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INTRODUGD IOK

The chief purpose of this research was to study the time of
set of silicic acid gels produced by the reaction of phosphoric
acid and sodium silicate solutions. The secondary purpose was %o
determine the heat of activation by means‘of the data procured
through the main purpose.

The times of set of ﬁhese gels were measured at four dif-
ferent temperatures. The pH of each gel was measured also. The

PH of the above mentioned gels ranged from a pH of 3 to a pH of 10,



HISTORICAL

Silicic acid gels have been a topic of research for many years.
The eadiest work done on these gels dates as far back as the
- Nineteenth Century., Since that time, many interesting and useful
facts have been discovered concerning such gel formations.

1% has been shown by previous workers that the setting of
8ilicie acid is dependent om the following factors:

ls Composition of the solution

8. Concentration of the acid
b. Silica content

2o Brand of silicate used

3. Density of silicate used

4. Temperature

5., pH

6o Addition of soluble organic and inorganic materials

7« Purity

Bs Degree of agitation
The temperature and ph vary inversely as the time of set, that is,
the lower the temperature the greater the time of set. Likewise
he lower the pH or the greater the moid volume in & fixed total
Volume, the greater is the time of set for acid gels. For basiec
8els it is reversed, that is, the higher the pH the greater is the
~ time of set. The time of set is also = function of the brand of
Silicate used. It is dependent on the ratio Nep0;8i0ge The more
densc is the silicate solution, the less is the time required for
the gel to set.

Prasad and Hattiangadi (1) showed that pyridene hastened the
time of set and alcohol hastened the time of set of basic gels

and delayed the time of set of acid gels, The addition of organie
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substances was studied by Hurd and Carver (2)e. The fact that
'gelation is inflﬁenced by the presence of eleotrolytes and non-
electrolytes was discovered by Prasad and Hattiangadi (3).
Hallstrom (4) continued this work at Union College and found that
sodium di-hydrogen phosphate and di-sodium hydrogen phosphate caused
large change; in pH. |
The most important contribution.to the study of the influence
of higher temperatures on these gels and also the study of weak and
strong acids on the time of set was accomplished by H.N., Holmes (7).
Hurd, Raymond and Miller (5) devoted their time to the study of
.the'effect of pH concentration upon their time to the study of the
effect of pH concentration upon‘the time of set using ac#tic acid
Whareas Kerns and Coons (6) studied the time of set as a funection
of the hydrogen ion concentration. The effect of the temperature
and the concentration of strong acids such as hydrochlerie,
sulphuric, and nitrie acids on the time of set was studied by
. Frederick (8). Priznar (9) found the same effeot with the
monochloro acetic acid and tri-chloroacetic acid., Fells and
~Pirth (10) observed that & slight slkalinity is the neighborhood of
= the neut}ralization poid brought about immediate sebting of the gel.
Phese two gentlemen worked withhydrochlorie acid. Fleming (11)
" S8tudied the time of set of silieic acid gels as a function of the
'°0ncentration of water glass and acetic acid, and then with the
aid of Holmes (12), the two studied the time of set as a function
of temperature. Sodium acetate was found to reduce the time of
Set whereas sodium chloride hed no effect on the time of set by
Hurd and Rothemich (13) in their study of the common ion effect.
A great deal of work has been accomplished in the study of

the warious properties of gels such as viscosity during setting,
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synersis, charge on gels, surface tension, etc, Prasad and
Hattiagadi (14) found that the gels forming mixtures contein
cclloidal particles which are positive or negative according as to .
whether the mixtures are alkaline or acidie. Billiter (15) has
Similarly shown that the particles in a silicie acid solution are
negatively charged in an alkaline solution and feebly charged in an
acidic solution and positive at higher concentration of the mixbures
The surface tension of the silicic acid mixtures was measured by
Hurd and Letteron (16) and they found that the surface tension
changed slowly at the beginning, progressed uniformly for some time
and then reached a limiting valﬁe. Synerisis which was studied bj
Bonnel (17) is the gradual expulsion of water from & gels The fage
ftOrs Which accelerate the setting time of gels also inoreases the
Veloeity of synerisis.

