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Nany factors iafluercing ive ewmdsion rolymeri-oticr of strrenc

<

wwve been theron hly ot i~d and extensive dntaave avzilakhle concerning
them.

The eTfcct of mechurdccl azitation on the emulsion nelymerization
has been mentionsd it net cstudieds Tho lack of in
varicble, .o hell-ve, has made conparison holvoon duoa obbtalied by dif-
ferent woriiers A1071c 3% or meaninclass.

+ Fal

This work is an attemst to show *he nessitle inm-critazce of control-

rieal agitution in the ernleion polymerization

led tyre and rate ¢ noo

field.
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The polymerization of styrene was first observed in 19529 and since
that time its polymerization has been studied more extensively than ary
other single moncmer. Today, styrenc is still one of the most irmrortant
monomers and gclystyrene in various forms, as well as the copolymers of
styrene arz of wide comuercial importance, Extensive literature exists
on polymerization of styrene in bulk ord in solution by light, heat, and
other catalysts. ¢

In 1915 a patent »y Fil:entsc‘rzer1 descrited for the first time a meth-
od of polymerizinzg unscturated moromers vhen susioended in aguecous emulcion.

Tris method, due *to certzin featurec, nanely the ease of temperuture con-
trel, the hizh moleenlar weizhtz of the products formed, and the introduc-
tion of a number of new cortrolling facters in the polymerization rcoctio
tecamo of videsprezd use in the production of polymers.

Emulsion polymerization dic to the heterogenity of the system and
the morny variables affecting rate and molecular weizht of the polymers
formed presents a complex problem. Extensive work has been carried out
on the process bty commercial concerns in the production of mrketatle

products. Considerable theoretical and excerimental work hus also been

resorted tut many of the varlatles

—
[\

t affect the reaction have only
teen mentioned. It still remainrs imnoscible to prediet the reaction rate
and molecular weishts of the polymers from system to system or within a
civen spetem when one of the many variahles is changzed.
1 e 3"2 3 3
lark and Raff~ c¢ive a list of irsredienls necessary for the emu:lsion
nolymerization as: Easic phase or emulsion mediuwm, the main monomer,

ditional moromers, emalsifyins agent or agents, stabilizer, rejvlator

of surfzce tersio catalyst, chain resnlator. The more Imvzrtant of
’ o/ 3 o -

these are monomer, catilyst and emulsifyin



n
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The cztalysts in enuleion polrmerization nre ushally of ihe wator
cluhle t:me such as hydrogen peroxide or salts of the peracids. Of the
latter tyoe potzssium persulfate is most widely vsed.
Price and Zolth~7f> have shovn that the rate of polymcrization is
denendent on the sgnrare root of the persulfate conccortrztion and that the

2

concertration of versulfate decrcuascs sliz

=

21y towards the end of the

)
reaction,4 bnt the mechanicn of the decomposition of the persulfate

4

.

catzlrst wand itc -omhirnation with the monomer to produce an active nucl

in an emulsicon polimerication 1s not clearly understood.

The emulsifyinz =2o2nts are nsnally soaps or sulfonated alinhatic
alcohols

Tre oolymers formed can be coagulated by the nonsolvents such as
alcohol, ether, ctc.

LAPRN ka2 Al e e " S o (4 -2t em E a3

Hohenstein, ilark and ccllaborators” rerorted that cmulsion neolymeri-
zation of styrene tazes place in the agueous phase. If a layer of sty-
renz, ar;roximately 1 c.m. thick is placed in a test the on the ton of
a dilute pctassium persulfate or hydrogen percxide solution and allowed
to stand for several days, the aqueous ~hase clowly becomes cloudy.

Substarces more soluble in vrater such as, methacrylic esters, winyl-
acetate etc., cause cloudiness more rapidly. Threse facts indicate that
the polymerization takes place in the ajueous phase. Active centers rro-
duced by the irteraction of the ménomer and the potassium persulfate
catalyst in water, can grow in the agqueous phase vdthoul beins in direcct
contact with the ligquid monomer

In 194k, Vinogard and his collatorators® chserved the behavior of
small drenlets of styrene in the agueous solution of peroxides under the
mizroscene. They found that the radius of thesc slotules dccreases

rouznly in proportion to the time of immersion and that further the poly -
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mer in the absernce of soz iz slowly formed in the zgucous phase cutside

v

of the drorxlet

If soar solutions are used instecad of pure water this situatio

&

chanzes simificantly. Irylirz and Harrington

-3

rerorted that acryloni-
trile polymerizes rapidly if it is in direct contact with water containing
soap and catalyst

