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INTRODUCTICN

mm: "cont you: emulsion potymerizution has been intensely

imaufigatod both commercially and from the theoretical viewpoint.

The“ investigation- hthMconcerned with various aspects of the

Indian: tho duct: or! temperam. flu dad: of concentration of

cmumamdmmmnumma.uuumd

Wflhmflaflumwdmpdymu. mum

MWMcsmmufiomwudwmormm

Wnpmmhmmdadmwmnhm

mph...

Con-“cub“damniammoluflmmm:

ngumwmflmnmhwmwdufim

mwummmmuwdm-ym. Compuim

duWMWWhmmnflmflmmmkd.

mmmmmmmumm. 01mm

WMmuMdofithodedn‘una-flumm

”Whit-“mi. MoMWmmm

amtonmammmumm

"man-acctuuwa.

Thismhmshflduummswudmm

Mdgmnzoz.mnmbmuwlymflmdnytm

hnpaflcdunmulmnnym mmwmamdm.

Thu do“... deMfltnMInbMdtflIMI.



141mm

Styrene wu first isolated by aisfillatioa of Gum Stern. Poly—

styrene who fit“ mantlmd in 1839 was thought to be an oxidation

pMMdmhmflcnfluflm

hxuvammmwmeumd

«muwmmgmdmmz Styrene-lulu

bccwwunmummmwnwmnu.

hmdmuuyldemdmmdocflcdmmb

McwuquudefiMarqum-Mh

M‘ H H

CI/C’Cx‘c ”Cf-0‘ 00-6:

HC ,9”: “H6: CH2, -—-)HC~C_ ,CH

HC=C W? H “9
”damn; HC=CH1 HC=CHz

mmmommou-mmmummm-mq:

Warm

Palydeuyn-nh-bmcmmwhbumhuhn

mammal-m5 ncmmmummummx

dflWMcwmoMMtgmugchm

Wm? mprocua01“.!”me“highly

qufirdmwmuhlfls. WW1:

mranMnuMmflmrdcdrmflmuwc

cuflycmonu.‘ mmmmmaum_mun

WJWWM(ulMWn-)mh

u alcohol. mum. carbonWM.. and bananas”

Mukmwuuubcuymmmmpamm

wflchcudfladuannhflyingngMnmflidmmmmgmmur.
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a surface ragutator. a catalyst. a. chain regulator. and I bui’fet.‘ Tho

emulsifying agent can be ammonium soaps. sapcnin. organic aulfonatel

of long chain daemon. and mama.“ ,

Many worker: have investigated the questicn at whether or not

an pazymmmuo:am pm. in flatWor ch. momma phuc.

Fryun;mmmmmmuhmmm

In!mummmmuumpdmamm

menu. mmmmwm’mawm

vmmdmhumm“amt-um

ans-sup}!Luthmmmmmm

McNamWhNMG-mma‘unm

{ mum-umMWmchpI-Ivduumyhm

wmwumamuaunmm

palm-"u

Directs-mMommmmmm

pmodhmdhmcnuhwmm mammal“

mmwpmmbyu.umupunuuu." mam»

'mehtmblom‘dmhuflvuuummu

muthmmhMflKadpumuh

mum-3mm. Vmflfllapdymhhrmdhthnm

mumpmmhmmmmum:mcmncma

an. an." Mend: dumalrlhocmmdpolmmafluhm

momma. mMmfihanMdPMOlfi

aIMfltm‘wmamutop.thachoi-twmom

vamhmbcmwmhm/Wudfhcpolymum
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third. none of tho polymer could be detected in the nwnomer. Fibentschen

reported polymerization to ho tn the aqueous phase on observation that

tho onmlalflod mucus «cream inm u polymerization proceeded.”

Tho omnldon polymerizattoa a! otyrono to considered to take

placo tn throo otepo: on activation inhibition period. a steady reaction or

propagation ported and then a termination period. Tho rato a! prepogntlon

tn diluto random” concoutrotton to nearly linen with rospect to tho

concentration at tho emulsifier. Tho boot commotion o! emnlolfytng

ogmto to hotwoon 0.24%.

