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INTRODUCTION

In this investigation the transmission and seattering of light by
the silicic acid gel forming mixtures have been studied during the process
of gel formation in an effort to extend the work already done in this lsbora-
tory on the structure of silicic acid gels.

The intensity of the transmitted and scattered light has been
measured in terms of galvanometer deflections using s photoelectric tube
circuit. in attempt has been made to utilisze these results in elucidating
thchnguinainMMw&WMNML&ea:Meh;&umu
gel formation.

HISTORICAL

The first mathematical expression for the intensity of light scettered
w.mmnu;mm.mmmmtm'mmmw

xsr(;_x%‘)

where I is the intensity of light Sosttered sidewise, v is the volume of the
obstructing particle, d the distence between observer and particle, and /) the
wave length of scattered light. An expression for the intemsity of the trans-
mitted beam, however, had been worked out as early ss the middle of the 18th

Lord Rayleigh in 1871L.

gentury by J. H. Lasbert, snd known as Lambert's law of sbsorbtion,
1-1023“

Comparatively little work has been done on the study of optieal
properties of silicic acid gel forming mixtures. Various investigators cerrying
on such investigations with various colloidal solutions have shown the importance
of the study of opticel properties as they help to reveal their structure with-

out disturbing them.



Miel has studied the absorption snd scsttering of light by eolloidal
solutions conteining particles of various dimensions end has come to the con-
clusion that at eonstent concentration the intensity of the diffused light
inereases with the sise of the partiecles and is proportional to their volume.

Kristnemrti® in studying the scattering of light by agsr sols and
 gels bas found that the micelles in the gels are mmch bigger than those in the
sols. He hes slso studied the scattering and polarising effect of light with
aging sols, and has obtained an equation of the intenzity curve for the
scattered Light®

I=¢ 7"/7:‘/7—2“'{.

Presad snd Hattisngedi? have been sble to determine & time of set by
plotting the intensity of scsttered light against time. This optical method of
determining time of set will be referred to later.

Prasad, Mehta snd Desai® bave messured the extinction coefficients of
various gel-forming mixtures of siliecic escid by wesns of Hilger-Nutting spectro-
photometer.

In checking Von Swmoluchowsiti's theory of floecculation, Freundlich and
Ishiseks® found the change in the number of particles indirectly; it was derived
from such physical properties of the sol as the chenge in viscosity or the
change in light absorption, which were thought to be a direct measure of the

coagulation process.

The photoelectric tubes used were the argon-filled tubes with cesium
oxide cathode (PJ-23, G.E. model). 4 General Electric A.C. Sodium Vapor Lemp
(80 watts) was used as & source’. The emergy distribution in such a lamp lies



mostly in the sodium region, 5896 and 5890 A°. The light source for such a
study as this, and also where photo cells are used, should have & narrow band
of the spectrum as possible. Day® in msking a spectrophotometric study of the
Mmumun&.m«memtmm{m
gel formation the percent of light trensmitted decressed with & decrease in
wave length. The galvanometer used was & Leeds and Northrup type of wall
plﬁnomtnr,m. T8858. A

The gels were kept &t a constant temperature (25° C.) by & water
bath controlled by a De Khotinsky Thermoregulator and & kmife type of immersion
heater.

ainhydrone potentiometer wes used to measure the pg of the agid gels.
The pg of the alkaline gels was not determined, but their alkalinity tested by
means of litmus peper.

The rectangular glass cells which served as conteiners for the gel
forming mixtures measured 8 x 8 x 5 om.

L&l ERUELATAL

The gels were prepared by the reaction between acetic acid and sodium
silicate. In a few cases sulfuric acid wes used. The sodium silicate was the
"E" Brend produced by the Philadelphia Quarts Company. The Nag0:8iOg ratio of
this silicate is 1:3.19 by weight. This silicate upon dilution was titrated
against stendard sulfuriec seid using methyl orange as an indicator. The apparent
normality of the silicete solution used in all the runs was 1.328. Also the
normality of the acetic acid used was 4.025 N.

In preparing the gel forming mixtures 150 c.c. of the silicate solu~
tion were always mixed with 150 c.c. of acetic acid solution containing varying



amounts of 4.085 N scetic acid. These were always mixed in the same manner
in 400 c.c. beskers. A portion of this was plsced in the rectangular cell, =nd
the remsinder was used to determine the pH and the time of set by the rod
method.
In this investigation portions of the light scattered and transmitted
were obtained simulteneously by using two photoelectric tubes of the same type.
The circuit is shown in the diagream on page 5.
'imamttmsmmawnmmmumm
remove most of the heat rays. The beam then passes through the cell A con-
taining the gel-forming mixture. The cells P measure the transmitted snd
scattered light in terms of galvanometer deflections. The deflection of the
galvanometer was meagured on & scale of the well galvanometer.
The deflection of the galvanometer due to sach cell were measured
at convenlent intervals of time. The results obtained ere given in Tsbles I
and II in which the symbols used are the following:
Dy = deflection at tinme ¢ in em.
Dy = deflection at initial time
T = time after mixing the selutions in minutes
To insure sgainst any cheanges in the intensity of light due to
variations in line voltage snd also those due to rise in temperature of the
sodinm lab-sare the circuit was standardised several times during & run by
means of resistance H and a jar containing & solution made up helf of silicate
end half water; thus Dy is kept constant and Dy, the deflection due to the
solution, is measured against the true initisl galvanometer deflection. This
would also teke cere of any variations in the photo tubes.
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£28.0
£9.0
£29.0
£8.8
28.7
27.9
26.8
25.!

