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Lrasicion, Lals and Eolution Processzss

LYLE F. ALERIGHT, Purduc University

Emulsion (or dispersion) polymerization is the
oldest technique that is used on a large scale for the
preducticn of yvinvl chiuride, It was the main
process unit zhont 1950 when suspension methods
were developed. itecently sonie of the products produced
by emnlsion procezses have found expanded uses3. 32

Palyviny! chiloride (PVC) resins produced by emul-
sion polvmerization generally reiwain &1 or most of the
emutlsifier added to the react:on system. About 2 to
6% «f the anulsifier is generally present in the poly-
mers. Saspension polymers, heowever, conlain ounly a
relatively smiall amount of surfactant or- stabilizing
agent,

In emulsion polviners, the cmulzifier is concentrated’
at the scerface of the granular particles that are bead-
like and relatively smooth. When plasticizer is miixed
with these particies at ambient conditions, it wets
ther, but the penetration of plasticizer in the PVC
Leads is slow, Such mixtures of PVC resin and plas-
ticizer form a relatively fluid mixture, assuming that
a rather large amount of plasticizer is present in the
final material. These are calied plastisols. When an
organie solvent is alse included in the formulation,
the hguid mavtore is termed an organosol

Plastisols ond organosels are used in dip coatines,
shsh woldnes rototional notdings and fosm applica-
ticus In the final steps of the fabrication oporation,
the temperatare is auised to 160 C. for a short pericd
of time, The heat causes tote) er partial solvation and
uniform wminiar of the PVC and plesticizor, Upon
#othess nnintares, the plosticizer aray be rather

throuyhout plastic. In other
Dple e has a PVC-continuous pnase, and
a plasticioec-deceentimuous phase, Sach a plastic has

1
T

[}
LRI

vniterinly

1h
143

e d
CaOE, e P
Fage, Vol 13, 3967, . 364

Doaret the scuthior, soe Chaomn

Chraice) Trgiicetiag—=3uly 3, 1967

difierent physical and chemical properties as compared
to ilat containing only a single phase.

Factors Affecting Polymerization

Muny recipes are used commercially in emul<ion
poiviaeriz n. The following matcrials are alwavs

b

a0

present, and the approximate range?- 13,18.31.32 gt
Witich each is addea are: .
\."in,\'l chloride ........... 100 parts by weirhit
Witer ..... e ceevees. 150 to 250 parts by woigh
Soap or svriaetart ....... 2.0 ts 5.0 parts by waLnt
Water-seluble mitiator ... 0.1 to 0.4 parts by warat

TFor an outline of the mechanism of emulsion polv-
merization. see the summary on the next pare. Acdi-
tional delaiiz were given in an earlier articlel!

In the cmulsion poly merization process, only highly
puritied vinyl chloride should be used. In addivi
deionized and cdeaerated water is required.

A wide variety of soaps or surfoctants are used in-
cdudmg sodivm lamyl sulfate. other suliated esters,
amnmonium stearate, sulfonated castor oil, sulienuied
higher ailiyl alcohols. alkyl naphihalene sulfonic acids,
othor {ypes of synthetie detergents, and just plain
soaps (smitsz of laurie. myristic, palmitic, and stear:¢
acifs). In addition, nenienic emulsitiers are sometines
used, especially to mitke polymers for electrical up-
phications,

HepT and  Fakla'™ investigated the relationship
hetween the chemival nature of the emulsifiers acid
rife of pa'vinerizotion, and the properties of the re-
sulting 'VC Sadnnm salts of the sulfurice acid esters
of fatty shoohols, havine 10 to 18 Gaoban atoms, gave
PV polvmers withi the highest molecular weisd s,
Pavathn sulfonates, sultates, and selis of fatly neids
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PVC re-ins Lo clectrical applications
ings ron e dsine nenione emel-
sifiers or decormposabile emulsine v Toe Litter are guite
stable duriaz palvmerzation, but they can Le saponified
later.®s Residuos of the cnuuisifier removed by
\\d\hh wothe rran. .I-r P\ C pwd et Kome omm\mnn\
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acid estors.