Hurd (18) found that the log time of set plotted against the
reciprocal absolute temperature was represented by a linear fungtion
Priznar (9) end Prederick (8) noticed that the log time of'sot plotked
Aasainst the reciprocal absolute temperature was linear but as the
temperatures increased the Same runs at different temperatures were
not Parallel but that the slopes decreased.

The heat of activation have been caluulated by Hufd and
Letteron (16)s By making the following assumptions:

l, Dealing with a process that follows the laws of an

ordinary chemical reaction go far as the velocity is
concerned.

2+ That the Arrhenius equation may be applied.

3+ That for a given run the time of set measures the time

when a certain fixed proportion of the 8ilica in whatever

form, in solution has reacted.



they showed that

4 (ln time) 5‘% 'Q -= Arrhenius heat of raction

¢ 1ot
Alkaline gels appear bluish in reflected light whereas
| deidie gels, a translucent gel, appears pinkish white. A solution
which is bractically neutral will give the quicked setting gel.
Gels have g great affimnity for absorbing vapors from gases and
vVarious colloidal materials from orgenie liquids.

During the many years in which sBilicic acid gels have been
studiéd, various theories as to the structure of the gel have been
Proposed, The Micelle theory by Negeli (19) was the first theory
Published, Mhis theory claims that the structure of tha gei is

due to the formation of sme.ll molecular aggregates formed from

~ the golloidal matter of the solution, which interlocked among them= -

Selves, 1In a paper published by Mata Prasad (20), he believed that
the gels are usually obtained by the slow coagulation of the cole
loidal solution provided there is a sufficient concentration of the
€0l1loid and the colloidal particles are hydrophelic in nature.

The idea that gels are du® to certain ions in solution which rossess
& dehydrating effeat was ppoposed by Laskin (228)s The faot that
Sodium ions in solution have a peptizing effect upon the siliciec
80id is the cause of the structure assumed by the gel according %o
Kroger (21). Hurd, Raymond, and Miller (5) believe that the
P‘Ptizing action in an alkeline mixture containing silicic acid

18 due to the hydroxyl ion and it acts as a catalyst in acid
S0lutions. Proctor ani Robinson (23) proposed the fibrillar
Yheory in which they cleim that s gel is composed of long threade-
like chains whieh spread out on polymerization. Zsigmondy (24)

and w.a, PatricK(25) have established the gel a8 a syptem of
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pores in & solid phase, The particles have coalesced until their
gize became sufficient to permit adjacent particles to touch and
form one unified mass, will of necessity have composed great
spaces between them filled with liquid phase from which the

bparticles separateds
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EXPERIMENTAL

The silicic acid gels which were studied in this research
were prepare@ by the reaction of sodium silicate and phosphoric

acid
NagsiOz # HzPOy = HpS8iOz F NagHPO4

. The sodium silicate which was used, the B Brand silicate manue

factured by the Philadelphia Quartz Company, was dimted to &

normality of approximately le.25s The resulting solution was

- 8tandardized with a solution of sulphuric acid using methyl

orange as the indicator. In this menner the normality of the
Silicate was found with respect to sodium hydroxide., The phos=
Phoric acid wad diluted until it had a normality of app:oximately
2404 A solution of sodium hydroxide was used in order to stande=
ardize the phosphoric acid solution, in which methyl orange was
used as an indicator in ordgr to titrate the first hydrogen ion,
Phenolphthalein as the indieator to titrate the second hydrogen
ion and finally to titrate the third hydrogen ion, it wae necessary
to add an excess of lead nitrate until a rose red solution was
Obtained which was then titrated with sodium hydroxide. The
reaction taking place between the di-sodium hydrogen phosphate
and the lead nitrate was |

| & Bb(N0g)z 7 2 NagHPO, = 4 Neli0g # Pbz(P04)p # 2 HINOg

Distilled watier wnich was previously boiled in order to

: @xpell the carbon dioxide was used to dilute the solutions of

Sodium silicate and phosphoric aecidd The reason for boiling the

distilled water was due to the faet that earbon dioxide has an
+1me of set, +hat is +Be carbon droxide Ras a caagula h'n] effocton Hhe.

