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GENERAL INTRODUCTION

- gy &The prugrum bueing pteseatcd by The General Tire & Hubbicr Company for the mem-

!'., re>al A1 Ch.E. in this one day svllnlr is concerncd only with 'Pulyvunyl
o ?(hlurlde, Munufocture unad Technology.® The importance of this plastic in the

¢ sUnlLvd States ax evidenced by 8 consumption now hpplouthlng newrly two ballron
‘ 4und. per year, We huve sttempted to set up the day's program to carey you

Picough the early history of PVC, present day technology, including vinvl
BfELo r¥de. monomer synthesis, polymerization theury, und plant scale munufacturing
f' polyvinyl chloride resin. Some of the technology used to produce useful end

5'udunta,zn discunsed. We have tried to make this presentation, which 1ni ludes

?‘- praprleeury engineering data, Lhe moat up-to-dste und ro-prehenllvr Lrest-
fnt of thia subject matter available.

nerll Tlrn entered the pluataca fabrication field in the early 1950'c on a
LR rge scele by acquisition of several manufacturing facilitics located 1n
i, Erunsy]vunnl. und Massachusetts, These facilities made Genersl Tire
{'11 the largrut calender operator for vinyl in the United States. Products -
3 &#@ﬁinutnetnred in these plastic plants include calendered, printed, and ewboased
S supporced and unsupported vinyl film and sheering for tho home furaishings,
."’urina, shoe, sad wutomotive acceasory industries. A new plant an Columbus,
CoNisstssippi, uw multimillion dollar investment in plastic operatiaons, went on
\h—/ - stream late .in 1963.

[y

-

% | In 1954, General Tire built u plant atL Ashtabulae, Ohio, to produce vinyl
chloride from acetylene and hydrochloric ucid and toa produce polyviayl vhloride
resins by the suspeasion polymerizution method. This plant ia now uadergoing
its third major expsnaion.

Gennral Tire 1s thus verrically integravad in the viayl field from monomer
synthesis through polymerizution and, finaully, «u 8 supplier of wil types of
plastic end products or accessories to several major industries,  (General
Tire"s capubrvbities in plustic Yabrication, 1n uddition to vinyl wpplicarions,
include reinforced palyesater plustics, thermoplastie ond products, and poly-
urrthane plastic foam for ell kinds of cushioning applications,
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nated byithe, Hvinyls® or “vinyl regiogg [t1is produced on » global hawis
anid 15 markeced unddr many trude namés aiuch a@PVC, Vinylires; Geuns, Corvic,
Vinitdur, Vinnol, Pliovic, Maivinol, Opalon, ‘and Generul Tire's Vygens.

That PVC has risen Lo such an smportent place in the cconomies of several nations
i: due tu a great deal of rechnical work done in this Tield. The seed of 4
rubber substitute sy well as urtiticial leather snd another celluloid scarted

the reseatch 1o Geomanv.,  With the advent of the war, Englund Vriewsior was
required to Tind a rubber substituie, particularly for the wire and cable
industrey.

The development of special forms of the polymers auch au plastisols during the
later war yusrs led to the costing of textilas for the manufacturer of leather-
fihe cloth products. By the end of the war, good plustiscl polymers were
avatiuble and (rom 1948 the standerd types of PVE suspension, emualsion,
polymers und cnpolymers were being made in incressing tonnage.

The period\l?Sd-l955 throughout the world saw Lhe-drvelopnunu of 1mproved
polymerse Following this period, major price rednctions were wade and this,
together with Lhe improved polymers for special applications and impraved

" process techniques, have all contributed to the amazing grewth in consumption

over the past twenty yesrs,

The rarly beginnings can be truced back to 1835 when M. V. “egnlult(l) published
his findings on the reaction of un ulcoholic solution of cauatir potash’on the
ethylene dihalides Lo yield the monomer viayl chloride secording to the following

equation:
-

CCHoC1-CHaCL + KO - Oy = CHCE + 10 4 KCL

He siso obaserved thet when the mixture was allowed to steand for u Lime, nud
suburqueatly helte? ’nd exposed Lo asunlight, a white precipitate formed.
Several reviewst2)(34) 4 0 cuv?red in considerable detail the development
of polyvinylchluride, M., Kuufman 5) presents an inercating review of the
development of gglyvlnylchloride in England. Almost 40 yeurs laver, 1872,
O, E. Baumann! publinhed his observationa that vinyl bromide us well as
vinyl chloride in sesled tubes exposed to sunlight, chauged fram lagquads to
light-colored anlida. He also observed that these materiala were cxtremely
chemicaully resiscant to wcids, slkaliea, and solventa,

The next mignificant steps are deacribed in papers by L. Ostromsslensky. ' 71(R)
The ficst ane, published in 1912, wan entitled “Conrerning vhe Structure ol
Polymerized Vinyl Bromide and [ts Rubber.® He observed the reaction of
ultravivlet light on the polymerization of vinyl chlotide and vinyl bromide to
yield three different mod:fications, and on the hasiw of thear sanlulotities, he
divided them into alpha, Leta, snd gamma forms and conmidered that the degree
of polymerization was the highest with the most 1nsnluble ur gamma form. The
must 1nsalnble or gamma iaomer was called Koupren bromide and Kuupren chloride,
and setved for the basis of determining the cryuscopic molecular weight and
renmulied in the empirical formula (Cagllpliejs) or (Caol g€l ) which showed Lhat
le vinyl halides hud been deflnltelyxgn:ginlg. 32748716 )
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At abuut the same time, 1912, Ostrosslensky and others{(®? applied fur o
Writish i'wtent entatled *A Process for Obtaining Hubber or Stmilur Sutstances
teom Palvmer: zed Vinyl Brumede ar Polymerized Vinyl Chioride and Thear Methyl
Homologs. " 1t was stated that the polymerized vinyl chlurtde ue vinyl Lromide
13 identical on all its pruperties with the chloride or bromide of 1he
“Butadrvene” tubbers.  They also noted the action of sunligiit and the absence
of oaygen 1w accelerating chis reaction. It was vhserved that the pulvaerization
conid vasily be effected in solution, ig breomobenzene, toluene, xylens or
carbon disulfide. Later Ostromislensky received u pateat on w provess for
obtainrag viavl chloride from scetylene. Also in 1929, he received a Hritish
Patent V1) wrhe Preparation of PVC und the Application of Plusticicers such

as diehiurbenzene, chlorinsted naphthalene in order to wark the material into
plastic masses and filws."” .

In 1912, F. Kiatee{12) gus issued a German Patent for "The Synthesis of Vinyl
Chluride by the Reaction of HCL and Acetylene.® In an unulogous resction, he
likewive made viny) acetate, These syntheses still today are the main ones
for the commercial production of these wonomers.

Klatte and others‘!3) GLiuined o Putent for the *Processing und Preparation of

Horny Meterials, Filme, Syniheric Fibers, Lacquers, and Working of I'lastac

Materials.” They alaso recognized at this time thar, with or without additsves,

thraugh pressure or with soivents, PVC could be softened ur dissolved so that

it could he worked into o desirable shape or form. -

Iln 1928, three groups working independently developed viuyl chloride copolymers.
The use ufl vinyl aceture an 8 copolymer in the polvmerizacion of vinvl chlaride

‘greatly ancreased the use of the vioyl polymers hecasse 1t solved the pfucﬂiylun

difficulties of the straight homopolymers., The three groups: E. W, Herd
from Carbide wod Carbon, Voss an Dickhauser ! from 1. G. Facbenindustiis-,
and W, E. Lawson (rom DuPunt,‘lb all vhtained pateats ou their processes

Adlitele fater, W, L. semon{17) dysclosed that a rubber-tike kel stiucrore

vould be obtained by intimarely mixing a high boiling pornt matecval like -
vritolvlphosphote 1wLo the polymer. Thia was later fnl‘n.vd by other plas-

ticizers and resulted in w product culled *Koroneal " 18) aiy has served as a

basis for the development. of this new class of materials,

The first commercial polymerization process of vinvl chloride resolting from
technical nggllcltionl 13 credited to Lawson and Werntz of F. 1. Dubunt
deNemnurs(‘ whe, in the year 1928, ahowed that peroxide catulysts such as
wzone, benzoyl peroxide and barium peroxide could be waed, ITn the earlicer
patents only the acrtion of light and heat were described.  The MwlPont proceo«s
could likewine be uned in organic solvents.

The application of emulsion processes for vinyl (hloride polymerizavions
rerulted in w reapid developasnt of PVC prepavation and applications.  The
oldeat rnulsieon polymerization process of viayl chlovide v that of Mark,
Fikentacher, Hengstenberg, and V., ST’ich. A Turther advanere waa the

I. G. process of Bappert and wock(2 for "Continuous Emulsian Polymerization,”

-2 .
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Thp~e(fuc£ -al. uxygen or 8(5 on the~course of the polyuarl:utlon was later ™ *?-'ﬂi3§iuj
tecugmozed by Schunfeld

e s N - o

The oldest suspension process, {§hgugh not using vinyl chloridé, appeurs to
Le that of Crawford and Mclrath, who developed @ suspension procesa for a
series of ucrv* uu? vinyl esters. The firat suspersion PVC resiny wore made
by Dr. Hv:g X of Wacker-Chemie 1n 1935 tn which he empluyed partaially
suponified polyvinyl acetate {(polyvinyl alcohol) as the protective cUIIOId

In the suspunsion process, the PVC ia formed in polymerization into a
granular powder in an easily-filterable form.

