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-
THE EFFECT OF EYDROGEN ION CONCENTRATION AXD IONIC STRENGTH OX

SUSPENDIBILITY OF COMMERCIAL ACID IEAD ARSENATE.

INTRODUCTION

It is a .lon‘g esteblished faot that a good suspension of any spr;y
ﬁaterial is highiy dosiradle to insure uniform coverage and distribution
on foliage. There 13‘ a large number of spreading materials that have been
used with lead arsenates to obtain this result, Another faotor which enters
1nto this problem is the faot that leo.d arsenate is often uwd in spray
mixturel with other spray materials such as Bordeaux mixture » nicotine
sulplmte. soaps, eto. A third faotor is the grest vo.rhbility of the waters
used in paking sprays. Thn relultl in lead arsenats being subjected to a
wide miety of eonditions due to the great difference in salts and nlt
concentmtiona present. ‘ _ ‘ ‘

It.has been rpoognized that tI}e quality of the spray, with respect
to spréading, adhesiveness and settling, nries when uled under different
conditions, It has been assumed that these differences ‘are due to various
tactors ‘such as a.oidity. alkalinity, salt concentration, ets., in the spray
mixturo.

| Preliminary studies at the Montana Experiment Station indicate

that b,ydrogen ion concentration 1s one of the factors affecting suspensibility
of lead arsenate. Although no attempt has been made to determine the‘offoct
of varying salt concentration, it is assume& that this is also a factor in
Qunpensibﬂity.

Due to cloudipeu of the mixture when a good suspension of lead
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arsenate is obtained, colorimetric determinstions of pH are inscourate
end unsatisfeactory. When either hydrogen or quinhydrone electrodes are used
to determine the pll of a lead arsenate suspension, the soluble arsenio
(uzo;,-) causes a polscning of the electrode metals which introduces large
errors in the determinations made. After an electrode has been used for two
or three determinations it 1s impossible to obtain further readings. This
handicip in measuring accurately the ‘pH of lnd n.raenate suspensions has now
'been mroome by the use of the gla.ss electrode which iz not affoctod by
colublo arsenio. . ‘ | , ' ' o
| ) In some of the pmious wrl: on tho effectl of hydrogm 1osn concen=-
tntion on aoid lead arsenate. hydroehlorio mid and umonim lwdrox:ldo were
uud to va.ry pH. Sinee hydrochiorio noid 1- mod to diuolve load crscmto
a.nd amonium hydroxide il uaed 1n the mnuracture of buic 1ead menato !‘ran
the a.cid fom, theao mgentl were not usod. Sorenaan'n phospha.te 'buﬂ'er was
oonsidered more desiuble for adjusting cnd holding o.ny delired pH. Pomdm
chloride was uled to .d:;ust tho 1onte ctrength | -

. In the prell.mlnary mrk on thil problm muoh trouble ‘was experienood
!.n obtaining cheokl on the nto of settling for a given lead urwmta.
Demity deteminationl lhoved ttnt thero was quito . 'ide mhtion not only
between ditferent brandl but o.ho in n.mplel frcm a zlngle bmnd ‘rhe«
nrhtiona were thought to be due to either tho diffemoe 1n methodl ot
nmmfacturo of lead arsenate or to tho l;% inert mterhl which 1. present 1n
mlt of the branda. rha results cmhodiod m thil papor wore obuinod by tho
-tudy of . bmnd of lead araem.to whichwm ccmidered to bo relatively
consisternt as Judged rrom donsity éotomimtiona.

The problem ditcuued 1n this paper had for itl obJeotiveu
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(1) The determination of the effect of varying hydrogen jon
concentration at constant ionic strength, and;
(2) The determination of the effect of varying ionic strength at

