-6) (6-2)

(8-6;

(9-6)

o (8-4)

(9-2)

rig. 12. - Di-Sodium Hydrogen Phosphate & Phosphoric Acid.
( Sedimentat ion after .15 minutes.)

Kaolin per .100 c.c. suspension = 0«52 gm.

'""Calculated as monobasic acid.



Cone.

hCi 0 58

Cone.
0-19

0-06 N (5-8) M

0-05N (6-0) (J-8)

0-04N (6-2) (6-/)

003 N (7-/) (6-8)

0-02 N (84) (8-4)

Of 1N (9-5) (9.6)

0 l/o-o) (/oo}

o

(4-6) I (2-5) (2-4) (2-4) (24) (l-8)
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(4-6) ' '

(8-4) (8-4) (83) (8-5) (8-4-) (8-4) (S-J) (8-4) (84-)
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(/O-O) (/O-Oi (/O-O) (9-8) (9-7) (9-7) (9-7) (9-6) (94)

Pig.13.- Sodium Citrate and Hydrochloric Acid.
(Sedimentation after 15 minutes.)

Kaolin p_er 100 c.c. suspension = 0°37 gm.

Cone.

HCt 0-09

0-06N [IS]
O'OsN (2-1)

0-04 N f2-7)

0-03N (4-2)

0-02 N (82)

0-01 N (8-9)

0 (9-6)
©

Cone. CaCtj. in gm. equivalents.

w

Pig. 14.- Calcium. Chloride and Hydrochloric Acid.
(Sedimentation after 10 minutes.)

Kaolin per 1^ c.c. suspension - 0*35 gm.



Cone. Cone CaSO4 in qm. equivalents.
I-kSO, 0-0147 0-00^ 0-0037 Q-0QI55 0 00092 0 00046 0

D-06M (2-0) (2-0)

005 N (2 -4) (2-4-)

0-04-N (2-5) (2-6)

0-03 N (3 -0 ] (3-0)

0-02 N II (8-0)

0-01 N (5-3) nr i o (6-6)

0 (8-6) (9-6)

Fig,15.- Calcium Sulphate and Sulphuric Acid.
(Sedimentation after 10 minutes.)

Kaolin per 100 c.c. suspension » 0«52 gm.

Cone.

H,S04
0-06 N

Cone. CaSQ^ in gm. equivalents.
0-0147 0 0073 0 0037 000165 0 00092 000046 0

(2-0) (f-o)

O'Od N

0-04 N

(44)

U-s)
TY

(2-4)

(2-6)

0 03 H ho) (3d)

0-02 N in
(6 2)

JI
(8-0)

0-01 N (8-3) I O (8-6)

0 (8-6) (S-9) (9-Z) (9-6)

Fig.16.- Calcium Sulphate and Sulphuric Acid.
(Sedimentation after 10 minutes). 24 hrs.later.
Kaolin per 100 c.c. suspension - 0*52 gm.



Cone.

hoi 008

Cone CaH^PQ^-
0 04- 0 02 001

HjjO in qm -equivalents.
0-005 0-0025 00012 0 0006 0

0-06 N (2-4-) (2-2) (2 0) ('«) (is) (is)

o-osK (2-6) ■ (2-6) (2-4) (2-2)
TT
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(8 8) (9-2
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n
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Fig.17.- Monocalcium Phosphate & Hydrochloric Acid.
(Sedimentation after 5 minutes.)

Kaolin per 100 c.c. suspension » 0*52 gm.
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Fig.18.- Kono calcium Phosphate & Phosphoric Acid.
(Sedimentation after 5 minutes.)

Kaolin per 100 c.c. suspension - 0-52 gm.

■» Calculated as monobasic acid.
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Fig.19.- Calcium Sulphate, Mo nocalcium Phosphate,
and Hydrochloric Acid.

(Sedimentat ion after 5 minutes.)
Kaolin per 100 c.c. suspension - 0*37 gm.
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Fig.20.-AluminiumChlorideandHydrochloricAcid. (Sedimentationafter10minutes) Kaolinper100c.c.suspension=0.37gm.
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Fig.21.-FerricChlorideandHydrochloricAcid. (Sedimentationafter10minutes).
Kaolinper100c.c.suspension=0.3?gm,
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Fig.22.-LanthanumChlorideandHydrochloricAcid. (Sedimentationafter10minutes). Kaolinper100c.c.suspension=0.37gm.


