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INTRODUCTION

When an eagueous uqlution of sodium ailicato is treated
with en scid, the mixture will become incressingly viscous
and opelescent, end will riﬁally set, 1r5the silice concen=-
tretion exceeds 87 #nd if the gel 1- not too seid or too
tlkalino. The time of set :h dotoﬁained by the pH, concen~
tration of silics, eoncontrption oq certein foreign substences,
and the tempersture . 1 b

f

T i :
ﬂIS!Qﬂ;CAL g

Work on silicic eecid golﬁ hes been performed in order
to discover the mechenism of kho reaction end the structure
of the gel, 1In fact, much 04 this work hes been done in
this lsboratory by studying Qhe effect of verious factors
on the time of set. In p-rtﬁeulor, Sheffer! hes mede &
study of the effect of silioﬁ concentration on the time of
set, and it is this problem/uith some veriation, to which

[

this thesis is devoted. f

Sheffer kept the lilioﬁ copcentration constant,
veried the smount cf neotié seic =3ded, ard diluted each
mixture up to & certein cﬂéntant volume., In order to
obtain the reletion botuo# gilice concentration and time
of set, he plotted lcvernh curves (time of set ve, pH),
silice concentration boing constent on each. Then, he

chose & certain abaoilaa,'say pH 5, erected & line persllel
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to the time exis cutting esch curve. The intersection of
this line with esch curve geve & serles of points whieh,
when replotted, resulted in & curve of silics comnseniration
ve. time of set st constent pi,
This procedure wes of course s good beginaing te the

problem of keeping #ll fectors constsnt exeept the silies

- eoncentretion in order to discover its independent effect

on the time of set. Whether Sheffer wes swere of the fset

or aot, he hes however, neglected two fesotors which undoubtedly

. are gignifiesnt , nemely the sodium ion eénmtnue- snd

the secetste lon concentration. Bach time thet he sdded A
e different smount of silies which wes introduced uﬁ» m
resetion sa sodium silieste, he was verying his sodium ionm
concentretion, sad eech time that he edded & different
smount of scetiec weid, he wee verying the scetste ion concen-
tration.

leter, Hurd got the ides of setuslly verying the sodium
silicste snd scetic sgid eesech time keeping e constant
difference between the milli«qu,ivclantg of ecetic agid
e0d mi1)i-2quiveleénts of snition Rydvenide S Whe aiifsiks,
and then sdding suffieient sodium scetste to keep the sodium
ion concentration constent &g well es the scetete ion concen-

tretion snd #lsc to meintein constsnt pH,



EXPERIMENTAL

In sccordance with the stetement of the problem, three
'tttndlrdized solutions were needed, lodiuﬁ silicate, scetic
8cid snd & sodium scetete solution. The stendsrdizetion of
the latter wes the most difficult and time consuming. Sodium
acetate is not & primery standerd; it does not teke up &
definita emount of weter of orystellizetion, Thus it wes
not sdvisable to trust mlking up & solution gravimetriecally,
The method used wes, in essence, thet proposed by Hurd end
: Fiedler®, A ten milliliter pipet wes calibrated by weighing
the emount of water which it delivered, for esch of three
trisls. A rether concentrsted solution of reagent gradn
sodium acewkts wes wede up. Two portions of this solution
were deliver;d by the ealibrated pipet, one into each of
two previously weighed platinum ciﬁﬁ;blee. Platinum was
used to svoid the trouble of getting the crucibles ﬁe
constent weight., Each pla§1num erucible was plaqeﬂ_on.a
v:tetm bath for each of which & sheet iron eagtral ring wes
~made to avold the contaminetion of the pletinum by paéiiclon
of copper from the copper rings. Iater the orueibles were
to be pleced in & fleme lld copper is kﬁonn to alloy with

pletinum, The erucibles were left on the steam beth for two

3.
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successive deya, OCne must be cereful in this eveporation
because, when the solution becomes véry eoncentrated, 8 scale
of sodium ecetste forms over the surfece, mgking Sne think
thet the meteriel 1s slreedy dry. If the solution is then
placed over & fleme it will bump end sodium.acetgteiwill