The furare of PVE as well as Lthe pust 18 lioked to the appropriate balance of
reseacch end development, Further expansion and growth of vLhe PYL 1ndustry

14 dependent on w greater knowledge of ites basic behavior and improved processang
techuiyues,

Where the 1ndustry now stunds in this country 15 shown sn the followipg Tables
1 and 2 of wonomer wnd polyvinyl chloride resin production capacities,

Table 1

Estimated Vinyl Monomer, U. S, Capacity, 1964

Capacivy-Millions of
Pounds Annually

B. F. Goodrich 400
Union Carbide 280
Ethyl Corporation 240
Mow Chemical 200
Tenneco (Cary Chemaical) 170
AMlied Chemical 150
Monochem (Borden & li. S, Rubber) 150
Monsanto 150
Diamond Alkal) 40
Coodyear 45
Cumberland Chemical (Airco) 60
General Tire . 10-
American Chemical 40

2025
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-4‘ﬁaétltimntud Polyviuy]l Chloride Resin, U. 5. Ceupacity, 1964
Pl - —
Capacity-Milliona of
Pounds Annually
B. F. Goodrich 315
Union Carbide 275
Monxanto Chemical 150
Caty Chemical 140
Firestone Tire & Nubber 125
Diamond Alkali 120
Air Neduction 15
. 5. Rubber 110
Goodyear !l'ire & Rubber 80
Borden Chemical 80
Thompson Chemical © 65
General Tire & Rubber . 55
Pantasute Company 50
Dow Chemical 40
" Escambia Chemical 40
Atlentic Relining 25
Atlantic Tubing 25
~.Keysor Chemical 25
Great Americun Plastics 15
American Chemical 12
Rubber Corporation of Americs 10
Minnesots Mining & Manufacturing 5
1887
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PHEURY UF POLYMERLZATION

inrrodugction ' e, ol

¢

This puper o an teteoduction Lo pulywerisation terminology us applied to the
Minvtio, and aechaniams tuvolved in the syathesis ol macromolecules,  The

pre entation will Le of 4 genersl nature to help vou better understand the
folloming presentations whoch dewd specifically with the commercial preparation
of pulyvins! hionide.

Definigien

Polumers are high molecular werght waterials consist tug of chains of mawy

trpeat tag ity The process roanecting such units tmonomers) inta 4 chain is
called polymerization, Through the process of poelymerication, a vericty of

teat tive guses, Liquids, and sulids ere converted into high wolecular weight
motetials which have been found ve huve unique physical properties of commercial
importance as shown 1n Table ). \

There are Lwo marg olasses of resctions which are responsible for the formation
of thewe useful muterials, poiycondensation and sddivion polymerizavion. The
stmilaritivs of these two vlusses of reactions are that they both lead to Lhe
formation of tong chains, The differcnces are based on the renctions 1avolved,
which are depeadent on the type of monomer employed, Polyiondensution reactions
procesd 1n 8 stepwise fashion involving intermoleculur rondensation of dis-
similer functioual groups, e«.g., esterification Lo produce Dacron.  Addivion
polymerization is o fast vharn reaction involving monomers having one functional
grovp auch as carbon-carbon double bonds to produce such materials as poly-
ethylene. In wddition polymerizstion, an uctive center rather than an organic
functionsl group 1y responsible fur the growth of the chain. Polymer mulecules
are formed from the beginning of the resction and ulmost no species intermediate
between monomer and high moleculur weight polymer are found. The synthenis of
polymerie chains huving molecuinr weights of severul million are pussible in
addition polymerizution. There are three different types of active ceaters
which can provide mechamismas of addivion polymeriszation. These are:

Free Rudicauly i
Catirons AQ®
Auionas ] e

Suspension Polymerizetrion

The vraditional uvenues by which monomers are converted Lo polymeis by o free
radical mechanism are: .

T R o s g T L VP oo ek A e A T
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Ao Balk Potyaerization

A pu&ymvrfgatiun systew (ontsintng only sonomer and un anstiating species,

ooatution Polymerizataon

Ajeivmerization system in which the monomer 1s polymerized in the
presence of n sulvent,

(.. Ekauision Polymerication

Tiviw polymerization system 13 distinguished by the fuct that the monomer

ts sulubilized 1n water by a svaep intu microscopic particles caulled
smcelles, to furm a stable colloidal emulsion. The polymerization resction
is initiwted 1n the micelles. The final product 15 an emulsified polymer
system valled & lutex,

D. Suspension Polymerizatiun

The dispersed monomer phase in water 13 of macroscopic size and 15 the

site uf rhe polymerizution resction. The final product is in the form of

bemds. .
The Geneval Tire & Hubber Compuny empluys the suspenston polymerizetion prucess
for the commercial prepuration of polyvinyl chlorrde. Polymerization of
munoner 1h suspension is achieved by dispersing the monomer in the form aof
small droplets 1n w nonsolvent medium (usually warer) by strong mechanical
agitation and subjecting Lhis annomer suspenaron to polymerizing conditions.
The siee of the suspended monomer droplets cau be varved uver 8 wide range
10,01 - 0.5 em) and 1w dependent on the monomer-to-waler ratio, the rate of
mechanical agitwtavn and the intertecial tensron of the monomer droplets
(whith can be controlled by suspension stabilvzers).

The mechonics of forming svapensions of insuluble monumers tn an aqueous system
15 tllustrated schemutically 1o Figure 1. Mechanicsl agitation subjeces the
monomer to a viscous drag cansiog clongstion Lo w thread-like form with subi-
sequent degeneration inte drops.  Scwulesncously, through the revegse process
of (oalescence, the diops tend Lo revery to the aciginal monvmeric mass. la o
simple mechanicul sunpension under a constant ovecall rote of shear, » dynamit
equifiticium 13 quickly estalb.lished., Clustecs of globules held togerher by weak
residunl furces, but wot faused, tend uvn dasperse under the disraptive stress

of un agrvated system, Effeclive surface-active agenta well defloceulute

these aggregates, With the onser of polymerizution snd the accomparying
Incresse in vigcosity within the monomer dropletx, there is greatey resistance
Lo distortion of Jdropleta due to viscous drag but, unfurtunarely, o greater
tenduncy toward aggregation through collisions with acaghhoriog xlobules.  The
fatiLer phenvmenon is winimozed by suspension stabiVizers which are zcleitively.
udsorbed at the interface forming o protective film of moleculur proportions.
This ta 1llustrarad schematscally by the ealurged dioplet in Figure |
supporting an adsorbed film of 8 suspension stabilizer.

The mechuntsm of polymerizution 1n suspension s fundamentally identicat te
the other moden of polymerization processca alreudy mentioned,
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Howerer, the kineticx of polymerization of vinyl chloride varies grestly with
the process employed except in the cases of the bulk end suspension systens
where they are virtuelly identical. 4

Free Hadienis

A free rudical cun be defined ay w wolecular species having an odd number of
electrons, cunsequen.ly an unpsired electron. Such malecular species do nue
normaliy have a formal electronic charge as represented above for cetions or
antons.

Free radicals can be produced in 4 number of ways wncluding thermal or photo-
themical decomposition of such compounda as:

a., Orgunic Peroxides

Renzoyl Peroxide

0 U » .
L] L]
@-c-o-o-cw©‘2© + 2 0,

b. Hydroperoxides

City O,
' |

Cumene Hlydroperoxide @ — C — 0 - O0H 4@-(2 —_ 0+ -
\ ) .
CHy

CHy -

- A - '
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¢. Azo Compounds

- Aiobisisobutyronitrile

((.."3)2 - (". -N=N - (;. (013)2 -3 2(0“3)2 (;.‘ ¥ Nz

[

N

CaN

CaN

The stability of the radical fuormed will determine its rate of reaction with a

monomer unjl to sartiste the pulymerization reaction,

Primary [1ee radicals

ate less stuble and more reactive thon secondary free radicals, which are in

turn less stuble than tectinry free radicals.

Phenyl radicals

CHy

Polymerizstion of Vinyl Monomers by Free Hadicals

([:)) are more resctive than benzyl radicals ( (i) ), sad allyl radicals

(CHy = (1 - Cllg *) are so stabilized that they are quite uareactive,

It hes been estublished that the scheme of reactions is as follows: The
radical ia generated thermally or by radistion and initiates polymerization
The new radical formed grows by successive additions

by adding tv the munomer.
of monomer moleculea to form s polymer chein radicsl.

This polymer radical

ceases Lo yrow when two radicals interact wnd sre rendered inactive. There

are also other ways in which a polymer radicel can react.