8

An inportant observation made, ty Yolthoff, Povey and Dale~ wac that

given oxjzen concentraticon the lenzth of the inducticn pr~rio” ord
the 2izas ocureee of oxyoen in the svstom is essertially indenendent of
tion. This in¥ecztes that the activation reaction

drring the inhiwition veriod, ta-es nlace prervoridevantly in the "trnly"

ol:bilized frictions.
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cins, NacBain and their collaborctors” 13

£ hydrocarbons in soap solutions in the absaznce
and presence of reroxidie iritiators ~rovided a zreat deal of clarifying
information and helned to develop the present onictures of the course of

an emulslon polymerization.

LIess and his coworizers obtained a murber of remarkable diffraction

patterns from concentrated soap solutions, which indicate the »resence
of lamellar micelles. In order to explain the accelerating influence

of soap on the ratz of the nolymerizaticn, it is now assuned that lamellar

micelles not only exist in conceniratzd (10,.-37%) soap solation but also

[9]

in the dilute (17-37) soap solutions. These micelles contain solubilized
monomers and, because of the lowv soan to wuter ratio, are hi
with watere They permit, therefore, a free diffusion of water solabla
initiator., It is thus conclided that these micelles are the principal
loci for the fomration of active ce:ntars. 1L,15,15
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As the activation enerzy of the

O
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sion polymeri: tion by sotassinm persulfate wias found to ke 17,000 Cals.,

£,6,16

per mole which is about 8,000 calorics lecs than that in bilk or
solution polymericzation, it is apparent that the activation of the deuble

tond by potassium persulfate inside of a so2> nicells raguires less energy
than in the bulk and solution nolymerisation. It is assumed that the
orientztion and volymerization of the monomer molecules within the soap
micelles are (abt least partly) responsitle for this drop of activution
enargyr and at the same time resconsible for an ine se in the averzze

dearee of polymerization by decreasing the acceszibility of the growing
. . . 17
cheing for chain terminatorse.
Ralndfdl reported that there is a maximum potential vhich is due
to the interzction hetween soap and persulfate, and since the yield
maxima occurs in arsroximately the same region, he concluded that the
reaction prodect of soup and nersulfate is capable of initiating polymer-

ization. In the emulsior »sol;mervizabion, soan not ornly brings the mono-

establish a close contact with the activa-

Q
c.’-
o

mer into the aqueous phas
ting radical, but also statilizes the latex to prevent nolyumer particles
from coalescinrg.
The moleculor weizhts of the polymer at different staczes of the
reaction is significant in the study of mechanism and rate of reaction.
The relation of rate of conversion to the avera;z molecular weizht was
studied by Siggia, Hohenstein and Mark. 5 It wms found that the molecular
weloht of the polymer formad, during the period immediztely after the te-
zinning of the nclyuerization is comparatively low. This is due to the
deactivation by irhibitore. Tollowinz the initial phase, the molzcular
velzght increases at a.steudy rate to reach a maximum. Tinully the mole-
cular welizht decrzases due to a decrease in mwonoxer concentration and an

increase of chain btreaiinz decnnposition rroduc

Iany methods have teen uceld to deternine the molzcular voi~tt of the
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volymer, the most important beinz 'Osmotic', 'Viscosecimetrice!, 'Viltru-—
centpify-alt, ord 'Lichy Scatterinz'. Use of any of these metholds re-
snlts in avaraoe molecalar weichis rather than absolute values. The

VJiscoscimetric! method for reasons of simclicity of ejuinment and ogera-

tion is videly uscd.
12
Standinzer developed an exypression for molocular weicsht based on
vi 3

scesity vhich has gererally Peen erployed in eczlenlating averuze mole-

the validitz

(&)

cular velghts. There is a great dezl of controversy as t

=rts equation and many correction factors nhuve heen ap-

The averaze molezular weizht of the wolymer at any staze ic fairly
constant, a fact that has been explained by Schulz as beinz due to a con-
stant ratio of chain propazations to chain teriinations throushout the

. . . 27
coarse of the polymerization. Smith™ has shown that the averaze molzscu-

lar welcht of a polymer is related to the ratio of monomer to regulator,

Imulsicon polymericatiors garcr2lly have an induction erisd. This
ig the intervel durinz which the actiwvated monomers are reactinz vwith
inhikiting comronents in the syshbern until the latter are substantially

neutralized. After thut, tre chuin nro>azition reaction becomes the

major reazhion. Cne type of inhihition is due to the traces of stakil-

izers left in the monowmer. “Then the emulsion is agitated thesc stabil-

izers in the monomer diffuse into the aqueous phase and react with the
. 22,23,24 .

