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i thesis, presented to the Department of
Chemistry of Uniom College, in partial fulfillment
of the requirements for tie Degree of Bachelor of
Seience in Chemistry

Nay, 1950



Colloldal siliecle secld end silicle seld gels have Leen studied
for mores than 100 years. 4 poper bWy Perselins on this subject was printed
in 1820. ¥hat he prepsved was & sol of Lydrated siliecs. Iven ssrlier work
wae reported by others.

i sillele acid gel will result in $time from almost any sol of
hydreted silice. fufficlent silice must be present, however, to give the
necesgsry strengti to really form & gel from the sol. 4 gel can ke formed
with es littls es 5§ 510y under other certein comditions. Usnless too
strongly alkeline, smy sol contelning over 25 210 will eventuslly form a
gele The most cormon method of preperation iz the setiom of & solution of
sodiue silicate and an seid.

The time of set ls governed by such fuctors and conditiocns &s the
concentration of sillea, temperature, pH snd coucentration of otiwr subslsnces.

turd, Fiedler and Heymondl® mede 2 study to detersine the effect of
the sods ailice retio on ke tise of set. They found no spperent effect when
other factors were kept constant. Hurd sad Cerverl? found an effect on the
tisme of set when other solutlons are added. The meterials added wore for the
most part organic substances. lurd snd Rothemich® studied the effect of
sodiun acetate - sodiua chiloride on the time of set. Sodium ehloride gave no
apparent effect, but sodius soetate hastened the time for gelstion. This is
due to & comeon lon effsct. The method of gel formstion used was the action
of mgetic scid end sodium silicete sbich glves sodium ascetete. The result wes
then guite logisel. The common ion effect then repressed hydrogen snd siliecste
ions and tims hestened gelation. Kernsl® in hie studles found that the pH's
ingreesed with ineressed silicw concentrations, though not lineariy. The pi's



of the minimum point were higher with incressed silics concentrstion. ALL
pil's at the miniwam point were on the alkeline side.

emlsion theory, the cellulsr theory, and the fibrillsr theory. Ostwald?l
cxpleined the emulsion theory. It assumed & liguid - liquid system of emul~
mﬁatmﬂrn,%hﬁmmﬁhdmm&,wmm
concenirated then the otbar. Ostweld did not believe thet thls theory ex-
pleined siliels ecld gels. Batschli® is eredited with the celluler theory,
which sssuses that the liguid is held in droplet fors in & celluler structure
mede up of the solid phase. msmmwcrm,wn
élso eslled the honeycomd theory. Gilicie seid gels sre not sesily szplaised
by this theory, since the electricel conductivity does not chengs as the gel
Sets. The faet thnt syneresis tekes plece is elso dAfficult to explain by
this theory. The fibrillar theory is ueuslly credited to Nageli®0, It sssuses
amw.‘wmmasuammﬁm;wmnw
fmammmmumuumm The fibrillsr
theory is the one fevored by most workers in this field of chemistry. The
Mm&mthMMMum%ﬂm,haﬁm
result. Hore recent theorics have beem proposed by Holmesl® wnd Prakosh?E,

A theory bas besn proposed by Hurd'l to explain the condensetion of silisie
seld %o form s poly-silieie acld structure. It is s theory for the ezplanation
of the mechanlss for the fursstion of the fibrillsr structure. It sssumes that
first » momosilicle soid is formed. This condenses, due to the smphoterie
hature of the hydroxide of silicon. Long cheins of condensed polysilicie aeid
are thus formed.



Wnen first sixed, much of the siliele soid can be dislysed out of
selutlon with the electrolytes. In time, however, no silicic seid een pass
through the membrene. This fact, as well &3 the incresse in molecular welght,
supporta the beliel tiat ailicle acld firet consists of ssall molecales, but
tmmmwmw&nmm

It waz shown by Losenbeck thet the gel was segstively ebarged im
alkuline, neutrsl and weskly scidie gels, while in strongly scid gels it wes
positively charged. It was postulsted by Hurdll thet due to the smphoteric
nature of the aeid upon lonisstion of the soid, the silicon will be found in
either the negative or positive lom.

The sol a8 1t sets suddenly shows clastic properties sfter s time,
walel imeresses as the gel seta, It bes been noticed thst gels bave a certain
mteftm%wm:m&mmnuuumu. The phe-
mdwusbmmbhm&&.,uwhnw
again sfter stirring or sepsrating. After setting, however, the gel dose not
show tils property. For lustance, if & gel is sllowed to set in & test tube
muuwmammmwmmmmm It
mwnmwwwwmmmmmum.

wunmmhwmtﬁn&& Consldersbie
work has bwen done ssd Ls still being done. i thixotropic gel is one that cen
ummx‘smmumwmmcmm

Mfter & study of thizotropy of Fegly gels, Barryl advenced the theory
MwM'NWWuMM#Mu,Mum,M
mmmbmmmammsmm



ztmmwammsm“mmmmm
not show thixotropy s well &s the undislysed eerths, though the addition of
electrolytes brought. the property back. : |

Probably the mext most lmportent discovery im the fleld of thixetropy
sas dimt of vheopeny. It wes veported by K. Fressdlish and 7. Jultusberger’.
They found that if & gel of snleometric partieles, nanely Vglg, set sponteneously
in one mour, it would set in & few secunds if the particlec were oriented by &
gentle roliing motion of the container. This property was called rhecpexy.
In & report of tbeir work, E. A. Heuser end C. 4. Besd® showed tiat bentonite
gelo bad rheopestic jroperties, and they clso decided in the sswe study that
particle sise is the paramount affect in thizotropy.

