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INTRODUCTICN

Within recent years emulsion polymerization has been intensely
investigated both ¢ommercially and from the theoretical viewpoint.
These investigations have been concerned with various aspects of the
reaction: the effects of temperature, the effects of concentration of
catalyst, and the effects of diffevent types of inhibitors, on the rate of
polymaerisation and the melecular weight of the polymer. One of the
most iateresting studies has beea on the question of whether or net the
polymerisation procesds in the emulsified monomer droplets oz i the
aqueous phase.

Considerable differences in the results of various workers
investigating similay polymerising systems have been ncted and are
usually attributed to the exiveme sensitivity of such systems. Comparisoan
of results from investigator 40 investigator and even within the work of a
single investigator has been difficult or impeasible. Of the many
investigations carried out the effect of stirring or shaking has been
least mentionsd in the literature. Sinte almest without exception stirring
or shakiag is a part of the technique used in emulsion polymerining
systems, its effect i3 of interest.

This work was started as an investigation of the misizum
Wdemnz%.mnmbmwdunm
in a particular amulsion system. The author ocbssrved a stirring effect.
This effect was investigated and is the subject of this thesis.



Historical:

Styrene was first isolated by distillation of Gum Storax. Poly-
styrene when first mentioned in 1839 was thought to be an oxidation
preoduct produced upoa the application of heat.

In 1867 Berthelot syathesised styrene by the condensation of
ummwmdmgmdmmf Styrene can also
be considered as a dimer of vinylacetylens formed by an addition ina },
4-sense, of the acetylanic portion of one molecule of vinylacetylens to
the conjugated system of another and then a rearrangemant of ons double

bond.! %) H
’/C—C\\ 0Q=c\ //C—(‘!i\
neZ Chp, —sue® cH, —»HC__ _CH
Hes v St
we=CH, HC=CH, HC=CH,

mmwmcammmumayl-mq;-
dehydrogenation reaction.
Polymerisation of styrene has been carvied out in bulk, in solu~
tion and in smulsion.® The tendency for styrene te pelymerise is typical
of all unsaturated compounds since they exhibit a natural urge te saturate
themaelves.” The process of emulsion pelymerisation which is highly
important was first menticned in 1915, Emulsion polymerisation is
more rapid than bulk or solution, and the rate of reaction is more
easily cwond.‘ Styrens polymerization has also been studied in
solutions of various organic solvents (solution polymerisation) such
as alcohol, toluens, carboa tetrachloride, and m.sﬂ
Mark and Raff describe a system for emulsion polymerisation
which consists of an emulsifying agent, a purified monomer, a stabiliner,
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a surface refulator, a catalyst, & chein rezulator, and a buiter.‘ The
emulsifying agent can be ammorium goaps, sapcenia, organie sulionates
of long chaia alcohols, end albumen®

Many workars have investigated the question of whether or not
the polymerization takes place in the aqueocus or the monomer phase.
Fryling and Harkins stated that styrens polymervized in the aquecus phase
and suggested that the momomaer oriented and pelymerisned within seap
micelles. They postulated this idea through imterpretation of pH changes.
Upon addition of menomer to an emulsifying sclution there were two
changes of pH L.e. when the monomaer was added during pelymerisstion.
The changes were considered to be due to the passage of the monomer
a0 the aquesus phase, although interference in pH values may be cansed
by oxidation, hydrelysis and adsorption of errmlsifier on the formed
m.o.u

Direct n-ray evidence has boen oblained which indicates the
presence of lamella micelles in aquesus sosp sclutions. These migelles
are close-packed side by side and pleced in pairs end to end.!? Micellular
 formation may be vesponsidle for a drop in sctivetion energy from 2§
Kecal per mole in solution polymerisation to about 17 Xcal per mole in
ermulsion polymerisation. Very little polymer {8 formed in the monomey
emaulsion particles due to the small asumber of free radicala present af
this dtl.“ MecBaia ducvp«*ﬁocmaptdpolymnhaaﬁnhﬁt
aqueocus phase. He added monomer to a water solution of peroxide and
observed, fivst, monomer stayed on top, second, ia a short while the
water layer mmmmwm/&rmudm polymer and



%
third, none of the polymer could be detected in the monomer. Fibentachen
reported polymerization to be in the aqueous phase on observation that
the emulsified particles decreased in size as polymerization proceeded.!?