effect on the, silicate solufion,

For the 24.8°C, 55.190, and the 49.7°C runs the gel mixtures
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weresmade up %o total volume of 80ces 26aa, being sodium silicate
and the remeining 5Pcc. being eomposed of rhosphoric acid and
distilled water.(which was previdusly boiled in order to expell
all the carbon dioxide possible)e The volumes were measured by
means of burettes andg pipettes. However, since the gels were not
Teproducible, double mixbures were made up for every gel, the
8ilicate and acid solutions were placed in separate beaskers and
they were.then thermostated. Aafter remeining in the thermostat
for about fifteen minutes they were mixed quickly by bouring the
S8ilicate into the seid and mixing the solutions thoroughly by
Pouring them baok and forth several times. After the solutions
Were mixed well, one~haif was placed in a one~hundred cubig
centimeter (K) beaker to be used in obtaining the time of set
While the remaining half was placed in another beaker of the
Same size to be used in measuring the pH of the solution. The
beakers were also allowed to remain in the thermostat for

aPPTOXim&telynfifteen minutes before the gel was bleced in them,
However for the 0°G vun 1t was found best to measure out one
hundred and sixty cubic centimeters, of which 50ce, was sodium
8llicate and the rem&ining 110cc. was water and phosphoric acid.
These solutions were pleced in 200cc. erlenmeyer flesks which
Were stoppered with paraffined corks and covered with 50ca,
beekers in order to brevent the snow from getting into the gel.
The recording of the time of set and the measurement of the pH
wa.g aooomplished by following the seme procedure zg in the
other runs, In all Ghe runs the recording of the time of set was
Started as the silicate solution was poured into the acid and not
8fter the mixture had been mixed thoroughly.

The method which was used in order to determine when the gel

Wa8 set was the tilted rod method. For all the runs exeept the:

e
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09C run the gel was considered set if it could support a glass
rod 1lOcm. long and 3mm. in diameter at an angle of about 15 to
20° to the vertical., For the 0°C run, rods of length l40ma.
and Smm. in diameter were used.

The thermostats which were used in the 24.8°C, 35,190, and
the 49.,79¢ runs were water thermostats which were electrically
heated, and which were stirred mechenicelly. The bemperature
wes regulated by mecans of a mercury regulator and a telephone
relay. In the case of the 09C run, well insulated metal cans
filled with wet snow were used. The Snow was packed well around
each erlenmeyer flask in order t0 insure a uniform temperature,

’ The pH of each gel whose pH varied from 3-7 was measured by
the quinhydrone method which was found by Hurd and Carver (2)
after cafeful study to be the most applicable for measuring the
PH of acid gels. The apparatus consisted of a Leeds and
Horthrup potentimeter which was balenced by means of a dry cell,
a_calomel cell which conteined mereury which was ground with
percurous chloride or calomel and & platinum wire electroda.

The ph was read from the potentiometer in millivolts and was
then converted into pH units by means of a'graph. All pHE measure-
ments weré taken at 25°Ce The pH could be calculated by means
of the egquation

PH at 25 C & #4538=R where B is the measured
+0bO1 potential

The arm of the calomel cell and the platinum wire electrode were
Placed in the solution of sodium silicate, distilied water, and
Phosphoric aeid to which & pinch of gquinhydrone had been added,
These two electrodes were in turn connected to the potentiometer

from which the potential was read in millivolts. The platinum
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wire was cleaned by wasﬁing it in boiling sodium hydroxide, and
_then rinsing it first in a solution of hydrochloric acid and then
indistilled water, and finally flashed in a hot flame.

The pH of the basic gels were measured with the Beckman pH
meter that is for gels whose pH ranged from 7-10.5. The Beckman
PH meter is essentially the same &s the quinhydrone except that
& glass electrode containing a 1N solution of HCL.with a pinch
of quinhydrone is substituted for the platinum wire electrode
used in the other method. The glass electrode and the calomel
cell were cleaned off with cotton and Kleenex tissues. Before
using the pH meter the solutions of each electrode were changed,
and the meter was adjusted by means of a buffer solution., The
PH meter proved a very expensive metuod of measuring pH's because
the glass eclectrode became coated with silicate which clogged
up ﬁhe pbrous membrane of the glass electrode and made the
electrode useless.,