8.5
16.5
15.5

8.

{150 e.c. Sodium Silicate, 1.528 N, mixed with 150 c.c.
of acetic acld solution containing varying smounts of

4.025 N seetic scid.)
180 c.c. Hie
0 e.c» i
B
Dy 29.0
By=Dy z i
0 - 4.8
0 14 24.8
0 16 24.8
R <14 £4.4
. 74 2l.7
1.4 81 17.7
2.2 9 15.5
5.4 120 18.0
10.7 180 - 11.8
12.5 208 10.8
13.5 248 10.8
13.5 &an
100 e.c. Hie
§0 s.c.
PH s.g’
By 22.9
Ba=By b 4 Ry
9 - £4.0
9 2 24.0
+4 14 22.7
«7 o8 £1.9
1.7 42 17.6
3.0 50 1l.8
8.1 é8 9.5
8.1 94 8.1
9.9 117 Tod
1l.4 18 7.3
12.9 144
1%.86 159
15.5 2%
15.3 245

125 c.c. Hie
26 c.c. Hgl
4.50
31 24.8

Dby

0
0
0
-4
.1
7.1
9.6

§Esa¢,' F

11.8 159

13.5
14.0
14.0 276

B

5 e.0. Hio

76 c.c.

PH
D, 24.0

1.5

6.4
12.7
14.7

5.8
18.7

SEEggenEa' »



26.1
23.0
18.2

11.3
10.35
9.6
8.6
7.7
Ted
7.5

20.0
18.7
17.9
14.0
11.3
8.95

3.50
2.50
1.20

70 ¢.c. Hic
80 c.c.

¥ 3
Dy 25.1
Bi=By I

9 -

0 13
2.1 21
8.9 28
8.5 B

18.8 58
14.8 o
15.5 87
18.5 104
17.4 124
17.7 1938
17.8 237
52 c.c. Hie
98 c.c.

PH 50¥
Dy 20.0
BBy I

0 -
1.5 itls»
2.1 2r45m
8.0 440"
8.7 815

12.95 1120
14.80 15130%
16.5 20t
17.5 40
18.8 801

Te

B,

20.7
19.5
18.%

135.4
1l.1
9.7
7.4
5.8

4.0
2.5

21.0
18.85
is.1
11.8
4e4
«1
-1

55 c.c. Hie
986 c.c.
e
Dy 20.7
2y=Dy 1
0 .
1.4 5
2.4 7
4.8 8
7.5 10.6
9.6 12.5
11.0 14.5
15.3 21.8
15.4 55.0
15.9 52.0
18.7 57.6
18.4 150.
25 e.c. Hie
186 c.c.
PH (-x)
By 21.0
By=By I
0 =
4.5 =25
5.9 «T5
9.2 1.08
15.6 1.76
20.9 2.53
20.9 10.0



1.5

19.2

1l.4
9.8
5.85

1.00
+«86
«25
«20
-15
<15

£3 c.cs Hic
127 cec. Hg0
pH (alk.)
D 2.0
Di=By I
0 -
1.8 1t10%
4.9 2
8.6 3¢
10.3 550"
16.3 &
18.5 7
20.3 -
20.886 11
20.70 14t
£0.82 23
£0.85 41
20.88 50t
18 c.o. Hic
152 c.c. Hg0
P (alk.)
Dy 2.5
BBy 2
o -
a2 51
10.1 70
11.7 74
18.88 88
19.20 101
20.5 116
21.15 143
£1.85 158
21.50 178
21.35 222
21.85 268

8.

fsble I - Continued

20.6
20.5
20.0
17.8
i2.7

5.8

5.9

<78
«40
.18
«15

o1

21.0
20.9
2045
£0.0

17.%
18.4
12.0
7.9
2.80
«80
«20
<15

19 c.c. Hie
151 c.c. B0

pp (alk.)
Dy 20.8

»
L

BEESsgn8REEaa' »

17 c.c. Hie
138 ceCa: w

pu (alk.)
Dy 2.0

Rimiy

0
o1
o
1.0
1.9
3.7
4.6
8.0
15.1
i8.2
20.82
20.8
20.86
20.9

SBEEEEEgucgn,.'