The emulsion polymerization of styrene is considered to take
place in three steps; an ectivation inhibition period, a steady reaction or
propagation period and then a termination period. The rate of propagation
in dilute emulsifier concentration is nearly linear with respect to the
concentration of the emulsifiey, The best concentration of emulsifying
agents is between 0.2-2%,

FPrice stated there are two methods of activation namaely the free
zadical end the ionic. The fact that the activation period is decreased by
using pure styrens, by excluding oxygen, and by increasing the temperature
i{s an indication that impurities in the aqueous phase inhibit polymerisation.

Many types of catalysts have been described for the polymerization
of styrene. Somse of these are heat, light, ozone, peroxides, alkali, the
metal chlorides (B, Sb, Sn), diazonium compounds, hydrogen fluorides,
perborstes and phosphates. The catalyst used in emulsion polymerisation
is usually of the water soluble type such as hydrogen peraxide or potas-
sium persuliate, the latter being the more widely used.

Bacon describes the use of reducing sgemts as co-catalysta
clalming polymerization can be conducted at lower temperatures and
at much grester speed when various reduction ‘"activators’® such as
sulphurous acid, sulphites, bisulphites and sulfur addition prodects of
aldehydes and ketones are used. The concentration of catalyst has a
distinet effect on polymerization. The rate of polymerization has been



reported to be proportional to the square root of the concentration
of the catalyst.

Evans has carried out considerable work with hydrogen peroxide
and with ferreus iron as a catalytic aid. A trace of ferrous iron greatly
decreases the activation period and increases the rate of propagation.
The hydrogen peroxide and ferrous iron team works in the following
manner:

1. H,0, + Fe** =5 HO + HO™ ¢+ Fe***

2. HO + Fett «) HO™ ¢ Fettt

3. HO +CH; - CH =) HOCH, - CH-

4. HOCHZ - §H+CH2 -gﬂ-—, HOCH « GH -~ CH, ~ ¢H
Step two is almost entirely sliminated if the hydrogen peroxide s in
excess over the ferrous lron.‘“

Sinee the usual methods for determining molecular weights
(freesing peint depression, etc.) are entirely unreliable above molecular
weights of 10,000, moleculay weights of high polymers are determined by
methods involving osmotic pressure, viscosity and the use of the ultra-~
ecntrﬂngc.u

Staudinger has postulated an equation for obtaining molecular
weights by viscosity:

M. W. = Noo/KC

where N__ is the specific viscosity which is defined as the increase in

sp
viscosity produced in a solvent by dissolving a unit amount of a substance
in a unit volume of the solvent, K is a constant, C ia the concentration of

polymer ‘in the solvent. However, at best, the Staudinger viscosity method
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gives only relative molecular weights. Freezing points, osmotic pres~
sures, and end-group methods lead t0 values which are termed numbey
aversge molecular weights.

COften the values obtained with the ultracentrifuge vary greatly
from those obtained by viscosity. The ultracentrifuge gives more nearly
an absolute determination but due to availability of the equipmaent for
viscosity determinations, the viscosity method is the most frequently
used.22 It can be said that the viscosity molecular weight of a typical
ﬂru&m‘dpolymnvwldaﬂbcnry seriocusly in error unless the
polymer were extensively branched. No reliable conclusions about
moleculay weight distribution can be drawn from molecular weight data
alone without fractionation of the polymaer sample.2l



Lxperimental:

Reagents:
The reagents used were as follows:

Styrene

Duponol G

Hydrogen Peroxide
Ethanol

Aluminum Chloride
Mercuric Acetate
Sodium Chloride
Methyl Alcobol
Carbon Tetrachloride

The styrene was obtained from the Dow Chemical Company,
distilled under vacuura (15mm) and only that portion having an index of
zefraction of 1.5450 was used for the polymerizations. It was stored in
the refrigerator for no longer than a week before use.