constant pH on the sucpemibiiity of a selected sample of commercial lead

" arsenate,

REVIEW OF PREVIOUS WORK

( | Tengel and Reckendorfer (2) tested a m@ber of methods and types _
' or uppars.tua for the detemimtion of fineneu and mlpensibility of partiocles,
’fhey found that the best results were obtained with a rmlver apparatus
”deviled by Hengel for use in the mechanical amlylis of soils. This uppo,ro.tm
| ‘consists of a 120 cm. ghu tube of 20 mn. bore, tho 1mr end of vhich
gndually narrows in the last 8 cm. to temimte with a bore of 6 m.  The
npper end or the tu'be 1: ground and ¢losed by a poar-s}nped flasx 10 om, high
and 6 em. 1n the greatelt drmer diemeter. In use, the tube is fixed in an
upright position 1n a stand at the bcttan of which 1s arranged a tumublo
earrying & serles of small glass diahea. and so contrived tho.t it cen be k
quickly rotated to 'bring the dishes in succession under the tip of the tube,
just as tha tuoceslive chenbers in & revolver cylinder are alignad with the
bgrrel. The Sohweim‘urt green or other mtorio.l to be tested for aulpens:lbnity
is placed in the flask, which is ﬁ.lled to the neck with water and ritted over
tho previously f:llled tube. Then with similtaneous release of a stop ntch
tha whole 13 inverted and fixed in the stand so that the tepered end of the
tubo is inmerlod 1n one of the dilhes * vhich were previously filled with
wnter. The cedlment tottlec through the column of water and colleota 1n the
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dish. After a desired interval , another disix is quickly shifted under
the tude, allowed to remain for the determined interval lnd the process
repeated for as long as desired. |
| According to Robinson (14). chemicel analysis of ommmhl brands
of lead arsenate, of which more than 95% are the acid lead arsenate form
(PbHASO),) shows very little variation between the brands. Such variation as
does occur is due mainly to the presence of small amounts of basic lead
arsenate (Pb3(AaOh)Q. Examination of the warious commercial brands indicates
that they differ widely in their physical properties. Some are finely grmmd.‘
flufty end dulky; others are coarse grgined and eqmpgct. »b‘l'ho density of a
sample was determined by ascertaining the weight of toluens displaced by a
Imown quantity of the lead arsenate. Care was taken to remove ocoluded air
by placing the pycnpﬁoter in a des’ioaﬁ;qr and exhausting it. The density of
twelve brands tested varied only fram 5.59 t_oﬁ.O; with apparently no corre-
lation b?tmen' the specifie gravity nndtho dry volume, as ~same brands ogmﬁy
more then twice the dry volume of certain other brands. It was shown that one
bnnd of lead arsenate will remain in auape/msion“in‘ water longer than mothqr
and f:o show t‘hﬁo actual amounts that remain in suspension after five minutes,
two methods were employeds o - o o
- Q) Graduated glass oil tubes containing 1 m. of the mto and
100 oo. of water, were thoroughly shaken and allowed to stand five mimxtes. _
The purtviﬁqles)which remained ir’xﬂguzpen:ionkvegg siphoned off with ‘.’1“;'_!“1’9“-
natent liquia, evaporated to dryless at 100°C., and weighed, The amount that
settled was caloulated by difference. U _
(2) The second method was more rapid but less accurate. A1 gn.
sample was introduced into the graduated oil tube containing 100 c¢o. of water.
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After shaking thoroughly, the tube was cemtrifuged for one minute at 1200 TePele
end the volume of the settled argenate was noted. The tube was egain shaken,
allowed to stand five minutes, and the supernatant 1iquid end particles in
suspension siphoned off. The tube was again centrifuged and a second reading
taken of the settled araenate. From the two roadings the pamntagec of legd
memte which settled a.nd which remained in suaponsion were oalcula‘bod. _The
result: mdicate L percoptiblo diftcrenco in the various bramda ot lead
memto with reapect to uttling. Since only the very rino pu'l:icln remain
1n suspension, the peroentagoa reflect to a certain exbent the rehtive |
amounts or lgrge end mll partlcles. v o -

Beemen (1) used 'Y Becker 'Chinmtic ba.hnoo titted vith . phmt
:uitable for meaauring dens:ltie: vith & falrly h:lgh degm or eccuracy, f‘or
dotermining the rato of change in demity of chy mspensicmn during sodimn-
tation. Aa a reault of ths inveatiga.tion of mero.l suspenaiona in aolution:
of different hydrogen-ion concentraticn. he found that small quantities of |
hydrcchloric o.cid ‘wers arrectin floocuhti.ng agonts . the ma.ximm ofroct ‘being
produccd by H/IOO N/200 and N/1000 hydroohlorie acid, vhﬂa corrosponding
conoentrations of aodium hydroxide were without offoot. n/xo :odimn hydroxide
did produoa ﬂocculation, but the effeet was leu t}m: tl'mt prodnood by '
x/zooo hydrochlorie acid. Stoke'a 1ew was assumed to hold under the eonditiona
of the oxperiments and tho hcmsed ro.te or sodimtation was i.nterpreted as
an 1noreue in partiole aize. In effect, the u!dition of an uoid toe elqy
aunpension uaua.lly causes rapid sedimentation. while the addition of & base
vas w:lthout orfeot. Theaa ea:periments showed that the effect of lvdrogcn-icn
concentration is rehtively great and explains why changes in the pH values
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produce such noticeable changes in plastioity and viscosity. They show
also that elutriation is an uncertain process without pH control,

