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IBVESTIGATION OF THE ETCHING PATTERES
OF SILICIC ACID GELS

INTRODUCTION

It was found that on dissolving silicle aecld gels on
glass surfaces with strong sodium hydroxide, peculiar etching
patterns were formed before the gel diseolved. This obser-
luuan lead to the study of the etching patterns by photo-
graphs and other data for it was believed that these patterns
would reveal ihe structure of the gel.



In order to investigate the patterns formed, I prepared
acid gels from sodium silicate and a slight excess of acetlc
acid which set in ten to fifteen minutes, and after a gel had
set, enough one normal sodium hydroxide was added to cover the
surface. At first I 4id not observe andy cracks, but instead,
the surface turnéd from clear, transparent to white translucent
in a second or two after the base was added.

The next step was Lo try the same thing on gels an hour or
two old. Thie was more frultful for on observing the surface,
it becane covered with very fine cracks which spread over the
whole surisce vory rapldly and then the gel dissolved away.

The time for the firet cracks 1o appear depended on the
age of the gel-~the older the gel, the longer it took to show
signs of eracking.

The next siep was to have a number of gels with the same
pH or time of set, I 4id thie by preparing a 3:1 mixbure and 4
then putting a Tew drops of the mixture on a nunber of miecro-
scope slides which were put in a dessicator partially filled
with water to set, so that the thin films of the geol would not
dry out. The films were about .1 mu. thick.

In order to find out whether the process of syneresis had
any conreection with the etching time of the gels, with the gel
mixture that remained, I determined the setiing time of the gel
filme and after the gel had set, welghed it and coveréd it with
water to keep the surface from drying out. ¥From time to time
the surface was dried and the gel welghed.

The temperature throughout the experiment was room teumpera-
ture (about 21°).



Perromolybdate reagent’ was used to study the possibility
of dying the etehing patterns of the gel before applying the
sodiuwm hydroxide to the surface. However, the reagent did not
make the structure stand out under the mleroscope, 20 it was
abandoned.

‘Several series of photographs were taken showing the process
of etehing on gels of different ages.

1 ohemieal Abstracts. XXXITI, 8142" (1939).



The structure of siliele acld gels gave been under
investigation for over forty yeers dut st1ll az little is
kuows Soday sa then of the actual structure. The microscone,
ultre mlcroscope, x-ray pattorn and sbsorptlon epectra have all
hed their chance, but still the gel structure le unrevesled.

futechli® obeerved & honey-comb structure under the
microscope which he sstimated hed e cell diameter of 1 or
£« with s wall thickness of sbout «3u. From his obaervation
ne outlined the Gelluler Theory. Zsigrondy® estimated the
pore diameter to e sbout ﬁan/« for the gel. This size is
macik to small to be cbserved with = mleroscope.

gn:is theory exploins the sbility for the gel to hold
water but does not pive sry setislectory explansilon for
pyneresis--the expressien of liquid from the gel ulter
settlng.

The FPliriller Theory is the one which ls in favor by
those working 1o the flsld. The solld and llquid phasss are
ecortivaous with sach otler, with the 20lid in the form of a
fibyous mesh holding the ligeid In Its pores. his theory
is credited bto Fegell?.

It is well knows that sols of sillee whieh have a pE
sbove 11, do zot rzet to form gels, Treadwell snd FieisrdB
have formed gels by reseving nearly all the sodium hydroxide
in a solution of sodium silleste by electrolysis. This
brought the pH of the solution below 1l.

It is ressonabvle thesn by colng ir the opposite direction--
adding sodium hydroxide to & pele--to have the reverse process

take place provided enpugh §a0H 1s added to bring the pH of the



m atove 1le

mummmmemmma&m ir
only & saall asount of Sal¥ 1z edded, ihe stehing process
COCUPE, mmw[miwﬁmm&mlmmm
pattern on x.u mx’m Ao m of i‘swa sonpletely flssolves
the gel sways

Sormleyl obkaired phvt.ogrophe of these patterns with
the veiiel thst they alght ifndleosis o ressible pel structure.
Bowever, the serfes of photesrarhe whleh 1 obtained dn ot
muke clear sny gol stoutbures '



DATA |
Shs following & ats are on the runs that I
made, The zge of the gel 1s taken from the time
1% set to the time I sdded the 1. W NeOH, The
nemmzatmsmmmwmm
first sign of cracking after I put on the bago.

Run #1

Setting time, 17 minutes (acid gel)
veight of gel at start of run, 45,00 gme

Helgl oL G

45400

44,95

' . 4370
20,0 4400 [

95.0 7+ 500425 41.15

115‘ - w«m

167 L0485

268 15.82+15.8 59,68



Satting time, 11 minutes ‘
Walight of Gel at start, 31.88 gm.

4640 5455~5,75 29, 77

120, 16-»7&'11‘% 20427
140, 2007
169, 15,92-1£450 26402
189, -— 28499
2809 L - 28495
337, - 28,96

Mﬁr mn i : %.3&



“Run #3

Setting time, 1% minutes
Welght at start, 2 6.52 gm.