Prtco out“! thero on two mefimdo of activation namely tho troo

rodtcolmdthotouic. Tholoctthotthooctivottanportodtodocrmedby

using puro otyrcno. by mludtug oxygen. and by burning tho temperatxuo

to an indication that lmpurtttoo in tho oquoouo phooo inhibit polymerisation.

Mm typoo of cotdyoto hovo hm doocrtbod for tho polymerisation

o! styrene. 5mm 0! thou oro hoot. light. mo. porozddoo. mun. tho

moto! chlortdoo (B. Sb. Sn). {Ii-3mm compomdo. hydrogen acorn“.

porborotoo and phosphotoo. Tho catalyst and to omuloton polymerisation

tounanyotthomtor solublotypoouchoohydroaoopormoorpotu-

“WWW; fiohttorbdugfiomorootddyuood.

Boron doocrtboo tho no ofmm; tog-to oo oo-cotolyoto

chiming polymortnotton con ho conducted ot tumor tomporohu'oo old

at and: groom mod when ”rim roducttou "octtvotoro"oloh oo

oulphurouo odd. oulphttoo. bionlphttoo and on!” om“proud- 0!

ddohydeo out hotonoo on and. Tho commotion o! cot-1y“ ho o

dtottact ofloct u polymortoottaa. Tho roto of polymortufloo hoo hon



reportod to ho proportional to the oquare root of tho concentration

of tho ontolyot.

Evano hoo ouriod out considoroblo work with hycirogen peroxide

and with forrono iron oo o cotalytic old. A troce of ferrous iron greatly

docrooooo tho octivotton period and increoooo the roto of prOpagotion.

Tho hydrogon poroxido and ferrous iron tum works in the following

manor:

1.- 3202 + to” -5 HO + H0‘ + rd“

2. HO + r.“ 4 HO" 0 ro+++

3. 1-10 + 01-12 ~ fin -) HOCHZ . 32H"

4. KOCHz «4311+an ~gH—9 KOCH; «98- CH; 4-9}!

Stop two to ohnoot may oliminotod it tho hydrogen poroxido to in

mooo our tho (mono iron.“

Sinco tho and mothodo for dotormining molocnhr woighto

(ironing point doproooion. otc.) oro ontiroly wouoblo ohm molocniar

woighto of 10.000. moloculor ooighto 0! high polymers oro dotorminod by

mothodo involving oomotic proomo. viocooity ond tho uoo of the ultra-

earthy.”

Stoodingor hoo pootulotod on oquotion (or obtaining moiocolor

voighto by viocooity:

M. W. o N‘p/KC

whoro N” to tho opooiflo vtooooity which to doflnod no tho incroooo in

viocooity producod in o oolvoat by dioooiving o unit amount o! o oubotoneo

in o unit wimo oi tho oolvont, K to o conotont. C to tho conooutrotioo of

polymor (in tho oolvont. Howovor. ot hoot. tho Standingor viocooity mothod
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givoo only roiotivo moloooior ooighto. Proofing points. oomotio proo-

ouroo. ood cud-group mothodo hood to minor which on tormod mambo!

ovorogo molecular ooighto.

Ofton tho voiuoo ohtoinod with tho ultrooontrifuo vary greatly

from thou obtoinod by viocooity. Tho oitrocoutrifogo givoo moro «qu

nohoohltodotormiutioohotdootooniiobflityoltho oquipmoutior

viocooity dotormiutiono. tho viscosity mothod to tho moot fraud”

and.“ Boonbo momma-«my motoculorooiahtolotypicoi

“rootimtodpoiymorwouidnothovory ooriouolyioormuioootho

poiymor ooro oxtoooivoiy hrouohod. No roiiohio cmlooim shoot

moiocuiu ooight diotrihotioo con ho drawn from moioculor woight dot-

alono without fractionation at tho poiymor oomph.“



Experimental:

Reagents:

The reagent: need were no follows:

We“

Duponol 6

Hydrogen Peroxide

Ethanol

Aluminum Chloride

Mercuric Acetate

Sodium Chloride

Methyl Alcohol

Carbon 'l'etrochloride

The styrene was obtained from the Dow Chemical Company.

distilled under new (15mm) and onlyfiiotportionhoving minder: o!

refraction at 1.5450 one need for the polymnieotiono. It on stored in

the refrigerator {or no longer then u week holoro noo.