EXPERIMENTAL VETHODS AND APPARATUS

. To determine the rate of settling of lead nrsemte e B modification

of the Hangel-Reckendorfer apparatus was used. m: appmtue oonsists of a
120 om, glau tnbe of 30 mm. bore, the lower end of whieh gre.dmlly tapere _
1n the last 6 cm. The dlameter of the tapered end 1s 10 rm. and the cepacity
of the tube 18 750 CCe The upper end of the tube is closed with a rubber
3topper. The tube 4s fixed in a vertica.l position in a etand at the bottom
of which 1s a emall shelf on which are placed the sedinentation dishes. This
ehelf is so constructed that 1t can be 1mred e.ga.inat e. spring to pemit of
the eubstitution of successive dlshes as required, the spring pushing the ehelr
with the eubstituted dish into the proper position. The glass dishes are
h ca. 1n diameter and 1 cm. in depth. . o »

| ' Five lumédred cce of buffer of the desired pH and ionic e’trength
end 1 gﬁ, of lee.d arlenate were placed in the tube ma mixed for three
mimztee by a.ltemate invereione of the tube, More 'buffer was tdded in three
mtallmente with mixing until the tube was ccmpletely filled et the ‘
conclueion of‘ a ten minute mixing period. Then, with einmltaneous releese
of L etop watch, the tube was fixed in the et‘and so that the .tapered end of
the tube was mmereed in one of the dishes which was filled with 8 oc. of
the same burf‘er as used in the tube. After intervals of two to f.’me mir.mtee .
nncceuive dishes vere ehiﬂ;ed under the tip of the tube until over half of

the lead arsenate had settled out. The dishes were dried to constant weight
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in an oven at 95°C. and weizhed to deterzine the amount of lead arsenate
settled in each. Several dishes containing only buffer woere dried each
time to correct for the weight of salt in the buffer. 4

Several commercial brands of acid lead arsenate tested, without
- #dded deflucculent, were found to be not only inconsistent between bnndl' but
| inconsistent within samples of the same single brand. The £igures herein
contained are based on a standard comnercial bmnd of acld lsad arssnats,
refemd to as simply lead arsenate, contalning 0,57 water solu‘ble arsenio
and 27 inert ingredients and found to be relatively uniform by density
determinations. _ ) | | _

Stock aolutiona of 0.0022 M aoccndary sodlum phosphate (0.7963 gn.
Nagﬂ Poh 121120 per liter) and 0.0022 M primary potassium phosphate (0.30%
tae K HQPOL‘ per litgr) ‘were prepared. These were used in pmport;m as
given by Sorensen (5) to obtain a desired pH. Ionio strength was msintained
in buff‘en of mrying Pl and varied in buffers of constant pH by addition of
potusim chloride. Tonio atrength (u) was caloulated according to Lewls
and Randall (3) by mltiplying the concentration of each fon (in gm. molecular
w,i'ghtlvper 1000 gns. of solvent) by the square of its valences -.li these
quntitiea are added together a.nd divided by two. The fa.etor two 1is mcluded
because both positive and negativa lons are involved, An example of a sample
caloulation is shown herewith tor & buffer of pH value of 6.0 and a desired
tonto strength of 6,615, The buffer was sade by mixing 123 co. of
0.0022 M:sq;nmn phqbphate with 877 co. of 0.0022 M potasslunm phosphate and
e,dding ‘0.2930_gm. of KCl. The emount of KC1 added was calculated as folloﬁ:

| cOYno,b of Ma* = 123 _x 0,0022 x 2 = 0,0005,12 |
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Conc. quH PO}: - -}% x 0.0022_" 8.0002706
Cone. of K* = ST, x 0,0022 = 0.00192
Cono. of Hgp0y,™ = $TL- x 0.0022 = 0.00192