Zsble I - Continued

In the following 150 c.c. of sulfurie acid solution
were mixed with 150 ¢.c. sodium silicate (1.328 N)

66 c.c. HpS04 (1.835 N) 122 c.c. HpS04 (1.835 N)
84 c.C. w £8 c.c. @
pH (alkaline) PH 5.4
By BBy o B D=y I
19.8 0 - 21.0 0 -
19.4 o4 2 £1.0 0 5
18.4 1.4 6 20.5 5 51
17.5 2.5 a 20.0 1.0 27
15.7 4.1 12 17.8 5.2 57
4.1 5.7 19 14.7 8.8 47
12.3 7.5 24 15.1 7.9 54
10.0 9.8 32 11.85 9.55 58
6.6 13.2 43.5 8.8 12.4 79
4.8 16.2 8 5.4 15.86 102
2.2 17.8 8z 5.8 17.2 150
1.2 18.8 155
-9 18.8 177



10.

Ieble I - Continued

(100 see. of Sodium Silicate, 1.328 N, mixed with
50 c.c. of acetic acid solution)

50 e.c. Hie (app. 8 M) 40 e.c. Hic (4 H)

no 10 e.e. Hgd
PE 4. PE  5.51
Dy 275 Dy 25.0

By By=Dy £ 2 By=Dy 1
27.5 0 - 25.0 0 -
27.5 «2 %0 22.8 2.4 é
28,2 1.3 48 21.7 3.3 7
5.1 2.4 53 10.9 8.1 1
8.7 Z.8 8% 18.0 11.0 i3
20.0 T8 78 10.5 14.8 8
18.2 8.3 28 190.3 15.2 &8
17.8 8.9 108 8.8 15.4 93
i8.8 11.2 18 2.3 18.7 119
16.1 12.4 1m 8.8 18.2 136
14.5 13.0 192
13.6 13,9 251

il c.c. Hée

58 ce.c.

pu (alk.)

By 22.5

:

20,0 2.5 8
15,0 7.6 i1
18.8 8.8 13
6.0 i8.5 i8
2.l 20.4 20
o3 2R.2 @8
«12 22,38 54
«12 22.88 48



{150 e.c. Sodium Silicate, 1.328 N, mixed with 150 c.c.
of agetic eecld solution contazining verying amounts of
4,025 § acetic seid.)

150 c.c. Hie 125 e.c. 3&6 ’
no HgO . 25 c.c. HgO
PH 4.21 pi 4.5
Dy .80 Dy .38
Be=Dy 2 2 Bals I
0’0 " .58 0.0 - 1
0.0 b «4S Q07 41
0.02 43 « 75 o7 8%
05 5 1.10 T2 118
«10 o 1.40 1.02 149
«28 97 1.70 1.52 10
«52 122 1.80 1.42 198
80 149
1.02 172
1.156 202
1.28 220
120 c.c. Hie 110 c.c. Hie
30 ec.c. Hg0 40 c.c. Hg0
PH 4.76 PE 4.80
By « 32 : Dy 45
D=y I B Be=ly B
Q0 - «4£5 e -
0 15 45 4 15
08 24 «48 .88 21
«086 40 «81 18 48
135 45 -80 « 56 85
<19 6% 1.52 1.07 110
+ 358 7 1.90 1.45 139
«68 98 £.18 1.78 176
«98 127 2.55 1.88 212
1.18 145 2483 1.88 245
1.58 204
1.68 224



«40
-4L

1.50
1.85
1.80

Laidd
£.48

100 c.c. Hie
50 c.c. Hgl
PE 5.08
By .40

=Dy 4

h] -

«0L 14

«30 48

<90 88

1.15 108
1.40 118
138

180

230

75 c.ec. Hic

75 c.c. Hg0
PH  5.30
By 32
D=y i
a R
0 5
«14 19
«38 27
+80 40
i.68 70
2.08 98
2.38 123
2.55 150
2.80 180

ZTable II - Continued

-4l
47

1.1l
1.89
£.356
.78
2. 79
.78

-40
-58

1.42
2.12
2.80

3.%0
5.26

85 c.c. Hie
65 c.e. Mgl
PE 5.20

q .“

-08

«57

75
l.b4
2.00
£2.58
.40
.40

BBELEaap~r

70 c.c. Hiec
80 c.c.
PH S.42

Dy .52

Dl

g

<18

.82
1.02
1.72
2.20
2.40
2.80
Z.85

BEEsgap.' »



- 58
-7

l.28
1.48
1.95
2486

18.

