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ANTBODUCTION

Gelation is that phenomenon in which the entire system of both
dispersion medium and dispersed substance solidify into an apparently homo-
geneous, solld mass. Upon the assumption that & jelly consists of myriads
of hydrous particles that have become enmeshed into a network that entrains
liguids, it follows that any substance should form & jelly when & suitable
amount of a highly dispersed substance is precipitated provided that the
particles adsorb the dispersing medium very strongly. The process of gela-
tion differs mecroscopically {rom flocculation in that flocculation presents
a separation of the dispersed substance. It has been proposedl that gelation
is flocculation in which the dispersed substance is highly hydrated. We will
differentiate two types of gelation processes. Gelatin and agar-agar gela-
tinize through a decrease in temperature, and we will refer to this as
temperature-gelation. Aluminum oxide, cerium dioxide, and silica gelatinize
upon addition of a sufficient amount of eleetrolyte, and we will refer to
this as electrolyte-gelation. The factors governing the gelation of hydrated
silica or colloidal siliecic acid have been summerized by Flemming?, Hurd end
CarverS, and Hurd end Hallstrom®, as:

1. acid conecentration and type of acid
2. pH

5. silica concentration

4. temperature

§. agitation

6. added soluble material

7. type of silicate



We have investigated factors (1) and (2) while keeping the other
factors as nearly constant as possible. It is, of course, impossible to
vary the acid concentration without also varying factor (6) sinee the vary-
ing of the aeid also varies the content of the audiun salt of that acid.

For this investigation the Ostwald viscometer was used. Prasad,
Mehta, and Desei® have reported the suecessful use of the viscometer in
gelation processes, and Hurd and Santors® also used the imstrument with
success. However, in order to come to & decision on the general applica-
bility of the viscometer in following the gelation process, a careful re-
examination of the gquestion with a view to the structure of the gel became
imperative. 4




Prasad, Mehte and Desai® used Scarpa's modification of Ostwald's
viscometer to measure the viscosities of gel mixtures during gelation. Hurd
and Fraser! examined both the Ostwald snd the Stormer type of viscometer and
concluded thaet the Ostwald type bad certain adventages because of its sim-
plicity although they edmitted thet the Stormer type had grester possibilities.
Dahr and Chakravarty® examined the effect of electrolytes on the setting of
gel mixtures, and Hurd and Santora® used the Ostwald viscometer for the same
work. They repert the viscometer to be satisfactory. Kruytl points out that
Poiseuille's law of viscosity does not apply upon geletion. 4. Einstein and
E. Hatschek heve devised an equation that permits the evaluation of the
viscosity of a dispersed system provided that: (1) the particles are spherical
and not deformsble; (2) the dimensions of the particles are large compared to
the moleculer dimensions of the dispersion medium; (3) the particles must be
small in comparison to the messuring instrument; and (4) movement of the
dispersion medium in the direct vicinity of the particles may not be influ-
enced by presence of other particles. Fulfillment of thesé conditions has
been found to be extremely rare, and is certainly not present in silica gels,
although the formmla has been used to calculate hydration.

Upon the structure of silica gels, mach has been written and little
has been determined. Bogue? reports that in solutions of 57-18.5§ of NagDe
5.3 5i0p, there are myriads of tiny particles clearly distinguishable under
the ultra microscope. Butschlil? treated the gel with 2 mixture of chloro-
form and cedarwood oil and, allowing the chloroform to evaporate, obtained a
structure which was visible under the microscope. He concluded that the gel
was made up of micelles. Znigmnd;rm concluded that the gel containe a mul-



titude of amieroscopic pores; he stated that Butschli's results were caused
by alternate portions of gel either saturated with liquid or from which
liquid had been evaporated. Bachmannl studied the gelation of gelatin with
the ultra microscope. On the basis of his observations, he concluded that
the process of gelation consists of the union of primery psrticles inte
larger aggregates. The dispersion medium is tims trapped in the capillary
gpece. Studying sosp solutions, Bachmennl® has shown that when they set to
& jelly, long threads are formed. We took miero photographs of the eteh
patterns of NaOH on siliea gels and obtained photographs very similar to
those obtained by Bechmenn when he worked with gelstin gels.



PROCEDURE

A guantity of E brand sodium silicate, & product of the Phila-
delphia Quartz Company, was diluted with recently boiled, distilled water.
This silicate has a Nap0D:8iOy ratio of 1:3.25. The resulting solution wes
titrsted with stendard sulfuric acid and its equivalent as NalH determined
as 1.575 using methyl orange as am indicator.