Sy T oseneras, the

O resction delrenses as tie moectlar

mOorenses
such as wire
Tesr

ont pretarad by

are

TS SR S AR LN

-

Gty

Initiatars Are VWater Soluble

tor-soluble initiators

Somre of the niore impartant w
are: cmmeninm pevulinte. ﬂm..:c'\:m per<uifate, hy-

drogen pou vide, and various rodox such as
chloraiz-Lizaite ¢ .mbinativns. The initiators are
solubla to ~oma2 extent in the vinyl chloride phasze. As
2 resu’s, a small amount of an essentially suspension-
type poivinerization may occur in that phase. Peggion
and others® indicate that the polymerization rate is
proporticeral to the 0.6 to 0.7 paower of the initiator
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tion, much adistonal mformation is needed.
Retauvely Hitle quantiretive infornmation i3 avail-
able in the J'eradure regecding temperature. Appar-

ently temaperatures used commercially vary from about
S0 10 535 G Higher terperatures are not wenerally used
i i th <oapoension proces:) ecause the PVC would
have retativey dow melecatar werernt and conse-
quently wounld be relatively thermally unstable. Tem-
perature would affect not only the rate of Jdecomposi-
tion of the initintor and other chemical reactions, but
1 an baransier of reac-
tant te the growing polymer paiticic,

a
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Balch Processes (or Emulsion Polymerization

In the U.S.
if not exdls

betch proces-wes are used prodyminant!ly
sively as eoomipared {o continttoas-low proc-
¢=zex that are or have been used in Europe. Batch
processes hiave two important advantages:

1. Increased ea~e of producing a large number of
distinct types of PVC resins without producing sig-
nificant quantities of off-specification product. In a
continuous-fow process, there iz always the possibility
of producing relatively poor quality materials espe-
cially during start-up or while switching from one

concentraticn; whereas Smith and Ewart’: predict  product to another,

that it sheuld be preportions] to the 0.4 power. Al- 2. Better control of operating variables daring
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Transier ¢t rogical to nucel'e
Iritiat.on in micclle:
[e 4 CH; = CHCI
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nenee, better control of quaiity
in the fnal p . Irthendty 12 protably stiil expen-
cenead gn (.h:.:n.n .2 the hirhet quabity PVOC yeomsan
CONtHILOUS-00 BrGiesnes.,

Much of the conpment used for emulsion palyviieriza-

p':l\'nu frali il -]

temes

Gen i< the same asthat used for saspension polipn o
Zabion, Inotre Faestome plant, the only DLider ¢ o

ment datference seems to be i the deving operation.-!
Since much of the woaipment is Led interchangeably,
the operating «iops ure alco very similar.

) S T N A BT
Fresumudlv there are several

Vo ot BN
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autociave N ENeW,
Comins
and posalde o LTy
Helativey cood witer s normaliy

.Y TR Y, . N .
| DY Porerlns T i CoiNNSCe Jis sy

ab virsato g Tirst the enmy O, ntia o,
ave dis<olved in deamised water,
uzed hecause the
as the teosera-
t}lC

.-

tire 1s rigsed Tne water added o
autoglave, and care 1< tahen to exclude nir (m' nx\'yc-'l‘/
from ¢: Tee desried amennt of vinyl (v'orlde
is added. and aovtaton is started to fmm a relatively
stable emulsicn,

Weaen the emulsion is heated, the reaction begina.
Temperature ¢onirel is often eritvical during the most
rapid phase of po'rmerization. Adequate temperature
conirn} iz mni"t.m:ed by c¢old brine or water in the
Jacket. Bo nez some of the methed for inereas-
ing the over-ull lc. s-transfer coefiicients:

a. Introduciny the hrine throurh nozzles to produc
tangential high-vatacity <wirlinge hrine or water.

h. Baffled de-irn for the jacket. Proper inst .1!!:\“ m
is relatively aaponsicg, and this x-mhud is appavensly
not too widely a~("

e. Napid convection or pumping of brine through
the jacket.

When pos:zidle,
polvmerizatio

snetlen g8

LAY ~ein

cold vinyl (hlaride is added to the
ves<el In order {o maoderate the tom-
perature. Dountt andicetes thot a reflux condonser is
sometimes uzed in zame tvpes of emulsion polymeri-
zation. As indicated eariier,” stich a technique is prob-
ably not applicable for producing PVC resins,

Often 00 to of the vinyl chloride iz polvmer-
ized in each bLalch 1un. The riates of polvimerization
decrease rapidly at hicher conversions, and reaction
time iz 12 to 18 Pressure deereases as the run
nears completion,

G5,

Recovery of PVC Particles

Sepatation of unreacted vinyl chloride from the
enutlsion and its subsequent recovery., purification,
and reeveling involves the same cquipment as uaed in
the stspension preccss. The remuaining emulsion or
latex is storad in blend tanks until several batches arve
coliceted. The most popular method for recovering
sohd I'VC perticles is by soray diving becaase it is
relatively duicuit to <cparate the emulsion by centri-
fugrine or Alerme Tiveavy ™ Las indieated some of the
factors of
Pahine W Jecanhes the o0 v 0 o0 0 T T e
Sonetinies,  tiwe
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r'm.“l:.ui, and storcd until pacacedd e

capiacities of 100,000 to 200,000 1b.

