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ARTHONCTION

Siliele aoid gels result from practicslly sny sol of iydrated
#ilies, merely with the lapse of time. The gel must, Bowever, contain s
wmm«mammwumv
for the gel to set. 4 sol whlek contelns less thes .5 peveent Si0p will
#ive & very wesk gel, or me gel s$ sil. Sole which ere sirengly slkaline
will not set &t all.

mmm.mum«m,mm,
memmammmm
umwmammwmmm:mmm
mmwammmm

o IR
mmwmwmumun&awmw
deternining the structure of the gel, and explaining the mechaniss in the
nmucrm.atwdnn. Some of the Iirst work dome wes by
Berselius one humdred yesrs ago. Nalden wnd Hegelil were the first to pro-
pose a theory.

4 stady bas been mads by Hurd, Pledler, Raymond  to determine
mmuq.wmmmmsmmmmm
Gpon the time of set of silicie seid gels. The gel mixtures =ers made by
varied from 132,00 to 135.28. ALL varisble feetors exvept the original sode-
silles retio were cerefully sontrolled. o neasursble affect of the sods-
#ilics ratio of the originel silieste upon the time of set could be found.



The effect of sdded solution on the time of set of gel mixtures
was studied by Hurd snd Curver'®, icetic sold sad sodium silicste solutions
were used. Yhe specific affects as different from the effests of the com~
pounds themselves were separsted. dsmonium hydrozide, metiyl, disetiyl, aud
trizetiyl-smine, pyridine, sad sailine up to .04 N decrensed the time of set
mainly by ineressing the pH of the mixture. Thers is, however, s specifie
effeet spparent, grestest in the case of trimetiylamine. & typlesl ester,
etiyl seetets, spperently incresses the tise of set chiefly becsuse of scetic
sold set free during scld hydrolysis of the ester. Casne sugsr sad glyocerin
bave little or mo effeet. Ktigl alocobol, soetaldelyie, and acetone show
practicslly no effect on the pH, but shov considershbie specilic effects on
ingressing the time of pet. _

Harnunt® bes offered two suggestions as to what the anion is in o
solution of sodium silicste. Fros trenspert susber investigstion 1t hes
been found that in order to explaln the bigh values of the trensport nusbers
for selutions of sodiun siiicste of different soda-silicste ratios, the
following sssumptions must be mede:

1. The snlon may be a solveted aggregste of simple 5iDg lons,
carrying & clarge equel to the sum of the totel ehurges on
the separete lons, or & solvated aggregate contaiaing more
than one sol 5ilp per divalent charge, these sggregetes split-
thag wp on dillution; or,

e mmwumuuummmmm
3103 iom, i.e., definite salts of the formuls given below may
exists ~ Hap(8105.540p)5 Heg(7103.2510g), ete., which ionise
to give definite divalent silicste ions of the forsulss -



(8103.5105); ($105.2510p), ete.s also both conductivity and
transport nusber experiments give evidence of silicete ions
or complex lonic sggregstes belng prosent in solution ss well
ez sodiux lons and hydroxyl ioms.

Burd and Rothemioh'¥ stadied the effect of sodium seetste and
sodlus chloride o the time of set. As the gels used were formed by the
reaction of sodius silicste snd scetic ecid, then sodium acetste geve a
MMm-ﬂmMWMMMﬂM
gelation. Sodium chloride gave no observeblie effeet.

The plot of time of set agsinst p¥ or c.c. of seid for constant
concentration of silicste snd temperature bas the shape of the following
curves

% ' mQ
of
Set

CCS. aecid

The winlmim point, "n®, that is, tze polat for which the time of
Get rescies a minlaun, was stadied by Kernl®, Mo found thet the minisus time

slde. The pii's of the minlmum point were Migher {more sikaline) with ine
ereasing soncentration of silics.