- be lost, The eveporstion takés ebcut twelve hoursi Then
the crucibles were placcd in en oven et ebout 11C° C for
about five hours to be sure of the preliminery dryiﬁg. Cecluded
~ water wes obaervedlto be glven off., After removing the
27”eruciblae from the oven tpsy were pleced in silice triengles
end hested gradqally, the clemps holding the triangles being
. lowerad towerd the Bunsen fleme, Thcraodium ecetéte melted
'.ind turned into ¢ viscous brown colored liquid, which wes
‘evaperated cerefully to & bleck residue which turaed white
upon ignition to sodium cerboneste,

When the lsst trasces of blsckness were gone, the
y“=cruciblea were allewed to cool for & minute end thén pleced
into 2 caleium chloride dessicetor to further coocl, The
 :Grueibles were then weighed, reheeted for five minutes,
7 ;al1amaﬂ to cool as before, snd then reweighed., There wee

- no chenge in weight. The initisl weight of the crucible
‘aubtnﬁétad from théltinql_wcight gives the wn;ght of sodium

_ osrbouste formed, Prﬁm,xﬁis the corresponding amount of

4.



Se
sodium acetate can be caleulsted, and knowing the volume of
the pipet, the molsrity of the original solution cen be
found.

in spproximetely 1V sodiuwm hydroxide solution was stendardized

egeingt weighed smounts of potessium acid phthelete deing
piaenolpthe lein as nn indicetor, Then e 1N hydrochloric
acid sclution WE S made up end compered with the sodium
hydrcxide solution weing methy1 orsnge=xylens cyanol f8 en
indicator. The color chsnge for this indicector wes more
favorable then thet for methyl orange alone, the color change
being from green'to pink, insteasd of orange to-plnk, ag the
solution beoomes‘qeid. Then, en epproximetely 1N squedus
godium silicete solution wos made up by diluting 4.6
liters of E-brend silicete® to about twenty liters, snd
was titreted with the 1N hydroehloric écid solution using

- methyl orsnge-xylene cysnol egeln es the indlcetor, Aftep
the sodium hydroxide equivalent of the silicate has been
determined, the amount of gilies ean be celeulsted from
the sode:silice retic given by the msnufecturers who
gusrantee it to ebout ocne peraeﬁ%”ééc%faoy. Fer the
purposes of this experiment, however, the exact emouat

of sllice need not be known, sa the silies concentrstion

# Menufactured by the Philedelphis Quertz Compeny.
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in esch run is proportionsl to the number of milliliters of
gilicate solution used, beceuse the totel volume is kept
the same for esch run. Next en epproximetely 2N scetic scid
 golution wes mnd; up bytgilnxihg,a.lv liters of glecisl scetic
eeid to sbout BO‘Iitern;' The distilled weter used in meking
np the scetic seid ,8ilicete and sodium acetnﬁo solutions
- wes previaucly boilod to remove carbon-dloxide,

Othtr workers in this rield had used , as gel containers,
100m1 beeskers covered with vatch 31!!!61 end held 1n plnee
; ;by leed weights, This method leemsd a Llittle tvoubl.uano,
becsuse, 1f the beskers were submerged deep enough in the
weter of the thermeout‘v to insure constant tempersture
throughout the gel, the buoyancy of the besker end contents

is gfb-ter then its weight end there is denger of its démpiug
over, especislly when the experimenter sttempts to remove
the watech gless and weight, Furthermore, if one hand were
used to hold the besker, and the other to remove the wateh
gless snd insert & testing rod, there would not be a free
hend to c¢lick & stop-wetich, _Eien if the besker were removed
from the thcrméatnt for téltiné, there is dasnger of dum#ing
’thc beaker over when removing it, 28 it is 8 rether clumsy
effair with a wateh gless snd weight superposed, snd there

is also opéurtunity for & tempersture chenge.



After looking et seversl different containers, the

flet meyonneise jar was selected for severel ressons, The
mouth wes wider then thet of the 100 c¢.c. beeker, thus
providing more gel surfece to rupture, end ellowing for more
frequent testings. The jer snd contents wes heavy enough
to submerge to the proper depth in the thermostst without
danger of being essily tipped over. The Jer had 2 screw top
which prevented conteminstion by splattering end by materials
in the eir and also stopped evaporetion which ceuses ttriouq
errors in long setting gels, Furthermore, the Jars held a
convenlent amount of solution when fillod to the_came height
#8 the 100 ml, beaker containing 80 ml, of aolution which
_'eo;ro:panda to the proper height of gel for the tilt rod
thesting method. Thie stenderd height was eonveniently indicated