is coloeted,

stios hav H

Mocified Emulsicn Polymerization

In a corvingon:] emulsinon polvrerization. initia-
tion bat n
methods, fow if Lnv onueelies are prezent. Rather the
conventional miitiation of poalvmer particles is by
passed. Instead, the reacter 15 secded with tiny poly-

L

et s gn the [P IO same maodind

corcerns i the con-

i or

By ot Tes Pt o
venienal nianver, namely polvmerization occurs
Soveral miedifications
patented process

]r.l)“\:tlx <.
L9y used, hut the
g rtant mcibod,
~kin between PVC par-

Toadent

i the fatey o sod)
of secding are prod
])'\‘ Powrs-" s an ar
Powers exn'ams
ticic s:2e aba the oo
g0an) pecessary Lo naintain a stabls emulsion, that s
the preveninn of (oudescence of the PVC
or formation of additional disperszad particles in the
emuls,em, The arca A4 covered to a thickness of cone
molecular larer by a mole of dispersing agent is:

4 =N, )

rolaticn

ntof dospers 2t h ok

particios,

Avogadra’s number, and A, is the cross-
nwlecule of the dispersing agent.
Such values are often available in handbooks.

Since the individ: ,..! PVC particies are essentially
spherical in <hape, the weight 1 for the dispersing
agent ol maeculsr weignt A reqinred to cover the
surface o { meter & s

where NV, iz
sectional area for =

Soparudde of dia
W ==l M/N, L, (2)
polymer with density p in each

The weignt W,
particle is a: foliows:
W, = 2l'p'6 (3)
Then the weizl: pcreentage P of the dispersing
agent (based on the weight of the polymer) that is
needed to cover the <urface of a p.article is obiained
by dividing Eq. Ly Eq. (3), and then multiplying
by 100:

w X R
'l.-_.' AN = <

8]

P =

‘les in an emuision have a range
riace avea is proportional to the
‘Hereas the volume is proportional
cubed. In general. the diameters of
the particles present in an emulsion follow a normal
peobability  distribution. Corrections must then he
made to Eq. (2), 13 and 4y when P s caleulated.
A semitheoreticsd correction technigque has been pre-
cented by Povwer<s* He reports that when the weirrht
pereentag: PP oof 20 to o apreterably 25 1o 10°,)
coeateeence and formation of par-

Of course, the part
of diameters. The <
dianmcter su‘:.n'(-d. v
to the diameter

n
.
1Y

is uscd, significan
ticles do not oceur,

The actedd fraction of P that is required is un-
doultedly (o some ontent a function of temperatonre,
avanints of reactants and other additives, and deyree

WO lation By ineplication, Powers apparvently be-
Heves taad 2% to el of Fois wovood value oy the
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I e Povde s jaoness, waditn nan v b dioninde aad
dispersinge aprent are added durmyge the course of the
bateh rexction, The wlhhitional vinvi ebloride provides

moie monoiner Tor podvimerization, soad the addationadd

disper~in arent

PVEC part Ces g,

weild be wddis Godobecaiase 1t vead contiol toaes

tor temperatare. Heance, a higher rate of polymeriza-

tion iz po~<ible

Jn an example of the Powers proco\q the final PVC
. y -

O T IR S S N SR (- B

The vine! chievide vudoshtedis

Sodium stei rate wi~ the dispevsizr poent. The follow-
atothe ~tart of wobotlh ran in

i orve was o od
a 15-;mal recction ve-sel:

VinvleWlaride . oo oo oo an b
Wl . i 35T b
Pocissium per cate oL L Lo 027 b,
Ammoninm nyvarovide (’\‘ solution) .. ... .. 0.27 Ih.
Soc ey L e e e [UR) I 1T
Soediim ztearate Lo e 00D 1

The sexd laten contained PVC particles with an
average diamceier of 342 &, Tabie 1 indicates how
the vinyl (hinride ood dispersine Loent were added
during the run, und the formation of pnlymer.

The dispeoraine oont waz added in a 39 water solu-
tion. Tho salution v 2t the
beginnime of the . than ot the end. Vinyl chlori(lc
wes added al an wopronimiate raote of 2.4 ib. for
the 1ir<t 10 v, of <he pun, and at ohogt 5.2 !“. hy,
for the next § ke, The rate of viryl chlaride additien
d for whoonewt Uhren and Gaally stopred

e 12 he addud riare rapic

was diorensed !
at the end of 20 hr. The latex particle produced at
the end of the rur 272 hr and 8577 conversion) had
an average size p.ooude of 23306 AL eszentially that
predicat.d in the potentt?

