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INTRODUCTION

The time of set of silicie acid gel mixtures has been
found to depend fundamentally upon the concentration of
tiliea in the mixture, upon thu terperature, upen the
hydrogeneion concentration, upon the silicate and scid
used, and upon the presence and concentration of additional
soluble materials. GCome work has been done in determining
the effeet of electrolytes upon the time required for
gelation; but this vork, except for that donme by Hurd,
~ Haymond and uiller (6) and that done by Halletrem (8), did

not stipulate whether or net the hydrogenwion concentration
remained constant with the varying quantities of electrolyte
addeds It is a well known fact (11) that any change in the
hydrogenwion concentration will have a prounounced effect
upon the time of set of silicie ua&d geles Therefore the
specific effect of an electrolyte (8) is practically ime
possible to ascertain when a pH change accompanies the
additions The purpose of this research was to undertake
the investigation of the effect of extra Quantities of
electrolytes, particularly those of divalent cationa, upen
the time of set of siliciec aseid gels, keeping in mind any
effeat the added eleotrolyte might have upon the selution’s
pHe The silicic acid gels studied were prepared by the
method suggested by Hurd(9), consisting of a nixture of a
solution of sodum silicate and a solution of agetic aoid,



HXAPERINENTAL

Preparation of Solutions:

 Approximately 1200 mls of *Z* brand, Fhiladelphis Quarts .
Cosy silicate wus diluted with distilled water to & total volume
of about 8840 mle, giving & eelution equivalent to approximately
1.25 normal sodium hydroxides Its normality with respact io
sodium hydroxide was determined by titration with 0,986 §
sulfuric acid, ueing methyl orange. From this sodium hydroxide
équivalent and the soda-silios ratio, l.es Nag0s540p ® 1:0.29,
the number of gram moles of silica por liter was caloulated.
Sodiun hydroxide stendardised with oxalis sold, vas umed to
deternine the normelity of the sulfuric acid, sgain using
methul orange as indiunteru .

Approximstely 471 ml. of 99.& b4 a@nt!c acid fram the
General Chemieal Cos was dilut«d with diutilled water to a total
volume of about 4000 ml,, giv;ng aspproximately a two-normal
solutions By titration with the same sodiur nyuroxide solution
a8 previously mentioned, ite normality was determined, using
phenolphthalein as indicator.

All electrolytes added to the gelemixture were prepared
from reagent chemicales as one wolar sclutions in 250 ml.
quantities« The following solutions of chlorides were pree
pared: magnesium chloride, caleium chloride, barium ¢hloride,
gine chloride, oadmium chloride, ferrie ehloride, cobaltous
ehloride, nickelous chloride,cuprie shloride and aluminum
ehleride,
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Mixing of BSelutions:

Varied amounte of the electrolyte were added, but the
total volume of silicio acid gel remained at 80 mle for all
mixtures investigated.

| 20 mle of the silicate solution was placed in & 100 ml.
beaker; and 25 ml. of the acid sclution, along with 30 ml,
made up of the electrolyte plus distillied water, was placed
in another 100 ml. beakers All the volume measurements,
excopt those of distilled water, were made with pipettes; an
automatic burette being used for the water measurements.
These 100 ml. beakers were placed in a wuterebath thermostat |
which was regulated at 25.040.29C, When at this constant
temperature, the solutions were mixed, always adding the
silicate solution to the aeid sclutienm, by pouring from one
beaker to the other and back again four times. The mixture
was then placed back into the thermostat.

When pE memsurements were taken, cach conetituent of the
gelemixture was doubled and 250 ml. ﬁm-rt were used in place
of the 100 ml. beskers. After the mixing, half the solution
was poured into one 100 ml. ‘buknx- and replaced in the thermoe
‘stat where the time of set was determined. The other helf of
th_a solution was placed in another 100 ml. beaker, Maim with
vlkomu_turﬂnﬁ sufficient quinhydrone to produce & saturated
solution, and used for the pi determination,

Bach beaker was covered with a watoh glase in order to
minimize evaporation, and lead weights were plased upon the
watoh glssses to prevent overturning of the beakers into the
wvater-bath.
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Determination of the Time of CSets