activated monomers. his goes on until their concentration

(stabilizers) reaches a low value, after shiich the formation of long

o

he rate of

T

polynmerization ircreuses as the in-

- . . ’)
Arother type of inhibhition is Zue to trauces of oxisen.-

‘_L

sion of oxysen reduces 21 1nduction periode Theodinhibition period is the

Py



w ~orcentration of cetive nuel~i sufficiont
o+

to estaeblish a steady-state radical concentration.

N 2 . . . .
Sreitantach?l nolymerized sirrene usirg a ri*rocen atmosghere to

~la
v

Y

crevent oxysea inhibition, and in this laboratory use of a nitroren at-

mosphere, or lack of oxyzern, hLas been found essential for the duglicaticn



l. Styrrene

wWlfate

2. Potaszsinm 2e2

R b4

O]

3. Hydrozen perowiie

e M"Z0lloidal" iodine

5. Sodiur risulfite
6. Dodecyl Lercantan
7. Duoonsl-G

3. Bthanol (97))
Q¢ Aluminun Chloridne
Styrene: The styrene was obtained from Dow Chentical Jomrany. It was

vurd fied by vacuum distillation from a three-neck flask with ground
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zlass joints uader a nitroren atmosphere, after the ai
tion flzaziz had been removed bty fluching the system with nitrozen
The fra‘tion beilin~ at L3°2/17 m.m. and having an index of refractiecn of
1.520 was usad.

The styrerne vias used immediately or stored under an atmospheres of

nitrozen zas in a refrigerator for no loncer than a week *efore use.

Potassium persulfate: The potassium persulfate used as a catalyst was

llerclt Co P. grade, which was recrystallizsd from water and the same lot
of recrystallized material was used throushout this work.

dydroszen nerovide: Hydrogen reroxide used was Faker and Adamson C. T.

"Colloidal" iodine: The catalyst "Colloidal" iodire was prepnared by

dissolving 1 ¢m. of iodire crystals in 20 ml. of agqueous sodium hydroxide

<o

solution containing 0.35 gm. of the alkeli and the sodium hydroxide was



then nuetr411 ed to litmus by 363 hydrochloric acid. The solution was
made u» to the mark in a 100 nml. voluwmetric flasl.

olium bisulfite:r . Fo grade wzs used.

‘ercaptans  Dodecyl ercaptan from Sharrl=s Chanieal Corpanye. Grzdle 3D,
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in0n0l-3 used as an endloifying asant was a sulfenated

derivative of lauryl alcohol uroduced by Du Pont Cermpanye.
Ethanol: The ethancl used to coazulate the nolimer wis commercial 957
grade.

Aluminum chloride: The aluminum chloride used to coagulate the polyiier

was a technical grade.

Water: A1l weter used was distilled under a nitrozen atinosnhere from an

alkaline permanzancate soluticn as follows: Fifty mle of 2lkaline potas-
sium permznzanate solution (300 gm. potassium hydrodde, 8 o¢m. potassium
permanzanate per liter of solution) and 2000 rl. of distilled water wer

refluxed under a nitrecsen atmosphere for 30 minutes.e T
distilled under a3 nitrogen atmosphere, the first 200 ml. discarded and

the freshly distilled water collected was kept under a nitrozen atimosphare

(v}

vntil used.
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The emperimertal emlsion polyrerizations were carried out in a four

+ _»

neck flasi, equi ved with glass joint

+33

te flasit was £fitted with a
trermometer, 2 nitrogen inlet tube, a vacuaum sampler, ard a mercury szale
stirrer onazrated by a variable specd mntor. The flask was immersed in a

constant temperature water bath keot at L0°C & 1.0°C. The same stirrer,

flac, and fitiin-s were nsed throuchout “tiese experi
The nitrozzn used in t

through two 500 ml. bobttles containinz 5+ solution of ryro:

\

107 agueous potassivm hydroxide, to recove traces of oxyzen. Toe

gas was passed into the reaction flask ahove the polymerizing reaction

The latter rart of the expsriments wiere carried out in a copper tank
constant temserature water bath vept at L0°C ¢ 1.0°C. A rocking motor
was used to shalie the rezction tottle urder watcre The speed of shaking
was also adjustable. The resaction fl--=k was a 450 ml. bhottle havinz a
pha*mdceutical rubber closure., The rolymerization in the reaction botile
was carried out under a nitrogen atmosphere and samcles were taizen out
by means of a hypodermic syrinze throuzh the rubher closure.