The pulymer

molecule Lan utiack &« monomer in such & way as ta transfer the radical activivy
to the monumer but not sdd it vo the charn,
Another reaction can occur when une polymer radical attacks ancther
polycer radical or an 1nactive polymer chain snd trunsfers its radical

This wtll result in brapches heing formed on the buckbone of @

monomer.

sctivity.

polymer chuin,

This is called chain transfer to

When such reactiona occur to a high degree, croaslinked

molecules are formed. . Chain transfer of a polymer molecule to monomer is very

prevalent 1n vinyl chloride pulymerization as we will see later,

Mechaniv» of Free Hadical Po[xme;xzutlon of Vinyl Monomers

All addition polymerization reactions have three basic mechanistic steps in
common, whether the reaction 13 cacried out in bulk in the presence of s solvent
or in @ heterogeneous aystem such as an emulsion or suspenaion.

are:  (u) Initiacion, (b) Propagation, und {(c)} Termination.

These asteps

When a free radical is genersted in the presence of » monumer, the cadical

will attsck cthe double band of the monomer in the following way:

energy

R - H (radical source)

H .

"C”z”c"
t
X

2R (free radical)
1]
R - Ciy - ? .
X
« 5 -
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As the radicul approaches the double bond of the vinyl monomer, onc of the
tonds splity intu twn radicals:

{’-ﬁﬁll

TR Sal

}
- X

The atvacking tadrcal combines with une of the electrons farming a band, end

e new f{ree radical reaules.

R

Thia then is the initiastion step:

molecule.

The propsgation step is very similar in that the new radical formed in the

(:"2 H

e

The sttack of a free rudicel ‘on & monomer

initiation atep artacks » second monomer unit and the radical is now propagated

slonyg » chein by successive monomer sdditions.

R -

H
'

CHz-C'

X

H
¢

ty - C
)
X

' '
<My -C* +xQlg =C R (aly -
1 ]

H

X

X

[}
+CHyp =C »R - (Hy -
(

H

X

!
C - (Ha -

'
X

-

c a

1
X

H

)
C) - CHy -
1{x+l)

X

|
c -
]
X

Terminstion of the propsyation step can occur in & nusber of weys.

Two free rudical chainas may simply combine.

t
A - (CH - C) - CHy -

[}
R-(Cﬂz-C)-Cﬂz-

H

X

H

! x

X

M=% XHN-1-Z

- -3

] ]
‘C'Cﬂg-(?-ﬂlz)
¥

H

X

X

M

|
-dﬁ(?- CHy) - R or

X

Y

R
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b. A disproportivnation reaction may occur in which case one of the
polywer chains will have an unsaturaied end group:

=

H H - - H
n.mn,_..}.)-mz-(':-+-c':-u¢2-(c':-uu2) - R
X X X X v
H H
R-(CM.J-(':)-(Jlg~CHg+(.2=CH(C-012) - R
x* X X '

c. The polymer chain may transfer its radical to a monomer unit.

H H ?
] 1
- (Qly - C) - CHp - C: +Cliy =C -

] 1]
x " X X
H
]
H-(mz-(')-(lllg-ﬂh*CHz‘fi:'
1
X" X X

This is the generalized mechanism of f{ree radical addition polymerization,
Vinyl chloride is thought to deviate slightly in the termination steps.

It is knowa that trunsfer ploys a very large part in the polymerization of
vinyl chloride, and hence 1t scems likely that any termination by monomer will
teke the form of s degradutive transfer reaction. Iho firse step is probably
the abatraction of a chlorine atom from the monomer=.

R- Cliy - QI + Gy =CH3R - Cly - CHCLp + Clly = Y
i
cl c1

The (Ho = CH* radicel may inmitiate the polymerization of vinyl chloride and
thus ronstitute @ true chain transfer step of polymer to monomer. I[ 1t
dimerizes, butadiene will be formed which would then act ws a chain terminustor
because when the buradiene.is sttacked by & polyvinyl chloride radical, the
resulting species would be a resonance stabilized allyl radical.

The atabilivty of thia ellyl-radical is such that it will not initiste poly-
merization of vinyl chloride monomer.

R - Cllg -~ CHCL: ¢ CHg = Q- CH - CHy 3H - Ty « CICL - Qiy - (4 - €l = (Hy
R -CHy - CHCL - CHp - QI = (0 - ClHye
Another way in which the vinyl radical mey dissppesr is by combinstion =ith a

growing redical. In effect, each degradative chain tranafer would then atop
two chsias: R - C“z - CHCl: + Gy = CH° » R - CHzCHCl - CH = CHa.

-7
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Thias struvtare (s the ssme as is formed i f mutual Lermination of the growing
tadical tanes place by o dikproportionation 1eactiva, and would not be expected
tu take any further part in vhe polymerization reaction!

- G, - CHEL © ¢ R o= CHy - CHCL © 9 R - Cllp - CHCLy + R - ClE = (Hy

The Actangement of Monomer Daaits in the Chan

In the previvus section on the mechanism of palymerization, the 1nitintion
step was shown to be an attuck of a free radical on the double buad of the

monomer. There are two ways 1o which this may ocour.
]
[}
l'/n'a'Z'c'
' 1
R+ My = C X
t
X ]
{
R-Qy-C-
\ t
X H

As 13 generwlly true in free rudical reactions, the resction leading Lo the
mure stable pioduct will be favored. The occurrence aof either reaction

e¢xt lusavely would lead to o heud 1o vail structure in which the substituent
{X) wouid be an elternating curbon atoms,

- C.l(z -CH - (Hy, - Q1 - (Hls - CH -
y - \ - 1
X X X

Alternate possibilities are head-to.heud, tuil-tou-tuil structures,

Fm=——— P

- CHg - W(H - (Jl: -+ {Ho - CHyp' - N - ('ZH -y -
1] | 1 ' i
]

X X ' X X

I — [ .
or 4 randowm structure contuaining both arrangements. The possibility of ob-
toining v regular head-to-head, tuil-to-twil structure exclusively is quitre
remote, but i1t uppears thui an occusionsl monomer unit may enter the chaia in

u reverse manner to provide o singfe head-to-head, tail-to-tail linkage.

The queation of urinntation of vinyl chloride units in palyviayl chloride has
bien resolved by vresting the polymer with zinc. The heud-Lo-head strurture
wonld lesve an unssturlted polymer while the heud-to-teil structure would yield
cy.lopropane ringa”.

- CHy - O - G- CHy - Cllg - CH - CH - Gl - 9
[ 1 ]
ct €l €1

S CHo - CH = CH - CHy - CHy - CH = CH - Cly -
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- Gty - - by - tf - tHlg - LH - (l"g « CH - L'-H2 - i -
= | | t | i
[0 C1 Cl Cl Cl -»

~ (e c

/N
~CHy - - U - CHy - G- Qg - O - QY -
|
Cl

Since unly H4-86 per cent of the chlorine could be removed, this fiis the
thevreticnl calculations for & hewd-to-tail polymer,

The theoretival caleulations are based ou statistically derived probebilities
fur pairs of chlorine groups 1n a chain which might react with euch other Lo
form ring closares, The calculaced values are that 86.47 per cent oi the

chlorine groups will react in pairs snd that 13.5) per cent wall be isolated. 500

Kinetics of Imiviated Polymerization

Initiation ul additien polymerization 1n the presence of an initiatar | may be
constdecad 1n two ateps,

l. The decompesition of the initistor into free radicals. R

L
i — 21

where k4" 18 the rate constant for the decomposition step.

J 2. The sddivion of u monomer unit to form & chain rudical My.
k.
R+ M — Ny

where “k " is the rate constant for the attack of an 1nitisitor radical
uh & mMONOmer unit.

The growth or propagation of a polymer chain is the repetitive astep of the
monomer radical attacking availeble monomer.

M- + M k
1 Moy
...._....p_) 2

My + M %
2 Mo
N 3

M- M h

x —PE Mix+1)

All of the propugetion steps are shown with the aame rate constant "k * because
rudical reactivity is presumed Lo be independent of chein length und Bependent
only on the natyre of the monomer radical.
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) A ¢ P,
The terd¥ndCion step iuvolves the muLu11

rad;ulﬁ-ﬁimlchg&gomlnuumn onudupf W e e . ﬁ
T e - o " o]
M Y My~ k\t. a -
—t Mix +y)
M, + M k
X y td My * M,

"k, " and *k, " represent the rate coastast of termination by combinatiun and

disproportionation reapectaively. We now have the fundamental equations shcwing
the various kinetic steps occurring in a free radical polymerizavion except for

chain cranafer, which will be treated later. . . .

The rate equations of the three basic polymerization steps cen now be written
in terma of the concentrations of the lpociaa'ilvolvod.

Rate of Iniciation = v; = (d (W ]) =2 L,k? A1l
( d'- " . #.':“

. %

This equunaon simply states that the rltc o( p‘ r radicala formed with time

is -qung to.the concentration of the inivintor-JI] times Lhe rate which the
tnitiator decomposes. The efficiency factof. CFX¥cepresents the fraction of

the rldlcllh formed that initiaste poly-et:xnuzouh

.

Rate of Termination = v, = -(d iM]) = 2-‘; [l']2
1 ( de )

C

The rate of termination of polymerizstion ss given in the sbove equation states

thut the rate of diasppearance of free radical chain species is equal to the
square of the radical concentration, The rate conatant "k," in this case
represents all modes of redical annihilation where two radicals are involved.