Zable II - Continued

86 c.c. Hic
85 c.c. HgO
PE 5.50
: 5& <80
BBy X
O -
0 kg
oRE - 4
« 70 25
L.15 51
l.42 87
2.08 58
2.80 78
2. 60 88
.80 150
2.90 180
S Guc. Hie
a8 Cale m
PH 5.78
Dy .48
Byl b -
O -
«10 2*15*
P4 V10"
«52 415"
97 &
1.00 -4
1.47 ar
1.87 I
.27 1+
2.57 200
3.%0 B51*
3.50 88t
3.58 961

556 e.c. Hie
95 c.0.
PHE 5.80
By .80
BBy 1
0 i
20 5.5
.3 7
« T2 8.5
1.8 13
1.7 17
2.00 21
2.82 36
2.76 44.5
2.80 68.5
.08 B2.5
B.25 1387.86
3.5 186.0
3.350 191.0
50 c.c. Hie
100 e.e. Hg0
PH 6.08
By .40
L=y I
0 -~
« 36 2
1.50 3
200 4
2.50 5
£.88 8
5,08 10
%.15 12
530 18
3.42 21
5.88 32
5.88 82
3.90 118



25 c.c. Hie
125 c.ce m
pr (elk.)
Dy 58
By=Dy 1
0 -
«12 %"
«42 115"
1.54 1835
Z.88 &t
4.12 2V 50"
5.42 gt
6.24 3t 50"
8.92 4*
7.80 5
B.22 ™
B.42 8t
8.68 12t
8.72 32t
22 c.c. Hie
128 c.c. Hg0
pi (alk.)
Dy .48
Be=by >
o -
08 1r55n
«10 2110%
«41 8t 50"
1.02 530"
l.42 630"
.82 Br45"
4,02 10r2s”
5.82 1250
6.52 18*
8.82 19t 55+
7.65 24!
8.35 %
8.70 50t

40

<70
1.00
l.22
.51
4.90
5.80
7.08
B.24
9.00
9.00

8.8

23 c.c. Hio
127 c.c. HgO
- pn (alk.)
Dy .40
D=y 2
0 -
oD 113"
«8 2 son
2.01 4t 50"
2.91 §' 350"
4.50 T*
5.10 8.5
6.68 11v30%
7.84 8¢
8.60 80t
8.60 a7
2l c.c. Hie
129 c.c. Hg0
PH (ﬂko)
Dy .%0
De=by I
0 i
18 3
180 T 50"
1.95 8t zov
4.50 12t40%
5.50 14%20"
6.00 18 50"
T7.80 24!
7.40 8¢
T.40 521
7.62 95!
T7.70 izet
8.50 un



1&.

%0 e.c. Hie 19 c.c. Hie
150 c.c. 181 c.c. Hg0
D’. «80 Bi D8
Iy DDy 2 By De=Dy z
-50 a (- .& o 9 s
. ) % 3 B .52 0 5
.92 52 i «58 .08 7
1.8 . 15 «850 +18 14
1.78 1.18 19 «B80 «28 19
2.19 1.59 20 1.40 1.08 51
5,45 2.85 25 2.90 2.58 41
5.80 5.0 B2¢ 30" 4.90_ 4.58 53
8.95 6.55 37 5.75 545 58
8.00 7.40 45 30" 6.60 6.28 @6
a‘ﬂs 8‘35 ‘9’ 7. ‘0 7-& ”
9.82 8.72 55¢ 8.27 7.95 23
.45 8,85 581 8.77 B.45 113
9.45 8.85 72t 9.08 8.7 145
8.07 8.75 206
18 c.e. Hic 17 c.c. Hie
m Q'Q, w m 3'00 Ew
pE (slk.) p (alk.)
D .38 Dy .32
B Bl b 1 By DDy X
58 0 - .52 0 -
'm 'ag 3 gﬁz 0 5
.“ ‘8‘ w u‘Q .03 }-s
'ss -17 ‘1 c‘ﬁ -15 58
« 72 .34 42 .52 .20 51
L.oz .84 52 75 43 7%
5. 70 5.52 88 2.06 1.78 119
b.42 5.04 1og 5,02 2.7 137
7.50 8.92 128 5.25 4.95 175
8.00 7.62 144 6.45 6.18 206
8,50 8.12 156 7.41 7.09 250
8.80 8.42 178 8.20 7.88 257
9.20 8.82 223 8.72 8.40 202
ﬂ.m 8.“ m
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Zsble II - Contimed

In the following sulfuric acid solution was used instead
of scetic seid solution, with 180 c.c. of 1.528 N sodium

66 c.c. HpS0y (1.635 W)

84 c.c. H
p (alk.)
Dy .52
Diel T
) -
-08 &
«09 8
-28 10
.83 19
1.28 88
1.98 45
2,68 56
3.88 82
4.58 159
4.88 i
5,48 192
5.88 58
5.88 @B
By
«40
«70
.20
250
2.90
5.00
5.50
3.80
5.80
4.00
4.10
4.00
4.00

Iy,
40
<40
42
45
80
«92
1.3
1.80
2.10
228
Le20
Re2B
118 e.c. HpSO,
32 e.c. w
pg 6.1
By 4.0
Bl -
0 -

« 350 -
1.80
2.1 -
Reb 240
2.6 515"
S.1 s
a4 18!
Sed 8t
3.6 5zt
3.7 85!
3.8 104'
3.6 124t

122 e.c. HgSO, (1.635 N)

€8 c.C.
pi (5.41)
Dy 40
Bzl I
9 <
4] 8
0E i
«05 18
«20 27
«58 57
«90 47
1.40 80
1.70 74
1.85 82
1.80 120
i.86 1z2



B

« 55
45
<5k
62
«78
1.10
1.28
1.3
1.80
1.68

1.7
1.80

Zsble If - Continued

17»0 '

In the following the totel volume of the gel-forming
mixture is 180 ec.c. containing 100 ec.c. of sodium
silicate (1.328 H) and 30 c.c. of aecetic acid solu-

tion.