by 8 gtructural bend in the side of the Jar, When filled
| te thls bend the .Jer held axaetly 160 e¢.c., Since 65 c.c, of
gol mixture were needed for a P H determinetion, it wes
decided to use 160465 or 225 o.c. s the total volume, which
Weg %o be the same for each rum,
In order to make the most of éna'a time, it wes neco!-ary
%o wcrk out a procedure for running e number of gel reaetiont.
Since the proper elssning of four burets (one for measuring
~8llieate, one for ac;tic acid, one for sodium scetste, and
another for distilled weter) required ® considerable amount

of time, it wes found esdviseble to perform the volumetrie
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iprk for seversl runs all st once. If it were desired to
‘mlko gix runse, twelve jars were needed, two for eech run,

The silicate solution was put into one, snd the sodium 2cetete
'and scetic acid into the other; sbout helf of the weter

required for diintion to constant volume, wes sdded to esch,

The sodium ncgtute hed to be put }nto the scetic ecid, ss

it formed & precipitete when nddeﬁ directly to the silieste,

While meking up the solutions to be mixed, one eould
. 1nt&rm1ttent1f tinker with the thermostat until it wes

cbserved to meintein the desired temperesiure, u

The thermostat consisted of & well innulated’ oopp‘er*

-tank;‘nhich holds sbout fourtesn peils of weter and econteins

2 mo;of‘driven fen sheped propeller for stirring. The

- ectuel tempersture control wes meintéined by & Thyretron

tube eireut, electric knife hester, snd s preguls tor

with & toluene filled bulb end en edjusteble mercury

.

eontgat; H
?ﬁd rolloﬁing procedure rér mee suring out seln;inéi for

:iariann runs wes found expedient, Firtt; the celoulsted
@mount of silieste wes added to eech of six numbered jers

(1A, 24 eﬁc.) Then the scetic acid was sdded to eseh of
enother six Jars (numbered 1B, 2B, ete ) ihich were placed

in & row behind the corraspandin; jers conteining the silicete.
Next, the sodium scetste wes added to esch jar of the seid

set, Then the'amnunt of water'neoestary'for dilution to
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. to 225 ml, wes edded to eech, After the water wes sdded
to eaeh number one jar, thote two j-rl (14 snd 1B) were
pleced 1a the ckavm@itst. fhs.gqru were nuruered in order
of decressing time of set. Thulwthe longer setting gels
-were itlrted first to minimize the time required to make
2 set of runs, After the weter hed been edded to esch set
lof two jers, they were immaaintely pleced in the thermostat,
whichwwas bringing them to the desired tempersture while
the operstor wes odding weter tc the ?eutvof the Jars;
After the water had been sdded to the last aet of two
Jers, the firet two were just ebout at the phoper mixing
‘temperttura.

if 1t were desired to meke s set of rune et 259 ¢,,
the mixing tempersture wes always kept below 250 C, The
first set of gels were mixed et 23.5° C. and the tempersture
rigse messured. This temperature rise which wss due to the
heet of neutrelizstion wes found to be dependent on the
number of ml, of silicete present, s wes to be expected,
&nd & rough cslibretion curve wes draﬁp { temperature rise
V8. ml, of silicete), Thereafter when gels were to be rum
2t 259 C., the resctents were brought to the proper tempereture
88 observed from the cslibrsiion curve before mixing.
Nevertheless, the tempersture wss teken efter mixing, end
the gel wee cooled or heated to the desired temperature

before pleeing in the thermostat. There were so meny fsctors
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involved thet one had to be very careful in order to prevent
additive errors from obseuring the possibility of obteining
eny worthwhile results at ell,

A11 0° gels were cooled in an ice and selt weter beth

_to below zero dﬁéreea,_mixad, allowed to ecome to zero end
then buried in wet snow or chopped 1ce. When the estimeted
“time of séé had elavsed, tﬁe 8now wrs removed down»tc the
cover, the cover removed end the gel feuted end recovered
with esp and snow, at‘intervala Judged from the rigidity of
the gel,

| Some preliminery triel runs were mede to determine the
difference between the milli-equivalents of sodium hydroxide
in the silicete end the milliaeqnivaleﬁtl of scetic scid
which would give & pH in the buffer renge of sodium scetste
which is between 3.5 end 5.5. Gels in this region were

feund to heve berely oblervablb_pn drift 1f any eand elso

to have such 2 long setting time es to be imprecticeble

to vun in one dey. It could not alweys be -rrang§d so

thet the experimenter sould be present when the gel was
\ rtbnut to set, and there wes & weste of time 1nvelved"hcn
thi: sttuation oceuredd So the writer deelded to iﬂVQatigate
the rotetien et e uligktly higher pH, uhere the setting
timn would be more convenient, 5