We now have the rate equations for the initistion and termination of polymeric
cadicals. At an esarly stage of polymerization the rates of radical formation
and termination become cunstant and equal to emch other. When this happens,
steady svate condition is established, The use of Lthe steady atare nssumption
cnables us to calcuiste the overall rate relationships of polymerixstion to
itnitistor and monomer concentration.

i %

26 ug 11l =2k, (M]3

(f kg (% = (W]
C &k, ) '

- 10 -

I uceC




9

'.Fril.l-'llr1llﬂﬂlil!d!Ill!q.H-""‘" e

The yountity (M3 1a the srteedv state conpeusration of radicals »f

abstitated in the hanetie care oxpressiop for the propagation st
podymervzaryon, gives us the following relationship:

Hate of Propagation - Yo o (MY o= Lp iM] lu'j
dt 1

’
i '

A Mk, U kg LEDE (M)
Jr i: !

Thas the wverwll rate of free radical polymerizution should be, in
stuges, proportivnal to the square root cpncentration of the invey
the abuve eguation, the averall cate is shown to he proportional y
puwer of the monomer concentrstion.  This will be true if the efly
factor (1) i3 iadependent of the monomer ﬁoncentrn!lon which wouly
to be nearly one. 1t the efficiency fuctPr is low, then (f) aay B
to the mowomep concentration and this would make the oversil race
ivpL;:fM?R:J! proportional to the three hklven power of the monomd
tion. |

i
In order Lo observe the experimental vcriﬂicltion of thrse theoret
s per cent conversion (diletometer resding) ve. time ploc 13 firsy
shown in Figure 2 10 obtein the rate of polymerization.

FIGURE 2.  POLYMERIZATION OF VINYL CHLORIDE IN THE PRFSENCE

OF SOLVENTS FOR THE POLYMER

L
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. : ' ' -
. =

. The variotion of the rure oF polywerization with vinyl chloride eyncentration

. ! . .
s debmxmined g thruhydrufurun solvent 4t cunstunt 1attiatel concecatration
\5,2'-J;u-xaubu;yruuifrllv) ix shown 1n F*gure 3. The slape ol the Line shows

that the 1ate of pulvgvr|zuminu ts relacted to the theee halves poder of the
moaomer rorerntietion®,  The actual slope as detervmined by the weghod of Teast

-

aqaare was tuumd to be 146,

FIGUHE 3 VARIATION OF HA’H WITH VINYDL CHLORIDE

CONCENTRATION
|
1.2 p
o
. i,
A A
0.7 a.%

N2

-12 .
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Yigure 4 yu a plot showang he relatiohlhiﬁ ofidite of pulymerization to
vatvitg teitislor Concentration 84t cohstant monomar concentrstion. | The slope
of the line for puints obiained using‘!lirihyd ran containiug peraovides,

as determined Ly the method of least aqunr#s; :lyO-‘S- That for peroxide free
tetrahvdroturan 1s 0,48, la this case, as shown in the theoretical rate

eapivaston previously, the rate of poly-nrﬁution is dependent on the square
rogt cotiventtotion of the initrator concentration,

FIGUHRE 4. VARIATION OF RATE WITH SENSITIZER .
CONCENTHATION 'l-azo-bis-cyclohaxane niteile)

l.o

__l_ i ot A
1.9 0.1 0.3
10Gyy INITIATOR CONCN.

|

Thus fur, wa have shown that the poly-oriiltion of viny} chloride tiu a free
radicul mechaniam in » svlvent for rhe pnl‘yncr. i.e., tetrahvdrofufan, follows
Lhe predictad theorstical kinetic scheme, | Howaver, when vinyl chloride is
palymerized in a medis in which the polymer is not soluble, such ap 10 the

cese of suspension polymeriaation, deviations from Lhe predicted theoretical
kinevica are ohservad. ,3 .
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Vot pesvons Pobymervzution of Vingl Chioride

Wicn vinvi chlorsde 15 pulvwerized in the presence of a aonselvatijng medis for
tie joaemer, w peculiar effect on the rut.*.; of polywerizatton 13 nated, For
cxamgie, .ot ny exsmine Figure § for the rase of buylk polymerization of vinyl
shlnerde anitinted by bencoyl peroxide’.

FIGURE 5.  EFFFCT OF BENZOYL, P\p.-:mxm-.' CONCENTRATION ON
POLYMERLZATION OF VINYL) CHLORIOE AT 47°C

or © 1,15 MOL. % B1z0,

/  ®0.513

. ©0.281
i ®0.117
© 0.0295

=

% POLYMERJZATION

—

A 1 1
100 450 60¢
TIME (MIN.)

|
i

1
'

It can be veen [rom Figure 5 vhat throughout the first 30 to 40% polvmeriznation,
the tate of polymerization continually ipcreasen. This increane in rate is
more marked in the early scages (e.g., from 0 to 5% polymerization}.
| - .
The rate of polymerization increnses or daceerases with tncresse gr decroune
in couceatration of bentoyl peroxide. Tre mencral "autocatalytid” shape of
the cupgve, however, is not affected cven shen the conrentration qf bLenzoyl
peroxide employed is veried from 0.025 to 1.0 mol %,
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I{ now the concencration of benzoyl peroxide is kept consiunt, and the remper-
ature +3 vuried, it is found that the rave increases ouckedly vith increase

in teaperatare, This will be apparent fron Fxgutc 6 which shuwd the courne
of the polvaertzation »f viuyl chloride cutalyzed by 0,115 mol % benzoyl
pecuxide st temperstures of 33, 47, 61, and 75°C.

FIGURE 6.  FEFFECT OF TI".MPHHA“IN‘Z;:ON THE POLYMERIZATION ()ﬁ VINYL,
CHLORIDE CATALYZED BY 0,115 MOL % BENZOYL PEROXIDE

% POLYMERIZATION

125 250 318 spo
TINE (MIN.)

The polymerization thus sppenrs to be autocmtulytic nver the range of catalyst
councentration from 0.025 to 1.0 mol % bbnloyl peronide, and over range of
temperature from 33 to 75°C.

e o lymeari i

An indication of the way in which the degree of pulymerization varies with the
node und conditions of preparation of Lﬁe polymer van be obrtwindd by deter-
mining the relative viscosities of dilute solutions of thu polyswer. The
equivalent viscomity, A, is defined as the retio (Inp )ic*, wheve o, in the
relative vincosity of the avlution and ! the concentlnlnun of the snlution

in monomoles per litre. [t wan shown tht for vinvl chloride pylymers

A=Al - AAge')

where A, is the limiting equivalent viscosity for Zrro concentration and B is
s constunt which was found 1o be of low velue; thus for very dilute salutions
we have A w A . Furthermure, they showed that A, is proportiongl to the
molecalar weight, The value of the (uﬂctlon (Iog n,V'r, vhere ¢ is Lhe
concentration of the solution in g. of polymer per 100 i, of sglution will,

15 -
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4 tieret e, wi.o be groportionsl to the wmolecular weight of the polymer. It ia - e
‘ shown an Tapde 2that there 1s little vacidtion in the value of thip function
R e

!

TABLE 2 ‘

througbout e reaction.

VARFATION OF OEGREE OF POLYMEH‘ZAT(ON WI'TH PERCENTAGE
POLYMERLZATION, N THE POLYMERIZATION OF VINYL CIHORIDE,
CAPALYZED BY 0,625 MOL. PERCENTAGE  BENZOYL PEROXIDE, AT 47"

Petirntage Polymerization ! (lugn,).'¢
4.5 !' 0.41
9.0 ! 0.4)
20.0 | 0.41
33.0 i 0.41
48.5 i 0.4l
04.0 f 0.4}
88.0 0.39

The concentration () of the polymer solutions, used in the sbove xperiments,
te .25 x. of polymer per 100 ml. of tetrahydrofuren.

similar results are obtuined if vinyl chlJrido is polymerized 1n the presence

of 10 mnl. % dibutyl phthelete and 0.50 mal. R benzoyl peroxide. The degree of
polymerization in this case, however, is somevhat lower then when rthutyl '

phthetate is sbseut from the aystem. It iz interesting to note thyt un merked

tnereuse in rate of polymerization, or in /degree of polymerization|was ob- .
served, ulthough the polymerizing mixture [at 30% polymerization wap o (irm "
gel, from which the vinyl chloride escaped very slowly, even when |eft at room

- temperatare; the results are shown in Table J.

TABLE 3

VAHIATION OF DFGREE OF POLYMERIZATION WITH PERCENTAGE
PULYMERI ZATION FOR VINYL CHLORIDE CATALYZED BY 0.5 MOL.
PERCENTAGE BENZOYI, PEROXTIN, (N THE PRESENCE OF 20 MOJ..

PERTENTAGE DIBUTYL PHTHALATE AT 47°C

Percentage Polymerization (Howg /e

.28
.29
L34
.33
.30
.29
28
.29

N . .
[- X7 X" - -

B R
PRARNG N D w
SO0 CAOOC
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Viavl (wlorige, vatalyzed by 0,115 mol. % benzoyl peroxide wes pol
var.ous {eaperstures to sn extent of ahoutg10% poiymerization. Ta
a compourigon of the degré® of poly-eri:.titu at temperatures from
1t is aeen that st 85°C the value of the .a

une-third of the value obtained av 33°C,

TABLE n

EFFECT OF TEMPERATURE ON THE DEGREE OF POLYMERIZATION
Temperuture, 2C i (logn,)/c
33 . 0.68
a1 | 0.45
6} { 0.39
75 : o 0.28
85 : ! 0.22

The varistion of degree of pnly-nri;luion{'ith catalyat concentrst
determined fur polymerizatious of viayl chloride av 479, The con

of Lnnzoyl peroxide was varied from 0.008 to 2 mol. %, all palymer

being stopped at sbout 10% comveraion of #ho monomer to the polymer.