Betebelor!® susmsrised the conelusion From the study of silice
zole asg



1. Ingressing camcestrstion of sols reduces gelsiion time;
£, log of gelstion time is & lineal frection of initisl i
value for o8 of 4.2 o 5.5;
5. Genersl opinion iz that gelatlon of seid silics sols is
attended by little or no chbange in pH, but in nextrsi snd
#lkaline sols there is incresse in pll;
4. Ineressing temperature reduces gelation tise.
Batehelor mede o study of the gelstlon time snd shift in p8 wslue of silics
gels s funetions of coneentration, initisl pi, snd tempereture. He also
awmmuunmammmm He
Wmmnmmm Eost of hls work lesd to
& revision of comclusion (3) sbove. The revised comelusion 3 iss
(2)" The pil values of silice gels heving meutral snd sikaiine
| initial pH walues shift towsard the slkaline side; the pH
of siliea gels slightly seld remein stable; the pB of more
uﬂmmuWWawmm
during resction sere Less marked then for moderstely seld or
alkaline resctions; the shifts in pH were largely independent
of variation in concentration.
Itons end irekewn™” eoneluded in 1950 that the Guinhydrone Zleetrode
Platinus electrode ruther thn the gold as suggested by Leeds and Horthrap.
4 bolling solution of NalH has been recommended by Hurd to clesa the plstinus




Seversl investigetors, Holses?, Butedelorl8, Fredericxl®, have
worked st verious concentrations of silics, but thelr interest hes been
mummmmxmumvm,mm
eoucentration, sueh s&s pi, tempersture, or hest of sotivation. It would be
amwmmu-wmmuwmmuutn
constant tempersture and constent hydrogen iom concentration. Thet 1s, o
see shether the plot of concentration sgainst time of set, other variables
congtant, is iinear.

the electrolytes tivough the mesbranes used for dialysis. With the lspse of
time, sll silicle scid becomes unable to psge tirough the membrane. This
tm.umuaumummmwmhm
WMM&%MI&MMM&M&M
bat that with the lapse of tise these condense, polyserise, or coalesce to
form large groups.
wmmhumnhmm.m,wwmmm
In more strongly seid solution the perticies become positively cherged. The
mmmwuzmmammaw«—mm
h&ithbmuhmhﬂﬂ%tthmmumm&m
mm,mmumwmammm
hmm.mthﬂltnhdm‘lﬂtnnmuuh.
.mmxarmnuu,anammmm
development of elesticity. Langmuir has observed that co1s exnibit
streteh wp to & certain limit. is the gel sets, the limit of this streteh




becones smaller. The phenomcnon of thizotropy Lis shown by the gel mixture in
the sarly stages of setting; thet is, the gel will knit 1%self together sfter
being stirred or separated.

. Sillcie seid gel iz affected little by stromg seid, but dlssolves in
sodtum bydroxide quickly.

The earilest tiacory proposed wes thst of Sageltd, who proposed the
Hicellas Theory. This theory proposed that the solid eolioidsl particles were
mhmmwbtwmmmu
Butachli® sz & result of hls work on fosms, emulsions, and gels of gelstin snd
eilieic ecid. rmmmmmm,mw&nm
phese, were built up. Proctor and HobinsonS proposed & fibriller theory in
1914 which is the most popular today. The gels are believed to consist of
long thread-like ehains, formed by polymerizetion. The total gel structare
mm-’uwmwmmmmam

Holses® end Prakask® bave presented some recent theories. Prekesh
mmmmummrmmaamm-t-ﬂm
mmx&nmammwmww
abporption of lous of opposite charge. If colloldal perticles whose charge is
being neutrelized by slectroiytes agglomerste, preeipitstion oceurs. ir ag-
Elomeration is negligible in eomparison with Mydretion, the gel is transpevent.
Wtﬁmmmmnmmsmﬂmmm
seid. Hurd, Reymond, sud Miller® concluded from their results thet the pep-
Hizing action in alkalise mixtures costalning siliciec seid is due to the kydroxyl
mmmm.mmxmmu.mwna-mm



i theory bss been progosed by Hurd® to explain the condensstion of

sille seld ¢ fors s polysilicic scid structure. Assaspiions:
- 1. That & momosiilele seld is formed in the Clrst stage of the
process, or serbejs wore sorreetly, allieon dloxide;
2. That this seld iz esphoterie, giving either Wypdrogen or hy-

droxyl lons;