Due to lack of time, the basic gels were run only at two
temperatures, namely, 24.8°C and 55,1°CGe The pH measurements of
these gels may not be very accurate because the electrode became
coated with silicate and at what point the coating occurred
- could not be found. However, adjustments were made for each gels.
Before the pH of the gel was measured, the meter was adjusted with
& buffer golution, and after the pH of the gel was measured it
was again adjusted and the necessary correction for the pH of the
gel mas made, However, it can be said that the pH's if they are
incorrect should be higher rather than lower than what they are,
The pH drift was also noticed in these gels, but not as great as
with the acid gels.

As I have already stated, the gquinhydrone apparatus was used
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to measure the pH of the acid gels. However, Dr. Hurd and myself
did considerable work in comparing the results obtained by
measuring the pH with the Glass BElectrode and the gquinhydrone
apparatus. It was found that the guinhydrone apparatus checked
with the Glass Hlectrode with all acid gels, but there was no
agreement whatsoever for gels whose pH was over 7.5, and to be
safe the quinhydrone method should not be used for gels whose
PH is greater than 7.0. The Glass Electrode or the more commonly
known Beckman pH meter did not register a pﬁ drift as great as
did the other apparatus, which was due to the faect that it takes
considerable time for the electrode %o measure pH's which are
quite wide apart. It was found that with the Glass Electrode
that if the pH's of the different solutions did not differ by
very much the reading would become constant in a short time,
however, if the pH's differed by 2 or 3 pH then it would take
at least %4 hour for the reading to become constant. In order to
determine whether or not the apparatus showed a PH drift it was
necessary to run two samples of the seame solution. The first '
Sample was used to bring the reading of the pH meter to the
PH of the gel and the second sample was used in order to determine
Whether or not the gel solution still registered a pH drift.

At higher temperatures evaporation was great enough to
cause a marked effect in the time of set, therefore, the watich
g8lass which covered the gel mixtures was removed for as short a
time as possible when testing the gel to see whether or not it
had set; Also at higher temperatures, the temperature of the gel
was taken and not the temperature of the bath because these
temperatures differed by several tenths of a degres.

Measurement of the time of set was found for the various
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temperatures namely: OOG, 24.800, 55.100,'and 49,7°0 for the acid
gels and 24.8°C and 35.1°C for the basic gels. The pH wes
measured for all gels at 25°C because it has been noticed by prev=-
ious workers that the temperature has very little effect on the
PH of the solution., | .

A very perplexing problem which was confronted during the
work on the acid gels was what is known as & pH drift. Frederick(8)
who did work on the acid gels of the strong acids also noticed
this effect., If was found in all cases that the pH started at &
minimum and then gradually increased to a point at which it be-~
came constant. The constant reading was taken as the pHof the gel.
With gels whose pH ranged from 4.68 to 3.80, the pH drift was very
much smaller than those whose pH ranged from 4.68 to higher values.
In some of the latter gels the pH became constant at & certain
point and then dropped suddenly when they were about to set. The
constant reading was taken in these cases in order to conform
with the pH's of the other gels.

With the basic gels the pH tended to drift from a high pH
to & low pH that is all gels tend to drift towards the neutral
PHe Due to lack of time, this could not be studied further. =%

It was noticed also in this work that a white precipitate
was formed in gels whose pH was less than 4.75. The amount of
Prebipitahe increased up to a pH of about 3.80 and then gradually
‘ decreased for gels whose pH was less than 3.80, It was also noted
that as the temperature of the gel eas increased the amount of
'Precipitate also decreased. The precipitate did not start to
become evident until a pH of about 4.50 was reached.