It 18 seen from Figure 7 that the degree of palymerization varies
over & wide runge of cstslyst coacentration. At concestratians hi
0.5 moi. %, however, the average -olcculn+ weight hecumee much mor
on the concentration of the catalyat. At very high catalyst conce
tends towsrd the familisr inverse proportionality between the asver
weight and the concentration of the cacalyst.

FIGURE 7. 8?‘"!%01' OF CHANGE IN'CATALYST CONCENTHATION
THE AVERAGE m@tm WELGHT

erized at
le 4 gives
3 1o 859%C.

erage molecular weight ia sbout

uUn was
eatration
astions

nly slighely
her than
deyendeny
trstion it
ge molecular

.81
- r
1.6
b -
g; 1.4 '
S
1.2} !
L i -Ll R J J__l
2.0 y.0 0

LOG (CONCENTHATION OF B240,)
|
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Summari

1.

e -~ -
When viayl chlor;de s polymerl&ld in th presence of & solveat far the o
polymer, the theoretical polywerization kinetics are obeyed. 1.v/, the rave
of polymertzation is proportionai to Lheanulre root of the amitgator
contentration and to the three-halves power of the monomer « wncedtravion.

The plot of per ceat polymerization vershs time, Figure 2, shuwsian linear
relationship in the carly atages of the polymerization reaction,

Whercss increasing the rate of polymerizuiion by eirther 1ncreasiny the
inttiator concentiation of Leaperature i3 expected to reduce the jwalecylar
weight of the polymer foimed, 1t 1a shuvk that in the case of vagv! chloeide
thut the chain transfer e¢ffect is very wtrong in that initiatur doncrntretion
had very livtle effect on the lolcculnr‘wanght. whereus, the temperuture
effect was very pronvunced, , . ‘

When vinyl chloride is polymerized in hdlk. an auto acceleration s woted

which begins in the initisl steges of the polymerization reactrofp. This

auto accelerated effect iz also notad -hln insufficient solvent ja presen

to solvate sll of the polymer formed sa lindicuted in Figure 2, i) the case

of a small amount of dibutyl phthnllto.‘ Periods of acceleration are als
exhibived in the polymerization of monomera which are solveacs fpr their
polymers. Thia ao-culled “gel effect® does not appear until letpyr stagew

of the reaction when the system has become viscous, and so diffeps from

the period of mccelerstion which, in the poly-ur\zatlon of vinyl| chloride,
occars from the very beginning of the réaction end is closely asporisted

with the sepacation of the solid polymer phase. Again, tn the pplymerization
of vinyl chluride, the average -olecula# weight of the polymer furmed during .
the reaction remains constant, but with monomers which give risel to the \-J
"gel effect,® it incresses with increaas in rate of polymerizatipn, The

"gel «ffect” has been explained aa due to a reduction in the rate of the
termination reaction, resulting from the great tncrease in viscopity of the
medium, probably supplemented by the corling of the growing polymer chains,

18 -
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|
“the Greuetal Tire Suspeusion Process® ﬁi!l be concerned with the suspension
avthiod far paivmecizing vinyl chlocidel with the technulonse al sdvances
wide 1a the past ten years and their effects on plunt design: with the ex.
ystang facihities and planned expansion of Generul Tive's Ashtdbula plant;
and the exuetang quutity control and p+uduct improvements of Vygeu tesins,

Sypee 1953, when the Ashtabula plant Tirst came on stream, impaditant advances
have been made in nearly overy phase of PVC production.  The resule has beea

norenstant wodeeniention Lo remmin ecopomically comprtitive.

Suspeasion Polymerizstion ;

A. Selevtion ‘

The Ashtabule plant woar desigaed I# make Qunp«nliun type pdlyvinyl

chlovide (PYVC) for the follawing reusons:
|

I. The Geuersul Tire & Rubber (mmphny hud u consicersble l4teruul demand

fur suspeasion PV |

Ihr polveer oblsined from u sufpcnslon system 18 relatively free of
impurtLies und consrquently awore atable as oppused tu qmulsion
polymers which 1nversably cont#tn emulsiflicr and other residues.

i

e

B, Hecape

The recipe given below as typical uf Lthat used throughaut ihn industry
Lo mushe suspeasion PVC, ‘

Pares hl ‘n'ﬂl_l._

Vinyl Cliteride 100

Water, Detonterd : 200

Alperox C (lauroyl peroxide) 0.1 [ o7
Elvaunl 50.42 (pulyvinyl rlruhul) 0.1 4., ¢

The vurious produccis mey use m‘di“fvrrnt tnstintor, o delfferent col-

lord, or vven & different woter Lol monomer rutic; howerer, [all suspen-
. . ) i .

sion PVC recipes contain monomer, water, o {ree radical tnjtsator and

W protertive tollord.

The type of 1aitintor and the (nlluld used 1o the revipe mst be choaca
with extreme rare. The vhoive of initiator 13 determined y its abalaty
to produce un ecceptable polynerlzhtlun rete and not leeve residucs in
the polymer that have o Jetrimental effect on heav seabilrty.  The choice
of colfosd is governed by several Tactors  Firse, the colburd shoald a4
tu stabilizing the monomes droplets whach 1n turn become polymes particles.
A good collosd must protect the pqulcleu from agglomeratihg and st the
sume Lime should mimimize budldup of polymer in the resctog, As wilh the
inttiator, the colloid <hould not impair heat atabalsry, Further, aince
the wajor portion of the PV prndQ|ud 18 planlitltld' the tolloid film
whick remains on the purticles nhduld nov interfere with the lhauuptlun
of plasticiger,
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013313




S CaplaTiable CRuarcua. teraties k v e .

(e empliasis of the terhuical program at Ashtabuls has been to cor
} i

MR

saedevubat werght, molecwlar weight distribution, psrticle size Jistoe-

Putror aind palymer putiny,
The higher the reasctic
Lemperatnie, the lower 1o the wolecular weight, Molecular weight

trabutian can be adivsted by Vemperatore programming:

trolbied by the polymesization Lemperature,

The mulrtulurjwvlgh! of PVG polymers iy rone

]

who s -

that 1~ polvperiz.

1ng patt uf the chaipge at one temperature, then changing the tempelature

ds often as newvesamry 1o ohtarn o desivred molecular weaght dyated
Particle seoe disterbutson 1s controlled by che anount of roliodd
to the trractor and Lthe type of agitation ysed during the rveaction.

Polymer puricy cun be contiolled by taking exitreme precastions Chat

forergn matertals are ant vatroduced inte|the product und by washi
product prior Lo drying. !

Reuctron Characteriaticy and Du'-mgn NDuta

The mechanisn of Free radical polymerization involviug formation,
ugition and termination has been covered previously. Full length
polymer molecules wre present in svery step ol the PYE reantion,

1tate of polymerization ol o <uspension uyhtem follows the predicuo

it Lo,
wharged

[IT the

frivp-

The
fi]

propostionality vavalving the squore root of the smitiatar roncenyra-

taon., dypreal curves of time versus % conversion of o viayl chios
polymerizution reaction a1e shown in Figure 1,

FIGURE 1. BEAUCTION PROFILE COMPARLSON
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The tome period on which no resction ocrura, commonly ¢alied

tiou perrud, is une i which the Teaglion 1a inhivived, This

arisvs from the presence of very smoll trices of 1mpurities.
|

comhine with wetive centers of pulylﬁrizuiou or with the ini
' |

The . oved aypttiaters practicalbly J‘limiuuu- the tnduction ¢
Matitoain o Linear rate through o great pogtion of the reactio
pavison of the reuction prolile of N}u carly 1950's with &ty
action tuday s shown tn Frgure 1. The effect this sdvené b
upon plant desagn wall be runsidvrvdilu detail in a luter we

The munner in which pressure -:hungeniwuh extent of conversio

trated an Figure 2

-
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Figure 2 shows 1hat there 1s s useful *elntiunnhip between pressure and
extent of conversion o the interval from 70% Lo 100% cunversion. Below
70% couversion, the rote of resction can be roughly estimated by the
temperature differential between the bitch and the jacker coolipg water,
This temperature differential becvmes greater 85 polymerizstion progress-
es imdicating an accelerating rate of polymerization up vo sbhou T0%

conversiun. |

The Basio Unyt Uperagions f

For veasons presiously discassed, PVC s to be produced by resction in «
suspension of water ond 13 to be sold ws fine, dry particles ranging in s1ze
from 75:250 microns (about 60-200 €5, ues*) with the majority at sbuuc {060
microns. The univ operations of fluid flow, heat trunsfer, mixing,| centrifu-
gution, drying snd solids handling sre immedisrely recognited. Most hemical
reuctiuny are not econnmically Feasible toirun to completion so thde an ef-
ficient design must conxider vupor recovery mecthods. The suxiliary storuge
uperations are defined by the design of the major equipment. A predliminary
bluek diagram is shown an Figure 3. The immediave design problem iis to
devecmine whether o continuvous or batch-wipe resction should be puraued.

