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INTRODUCTION

It has been stated by Presad and Hattiangedl (1) thet the
process of settlng of mixtures of solutions of godium silicate
and acetlic acid consists of.three Btages:

(&) The formation of sillcle acid by the intersction of

the acid with sodiun silicate.

(b) The formastion of the colloidel solution of silicic acid.

(e) The coamgulation of the eoliloidal solution by the

electrolytee liberated in the firet resction.

The present investigatlion wee undertaken with & view to
examine the effect produced on the time of setting of the
81llclc acld pgels by the addition of extra quantities of clec=
trolytes to the gel-forming mixtures. As the pH of the gel-
forming mixture has & marked effeot on the time of setting
any change in pH of the mixture due to the addition of the

electrolyte was carefully noted,

The time of setting of ellicic acid gels hse been found to
be affected by various factors., The fundamental factors ares
- (1) The concentration of silice A
(2) The concentration of acid
(3) Agitation
(4) Temperature
(5) The pH of the mixture

(6) The presence of additional soluble umaterials
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Holmes (2) noted the effect of the acid and glves directions
for the precsration of gels setting in any deslired time. Holmee
aleo found thet the time of set was ¢ifferent for equai con-
centrations of different scide. Studles of the effect of the
acid héa also been mede by Fleming (3) and Hurd and Letteron (4)
The later also found that the logarithm of the tlue of set
could be represented as a linesr function of the reciprocal of
the abaélute temperature, Fells and Firth (5) observed tnst a
& light alkalinity in the nelghborhood of the neutrallzation
DOint‘brought about lumediate settiﬁg of the gel. kKay and
Gangull (6) in studyin, the effect of the pi on the eetting of
silicic acid gel!s found that for each concentration of alkall
siligﬁteAtnere ie a limiting renge of pH in which gel-formatlon
takes nlace. Hurd, Raymond and lilller (7) have investlgated
the eftect of the hydrogen-ion concentration upon the time of
set. lNumerous investigetors have studled the effect of sdding
soluble material to the gel mixture., Krozer (8) noted that
sodium tungstate lowered the time or settling for elliicic acle
gels prepared from hydroehioric acid and sodium sllicate. Hurd
and Carver (9) studled the effect of various.organic compounds
upon the time of set. The etfect of salte upon the time of set
has been investigated by werner (10), Fappeda (11) and rrased
and Hattiangadi (12). The investigation carried out 1in this

paper is somewinat similar to that of Prasad and Hatg;angadl.
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EXPERIMENTAL

Preparatlion of solutlions:

The sodium silicate used in ail investigations vae the “E"
brand Biilcate produced by the Phlladelphis wuartz Company.
Ite Na 0/S10 ratio by welght wes 1/3,19, The silicate veas
dilute§ withgfreahly boiled water. By tétrations with standard
Sulfuric secid its normality with reepect to scdium hydroxide
was found to be 1.294 N. Methyl orangelwae used as the lndlcator,
The scetic acld used in all investigations wes prepsired
from 99.5% glscial acetlc acid by dllution with alstille¢ water.
Ite strength vwag determined by titretion with standard sodium
hydroxide, using phenolphthalein as the indicator &nc found
to be 2,004 N,
All salte added to the gel mixture were prepared by welghing
out Bamplwa'or‘the gelt and dlluting with freshly bollea
distilled water to the desired normelity.

Mixing of the solutions:

In'making the gels %0 cc Bllicate #olution wae placed in
one beaker and the other conetituents namely; 50cc acetlc acld
solution and 60 cec salt soiution plue bolled distllled water
were placed in another besker. The amount of salt solution
wae varied but the total volume of ealt solution plus water
was alﬁaya 60 co. All volume measurements were made with pipetes.
These beakers were placed in 2 water bath at 23.5°C. In mix-

ing the silicate eolution vas always poured into the acid



solution. Equel volumes of the mixture were poured into two
100 ec beakers. One of these w&s placed in a water bath at
25.0 C where the time of set was determined. The other was
placed in a water bath at 25.0 C where the pH wae determined.
In order to prevent excess evaporation wateh glasseg were
piaced over the mixtures.

Determination of the time of set:

It was impossible to determine the exact time of set ae
there were no means of determining when the three-etages of
the process of setting were absolutely completed. However a
relative time of set was obtalned by the tilted rod method
described by Hurd and Letteron (4). The method consiste of
inserting a smell stirring rod into the gel at an angie of
about 209 to the vertical until the gel is stiff enougn to hold
the rod in the tilted positlion. The glase rod is about 3 m.m,
in dlameter, about 8 em. long and drawn to a‘point. It has
been found that thie method glves resulte 1in time accurate to
two percent.

