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INTRODUCTION

The study of this pafticular‘subject
was made in the hope that it might lead to a more
complete explanation of the manner of setting of
gels. It was thought that by ehanging.tho pH
during the time of set irregularities in the
gourse of‘tbe setting of the gel might be found.
It was thought, for example, that there might be
a period during which the addition might have
less effect than average, or & period vhere it
would hsve a much greater than averagc‘orreet.
These periods might possibly hsve occurred at
any part of the time of set. |



HISTORICAL

It has been determined tha? the time of set of gels is
@epanﬁent upon seiun different factors.
& 1. The concentration of the siliea.
2. The concentration of the aeid.
8. Agitation. |
4, Temperature
5. The pH of the mixture.
6. The presence of additional soluble materizls.
7. The size of container, or relative amount of
surface cz?ased to the air.

Prased and Hattisngadi (1) stoted that the process of
~ Setting of mixtures of solutions of sodium silicate and
#cetic aeid consists of three stages:

(1) The formstion of silieic aeld by the inter-
action of the acid with sodium silicate.
(?) The formation of the colloidal solution of
silicic aeid.
(%) The coagulation of the colloidel solution
| by the electrolytes liberated by the first
reaction.
. Flemming (2), H. N. Holmes (3), H. A. Fells (4),
f;_n. Firth (5), and Letteron (6) studied the time of set
/Bf silicic acid gels as a function of the tempersture, water
Iﬁgaa, and aeid. ”
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The study of the effect of the Hydrogen ion concentyation
has been made by Prased and Hattisngadi (la); and Hurd,
Raymond, and Miller (7). 4 j

The effect of additional materials has been studied ﬁr
Prased and Hattiangadi (1b), P. H, Dewey (8), and D. H.
Carver (9). _

As far as I was able to &eterniﬁa, no work has ever
been done in the line of charging the factors, in the time
of set, during the time of set. However, viscosity, iurthee
tension, and conduetivity measurements during the time of
Set have been carried out at Union College.



EXPERIMENTAL

Solutions:

The sodium silicste used in the entire investigation
was the "E¥ brand silicate produced by the Philadelphia
Quartz Company. Its N,0p:840p ratio: by welght was 1/2.19.
This silicate solution was dilsted with freshly boiled
distilled water to the aprroximate normality 1.25.

The acetic acid used in the entire investigation was
prepared from 99.5% glacerial acetic scid by dilution
with distilled water. This dilution was made to the
approximate normslity of 2.00.

In the A run, the first or trial run, the solutiocns
were prepared by Predericks. These were standardized by
him October 1925 as sodium silicate 1.2528K, and scetic
acid £,0085N. Restandardization February 1227 found that
they had changed slightly, as was to be expected, to
sodium silicate 1.P500N and acetic acid £.0108.

In the B run, the solutions were prepared as
described, and standardized by titrations. The sodium
ailicatc was titrated with Hydrochloric aeld using
Methyl O range as indicator, and the acetic scid was
titrated with Sodium Bydroxide using phenolphthalein as
indicator. The Hydroehloric aeid and Sodium Hydroxide
had previously been standardized in the ususl manmer.



The sodium silicate used in the B run was found to be
1.25820 and the acetic acid 2.008N. :

Apparatus:

Temperature Control

The most important apparatus was the econstant
temperature water baths. These were thermostatically
controlled. Several of these were ﬁsed during the year,
and quite a bit of work was necessary to kXeep them 3n
running condition. One regulator was completely taken
“own and reassembled, and one relay ay#tem was built.
One bath was used for thermostating the gels tefore
mixing, This bath was held at 22.5°C. The bath for
after mixing, and in which the time of set tu#:detcrained,
was held at £5°, These baths were constant to .059C.

Determination of the Time of Set

The method of determiaing\the time of set used was
the tilting rod method deseribed by Hurd & Letteron (10).
This method consists of inserting & small glass rod about
3 mm. in diameter 8 em. long, and drawn to a rounded
point. It has been determined that this is the most
Practical method, and gives results accurate to two
percent.



Determination of the pH | £

The Quinhydrone method of determining pH was used.
Hurd and Griffeth (11) made a eareful study of the
applicablility and reliesbility of this method, and they
found that it gave relisble results. Laskin (12) found
tlose agreements between measurements of a Pt-Hp
electrode and the Guinhydrone nethéd. Some trouble was
encountered at first due to the fset that the Quinhydrone
dld not dissolve easily, but this was overcome by
thorough mixing. Work was done this year by A. Marotta
(13) comparing the (uinhydrone method with the glass
electrode. In some cases in this investigation there
¥as a slight pH drift. In such cases the final reading
was talken.