@ = 0:0005112 x 1240,0002706 x 22 + 0.00152 x 1% 0.001G2 x 12 = 2.73 x 10~3

(6.66 x 1073) - (é.73 x 1073) = 3.93 x 103
(3493 x 1073) x 7h.56 = 0.2930 gms. of KC1 per 1iter of buffer
which mnt be added to obtain an ionlc strength of 6.66 x 10"3
' ‘!’he pil of a liter of buffer when once made up could not be adjustod
by o;dding sodiun or potassium phosphate as this would alter the ionic strength.
Therefore, the buffers were made up as nearly as poséible to the desired pH
and the hydrogen ion concentration measured.

' A11 measurements of hydrogen ion concentration were made bty means
ofa glass electrode ﬂth' & potentiometer aud a compton quadrant electrometer.
A galvanometer was used to obtaln the approximate reading and the electrometer
£o obtain the final balance. The pH of the Iud arsenate suspension of each
buffer was measured at the time when one half of the lead arsmtovhdk
settled out of the sedimentation tube. This time was obtalned from graphs
on which the per cent of the 10@ arserate settled was plotted against time.

The density of the samples was deternined by ascertaining the volume
. of a known welght of the lead arsemats in toluene. Care was taken to remove
ocoluded air by placing the specific gravity bottles £5110d with lead arsenate
and toluene in a éhanvzber‘fr‘om which the air was exhausted. A oconstant -
temperature water blth\ut 25C. was used in all d&mity deterzinations,

' The average size of the partiocles of lead srsenate in each suspension
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‘was determined by use of Stoke's law for the settling of particles. A sample
calculation of particle size for a buffer with a pH value of 6.8 and an fonio
strength of L.39x10™> in shown herewith in which the time for half the
sample to settle was 354 seconds, end the average distance each partisle

" settled was 59.25 cm. (one-half the height: of the tube):

Stoke's law: V = 2 g B2 (4 ";‘2)

V = velooity of settling = 59.25 ¢ 354 = 0,167 cm. per sec.

g = gravitational constant for latitude and elewvation of Bogzeman
: which is 980.065

'R = radius of particle in centimeters
d= density of the particle = 5.8916
do= density of the medium = 099
¥ = viscosity of the medium = 0,008,

0.167 = 2 x §80,065 x B2 ~%3 3 6.- o
R= o.bone} cmy = 11.83 microns |
The dimetér is equal to 25.66 micr@ which 1-0 the average size
of the particles settled out during the tims for half the sample to settle

in a buffer with a pH value of 6.8 and an ionio strength of L.39 x 107,

DATA AND RESULYS

Table I shows the results of settling experiments for lead arsenate
in phosphate buffer solutions of vgrioui pH values with fonic strength kept
constant at 6.66 x 10'3_ « There was a flocoulation of the lead arsenate

particles in all the buffers, but the data show that there are considerable
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differences in the behavior of the lead arsemate in buffers of different
pHe Decreasing the pH from 7.72 to 7.09 decreased the rate of settling, |
while decreasing the pH from 7.09 to L.f; inoremsed the rate of settling.
Figure 1 shows three typical curves in which the per cent of the sample
settled is plo_tted against the time in mimutes. From these curves, the time
for half the sample to settle was o‘btgined.

TABLE I.

I Tonic strength Time % Settled

7%2 6.66 x 10~ 3 min, 16.5

5 42,30

7 €4.20

10 3.1

‘ , 15 T7.96

05  6.66 w1073 3 11,82

, ~ 5 39.65

10 T70.39

. _ 15 T5.56

7.09 6,66 x 1073 3 1.2,

T 57.79

10 70.03

- 5 .27

7 68,00

10 78.71

| . 15 82,90

5.95  6.66 x 1073 3 16,16

. 5 : 1,20

7 €,.88

10 78.89

L 15 83.L9

Ll 6,66 x 1073 3 17.57

« 5 L2.&,

7 67.29

10 80,77
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A OPm. 7.72
*——— ORh.7.45
»-mm-OP m. 4.6 4
MINUTES
Fig-1. Per cent settled plotted against time for
pH values of 7*72, 7»U5» keeping