Determinationsof the pH

the quinhydrone method of determining the pH wae used.
Hurd and Griffeth (13) masde & careful study of the applicabllty
reliabllity of this method and they found that 1t gave relliable
results., Laskin (14) found close agreembnts between measure-
mente of pH of silicic acid 80ls by means of a »Pt, 52 electrode
and the quinhydrone method. In some ceeges in this investlgation
the pH changed slightly during the setting of the gel, for
8uch cases the final constant reading wae taken. The Pt elec-

trode used in the quinhydrone determination of pH was fre-



quently cleaned with a solution of sodium hydroxide 1in order to
loosen any coating of silica which might have collected on
the Pt.

RESULTS

e ———————————

The effect of sodlum, potassium and lithium salts of hydro-
chloric acid on thne gel-forming mixture hae been studied and
ae shown in Tables 1, 7, 8 and in Figure 1 each of these salts
cauged a marked decrease in the time of set. Bach of the salts
caused an appreciable decresse in the pH which should cause an
increase in the time of set estimated at about nine minutes in
the case of the highest concentration of tine salts.

The effect of the potassium and sodium salte of sulfuric
and nitrlc acide 1s shown in Tablee 2, %, 9, 10 and in Figures
2 and 3. Here sgain a declded decrease in the time of set 1s
noticed. The decresse in pH wese the same &e for the chloride
salts with the exception of potassium sulfate which slowed
ne change in pH.

Mono-gsodium phosphete in emsll concentrations decressed
the time of set as shown in Table 4 and in Flgure 2, but in
larger concentrsztions the time of set wase lncreaged. ine pi
varied conslderably 1n.tnese mixtures at first increaslng
and then as the concentration of t.e salt became larger the
pH decreased. The pH no doubt played the important part in
the variation of the time of set.

pi-godium phosphate decressed the time of set more then
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any other salt studied. However the pH of the mixture was
increased considerably and eonsequently most of the decresee
in time of set was due to the lncrease in pHe

Sodium oxalate decreased the time of set, but as the
concentration of the salt was increased & minimum point was
resched as shown in Wlgure 4.

The effect of blvalent and trivslent basic radicles
could not be studied as moet of theese react to give insoluble

8llicates .,

DISCUSSION OF RESULTS

It will be seen in Pigures 1, 2, 3, and 4 that the addltion
of sslte with the exception of mono-sodium phosphate accelerates
the gel-formation in acid mixtures. The incresee 1in time of
get in the presence of mono-sodlium phosphate can be acecounted
for by the decrease in pH. .

Not coneidering the phoephate and the oxalate salts the
order in coagulating power of the salte gtudied ie as follows:
KC1>NaCl> LiC1, KNO> NaNC , K aaf Ne 80

Thie ie a @onflrmatzon wizh the ﬁbaarvagion ot Pragad
and Hattiangadl (12) who found the szme order for the coagu-
ting power to be true in both acld and besic gel mixtures.

The cosgulating power seems to be intimetely connected with
the pogition of the metale in the periodic system being of
the order: K>Na>Li. Pappada found the order to be

Ce7E>Nali.



it is evident from Figuree 2 and 3 that the coagulating
power of the anion is in the order Cl” N0 280 . The behaviour
of the sulfate in being a poor asgistant in the gel-formation
i abnormsl., The silicate sol particles are considered to be
positive in acid mixtures and hence the sulfate ion should
have a greater coagulasting power thet the monovslent anions.
The coagulating power of the chloride and nitrate ions are
nearly of the ssume order,

bue to the large pH change in the mixturee containing
phogphate salts it 1s difficult to see what effect the
phosphate ion had on the time of eet. But I think that it
e¢an be safely sala that its cosgulating power is less than
that of the sulfate ion.

Teking into account the pH change in the godium oxalate
mixtures the oxalate ion has about the same erfect as the
chloride ion.

It apoears from the similarity of the resulte obtalned
in thie investigation with those obtained by Verner (10),
Graham (15), rappsda(ll) and Prasad end Hattiangadl (12)
That gel-formation is really & case of coagulatlion of the
colloidal silieic acid by electrolytes. The sodium acetate
formed by the reaction of the acetic acid and the sodium
S8ilicate also played an important part in the coagulation
of the colloldal eilicic acid.