The Pt electrode used in the Quinhydrone determinstions
of the pH was frequently clesned with hot, concentrated
sodium hydroxide in order to remove any cogtinc of silica
which might have collected on the Pt. A saturated calomel
electrode was used. It was made by plaeing a paste, made ‘
by mixing mercury and calomel in a mortar, in the bottom
of the glass cell. Mercury was placed sbove this, and
the rest of the cell filled with saturated potassium
chloride.



PROCEDURE

As it was desired to vary only one of the seven
known factors in the time of set of gels the others
were held constant in the following manner:

1.

2e

e

Concentration of the silica--by using
25 cc. of the sodium silicate solution
for every gel.

Concentration of the aeid--by using

the same acid in all gels.
Agitation--There was as little agitation
as possible, snd where it could not be
avoided every attempt was made to give
the same agitation to every gel. For
exanple:--in mixing the gels the sodium
silicate in beaker (1) was always poured
into the acetic acid in beaker (2), the
entire mixture was then poured back to
(1) and then back again to (2) where 1t

- remained. Additions were made in the

same manner excert that the acid or
distilled water was always poured from
beaker (1) to the mixture in beaker (2),



back to (1) and then back to_(%) in order
to assure thorough mixing. This procedure
was developed as the simplest and best
after several others had been tried.
!harou;h mixing was especially important
in the addition, both that full effect of
the addition might be felt, and in order
to get definite time of sets.

4. Temperature--The temperature was controlled
as described by placing the beakers in water

~ baths.

5. The pH--This was the varisble.

8. Additional materials--None were added.

7. Bize of containers, etc.--All gels were run
in 100 cc. K beakers, and the total amount

of solution in nesrly every case was 80 ce.

Hethod of Changing the pE (#5 the variable)

The pH was varied during the time of set by the
addition of measured (all volume measurements vere made
with pipettes) amounts of acid which had been thermos-
tated at 259C, This, however, changed the volume
another variable. In order to know the dilution effect

10



similar runs were made adding like amounts of distilled
water. There was a small change in pH due to the
dilution but this was smaller than was expected because
- of the buffering effect of the acetic aecid and sodium

acetate present in solution.



RESULTS

The results of run A vhich was in reality a
trial run to devise and test z method of procedure
are tabulated on Data I. Table I is the listing of
the average of fdur complete runs of the same gels.
It shows thelr charge in time of sét due to the
addition of acid at successive intervals. Table II
is also an average, and lists the cﬁange in time of
set due to the addition of distilled water at
sucecessive intervals. Table III lists the pH of
the various solutions.

In run B the procedure perfected in B runs followed
with three different proportions of solutions. Data II-
Table I lists the average change adding 5 cec. of acid.
Table II lists the average changa adding 10 ec. of
acld. Table III liste the average change adding 15 ce.
of acid. Data III--Table I introduces a final and
bettér method than averaging. It consists of addition
Wore frequently with no repetition, snd thus gives more
Points with less tendency to anticipvate the results.
This Table lists the results of adding 5 cec. of distilled
water to the proper solution. Table II lists the average
change ceused by the addition of 10 ce. of distilled



water to the proper solution. Tasble III lists the
average change cazused by the addition of 185 ce. 05 
distilled water to the proper solution. Data IV--
Table I 1ists the pH of the various solutions in
B run. |
| Figure I is a greph of the results listed in

Data I--Table I corresponds to #1 and Table II to
B |

Figure II is a grach of the results listed on
Data II--Table I corresponds to #1; Table II to #2,
Table III to #3. .

Figure III is a grach of the results listed on
Data III, Table I again corresconding to #1,
Table II to #2, Table III to #2.



DISCUSSION OF RESULTS

It is evident in this experiment that in every
run there are two very definite pciﬁts that are
eagily determined. Let us eall these the principal
points. The point vhere the time of addition is O
minutes after mix or coincldes with the mix is the
first point. The ot point is vhere the gel
would set without any addition, as it is obvious
that this point would be the same if an addition
were made at that time.

It was found thst the noints determined by
addition between these two times lie in general

upon the straight lines comnecting these two points.