Duponol G, a sulfonated derivative of lauryl alcohol (Dupont Co.)
was used in 1 % as the emulsifier, since previous experiments have shown
it to maintaia a stable emulsion between monomey and water, and polymer
and water at this concentration.

The hydrogen peroxide (Merxek 30%) was used in varying concen-
tvation fyorm .003 molar to .75 molas.

The ethanc} used in cosgulation of the polymer was commercial
95 % grade.

Alaminum chloride was technical grede; and mercuric acetate,
sodium chloride, methanol, and carbon tetrachloride were Baker's C. P.

grade.



411 water used was specially purified being distilled from a
| 433 1a) . solution in all glass equipment directly into the reaction flask.



Equipment:

All experimental polymerizations were carsied out in a four
neck, one liter flask equipped with 24/40 ground glass joints. The flask
was equipped with a thermometer, a vacuum sampler, and a mercury
sealed stirrer propelled by a variable speed motor. A 200 cc erlen~
meyer was attached to the vacuum sampler and when the vacuum was
applied a sample was collected in the flask.

The nitrogen was passed through a train which contained two
500 ec bottles of alkaline pyrogallol to absorb any traces of oxygen and
was introduced into the system above the solution.

The flask was immaersed in a constant temperature watey bath
adjusted to a temperature of 40°C and finally to 60°C.

A Beckmann pH meter was used throughout each polymerisation
to follow the pH value of the emulsion.

A cannon-Fenske-Ostwald viscosity pipette was used to determine
the specified viscosity used in calculating the average molecular weights.
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Precedure:

Seventy-five prams of styrene were added to 600 gramsof a 17
solution of Duponol G. This pave a one to eight ratio between monomer
and water. The above mixture of styrene and dispersing solution was
added to the reaction flask which had been previcusly immersed in the
constant temperature water bath ot 40°C or 60°C. The pH value was
then taken. Hydrogen peroxide was added in amounts varying from .003
molar up to .78 molar concentration.

Smhmnowuoprwﬁbydauwuecd
cﬁylalcmmatn«otmm,uhﬁuwdmaol/loodtpun)

srilenmeyer flasks.

wawwmm-wdmw.mm»
weight difference. At each sampling the pH value of the emaulsicn was
determined and recerded. |
meumwymvasmcmd»miacm;m
mwmwupmwmus«mpudmm
nm‘u&ub‘MmQﬁcmnMMbyﬂnmm
acetate method. mawcmuddﬂ:minmdmmm
uMhnlSecunmlo.mwhghmmwonﬂm.wM
adding 20 ¢¢ of methanol. MuanubddM!ng(uppm-
WSM}ZG&“:MW&“M@MCVAQ
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added followed by 20 ce of carboa tetrachloride. The liberated acetic
acid was then titrated with .1N NaOH using phenolphthalein indicater.
Each liberated mole of acetic acid represents one mole of unreacted
mosomer. The amount of unreacted monomer was calculated as follows:

v/t. of monomer in sample = (W4, of ethanol + Wt.lo!l sample)(N.V.meq.)

N = pormality of NaCH used
V = volume of NaOH used

meq. » MM o m (.10‘)

% Monomer s Wi, of menemer  Wt. of mixture
Vt. of sample = Wt. of styrene

The coagulated polymer was washed from the centrifuge tudbes
with 93 % alcchol and collected by suction filteration. The polymer was
then washed several times with alcohol, dried at 75°C for 24 hours aad
weighed.