50 c.c. (spprox. 6 N) Hie

Ho
PH l‘i.ﬁ
Dy <35
Doy I
5] -
«1d 5
18 16
4 4 24
41 83
+ 75 57
«90 75
98 9
1.16 1g2
1.25 140
1.27 182
1,55 1%
1.45 201
1.45 211
By
«40
52
<70
1.56
2.60
4.55
T.20
8.00
8.40
8.7
8.7

B,
« 50
«45
1.00
l.456
1.80
2.0
2.10
2.10
£.38
Ze40
2.40
11 ec.c. Hie
39 c.c. w
pi (alk.)
Dy .40
Be=ly I
Q p-
«l2 2
« 50 6
«95 iz
2.20 15
4.15 20
8.80 &
7.80 54
8,00 45
8.30 60
8.50 80

40 c.c. Hie (4 )

10 g.c. H:O

s.a
B .

§§z==am§=°' b









'NERAL ELECTRIC COMPANY, SCHENECTADY, N.Y., U.S.A.
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It will be seen from the tsbles that in each case the galvanometer
deflection decreases and at first rapidly and then more clowly approaching
& constent value. The difference in deflection has been plotted against time
giving the typieal curves shown in Figures l-4, inclusive. For scattered
light the difference Dy-Dy was plotted against time.

The curves shown in Figures l-4 inclusive are of sigmold shepe with a
point of inflection. Since the deflection is proportional to the intensity it
is obvious from the curves that the intensity of the transmitted light decreases
and that of the scattered increases with time. These curves, therefore, repre-
sent the manner in which the gize of particles or micelles of the gel increases
during the process of gel formation.

In measuring the scattered light the first few readings indicate
little if any chsnge in the intensity of the light scattered. Light is secattered
only when the size of the particles is comparsble to the wave length of light.
If one considers that after the gel forming constituents are mixed, a sol of
silielc seid is first formed, then the gel forms from this sol by cosgulation.
The higher value for the intensity of scattered light in the geyl then in the
sols shows definitely that the particles in the gel forming mixtures are larger
in size then in the sol. Beversl investigators have shown thst silicic seid
when first formed seems to be in the form of simple molecules of low molecular
welght and this moleculsr weight has been found to inecrease rapidly with time
reaching & value of over 80002, The period during which & gel is in the sol
stage can be estimated from the curves. The continuous nature of the curves
mwtmmdmrmm-mnnmumﬁmtmal
structure - is & contimuous process.
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19.

It can be seen from the tables and the curves represented by Figure §
&nd 8 that for a constant concentration of silicate the value of the final in-
tensity of the scattered light incresses with & deerease in hydrogen lon con-
centration of the gel. It reaches & maximum with the alkaline gels. This
maximum value seems to be constent for all the basic gels. This indicates
 thst regerdless of the pj of the alkaline gels, the size of particles which
scatter the light mmst be sbout the same.

In the case of the transmitted light a similer curve has been ob-
tained. Here the final intensity decreases with a decrease in hydrogen ion
congentration, reaching & minimmm for the basic gels. This minimum wvalue of
intensity corresponds to almost complete extinction of light with the size of
 the cells used.

In order to study the effect of silicete concentration on the inteansity
of light, both scattered and trensmitted, a few rums were made using a differemnt
concentration of sodium silicate (curves 3 and 4) and in a few cases sulfurie
&cid was used instead of mcetic acid. The results seem to show that the finmal
hmityofmmmmumumanmm-em;mmm
ion concentration. Limited time prevented s more extensive study in this
direction.



(Total volume of solution is 300 c.c. containing
180 c.c. of Socium Silicate (105” l)

Volume of Volume of Transmitted Seattered
HgO ce.ce BH Di=Dy (mex)  De=Di (mex)
150 0 4.21 13.4 1.20
126 25 4.50 14.0 1.45
120 %0 4.75 14.4 1.85
110 40 4,91 - 1.85
100 50 5.08 15.5 2.10
85 85 5.20 15.8 2.40
75 7% 5.30 8.7 2.85
o) 80 5.42 17.8 2.80
85 85 5.50 - 5.00
55 95 5.80 18.4 5.52
52 98 5.78 18.8 5.58
50 100 8.08 - 3,80
®45 105 8.50 20.6 5.20
*40 110 8.75 20.9 6.00
25 125 alk. 21.0 8.72
23 127 alk. 20.8 8.60
22 128 alk. 21.0 8.7
2 129 alk. - 8.50
20 120 alk, 20.4 8.85
19 151 alk. 20.8 8.75
18 1sg alk. 21.2 8.82
17 133 alk. 20.8 8.40

* Rapidly setting gels in which only the finsl resdings were taken.
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The dats on trensmitted light may be used in determining the ex-
tinctlon coefficient of silicic scid gel forming mixtures (Tsble 4). From
Lambert's Law | '
1=Ioz‘£a‘

Since a:g.
- %,Z.z—ed

Here E is the ebsorption coefficient since it is a measure of the
rate of loss of light from the direct beam. However, some of the decrease of
the intensity of light is in this case not due to a resl disappearance of the
light, but results from the fact that some iz scattered to the sides by parti-
cles and tims removed from the direct beam.