A Cannon - T'enske = Ostwald viscosity pipette was used to determine

the srecific viceesity of all golymer solutioncs.



PRACIDTRES

Part I The TLifect of Stirrinzy on the Emilsion Folywerization of Styrene

under a Nitrozen atmosnhere Catalyzed by rotassium Persulfate

o
<

Exseriment 1

To the

(Jl

The reaction flask was flushed with purified nitrosen ga
reaction flask immersed in a water bath at L0°C ¢ 1.0°C were added six
hundred and forty ml. of deoxygenated and distilled water and 6.4 7.
of Duponol-G.

The contents were stirred by the mechanical stirrer until the tem-
verature of the mixture in the reaction flask was LO°C + 1. 2°c. The
stirrins vas contimied and 0.178 sm. of cotassium persclfate was added.
Lfter five minutes 80 zrars of styrenc were addcd and the time of addition
was recorded. The stirring vas continued for another five minutes to com-
slete the emalsioa and theon discontinued. In the so called"non-stirred"
reactions stirring was always discontinued at this point but in studying
stirred systems it was maintained throurhout the reaction at a constant
rate.

The bezinninz of the polymerization was determined by vacuum sampling
very small az2ints of the reaction miryture into alcohol every ten minontes
s soon as a cloudiness was chserved, the reaction ixixture was vacuum
sampled al knom time intervals into previously wei-hed ( 3.1 em.)
Erlenmerer flasis containing ©0 rl. of 957 alecohol and 0.001 gme of
aluminam chiloride. The amount of samnle was deterrdned by weizht dif-
ference and sav 1inz wes continmed urtil the reaction was nearly comnlete.
The »olyrer in euch sa-nle was coarulated by the addition of three
times the sample volume of 957 ethyl alenhol. The sreciritated mixtare
vwos centrifize” and the clear s issrnctont liguid was romovred by dzcanta-

tion. The nolimer was wasied several times with alechal to reucyv~ trasas
ES
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of emleificp and then dried in a drvins room 2t 100°F. The dried
rolmer was weihed and the sercentacze volymerization (percent polymer
forred) was caleolated ne £011ows:

7 rolymerization = 100 x Vel -t of Polymer in Sar-le
weignt of Zar cle

X

.r

Total

(sh s
el
S
PUESt
~

ht of Reaction lixture
t of Stryrene Tsed

TR

Experiment 2

The reaction was carried out nnder the same conditions and in a
menner identiczl with that used in exzeriment 1 with the excestion that
the reaction wis stirred at a rate of 240 revelutions per minute through-

ocut the entire wolymerization.

Lxperiment 3

This experiment was carried onut under the saze conditions and in a
manrer identical with that used in exreriment 1 with the excertion that
the reaction was ctirrzd at a rate of 720 revolutions per minute through-
cut the entire polymerization.

Duplicates were carried out for exreriments 1 and 2.
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Part. ITI The Fffect of Shzvins on the Emulsion Folymerization urder

itrogen Atrosphere of Styrere Catalyzed by Petassium Persulfate

Experiment U

To the reaction tottle (a L50 ml. bottle havinz a pharnzceutical
rubber clozure) wers added 320 ml of deoxysenated distilled water, 3.2
ome of Duponcl-G and 0.09 gm. of potassium persulfaie. Deoxigenated
ritrocen gzs was bukbled throush the rezction midinre and then LO -,

=)

of styrere were added wihile the bubblinz of nitrezen threush the reaction

mixture was continued. Then the botitle was guizlkly closed and the tirme
recorced. The rezction flask was immedictely oluced in the shaker

mounted in the copper tar constant temnerature water bath kept at L0°C
and shaken at a rate of 50 shakes per minute.