Adding both 1the vinvl chlaride and the dispersing
agent &l o variable rate during the batch run is a
compliivatineg factor, Hence variable-spaed or variahle-
flow pumpz or feeding devices are required. Several
analyses of the emulzion during the vun are probably
done in order to check the course of the polymeriza-

miLntams a ~able emolddon s the

.

Lon, 'y trainad operators are needed to ensure
high quabity PVC,

PPolemer fornetion dies Lehind the amount of vinvd
chintide added to the reactor by 1 to 13 1h., as shown
in Toble I The lareest lazr occuried ot shout 16 bir
In the ranve oo 16 ta 23 Bir | vate of polvmerizatis
wis mest orapd, except posarhiv for the aate durinee
the first hour, It would scem as if an wuto-acceleration
reaction is e curringe durinzs these periods.

Using the Powers' process, PVC particles varving
v osve fren Do to 200ma 0 s by prod e
because the emvlwon\ forn'ed 1n this ranve are highly
BT Tatieos o wbdeh the PYC particles are as <n
as 100 to 200 A, can be us<ed fir seeding, but the-
emti~ions are guite unstable and must be u~cd withon
afow bamy< I fhe seed Ntrees Lave ~omen bt bie s
particies, they will be <‘.n.i|‘:c for longer penods, up
to several duavs or ecven weels

Tie vorime parcent of PVC particles that cain be
stabillzed in an emulsion varies up to about 65375,
In most commercial applications, the volume pereent
is probably ressonably high in order to minimize the
prablems of removing water from the palemer.

This modified emulsion technique hes imiportant
advantares as compared to regalir cemulsion proe-
esses. Particle size can by better contrallod, Farther-
can be produced uniforrmly.
amount of dispersing agent can be

PO Wik .'.(:.:\.\,1 (l""'\' as llCL‘\u a4 to sia
bilize the particles. In the abnve examnle, the finn!
PVC polymer contuing vhous 107, emul-ifying ~rent,
This iz considerably less than that for moest conven-
tional emulsion pulymers. An even smuller quontity
would bie present if lorger PVC particles were mo-
duced. The modidcd method of eraulsion polyme:ization
is veluted to suspenszion polymerization in that only
polymer-monomer  parlicies occur in the dispersed
phase of the water. i

The method of preparing the seed polymer iz not
knowa. Presumably it would be prepared in a relatively
small reactor.

X1

more, larger particle size
In addition, the

Exomple of a batch run for a secded emulsion-pelymerization process—Table

Total Viny! Chioride

Total Dispersing Aigent

Theoretical Amount Gf Amocunt of Palyvinyl
Dispersing Agent In Reactor Chloride In Reacler
o Lb.

Time Added 10 Reactor Added To Reactor
Hr. Lb. Lo,
9.0 0.013
144 0.164
14.4 0.164

0.20
?3.2 0.21
278 037

VO NN=O
—
@
0

10 333 0.37
16 52.4 0.53
20 ¢0.0 060
232 0.0 Q.¢0
D tne o o 1 Veat s s b e

35 0.15

22 4.2
30 8.7
26 14.1

23 18.0
35 22.8

32 26 4
35 39.6
34 49.1
3t 57.0
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Continuous-Flow Emulsion Polymerization

Be-eriptions of relatively ol German processes
have been given by Dunlop and Reese's Delopmie
Herte,'' oond Krehler cnd Widks" The pcactor vosscls
have a roocsaly tnvee heirht-taciianeter rato, One
Vvessel ds desenhed s beinge 20 1 talll dboat 501 1L
diamicter, and hinving a capacity of 2,600 gal’? Juoas
giazs-lined and iz Jioicted for cocling as (h‘\ll'C(l with
brine or cold water. A wmplc blide or paddle aritator
Peprenad o noar e a1 P SR IRTE R VIV
specifitd uz being 4 . diameter ;m(l 1.5 ft. high. A
varnobdeespend nyws s uedd tootarn the agitator ot
specds s 50 ppe

Water veantainine e dizzeivod emulafier. initintor

aud botery s fod o s niensivy s e tin al the e ter
lhrm'::h cne Fead e o vyl CLorde s mv'.m'od to

naximmum deeree of

the reactor throuehn '"n‘lher. A
shear i< apparently nesded inow2 emadsim near the
fced point: Dut D1.:'. v and Ree-o chiaractierize it as

“rentle swinling,” who I immiies relatively low speed.
They further indicate that the level of amtation is
mo-t important, Of coarse, re.tivay little agitation
is provided in the botiom of the reactor. As PVC
particles form, ther become heavier than the vinyl
" eLloride deeplels in the vmutsion bectuse of the greater
density of PVC as compared o vinyl chloride. It is
doubtful that any sirniidcant phlase separation occurs