I have come to the conclusion that the precipitate whiech

Ocourred in these gels must be di-sodium hydrogen phosphate. The
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poseible precipitates which co.ld be formed are: tri-sodium phose
| phate, di-scdium hydrogen phosphate, mono-sodium phosphate, calcium
phosPhate, and magnesium phosphates The calcium and magnesium arise
from the impurities in the sodium silicate used. However, these
two substances forming precipitates is very improbable inasmuch
&8 the amount of the metallic substance present as impurities is
very sSmell so that the salts thus formed are not enough to exoeeq
their respective solubility products. Also since Frederick (8)
Who worked with sulphuric acid reported no precipitate in his gels
excludes definitely the caleium sulphate since this salt is very
insoluble, The faot the magnesium phosphate is rather soluble in
&queous solutions, and singe very little magnesium is present, the
Possibility of this salt being precipitated is very small. There-
fore, the remaining possibilities which remein are the three
sodium sadts of phosphoric acid. I believe fhe precipitate which
wes formed is the di-sodium hydrogen'phosphate due to the following
reasonings ’

(1) According to the solubility tables diesodium hydrogen
phosphate is the least soluble of the three phosphates of sodiume
This salt inoresses in solubility with the inocrease of temperature.
In the case of the gels, the amount of precipitate present decreased
With increase in temperature, that is, at the same concentration of
Phosphoric acid the precipitate formed wes greater at 25°C than af
either 35.49¢ or 50°9C.

(2) According to the ionization of phosphoric acid,

HzPO,= H' / HyPO, ceours readily
HoFO,= H'f HPO, takes place slightly
HPO, = H'# PO, very slight

Therefore, it has been concluded from the above that at & pH of
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approximetely 4,75 and‘less, the concentration of the HP04' ion is
great enough so that the salts mentioned before are formed in large
enough quantity so that its sclubility product is exceeded, thereby,
cauging a precipitate to appears

(3 ) I performed the following experiment and obtained the
following result s:

5 grams of NaHpPO, in 2666¢ of water--=--all dissolves

5 grams of NasHPO, in 2bcce of weter-=---=very little dissolves

5 grams of NeoHPO, in 2bcc, of water-----more dissolved than

. Plue 10ccy of 2N Hz¥0,- - with no aecid

This explaine the fact that after a eertain concentration, the
precipitate formed in the gel decreases which was due to the fact
that the solution has a large excess of acid and tends to dissolve
some of the di-sodium hydrogen phosphate formed since it is soluble
in an acid solutione

(4) I found thet with the oceurrence of the precipitate the
PH of the gels showed & considerable jump and this is accounted for
by Hullstrom (4) who worked with the addition of salts to siliecic -
a0id gels. He found that when di-sodium hydrogen phosphate wes
added to the gels, a considerable jump in pH occurred.

As yet it seems very difficult to explain the pH drift in
the gels., However, it may be due to the splitting out of water
frqm the mono~ortho silicic acid to form the more complex acids.
I have found that the drift was much greater for the gels whose
- PH was greater than 5, that is, for the gels whose time of set
was smalle The reason that the pH drift was less for the gels
Whose pH was less than 4,75 may be due to the formation of the
Phosphates of sodium end therefore o buffering effect of these

8alts may cause the drift to become less, That is, the greater
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the greater the amount of the salts present the less is the pH
drift. This was found to be the reason for no pH drift in ﬁhe
gels which were prepared with ascetic acid and sodium silicate,
namely, due to the buffering effect of the sodium acetate formed.
In the gels just referred to, the buffering effect must be very

bronounced inasmuch as no trace of a pH drift was found.
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RESULTS

The results consist chiefly pf the data which concerns the
times of set of the silicie acid gels which were prepared by
mixing solutions of‘phosphorio acid and sédium silicate at
several different temperatures. The times of set with the cor=-
responding pH's have been tabulated in tables I and II. The pH's
which were measured with the quinhydrone apparatus are tabulated
in table I whereas those measured with the glass electrode are in
table ITIs For each groups of gels the logs of the time of set
were plotted against the corresponding pH's as shown in graphs I,.
II, and IIX.

Also from the data in table III, which consists of inber-
polated values of the loge of time of set for the various ph's,
a graph was plotted for the log time of set against the reciprocal .
ébsolute temperature., This is shown in graphs IV and Ve

The values of the heats of activation (§) were caloulsted
for the‘phosphorio s.cid at each tabulated pH by multiplying
the 8lopes of the eurves in graph IV and V by 2.803 R. The
values obtained are tabulated in table IV. Ae is shown in
graph VII the values of § obtained above were plotted against
the corresponding pH'Se
| In order to show the pH drift for the various acid gels
using the quinhydrone apparatus, the pH was plotted against
the time since the gel was mixed. The data for this work is

contained in table V and the plot is designated as graph Vl.