B

While gel resctions were being ruﬁ, & guinhydrone
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potentiometer with plstinum sad n;mi electrodes end @
100 =1, besker conteining # pioch of quinhyérone #nd 8 etirring
' pod were msintsined on the edge of the thermostet resdy for
use. A testiog rod 3 mm. in dismeter sad 10 em, long, ®
 stopwsteh, ¢ conceantrated sodium hydroxide solution end
s wish bottle for clesning the electrodes wars kept noer;by.
After the coamtents of the two nuwber one jers hed come

to the proper tempersture, the silicsts of the ac.li jer
w68 poured into the 1B jer conteining the seetlc scid snd
sodium scetete, the stop wsteh sterted sand the solution
poursd from ose jer to the olher thres timss to insure
 thorough mixing. Then s sufficient smouat of the mixture
wes m&d into cne jer to fill it to the bend, sud the rest
into the 100 ml. besker conteiming quishydroue which we®
immedistely stirred snd pleeed under the eslomel end pletinum
electrodes which held the besker ‘ia the thermostst, The
pvotentiometer resding wee teken st verious intervels for
lomg setiiang gels, while sometimes cnly ome resding could

be tsken for repidly setting gels. £ sesvad rua coald then
: u:&rmumwmuamannwmym the
electrodes snd trensfer them from cne resction to the other.
This procedure wes satuelly cerried out in the cese of long
gels.
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It was also found helpful to estimete when to sters the
tilt rod testing on the ébl by observing the portion of the
gel being used for the pH determinetion, since the operator
is 2t the potentiometer most of the time. This aimpia efpediont
saved ﬁndue rupturing of the gel surfsce on setting, ; practlco
.ihieh should slweys be esvoided ss 1t‘1noreuies the tige @! |
_®et snd, in some csses, csuses one to believe that s certain
°.ga1 will never set, which 1f left uandisturbed would nupﬁéﬁt
éfvtka-rnd in & short time efter mixing. Thiw.ds e&peoi&liy
\;;truo of gels low In siliece concentration wﬁich cerretpnndlagly
* j0xh1b1t ki -o-k strueture, The .sbove described titattian ?
jbacama rotlly 1mportnnt dnring & 350 C. run et & pH of 7o
.ikll gels of this pH nnd tamperature, that will aupport tha
-!grad, set in less thet twanty minutes, It wes desired ta
%:?langthen the time of set to get further pointa for 8 gr aph
of silies concentretion egeinst time of set. The only w?y
 tc lengthen the time of set in ﬁhin situstion wes to dee;ealt
F7?the niliea concentre tion, Aeeordingly, the eilice conean-
_ftrttien was dooreaaed to 15 ml, per 225 ml. of aolntiua.;
By 'imal extrapolstion on the above mentioned ewrve, the
éQAtimo of set should havo boen in the neighborhood of fonr

'minutea. conaoquently, the gol we s tested at qudrtoriminuto

; _1atarv:ln at&rttng'at three minutea. After four tentinss

~th¢ gel had not set, The gel wes tested &t 15 minutes end
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gt thirty five minutes. The gel never did set, This run

we g repeﬁted end the rod inserted efter four minutes es

judged from the portion being used for ¢ pH determinstion.
ifter a second insertion et four minutes and 30 seconds, the
gel supported the rod st the proper engle. The prectice

of too frequent testing, which mey lead to serious errors, can
be avoided by judging epproximstely when to test by precticing
on the gel belng used for the pH determination,

It wes 8leo found edviseble to wesh the gel conteiners
lmmedistely after the gel had set, #s the silicete attecks
the glese end adberes go firmly thet 1% cennot be completely
removed by weshing. 7The interior surfﬁce mey appear to be
weshed cleen, but the next dey & white powdery film will be
ocbserved on the interior of the gless, These tiny perticles
composing the film form execellent nuohﬁi for gel formetion end
may ceuse uncbserved errors. Thus it is wise to wesh gel
conteiners immedietely after the gel hes set,