It hae been found thet & pure hnydrosol of slllcic acid
has a tendency toward coagulation snd tiff this tendency 1s

more. pronounced in the more concentrated solutions. Phis



coagulation tendency is most likely due to the presence of
some of the sliliclc acid in true solution which would act

ae &an electrolyte and csuse coagulation. Mylius and Groschuff
(16) found considerable smount of silicic aecid preeent in

true solution when it hac been freehly sgeparated from silicate,

BUMMARY

The effect of added ealte on the time of set of gel
mixtures produced by mixing golutions of acetlc acld anc
sodium gilicate have been studled., In order to obtain specific
effecte of the salte themselves changes in pid of the gel
mixtures upon the addition of the salt has been noted.

sodium chloride, potaseium chloride, lithlum chloride,
sodium nitrate, sodium sulfate, potassium nitrate and
potassium sulfate all accelerate the gel-formation and
cause only a2 slight change in the pH of the mixzture.

lono~sodium phosphate, di-sodium phosphate and sodium
oxalte ceuse large changes in the pH of the mixtures.

Gel-formation in a mixture of sodium £ilicate and acetic

acld seeme to be merely a case of coaguiatlion of the colloldal

B8llicic acid by electrolytes.
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T&b le 1,

The effect of 8odium chloride on the time of set of slilicic

acld and on the Ph of the mixture.

Coneentrations in gram moles per liter:

Nilioats AT . dkAeside » Tisy &
«3917 Naeo 6261 - .000 4.81 96.0

" 2 033 4,81 90.0

" " 067 4.80 86.6

" . «167 4.80 T7.5

" . 333 4.79 67.5

2 2 +500 4,79 59.0

5 o 667 4.76 53.9

5 n 833 4.76 47.9

= ¥ 1.00 4.74 45,0

Temperature 25.0°C
Solutions before mixing were:
50 ee sodium 5ilicnte - 1.254 U
50 ee acetic acld - 2,004 ¥
60 ce¢ sodium Chlorice plus water

sodium Chloride varied:
Q= 2=l 10=~20-30-40=50-60= cc of 2.667 K



Table 2.

The effect of Bodium nitrate on the time of set of sllicic

acid gels and on the Ph of the mixture.

Concentrations

Sodium
Eilicate

«3917 Na O
2

W
”
"
n

"

in gram molee per llter:

Acetlic Sodium Ph

seld Nitrate

6261 . 4000 4.81
: 033 4.81
r Q67 4.80
" 167 4.80
" 337 4.76
" 500 4.79
4 667 4.79
" .833 - 4.79
" 1,00 4,80

Temperature 25.0°c
Solutions before mixing were:
50 ce Sodium Silicate - 1.2044
50 ce¢ scetlic scld - 2.004 M
60 ce Sodium Nitrate plus water
Sodium Nitrate varled:

0=2-4~10-20-30-40-50-60- cc of 2.667

Time in
Minutee

96.0
91.0
86.0
78.3
67.0
59.8
54.3
48.3
45.0



Table 3,

The effect of sodium sulfate on the time of set of silicic

fcld gels and on the Ph of the aixture.

Concentraticons 1n gre: moles per liter.

Sodium hLeetic ‘Eodium Ph Time in
Billicate seld Sulfate dlnutes
¢3917 Na O 6261 000 4.81 96.0

" ; . " 033 4,80 9%.2
. ' § .083 4.79 89.5
" E <167 4.79 895.0
; = +250 4,79 82.0
s i 333 4.76 79.0
- i 416 4.74 77 .2
B 590 4.74 77.0

Temperature 25.0°C |
- Solutions before mixing were;
50 ce Sodlium Eillicate - 1.254 i
50 ec Acetic aecid - 2.004 M
60 ce vodium sulfate plue water
S0dlum pulfate varied.

0=4=10=-20=30=40-50=60-cc of 1.,%27% i
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Table 4,

The effect of lono-sodium Phosphate on the time of set of

silicie acid gele and on the P of the mixture.

Coneentrations in graa molee per liter:

Sodium

21licate

+ 3917 Na 0

L

i

"

L

2

Acetlc Mono-sodium Ph
Aeld Phoephate

6261 .000 4.81
033 4,95

" +O67 4.98

o . 167 5.39

. «333 4,90

. «500 4.90

s 667 4.76

. 833 4.76

" 1,00 4.6%

Temperature 25.0 C
Solutions before mixing vwere:
50 ce codium silicate - 1.254 U
50 cc Acetic Acld - 2.004 i
60 cc Mono-sodium Phosphate plus water
Wono-godium Phosphate varied:
0= 0=44=10=20~30-40-50-60~ 2.667 i

Time in
Minutes

96.0
95.0
93.7
92.0
97.0
9740
105.0
109.0
110,0



Teble 5.

The effeet of Di-sodium Phosphste on the time of eet of

©1llcle acld gels and on the Ph of the mixture.