A

A similar sampling technigue to that described in experiment 1 was
erployed for all bottle experiments excert that sarpling was by syringe
throush the rubber closure. It was necessary to step the shaking and
rermove the hottle durinz the time necessary for sampling. The so called

™Mon-shaken reactions were sormatimes carried out for corvenierce in the

s case stirrins was

~

I—Io

reaction flask described in experiment 1. In tn
uced to pgresare the enulsion but stirring was discontinued within five

minutes after addirg the styrene. ‘then a bottle technigue was employed
the bottle was sheken vizorocusly for five minutes after addin: the sty-

rene in order to creparc a suitable emtlsion of the morcier in the aque-

-

ous phacs

()

&

xporizant 5

A poljmerization recetion wis carrisd ouvt lireanin: all the sorditiors

tha same as in ex;eviment lj excert the rate of shakin~ vas increased to

-



Ex erinenc

]

1S

A polymerizetion reaction was carried out under the s=sic condition

7

used in evreriment L ev~ant the rate of shaking was 600 shz'es er min-

ute.
Duplicates were carried out for exnteriments !} and Z.
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Furt III The IZffect of 3hatins on the Fmulsion Polymerization under a

Hitrozen tresslizre of “trrvens Catalryzed by oa 2zdox Syetex — Zodire-

v

Zv.oeriment 7

A polymerics prer similur corditions (not

stirred) to corirent 1 but with the -~ctursi-m ~orenlfate catalyst
> laced b QU001 7 Mool loidalit igiine

Yo molyrerizcition s otserved ofter L6 hours so the atlempt to

nolmmerize undor these conditions was discontinved.

Txoeriment 8

itions to ex-

\ . s .
A rolyraori sntion vas carrizd ot

perinent 7 Fub with 2,001 I sodium bisulfite in addition to 0.221 I

2 dor conditions to ex-—

L

u_h

A olymerization was carrvied ont urder sinm
veriment § except that the botile teshrigue was emploved and the rouction

totile was shalen at the rate of 340 shates -er minmte
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Part IV Tie Effect of Shnving on the Zuulsion FPeolymerication of Sty rens

-

vnder Jitrozen Atmosthere Catalvzed by Petassium Fersulfzte and in the

Presence of a Chain Transfer Qgent - Dodecyl lerearton

A o0)juwerization reaction similar to exyeriment 1 was carried out

excert that it contaired 0.001 17 dodecyl mercartun.

oreriment 11
A polymeri zation was cuarried out under sinilar conditions to ewu-
periment 10 excent that the botile techrigue was emnloyved and the reaction

bettle was shaken at the rate of 340 shares rer minute.



Pirt ¥ The Effect of Cxygen on the Tmulsion Folymoriia

Catalyzed by Potassium Persulfite

A poiyrrericzation reaction similar to experiment 1 wus carried out
tut a nitrogen atunosrhere was used only for the first three hours ard

then an oxyzen atmosshere was used for the rest of the rewction.

Experiment 13
A polyriericution reaction similar to experiment 1 was carried out
tut 0,001 L bydrogen peroxide was used in addition to the 0.001 I potacs-

sium cercolfate.

&



Fart VI wveracse Polecular lelzht Deterndratlions
ehily arodnation

na averaze nolecular welighisof the polvmorz were deteoneired by

Into 100 m. velumeirie flzsts were nlaczsd 0.10 sme of nolvstyrene
anloo, Ten pilliliters of toluenc were added to these flasks which
were placed in a hot room (1L92) overri-ht to dissclve the

Then the flazis were cocled to 2090 urd the solutions were rode up
to thie ma»: by 213dins more tolusne., Tom milliliters of the zolutlions
more transfarra:

info the wiooos i cieion 1 s offlux time of the

solotions raus iped ab 20792

Ina giniler faghicn *he offlag Line of ths solvent wos alss de-
Eorninels, The zverzgs molacular weichtco =2 caleulated from Standincer's
&

;_'3 '
i
[
(o)
v
1
(]
!

Ty = molar concenlration of the solystryrans based on a

rrourvis; grons - 104,

of efflux of solution s+ 2797

r
1
313
1t
3
D

£ 203

of elflux of solvent at 2C

The averaze molecular welshts of the ~olymer sanlec wore also
. ’ - . ol 2
calculated using the Kemp and reter's e-muation.=7»-

At A

c

',
0.72 x 12" for nolystyrene in tolvene.

Q
1

concentration of nolymer zm./100 ml,
Averaze molzcular ved shis were dobovained on 511 i ®loant sanples

e 1 Lyt ~ ~5 o~ A N LR .- .
from the varions emulcoion syctans investizatod snd Lhe results tahalated.



a* thrze Aiflerent concenitrations for some surtlas, A rnlot of soezific

L Ll

viseositles against corncentrations gives a straizhit 1ias the Llntorecyt
of whizh is the inrinsic viscosity of the clywer. (Zranh V)

Intrinsic wviscosities of several polymer samplez wers ds
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Eperiment §
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Soecific Conditions: Rate of shaking 240 shakes/min.

