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The mein purpoze of this research was to determine the time of
set of silicie sold gels as ¢ function of tempersture snd hydrogen iom con-
centratlon expressed in pH units. The silicie scid gels wers formed by the
mainly basic in nsture, their pi's ranging from 6.8 to 10.75. Cela sbove
ua:htmpam:mwmuwmm«m~amm«m
&né even weeks. The gels were run at three different temperetures - 0°, 25.1°
end 38.5° C. The pH's of the gels were cbtained by mesns of the colorimetric
wethod using stendard buffer solutions. The values of these stenderd solutions
were obtained by means of the Beckmen pH meter which uses s glass electrode.

By mesns of tbs deta obtained sbove, the energy of setivation could
be obtained. The pi drift was also investigated quslitstively.

Silicle seld gels have been known for over one dundred years. Hsrly
investigations consisted of deteramining different methods of preperstion sad
studying the gel properties. lore recent studies consist of detersining the
conditions under which the gel is formed, to try to find & mechsnism for the
Swetting of 2 gel, and to determine the structure of silicic acid gel. Studies
along tids line bave shown that the setting of siliciec seid is dependent on
the following faotorss
Temperature
g&mm
mmmmwm

Type of acld used
Radiation
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The bigher the temperature, the shorter is the time of set of the
gels. The hgher the silics concentrstion, the more repidly will the gel set.
A minisum time of set wes observed by lolmesl when the gel wes slightly slkalise.
Then as the pH was reised or lowered from this ndnlmus point the tise of set
ineressed. Also very aeid gel mixtures show a very sbort time of set. Prased
snd Hettlengedi® discovered tast geletion is affected by the presence of elee—
trolytes and non-slestrolytes. They found that amsonlus scetate decressed the
time of set and thet aleohol hastened the time of set inm basie gels, but delsyed
the time of aseld gels. Murd snd Rothesich 5 found that sodium scetste slso re-
duoed the time of set, while modius chloride geve no effect.

Other properties of tbess gels beve alszo besn studied - visecosity
during setting, change of surface tension durisg setting, symeresie which ie
the slow exelusion of fluld from & gel as it is allowed to stand for some time,
charge on the perticles, elasticity, thixotropy which is the knitting together
again after the gel has been stirred ic the early stages of setting.

Hurd end Letteron? inm studying the sffect of temperature on the time
of set found that the log time of set plotted sgainst the reciproesl sbeolute
temperature gave a Linear relationsiip. They showed thst the slope of the
line obteined is equal to Arrbenius heat of activetion, { divided by R, i.e.,
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This hest of activetion ceme out %o be sbout 18,600 exlories for gels prepared
from 1.256 ¥ sodlum silicste aud £.0 ¥ svetic seid. rmmetmmta
&otivation falls between the limite of the hest of setivation of ordinary
chemical resctions.



mmm,ua,,dw,mmwm,mng‘
tically the seme walue for thiz best of setivation.

filieic seid gels are sssumed to have an open structure through
which ioms can flow without obstruction. This is based on the fact that the
elestrical sconduetivity of the gele does not decresse very much &s the gel seta.

There are seversi theories for explsining the setting of & silicic
acid gel. The emulsion theory propesed by Catweld sssuses tiat the gel con-
esists of e liguid-liquid syster with an emulsoid structure. This theory fails
in the light of viscosity and elastlelty of the gels. imother ome, the cellu~
MMmenm;wsM&WMﬁmmhm
in tke form of smell droplets in & celluler structure sede up of the solid
phase. Thls tiwory falls somewlat in the light of synevesis snd electriecsal
conductivity of the gels. The theory most gemerslly secepted is the fibriller
or brash heap one proposed by Hageii. This pletures & solid and & liguid phase,
eseh continuous with the solid forming & fibrous or brush hesp structure com-
posed of lomy tlwesdlike chalns and contalning the liquid between the fibers
or chains. The structure iz belleved o be formed by condensetion, water
eplitting out between two silieclic aeld molecules to form & bigger molecule.
Tids “moleeule® gets longer and longer, bramching out to form & complex struc~
ture.



The reection for the formation of silic seid gele is e followes
Hugfily - ZHie — HpBiOg-+ ZHade

The genersl formals for siliele scld is (5i0p)g.(Hg0),, where m end n cen
have different integers. Uben m = 1L end n = £, for example, we beve ortho-
mono siliele seld, HgBiOg. This is one of the simplest and s stated befors,
&s the gel sets, long chaine are formed by condensstion. The sodium silicste
ased wus the *E" Brand silicste menufactured by the Philsdelphis Quarts Compeny.
Five Liters of the silieate were diluted to sbout 18 2/3 1. in = 20 Liter
bottle with freshly distilled water until & solution was obtained which was
sbout 1.25 ¥ with respeet to standard HeOH. The silioste solution wes titreted
with standerd sulfuric acid, using wetlyl orange as the indicator.