Tie sbeorption represents the actuel dissppesrance of the light,
the emergy of which is converted into heat motion of the particles of the
sbsorbing meterial. In these gel forming mixtures this will oceur to only a
smell extent so that the neme absorption or extinction coefficient for E is not
sppropriate. Inthiauutnntboupréad«udoupofhoputl_,l.m
to the true sbsorption, and Eg due to the sesttering. Typicsl curves of this
extinetion coefficient for a basic and aecidic mixture are shown in Figure 7.
Extinetion coefficlent for scattered light mesns nothing at all since Lambert's
Law applies only to the decrease in intensity of the direct besm passing through
the aixture.

Presad and Hattlangadi have determined the time of set from the curves
h'hiehmmityotmttmdughtmmuquu. The time of set
was teken when the curves show & tendency of rumning parellel to the time axis. :
In Teble § & comparison of this optical method amnd rod method of determining
time of set hes been arrenged. It cen be seen from the curves (Figures 1-4)
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that the probsble error in determining such & time of set is rather large,

for in some of the curves it is difficult to determine when they begin to run
parallel to the time-sxis. The table iz only of gualitative interest. How-
ever, it does show that the setting process continues after the gel has been
pronounced set by the rod method.

Since each curve of Figures 1-4 shows & point of inflection, the
slope of such & curve should heve & maximum or & minimum when plotted against
time. In meny of these curves a maximum pesk is obtained when the slope is
plotted against time, but in & few cases the experimental errors are so greatly
megnified that the pesk is not obtained with certainty. However, with the new
recording speetrophotometers, where the experimental errors are less than one-
tenth of one percent, no difficulty at all should be encountered in obtaining
these curves which msy be of some value as described in the following paragraphs.

Figure 8 ghows two such curves. The time of set by the rod methed
does not coincide with the peak of the curve; for the scid gels it more nearly
coincides with the peak. This peek of the curve could be arbitrarily called
~the time of set of & gel; but such a method would undoubtedly be much more tedious
and time consuming them the more simple rod method. However, it iz a possible
method, espeeially if the new spectrophotometers ere used. The method could be
used in studying silicic aecid gels in which the concentration of the silies is
insufficient to render the gel its streagth or rigidity required to support the
rod. There are numercus exsmples of gels having & weak gel structure, for
mle,mmmmwwmma,maormum,mum
gels.



I4BLE IV - Extdnction Coefficient

150 ¢.c. Sod. 8il. (1.328 N) 150 c.c. Sod. 8il. (1.528 N)
55 c.c. Hic {4.025 H) 21 c.c. Hie (4.025 W)
95 c.c. Hg 129 c.c. Hel
PH 5.68 pE {alk.)

I{min.) E B I(min.) E
- 0 0.5 - -
8.0 ~0037 20.0 2.0 <0013
6.0 «0049 19.8 2.7 2024
7.0 0088 1z.88 6.7 0282
8.0 .01%8 9.90 7.8 05956
9.5 0193 7.186 9.0 05672
10.4 ~OZ36 4.20 10.56 .0880
12.5 <0558 $.80 11.0 0915
13.5 <0411 1.80 13.2 1384
2l.5 0688 1.0 14.0 -1540
85.0 0759 1.00 14.7 .16359
51.0 0840 + 70 18.9 «183%
69.0 « 0908 +58 17.0 «19586
88.0 .0934 «48 18.0 -2038
96.0 0954 «20 24.5 « 2514

12 8.6 2790
<10 51.0 2889
=10 74.0 «-£889
10 95.0 .2889



T4BLE ¥ ~ Retermining Time of Jet

150 g.e. of 1.328 N Sodium Sllicate
150 e.c. of Acetic Aeid Solution

Volume of Volume of Rod Optical Method
‘ B0 (c.c.) B Hethod  Iransmitted — Scattered
150 0 4.21 11z 250 190
125 25 4.50 B3 220 184
120 %0 4.75 75 - 1P
100 50 5.08 7 200 180
85 85 5.20 60 - 157
76 75 5.50 87 150 140
70 80 5.42 28 130 140
65 85 5.50 22 - 1%0
85 95 6.80 ar4sv 58 82
82 98 5.78 145" 40 Y ¥]
50 100 6.08 2 - 82
25 125 alk. 5! [ 10
25 127 alk. 5! 10 24
22 128 alk, 12130 - 40
20 130 slk. 33 - 58
19 151 alk. 136 ™ 155
i8 152 alk. 158 140 210
17 135 alk, 240 220 580
Hz804
66 84 alk. 57 - -
118 32 8.1 less 1t - 15
100 c.c. of 1.528 H Sodium Silicate
50 e.c¢. of Acetic deid Solution
Hie
§0 (8 W) 0 4.56 45 - 180
11 39 slk. E3 1 - 80
40 10 5.51 [ - 80