25,24

17.6 »8 : -
2650 3400 24,90
42,0 5450 24457
1l4. 783 24,04
120, B85 244,01
167, 10,00 28.91
102, 11.6 2378
287 1443 25461
3364 %172 £5.61
355 » #17.0=18,0 2372
458, - E5.0-820.5 83.72
588 ’ 2540 23,72
91 45,0 2588

1176, 6540 -
1165, e 2394

*These gels werc covered with Congo Red to test for eracks
before adding the scdlum hydroxide. lo conmecentration of the
dye was obaserved to indleate any eracke before etehing.
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PLATE I+
These three curves ghow the relationship between
the age of the gol and the etehing tlme. am 17T shows
that the elching time is steedily inereasing instead of
reacking & limiting value as was expseted.
The insert shows the lower portion of the thres curves
on & larger seale.
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Data on Syneresis

Run #1

0.00

1.00
19.7
113,
e 10.6
262, 11.8

Run #2

9.02



Run #3

2.
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PLATE II.

These thres cwrves correspond 1o the thrae eurves of
Plate I. There was lasulflelant dsta for ecurve T to get
the lisiting value of the loss of weight of the gel. TYor
surves Ii and 111 the lsss of liquid from the gels reached
8 1imiting value after aboult twelve days.
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The expssure time for all pletures was three seconds.
The magnificetion is about two. Illumination was from above
and was photogys hed frosm above.

SERIES le
@EL IS THO HOURS OLD
First photogragh teken 1 minute after putbing sodium
nydroxide on its surface, The others followed st five second
intervals. In the first photograph you see the ctehing process
beginning. The second pleture shows the upper surface drawing
pack and dissolving and exposing a second etehed layer. The
gel is dissolving very rapidly.



SERIES 1
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SERIES Ze
@EL I8 THREE HOURS OLD
rirst photograph wes taken 55 seconds after the sodium
hydroxide was put on its surface. The other plotographs
follomed at five second intervals. Cracke can just be ob~
served in the first photograph on the right hand edge. These
m&qummﬁﬂ;mmmhmMuia shown

19 thﬂ fﬁllﬂ'im 503 % b Py P T VY



F
SERIES

‘g



SERITS 3«

@u1, 1S SSYEN DAYS OLD
base was put on 14s surface. The next 4 followed &t 20
gecond intervale, The last nintograph was taken 2 minutes
stehing 18 elearly shown by the tiume interval batwssn pletures.
The cracks sre mush wore coarse than in the first two series.
he last pleture shows the gel contresting.



SERIFS 1L




SERIES 4.
GEL IS POURTEEN DAYS

¥irst photegrach wes taken 17-3/4 minutes after the
base waa put on the surface. The next three folloved at
30 second intervale. The last one wae teken 2 minutes after
the preceéding one.

*his serics is marked to show the movement of the gel
surfsce. Points 4 and B are on the surface of the gel. is
the M&m mm, the points moved closer W
showing ~ mrinkmt of thc W

The ewved lines are arcs of the elirele with radius
A B of the first pleture.



SERIES L




SERIES 5.
AEL IS TWENTY DAYS oD
photonparh was taken 31 minutes after tha base
was put on ita surface. ™he next 5 followed ab 30 second
intervels. mmamwmamumm




SERIES X

24,



25

RESULTS ABD DISCUSSION

The etehing proecess was followed for a long time by
obaserving it under a low power mieroscope, but this limited
the {ield of view s¢ much that I found it bebtler to observe
the gel dlrectly or with a small magnifying glass. -

Fresh gels were the bect ones to atudy this process.

The first thing observed arter putting sedium hydroxide on
the gel's surface was & cloudy or milhy appeararce on the
surface. This was svon fellewed by small depressions forming
all over the surfave, and conneeting forwing numerous smell
eracks, This cracked surface draws back or itself--contracts,
and dissolves exposing a new surface to the eS8 Process.

The time required for g given ssrles of gels of the zame
pH and time of set Lo show signs of etehling alter Hall has
been added to its surisce appesrs $o e & linssr functlon of
the age of the gel after the (irst Jday fer at least & pericd
of twenty to btwentiyefive aa:'ﬁ However, after thie time there
is a grester Incresse In the etebing iime than correspeixls to
the age. This wes rather unexpected for it was Selileved thatl
the stehing time would resch @ ilmiticg valus with time. Just
the opposite a pears te be the cese at lesst from this lovestiga-
tlone

The provess of syperesles continued for a perisd of aboub
12 deye with the gels that I studled. After thls period, the
of the gele remalned conetank. A study ol syneresis was
made by Geunt and Usherd and by Boguel.



CONCLUS IORS

1. If there is any relationship between syneresis and
the etching time, this has not been rovesled in this investiga-
tion.

£, A continuous change im taking place in the gel as
is irdicated by the imerease ir stehing time with age and
this chasge shows ne signs of stepping, but rether of Increasing.
Sirce xeray sralysis by Krejol and 0ttf on fresh gels revealed
a cristebslite pattern, 1t mey be that a slow process of
erystalizetion is taking plece and increesing with time.

3, This investizstion revealed that the older the gel,
the more coarse the etching pattern [formed.

4. The etehing patterns ars too coarse to show any gel

siruclure.

2¢
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