Three acids were prepasred. Acetic ecid was prepared by diluting
99.5% glaciel acetic acid with recently boiled distilled water. Sulfurie
and hydrochloric acids were prepared by diluting reagent grades of the con-
centrated scids in the above mamner. Their normalities &s determined by
titration with reeently standardiszed NeDH solution using phenolphthalein as
the indicator were:

Hae - 1.8603 N

HgS0, = «8150 N

HCL = +5080 N
ZTemperature Control

In order to control the temperature, a large glass reservoir bath
fitted with a de Khotinsky bi-metel thermostat control with a blade heater
was used. The transparency of the reservoir is essential for viscosity
measurements. Since the temperature worked at was approximately room tem-
perature, this thermostat gave quite satisfactory results, that is .19

i leagurements

Hard and Griffeth> have shown that the quinhydrone potentiometer

géve relisble results for the measurements of pH of silica gels in the acid
region, Most of the measurements were made in the acid region. A calomel
cell with saturated KCl and a platinum wire electrode were prepared as sug-



gested in Daniels, Mathews, and Williamsl4, Those gels above the range of
the quinhydrone potentiometer are marked slkaline gel on the curve.
Hixing of Solutiong

It is essential that the solutions be mixed uniformly and quickly.
In the procedure, the silicete solution was measured into a dry, cleam 100
cec. beaker with a pipette. The seid and the third constituent were measured
into a second similar besker, with & burette. The two solutions were brought
to the temperature of the thermostat. The silicate solution was poured into
the acid and the two were mixed by pouring back and forth repidly. Viscosity
measurements were then made.
Iime Measurements

Two accurate stop watches were used. One was started when the
solutions were first mixed. The other was used to determine time of flow in

the viscometer.

The Ostwald viscometer is essentially a U-tube with a capillary
tube in one arms Above the capillary tube is & small bulb of about 2 ¢.c.
volume. There are two reference marksi one above the bulb, and one below.
A definite volume of the liguid is introduced into one arm and sucked up
above the top reference mark. The time for the meniscus of the liquid to
pass the two reference points is determined with & stop wateh. The measure-
ment of the absolute vwiscosity of gel mixtures is impossible with this in-
strument. The measurements were found to depend on the viscometer used. The
viscometer used herein had a large capillary bore and was ealibrated with
distilled water and pure glycerine.

It was observed while cleaning gels from viscometers that conecen-

trated sodium hydroxide gives a peculiar pattern as it dissolves a gel. This




is visible with a megnifying glass as a mass of dot-like meterisl. In order
to examine this phenomenon more closely, we photographed the gels with the
micro photographic arrangement of the Biology Department. This was done
through the generous cooperation of Dr. Allan C. Scott of that department.
The gels were set in Petrie dishes and concentrated NaOH was poured over
them to cover the surface. Light was directed from ebove to the surface and
the photographs taken from sbove. 4 black background was placed under the
dishes. In order to slow down the rate of dissolution, the dishes were set
on ice cakes and & water filter was placed between the light and the gels.
This arrangement worked exceedingly well in slowing down the diagoluuoa 80
that seversl photographs could be taken. The pictures contained herein are
approximately ten times actual size. The gel used for the photographs had
& pH of approximately 6.




Several viscometers were used and the results stated by K:naytl
and reaffirmed by the data of Hurd and Sentore® were confirmed. In every
case the viscosity depends on the viscometer used; thus on the size of the
capillary and the pressure head of the tube. Not only does the viscosity
vary but also the time of set o!'ths gel depends upon the instrument used
to measure it. This is clearly shown by curves presented by Hurd end San-
tors®. In no case did the time of set as determined by them agree with the
time of set as determined by the rod method used by Hurd and LetteronlS,
Consistent results are obtainsble only when one viscometer is used throughout
the entire work. From the curves (Plate 1 and 2 for HCl; Plate 3 and 4 for
HgS04; and Plate 5 and 6 for HAe) it is obvious that the rate of setting of
the gels of the three acids used iss

HCL > Hp804 > Hie

This is consistent with the results obtained by Hurd and Santors®
and Dahr and Chakravarty®, when it is considered that the acid added also
determines the type of salt which will be present in the gel.

The p of the gels changed during geletion. This change in acid
gels is generally to higher pH values; however, this is not always the case
and, at present, it is not possible to predict how the pH will change.