This is so generally true thst the relztion

Te = KT,
Tc = Time change
K = Constant
T, = Time of addition

may be used to ealculate the ’e if the prihcipsl
Points are known in order that K mey be determined.
There are
The several points that are off the straight

lines a bit, perhaps some attention should be paid

14



to them. Let us consider them. Those in Figure>Iﬁ
with the additions at 30 minutes. In this case the
gel wasAso far advanced in the process of setting
that it was impossible to get the proper mixing
upon addition, and therefore an exact time of set.
For these reasons these points may gquite possibly
be in error. This error was avoided in subsequen£
runs, That the points on graph #28 of Figure III do
not fall on the 11n€,but fall consistently above it,
1 cannot exactly account for.

This straight line would be the effect expected
in this experiment, but was not exactly the most
advantageous one to further explanation of thé
method of setting of gels.

There are some minor variations which may
€xXplain why the points are not more exactly on the
straight lines. First, the solution of the principal
points did not receive the added agitation due to
additions. Second, the additionlwas always poured .
into the solutions, which means pouring scid into

Silicate which is the reverse of the correct

15 -



procedure. This would have more effect in sone
cases than in others. Third, the total amount of
solution in some cases, esgeciélly the second
prineipal points, was different th#d varying
factor (7.

From the results of éther measurements during
the time of set such as viecosity measurements it
is regretted that points near the time of set could
not be obtained, for it is here that the greatest

- changes takte place.

18



It was found that by determining the
so-called prineipal points the émount of
change caused by an sddition during the time
of set can be simply and rather accurately
caleulated by the formula:s

Te = KT,

Ffﬁm these results it would seem that

the setting of a gel is 2 continuous, straight

line process.

17
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Date I Run A
able I - Acid Addition
#1 on gravh Pig. I
CCs of cec. of cc. of Acld Time of Additién Time of Set

ilicate Acid Added min. after mix in Hinutes
25 £5 10 0 104
n | n n ig i 36
" " n 20 67
o " . 20 45
n . 5 e o 37%

able II - Water Addition
#€ on graph Fig. I

cc, of eec, of

ilicate Acid cc. of H,0 Time of Addition Time of Set
added nin. after mix in Hinutes
25 £5. 10 0 53
. " , " 10 50
. " " 20 46
" . n 20 43
T n - S - 37%

a2ble III - pH Measurements

Really only three different solutions

2. of cc. of cc. of
ilicate © Aeid ~ Eg0 pH
25 ; 25 O 4,45
” 25 _ 0 4.7
" o5 | : 10 4.7

i9



ble II

s OF
licate

£5

ble III

Cs OF
licate

25

Data II -Run B » -
Acid Addition
#1 on graph Fig. II
ec. of cec., of Acid Time of Addition Time of Set

Acid Added min., after mix in Hinutes
20 5 0 88
. " 15 79
" n °6 75
" " 29 65%
- - - = 87

#2 on graph Fig. II
cec. of cc, of Aeid Time of Addition Time of Set

Aeid Added min. after mix in Minutes
25 10 0 . a8
" : " 3 74
" " 15 60
W " ; o2 49
n - - 32

#% on graph Fig. II ‘
“ee. of cec. of Acid Time of Addition Time of Set

Acid Added min. after mix in Minutes
£0 15 0 | 83
" L | 2 873
" " 6 47%
. » 8 28
" e 2 11

£0



Data III Run B
Distilled Vater Addition
ble I #1 on gravh Fig. III

C. of cc. of cec. of Time of Addition
licate Acid 5,0 min. after mix
o5 » s 0
n " " 8
n " " 15
n | n n 20%
" n n 20
u U] n 40
n L] " 45
. " " 46
" n - =

ble II #¢ on graph Fig. III

. of ce. of cc. of Time of Addition
licate Acid H0 min. after mix
8 25 10 0

" " " 10

b " ' " 15

. " " °0

" " Vi &

21

Time of Set
in ¥inutes

875
663
643
6z
61
60
58
59
57

Time of Set
in minutes

46
42
29%
37%



ble III1 #2 on graph Fig. III
e of cc. of cc. of Time of Addition Time of Set

licate Aeid . EEO min. after mix in minutes
2.3 20 15 0 21

" " W z 20

" " " 6 17%

. " "o 8 152

o L - - 11



Data IV
pH of solution in run B

In reality only seven different solutions

dle I
ec. Of ec. of cc. of
Silicate Acid Ho0 oH

s £5 25 4,57
L " 0 4.82
: Sink o5 , 4,98
s " o0 5.08
J " o 5 4.82
: " . 28 10 5.02
s " 20 15 5.42

23
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