DisponolG. ooulionetedderivotivoolloorylolcohol (DupuCoJ

oooeoodiolfi oothoomdotflor. docoprovioeouporinuotohovoohoon

itto meiotoioo otohlo Wuhanmonomer onlooter. oodpdymer

end voter et thio concocted“.

The hydrogen porouido (More): 30%) on nod to very-lea colleen-

mm.003W” o7, We

Thoofimluodioeeogulotiooolthopolymorooocmiol

95% undo.

Wellies-idooootochnicelm “mercuric oeokto.

mum chloride. methanol. and corhonmama. were 3...... c. p.

undo.



$.11, water used was specially purified bang distilled (mm a

K}.- {110‘ solution in an glut aquipm directly we tho reaction tuck.



Equipment:

All experimental polymerizations were carried out in a four

neck. one nu:- flask equipped with 24/40 ground ghee Jam. The nae):

was equipped with a thermometer. a vacuum sampler. and a mercury

sealed etluer propelled by a variable speed motor. A 200 cc ethn-

meyee waa attached to the vacuum sampler and when the vacuum seal

applied a eample was collected in the flask.

The nitrogen was paseed through a train which contained two

500 cc bofilea of alkaline pyrogallol to absorb any traces of men and

was introduced into the ayatem above the eolutlon.

The {leak waa lmmeeeed la a constant temperature vale: bath

adjusted to a temperature of 40°C and finally to 60°C.

A Beckmann pH meter was used throughout each polymetiaatlon

to follow the pH value of the emanation.

‘A cmon—Feneke—Oetwald Viacoalty pipette on need to determine

the specified vlacoalty need in calculating the average molecular eelzhta.
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3W5" gram! of styrene were added to 600 grams of a 1%

eolutloa 0f Duponol 6. Thin gave a one to eight ratio between monomer

and water. The above mixture of styrene and dispersing solution was

add“ to the Mall flask which had been previously immersed in the

Mauimum.vat" bath at 40°C or 60°C. The pH value was

Mitten. Hydrogeaporoaldewaathmbem
.003

melee up in .7! male: concentration.

Sample fluke were prepared by acme; Ipptodmately 2! to of

ethylaleoheluiateaceotMCl,tehelveeelgM
(lo 1/100 decrees)

«Wile-ta.

denmphMmthmwwmh

was)»“we. At each mung {he pH value um ennui-doe eae

“armada-due“ ‘

Theeoempolymeeeaaeepmtedbymdaeutflhge.

mwmeumedoflndaueeaempledlhempu-

Weumubmefiemmmbyfiemm

acetatemethea. Thiemefiedeoeeletadotadflagezramadmm

uMetGalSeeuuxple.afloehcbmdfoeouenflnnteeudm

eddlagZOeedmethml. Mempuloddmmgkppm-

lmetdySmlMu)2°eedaWeolufloadeodlmnehlorldeeaa
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addedm157 :9 cc a! taboo Morale. The liberated end:

anasM«mmwith as mm: m...mm»:mam.

Emmmwodummmeeeedemmdedm

W. The amount amended momma: wee calculated a tonne:

WC. 0!Win ample '- (we. of ethanol + Wt. 03! eample)(N.V.me¢l.l

l

N II normality d N108 and

V 1: volume oi Nam! need

meg. a Week.“ a! etyreee (Joe)

fi-Wew'hdm . 1&de

Vital-ample Wham

The consumed polymu vee veehedleomtbe catatonia”

with 99%«mwmhmflmm Thepotyrneevee

mes weehed several times with alcohol. Medan“: beamed

we!“

mmdpdymumfincmnwau

%PolymeeeW__t_._§zg_lLr}ep_. utdm‘wo

Wt. umpe 'Wudetyeene

The ever-3e molecule: veiw wee determined» Mere

viecoeuymehod. Oneteumotegnmdthe ponymee Oomph... pteoed

unooccvommmmmmsoudm-mmm We

hMeeephedheMrmMehdy—Mhoupeflodbeem

compldeeehfloedthepolymu. newton-hie neekweethnfluedee

muewmwudwmmmmmunm

 

Wmenter 1.. 20¢ (.10) c. The link us allowed to «in. to

Womeeendthenmleduptowe mark.
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Vino-weemewInfluenced macaw». at e

Canoe-Imam.“ moan-a pipette. The fleeces” dateW

ere-need umMore equefloetecekfletem Wannabee!"