The Hie solution wes mede by diluting sbout 882 c.c. of 99.5F gleelsl
Hic to 16 Liters, usiag freshly distilled weter again. The remzon for using
this water and not some thwt has been stending some time is thet the letter
Wmmmmux&m&m;mmdtmmthnln
it sels. The normelity of the Hie wes obtsined by titrsting with stenderd NedH
using phenolphthelein as the indicator. The Helli was standurdized sgainst
stenderd HOL wiieh bad been stendsrdised aguinst Beg(0y. Sodlum silicate wes
1.28 N3 Nie wes 1.008 K.

For the £5.19 and 58.5° runs, weter beth thermostate were used to
keep the tempersture comstant. These thermostats were slectricelly bested and
stirred by o stirrer and motor srrangement to keep the temperature unifors
throughout the beth., 7The temperature wee controlled by means of & mercury
mmm'm»m;m. For the 0% runs, metal cans were placed in



& large box end excelsior pucked sround them., Seot snow wes then packed into
the cans. Small 2 om. bottles were used for the 0° yuns. They were stoppered
with paraffined corks snd buried under the smow. Probsbly due to the tidek
walls of the bottles, thiok corks snd slso thet there wes mo stirring of the
solutions in the bottles, the bottles bud to be left in the snow bath a long
tizme ~ & matter of two sud even tiree lours before the solutions came down to
9° C. For the £5.1° und 58.5° runs, K beskers were used to hold the solutions.
These only hed to resain in the beths sbout 20 mimutes before they case to
tempereture of the bath. 4 total wvoluse of 80 o.c. of the solutions wes used
in exch caze. In one besker was plsced 25 e.c. of sodlum siliecwute, snd the
other 56 c.e. in another besker were made up of Hg0 end Hie in veryiag smounts
mensured by plpeties snd burettes.
For determining the time of set the tilted rod wethod was used. 4

&el vas considered set whem it could support & glass rod 10 em. long sad 5 am.
in diameter at on engle of sbout 15° - 20° to the verticel. ifter some ex-
perience, the opalescence of the sol nesr the setting tise cen eneble one to
spproxisate the time of set. This lo adventageous becsuse then one dossn't
have to disturb the sol too msny times es it sets with punctures of the glase
rod, mmmmnmmktwummmmuu
one besker was poured into the other besker which contained the Hic and HgD
tnd the resulting sel thoroughly mized by pouring it beck snd forth severel
times. The time of set wes sterted just ss the sllicate was poured into the
seld solution.

| Por determining the ph's of theme gels, stendard buffer solations
®lik the proper indicators were used. Buffer solutions were made up sccording
to directions given by Clerk®. For the renge 7.8 - 10, boric seid, KCl, HsOH
solutions were used. One stock solution consisted of W5 Borie acid plus WS
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14.9L2 gms. KOL. The other stock solution wes N/S NeOH. For the 9.2 - 11
renge, sodium carbonste, borax buffers were used. One stock solution was
§.50 gns. of NeglDy dissolved in one liter of solution. The other wes 19.10
gms. of NagB0g.10 B0 per liter. For the renge 7.8 - 8.4 the indicstor used
was phenol red; for the range 8.0 ~ 9.8 tiymol blue wes used; for the renge
96 ~ 11,0 La Sotte purple was used. Thie lest indieator proved guite 41irfi-
ealt to work with. In the firet part of the range, 1.¢., from 9.8 to sbout
.z, mmemmWMuWGMasmhmwu»
tinguiak, Mmmhmmﬁ‘ammmm in sgcuragy
of sbout .1 - .15 pH unit is probsbly the best to be sxpested with thls method.

mw:«mwwx«mgmmwmut
the Beckwun pH meter. m:mmumdmruww..
The other electrode of the cell is & celomel slectrode. This glass eleetrode
Muutmmmcummmwm.mmmmm
ﬁmwmmmmwnmmm.
mnhm.gmmmmm.mww.ztmmam
of quinkydrone. The other solution 1s the one wiose pH 13 to be detersined.
mwmmmmatmismmummmmm
Gurrent is conducted by means of the Na lons present im the glass electrode.
The voltage of the cell depends on the relstive concentration of hydrogea ions
on esch side of the gluss mesbrane. The instrument is calibrated to resd
@irectly in pHl units. Before using the meter osch time, & fresh calomel elee-
trode was made and the instrument wes salibrated against & knows standerd
seetate buffer, |