FIGURE 3. PRELIMINARY BLbCK DIAGRAM

VAPOR ; SOLITES
REACTION RECOVERY  CENTHIFUGATION: DRY ING HANDL ING
HEAT !
THANSFER
MIXING ‘

A. Dateh Vs, Contingous BReaction

At the time of this writing, nu wommercial producing plant is Kknown to
be usyng 4 (ontipuous suspension technique. However, Lhe advegtages of
& vontinuous system are sufficrent to warrunt close investigatjon, Unein
this time, there have been three major stumbling blocks to confinuous
Unless the firat vessal or zone has sufficieny hold-up
vime for particle formation (conplatizu of the induction period), it 1is
drfficule to meintain proper particle-size contrul. Secaondly, |(PVC has »
pronounced tendency to adhere Lo even the most polished surfaces. The
pumping of a parvially polymerized sljrry st low velority results in
plugged linas necessitating frequent clean-out. Last, » seriops qualiry

polymerizution.

problem - the formation o{ "fish-eyes™ which are hardened. soljd particles

10 named for their apprarance in @ cl‘endcred sheet, and incspable of
sbanrbing plesticizer or pigment - is observed when reuction veesels

begin to grt dirty.
|
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A putent ou rontinuous polymerization gramted to Genersl Tire™ utilizes
only three reactors bul takes sdvantage of maximus conversion rates to
\ almost double the output of bavcheixe production, 1t 13 kanown Lhat the
pulymerizeation rate of VCl increases to a maximum at 70% conversion.
At that point. pressure drop occurs and the polymerization rate fulis
off. 1n this patent, two reaclors are continuously operating at the
peak rute while the third aerves in a *clean-up” copacity. A sketch
of the process a5 outlined in the patent is shown 1n Figure 4. The
relstively large volume hold-up in the first vesaels sllows sulficient
time for particle formation, and extended runs have shown thst the
number of fish eyes did not incresse with the time of reaction. It s
conc luded that continuous suspension reactions sre fedsible from «
gquality standpoint. The problem of line plugging has not been resolved.

B. Continuous Dewatering end Drying

Continuous dewatering and drying techniques have been used since the
tnception of PYC manufacture becauae of en audvantege in guod quality
contro) and snherently cconomic operstion. With large slurry hold
tanks, seversl reactor bestches can be Liended, reducing bateh-to-bateh
vartancey and providing « buifer zone between the variable rencror
productiun rates and the conatant rete dewsatering and drying procedure.

G. Process Deacription

This seclion will ;ery briefly describe the existing Ashtabula PVC
production process. Each of the manufacturing steps mentioned will be
discussed 10 detatl 1n Section IV, lesign Criteria.

Vinyl chluride monomer is pumped {rom a firld storage tank to » wergh
scale in the polymer ares, and 8 weighed amount 1s then added to the
reactor. The preheated process water is added sfter the monomer. A
werghed amount of the colloid solution is pumped into Lhe reactor along
with the process waster. Other ingredients are added through s charge
bomb located on the Lop of each reactor. The resctants are agitated
and the temperature of the reaction ia controlled by regulaving the
temperature of the water in the jacket. The reaction ia terminated
when the desired conversion is obtained as indicated by & specific
presaure,

The batch 1n then dropped tn one of three agitated dump tanks. In the
dump tank the unreacted monomer is sccipped from the polymer alurry
(75% water and 25% PVC) through s water sealed vacuuvm pump and is re-
turned to the monomer ares for purificetion and reuse. The stripped
slurry ia pumped to alurry storage tanks where it is blended before
being pumped to the resin finishing srea.

In the resin finishing ares, the slurey in de-watered in & continuous
solid-bowl horizontal centrifuge. The remin, after dewatering, con-
tains about 25% maisture »s it ia fed by & screw couveyor into s rotary
drier. The dried product is then sisved snd packaged.

-5 -

ucc
013317



w2 I i Bt

Flotal 4. PR GENF AL CONTENUOUS SYSTEM

UCNCMENR
WATEH -
(PLUS CATALYSTY ~ 7
AND COLLOLD)

APPROX.

MONOMEH 30
POLYMER )
WATTH 100
T 139

P 130 PSlG

MONOMER
POLYMER
WATER

T 131°F

P 45 'siG

-

APPIOX.
AMUOUNT
14

86
100

TO CENTHRIFUGE
it FILTER

S
APPROX.
AMOUNT
MONOMEH 30
POLYMER 70
WATER 100
T 1319
P 150 pPSIG
TO RECOVERY
R

FLASH
CHAMBER _




SRR - IRRR - e e

iv.

DESIGN CRITERIA

A,

Rencior

1.

Design Considerstions

The reactor ia the focal point in producing PVC and its design is

s subject for close atudy, We must consider msterials of construc~
tion, productive cycles, hest transfer, and optimuas sizing., The
subject of sgitstion, aslthough not & separate oparstion, will be
considered in the next section.

Meterials of Construction

There are two Lypes of reactors in use for producing suaspension
PVC - stainless steel and glass-lined. The stainless reactors
give superiur hest cransfer, while experience has taught that
they slso afford » surface on which polymeritation will raadzly
take place. A metsl surfece, even highly polished, is irregular
evough to provide surfacea which becowe polymeritation sites.
Once » aite is provided, the polymer builds up rapidly to a

large size and hsad-cleaning 18 required, The presence of
resctor scale hes a direct relation to the number of [ish-eyea
produced 1n & batch. Wall depoaits slso drop the hest ciansfer
rate sharply. This combinstion of poor product quality due to
fish-eyes and the reduction of heat Lransfer necessitates [re-
quent reactor clean-out. With spray nozzles installed at the
top of the reactor and a flush given after every polymerization,
several batches can be produced before clesning o glasa-lined
vessel. With stsinless reactors, cleasning is more frequent and
more difficult. The expense of clesning thet 1a incurred dictaces
the une of glass-tined vessels. 1In o similar fashion, the agita-
tor snd agitator shafu are subject to build-up and the use of
glass-coated equipment is preferved.

Sizing

Glass-lined autoclaves are available in various sizea with asome
large vessels of 10,000 gallons and sbove. Beyond 5,000 gallons,
pressure requilements are important in determining the maximum
size attaimable. In PYC polymerization, the highest preassure
asttained is due to the equilibrium vapor presasure of VCl. At
150°F., & pressure ni 151 psig ia experienced, A safery range
must exist in which relief valves can operate. A 200 pasi rated
vesgel is the minimum consistent with safety,

Productive Cycles

For the production of 75 million pounds per year of PYC, the
number of reactors needod will depend on the reactor size, re-
actor losding. equipment downtime, yielda, and reaction cycle.
It will be assumed that reactor loadings are & constant 90% of
nominal reactor capacity, that clean-out time does not very with

-7~
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stze, that eguipment downtime due to malfuuctions

1S constant

over a year's time, and thal reaction cycles are identical for
all reactor sizes +f sufficient bakch cooling is avarisble.
The following «ycle cealculation, bemed an plant experience, can

be made:
Table 1

Typrcul Cycle Calculation

Preparstion for Charging 0.5 hrs./batch

Neaction Time 13.0 hrs./batch

Drop ond Flush Time 0.5 hrs./batch

Scheduling and Turn-Around 1.0 hea./batch
16.0 hra./butch

Reactor Cleaning und Maintenunce 2.0 hra./batch

Equipment Malfunctions 200.0 hrs./yr.

lant Shutdown 14.0 days/yr.

C, -~ the number of batches per year in s single resctor

Z" L (‘.“ [hn lluy\ x 13 Inn.] [ d'!" x 2% hrs

vr. day yr. day

G, - 457 balches per resctor per year
The foltowing table can now be made:

Table 2

Number of Resacrtors Needed

g o= 200 has.
yr.

No. of
Resctors For

75 x 109 8, yr.

Nominal 7 PV

Rewctor  Assumed Pruduced # PVC
Cap. luoading  # MVC AL 95%  Produced Per
{Gal.) (Gal,) Chorged Yield Rewctor-Ye.,
2,000 1,800 5,094 4,839 2.21 x 10°
3,000 2,700 7,641 7,259 3.32 x 108
4,000 3,600 10,188 9,679 4.42 x 10°
5,000 4.500 12,7315 12,098 5.53 x 106

Heat Transfer

kY
23
17
14

A glaas-lined resctor used for PYC palymerization exhibita an

sversge overall heat transfer coefficient of 46

hr.

L. 9F

The heat of polymerization of vinyl chloride is approximately
650 BTU/# (H = -650 BTU/F)., AL its waximum, experience has
shown the reaction to attain 16% cunversion per huur st 72%

totsl conversion.
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Using these (igures, ihe heat libersted per unit volume can be
cquated to the reactor jacket temperature and hest transfer ares:

Heat Liberated at Maximum Conversion Hate '

YV = Volume

e = Density of monomer-water mixture = 7.88 #/gaul.