411 the other conditions wviere the sie as in

ex_eriment L.
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Specific Conditions: Rate of shaking 670 shazes/min. at 30 minute
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without, shalidir~ for 30 minutes)
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feet of Shakingz orn the Emulsion Polymerization of Styrene
under a YWitrosen Atmossherc Natalvzed v a Hedox system - Iodine -
Sodinmn RPisulfite

Loperiment 7

Scecific Conditiens:  INon-shaken

Tenneratirs 140°C ¢ 19C
Atmosrhere Nitrogen
Viater Llonomer ratio 8 :1

"Cn11iddal” jiodine 0.001 L
Dunoncl-% 1!

desalt = There was no poalywerization even at LA hours.

Exneriment 8§

Srzezlfie Coaditions A1l the conditions were the szue as ir
experirent 7 ecent for the addition of 0.02 on.

(0.001 L) cf sodium bisulfite.

Time Polymerization Av.e . Tt
(Cinutes) i3 Stauadinzer

60 9 232,000

Tyt mont
Ivpeoriment

ecific Conditions: All the conditions were the same as in the eeri-
ich was 340 shakes/min.

Result: There was no rolymerization reaction even aficr 10 hours.
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1air trarefer ezent - Dodecyl Ilarcantan.
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nher Yonorsr ratio 2 .1

Zodecyl Llercantan 0.001 1.
Fotzzaiym pergulfate 0.001

hronol-2 1.

-r -y
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After 1.3 hours the I of nolymncrization was 73 and the moleculzr wei_ht

of the nolymer vus 33,323.
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rletion of the polymerization reaction.

PAL- rI’Y

intrinsic visccsitr of the

Se The avoraze moleeunlar wel kit of the Holjmer.
le The zticn geriol: It cun te scen from srayh T fhod o -
et zoro.
red at the rats of 26D revolubione ~ow

minato, the irducticn period is incerecased to 2 hours, and whisa the zto
stirring is innrerced te 720 revolutions per minute, the irdiciion

cericd is increusel to 8 hears.
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rate of siividin: is Irereased, in-as-amcn as
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A

Af the 2cllisiong of the ceotivobted monoicol

molecule to tuild un lonz chain polvmers.

furtors, Tiretlo, tha ciilivins acts to destroy or prevent formutlon of

active nvelei. Seccondlv, when tie rale of stirrinz is increased, the

. N , N n 20 N9 ’f‘l:
into the ajucovs ghurte Trom the nmononers=2--s= -

amomnt of imouritios 73
is also in-reased. Thercfore more activated mononers muy be deactivated
Yorodiraeritlies ond thus the indaetion period g

2. The oversll rate of corversion of monomor irto polywer per unit

tine: The slope of the r-tction rate curve, vien the rate of stirring

~

0 revelutions -er rirute is the sizzllest of the three (ron-stirred,

the rate at which the meroner is cornverted into polymwer in this case is

the slcwecste This fuact suzrests that the s » destroys or nrevents

the formztion of active muiclei and herce the ratce of conversion of morn-
crer into polyrer stirred syctems. The slode of the curve,

when the stirring rote is only 260 revolutions ner minute, is ereoater
than that when the clirring »ute is 720 revolulions zer minute. The
the curve in the cuse of non-stirred swstier is the

three, which indicates that the conversion of monomer inic pelyucr :er
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polymerization rcaction: The total amount of monomer

s

converted into polymer al the end of the reaction desrcuses vith the

increase in agitetion (grarhs I and II). This is esgecially true when
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the rate of stirrirs is 729 revclations »ar rminute and the reaction stors

vhen only 20 percert of noromer is converted into polijmcr.

ot lained on the ussumntion that a2ll the catalyst has been used up in

R

forming active nuclei some of which have becn destroyed *y incrcasin

aritation. Therefore, there would nct be enouch catalyst to activate
rore ronomars 5o thal the comwercion could Lo conrlcoted

It nhas heen ohzerved in this labvoratory that polymwerisation Tﬁ§ ions
when only rartially comnleted will contirue to polymerize on farther ad-
dition of catalvst. Therefore, it is vretatrle that if sufficient catalyst
is present the final conversion will te independant of the rote of stir-
rinz, Stirrinc effects will be observed cnly when low concentrations of

catalvsts are emnrloyed.