In short, the experimentsl procedure consisted of meking
up end stenderdiziog 5 gellons of silicete, 5 gellone of
ecetic scid and four liters of sodium acetate¢a§lution, of
performing triel runs to find the proper difraryney‘to be

 meinteined between milli—equlvalenta of eeid end ml.
  ‘equiva1ents of silicete to meintein the desired pH, of

meking celeulations for & set of runs at constent ph,



g 14,
volume, tempereture, sodium ion concentretion end scetate

ion coﬁcentration, finally of mixlng the proper emounts of
reccteants and taking the pH, and the time of set by the tilt

rod method, The results were os follows.
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Units for resctents sre in milliliters, pH reedings
are given only st 25° C. pH's were teken at other tempers-
tures, but were found to be meaningless es the gquinhydrone
end satureted celomel electrodes were at 25° C, end the
gel et some other tempersture, This tempersture difference
was observed to ceuse & vsrisble error of sbout .3 of s pH
mit, Identicel gel mixtureg were sssumed to have the seme
pH at 25° ¢, ss ot 35° C. end st 0° C., The only wey of

‘actuelly measuring the pH a2t a temparature other then 25° C,
- -would be to have the electrodes thermosteted snd reealibrlted

8t this new tempsrature.

1. Zero degres runs. i

ﬁ- . pﬂ-ﬁ -

 Silieste Bhe Nake Hy0 Time
149,0 75,23 0 7Y 25!

- 110,0 56,46 12,72 45,82 54!
90.0 46,82 19.82 68 + 36 g9

= 77.8 40,96 23 .23 83,01 13%%
o> 70,0 37.20 25.78 ' - 92.02 170t
: : 5040 27.88 - ° 52,30 115,12 396"
B. pH=6.3 : , :
8ilicate §_A£ : Neae | gag. 2 Time
69.3 33,60 LA 122,10 - 43,5%

80,0 29,11 3405 132,85 59.8%

54 ,0 26,23 5.00 139,78 88,3

45,0 21.89 7.93 150,18 117.0'

40,0 19.48 9,57 155,95 146,56'
c.» pﬂ*? J . -»-

- Silicete Hbe . Keshe ! §29 o &8 Pime
149.0 70.76 5. 5.24 #

%' 2300 51,98 12.78 50.29 £ L
74,5 32,80 25.80 96,40 13 .7*
60,0 27.8) . RB9.05 10€ .04 180"

50.0 23.09 32.30 116,561 25.5"

7 40,0 18,28 36,65 . 131,17 36,0°

. 30.0 : 13,47 38,82 142,71 . 69.0'

# Curdled on mixing

15.
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. 25%. runs

A - pH:-G
Silicate HAc Neble ggg
149.0 75,23 0 77
" 110.0 S8.46 12,72 45.82
90,0 - 46.82 19.82 68.36.
0.0 .20 25.78 v E
60,0 32,39 29,02 103.53
0.0 27.58 32,30 1T5.12
fa‘ PH=6.3
bilteate gﬁg
L 69430 33,60
54,00 26,23
45,00 21.89
40,00 19.48
. BB,58 18,80
e 00 17.07
= ‘"”ﬁv .50 13,16
G 22,50 11.05
S Rbe Bﬁ%e
., Bl1,98 12m 5
40.&. -18.28 35355
30.0 13.47 38.82
?s.av» 11.06 40,50
800 - 8,65 42,10
15.0 - 6.24 43,76
10.0 3.84 45.30

# Too weak to support the tilted rod.

. 16.
Temp. rise.
Time on mixing = pH varistion
1'20" 3,5° 3!
6.15
331" 2,8% .3 W
5.91 5,95
718" 2.4% Lo gt g
6.05 6,15
13%41" 2.0° 5'  8.,5' 9'-14'
6,07 6.15 6,15
20'52" .y ap
’ "5.,88 6,24 6,27
31t10" o o 5.68 5.8 5,83
Hy0 Time b
122 10 560" . 89
139,76 g'oo" ‘,¥6.s
150.18 - 11'01"
155.95 12's50" BB
157,61 16'50" 6.5
1161.75 23'00% gk
' 167.51 34'00" 8.3
170,69 39'02" - 6,8
173 .28 44'49 6+3-6,5
176.17 58'o0" 845 :
H Time pH
; sa?gé 56'2" : §%ﬁ
91,29 1'33.4" 6.8
108.04 1'56,8" 240
131,17 2'18.0" 6.9=7.0
142.71 2135,5" 7 oD
‘148,44 37280 N4
154 .25 §'27.0% .. 08
16°¢00 9’55;0" 6 08"607
165086 - $