Q - Hest liberated per hour

Q = pVAH x wt. % rescting per unit Lime -<eeeci---a ({[)
= 7.88 ¥ maix x V x 650 BYU_ x U.16 _} x 100 # vl

gal. 7vQ) he. 282 # Mix
=290,6 V BTU
hr. gal.

Heut Tranaferred Through the Heactor Walls

Q = UAAL = 46 AAt eeamemaaas (ILF)
Equating

Q = 46 AAc = 290.6 V vemmmanans (IV)

V = 46Ac  ga

Ol i w2

For various {luid coolant temperaturea, the following table
reasultas:

-/ Teble 3

V/A Ratioa for Varioua t's at 130%F Butch Temperature

Average Cooling
Water Tewperature 70°F 6Q°F S0°F 40°F l0°F

Aversge At Acruss the

Reactor Wall 60° 70 80° 90° 100°
46Ac 2760 3220 3580 4140 4600
V/A 9.5 1.1 12.7 14.2 15.8

By plotting the resctor nominal capscity va., the heat transfer
area and by uaing the values obtasined sbove for parsmeters, the
necesaary cooling water temperature can be obtained (Figure §).

-9 -
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LFIGURESS.  BEACTOR NOMINAL CAPACITY VS. HEAT THANSFER AREA

e A e — .
et e COMMERCTAL V/A RAT1O -/
— e OITAINED WETI JACKET WATER

300 b= T09F

HEAT TRANSFFR AREA (FT. )

/7 -
/4

' 1 i 1 . ]
100, S50 —T000 7000 T000 060 o

HEACTOR NOMINAL CAPACITY (GAL. )

The 70°F water from s cooling tower will not meintain control

over the batch if the only hest tranafer surface available is

the jackel wall. Acrordingly, methods for extending the hest

trunsfer sren have been investigated. Thesr take vhe form of

external heat exchangers through which the slurry 18 rocircue

lated or reflux candrnsers mounted on Lop of the reactors which o
continually condensr V(1 vapors. The former method has groved o/

- 10 -
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nmprnctxcnl If external pumping velocxty is hn.h. the resin
particle size is disturbed; ~und |f Eh-pu-p1n| vcloeity is low,

\ plugged lines result. L

"Early work with reflux condensers was concerned with the effect
on product quality and the efficiency of heat tranafar. The
results were heurtily encouraging with respect to praduct
quality, and overall hest transfer coefficients in excess of
100 BTU/hr.°F sq. fv. were roported. But as the condensers
were usad on larger vessels, serious fouling problems were
noted. It was determined that cleaning would be excessive and
that maintenance coats would offset any capital edvantages over
refrigerated water.

.. Optimus Sizing

Assuming that glass-lined reactors muat be used, thut they are
eavailable in various sites, and that cooling costs will change
somewhat with varying volume to area rstios, the optimum reactor
size (200 psi) can be determined on ‘the basis of bare equipment
costa. The following table can be prepared:

Teble 4

Reactor Equipment Coats for 7§ !7|o‘_11¥r.

F.0.8.
. Coat For
\ : ) F£.0.B. Coat Reactors,
Nominal of Resctor Instrusenta- Agitators,
Reactor snd Agitator tion Coats No. of And lnstru-
Capacity (per reactor) (per resactor) Reactors mentation
2,000 gal. $20,500 (3) $3,100 k1) $802, 400
3,000 gal. 25,200 3,100 23 650,900
4,000 ga). 28,400 3,100 17 535,500
5.000 gal. 35,000 3.100 14 533,400

The caat of cooling equipment can be found by assuming & sched-
uling rate. The peak load is normally 16% conversion per hour
and the nominal load 9% conversion per haur. Further sasume
that the 16X figure is based on the total wmonomer charged, the
9% figure is based on 95% yield, and that all reactors are on

a l6-hour cycle with & J-hour nonproductive time.

- 11 -
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Tahle 5
Refrigeration Duty .,
Nominal ¥y PVC f PVC § PYC No.
Resctor Pruduced Produced Produced No. Reactors
Cupacity Per AL Peak Ac Avg. Resctors At Peak
(gal.) Batch Rate/Hr. Rate/Hr. Tdle - HAata
2,000 4,839 815 436 6.4 2.1
3,000 7,259 1,223 6513 4.3 1.4
4,000 9,679 1,630 891 3.2 1.0
5,000 {2,098 2,038 1,089 2.6 0.9
No. Peak Average Total
Reactors Heat Heat Heat Total Load
AL Nominal l.oad Load Load in Tons of
Rate HTU/Hr. BTU/Hr. BTU/Hr. Refrigeration
25.5 11.1 x 105 7.22 x 105 &.33 x 106 694
17.3 11.1 x 105 7.34 x 106 8.45 x 106 704
12.8 10.6 x 109 7.42 x 105 8.53 x 106 711
10.5 11.9 x 105 7.44 x 106 8.56 x 109 1713

Combining the vefrigeration load with the tompersture require-
ments of Figure 5, the refrigeration equipment costs can be
estimated.

Table 6 S

Cost_af Cooling Equipwent

Nominasl Refriguratiaon

Reactror Tonas of Teaperature Equipment Cost,

Capacity - Refrigeration Required F.0.8,

2,000 gal. 694 509F $50,000

3,000 704 40°F 66,000

4,000 11 40°F 67,000 B
5,000 713 40°F 68,000

Using Tables 4 and 5, the equipment costa (F.0.B.) for refrigera-
tion and reactors is known. A plot of the combined costs is shown
in Figurs 6.

The preaented curve indicatss a broad minimum between 4,000 and
5,000 gallon reactors. For a 6,000 gallon resctor, fabrication
costs wnuld riae steaply, causing the formation of & very
definite minimum.
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BARE EQUIPMENT COST ($ x 10°3)
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Ashtabula Design

The Ashtebula PVC Plant of The General Tire & Rubber Company wes
deaigned and conatructed in 1954 by Scientific Design Compuny. The.
original plan cailed for a 24 million pound per year polymer feocility
utilizing ten 3,500 gallon reactors srranged in two banks of five
reactors each, HReactor couling was provided by a cooling towar

and was generslly succeasful with tha 20-24 hour reaction times
obtained with 1954 technology. All reactors wern glasa-lined.

By 1956, the demund for PVC cuused Gonarul Tire to cxpand the
polymer area by 50%. A ncw line of [ive reaciors vas added. In

- 13 -
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the pust several years, both the demund fur PVC and the techaology
of manufacture hnve advanced. New coatulyst nywtems have lowered
reaction times Lo 10-i6 fiours (depending on the product) and msr-
hetys have expanded.

B. Agitation

1. Design Considerations

The aize of a particle made by the suspansion method is a function
of the protective cvolloid and the fluid regime. The agitatfon
vaciablea are primarily: : ‘

a, Agitator speed.

b. lmpeller size and design.

¢. Number of bafiles and their desigsn.
d. Material of construction.

.The metaridél of construction follows the requirements laid down in
the reactor design.

‘Theoreticsl aspects of impeller design, baffling requirements, and
motur sizing have bevn inveatigated by numerous workers since 1880.
A complete equation, describing the geometry of the system, impeller
Reynold's number, vortexing effect (Froude ng-bcr) and baffling
would includu some ten dimensionless groups. It is possible,
following the mathod of Rushton,” to scale up an important variasble
if at least two smaller systems, geomstrically similar, are uased.
In practice, it is common to scale up using trial and error tech-
niques based on the commercial designs available. Initial pilot
investigations at Genersl Tire dealt with a variety of iwmpeller

and baffle designs. The tubular finger baffle was found most
suited to PVC operations.

Five gallon reactor studies on the anchor, turbine, QS“ marine
screw and three-bladed perpendicular blades led to the conclusion

that the speed of agitation snd type of agitator had s decided
effect on the particle (Figure 7).

3 FIGURE 7. AGITATION YS. PARTICLE SI2E

ANCHOR

TIREE-BLADE PERPENDICULAR

TURBINE
MARINE SCREW

AVERAGE PARTICLE SIZE

= LARGER

iﬁﬁ"hkﬁ!ﬂﬁ HPM
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Only with the mavine screw agitator did particle size continue to
Jdecrease with increased speed. The optisum particle size diatri-
bution 15 also related to the sgitator design.

The same result was obtained in the 3,500 gal. reactors by using a
three-blade retreating blade impeller which doess not have the deep
vortex and large buffling requirements of the marine screw syatem.
It is postulsted thet both the successful syatema have #n action
vresembling a centrifugal pusp. The liquid is pulled downward and
against the reactor sides, then flowa up the walls and down for a
repeat cycle. This gives very satisfactory hest trenafer and with
the retreat blade aystem thera is minimal scale [ormation.

Afver the reactiun 13 complete, the suspenaion is emptied through
s transfer line Lo a receiver tank for uareacted monomer removal.
[f high speed agitation is msintsined, this operation is slowed
greatly by the creation of a vortex. Cessation of agitation will
reault in phase aeparation and complete plugging of the reactor
outlet valve, The solution is to equip sll reactors with twa-
speed agitators, the lover speed used only while transferring.

Ashtabula Design

The Ashtabula plant presently has two-spesad, 15 H.P., retreating
blade agitutors. The original ten resctors were equipped with . a
siaggle, three-finger wall baffle. The five reectore added in 1956
have been succesafully run with a single small blade baffla. The
same recipe in the two types of resctors will produce a slightly
different resin particle.