L. The intrinsic viscositv: The intrinsic viscosities of the

styrene “olymers are ottained by determining the specific viscosities
(73n) at three different concentrations and nletting against the concen-

trationse Straizht and rarzllel lines are obtained. The intercerts of
these lince on the ordirate of.7on are the inlrinsic viscocities of the
pol;mers. (Grach V)

The intrinsic viscosities of the polymers of the non-stirred system

ar

"
D

R
o]
+
D
o]

an that of the stirred system. This agrees with the fact
that the averase molecular weicht of the former is greater than the

latter. (Experimentsl and 2)

5. The average molecular weizht: The averzze molecular weights of
sannles from a tysical emulsion polyrerization have been shown to remain

feirly constant and at a maximum value for the system between L0 and 60
polymerizztion. Comrarisons can be made, therefore, at ansroximately 507
conversion between the average molecular weichts of polymer produced

under different corditions. Averaze molecular weirhts are lower in the



stirred @nd shal 'n systems covered by this
molecular velshts in the non-stirred sycteons

averaze molecular
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tenme n ke

has a ten’lcn~y to cause the formation of

The detoruiration of averaze mol

attributed to the termination effect of the stirring

work than are the average

The difference in the

wei~hts of the nclymer in stirred ard non-stirred sys-

which

short chain nclvmers.

ecular weight by Staudinger's equa-

tion €9 W5 been critisiced by mony woosle and moeny molifications pro-
v 1 Patownels2T ua
nosed, COne of thege modificatiors was by Xemn ard Petercr=! vho de
veloned an equation Lo doterrire the averare rolecular weizht of poly-
styrore haced on relative viscosities.e The resvlts ohbtained ty either
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For cxauzle, the averagce molecular wed

by Standirnzer's egtations is fifty or

chtained ty Kemp and Peter's equation

Crash ITresresents the effect of
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the crulsicn »nolymerization of styrene
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Tha effect of shaxing has the

of styrene as that of stirrin

case of stirring.

The solymerization rate of

.
3
-

odine and sodium tisulfite, vith

q

-

ined for oxCeriment 1, is shown in grush T
Ymen the "Colloidal" iodire alone was

there was no rcaction for 6 hours.

in equal molal gquantity to the iodine (0.001 1),

(flefer to

shaiiinz, at different

ane effect on the emulsion polynerizatior

but the cffect is not

the styrene, cata

On the addition

the ejiwetions are v:lid for comparison puryoses only.
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Ls of the ool;

s
viern, calculated
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by "Colloidal"

,
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out stirrinz and under condition out-

TI.
as a catalyst (0.001 17)

sodiun bisulfite
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of

the reection started

and the nolymerization in half an hour

This suggests that the iodine a
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Then the sore rocctiongras zoifated at o the yate of 3A0 shaics »n

-

Limitc thawe ms ro resction for 12 hours. +his shows thazt azit.tion
ol;merization of styrene
in the -rvr=szrce of dodecyl mercantan and catalyzed by potassium perculfate
dodecyl mercantan was agilated at the rate of 360 shakes cer ninute, there

was no r~olymerization for 10 hours.

bl

Thece cbservations suvggest that the shaking and stirring also have
a terminating effect on the emilsion polymerization of styrene, in the
vrecence of a redox syetem or a chain transfer acent.

Tre effect of oxygen on the emulsion polymerization of styrene is
shovm in grach IV. 4 nitrozen atros here was uced f9r the first 3 hours
and wn atmosrhern of oyxgen was used for 2 hourse The reaction ic stopred
in L0 minutes tv ovycen which acts as an inhibitor by destroryins ov pre-
ventinz formation of active miclei. Craoch IV nresents the polyw=corization

vr oersulfabe were used in ejual

~—e

carve vien hylrogzen ceroxide and potucs
nels (04221 2). 4 nitrccen atnosshere was usad thirouchout the re=ciion.
The rate of ~olymerization is slow and the rcaction is storped vhen the
cercentize of colyuerication is akout 20. This is prchably d:e to the
oxygen proiuczd by the zction of hydrocen perovide and gotassiun per-

sulfetie. It will 2l<o bo noted tihat the average molecular weishis of

o

the olimers formed arc love (Exeriments 12 and 13).
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Under the conditions of investication, the following owserva-

. . . o
erulsion welymerization of styronc at LOTC.