1> orencter beenuse the emulsions

PR

in the bottom of
normallv formed ore vory stablo,

Variations in the arcanganent of reactors accurred
in German plants. In cie. muitiple reactors were ar-
ranged in parallel-dow 17 In another, the relatively
lrgre reactor (pevieusly vescrived) was connected in
series with a much smcller unit.?? In the latter, abuout
§87, pelvmerization «f the entering vinyl chloride oc-
curred in the first tand larger) reactor. and an addi-
tional 47 reacted in the second. The theoreticnl
residence time of vinal chloride in the two reactors
was 28 hr. Blue dye injected in the feed stream did
not appear in the exit <tream for 20 hr, Hence a small
amount of back i ng was occurring, but the flow in
the bottom portions of the reactors must have been

essentially plug flow. The blue color persisted in the
exit stream for 100 hr,

Temperature was reported as the centrolling factor
relative to the capacity of the reaction system. De-
pending on the specific polvmer desired. these tempera-
tares vary from 38 to 50 C. Uniform temperatures are
dezired throughoat the reactor, but with the laminay
flows that undoubted’y cecur in the bottom of the ve-
actor, the overaait e t-trans<fer coeilicients tend to be
low, Somie comvection corrents oceur beeanse of tem-
perature pendionis in the emul~ion fiem the heat of
polymeris, tion,

Opcrators of the (-n nan plant<indicated that aJdeli-
cate Lo sacae b coovents O Inorensed inttae
tor concentrations vaise the reaction temperature and
rete ol reaction, The te speratere of the Brine or water
in the daclet is alsa v vortant relative to temperature
ventraol,

v the peactor regared saveral hours in

order to minmnize production of oil-grade polvmer.
The reactor was filled with cool water, emulsnier solu-
Gor, initiator and vinvl chlomde ™= Warr water was
used an the dacket of the readtor until the 1eaction
muvture wis suiliciently heated to <ttt polvenization,
Gradually
and the den<tv of the emu'sion was measaed fre-
quently untit it reached the desired level. At this time,
the continuous flows of vinyl chloride and water <olu-
tion were started. Start-up was then considered to be
vemle ted,

When multiple reactors are arranged in series, the
amher of fo-d pumps, feed dines, ete, wou'a he piim-
mized. Turtheomore, temperature control venld te
casier. Although the reasons for using reactors ar-
vangred with paratlel-feed svstems ave polr peaToed,
such a dlow arrangement would aPow mudh ereate:
flexihility in producing varvious types of PVC resirs,

Processing of the emulsiied product frems the ve-
actor was similar to that in batch precesse~ except a
contintious-flow svstem cauld bhe used.

Process improvements have no doubt been made in
the continuous-floww processzes described here. Unfor-
tunately details are not available,

colineg water was ~suhstituted in the gacter,

Bulk Poiymerization

Bulk polymerization of vinyl chloride has established
itsolf ax an important process within the nst few
years.® 1 Announced world (..,x.(n v for the Pechinev-
St Goboin twa-step process is 600-millim i ovr, of
PVC. Two American companies are presumably plan-
ning to use this process. Important advantagces of this
process are:

1. The final polyvmer contains no impurities such as
emul=i‘\'in~ agents or surfactants.

. The polymerization process is likely or potentially
chcaper than other precesses beeause there arve no inert
materials such as water or solvents that must Le sepa-
rated from the final polymer.

Quality of the polvnmier obtained by this process is
claimed to Lie at least as good as that of the Lost sus-
peusion-type PVC,

Two recipes for bulk polvinerization are:

Recipe 1 Recipe 2
Parts by Waight
Vinyl chloride ..., 100 100
Aza-bis-isobutyronitrile ...... ceen. 0016 0.02
Diisopropy! percarbonate .ovvvv... — 0.00005

Two-Step Bulk Process

In the Pechiney-8&t. Golain process, two reactors
operated batehwise and in series are used commer-
cially =7 Jn the first veactor, approximately 107, of the
vinyl chloride is polymerized. Polyvinerization continues
in the secend remvtor gntil o toral of 75 1o Xn
micriced. The remaining 20 10 2547 of the vimy L dhiende

i~ p Oy -

Bovaporized, recovered sond reeyeled.
The first reactor is a vertical one
with very fast aeitationt V-0 I0 o e vt de e

i~ provided

nated as o prepolymericer, Detadls on tos acadtor
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and the phenomena occurring in it are not kunwn,
However, several investigators® - who lave con-
ducted mass pelymerizations of vinyl chloride hine ve-
ported considerable information shout this phuse of
the polymerization. A precipitzte of PV particle is
first noted when ahout 4 to 8§77 of the vinyl hbwride
hus polymerized. The exact conditions at whilh precipi-
tation starts depends on various operatig effects in-
cluding temperature. Rather surprizmngly coagulation
of the PVC particles is shifted to higher conversions
as the temperature is decreaxed,”” hut perhaps viscosity
plays a role in the rate of (oagulation.