The percent polymer was then calculated as follows:

% Polymey s Wt, of ymer Wt.e(mhaun',“
Wi, of sample Vi, of styrene

The average molecular weight was determined by Staudinger’s
viscosity method, One tenth of a gram of the polymer sample was placed
in a 100 ce volumetrig flask, and about 30 cc of teluens was added. This

in turn was placed in a hob room for a twenty-four hour period {0 assure
complete solution of the polymer. The volumetric flask was then filled so

that it contained about 90 ¢c of toluene and them immersed in & constant
temperature water ot 20° (.2°) C. The flask was allowed $0 come to
temperature and then filled up to the mark.
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Viscosities were determined in the usual fashion by use of &
Cannon-¥ enske-Onstwald modified pipette. The viscosity data ebtained
was used in the Standinger's equation to calculate the sverage molecular

Staudinger’s equation:
M. W, -N.P/xc
WVhere: M. W, = mrgo molecular weight
Ksil.8x10
C = mwlar concentratioa of polystyrens in toluens solutioa

Ngp » Time of efftux of solution at 20°C _ ,
Time of elflux of toluene at 20°C

A paddle type, pyrex glass stirver of the J-2174A type, the
Scientific Glass Apparatus Company, with a 2 and 2/3 inch blade was

used for agitation of the erxmulsion system. Stirring coaditions were of
three types: Contimweus stirring, istermittant stirring and non-stirriag.
Also two rates of stirving were studied. Continnous stivring wes that
condition where the stirver was mwmm Inter~
mittant stirring was that condition where the stizrer was alternately
run for ten minutes and stopped for tea minuies throughout the reaction.
Nom~stizring was that condition where the stirrer was only used to
make the emulsion and then not used throughout the rest of the reaction.
In the case concerning rate of stirzing, the rate was determined by use
of a stop watch and a wax pencil. The number of rings traced on the
turaing stirzer by the wax pencil in ten seconds was taken as thi rate.
Since even slight traces of oxygen have been discovered by
previous workers o inhibit the reaction, refluxing and distillation of the
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water t0 be used in the experiment was carried out in an atmosphere of
nitrogen freed of oxygen by passing through alkaline pyregallol.

Using the above procedure many polymerization were carried
out and the vesults tabulated.
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Experimental Data:
Genezal:
Amount of Styrene 78gm
Amount of 1 % Dupenol G Solution 600gm
Nitrogea Atmosphere
Table 1
Sample Time pH % FPolymer M.W, (ave.)
| 1590 mins 6.83 9.74% 132,000
] 1628 8.8 10.98 251,300
3 1750 6.83 .o 853,350
4 1808 7.10 .- $04,500
1840 7.10 18.98 475,500
é 2028 6.83% 25.20 $37,600
L § 2745 6.8% 26.14 337,400
8 2803 6.80 30.88 429,800
Water Bath Temperature 40°C; Intermittant Stirring
Catalyst Concentration 10 molay Hydrogea Peroxide
Table 2
Sample Time pH 7ePelymer M.W. (ave.)
1 130 mins 6.60 0.95% e
b 4 180 6.80 0.81 oo
S 238 é.58 0.66 -
‘ 36’ ‘.39 3.9‘ Lt
$ 320 6.7 7.48 215,800
é 388 6.63 11.56 299,800
L4 $00 7.20 47.19 379,800
8 $60 7.20 62.37 381,100
9 1298 7.20 66.96 340,500
10 1350 7.20 71.33 309,300
Water Bath Temperature 40°C; Intermittant Stirzing