1. The induction period increases with the increase in azitation.

—

Fal

2. The rate of cornversion of moncmer to zolymer per unit time de-

4r the increase in rate of wgitoation,

2. The total amsunt of moromer nerverted into seljymer at a given

catalyst concentration de=cr2zscs with the increase in rat~s of zzitation.
Lbe Tre averiee moleculsar rei ht of rolyner forued decreascs with

increas~d rate of a~itation.

cl.ted
Ce Similor effects as sé:%ﬁed atove have been denonstrated also

in redox cnvzlyo=? systens and in systems corm_ lorZinz a c¢heiln trancler

v - ¢ UL

z2rent.

6. "701loifz1M ioline at 0.001 I is not effective as a catalrct.

J

He

7o The rodowt grotom CL001 11 "Jolloi-ul" icdine vs. 0,001 i
sodiurm risulfite is an effective cata’yst. The amount of mononmer con-
verted into solymer hefore the reaction stons was 60..

o The redox system C.001 il hydrozen peroxide vs. 0,001 rotas-—
sium persulfate will cause nolymerization. he total aw~unt of nmenomer
converted to polymer bofore the reaction stops was 2

4

Fe LAdition of oxyzen will stop the rolgucri-ation.



16.

18,

2o
T ST T AR L DY
Dk lemav oA LD
Ve e s . - /110727
DLror e S, LNTCIL. VIV ',*, L33\1 32).
w7, T ar v

Ilark He and Haff Ro, "Hick Pol-mierc Vole IZI. Interscience, .o Yo

()

-~
—d
s

)

¥althoff I. 1., and Drle 7. T., I%id, £7, 1572 (1915)

Uohrnetedrn,
173 (1944

Vincrard 2o J., Fone Lo L., and Sawyer 7M. 1., ikstracts of 108th
I'eetins of the .in. Chem. 3one, He Yo Septenber 13 (1941).

C. Eu, and Farrinzlon T. 7., Ini. Bnge Chem, 36, 11L (194L).

Dovay Te fiey ard Tolthoff T, L., Jo dm. Chem, Soc., 69, 21L3 (19L7).
larZain Jo ., Trang Toralzy Soc., 2, 99 (1913).
v

efzin Jeo Ve, advarces in Colloidal Scierce, 7ol. I Interscience,

-.e Rt Al J

i Y' 1’\‘ (10

Tarkins We Dey Je Cheme rhys. 13, 221 (1250).
REEDN ln Sy e Do, {}Nld 2’;, ja‘.,!,? (1,1\.’)
Harkins . Te, and otearns R. S., ivwid, 2L, 215 (19L6).

.

Harlidns, Je D, Zattoon R. Ve, and Corrin l. L., J. im. Chem. Soc,

z:iidns 7. D., liattoon . 7., und Corrin . Le, Je Colloid. Sci. I,

105 (19L5).

r—
[

(EM

3]

Trilette V.o J., Abstracts of 107th meeting of the anm. Chems Soc., Il

Yerk, Sep. 12, (1014

o B - P

Jareinz Ce Do, Lecture ab im. CThem. Soc., meeting llom hic, .ori1 10,

Lg[.LS
Peinard I. e, India Rubber “orld, (19%4).

~iu, S., ard lart Y., "Intic Cobber Vorlad" 111,

oy



. . <3 e - DR P T L 3
1¢, Alfrey, T. Partovies 4., =nd L1053 e, de e Chow,

2219 (12L2).

21. Seith, We T., 044, 42, 2059 (10L5).
22. e T, A Lok, I,

117, 173 (L
. Dl Tey ivia,
o T, inid
25. Tarmess, Te T., Je Ame Them, Son., A7, 217 (1252) .
2%. Trice, T. Ce, anl Z. El, Adare, 1v213, A7, 167L (12000
27. Chem. Abste, L1, 5332 (121.7),
0%, Iruny, Tu T, Je Ame Thece Scoe., €1, 1730 (1239)..

A - 1. ' o)

2%, Inde Drge "ven., 25, 1077 (1202),
chdarles€. Prcce

30. 4 J+ Ame Chem. Soc., 67, 1477 (1905)

Hoy Je ame Ther, ZSoc., AT, 1921 (19':2),

37



T547.2 ' 217989
5562 Shunrmukhan

T547.2 217989
" S562 Shunmnkham
The effect of mechani-
cal agitetion on the emul-
eion volymerization of
) styrever catalyzed by pot-
assium persulfate.

/L:— /l

‘[ voo 2 S e — el




1293 02446 7 1 5