The precipitate of PVC  solvates
amounts of vinyl chioride—purnaps 3 to 6 parls of
vinyl chloride per part of PVC polymer. Al ubout 15
to 207 polsmerization, the licuid phase of vinyl chlo-
ride essentially cdisoppears. Hence when a 104, paly-
merization has occurred, probably over half of the
original liquid phase has dizappearcd, i.e., it has either
polymerized or been solvated. Temperature control up
to 107 reaction 15 possible by heat transfer through
the reactor walis. Suflicient viny! chloride liquid is
available to provide relatively high heat-transfer co-
eflicients.

High rates of agitation are needed for {wo reasons:
(1) formation of particles with ratner uniform sizes.
Sizes from 100 to 200 microng, or even larger,! are
possible. With proper operating conditions, the parti-
cles can be quite porous and nave jow bLuik densitics.
The agitation, of course, afTects the comniicated vhe-
nomena of tispersion foliowed by agglomeration of the
particles; (2) promates good heat transfer with the
cooled walls of the prepolymerizer.

About 10¢¢ polyvmerization of vinyl chloride is
achieved in the prepolyvmerizer after about 3 hr.*8 The
exact time devnends on the temiperature (probubly 50
to G0 C.), and the amount of initiator,

considerable

Opeialion of Second Reactor

The second reactor, or autoclave, is stirrved with rib-
bon blenders. The:e horizoniz] autoclaves sre reported
to have volumes of approximately 124 cu. ft.%1* BDased
on published pictures. cach autoclave appears to be
about 5-ft.-dia. and 20 ft. Jong. Detailz of the ribbon
blenders are not known, but a patented version has
two ur three ribbons wound on whorls of different di-
ameters. One of the ribbens {urns in an opposite
direction to the others. The autoclave blades are con-
tinuously cleaned by the stivrer blades, and good heat
exchange is maintained.=?

Operation of the second reactor is the crilical por-
tion of this process. Undesired agglomeration of the
PVC particles muast Le prevented, and adequate tem-
perature control must be maintained as the reaction
minture is travsformed from a slarry, thiouph a sticky
solid stage, 1o e~~entiuliy dry particles. The speed of
the blenders s
progresses from perbaps 20 to 50 rpm. to 5 {to 10
rpm The second portion of the reaction probubly re-
quites 10 to 40 hr. m oorder to obtiun the desired
pelymerization, ¢

ribbon deereansed  as polymerization

The auntoclaves ave jacketed, and wuater or brine is
used as contant ¢ I'art of the hext ol reaction is remoyved
by the vaporization of 20 to 2577 of the oryginal vinvl
chltoride feed. A reflux condenser can
ueod to controel the reaction temparature, assuminge that
exeessive polymerization does nol eccur on the con-
denser surfaces.

Materials of construction for the commercial auto-
clave are nol specified, but a stainless steel one was
used in the examples given in the patent.s By imph-
cation, perhaps the problems of polvmer formation
on the reactor walls are quite ditferent than these in
suspension polyvmernization where griass-lined rewciors
are required. Additional informition 15 necessary
relative to what surfaces and operating condstions
promote “polymer skins” in bulk polvmeirization. The
temperature used commercially in thiz reacter 13 not
reported, but is likely in the range from 30 to 60 C.

Presumubly the autoclave is operated only nartly
filled in order to obtain adequate blending. Perhaps
it would be 50¢ filled, which would mean 210 cu. L.
of material. Bulk densities of PVC product are about
0.3 g./cc., or higher. Hence, PVC product per batch
will be 4,000 1., or greater, and 5.000 1b./batch might
be an average valuc. A total of 500 to GO0 batches/yr.
is probable beciuse time must be allowad for cleon-
ing and maintenance. Average annual capacity of each
autoclave is then cestimated to he 2.5 to 3.0-million lb.

The prepolymerizer vessel, however, can be essen-
tially filled for each batch. It shonid be laige encugh
to hundle a batch for the autoclive, which aight be
as high as 6,000 1b. Since some vinyl chloride is vapor-
ized during polymerization, up to 8,000 1b. of vinyl
chloride may be added tn the prepolymerizer. This
vessel should then be capabie of howding about 140 cu.
£t. of liquid; and for the vessel described, a capaceity
of 160 to 180 cu. ft. would presumably be adequale
{for this vessel.