B, 8§, Yandelay™® fn nis study of Pegls gels found that a sol con-
teining es little «s 6.5 grams per liter of Fegly showed thizotropy. He set
forth the iden that the gel bad & met strusture, composed of cells in whieh
the water 1s mechanicelly enclosed. He found that the perticles were rod
shoped efter shaking. He also decided thet a charge on the perticles was
necessery as did G. Broughton end H. 5. Hand®, who thought that the presence
of certein metellic lons might be necesanry for thizotropy.

¥. Juliusberger sud i. Pirouetl? showed thet VgOg gels were composed
of needle shaped particles after sheking, sud did show the property of rheopexy.
H. Preundlich snd i. D. Jomes® found thet & psste of ssrkedly snisometrie
particles, especially plate like particles (Nossle gold, mies, graphite, ete.)
gove thixotropic pestes with rheopectic properties.

Though thixotropy is ssid genersily not to be o property of siliele
acid gels except in ths early steges of setting, 1t was observed by Nurd and
GrifrithMd that after & gel was broken up snd washed, it would regel. Thls
property iz related to tilxotropy somewhet, though it is mot true tidxotropy.



Tidxotropy of silisle seid gels wes etudled by Freundlich, Bogowski
and SoellnerS. This property wes studied with ultrssoniec vibretions ss the
medlum of sgitation. They found, Lowever, thet silicic seid gels did not
exbibit the property of thixotropy. lore recent work has shown this to be
not quite true. A study by K. Freundiieh snd D. ¥. Giliings® hes shown thet
gels of pif of 8.5 to 9.5, especialiy dlalysed, could be Liguefied by ultra-
sonle vibrations. mmua&mm-mm. Other renges
showed no thixotrople properties ss studled by ultrascnic waves. This runge,
PH 8.5 t0 9.5, is the range st which Freundiich snd Coln® showed thst silica
sols could be coegulated by slectrolytes.

mmwmwmwwammmm
regel after bresking up snd wasking, is not true thixotropy, but it would be
of interest to study this. This paper is concerned with Just thls metter,
the regelotion of silicie seid gels.



In the experimental work, "E® Brand sodinm silicate of the Phila-
delphis marts Compeany wes used, sumnrsmwmmngammw
uuma.umapaummmtml.mmuﬁmnm,
chloric seid, titreted with phemolphthalein ss the indieator. The scetic
ticld used was mede up to 9852 uworsal.

wes messured colorimetricelly. The pE of the wash water of the gels was
sessured by mesns of & La Notis colorimetric pHl outfit. The yainkydrone ap-
m,m-m:m.umuwmwmm The
MWMMWQ%WWM&MWW
electrode and render it useless for further messuresments. ¥hile the pil
nessured colorimetrically is not %00 securste, it guve suffisiently close
mxurwmm.mmwmm«mm

In order to break wp the gel into very smell particles, & very high
Wmhrmuﬁﬁtk:mummm. The motor ran at & speed
wmr.g.mﬂwmmhmtmwwmm The agitator
mdmwmuwmmmrmmmdmmwfm
drinics. wuwnwmmwmmm.mnm
Sary to use ab agltetor of high grede stainless steel.

hmwmwm«twmm«uma
Centrifuge was used. rammmmmaamamwu
sccopmodste bebeock test bottle. It was bullt %o run st sbout 1000 r.p.m.

nmmwm,mmmwwuwm,uma.
wmamdmm,wmmnmmmmmu

8.



7.

meke wp the remsinder. mmnfaahmmmnkw. Jne
mumhmmﬁwmmammmmwam
the regelation end s & cheok on sach other.
umMmmrmi(n;ummw,umm»mmm
from dryisg out. kkhMmmmmmmawhtnm
requiresents, nmtmm:amummummam
mmqummrwﬁm. It could casily hold the one
xme.a.xmwmmma.o.m.mg Some guall amowat
armmmmmﬂmor&%mumﬁum
m«xv,maxmmnmt.

mmmtmmnuam%twmmum
whc.mwmmmﬂummwun.mmm,
and then 40 g.c. of water sdded. Mmmmmmmhm,mm
whole thing miwed up. ':hemtofmihﬁumkwﬁuml;mtu
possible for each gel. The mlxture wes agltated for five mimutes, after whieh
mmmmmﬂmmntxmﬁmmm The
mtummmmmamwmvmmu. fue to the
auwmmthmmwmmwuuw
mmwhammue.m The beakers were pleced in
%MWMMWIWWW ifter thle the wesh water
mmwxmmrngwmmummmlm-w The
mmmmmmmummarmmmwm
Mach like & mash or & thlek mud, The 30 e.c. beskers with the solid meterial
mmmummm%f»amhm,thm
hw.umhm.