- I present the photographs a&s an indication of gel structure. Since
NeOH dissolves the gels, it is rational to think of this dissolution as the
opposite process of gelation. Following the figures from 1 to 4, we see the
gel being disintegrated. In figure 1, the large striations appear on the
surface which spread out cutting the whole gel into small sections. In
figure £, these large striations have largely disesppeared although vestiges
remain, In figure 2, more or less tubular-shaped structures are evident and



these are being cut by wedge-shaped notches starting from esch side. This
division is by no means haphazard. In figure 3, the process is continued,
and in figure 4, we have almost complete division into & mess of particles.
In the lower corner of figure 4, the solution is seen. Here the particles
hxnbaeomnryml}.mdﬂpally they disappear. In figures 1 and 2, the
‘camere was in the same position. Figures 3 and 4 are in different positions.

As remarked before, Bogue? has observed particles under the ultra
microscope in silica sols. If these particles become hydrated, they will
 increase immensely in sise until the entire mixture becomes immobile. The
liguid remaining in the dispersion medium will become entrained in the gel
structure, and the whole will set or gel. There are two complementary pro-
cesses teking place. The increase of the size of the parttele; through hy-
dration and the decrease of the smount of liquid of the dispersion to the
hydrated particles. Thus both processes tend to immobilisze the whole. &n
immense increase of the sise of the particles would have small effect on
the viscosity if the original particles were very small. However, when the
partiele size becomes comparable to the size of the capillary tube, even a
small relative change in size would have sn immense effect on the viscosity.
It is probable, therefore, that gelation does not proceed as the viscosity
curves would indicate, but occurs gradually. This would explain why dif-
ferent values of gelation time are obtained with every viscometer used. As
soon as the particle size becomes commensurate with the capillary size, an
immense increase in apparent viscosity oecurs.

As previously mentioned, it has been propoaadl that we think of
gelation as flocculation in which the particles are highly hydrated. Evi-
dence for this view is obtained from alkaline gels which are too alksaline
to set. If theae gels are allowed to stand for a few weeks, a precipitate



is obtained. This might be the preecipitation of particles whose hydration
hag been limited by the high pH.
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SLalibration of Viscomelers
Viscometer 1 _ Yster £3.9° C. Time of Flow
5.0
S.1
5.0
5.0
S0
iverage 5.0 sec.

Viscomity of water =t 285.8° C. 9.20 millipoise
{Token from dets of Bingham snd Jeckeon)

Clycerine 23.8° C, 829.8 zec.

ﬂmaitj of giycerine at 25.8° C. 6.2 poise
(Taken from date of Sehottner) |

Viscometer 2 Vater 4.7 C. Tine of Flow
2.0
540
£.8
5.0
Sad
iversge 2.8 sec.

Vizcosity of water at 24.7° C.  9.00 millipoise
(Teken from dute of Binghem snd Jackson)

Glyoerine 24.7° C. 813,0 sec.

Viseosity of glycerine 24.7° C. 5.8 polse
(Taken from dats of Schottner)

Density of Silicate solution ez deternined with Restphal
Balance at 25° €. 1.135 gle.c.
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Plate IV - Contimaed

Suzve 11 (Continued)

5835 -14.0
3900 15.0
3945 8.1
%u8b it.e
4050 18.8
4085 20,3
4100 22.0
4155 24.9
4195 28.6
4520 27
4380 15
FLiIE N
Sagve I
100 c.c. HagSilpg
85 c.c. Hie Viscopeter 2
895 ce.o. HyD
57 4.8 ~140
85 4.8 ~157
85 8.0
125 8.4 ~157.5
146 8.7 -L87
183 8.0
185 B.4
205 7.0 -138
228 B2
260 8.2
%80 1.8
510 17.5
345 85.0 ~138
Surve I
100 c.c. HapBilyg
83.5 c.c. Hie Viscoseter 2
3-5 Celle m
30 y 7.2 -177
L T.4 ~L155
140 7.8 ~140
188 9.0 ~13%
£10 0.2 ~1%0
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300 17.5



-146

A3



Plate ¥ ~ Continued
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SUMMARY

Viscosity curves obtained by the use of various acid in differing

concentrations have been obtained.

Micro photographs of etch patterns of gels have been obteined.

A structure of silica gels has been advanced.

The applicability of the Ostwald viscometer in the following of
gelation has been attacked.

32
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