%, Thet condensstion ocours when the positive and megative lons
. containing the sillcon come into contast;

4. Thst water vemsins combined or adsorbed in the structure.
It is well esteblished that the particles is & sol of hydrated

sillea are positive ia strengly seid solation, but that they become negetive
in weakly seld, neutrsl, ead besic solution. The process is skown for silises

Nydrostd

in seid

o + si{oNf = m(ow), = mofom); + ®°
44 solation d  in basie sola

solution

Condensation may oceur by splitting cut water from two solecules

conteining U8 groups:
oH
¥ oH
Sa 9 S.-oH
SOoH “on
% %
o
= l
_OH
S‘-’o”
rev) 0
A
~Non
No o4

The fact thet the winimus time of set cocours st & pi eround 8 for
various concentrations of silies, substuntistes the sscond of the sbove teo

_oH LOH

S, si-9p

~ O y oA

&

e/ = —> A

AN S —0H

,S‘_,,:;J” oy
Sop

E

Possibilities whileh would be likely to oeour 1f the two substences were present

in the same relative smounts.




WMWWMM%“MWM«””
toward the neutrsl point, indiesting thet the 5i(0H)y dissocistes to the
:mm(unmammmxmsw(m;), which ismedletely nakes
mmwmmm than 1t was before.

Host of the reeent work Mes been on the factors sffecting gel
resciions, mmumwm«mu.mumdmm
wes folnesd. Murd and Letteron® pointed out tht for scetis seid, sodiax
silloate gels the logariths of the time was & linesr function of reeiprocel

oA Lo Tewe 4
i/‘fe’nfa R

Mexsmmw'uswmmm-munzhhn,m
m;armnx,uwhkmmothnu&mm
ordinery chesicel resctions. jund, Frederiek snd Heynes'd, working with
altric, ipdrochlorie, sulfuric seid, obtsined by plotting log time of set
Wmmruwwaumu,mmm. These
m,am\twﬂmmmmﬁmrwtanWs.
‘ ummm:utmeutmmwumm
wanzmwmmmmmmﬁmmmu
tures heve shows & messurable change in ph. Bince ap Mard, Reymond and
HilerS have shown, the veloeity of the settiug resction is inverssly sro-
mewmmmmmmmmn
resction whose veloeclty varies, Az veloelly of resction varies, so does T
wud consequently Q.




mmm.mmmsuwﬁ.aym«am
.Mm»ﬁmmmmtmam. The thersoreguloter
W#uwmmm The thermostat comsisted of en
Lester, mmummumnsmwmwamxm.

smmmmsmtrmmﬁwwm
thermostat kept at 269 C. by o Viyretron tube arrengesent with sa sdjusteble
mereury contast.

mmrmtnna:maﬁ.ws.hmmmm
wmuﬁm“mmmem@zmmmmm.umm
temperatore before mixing. There 1s a alight hest of solution which reises
mmammwhsummww&

4 thermostat of wot snow mas used for sero degree russ, Bottles
ﬁﬁmmmmuwmmmmtmmmun
of sat as before. 1&”%&1&@““&*%!&
mmm:mmwmammm The $1lt rod metiod still
mwuummmmhmmmumanRum
Tidge at the botton.

xtmwa:ue.mwa:um.mummﬁ
m,m,mww,mwmmrum
ture. The thyratrom control proved to hold the tempersture mach more comstant
mmwmwamuamwmum«dm
wmmmﬁﬁmmamma&m
u&mymmmhhmﬂuMWMamm
is used with She tiyratronm eireuit. Ammmhﬁjm
ammm.mmmumm.mummw.