ionic strength at a constant value of
6.66 x 10-3.
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Table II shows the pH values in terms of hydrogen ion concen-
i:mtion and the time in minutes for one~half the lead arsenate sample to
settle from the buffers of various pH and constant iomio strength. Fig. 2
shows graphica‘lly the time for half the sample to settle plotted against
hydrogen ion concentration, showing that as the hydrogen ion concentration
is increased from 1.91 to 8.13 x 10-8, the time increases for half the sample
to settle, and as the hydrogen fon concentration is increased from 8.13 to
2290 x 10~8, the time decreases for half the sample to settle. Table II
also shows the particle sizes of the lead arsenate calculated rrm the data
obtained. in the ,, settling experiments using buffers of different hydrogen ion
concentration, The -‘aluumption was made that Stoke's law holds for the

conditions of these e;:pex_'iments and that floooculation is merely the aggregation

of smaller to form larger po.rticlei under the influence of the enviromment,

Fig. 3, in which particle size is plotted against hydrogen ion concentration,

shows that as the latter is increased from 1,51 to 813 x 10'8, the size of

the pu'ticles decreases ,and as the hydrogen ion concentmtion is increased

from 8.13 to 2290 x 10-8 there 1s an increase in the size of the particles.

TABLE II.

pH H. ion conoc. - Ionic strength Time for half = Diameter of
sample to settle particles

) ) S ) in minutes in microns
712 %0L x 10-C  6.05 x 103 Te55 L.
7.45 5.55 ® " 5.80 23.9
7.09 8,13 " " 6.13 g.a

067 ak " " 5.32 ' K- N
E Zﬁ 17,5 " w 5.60

" " S5

BUNTANK

SRR

BT

i

i
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| 8 » 2
HYDROGEN ION CONT-NTr * I X108

Fig-2. Time for half of the sample to settle
plotted against hydrogen ion concen-
tration keeping ionic strength at a
constant value of 6.66 x 10"/



DIAMETER OF PARTICLES

IN  MICRONS

Fig-3.
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HYDROGEN ION CONCENTRATION x 10'8

Particle size plotted against hydrogen
ion concentration keeping ionic
strength at a constant value of

6.66 x 10~3.
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Teble III shows the results of settling experiments for lead
arsenste in \phdapl;ate buffer abluﬂom of varying ionle strength with pH
Xept constent st a value of 6.8, Fers again, the lead arsemate flocculated
1n the buffer but there s a striking difference in the rate at which it
settled at diffqnnf ionic ‘strengtths. As the ionie strength was increased
from 14,39 to 25.0 x 107 the rate of settung decreased, and as the lomio
strength was increased from 25.0 to 200 x 10"5, the rate of settling increased. -
Pig; L, shows three curves of the per cent of the lead arsemate settled

plotted against time. These curves wers used to obtsin the time for half the

mlo to céttle.

TABLE IIT
pH  Tonlo stremgth  Time £ Settled
6.8 L.39 x 1073 3 min, 12.19
, -5 36,29
7 60,96
11 75.61
' | 15 79.19
5 26,87
T L6.25
10 N IRER
. | I T3.58
6.8 10 x 10™J 3 : 6.01
5 21,95
7 .5
10 62,57
. | 15 112
: 5 16,72
7 33.15
10 56,11

15 68.67



~19-
TABLE III, Cont'd.

“pH Tonis strength Time % Settled
6.8 25,0 x 10~3 3 2.4,
5 10,95
7 25.99
10 50.87
. 15 68.54
6.8 100 x 1073 3 3.29
5 11,77
7 27.79
10 52,6l
15 69.92
648 200 x 103 3 3.86
~ 3 3

2 :

10 53.66

15 68.58
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-0 ionic sfrengfh 4.93 Xi<rs

. 40

20

Fig.1+.

o ionic sfrengfh 10.0 x i0"3
o ionic sfrengfh 25.0 X 103

MINUTES

Per cent of the sample settled plotted
against time for buffers of ionic strength
values of 39, 10.0 and 25.0 x 10-"j
keeping the pH equal to 6.8.
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Teble IV shows the time for half the sample of lead arsenate to
settle and the ionic atrgngth of the various buffers used at constant pH.
From this table it can be seen that the time for half the seample to settle
increased as the ionic strength was increased from 4439 to 25.0 x 105, and
decreased as the ionio strength was increased from 25.6 to 200 x 10~3. Fig.5,
showing time for half the sample to settle piotted egainst lonio strength,
graphically illustrates this effect of increasing the fonto strength from
4439 to 25,0 x 10=3, Table IV also shows the variation of particle size as
calculated by Stoke's law for buffer solutions of different ionio stremgth.
As the ionie strength was increased from L1.39 to 25.0 x 10~3, the size of the
particles decreased, and as the ionic strength was increased from 25,0 to
200 x 10™> . the size of the particles increased. Fig. 6 illustrates this
relationship of particle size to ionie strength as the latter was increased
from L.39 to 25.0 x 10°7,