6.?
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35° ¢, Runs
& . pH~6 .O
Silicete
110.0
90.0
70 .0
60.0
50,0

B » DH-G .-3
Silicste
€9 .30
45,00
35.00

22 .50
20,00

C. DH=7.0

Silicate
30.0
25,0
20.0
15.0

Kab

€ 46

46,82
37,20

32.39

27 .58

33 .60
21.89
17,08
11.08
9.85

Lo

r————

13.47
11.06

8.65-
6'24 o

19.82
25,78
29,08
52 430

Nele

7.93
11.18
15.28
16.12

=
»
fiig
o

g8

|

8

ol ol
AN O
* e
. B

PR

320

45.82

68.36
92.02

103.53

115,12

10
122510
150.18
161.75
176.17

179,03

_H_0
14271
148.44
154 .25

160.00

Time
20"
g'sy*
5'10"
e'oo"

- 10'2s5"

Time
210"
5'64"
5'34 .2°
14'12"
15'03"

Time

1'10.8"
1'43,0"
2'18.0"
4'30,0"

1".
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DISCUSSION OF RESULTS

Dete se & mere series of tebuletiocus is uninteresting,
but when & column of figures asnnmgs the form of & smooth
curve, the dete becomes picturesgue end signifiesnt. Curve }
shows & plot of ell date obteined thst wes ssteblished by
at lesst two checke. OUne would ssy, on first thought, thet,

‘ ihen too meny curves are plotted ou one greph, there 1s aﬁnglr
| of confusion, This thought bothered.the writer for some
time until he deeided thet e better atudy’af the curves end
their 1hterrelat16n conld be made 1f.théy were pleced on one
Egiﬁrsph even if there were denger of confusion, |
Since there were so meay curves to be plotted bn 8 zingle
' §héat, differqnt:celor ink end a veristion in line type wes
 #3¢§ for puorvoses of distinguishiag between eurves, The
 ‘eo1or deternines the oH, red for pH-7, white fcﬁ 6.3, ‘snd
{fbiﬁ&rfar €.0. The type of line tells the temperature, full
line stends for 0% C., long amsh for 280 C., end the short
dssn for 35° C. Bech ourve bears out the feect, thet a decresse
1n silice concentrstion, other’ractors conafnnt ceuses &n
’ }1ncreaae ia the tixe of act. ~The scid eurves flstten out
greduelly on beth ends and approsch certein limiting 7&1“0'
a:;mptotically;tht—snyﬁptotos ﬁepending oa the method of
aetermiaing when the gsl is set., The eurves for seid gels

_ mear the neutrsl point, when run et 35° C,, seem to stop
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rether sbruptly. This is due to tﬁ idiocyntrasy of the ﬁsnting
method. In order to proceed eloug thess ecurves in the x-direetion,
ene must contioue to deersese the silies conecentretion., dventuelly,
the gsl strueture becomes ﬁ# week thet it will nu longer support
~ the tilted rod. Ear.thua;_ﬁgyidly sstting gela;_it is diffieuls
to get values for polnts close eacugh together with sufficient
 §ccuracy to tell whether the curve bends graduslly towérd [ |
_horizontel ssymptote or nhrﬁgtly. The lstter seems to be the

enps, '