The oxaot time required for gelation cen not be determined
since there is no means of deciding when the process qr iott;ng
is abeolutely completeds Uhen first prepared, the gol~uixturo
is trﬁnuparnnt; but, as it stands, a faint op;&uqaaunOguppaarn
vwhich incresases until after the gel has sets Vhen the cpn!n:-'
cence becomes quite marked, the viscosity of the mixture ln-e
creases rapidly and elasticity develops. From these obeervations,
Hurd and Lotteron (4) obtained a means of dutarmintna @ muiativu
time of set known as the"tilted rod" method. This method canniltc
of inserting a dullepointed aln'a rod, & mme. in diameter and
10 ems long, into the gelemizture at an angle of 20° to the
vorticals If the rod is supported in this position, the gel is
considered set. larlier applications of this method have been
found to give results which are scourate to within two percent.
The time of set was taken as the interval beotween the mixing of
the silicate and aeid solutions end the vetting of the gele
mixture as determined by the above method.
Determination of the pHs

The quinbydrone eleotrode was used for these deterzinations,
sinee a careful study of the applicability of this method made by
Hurd and Griffeth (7) found it to besreliable for measurements
ef pH of silicic acid gels.

A saturated c¢alomel electrode and a gold electrode were
used, and the pi was caloulated from the following expressions
= T ® 25,00,

Bince the pi is & liucar function of I, & graph wae plotted te
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facilitate the obtaining of these pH valuus.

Resuings of the potential, if.es &, were taken after the
gel had set. Becauses the géla alcotr»dn; when exposed to the
- air, sasily became coated with an oxidé or e film of oxygen,
thues requiring a longer interval of time for the equilibrium to
be reached, it was kept in a buffer solution of sodium aoc‘ntu
and acetic scid. F '

REBULTS

The effect of magnesium, calcium and barium salts of
hydroechloric acld upon the gel-forming mixture was studied
and all three were found to decreass the time required for
gelations Tebles I and Figure §I show that this effect is
not wvery large, hut‘tha‘rumco of slegtrelyte concentration
was limited due te the formation of the corresponding ine
soluble silicate of the metal. it was found that ﬁhaﬁ the
concentration of nagnesium ehloride was ruch greater then
04125 gmesions per liter a flocoulent white precipitate was
formed and the time required for setting was greatly increased.
In the ecase of caloium ehloridi. the maximum concentration
was between 0.075 and 0.125 gmewions por liters Barium chloride
with & concentration of 0,075 gave a flocculent white pree
¢ipitates but for any annaantrﬁtien»nt thie uloetrotyta. the
solution became eloudy upon mixing. There was a warked pi
inaroiai noted in the cnse of magnesium chloride.

Table II and Pigure {1 show the effect of the sine and
padnium salte of hydrochlorie seld upon the geleforming mixture.



Both of these were found to cause an increase in the time re-
guired for gelation and an increase iu the pH of the hixtnr..
Again high concentrations of Iihe cgloridu were impausiblo
becange of the iuaoluhlq‘yruocpitmtﬁ formed. The qunﬁtlty of
pwoadpitata formed wui much less in the case of ﬁincu€hun in
the cape of magnesium, oaleium naa barium,.

The effect of irvon (ie), cobalt (ous) and nickel (ous)
~salts of hydrochleric aeid upon silicic acid gels ie shown in
Pigure 12 and Teble IIXl. Ferric chloride was found to ine
orease the time of soet and to decrease the pil considerably,
while both cobaltous and nickelous chloride decressed the time
of set and inersased the pH. Cupric chloride was found to
have an effect similar to that of ferric chloride, i.e. to
increase the time of set and to decrease the pH.

Aluminum ehleride, Table IV was found to have an irrsgular
effect upon siliele acid gelss (fee FPigure 3) Over a very
small range of chloride concentration the time required for
setting was gremtly increassed and then abruptly deoreased.
Also there was & considerable deerease in the pi of the gele
mixtures Thess silicic acid gels were found to exhibit the
following pecularities: (1) with higher concentration of the
chloride they did not vibrate, i.e. they showed very low
elasticity, and (2) with higher concentration of the chloride
they were found to be white, opaque gels.
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TABIE I
The effect of ng@;a.aaan upon the Time of Set and upon the
pll of Siliciec Acid Gels.

Cone. of Time of Set
04000 4,61 894
0.,0125 - 88.4
0050 - 8546
0.078 4,81 831
04128 : 4,86 81.1

The ctfuot of cunxa‘anao upon the Time of Set of Siliciec
Aoid Galu; i

Conce of CaCla ) Time of Set
04000 894
0.0128 8846
0.080 8548
0075 : 84,0
0s128 B4 .67

The effect of Ballge2H,0 upon the Time of Set of Silieie

Acid Gelss
Cones« of BaCl ) Time of Set
(gme=ions/1ités (inutes)
0+000 804
060125 88 .8
0060 8349
0.075 80«3
04125 805

Temperature 25 40e0429C
Solutions contained:
26 mls of Sodium Silicate «e 1.8& X with respect to
sodium hydroxide
256 mles of acotic acid -« 2,08 N
30 mle of ohloride plus watey
Chloride varieds Oeled=6+10 mles of 1M
Concentration of 510y ® 2,07 gm.-mole/liter.