W’em

M.W. ONQ/KC

Winn: MJH. nevusemoleulu weight

XI: 1.8: 10

cnmcmmdwumm

n.1,.rmuoumaaapmuzo0c, 1

Wmdzofi

Amme.mexflueninnoltheldflumm

WMWCmm.wflheleul/3hchhhdevu

“Menteaeeeflheemlldoeeym Suntucefimou'emel

Mum: cmmmmmamm.

mmmammcm. cmmmeum

out!“Vmefie Stine: weemwmm Inter-

mittent stirring on the: condition when themwee Muddy

mmmMsmmputumMammmeu-wu

Nwmmthncmdiflmehnemefirrueeemmu

mmmmmwmmwmmmnuumm

htheemcmuflngretedeflnbgdhem‘vumbym

«.mwmmnupmn. Themmobaoleingetncedeuthe

hem;eflimbythewumnhmmmdeweehkuoethem

Since even ought traces d oxygen Mubeeodtecomed by

previous wherein inhibit the tendon. «nude: end«mum
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enter to he need in the experiment wee carried out in en etmoephere of

nitrogen {reed 01 oxygen by penises through elkenne pyreaenol.

Heinz the ebove procedure meny polymerization there cerfled

out end the refine Wed.



H

  

Dncuuuonnumnu

Gena-1:

Amount 0‘ 9079.0 1532::

amal‘fimpoodGWOe 600m

Nitrogen Amoepheee

Teble 1

Seraph ' Time pH “7.13% M.W. five.)

1 1590 mine 0.05 9.10% 132.000

1 1625 ‘ 0.15 10.90 251.300

3 1150 6.09 - 153.350

‘0 I”, 7.10 an- “4.500

S 1040 1.10 10.90 “8.500

0 2035 0.0! 83.80 931.600

1 2145 0.0! 36.14 031.400

0 2805 0.80 30.05 439.009

wan Beth Temperature 40°C:Wsum

Cehlyet Confluence .10 order Hydrogen Perodde

Table 2

Seraph um. pH ’27.de“ MM. ten.)

1 150 1:11” 0.60 0.95 % ~-

3 1.0 ‘0” 0.3! 9‘

3 2!! 0.5! 0.“ -

4 265 6.55 1.9. ~-

9 120 0.1! 1.40 110.000

6 358 0.65 1 1.00 399.000

1 500 1.20 41.19 319.000

0 “0 1.30 62.31 351.100

9 1295 1.20 “.96 300.500

10 1350 1.10 11.31 309.300

Weter Beth Temperetere 00°C:mmStirring

Cetelyet Concentrettoe .33 melee Hydra- Peroxide



Table 3

Semple Time 91% 7919017111" M.W.(m.)

1 140 mm 6.05 4.31% be»

3 235 6.60 16.56 131.100

6 295 6.13 39.96 241.100

6 333 6.15 - 242.800

6 395 6.10 50.81 256.900

1 520 6.10 69.56 212.100

6 615 6.60 16.81 115.500

9 600 6.60 00.00 260.000

10 1320 6.00 09.01 830.000

Weter am Temperature 60°C:Wm

Cecelyu ceeeeeereuee .19 meieeWPenance

Tehle e

$139M 7:

by Polymer

Seraph '1‘1me 1:3 mm Veluee manure.)

1 110 min 6.70 0.557. 1.66% --

3 110 6.90 6.59 - ~-

6 105 - 6.80 1 1.61 36.100

5 265 6.30 20.01 11.30 35.500

6 293 6.30 14.61 19.63 11.800

1 31! 6.60 16.69 31.61 19.800

0 386 6.80 63.96 69.12 95.000

9 “5 6e” ‘0.“ 53.93 ..

10 683 6.66 04.11 11.66 06.100

Weeee BethTM 6006: Gee-bet sum-g

Cetelyet Commence .1! we: Hydrogen Peroxide

mum.
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Table 5

Sumpu Time pH 09¢” M.W.¢eve.)

1 66 min. 6.60 6.30% a.