The curves for gels reﬁ tt higher pH®* end higher temperstures
zﬁjlie elogser to the origin, v?hin meens thet the time of eset
decreeses with sm 1ncrca¢q;qf.tempar:tnro, &nd sleo with so
inereese of pH, ¢ result whieh beers out the findiugs of
provious workers in this field. One would siso think thet 1f
_ the silies concentrstion were incressed without limit, thet
the surves would epproach the concentration exis ssynptotiecelly.
This point csunot be tested experimentally, £s there is no
guch thing &s zere time of set, beceuse & certsin lemngth of
. time is required for miziong, #ud the resulting egitetion
‘prolongs the setting. If the silice concentration is very
high, the gel csnnot be thoroughly mixed before chunks of
€®l begin to form, end consequently there is sn upper limit

to the eurves,

# £11 discussion refers to the pH renge 5.8-7.3 unless otherwise
indiosted. -
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Purthermore, in this experiment, the silice concentration
could not be mede high enough so a8 to csuse the constent sodium
ion eoncentration to be exeeeded.f For exemple, suppose we had
decided to meke 8 run et @ pH of 7, e could use no more
then 153 ml. of silicete , since this gmount regulred 72 mle

of scid for neutralixatian. The sum of these two volumca

e

of.

"-would then bhe ecusd to the constant volume waich wes chosem

to be 2280 ml.d CQnsequantly, thare could be no further 1ncrcano
in the smount of sodium silicete edded. Therefore, no aodium
';figcetate was sdded to this mixture, end the concentretion of
sodium ion 2nd acétate ion present wes chosen €8 the concen=
tration‘to be kept constant throughout the remeinder of
_resctions of thet set. For the upper white curve; waleh
’repreaants the first run, this predicement wes not Iorseems

A gel conteining 70 ml, of silicete 8t e pH of 6.3 at 250 C,
was observed to get within @ convenient spsce of timei-so

the sodium ion congentreticn corresponding to 70 ml, of sodium
gsilicete per%éﬁﬁ;ml, of solutiom wes chosen 28 the constaent

- sodium ion concentretion; consequently the white ourve eand

its metes whiéh were to be compsred with 1t had their upper
limit predetermined. This situstion wes chenged in the
.remnihihg det@rminatiens go ps to extend the ewrves upwsrd

as fer ss poitible.

The next observetiocn which one mey moke 1s thet there
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- are twoc orossings of the curves. This mesns thet two gels

5 eaahicontaining 65 ml, of 1,178 N E-brend silicate per 225ml,

of agiution, one gel et & pH of 7 and st 0° €, and esch contoining

the proper emount of sodium scetete (which csn be found i the

data} wlll set in the ssme length of time, A similar ststement

mey be mede for the other ecrossing, ?

.One might next aak}what gort of eguetion these c%rves
follow. The writer had tried %o fit e simple exponentiel, sn
equilsteral hyperbols end s persbole to these curves with very
little guccese except in the letter case. The persbole wes
cbserved to fit very rouvgnly. Somewhet leter, however, the
writer plotted curves 2,5, end 4, which seemed toc show £ linesr
relation between the reciprocel of concentretion aguared and
the time of set, the eriterion for & third order resction,

This mesat thet 1/02 = KT or, taking the sguere root of

both sides, that C YT « K, fThis constant wes determined

for the upper white curve, snd an empiricai curve plovted whiech

- £it the experimental curve witﬁin the limits of experiméntel
error. This wes 8lso done for the second white curve with =
fair smount of success. The writer does not propose the eguation
"6 %YT ek 8g the truth; it mey be, if pH terﬁperature, sodium
lon concentrstion snd scetete ion concentretion aﬁe better

dontrolled, nevertheless, this equation serves ss e good

working rule,
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All of thialdiscussibn of thé gilice eguetion emenstes
from‘a étudy of the curves drewn to show the order of the
reao#ion, which wes resally whet I wes seeking. When the
verious eriteris for zero, first, andfsecond order resctions
were plotted, there wes no semblence of lineerity, but

when the reciprocal of coneentretion squered weg plotted

egainst time of s2t, the curve seemed tc be falrly linesr,

The eircles, spotting the pointe, ere dreswn with redii eguel
to' the estimeted probeble error. In the cese of 211 pH's
the results were very good o2t 0° C. &end only feir st 350 C,

where the tempersture control wes not es good ss it might

heve been., The pH control was better st 6 and 6.3, ‘and the
eurves sre more nesrly 11hesr. On the number 2 greph, the