TABLE I
Phosphoric Acid Gels

All pH's measured with the quinhydrone apparatus.

A, Teﬁperature -= 00¢

Time %o Set Log Time Emf .

(Minutes) of Sef (Millivolts) PE
9475 098 ~128 545
1% 1023 -1356 544
2745 1edé -148 5e28
43426 1,68 ~147 5418
6206 1480 =152 5010
7B 186 =154 5408
860 1.93 =155 5406
91, 1495 =156 5404
98 1499 -158 ' 5400
117, 2406 =159 4098
13245 2412 -162 4493
154, 2el9 -164 4491
179, 2e25 =165 4490
188, 2e27 ~167 4485
23345 2a37 =170 4481
3024 2048 ~176 4474
419, 2462 ~179 4468
5304 2473 ~182 4460
662 2581 =184 4056
811, 2486 «185 4455
1145, 3,07 =191 4046
1926, 3428 =200 4430

1607, Se2l -198 48454
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Time to Set Log Time Bmf,
(Minutes) _of Setb (Millivolts) PE
}6070 ekl =198 4034
30254 8048 ~206 4020
44610 5465 =512 40lb
63604 5480 =220 4400

Be Temperature == 24,89C

4412 +615 ~146 522
5455 RS ~148 518
680 #8352 ~152 Bel2
8440 0924 ~156 5007
13420 16120 ~158 5400
21485 1,839 ~168 4485
2746 14439 -173 4475
40465 14609 ~177 4470
49,30 14693 ~179 4464
6146 14789 ~185 4.60
10545 24023 ~190 4445
1156 e ~192 4040
164 20215 ~196 4438
2120 2,326 ~204 4426
302 2,481 -208 4418
422, 24625 ~2153 4404
9654 26980 ~222 3490
1293, Balll ~230 3480

C. Temperature == 35,190
360 47 -1562 5410

44D «66 =160 4,98



Time to Seb
(Minutes)

] Q=

740

: 1440

1640

2065

2540
(o7
47,
8L
iil.
182,
141
04
257,
444,
369
422
481
5274
628
737
858
910e
968
1078
1199
1360,
1527
2000,

Log Time  BEmf, -

of Setl (illivolss)
284 =168
leld =179
1820 ~182
1430 =189
loﬁé =190
La63 =195
Le67 =202
1s91 =210
2400 =216
24206 =225
2eld =220
2 e48 232
2e4l =230
2462 =240
2057 -208
%463 =240
2468 =242
2aT2 -244
280 247
2487 -250
2493 =255
2496 =255
2099 -5k
3408 =255
%008 —25?
54l =260
520 =261
3630 =260

S
4484
4eb4
4458
4452
4450
4440
4428
4013
4406
3492
5498
5076
5680
Babd
5e67
Bob4
3460
5058
550
Bo4db
BodB
Bok2
8040
5038
5433
G080
5028

Sak0



Do Temperature -= 49,7°¢

Time to Set " Log Time Buf 4
{Minutes) of Setb (Millivolts)
¥ lons 265 ~170

6425 +80 ~180
16, 1.18 ~200
30s 1e47 -215
61a 1,79 ~230

102, 2400 =240
1464 2ol6 ~248
184, 2426 254
230, 2036 -259
272, | 2444 -263
309 2049 ~267 o5
3804 | 2.58 =270
444, 2465 ~27245
540, 2475 =276
954, 2098 ~288
1205, 5,08 ~292

1459, | 8416 298

pE
474
4464
4451
4,06
3680
562
Bad9
3038
3432
3024
3018
3.12
3407
5401
2080
2473
2465
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TABLE II
All pH's measured by means of the gless electrode.