2 80 6.50 6.60 e-

3 95 6.10 9.60 62.800

6 1 10 6.66 15.86 121.300

5 160 6.80 36.63 162.000

6 1 70 - 62.26 175.800

1 20! 6.80 82.91 173.000

6 260 6.60 69.10 166.900

9 330 6.50 90.82 160.500

10 385 6.30 87.23 130.600

Weter Beth Temperehre 60°C: Nee-uterus

can": cmenueuoe .16 under Hydrog— Paulie

Teble 6

Semp1e Time 911 $0301” M.W.(ere.)

6 ‘0 1111.. 6.79 3.60 % '1’"

I ,3 7.10 2e“ ..

I 70 7.00 3.10 -

6 100 7.00 6.60 67.200

6 160 6.60 36.90 132.600

6 220 1.00 66.10 166.700

7 215 6.10 66.20 136.200

we“! Beth Tempereture 60°C:W511mg

Get-1n! emanation .15 under Hyde-cg.PM

'reble 1

Seraph Tune p11 1'»Polymer M.W.Cove.)

1 300 6.6 2.07% m»

2 360 6.2 2.16 33.600

3 620 6.6 2.19 38.600

6 680 6.1 6.36 . 66.000

Weter Beth remade" 60' C:m at Bantu 600 rem/min

Cetelyel Commence .1! melee 111mm Peewde

MMCW
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Table 8

Sample Time pH %dem M.W.(ere.)

3 no 1.: 12.71 “.500

4 210 1.1 21.43 64.500

6 300 1.1 14.29 10.100

6 330 1.1 31.39 11.300

1 360 1.0 40.14 03.600

Weter Beth 7001mm. 60°C: Rete of 51mm 300 Rem/ode

Cetelyet Canteens-e116. .16 under HydrogenPm

Nurogenneed only» eweep ”meme-adoring eempuq.

'reble 9

Semple The 1311 51mm 61.W.(ere.)

1 08 m1ee 1.10 6.09% - 1

z 140 1.00 11.11 16.000

1 203 1.20 11.11 03.100

4 168 1.10 40.13 106.100

6 198 1.16 86.51 101.100

6 310 6.90 62.11 101.800

1 350 6.90 11.01 93.300

0 388 6.10 11.66 16.600

amnarw soccgmummuOme

Ceteiyet(:ch .16 moler Hydra. Peeoadde

rm. no V wwwwwwwwwwwwwww

Semple The pH ”Polymer 1.1.W.(eve )

1 100 1.90 16.00 406.000

4 115 1.90 43.00 416.100

5 130 1.90 65.10 431.300

6 145 0.30 04.80 431.500

1 119 0.30 96.64 "360.100

0 , 206 1.90 94.19 129.300

We“: Beth TemperMe 60°C: Non-earring

Cetelyet Ceeeeuretlee .10 under Hydrogen Peroxide

unwmcm“
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Table 11

1 45 min: 1.1 1.63 1. 309.100

2 15 7.7 29.26 440.500

4 105 0.0 50.46 493.000

5 120 7.9 11.02 492.000

6 135 8.2 81.83 462.000

7 105 8.2 92.13 389.000

8 195 1.9 94.23 392.000

wan B41111W 60°C: Nan-m

CWComm .03 m:11WPM

Tabb 12

5432914 Time 911 %demu 101.104.“)

1 35 min- 1.0 10.11 9'. 449.000

2 40 1.1 10.01 539.900

3 03 1.3 33.13 408.400

4 70 1. “.12 731.700

5 05 1.1 03.30 792.300.

6 100 1.1 ”.11 183.100

1 113 1.6 03.13 144.600

0 143 1.4 03.66 604.100

WM Bah7mm 60°C: Non-m

only“ Gunman .01 molar HydrogenPM.

Q.
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mmuou

This workwumfldfimthcmuiondmsflpflum

afloat olhydroga panda. as catalyst oath. polymnhsflald styrene.

mommuwmmuumdouummmummuxm‘

cumucmxmmwuwaumy("autum-

{mumpmdnmgaumuytmvudmcwhwnpuuhn

aqum.uw-uua°cuwmumpm
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Wamucwydwmwhumbumapflm
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with n does-«u in tho amount 0! 3311mm. Th4 turns. mined-r

udghtmu indicate. tint “ennui stifling henna tho maximum

amaze maintain weight» in two respects. umdy tlut menu!

with percent polymerization and that concern“! with molecular weight.

the stirring can in interpreted as a. definite chain terminator in it!

effect on percent poiymarization and on average molecule: watch“ 01

the polymer (armed.