TABLE IV,

pH H. ion conc. Ionioc strength Time for half Diameter of
sample to settle particles
in minutes in microns
6.8 15.8 x 1078 .39 x 107> 5.9 23.66
" " v b " T3 21.30
. " 10,0 . 7.8 y 20.60
* " 1.3 " 8.7 7 19.56
" " 5.0 " 9.8 18,38
" . 100 » 9.5 ‘ 18.70
" " 200 .

93 18.86
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8 12 16 20 ZA 26
IONIC  STRENGTH x 10"3

Time for half of the sample to settle
plotted against ionic strength,
keeping the pH equal to 6.8.
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ionic STRENGTH x 10

Fig.6. Particle size plotted against ionic
strength, keeping the pH equal to 6.8
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DISCUSSION OF RESULTS

The settling tests wers run in duplicate and found to chesk within
the range of experimental error for the brand of lead arsenate used in these
oxperimenta. With sémerbrands of lead arsenate which varied considerably in
denaity. accurate checks could not be obtained.

In determining the denaity of lead arsenate, the density of toluene
was first arrived at. The results of fiye deternminations showed a variation
of only 0,01% for the density of toluens, 1ndicating_ that the method was
satisfactorily accurats. The lead arsenate used was found to have an average
density of 5,8916, the greatest #ariation from the mean being 0,087, For
another brand of lead arsenate tested, the average density was 5.8,30, the

greatest deviation from the mean being 1.0%.
| The commercial lead arsenate used in these experiments was flocoulated
in every case and‘ thus the effeots of pH and lonle strength were minimized
to the fullest extent. If in some cases a fine suapenailon had been attained,
there would be shown a much greater contrast for different pH and lonic
atrength values, » |
Howsver, it can be readily seen from ﬁg.2 that hydrogen ion
concentration has considerable effect on the settling of‘ ths lead uamﬁe.
It also shows the optimm }wdrogen ion concentration for suspensibility at
'- the lonic strength used (6.66 x 10 -3). Fig. , and fig. 5 1llustrate the
striking effect of ionioc strength on the suspensibility of the lead arsenafc.
 Table V shows the ionic strength which gﬁve the be'st suspension for the pH

involved (6.8).

Another ooxmnercial brand of acid lead arsenate tested and found to



.
be rather inconsistent, showed exactly these same trends., That is, as the
hydrogen ion concentration was inoreased there was first a decrease and then
an increase in the rate of settling. The same trend was observed for changes
in lonic strength in that the rate of settling decreased end later increased
as the ionic strength was inocreased. As might be expeoted, the pH and ionic
strength for optimum suspensibility were scmewhat different tor this brand
of lead arsenate. In the case of this particular brand for which there are
no data recorded, some 'of the buffers produced an excellent suspension and
the effects of hydrogen ion concentration and ioniec strength were much greater.
Because aamp;os of this brand were most inconsistent, checks on the' settling
could not be made and the data were not recorded. / ) |

Fige 3 and fig. 6 show that both hydrogen ion concentration and
ioniec strength have a profound effect on particle size.

SUMMARY AKD COKCLUSIONS

1. Experimental evidence shows that hydrogen ion conoentration
affects the suspensibility of lead arsenate.

2. It slso shows that ionic strength has & decided effect on
suspensibility. 4 _ -

3+ The results of this paper provide further evidence that particle
size is diraotly proportional to tho rate of settling. » '

L. Assuning that large particles are formed by coalescence of
smaller particles, it is evident that the surface covered by a given amount

of lead arsenate 1s largely dependent on the hydrogen ion concentration
and ionic strength of the medium.



S5e The variation of spray waters due to ‘salt concentrati.on is arpeeted
to be much greater than the variation due ¢o hydrogen ion concentration.
Therefore, it might be concluded that lonle strength has more influence on
suspensibility than hydrogeh ion conocentration.



(1)

(2)
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