Catalyst Concentration 23 molay Hydrogem Peroxide




Sample Time pH % Pelymer M. W.(ave.)
| 140 mine 6.08 4.37% .
3 l?o ‘.20 '09! -
3 235 6.60 16.56 137,700
4 295 6.73 39.94 241,100
6 393 6.70 50.81 254,900
7 320 6.70 69.%54 472,100
8 573 6.60 76.87 275,500
9 600 $.60 80.00 248,000
10 1320 $.00 89.02 230,000
Water Bath Temperature 40°C; Intermittant Stirping
Catalyst Concentration 18 molay Hydrogen FPeroxide
%Polymaer o
by Polymaey
Sample Time pH Precipitation Values M.W.(ave,)
Z 140 ‘.05 3.98 1.30 bt
3 170 6.90 4.59 L we
4 208 e 8.80 11.67 34,100
-4 268 6.30 20.81 17.30 55,500
6 29% 6.30 24.67 19.62 72,800
4 23 6.40 36.49 31.67 79,800
8 3sé 6.80 52.94 49.22 93,400
9 445 6.90 64.44 58.9) e
10 438 6.68 84.79 71.46 86,700
Water Bath Temperature 609C; Constant Stirving

Catalyst Concentration +785 molay Hydrogen Peroxide
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Table 8
Sample Time pH %Polymer  M.W.(ave.)
1 $S5 mins 6.60 3.30% we
2 80 6.50 6.60 .-
3 9 6.70 9.60 62,800
4 110 6.63 18.86 127,300
S 140 6.80 36.63 162,000
6 170 .- 62.24 175,800
 J 208 é.80 8z.91 173,000
8 260 6.80 89.18 166,900
10 b ¥:1 6.30 87.23 130,600
Water Bath Temperature 60°C; Non-stirring
Catalyst Concentratioa +75 molay Hydrogem Peroxide
Table 6
Sample Time pH %Polymer  M.W.(ave.)
1 40 mins 6.70 3.60% .o
2 8 7.10 2.40 .o
, 79 7.00 3.10 hdd
4 100 7.00 6.60 62,200
8 160 6.60 38.90 132,800
é 220 7.00 58.10 158,700
7 278 é.70 84.20 136,200
Water Bath Temperatare 60°C; Imtermittant Stirving
Catalyst Concentration «73 molar Hydrogen Peraxide
Table 7
Sample Time pH %Folymez M.W.(ave.)
1 300 mins 6.9 2.07% -
2 360 6.2 3.16 32,800
3 420 6.4 2.79 38,400
4 480 é.1 8.356 - 44,000
Water Bath Tempersture 60° C; Rate of Stizring 540 vev./min

Catalyst Concentration 75 melar Hydrogen Pevoxide
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Table 8
Semple Time pH 7%Folymer M.W.(ave.)
3 310 7.2 12.71 64,500
4 270 7.1 27.48 64,500
8 300 7.2 24.29 78,100
é 330 .1 32.39 71,300
7 360 7.0 40.14 52,600

Water Bath Temperature 60°C; Rate of Stirring 300 Rev./min
Catalyst Concentration 73 molay Hydrogen Peroxide
Nitrogen used only t0 sweep system and during sampling.

- e

Table 9
Sample Time pH %Polymer M.W.(ave.)

1 88 mins 7.20 5.89% -

2 148 7.20 12,37 $6,000
s 203 ' 7.20 31.11 83,200
4 268 7.10 48.12 106,100
] 298 7.16 $6.57 107,100
é 328 6.90 62.17 101,800
7 358 6.90 71.37 93,300
8 388 6.70 77.86 38,600

Water Bath Temperature 609C) Rate of Stirring 300 vev./mia
Catalyst Concentration +73 molar Hydrogea Peroxide

Table 10
Sample Time pH “%FPolymes M. W.(ave.)

1 4O mins  7.60 6.607% -

2 70 8.10 16.86 356,700
3 100 7.90 36.00 406,000
4 118 7.90 43.88 416,200
5 130 7.90 63.18 431,500
é 143 8.30 84,50 431,500
7 178 8.30 96.64 ‘360,100
8 208 7.90 94.79 329,500

Water Bath Temperature 60°C; Non-stirring

Catalyst Concentration «10 molay Hydrogen Peroxide
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Table 11
Sample Time pH %Polymer M. W.{ave.)