0.7
19.3
18.9
18.5
18.1
14.5
13.4

1.1

10.35
9.70
8.80
7.40
8.50

4.90

180 c.ec.
28 c.ca.
127 cece of HgO
Dy-Dg T
1.8 35%
1.6 1rio=
4.9 2!
8.8 5
10.3 3t 30"
18.3 5
18.5 8
18.56 ™
20.0 8t
20.8 ot
£0.45 1o0¢
20.85 1
 20.80 12
20.65 13
20.70 14¢
20.75 ir
20.82 28t
20.85 B4t

2 (93-by)

«8
2.5
3.7
1.7
6.0
2.2
1.0

«850

« &0

«15

«10

«08

08

05

08

«08

«08

of Sodium Silicete (1.328 N)
of 4.025 N Acetie Acid

150 ¢.c. of Sodium Silicate (1.328 N)
55 c.c. of Hic (4.025 N)

95 e.c. HpO
1.4 8
1.8 8
el 7
4.6 8
8.2 9t 50"
7.5 10t 50%
8.8 11'50=
2.8 12'30%
10,385 13t 350"
11.0 14t 350"
1%.1 17 50"
13.3 £1' so"
14.2 27
15.4 55°
1s.8 40

1.0
1.0
1.0
1.5

1.0
1.0
1.0
1.0
5.0

8.5
8.0

17.%

1.00

-018



In all the intensity-time curves of both the transmitted and
scattered light, the time of set of the acid gels as determined by the rod
method falls on the lower part of the curves (Pigures 3-4), while for basic
gels the time of set falls on the upper part of the curve. :

Similarity of curves 1l-4 fulfills somewhst the conditions of
Swoluchowski's theory of coagulationd. Prasad, Mehta and Dessi, considering
the process of gel formation as one of coagulation of the sol, applied this
theory to the csse of =iliclc acid gel formation. r};eyrmdmtforuem
tain range of extinction coefficients of scattered light the gel formstion of
silicic acid approximetes to the case of en ideal coagnlation assumed by
Smoluchowski's theory, but the varistions obtained for low snd high extinction
coefficients were considersble.

In spplying the theory here & particular value of Dy-Dy of the various
curves (Pigures 1-4) at time %3, b5, g +o... ete., represent a definite stege
of coalescence.

Following the same procedure as Prased, Heht@ snd Desal, we have that
the change in the total mumber of particles Zw for each gel should have & con-
stant value, then the ratic of any two time units should be constants

tlitpitgeccacty = Ty3TeiTgecenTy

1'1.tg.....mmmumwrammmmwatwmvmx
Dy-Dy for transmitted light, or of Dy-Dy of the scattered light. These ratios
heve been obtained from the curves of Figures 1-2, and are shown in Tebles 7 end 8.
?hamhﬁmninnﬁumnotuﬂlmhhbenm The gelation of
silicic acid although it masy spproximate the case of ideal cosgulation assumed by
Smoluchowski at certeain steges of coagulstion does not do so throughout. 4
different type of coagulation must take place since the particles possess & high
degree of hydration which alters the probsbility of edhesion as assumed by the

theory.



LTS
818
£1°s
00*s
68°y
98y
oTs
e8*g
-

“\h

6341
3*eet
2°191
0*0PT
2°631
0°811
8°40T
0°86

™

02*y
3%
£T°Y
0oy
06°8
as's
og*s
L4 4
6" 3

—_—
e 4

8°e%1
2°88T
0°23T
211
0°80T
0'¢6
3°28
c*cL

oty

*9*0 09T *0°0 931

aere
32°g
80°2
26°3
PL*3

18°3
99°2
o'

811t
8°T0T
€°1e
0*28
»eaL
8*ze
039
2°sy

N

*0*? 001

g8°T 8T
op*T PT'T
T 277
es°T T
¥e T o1
8T T
29T 32T
18°T P21
o *2
3, &
2°78 9°6g
8 op 308
92y 2°¢e
0°6¢ 608
g* o8 8°g%
g gg 0'L2
0°08 8°93
g*92 012
8y by