The effect a! stirring rate may be «an in Fig. V And Fig. Vi.

The induction time in almost infinite with a. “pic! at. of dining (500

ravahmtc). A: the rat. a! dining in decanted. the Wanthan

is refined and the prepuation at. is increased. A coma-icon at

molecular 130181118 indict“ 1114 chain tumiutinz power a! firm.

With an increased stirring at. the molecular wright. no deem-d.

Perhaps the chain tnminatiug afloat a! the stirring my 04 he

to the inert Max:116” (012)ng mixed into tho oar-tom. Au investi-

cation of mg. vn mom that the effect a: stirring to not due to haunt

N; in 11:. system. Expat-tram 9 is that oystem where nitrogen in run

through continuously during the suction. Experiment 8 in tint "stun

when nitrogen was only need to £1th ntmoaphnie oxygen out a!m

cystem unmanned OH. Acmuimdthctwo apartments

indicatoflutnitroamdou notimn u “Meant inhibiting duct. 1!

tho nitrogen um b In" a: inhibiting afloat. it would turn" ti.

1 WMcwmm1mbmwmumom07m“!

increased. This sun Madtobotrnainflct ”appetite duct in

observed. This it can be concludedM tho inhibiting 05001 a! nitrogen
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ieiuignflicut. mutudincruuhiaduetthemmbebiy

mumgngwngmmflm

Ftpvmuecempuimdmuieecetetetimnheed

mmwwmeecmwummebemmm

eeicfletedkomthecoeguiddpolymer. Theedueelormeected

monomer «hunted {tom the «aphid polymer to based oathe dil-

WommequcWWMMW-i

weighteipoiymuflenmemiatheumpiempoiymerhd.

Themdhodddetnnnningm'lrmtedmiebeudmtu

Mahatmmmuieuehteedthemtdmmdm

W. munmedtheummuhureectedtotnmfimeu

«Wewhtchuetoemumolecmueighttobepncipiteted

by the eieohoi need to consulate the polymer. the reaction between the

awhiebandeflmioecetetecmlduttekepiue. 1'11“va

maethetitntionnhuewinbeinermmbrtheew

polymer-

Ardeflmoiemagemnieeniuvdghtetothotanpamre may

be min Fig. 1):. The men molecuiee ueighte at theWW

WWWMeWuugmtempuMemm

mummmmxnmmymguumnmu

Mamet-mu. Thehocmeeiathiecm were obi-indium

nutimmettmpmeeetm°end00°m Thehigheemoheuin

vdghteeemetmmfiereeefloeetw’citheiower 111030001"de

cmumanemmuw'c. Thieieéuetotheteetthetettho

mwmemmwduewwummu
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cenee formation at am more chart cheine. Thie ie in confm'mity eith

the "ante at previous investigator»

Molt a the poiymeriutinne discussed up to thie point were cer-

eied out with e cetdyet concentration at .15 min. $111: concentrated

of ceteiylt below .13 molar. experiment! were inhibited so much by

flitting they couid not be etudied. 2.: shown previously some expat.»

meats were carried out using e concentration a! hydeegee peroxide et

.13 main with nae-stifling. Experiment“ vere then cert-ted out with

non-mm end with tour concentretion oi catalyet. m results an

em in Fig. x end Fig. XI ehme the induction time to be precticeily

«3an end chow the molecule: weights to inceeeee with e decree-e

in cateiyat concentration.
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Contain:

1. Sumacmeemieemuieieduuoedmeeededeeumie

molecular weight. This in eepecieny tree at the he: concentration

deeteiyet.

z. M60°c.eithe11minetieedetiniegtheieeeeceeemnd

ceteiyeteedueeefieindletiaumetopeecfleeityemeediuuuee

the molecule: weight (000.000).

3. thMecneeeuiuueeeiemoieeeiueeimeud

nhcruuuhhctieetinu.

4. Acmeeieeedwmecm titeetieeveiueeeiththeeeveinee

beeeduchpoiymnhfluteetheMdetnm

“Muslim-acme.

3. mdutdnheflgumfieetheeyetemieeum
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