1 45 mins 7.1 7.63% 309,700
3 5 1.7 29.26 446,500
3 90 7.7 42.91 462,000
4 105 8.0 58.46 493,000
5 120 7.9 71.02 492,000
6 135 8.2 81.83 462,000
7 165 8.2 92.13 389,000
8 198 1.9 94.23 392,000

Water Bath Tempersture 60°C; Non~stirring

Catalyst Concentration 03 molar Hydrogen Peroxide

Table 12
Sample Time pH %olymer  M.W.(awe.)

1 25 mins 7.0 10.71 % 449,800
2 40 7.1 18.82 529,900
3 33 7.3 33.73 688,400
4 0 7.6 46,12 732,700
] 8s 7.7 62.30 792,300
é 100 7.7 79.27 782,100
7 118 7.6 83.28 744,600
8 145 7.4 83.46 686,700

Vater Bath Temperature $0°C; Non-stirring

Catalyst Concentration 01 molar Hydrogen Peroxide

L L L L g
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Discussion:

This work was started with the imtention of investigating the
sffect of hydrogen peroxide as catalyst on the polymnerisation of styrene.
Since the first experiments carried out st room temperature and st low
concenirations of catalyst proved to be unsatisfactory (over a twenty-
four hour period ex longer 2o polystyrene was detected) the tenperature
of the polymerisation system was raised to 40°C at which tempersture
polymerization was found to occur., Because the induction time and the
rate of polymerisation were dependent upon the concentration of catalyst,
varying amounts of catalyst were used in an attempt to find the optimum
concentration, It was at this time that stirring was cbserved to have a
noticeable effect in that it prolonged the induciion time and caused the
fermation of lower moleculay weight polymers. This was found to de
especially trus at the lower concentration of eatalyst. The temperature
of the system was than raised %0 60°C t0 overcome the stirring effect,
but the stirring effect was still noticesble. Ouly the degree and vate of
polymerisation increased. A study of this stirring effect with all other
conditions constant, i.¢. the ratie of monomner to water, the styrens with
a boiling poist of 38°-39°C/1$ mm and sn index of refracticn of 1.5430,
and the concentration of emulsifying agent, was initiated.

It was cbserved that the water must be free from any dissclved
salts especially those of irom for in & comparisen of twe early experi-
maents, ene in which the distilled water used was taken divectly from the
distilled water tap, and the other in which the water was redistilied frem
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a KMnO,4 solution, & wide devistion of results cccurred.

Experimants 1, 2, and 3 were carried out at 40°C, and experi-
ments 4 through 12 were carried out at 60°C.

From a study of Tig. I and Fig. 11, the effect of stirring can e
sesn. The effect of stirring can be showa by comparison between
samples 6 and 7 of experiment | and between samples 8 and 9 of
experiment 2. During the interval between the taking of samples & and
7 and samples § and 9, the stirring was contiswous. During the inter-
vals between the taking of the other samples the stirring was iatermit-
tant Oover fen mimutes periods. Vith contimmeus stirzing the polymerisa~
tion reaction stopped, and the moleculay weights and percent polymeri-
sation remained the same. As seca as intermittant stirring was
reapplied the reaction returned to its previous rate of polymerisation
and previous change of molecular weights.

The induction time is greatly reduced and the rate of propagation
is incrensed with an increase in catalyst concentration. Differences ia
maelecular weight that are also noticed indicates that as concentration of
catalyst was increased the molecular weigit decreased. This is
probably due to the increase ia the number of free vadicals with the
increase in catalyst concontration. The free radicals act as chain
terminators as well as initiators causing & decresse ia moleculay weight
with an incresse in catalyst concentration.