359 C, pun wes plotted merely for completeness, e#lso to

éhow the effeet of tempersture, The curves, of course, mey

‘be streight lines, if the pH, were better controlled. The

temperature rise on mixing wes herd to judge &t 350 C. end
the gels set so repldly that it wee daifficult to get eny
aatisfying socursey ot e1l. One mighﬁ elso sk why the

curves do not pegs through the origin. (ne engwer is thet

posaibly these e;trapolations do not hold for gels with vcry

high silica concentretion, thet ie, the resection in very 11!&11

"not'a’tnira order in this neighborhood. Seeondly, if the

cxtrapolationa are essumed to hold, we may drew certein enn-

' clusiona es follows. Connidering the graph number one,,

)
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mey conclude thet the gal will theoreticslly set in zers
time with s finite comeentretion of #ilies, whieh sen be
vué-fm the emrvs. By studying curve 4, we could ssy

thet et 00 C, end & pi of 7, » gel will unet set i zero

time no metter how émeh silicste is present. 3inee we heve
ne exverimentsl right tc serume thet the resngtion is third
‘order in the mtgh@érhwﬁ of the origin, conelusionsg sveh

BE ‘hess sre merely interesting snd not necesserly velid,

. Poom eusves 2,3 e0é 4, we een come o a; impoptoet cone
: clmim after the tbnading csaumptions sre msdes

1. Thet the resction is conterned with like molecules
of silies in scme form which s;em:lt from the repid
intersetion of sodium zilinavr‘aa snd seetis seld.

2. Thet the time of set reproocuts e definite frsctiog
of the originsl concentrsticn converted during the
reﬁtim‘.' :

One mey derive® the reletiocn 1/02 = IT ss follows:

8K * xte w )’ ax | -
dt T g x;& .' - there ¢ = the

criglnel concene

1 : 1 . tretion of sg;u.-.
oo aPR = gt T xlt -0) % T the suount

converteac in time t.

. Now, let Xg = f*c, where £ = the fraction rescted +t the
time of set (tg), and xg = the smount of silise converted
et the time of set. fobetituting, we heve, :

P e

e N
; g° = (o = x
:‘?G--»z,k

. ® origiaelly derived by Hurd.
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2fe® - £2c2 _ 2f - £2 ‘
c8(o - fe)  “VS1o2(T - § ks 1/e2 = k'ty or,

“dropping subseripts, 1/c% = kT,

t81hce the volume wes kept constent, C is proporﬁiohél

" tc the number of ml. of sillcete sdded., Accordingly, e plot
”L-of time of set ve. (ml. of gilicate)” -2 would serve just ng

well es T vs, 1/C2 end would eliminste further celculations.

. What was actually plotted wes time of set ve. (ml. of ai;ica.e)'g

xle4 to meke the unite more convenient, Althcugh the writer
does not feel ju;tified in proposing thet the resction is &
- third order type, he will sey thet, in the renge atﬁdied, i%.
is closer to » third order then eny other, eand presumasbly,
thet the reaction might follow the equetion for the third
.order, if condit}ons were better controlled.
An effort hﬁa been mede to meintein ell feetors constgnt

; except the silieé.ooncentration, to discover its independent
effect on the time of get, Eveﬁ when all other factors are
.. properly controlled, there is etill trouble with the pi. The
A %in1tia1 pH's were natidfastorily constent, but there wes &
"1'sliéﬁt ﬁrift towerd & higaer pH. At 6.3, there wns little
or no observable pE drift, and the pH wes meintsined fairly
3ifconatant from one run to enother., &t 7, the pH drifted

. Qpprasilbly and continuved e;en after the gels had set, Never=

theless, curves of silice concentration ve, time of set were



obteined having the seme general ghape o8 those obteined by

Sheffeé, who neglected the veristion of the sodium and ecetate

ion concentretions, If the pH's which were tsken with 8 gel

et 0° C, =nd the electrode at 250 C, mesn anything, there

wesg less pH veristion et this lower tempersture, In fect,

if the resction is inherently third ordér in the renge studied,

the curves, (time vs. 1/C%) being more nearly linesr at 0° C.,

indicete better contrcl, as the writer believes is the cese.
Judging from the plots of time vs. 1/C®, the resction

| eppeers to be of the third order, Presumebly, better control

could be meinteined in the pH renge 3.5-5.5 which should be

studied. In sddition, & study of gels made by mixing sodium

silicate, hydrochloric scid end sodium ohloride, would also

be interesting end perheps eesier, since the difficulty of

stendardizing the sodium scetete solution could be avoided

88 ¢ sodium chloride solution could be mede up grevimetricelly,

25,
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