Attemipts have bcen made to performn both pre-
polymerizatien and final polymerization in the same
vessel. Tn one case,®® the initial prepolvmerization was
conducted by uzing a very high rate of oyzitation. Less
vigorous agitation and a different agitater were usad
for the laiter stages of polymerization. 'robably tnis
method is not used commercially, and it would have the
major disadvantage that a large vessel would be needed
for both stages; whereas a smaller vessel is adequate
for prepolymerization in the two-stage process. In the
conventional process, a prepolymerizer vessel can prob-
ably service at least two and possibly th:ce autocluaves.

possibiv be

Cost Data for Process

The flowsheet for the entive process has been rve-
ported by Krause.'® Recent patents® > =¥ probably
explain some of the specific details, Recovery, purifica-
tion and reeyele of unreacted vinyl chloride appeais
mach simpler than in suspension-type processes. The
I'VC poduct requires little additional processig. Frobe-
ably the cost of polvmerization by this method would
be considerably leas than by suspension methods, per-
haps about 2¢/1b. of PVC formed as compared tn 3¢

CTLO30848




by the supension proce<s, In addition. inve-tment costs
are cliumed to be le<=% 0 A J8aniinen Jho/yvre, plant s
repourted to cost 1.7 nullien, excluding sturage tanks
and packaging.

Solution Polymerization

Solution poivmerization, as practiced in most com-
mercial processes, is nol a true solution polvmerization
since polymer precipitates from the <olution The term
“precipitalion” polyvmerization is sometimes applied
to this type. In several respects, this polvmerization
is related te Lulk polymerization Lecati~e the polymers
are quite insoluble in th> liquid phase,

In bLulli polymeriz::tion, the polvmer begins to
precipitnte from the liquid phase when 2bout 8 to 107%
of the vinyl chloride has polvmerized. In solution
polymerization, the solubility of the pelvniers in the
mixture of =olvent and vinyl chioaride depends on
the solvent, the concentration of vinyl <hloride in the
solution, and compoxition and moiccular weight of
the polymer and copolymer.”! When cyclohexane is the
solvent, a granular precipitate occurs from the “start”
of the run. Tetrahydrofuran is & “good” solvent for
PVC polvmer. and precipitation dees not immediately
occur, Temperature control is easier to obtain for
solution (or precipitate) pelvmerization as compared
to bulk polvmerization because the large amount of
solvent acts as a heat sink.

When polymer begins to precipitate from solution,
auto-acceieration is freouently noted because the
precinitate contains considerable amounts of sclvated
vinyl chloride (ana possibiy comonomer) in addition
to polyimer or copolymei. The polyvmerization reaction
continues in the precinitate, and the polymrer so pro-
duced haw a2 much higher molecular weight than
that produced in solution. This latter polymer tends
to have relatively low malecular weipght because of
chain-transfer reactions with the =olvent. A thorough
discussion of the complox mechanism of solution {und
precipitation) polymerization is given by Mickley,
Michaels and Moore.=#

The basie process that Union Carbide Corp. is thought
fo Le usmgz is probably described in two patents 3t =9
Presumabiy the process is used to muake copolymers
containing 75 to 90 viny] chloride, with the re-
mainder being vinyl acetate. The mechanicallv-stiryed
autoclave maintained at approximately 10 C. contains
a slurry consisting of about 80 solvent, designated
as a-bulane. The remaining 207 conxists of the comon-
omers dissolved in the solvent, and solid copolymer
present as a precipitate. The slurry is pumped to a
filter press {o remove the precipitate, and filtrate is
returned to the autoclave. Make-up comoenomers and
initiator 210 continuously added to the ntoclave.

The process as deseribed in the 1933 0nd 1937 patents
has undoobtediy heen modifed as rewer equipment has
become ivailable. Two bateh hlter presses were orig-
inally spearfied. One filter pres was emptied and
cleaned winle the other vas being used. Such filters
would have twe disadvantazes:

1. Corviderabile hand fabor,

Cliciaica! Legimering-=July 3, 1457

2. Po-«ibility of air leaking into the svstein because
the filter press<es are opened and exposcd to air duringy
the cleaning evele.

Either centrifugal separators or continuous-flow
filters are probably uced in modern commercial proc-
es<es,

Lead-lined autoclaves were specified in the patents,
Lut gliss-lined reactors are likely used now. The load
wae probably used as a corresion-resistant material
and not as a catalyst.