% Flocoulent white ppt. setiled out upon mixing.
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TABLE I (CONT'D)

The effect of BaClg«2H,0 upon the Time of Set and upon the
pH of 8ilicic Acid Gelss

(omec1one/ai 8n) - B
04000 | 4456 : 0449
040128 4486 9240
0026 4,56 9043
04050 | - . 8946
040625 - B840
041258 - Bt

 Temperature 25.0-0.2%C.

Golutions contained:
25 mls of sodium silicate <« 1.27 N with respect to
sodium hydromide |
25 mle of scetic aold == 2410 ¥
30 mle of chloride plus water

Chloride varied: OeleZedeBelO ml. of 1.

Concentration of 840y 3 2,08 gume-mole/liter

* Flecoulent white ppt. mettled out upon mixing.
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TABLE 1I
The effect of ZnClg upen the Time of Set and upon the pl of
8ilicle Aeid Gels.

Cones of ZnClg . - Time of et
Ginewion Lex) RE Juinutes)

0,000 4461 804
040125 - 8Fe6
04078 4479 04.l
0:128 4,84 $6 .5

04250 - 131.2%

The effect of CdClpeRHp0 upon the Time of Set and upon the
pil of Silicic Acld Gelss

oncs of CdCloe : Time of Set
04000 4445 894
04088 - <) T3
0.,080 AL 94,7
04076 4469 0448

0,100 4469 P65

Tomperature 25.0«042%C.
Selutions containeds

20 mle of sodium nilinutn we 1,26 § with respect to

sodium hydroxide ,

25 mle of acetic neid <= 2,00 B

30 mls of ohloride plus water.

Chloride varied: O«led=6-10«20 mle of 1.l
Concentration of §5i0g & 2,07 gmesmoles per liter

#* Flocculent white ppts settled out upon mixinge.
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TABLE III
The effect of PeClye6lig0 upon the Time of Set and upon the
pH of Siliecic Acid Gels.

Cones of Felle Time of Set
{gme=tons/113éy) M (Eioutes)
04000 4445 85,8
04025 4412 9148
0,080 2468 107 .3

The effect of Co0l,+6ly0 upen the Time of Set and upen the
PH of Silieic Acid Gels.

wones of CoCly Time of Set
Aigdile=d OB/ 41 VET ) . m i

0000 4,45 8348
04025 . 4488 81.7
0+080 4,062 8le4

The effeot of NiClp+6HoO upon the Time of Set and upon the
pil of Biliede Acid Gels, '

Conee of WiClg Time of Set
0000 4445 85.8
0«028 4490 81.8
0050 s, 4 o4 8l .8
0,075 - 80.8
0,100 - ' 8047

The effeet of CuClge2HgO upon the Time of Set and upon the
pH of Silieiec Acid Gels.

Cones of CuCly ' Time of Set
0000 4,45 8L.8
0028 4.06 86,5
0.050 3458 0042

Temperature 25.0-0.29C,
Solutions containeds

25 mle of sodium silicate <« 1&37 K with respect to NaOH

25 mle of noetic agid w= 2406

30 mle of chloride plus wuttr
Chloride varied: O«2«4 mle of 1.4 in all ceses except
NiClg which varied 0«3-4~6¢8 nle of 1M

Congentration of 510p * 2408 gme-moles per liter
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TABLE IV
The effeect of Alﬂxgwsaaﬂ upon the Time of Set and upon the pH
of Silicic Acid Gels.

Cones of AlClz ‘ Time of Set
lgme=ions /liter) 3 { U
04000 4e4b Ble8
0,025 - 14445
0&@3@ - 3,‘3 *5
04078 U483 1.0
04100 3408 03

Temperature 25.050.290,
Selutions contained:
25 mls of sodium silicate e~ 1.27 N with respect to
godium hydroxide
25 mls of acetic acid »« 2,06 X
30 mle of aluminum ¢hloride plus water
Aluminum chloride varied: OeZed«is«8 mles of 14l
Concentration of 840y & 2,08 gme-moles per liter
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DISCUGSION OF RESULTS
~ Presad and Hettiengadi (7) stated that the ud&ﬁ%ion of
;&zma quantities of electrolytes to the gele-forming mixture
corresponds to the eave of cosgulation of & celloidal. solution
by mixtures of elsstrolytes. : ‘