A, Temperature -= 24,8°C

Time to Set Log Time

(Minutes) of Set pE
el 71 5440

209 046 be72
~Leb 220 6620
1.256 610 677
le25 ol0 7el6
le26 . «10 726
le33 13 7«80
2476 o4 8440
2280 «58 8462
1340 1el2 8696
204 1630 Q610
32 leb1 9021
68e¢ le76 9036
141. Seld 960
240, 2038 Dald
632 o 2480 9099
2510, 3440 10+41

Bo Temperature -~ 35.1°0

1.25 «10 5464
«866 =06 6sl2
833 =208 6069
+833 =008 7080
#8335 =008 8ad7

1.833 +26 8.82
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Time to Set Log Tims _
{(Minutes) of Set PH
11e 1404 9440
Sle 1e49 9459
122 2409 9098
322« 2e51 10.256

900 295 10446
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TABLE III
Interpolated values of log time of set.

As Acidic gels

Log Pime of Set

PH 0 (&) 0

0% 2448°C 35+1°0 49.7%
560 200 106 «64 032
4ed 20088 le98 Led0 o2
4460 3680 2880 208 1e62
345 ‘ 4468 3064 2880 2e20
340 D456 4450 5260 2876

B. Basic gels

9240 l.12 #50
945 1096 l.32
1040 2080 2216
10,5 3460 2400
TABLE IV
‘Calculated heats of Activation.
As Acidio gels
§o:! %
540 18,320
465 21,343 Average value -=- 24,382
440 24,724
B4 27,022
| 340 30,603
#asio gels -
90 23,862
906 24,594
1060 24,780 Average value -= 24,526
10.5 24,869

Average value of basic and acid gels == 24,454 calories
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Ay 8500 of phosphoric acid == 24043N
2600 of sodium silicate == 1,251
2060 of distilled water

Pemperature -= 259C

P‘ 380¢ of phosphoric acid -= 2+043K
2808 of sodium silicate == 125N
17¢c of distilled water

Rempe rature -- 2690

140 «0 -218
2eb 040 =206
3eb 54 =203
5;5 : »74 ~198
740 «80 =194
Beb 93 «192
11.6 106 =187 5
14e5 1016 =183

1745 la24 «180

Dime Since Mixing Log Time Bmf .
_ (uinutes) of Set (Millivolts)
140 el 19245
240 230 =183
B8 048 =17845
6500 70 =175+
740 ~ «856 =170
940 96 =168
14,0 set 12156 =167 05
. 2240 lo34 «167 45

PH
4e42
4460
4067
4476

4480

4485
4486
4,86

4.01
4420
4426
4oB33
440
4odsd
4.51
4458
4.64
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Time Since Mixing ILog Time - B, . .
_ (Minutes) of Set (Millivolts)
2146 1.38 =178
2645 1e42 ~176
295 1647 «176
5665 le =176
b 8900, 0of phosphoric acid == 24043N
26006s of sodium silicate == 125N
16ca. of distilled water
Temperature -= 259C ;
1.0 l «00 =240
240 630 ~225
440 60 =216
640 278 -211
840 «20 =208
1260 1208 =204
1740 123 =194
2240 led4 ~185
290 Bet 1046 -184
3240 1650 ~180
42,0 l.62 «180
f 40ce, of phosphoric acid -= 2.0431N
i 2Bgg, of sodium siliocate -= 1425N
1606, of distilled water
| Yemperature =-- 25°C
| Beb 054 ~280
| 4ob 065 ~276
| =270

600 78

~ SRR

Eg
4468
4470
4470
4470

Je62
389

4405

4015
4616
4e22
4440
4450
4467
4463
4463

2494
3600
310
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Time Since Mixing ILog Time Bmf .
- (Minutes) of BSet (Millivolts) ho:
940 095 =261 327
1260 1,08 ~-258 3e31
1840 le26 =256 | BaB4
3740 1657 ~254 Be4l
60.0 1a78 =252 Be42
12040 2008 -251 3e43
18040 2026 =251 Be42

24060 2038 -261 Sed2

¢ 80ec, of phosphoric acid -= 2,043N
| R6c0s of sodium silicate -- 1425N
! 860, of distilled water
I Pemp erature -- 25 °¢
|
|

1eb 18 ~347 o5 1480

400 +60 337 2400
| 740 085 ~B32 0B 2406
| 1140 1504 330 2410
| 2640 1442 ~328 2414
| 13140 2012 -327 2416
| 431.0 2065 826 2017
; 4560,0 3466 . =B25 2418
| 60600 3478 325 2018
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DISCUSSION OF RESULDS