WMMWMWWWMﬁ'SW
MMMMMMMWQ!.}XHWWW—&QIS
to 28 of 4. mammnahtmmammmaﬁu
O;ﬂﬂhmhfdﬂ.). 4 setarsted colosel cell wus used az the
refevence eiectrode. The potentisl was mecsured by meens of the Leeds and
Horthrup potentiometer Ho. T684.

C Hp(oM)y 2 Co#nOy +2n?t . ltp

LfL = |

¢, H# 0y T2E T Ce My Oy

Cp Hu O, + 3138 2 Lo (o), el sat.

P~ e

PH ME 7E R

4 platisun wire No. 26 placed in this solution scguires s potentisl
depending ou the retio of tie oxidized to the reduced fors which is & measure
of the pH.
mwmrmmmmmwg.wmg
called quinkydrone, shich malntains constent and equal concentrstion of quincme
ol Rrdroguinonet

= )

Es "E = 0%% /(63 Q& nydrogvinoxe
2 0—1H+ a
- qulnﬂhq

O kydio guiKone
f) e e
E = E +,d€7.203 & gt > e o gUr nBAl

m.mmmumammm.pxs
mmmtammmmmmwmm.u



exastly the same.Zls 2%, 5, 20

Temperstures were telten with the same 100° {. thersometer. 100 g.e.
K beskers were used for time of set st #5° C. snd 8 c.c. bottles were used for
time of set at 0° C. and €0° C.

The platinan electrode mist be cored for to obtein sceurste results.
It is clesnsed by immersion im a strong, bot solution of sodius hydroxide and
rinsed in distilied weter.



Toe "E* brend silicate mssufsctured by the Philladelohie (uarts
Cogpany wes diluted with distilled water until 1.21 ¥ sodinm silioste sola-
tion was cbtalned. The soda silicate ratio 1s s5.25 by welght for the ¥E®
18 2/8 liters of zolution. Tie agetic seld 2.04 K wes made by diluting 1.1
water wes bolled end stoppered in large flaske end used when aeeded to iusure
COg free water, becsuse (0g hes & cosgulsting effect on the silicate solution.
mmsm.m:wwmmuwxmmw.

m&wnwe.mﬁmhtwmotM&u,
Balf of whieh was used to messure time of set, the other half to wessure pil,
The voluse of silicate wes beld conatsnt anmd the volume of scetic seld and weter
varied to give & curve log time of set agsinst pl. However, six differest con-
stant volumes of silicate solution were used. 4 curve 1s obtained for leog
tise of set against silicste concentration by takiung the log time of sets for
the same pH from the six different curves, and plotting these log tises, chenged
to times, ageinst silicate concentrstion.

The solutions were first thermostated st 23.50 C., sud the tise of
uixture teken. The silicate in & 100 c.e. K besker wes poured into the seetie
&0ld end water in e 250 c.¢. besker, and then poured back end forth three times.
Half was left in the 100 e.c. K besker end the other hmlf poured into snotber
100 o.o. besier for pH measurements. The pH snd tise of set were taken.

The time of set was detersined by the $11t rod msethod as deseribed
by Burd snd #1ler®. The eriterion devised by Burd snd Bothemich (1950) wes
used. 4 gel is considered set wmiwn & pointed rod 9 om. long end 5 mm. in



dismeter is supported by the gel strusture at sn sngle of shout 189 to the
mmmwthmmwm,atmmmmhth
effect thut it bad in leng period gels. Good chesks were difficult in siow
setting gels. ¥ith these slow setilng gels the tlwe would be figured spproxi-
mwumm»wumurmmmum In this
way the error esused by rupturing the gel strueture wez minimised. &s soon
“s the rud eould be supported saywiers the time of set wxs taken.

it wes surprising bow well the ilt rod metbod worked. I ed to
mm_mwmfwmuwammmefmt.m
%mmwmtm). nwzmwmnmmm,m
ﬁl%mm“uuﬁ&huamwmmtan
slght be necessary to use. This substitute metiod was that of considering &
mmmunmmmmhamm,mum,
and then lnverted.

huammmumthmmmwmutm
mummmmmmammmwmwm
experiment, and probebly explaine the olight warlation of the polots from the
Curvesz.