‘°Q° mb .°.° g .°O° 3

o8g 0eT*
eLe* LLT
6L8* 8LT*
uwe* yoT*
L98* 8sT*
eve yor*
yest ToT*
96z * 2t

' 4

s “/

F6T390

6*21 or'e
0*8Y 08'e
2°1T (4,44
¥°0T 08y
L6 oz*y
g8 ooty
L or*e
L9 08°2

LY %
*0°0 3¢

e s oTte
™e T2
gv*e i2'2
68 s ez

\F\ e 3
AR
8*1TTY 9°89
8°L01 0°ee
0*30T1 8°99
c*ge a°gs
08 0°s9
108 869
oo 8*ge
T'69 vey
no %

00 LT °*0*D @7

et rird et rd oA A

o

yree

9°ed
083

veo

g*v2

3

g* et
%

'000 aﬂ

gec* 8°8
T60* 8°8
$80° L'
 8Lo* )
8o’ 8°g
€90* T
180° g's
280° 22
A v
A Ya-Ta
0z'g 6
06°2 8¢
W BT
03°3 9'9
0°2 a°s
L1 '
2t g
6* 22
T3 %g-Yg
*0*0 g2 ovH



8e's
93°g
028
ot1's
60°2
g A

LI O

0°6LT
o*eol
C*esY
0 03T
0111

11 Y

[ B

4" i 4

ev'y.

408 4

dokiT

0T

0*08T

0*8TT
0*80T
0°68

0Tg

*9*0 OST *0*0 3T

a.

«m.u
gv°s
80°¢
30°¢
88z
aL s
L2

0°eet
gL
g 131
0°L6
g°'1e
- g 3
0°ge
0°L8

6
*9°9 00T

02's
332
181

L4 B ¢
=1
88T
82°T
ga2°1
i’

- 0*98T

g°e8
8*q9
029
o°8P
14
o'
2 e
0L

8

.e.a g

g*60T
0%
8°1e
-1
o'es
g*qs
10
0*92
ez

Ly

o8L* osz*
3 4 A o82*
1874 Ad »ez°
8ov* 038*
age’ 261"
ose” 861"
251 A 681"
ape oz
yee* 1sT*
A T
oI
g°as 0°8T
o' 8*0T
g et '8 -
4 a*L -
' T8
proT 0°®
2*s o'
'8 - e'y
2% g'e
9 9y
*0*0 39

*9%0 0L *0°0 99

828
0°¥3T
o*eTt
PeETT
2°20T
0°66
0°.8
26l
2*u2

N
*0%0 LT

16°T
88°1
L8°1
68°T
81
L8°1
20°3
»0°2
90°%
%

0°8L
gL
8.8
8°89
118
969
8°e8
o*ev
o*9v

8
*0%0 g1

y L2T* 6°3
y SARREE, ) i 0*2
o T 0l 4
T eTT’ g*Y
s 4 1 B a*1
a0t° c*1
T s’ Lt
T 83T° g*
¢ 831" | A
<
ok &
N
8°Cv 3's g3
g'ee g*'% era
3°e8 ¢ 5. h 91
peR O'F e
<l £+ g'e 2°1
2°'ce 2'e o*'T
aee 0'e i*
g*ea 6*2 g*
812 83 -

2y - Yo'

*0*0 g7 *9'0 g2 OVH




1.

8.

4.

The intensity of the sesttered and transmitted light has been messured
by mesns of photoelectric cells. The date shows that the particles or
-umuummmmmmmnmml. Also the particles
in the slkaline gels sre larger than those in the seid gels.

Using Lasbert's Law, the extinction coefficient of silicie scid gel-
forming mixtures could readily be calculated.

The optical method of determining time of set has been discussed. It
has been suggested for use where the gel structure is of such a strength
that it will not support the rod.

Von Smoluchowski's kinetic theory of flocculation has been spplied to the
silieic acid gels.
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8l.

TABLE VIII - Index to Curves of Figure 1
For Trensmitted Light (See Tsble 1)
150 c.c. Sodium Silicate, 1.328 N, mixed with

150 c.c. of Acetic Acid Solution containing very-
ing smounts of 4.025 N Acetic Acid.

-

Volume of Volume of
Hic (c.ca) HO (g.g.) RH Svmbol
150 0 4.21 A
125 25 4.50 Q-
100 50 5.08 @
5 75 5.50 @

70 80 5.42 -4
55 95 5.60 &

52 98 5.78 ®
25 125 elk. o
25 127 &lk. .

19 151 alk, 51
18 152 slk, =
17 133 alk. X



Volume of Volume of
is50 0
125 25
120 50
110 40
100 50

85 85
;
7% 75
™ g0
85 85
55 95
52 98
50 100
25 128
23 127
22 128
20 150
19 151
18 132

17

IEBLE IX - Index to Curves of Figure 2

For Scattered Light {See Tsble 2)

~RE.
4.21

4.50

4.75

4.9

5.08

5.20
5.30
S.42
.80
5.60
5.7

3

" Horoopg@pon4+DEODES « X

|




	Union College
	Union | Digital Works
	6-1940

	Transmission and scattering of light by silicic acid gel-forming mixtures
	Warren De Sorbo
	Recommended Citation


	tmp.1533223311.pdf.RkB_x