Buffers sre solutions whick possess the sbility or property of re-
sisting changes in hydrogen lon concentration on the addition of smsll smounts
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of aecid or elkali. iff an eold is added to & buffer conslsting of & wesk aeld
Hi and one of its eslts MA, the hydrogen lons of the seid sdded will resct
ﬁ%%uﬂmﬁ%ﬂtﬁtmmmmmm

= 3,
i+ 4 = Ha

If aa aikeli is sdded, litile or no chenge in pi results beoause
the hydroxyl lom is neutralised by the sold, timss

OB + HA = H +4&

The metbod of obtaining the pi's of the gels is as follows: The
Miuat&spc&ghtwmrmﬁwmmmtwwwmthﬁm
bmmmhmmwwmmiuﬂum.dmnhm
stirred to obtain & unifors color. Cleanliness 1z esmsential, Kleenex coming
in very handy. foon after mixing the solutions to form the gel st 25°, & hole
MWMW&MWMM%%W&&H&WMM
hmwmwumm,mmmmmm The color of
this resulting solution is compered with the colors of the buffers. Whers the
two colors meteh or nearly metoh 1s the pH of the wnknown solution. The buf-
rutmms.zwawmtm.mmwsnmmmh
spproximated. For the very fsst setting gels, help wes obteined in detersining
the time of set and the pi.

4 gisss electrode was used on these basic gels by Merotte® but proved
%o be an expensive as well &s an ineffective method becsuse the glass electrode
mmnwmmmamﬂummm«wm
electrode end readered it useless.



Huch more work needs to be done in this fleld of determining pi's
of the basic gels. Different indicstors cught to be tried.

Toe pH drift wae studled quaiitatively by noting bow the 8 of the
test solution which hed the indiestor ia it chenged. mammwm
bow its color changed.



The times of set sad the pil's of the gels st the tivee different
temperatures are given in the tebles. It is seen from the curves thet the
gels huve s minimm time of set at sll three temperstures in the slightly
basic region - pil 8.4 ~ 8.7. This is in sgreement with work dome by Hurd
end Letteron® and Pressd snd Hsttisngedi®, Below this minimus time of set
the time of set increases with deeressing pi. &bove the minimme point, the
time of set inoreases with inoreasing pil. Plotting log time of set against
the reciprocal sbsolute tesperatures gave Graphs 4 end §. Up to sbout a
y&otﬂdmlumothMWMM,»mhn,ﬁu
previous work. mm:#mmuWQmMﬁn,mmh
of the szame value. But shove & pH of 8.8 the slopes on Crsph § are seen to
decrease, become nearly sero, then even go on to negative values. Graph 6
mmmﬁaﬁmvmmwmmmmw
whuﬁmﬂiwzall,i-,o*-,y!mnatof:MOthmw
set. rs--»«.«rmwamsmwcm;mmmm.a,
1%%11%%:&!&”1%”&&‘3.“&%1&%“0’& Due
hmmmgmm«mdsuahmammm.d,
especially in the higher pH range. The times given in the tebles are She
memmwm-mmcm“tm,mm
umacmmm:zmzmmmwumwm.
mms,ummwxmmamtmmunamu,
hmmmrmanem.aumam.s,wumm
dmuc.hu:.o.,ummmmmhnm'luuﬂ
umw.ammsmmmuhumuzmﬁumm.u
in other words & gel with aecid volume between 19 end 20 thet would set inde~



pendent of tempersture. 4 gel with 18.5 e.o. of Hie wes tried. Thisz wes
found to set nearly independent of temperature. it 09 it tock 12.84 minutes;
&t 7.6 it took 12,75 minutes; at £5° -~ 12,35 sinutes; st 38.5° ~ 12 sinutes;
at 42° ~ 11.42 sdnutes. From Greph 6 it een be seen by aoting the pl where
the curve erosses the pH axls, that s gel baving a pE of sbout 10.48, or an
scid volume of 19.4 or 19.45 g.0., sbould set independent of the tempersiure.
it this pH of 10.48, & curve of zero slope should be obtsined, It would bave
been very interesting to run a gel with this pi. It is & highly probsble
thet thdis gel would hswve set independent of tempercture because of the curves
on Greph 8, l.e., it con be sefely sssumed that in passing from & ecurve of
positive slope to & curve of negstive slope, & curve should be obtained with
& seyo slope. This is further strengtbened by the fact that = gol with a pH
of 10.45 or sn acld velume of 19.5 e.0. was found wideh gave & curve with &
aearly serc siope.
'ﬂanmmwuxwmmwmmn_
Graphs 4 end § by 2.5 R cen be looked upon as representing the effect of the
temperature on the time of set. To explain the changing of the slopes on
Urapbs 4 and § it was suggested by Dr. Lengmir that in the process of & gel
setting, there are probsbly two resctions going on ~ one tending to form the
gel and one temding to destroy the gel or prevent its formstion. As all the
gels did set exoept those ol extremely high pH, we can sey thet the resction
tending to form the gel is strouger than the other one. However, sbove &