Agitetion bes sn appreeisble effect on time of set, wnd may even
alslead one to believe thet & gel never will set. This is especicliy true
oF low concentretion silice gels. Sinee I wes intervested in the lowest con-
Gentration thet would set, I was careful that the gels received mo agitstion
hd only tested two or thres times and then estimeted the time of set.
Shount of asetle seld used =nd meking up to the sewe totel voluse with sater.



14,

mwammaaammmmm

iz supposed to be good up to & pl of 9.
. mw-mmuuwsmm:umtmw

metbod could be used.

The pll is detersined by sdding to the solutien in & 100 g.¢. besker
& plaech of (uinhydrone and stirring. The platious wire snd sy of the calomel
the pH resches « gonstant walus, This takes plage for short time of set after
the gel hes set. The calomel was flushed out end wasbed off. The platinus
Mmmamwmmwwuawm.
m,nw.nmwmmmtmmm«mﬂem



wmmummmummmmw
me Those on the lower silicsts curves were olesrer. The very
low sllicste gels were wery wesk. The neutrsl @d slightly slkeline gels
were whlte wnd opslesgent. The lower silics eoncentrstions were the slearsr.

uugsws.s.mnmuumtwmw
mw-smwmm-mmmtmmmam By meking
mmwmmummﬁﬁumm
mwmmmumwgmmmruum
wmurmmxmmmma»m:cwmm
%awwmmmm,u_mom»
Chergy quantity snalogous to the “energy of sctivetion.” This is obteined
by miltipiying the slope of the curve (in Tise ageinst 1/7) by 2.5 .7 6, 28, 24

o= 14,650
20 15,780
B3] 8,880
40 16,850

*Two points used

Letteren snd Hurd® attempted to caleulste "n®, the order of resction,
OF the musber of molecules of the substence whieh reset. Une of the asouaptions
me,mmmawmmﬁum»mms
Se% ropresents the ssme fraction of the original consentretion, "a®, converted
Mmmmmmammﬂmnﬁm-r
8t of the relstive amount of seld and sodium silieste, Le6., of the pil of the
solution, Howsver, since in my experiment I beve teken time of set sgalnst



silieate concentration st cosstent pi, the effect of the pH is tsken care of.

sssumptions:

i. That we sre desling with & process which follows the lsws of
sn ordinery chemicel resction so fer es its veloeity iz con-
cernedy

£. That the irrbeaius equstion usy be spplied to our results;

. That for & glvem run the tisme of set mssoures the time whem &
certain fixed proportion of She silios, in sbatever fors, in

; solution, hes remcted. |

Concerning this last assumption, it might be polated out tiet the

mmmmmummmummua

analogous to a polyserisation, may not be 2o readily secepted. From surface
tension results it sppears thet we sre probably sessuring the time of set of

@ slow resetion followed by a very repid prosessd.

The ordinury expression for the velosity of & ehemical resctions
(w 2 = ke~ w0

X - amount chunged in time ¢

& - originel concentrstion

B - order of reaction

¥ i ¥
o&(::)u : J‘;Ac&

[ i - e w



i7.

in applying expression (1) shick is usually used to indicete the
result of internetion of "m* molecules of the substance "A%, we are indiseting
the sems substance (or as in Sieory of forsstion of S10(0H)y end 51(0H)g , the
intersetion betwesn ions) to fors the condensed silicate structure. This
Our *a® represents the coneentretion of silies, inm whatever form, which re-
sults from the lonic resction of sodlus siliccte and seetie selds

Por sny fractionsl change of &, the time t'

. o ' i'=msm:;u§udl

Ine - Inme*-lak~(al Ina

ne - e~(nd) Ina

e - Int+ (ol) Ins

e - in#]' - (n-l) In &y

© - Inty't {nd) lawy

In tg* + (n-1) Inap = In '+ (nd) In gy
~ _ Badoieny

LB 2.97
£0=40 L.8%
£0-10

el
.02




18.