Fig. III and Fig. IV give a picture of the results obtained when
continuous, intermittant, and nea-stirring are used. The laduction
times were reduced and the average molecular weights were increased
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with a decrease in the amount of agitation. The average moleculay
weight curves indicates that decreased stirring increase the maximum
average molecular weights. la two respects, namsely that concerned
with percent polymerization and that concerned with molecular weight,
the stizring can be interpreted as a definite chein terminator in its
effect on percent polymerisation and on averzge molecular weights of
the polymer formed.

The effect of stirring rate may be seen in F'ig. V and Fig. V1,
The induction time ia almost infinite with a rapid rate of stirring (500
rev./minute). As the rate of stirring is decreased, the induction time
is reduced and the propagation rate is increased. A comparison of
molecular welights indicate the chaim terminating power of stirring.
Vith an increased stirring rate the molecular weights are decressed.

Perhaps the chain terminating effect of the stirring may be due
to the inert atmosphere (N;) being mixed into the systern. An investi-
gation of Fig., VII shows that the effect of stirring i« not due to increased
Ny in the system. Experiment 9 is that system where nitrogen is run
through continuously during the reaction, Experiment 8 is that system
where nitrogen was only used to flush atmospheric oxygen out of the
system and then turned off. A comparison of the two experiments
indicate that nitrogen does not have a significant inhibiting effect. If
the nitrogen were to have an inhidbiting effect, it would increase the
induetion time when the amoumt being {ntroduced into the system was
increased. This was found not to be true in fact an opposite effect was
observed. Thus it can be concluded that the inhibiting effect of nitrogea
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is insignificant. The actual incressse in induction time was probably
due to oxygea getting into the system.

Fig. VIII is a comparisom of mercuric acetate titration values of
unreacted monomer as compared 10 the values for unreacted monomer
calculated from the coagulated polymer. The values for unreacted
monomer calculated from the coagulated polymer is based on the dif-
fevence between the weight of the coagulated polymer and the theorstical
weight of polymer if all the monomer in the sample had polymerised.
The method of determining the unreacted monomer is based on the
zesction between mercuric acetate aand the unrescted doudle bond of the
monomer. Thus if some of the monomer has reacted to form dimers
or trimers which are too low in molecular weight to be precipitated
by the alcohol used to coagulate ths polymer, the reaction betweoen the
doubles bond and mercuric acetate could not take place. This would
mean the titration values will be lower than those for the coagulated
polymer.

A yelation of average molecular weights to the temperature may
be seen in Fig. IX. The average molecular weights of the polymaerise~
tion products obtained from reactions at higher temperaturs are lower
than those calculated from the polymerization produets obtained at
lower temperature. The two curves in this case were obtained from
reactions yun at temperatures of 40° and 60° C. The higher maleculas
weights came from the reaction at 40° C; the lower molecular weights
cams from the veaction at 60° C. This is due to the fact that at the
higher temperatere many more nuclel are activated at one time to
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cause formation of many more short chains. This is in conformity with
the rosults of previous investigators.

Most of the polymerizations discuased up to this point were car-
ried out with a catalyet concentration of .75 molar. V/ith congcentration
of catalyst below .78 molar, experiments were inhibited so much by
stirring they could mot be studied. As shown previously some experie
ments were carried out using a concentration of hydrogen peroxide at
75 molag with non-stirring. Experiments were then carried out with
non~stirring and with lower concentration of catalyst. The resulis as
seen in Fig. X and Fig. X1 show the induction time to be practically
eliminated and show the molecular weights to increase with a decrease

in catalyst concentration,



33

Conclusion:

| 8 surﬂucuu-mmhuuum‘amonﬂndumh
moleculary weight. This is especially true at the lower concentration
of catalyst.

3. At 609 C. with slimination of stirring the lower concentration of
catalyst reduces the induction time to practically sero and incresses
the molecular weight (800,000).

3. Lower temperature causes an increase in molecular weights and
an increase in induction time.

4. A comparison of mercuric acetate titration values with those values
based ea the ceagulated polymer indicates the amount of styrene
existing as dimers or trimers.

8. The effect of an inert gas (N2) on the system is slight.
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