Benzoyl peroxide was specified as the initiator at
concentrations of about 0.5 by weigit. Popular
initiators such as lauroyl peroxide and isopropyi
peroxide would likely be satisfactory in present com-
mercial processes. Azo-bis-isobutyronitrile was used
in the recent cxperimental prozram of the precipita-
tion polvmerization of vinyl chloride.®#

The separated solid polymer or copolynrer particles
contain considerable amounts of dissolved vinvi chio-
ride and some solvent.?¥ Polymerization rcactionz wijl
continue until the vinyl chloride is separated fron the
solid particles. Temperature and pressure to which the
separated particles are subjected is most imporiant
relative to flashing of the vinyl chloride from the
particles of solid product.

Solvents, other than n-bulane, have been used in
experimental investigations,’**° and include the fcl-
lowing: benzene, chlorinated aliphatics, cycichexane
and tetrahydrofuran. Normal paraflins such 2z n2-butane
confain only primary and secondary carbon atoms. and
they are less active as chain-transfer agents than iso-
parafins such as isobutane that contair a tertiary
carbon atom.

An important advantage of solvent polymerization is
that water is not used. Hence, recovery of the final
product is simplified. The unreacted viny! chloride and
solvent are gencrally easy to remove, especially if a
relatively volatile solvent such as n-butane is present.
The recovered vinyl chloride and solvent are prahably
recirculated as 2 mixture. The final polvmer preduct
contains few impurities since presumably no emulsi-
fiers or surfactanis were present. Ilowevsr, the prod-
ucts probably tend to have relatively low molecular
weights beeause all solvents act to some exient as chein-
transfer agents.

Low-Tempcerature Solvent Polymerization

Solvent polymerization of viny! chloride has recently
been publicized as at least one of the technigques for
producing an improved polyviny] chloride that is Leing
used in muking 1009¢ PVC fibo1s.%6 Several American
companies are thought to be interested in these newer
types of PYC fibers. In France. PVC fibers have cap-
tured the following shares of the market: fags, 607 ;
curtains, 357 ; underwear, 3077 ; ski and mountuin
clothing, 207, sweaters and blankets, 207, ; and auto
and airplane interiors, yarns, and artificiai Ters, 1o,
These PVCE Lbers are signiticantly cheaper than nylon,
polvesters and acrylic fibers.

New processes have been developed te ohtiin PVC
fibers with improved properties. Low-temperature

-
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uzel with a
Preevtis s
at temper-

polymerization techninues are generally
suitab'e catalyst and  solvent. Societe
thougsht to be polymerizing vinvl chioride
atures from —10 to --20 C,, and Applicazioni Chinache
Secieta per Azioai's polymerizes at —20 te —60 C.
by usirg @ maszs-polymerization techinique. The resalt-
ing polymers wra more highly syndivtactic because of
the low polvmerization temperatares, and they are
quite resistant to beiling water and to dry-cleaning
solvents.

Societe Rhovyl indicates thit fibers ean be produced

with b*r-ak strengths of greater than 2«./denier,
shrirkage in belling water of less thun 107, and
shrinkage in trichirrocthylene at 40 C. of less than

106515 sctual shrinkage values are prebatly signifi-
cantly less than 10¢ . Adhcesive fibers can be prepured
if a copolymer of vinyl chloride and vinyl azetate is
produced or dissolved in various water-soluble solvents
vefore spinning.® Suitable selvents include acctone,
tetrahyvdrofuran, dimethyl forinamide (DMF), and
dimethyl acetamide (DIIA).

Copulymerization by a sovent-polymerization tech-
nique must Jead to interesting mass-transfer features.
The relative rates of transfer of the comonomers from
the solvent phase (o the solid copolymer particle are
likely quite different. If so. the composition of the co-
polymer would presumably change as the extent of
polymerizaticn varies.

Chlcrination of PVC Resins

High-temp.orature stability of PVC polvmcrs regard-
less of the mecthod used for pelymerization can be
improved by chlorination. Chlorine adds to the unsatu-
rated and relatively unstable end-groups of the polyier
molecules. As a result, zipper debydrochlorination is
significantly suppressed.

Chlorination of PVC resins is used to a limited
extent, butl the commercial method for this chlorina-
tion iz not known, The PVC resin could be dissolved
in a switable solvent, and the the solution could be
contacted, at the proper conditions, with chlorine. This
technique weuld appear to be expensive since PVC
resins are only slightly soiuble in most common sol-
venis. Large quantities of solvent would appear to be
neceszary, and the cost of evaporation and crystalliza-
tion would likely be hiwh.

Another possible technique would be to use a
fluidized-bed in which a gas, containing chlorine, was
contacted with granular PVC resins. Chlorination
would initially occur on the surface of the =olid pur-
ticles. Chlerine mwlecules would presum: bly slowiy
penetrate to the interior of cach particle. Possibly somg
substitutive ¢chlorination would occur especially on the
surface of the particles.
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