& fourth sssusption besz been used in caloulating m:

(4) Thet in emeh run the time memsured by time of set represents
the same fractiom of the original concentration, &, cunveried
during the reactlon.

This essumption sesms justified if the pH is kept constant.

The values of n would be expected 10 inoresse az the pH incressed
until the seutrsl poiunt is resched and thenm deeresse ss the neutrsl poist is
peseed with approsch of higher pH, if the H lon was an importent factor in
the reaction, beesuse uzs the conceatrstion of B isereases (lower pH) one of
the factors in the resction would become ineressingly large and approsch the
role played by weter in muny chemical resctions { that is, the vole of & con~
stant fastor). :

However the dste 1s limited. I huve values of m for thres pil's
(8, 5.5, 8). They are, respectively, 2.9, 5.10, 5.92. These values incresse
to » maximun for n ot pil of §.5. Sufficient date is lacking to drsw too seny
Conelusionn. This seems to indicate tiut the effect of some resgtast reaches
& maxims velue st pil of 5.5, It might be the # lom, but it is not too
conelusive evidence.

¥hen I plotted the time of set sgsinet 1/ef, wbere s originel
Concentration of silisate, & straigit line was obtuined for soncemtratlons
from L.568 to 8.2§. The point for concentration of 985 did met fall on
the curve, but this time of set iz for such & wesk structurs gel that it ls
extremely inscourate. Thie seess to verily the faeet timt the resction is s
taird order resction.%® 4

I attempted to find the time of set of low cosceatrstion gels at
both 269 C. and 38.5° C.




i%.

Gels at 25° O, of & congentrstion of .93% silics wet in sbout
80 bours. One gel of concentration of .76 silics set also in about the
seme tlse. Osls of concentrstion of 6§ silice seesed set, but structure
was too-wesk to support & rod.

Gels &t 58.5% C. of & concentration of .823 silics set in sbout
35 bours. mm#mma.«ﬁmmnmm. Gels
of concentration of .S5if silics hed & olowdy {ibrilisr structure sfter one
month, Gels of coneentration of (155 silics were clesr after one month.

!‘hmi’annmﬂrcmﬂmw
time of set seem to approsch infinite time ssymptotically »ith differeat con-
centrations for 28° C. thes for 58,8° C. or for 0° G. This would seem %o
indiests thst 4% would be possible to obtsin & gel with & very low conceunire-
tion of silicate st high temperatures.



Gorresponds to soncentration of 40 for total volune of 80 v.e.

Aileste e &0 Zige in Sucs Gnive 28
% 18.0 7.0 6500 -158 5.36
25 17.5 7.5 8855 -152 B4k
25 17.0 8.0 £780 ~127 556
25 18.5 8.5 1784 -1zl £.55
s 8.0 | 9.0 896 ~108 £.95
£ 1.8 EN £60 -86 8,26

Corresponds $o concentrstion of 27.£ for total voluse of 80 g.e.

i7.5 15.8 19,0 10800 ~183 5.48
1.8 13.0 19.5 3890 -1gk 5.85
-85 8.10

i7.5 12,28 2328 33

Corresponds to concoatrstion of £0.0 for total volume of 80 e.c.

12.8 . 8.6 28,0 15100 -151 5.85
Lieb - B0 iB.5 7680 -A32 5.82
1z.58 6.5 29.0 3300 -3 6.08
1E.8 8.28 23,25 842 ~&0 6.08
1.5 8.0 20.5 225 -0 7.20
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5.18

4.5

38
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