um,mmmxgmmmmumm
100 e.c. K beaker. mwmmeemnpsoa.c.,wmmm
repeated.

m-mmrwamgm@mnmuns,u
unm,mmm«mmummmwmm
HillerlS, This metiod is to insert s pointed gless rod 9 em. long snd 5 mm,
hm,mtommnmmuumemua-m If the
rod will stend up the gel iz considered set. This method in itself was not
me&wmwmam.t»mmm ifter cene
mmmmmmwmuxmamwmmm

mmmmwnmm,mmwwmmmhw
wmauwamtmmmmwxzmmmxammx
would. Mha&bhrw;mdmwttm“numﬂm
that was not set. mnumngsmmtnmmor-wutm
mwamsmm:mmmmuumﬁuMW
tions for allowsnces to be mude. It so developed that it was & setter of

mhwmmmmtnwaum. mmmmm
lcmmdhutmﬂwanarmmlmﬂaﬁm. it was quite » probies to
mmummmmm



The following tsbulations sre the ssounts of solution to
make the gel end pH of gels

zZilicute sgetie Loid Later 28
25 g.t. B e.t. 8§ c.0. 5.15
28 47.5 7.5
286 45 0 5.28
25 42.5 12.5
28 40 is B35
28 37.5 17.8
26 86 20 5.89
26 B2.5 22.5
25 53 25 T7.08
5 £7.5 £7.5
25 28 0 8.55
23 Bi.5 B2.5
25 20 38 10.8
28 L7.% 7.5
543 15 40 il.k
5 12.8 42.8
£8 10 45 1.5




Mwotﬁus&fmhﬁaudﬁatmm
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Toe underiined pH indicutes that the gel did not reset.



Mmmmuﬁmmuw»mm,utn
through & the first time it wes moticed thet the solid materisl settled out
oscupled sbout 5/8 to §/4 of the totsl voluse of the suspension. The smount
amnwmmmmmwmmuxﬂ
the totel voluse. hmliwsmwimd@hmupmwmu
1/2 after the first washing, and becsne slightly less them 1/2 after successive
sashings, RWWMGWB,WWOQW&W&W
mm-:.mmx/zmmtwmmg,ummmmm
ma&wvwm&mmwwmwmvmmmh,u
more water could be centrifuged out,

W,wmmﬁem,mmuu,mmu
only six of the gels used, and the syneresie took place only after the first
regelation. mmmtmmmummwm«d
through §(e), with the exception of 5(a). This perticulsr renge received no
thtmetmmuuﬁmmamuumum
mﬁfth-phmhﬁulmzdmaMmW,wm
WM»W&M&:MmMMWﬁ&W Ehen
munammwummummm.m
the sane as the others.

mmmmmumkmmm. A gel
mtummmmwmamwnmtuamm
One could easily see the lerger particles of the gel and the state of sub-
division. The Iateresting thing to note was not this subdividion, but the
Sabdivision within these uggregutes. Throughout the fuirly large perticles
fould be seen emaller pleces of gel wbich were apparently the small particles
thet the high speed bester produced. The lergest of these smeller perticles



w&s ebout two one-tlousandiis of & eentimeter. There were many other par-
hagze in which mothing eould be distingulshed. Howewer, 1t was interesting to
note the slse of the particles whieh the beater produced.



4 plot of the number of times the gel reset sgainst the pH of the
solation wes made to see if any relation betsesn the two existed. It is
appsrent that the acld gels were the ones that regelled the grestest musber
ﬁm,mmnhmmemutmh The
dats, however, iz spparently not suffiecient to drew any well founded con-
elusions.

mumwnmwwmmmm
wmy,wuummmmmmum
hfhdmtmuwtmmﬁmwmmauam
or shether toe curve will continmue om up.

On the alkeline side the curve drops off to the sxis {the gels would
not regel). This mey be due to the feot that insuffieient time was sllowed for
the gel to regel. The alkeline gels require more time to regel than the sther
gels, and very alksline gels mey not gel at sll. Thuz 1t might be expected
mswmmmmammphwnmmm.m
shich was the time allowed. If this iz the cese this curve would not be too
mich unlike & curve of time of set agsinst pi. In such & curve there iz a
minisun tize of set oo the alightly slkaline side, and rising agein ss the

mmmm:mxmcmmum
antmalhsm This becomes ineressingly diffiecult as the
gel is besten up & mumber of times. Perbepe & different metiod of determine-
Uon would be uelpful, though thls method has proved most relisble in past
instances.



If suy conslusion st sll is %o be drews from this data, 1% would
be thet the nusber of times thet & gel will regel is some function of the
iydrogen lon comeentretion slone, and mot s function of both hydrogen and
mxmmuﬂﬁthMMWMnﬁud
set of gels.
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