According to Hurd (10), the structure of a uxliﬁla nasﬁ
gel is produced by cnndnntﬁtion, wanter being eplit out bvetween
ﬁim@ie vilicic acid moleculess The polysilicio acid strueture
is probabdbly very heavily hydratedj and thorefore, if extra
kqnantttxca of electrolytes which take up water are added, they
.gail-hastun the process of condensation. Also such & condene
sation process should be affeoted very little by the yresence
«af thu ione of ordinery salte. . '

The results of the present iuvoatixutian on iht influence
‘ of othcr electrelytes in the presence of sodiun no¢$uta upon,
thu golnfnxmdng mizture of the -111010 acid sol indicate the
order of sccelerating power in an aoid medium as roaiorui
althouﬁh the overall uffact wae the same in each euue &8 shiown
by Tigures §1 and & .. e,

BaClg , Mgllg >, w;a13> CoCly, HiCL,

4W¢tnnr (2), working with a pure silicic soid gel pr#marud with
‘hydrochlorie meid, found the order to be Gnﬁxg;7naﬁiﬂ;>uu513‘
Pupmudu and Sadowski (1) stated that the time of set wus ine
oreased with inereasing atomic weight of the cations This

could explain why cobaltous and mickelous ohlorides had en equel
effoct since their atomic welghtes are about equals Also barium

is the heaviest cation of those mentioned, although magnesium

is the lightest cation and ecaleium is elightly lighter than nickel.

«12



Uver the range of concentrations studied, sine and
cudmium chlorides were found to have ar equal effect in ine
ereseing the time of set. "Applying Pappeds and Ssdowski's
prineiple, cedmium chloride due te¢ its high atomic welght,
should ocause an sffect comparing with that of barium chloride.
The main factor not noted by either Verney (2) or Paﬁpadi

wod Sadowski (1) was the marked pil change sccompaning the
addition of these electrolytes. Zach of the pH changes in the
gel-mixtures containing msgnesium, zine and cadmium chlorides ahoul&
have caused an increase in the time of set estimated (5) at
about thirty mimutes in the case 6# the highest concentration
of the chlorides.

~ Cuprie chloride and ferrie chloride were found to ine
oreass the time of set and to decrease the pil of the gele
mixtures This pil decrease should have csused an incresse
in the time of set estimated at spproximately 110 mimutes in
the case of copper and 100 minutes in the case of iron.
Wéxnor (2) stated that the irrsgular behavior of euprie
ouloride and ferrie chloride was undoubtedly due to hydrolysis
of these salte.

~ The peculiar effect of aluminium chloride might posaibly
have been due to some chemical combination between this chloride
and the silicic seids 4Also o considerable pif rorpnaa was noted
whioh should have caused sn ineoresse in the time of set estimated
at 115 minutes. g '

. lHven though onxy 1aiméanoantr¢tiuna of electrolytes were
1nfnstlsatod. it appeare from the results obtained here, exeludi
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sluninum chloride that the small effect upon the time of set
caused by the presence of added quantities of electrolytes
supports the theory that the gel«formation is a process of
condensution of silicic aeid molecules, becauve thcie_lev
concentrations would huve had & pugh zfentut”affuet‘upen the
time of set were the addition of extra quantities of elooirc-
lytes merely o case of ecoagulation. The presence of these
electrolytes may have caused either an inerease or s decrease
in the ionization of the silicic acid molecules (10), thus
sccounting for obtaining only small effects.

SUMMARY

The effects of various ehlerides in the presence of
sodium acetate upon the time requived for gelation of silieie
acid gels have been etudied. Changes in pli of the gele
mixtures have been noted in order to apcertain the speeific
effects of the chlorides.

usgnesium chloride, celeium chloride, barium ehloride,
cobaltous ¢hloride and nickelous chloride secelerated the
process of gelation vwhile mine ohloride, cadmium chleride,
cupric chloride and ferric chloridelengthened the process
of gelation, Aluminum chloride wae found first to increase
and then to drasticaslly decrease the time of set.

Vagnesium, uine, cadmium, euprie, ferrie and aluminum
enlorides all caused a marked change in the pii of the gele
mixture whieh, in iteself, should have caused a much greater
alteration in the time of set than was apparent in rost

CaBOB .
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The somparative insensitiveness of the silicic meid
mixture to electrolytes seems to support the theory that
the process of forming a siliciec seid gel is one of cone
densation rather than one of aomiauam -
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