certain piH, about 10.48, the resction tending to destroy the gel at the higher

Wuwmmmmunﬁm But the resultant
resction is still in fuvor of the formation of the gelj therefore, one does
form although it tekes s longer tise at 55,59 than it does #t 0° G,
Mmm&MhWMMWhWthﬁt
mechsnism for this gel settiog in bMgh pii's. The pii's com wnd should be ex-



panded, 1.e., gels with bighber pi's skould be studied. The tempersture renge
zhould sloo be extended. Wummmw,awm
to obiain, would be better to work with,bessuse st higher temperstuves the
evaporation of the solutions would be quite apprecisble. Of sourse, when
Wn&imtmﬁru,t&dawdtnnﬁunmuwmmm
should be looked for.

4 slight pil drift wes observed us the gels set. It wes stadied only
Qualitetively, Fuch gel as it was mixed went up sbout .2 ~ .25 pE units
within & half kour after it was miwed. This drift towerd a bigher pH ia
probably due to the faot thet the more complex seids that are formed dus to
mmmuz»mmamm»mmnmmm
&olds present at the beginning, snd therefore the solution becomes more sud
more basiec as these less lonised scids are formed, Another wey of looking at
this pH drift is ss follows. Por simplicity, let us say st the begianing there
Bre ortio-mono silicie seid molecules Si(0H)4. In otber worde, for every Si
&tom there sre ¢ OE groups from whick the H fon can lonize, 4w Lbese molecules
Mhtmmm~mm,tm.n¢humm¢ﬂﬂwm
each 51 atom, For example, when two Si(0), molecules condense, the scid
HgE1307 cen be formed. When three S1(0H), molecaies condense, the seid
BgSlg0y con be formed. The hydrogen "lost™ whem these scide are formed goes
to fora precticslly undissceiated water. '

dueh & smeli pH drift is seen probsbly due to the buffering effect
- Of the sodium scetate formed.

In order to pursue a quantitative study of the pH drift, e more
&oourate method of deterwining pi's on the basie side then the colorimetric
method used will have to be devised.



The effect of temperatare and pil on the time of set of silicle
mmmmmmmmrmmm

:uw‘ammwmmzummmum
alkaline side.

ibove & pi of 10.45, the gels ot 0% C. took & shorter time to
#at than those ot 25.1° and 38.5° . Below this 3, the opposite was found,

&mmuﬁwla.umrmmmmh.md

mmwﬂmwxmmm 1% wes seen to
Mmamt.zn.éag&mm



a8 Hic Da8a Bl Zize {nin,) Log Tine

%0 26 1.52 <1818
29 28 +815 - 0868
u ” 0“3 "nm
28 29 <574 - 24l
25 50 S50 P 3 1
24 s <810 o OBLE
25 2 1.10 o414
28 53 2.18 3845
21 4 8,58 <5477
20 35 8.11 <8069
i, 5.8 12,35 1.0809
19 £ 25.85 1.577
is 57 87.5 1.829
17 8 154, 2.188
i 7] 529, 2.51
16 40 700, £.545
14 41 1E15. 3.088

Tempersture 25.1° C.

VT = L0586
28 c.0. of sodiuw silieste

a2

8.8
7.4
8.0
8.5

9.5
9.8

10.3
10.438
10.45

10.7
0.7
10.75
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Temperstare 0F C,

/7 = 00388

25 c.t. of sodium silicate
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§6.08 l.7488
6.08 - 7859
.87 <5877
Be0 -ATTL
2.08 4248
2. 76 4533
547 «50L
4.58 5684
B.26 - TR02
7.66 ~8842

0. 77 Ll.082

l¥.84 1.101

18,38 L85

54, 1.7z

105. 2018
21k, Le5e4
%3 2.587
D L.867

2

8.8
7.4

8.8

8.3

2.1
13.3

10.485
10.8
12.568

12.7
10.78
12.76
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