I{ is rather diffioult to give a detailed discussion of the pH
drift because the exact cause of this phenomens is not knowne
However, this factor can be attributed to the splitting out of
Water from the mono=ortho silicie acid to form the more complex
80ids of gilicic acid whose degree of ionization is lower. The
PH tends to drift from & low pH to & higher pH for the acidioc
8els which can be explained by the above in that when two
Wlecules of mono~ortho silicic acid combine and split out water,
She stronger hydrogen ion and likewise the hydroxyl ion combine
bo form water thereby decreasing the hydrogen iomn concentration
804 ingreasing the pHe AS the molecules combine to form the more
%Omplex silicic acids, the stronger hydrogen ions and the
hWdroxyl ions seem to split out until the maximum complex molecules
8¢ formed, and at this point the p H remains constant. This is
fug for the soid gels only., As for the basic gels, time did
0t permit me to investigate the direction of the pH drift.

A short time was spent on determining the change of pH with
the time after mixing. It was found that the greater part of

the reaction ocours much before one=half of the time of set has

88ed., That is, the greater part of the pH drift occurs much
Pefore one-half of the time of set hes passed. This also indicates
"het the formation of the more complex silicic acids from the
°n°-ortho silicic acid takes place during the previously
S0tioned time limit. With gels whose final pH was between
“25~5¢20, the pH drift occurred until approximetely one=half
b8 §5mg of set had passed, Whereas with the gels whose pH was
?°l°w 4,25, the drifting stopped before one-tenth or less of

]
he time of set had elapsed. Thie seems to indicate that the

Y W\‘




35w
bime of set which was determined by the tilted rod method
Meagures practically the complete reaction. The drift in pH
for gels is practically negligible at the time of set for most
gels,

It has beén assumed that a linear function exists between the
Jog time and reciprocal absolute tempera'ture for the caleculation.
of the heats of activation for these gels, This does not seem %o
% the case for the phosphoric acid gels as was also shown for
‘lﬁll prepsred from the action of sulphuric acid and sodium
\Bil,icate solutions a8 was shown by Prederick (8).

As was shown from the caleulated values of the heat of
8Qtivation for the acid gels, the heat of ectivation increases
With deereasing pHe However, with the basic gels the heat of
80tivasion tends to be constant. This can be attributed to the
faot that the basgic gels were rxin only at two temperatures, there~
£°1‘°, the curves which were plotted were drawn through two points
%y, ynder these conditions the gurves for the various pH's
\%ulg pe drawn parallel, In order to get the true vales foi the
feat of sotivation the gels should be run at at least two more

1 %0mpe s tures.,

Sinee the values for the heats of activation on both the

%810 ana soid gels are practically equal indicates that the
'm"’hanism of the reaction is the same for both types of gels.
vg°WOVer, the times of set are Jjust the opposite to one another,
{thag is, the time of set for the acid gels increased with a
q'°Jl‘eaaiaoze in pH whereas for the basic gels the time of set in-
"eaged with an increase of P He

Prederick (8), who worked with the strong aeids, found that

]
ke heat of activation for the gels prepared with sulphuric acid

i




wB6m
Wag greater than those prepsred with hydrochloric scid, and it
88 found in this research that the heat of activation for the
88ls prepared with phosphoric aeid are greater than either those
Prepared with sulphuric and hydrochloric acids, indicates that
tie heat of activation is dependent on the number of hydrogen
long contained in each molecule of the acid. This is true for

'he gtronger acids only.




“3w
, SUMMARY
The effect of temperature upon the time of set of siliéio
acid gels, both basic and aeidie, by mixing solutions of
bhosphorie aeid ang sodium silicate have been studied,
Values of the heat of activation for gels of bhosphoric aecid
. have been caleulated. Average value of Q for the range of pH
3-5 was found to be 244382 calories and for the range 9=10,5 was
found to be 24,526 calories, |
The pH of the_gels Were measured and it was found that for
&c¢id gels the pH increased With time of set, whereas for basie
8els it increased with time,
The change of pH with time of the acid gels has been studied,

The pH of these gels increased with time,
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