Concentrations in gram moles per liter:

Sodium Acetlc Di-sodium Ph
tilicate Acld Phosphate

3917 ¥a 0 .6261 ,000 4.81

s . .083 5.00

" o + 125 5.28

v " 167 5.38

" e 208 5 .66

» . 250 5.78

Temperature 25.0°C
Bolutione before mixing were:
50 cc Sodium Billicate - 1.254 i
50 ce ccetic Aeid - 2,004
60 cc Di-sodiun Phosphate plus water
Di-sodium Phosphete varied:
0-20-30-40-50-60- 6667 M

N Lt T O - U N L Oo et T

Time in
dinutes

96.0
55.0
38.0
7.3
19.0
13.0



Table 6.

The effect of Sodium Oxalate on the time of set of Sillcic

Acld gels and on the Ph of the mixture,.

Concentrations in gram moles per liter:

Sodium
B$1licate

+ 3917 Na ©
2

”
"
"

L

o
"

"

heetic Sodium Ph Time in
Acld Oxalete dinutes
6261 0000 4.81 96 .0
i 0033 4.81 _ 94 .0
- D067 4,8% 92.0
0167 4,83 87.7
" 353 4.85 83.7
- 0500 4.85 79.7
" +0667 4,90 79.7
¢ 0833 4.92 8l.4
» » 1000 4,92 80.5v

Tempersature 25.0°C
Solutione before mixing were:
50 ce Sodium Silicate - 1.254 u
50 ce aAcetic Aclid - 2.004 ¥
60 ce Sodium Oxalate olus water
sodium Oxalate varied:

0=2=4~10-20-30-40-50-60- cc of 2.667 i



Table Ts

The effect of Lithium Chloride on the time of Bet of uilicic

Aeld gele ané on the Ph of the mixture.

Concentrations in graam moles per liter:

BOR e e Uw e
3917 Ne 0 6261 .000 4.80 96 .0
T A 033 4,80 91.3
: & 067 4,80 88.3
; " 167 8,79 g3.2
; . .333 4,79 73.5
2 ’ 500 4.76 67.6
Rt i 667 4,76 61.1
N : 833 4,74 55.7
e " 1,00 4,72 51.0

Temperature 25.0°C
Solutions before mixing vere:
50 ce bodium Silicate - 1.254 M
50 ee Acetlec acld ~ 2.004 i
60 ce Lithium Chloride plus water
Lithium Chloride varied:
0=2=4=~10~20~30-40-50-60~ cc of 2,667 i




Table 8.

The effect of Potassilum Chloride on the time of sget of

S1licie Acld gels and on the Ph of the mixture.

Concentratione in gram moles per liter:

i - gy o Ninates
«3917 Na O 6261 .000 4.81 96 .0

" ? “ .0%3 4,80 86.0

" " Q067 4.80 80.5

" " 167 4,80 68.3

" " .333 4.80 54 .7

R iy ' 500 4.77 45,0

" " 667 4,72 39.7

" " .833 4.74 35,7

Temperature 25.9°C
Solutions before mixing were:
50 ee Bodium pilicate - 1.254 M
50 ce Acetic Acld - 2,004 M
60 cc Potassium Chloride plus water
Potessium Chloride varied:

0=2+4-10-20-30=40-50=60~ e¢e of 2.667 U

» i Ty ; Bt r
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Table 9.

The arfect of Potassium Nitrate on the time of set of

“1lleiec Aeld gels and on the Ph of the mixture.

Concentrations in gra=m moles per liter:

Sodium Acetic Potassium Fh Time in
Sllicate Aeld Nitrate Hinutes
<3917 Na20 6261 <000 4,81 96.0

8 u 033 4.81° 86.0
" g .067 4.80 - 82.0
" " . 167 4.80 70.5
o " +333 4.80 56.0
" " 500 . 4.79 46.8
" " 667 4,76 41.8
" " 833 4.76 37«5
" " e 4,74 34.1

Temperature 25.0°C
Solutione before mixing were: .
50 ec podium silicete - 1.254 i
501cc Acetic acld - 2.004 i
60 ce Potsssium Nitrete plus water
rotassium Nitrate varied:

0=2<4-10-20~30-40~50-60~ ce of 2.667 i




Table 10,

The effect of potassium sulfate on the time of set of

silicic acid gels snd on the Ph of the mixture.

Concentratlions in gram moles per liter:

Bodium Acetic potassium Ph Time in
Silicate Aecid sulfate Minutes
«3917 Na 0 .6261 .000 4.81 96.0

G LR ; 053 4.81 89.3
" u .083 4.81 81.0
" i L167 4.81 70.0
" " <250 4.81 64 .3

Temperature 25.0°C
colutions before mixing were:
50 ece Sodium Silicate - 1.254 M
50 ce Acetic selid - 2.004 U
60 c¢c Potaseium Sulfate plus water
Poiasaium vulfate varied:

0-8-20-40-60~- cc of .666T7 U
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