C. BRecovery System
1.

Design Considerations

The recactivn for Viayl resina sttains an sverage 95% conversion in
the reactor. The importance of the recovery syatem can he shown by
a simple example:

Assume 75 x 108 1b./yr. production; then the unrescted moncmer
with no recovery st 95% conversion would be:

75 x 105 lba./yr. - 75 x 105 1ba./yr. = 3.9 x 105 1bs./yr.
0.95 :

At current market prices (8¢/)b.), .this represents:
$0.08 x 3.9 x 109 = $312,000

Obvicusly the recovery system is no small part of the overall profi
pictura,

Vinyl chloride is nearly insqluble in water, sand the bul¥ of the

unreatted monomer 14 in a dispersed state within the watar phase or
in the vapor phase over the batch. Since VCl exhibits a volume
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-QhriZRggv of 35% during polymerization and the reacturs are not
fully luaded initially, the vf;Pr in the fres spuce is conssderable

(pressure 1s 30 to 50 psig). "To a lesser extent, some residual J
monaomer {about 0.4% of the amount charged) is solvated in the
resan particle. The unreacted monomer ta difficult to remove from

the PVC particles because diffusion of monomer through the particle
is Ltime-temprerature dependent.,

Simple vacuum flashing suffices to remove the free monomer at »

rate dependent on the sire of the vacuum pump and rrcovery compressor
and the batch tempersturc. The latter will drop of f sharply unlesas
the heat of vaporization is continvally replaced. This heut may

be supplied 1n 8 varievy of ways but, if the boiler feed warer is
sufliciently pure, it is bedt Lo inject live stesm 1nto the butch.
This must be carefully Jdone to avoid product degradatiun but gives
the added advantage of intimately contacting the polymer, lending

to a lowered residual VC1 level within the particle.

The drop tanks must be fully sgitsted to prevent phase separation
and must be rsted fur full vacuum and & manimum of 100 paig. Since
they are the site of oaly » minor aumount of polymerization, stain-
less vessela are sutisfactory. To reduce liquid entrainment in

the recovery system due to fouming, the vesselas should be st lesst
JO% larger thun the reactors.

The number of drop tanks is selected s0 that there will be no

production acheduling holdups between batchea. Since the rompletion

of a PVC batch reaction is determined by pressure deop and not by .
Lime control, some latitude wust be sllawed und it in most economi- '*_}
cal to provide an udequate wumber of drop tanka. Based on plunt
experience, a single bucch can be trunaferred into o drop tank in

one-hall hour, stripped 1vn one hour, snd trunaferred from the drop

tank in one-half hour. For a system of N resctors opersting at

16 hours turn-around per reactor and scheduled charging, there will

be one hatch availsbie for monomer removal every N/16 haurs. The

number of drop tanks would then be given by the equation:

No, Tanks = Stripping time (hr./batch) x Prod. Rete (bavches/hr.)

e van (V)
No. Tanka = 2.0 hyw. x N_batches = N
bacch 1o hr. 8

The conclunion ias reached thet one drop tank is needed for every
eight reactors., Thia unslysis does not allow for batch-co-bhauch
variations in rcycle time. For these ressons, a safer figure would
be one drop tenk for every six reactors. The physical arrungement
of equipment may alno help determine the number of drop tanks
needed per reactor.

The general layout of a dump tamk-recovery system is given in
Figure 8.

- 16 -
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FIGURE 8.
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ENTHALPY (BTU/#)

= X oa. W
T . Ll -

Using the eanthalpy curves for YC1 (Figure 9), the heat duty for
the recovery condenser can be calculeted. The storsge conditions J
for VGl are normally B0°F and equilibrium vapor pressure.

FIGURE 9. ENTHALBY OF VCl
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. N - 2ot Ashinbule Design

-

- o -++ %The Ashtabula recovery aystem sists of three dump Lanka, two afl
s 1,000 gal. wnd one of 5,000 gal. capacity., Each has a vacuum pump

and recovery compressor feéeding & common recovery condenser. The

system is given in Figure 10.
FIGURE 10, ASHTABULA RECOVERY SYSTFM
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C A< defined ta this section, sturage will mean the raw monumer being
held for polymervzutyon and the reactor slurry being held fur con-
Vanuous diying.  The sotume of the former is deteimined by the
souwrce of mouomer (v, e., iy 1L being continually produced, 14 it
Lbeing shipped 1n, o1 # cambination), and by the rate of production.
Sturrey starage 15 deterwined by the number of drfferent produces
betug produred simultavenusly, the number of drying lines, and
qualivy vontrol.  Several butehes should be blended Lefore drying
ta assure produrt nmformivy in day-to-day operation.

Ashtabule Desixgn

a. Monowmer Sinrage
The ariginal Jdesign for Ashiabule consisted of three movomer
tanks of 15,000 gal. capscity each., Two were 304 stuinleuss
clad, and the third made of cearbon steel, The stainless vtanks
were to hold purchased and produced monomer for feed to the
reactors, Fhe carbon steel tank received recovered monumer and
served as & feed vessel to the monovmer refining column. fron
vontaminution 18 removed in the refining step snd the stainless
tanks were to prevent asuy 1von from beiug picked up after the
refranang step. It was soon Found necessary to uvse s tank 1n
vonjunction with the continuons monomer production. Thia led
to the purchase of u fourth, carbon steel, rank, )

Dessgn Cansydevatannns

Time proved that the chotee of 304 stoinless clad tanks for
Ashtabuala-produced mon mer was unfortunate. Trace gquantities
of HCI und water led tu extensive carrosion prublems and iron
pickup in the monomer. The exinting 304 stainless steel clad
vanks have been repatied, and o glasa-lined vessel 19 being
purchused 1n the current expansion.

b. ﬁlurrx Stgsﬁxz

The alurey storage tanks ("hlend”® tanks) of the original
Ashtubulae design consisted of three 15,000 gal. 304 stainless
steel tunks. Continuous agitation is provided to prevent

phase sepuration.  The trausfer lines are constantly re-
circulated to prevent line plugging and Lo further incrense the
blending efficiency when the tLonks are.not feeding the dryers.
During the 50% plant expansion of 1956, two more 15,000 gal.
tunks were added, and three mare are being installed with the
current expunsion.




i Dewsieving

i. Design Cgusirderalions

Sturcy from storuge countaras en averasge of 255 PVC with uctual
voluvs varysng with the basic recipe, resctor wash, und water

added 1o facibivate pumping. ALl waver used on the proceas as
desonrzed, A combination technigque of dewateriog and deying iy
tegquired for PVE. The method best suited is & continuous sulnd.
bowl centrifugsl separation with the solsds diacharge feeding
dircretly tnte the drying system. Ltatizing thes, standacd prodocts
can Le consistently concentrated to 76% - 77% solidy before entetang
the dryer. Figure 1) illustrutes a cowmercial cenirifuge ommonly
used,

FIGURE 11, COMMERCLAL CENTHIFUGE
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A feed pipe runving slong the horizontal axis of the cantiyfuge

distecbutes the slurry.  The plaw mechanism rotates an the sume

direciiun as the howi bat at a reduced speed, thus conveying solids J
to the amall end of the bowl where they are drscharged, Normal N
bowl 1otatienal spreds runge from 2000 RIM and above fur small

units, down to 250 HPM on large anes.  Ligquid Jevel (the "pond®)

1% mugntarned by adjustment of the outler dams.

ftoch the depth of the pond and the angle of the buwl relative to
the horyzontal axvis 13 important to the efficvency of operatiun,
The deeper the pond, the more efficient the phase separation (leas
woleds maretral an the effluent), Correspondingly, the deeper the
pund, the wore moistuve i1n the wet cake diacharge. The former
seans less loss of product to the plune, while the latver means an
overtoad of the drying system with subsequent reduction in produc-
tiun roves. Fhe net effect of the bowl configuration is to hange
the vhuracteristics of the curve relating feed rave to discharge
molstyre content. -

Electrical giade resins requiring low ion content for snsulation
applications are eosily handled in commercinl centrifieges with Lhe
wse ol u deranyzed wash water technique. Deionized warer is antro-
duced intao the (entriluge, and is brought 1n contsct with the resin
through the chorning acrion of the blade, Houth the volume of wash
water and the water tcuperature have an effec)r on the removal of
suluble jons,  With 120°%F process water, the experimenisl wash
water efficiency 1 grven in Figure 2.

2. Ashtabule Design |
Ashtabula has two driers rated for 25 million pounds per yesr each.
Planas huve been tard to install a third line with 1ts sttendant
centrilugal Jewatering system. The two existing driers each have
two centrifugrs developing T60xG et 1750 BPM with a fred of
4000 #he. on ecach line., Bused on the dryiug cepacity beang in-
stalled, 1t 18 desired to meincaan 5000 #/hr. on standard resins.
The specilic cencrifuge design for economic plaat operation depends
on the two fuctars mentivned previovusly, e.g., on the sum of the N
effiuent lusses und on the variable cost of drying for dif(~ring
wel cake moistures,

F. Dryers
1, Design Consrderstions

The ptime cunsiderstions in drying PVYC are to avoid product
degradation wnd Lo obtain low moisture content. At sbout 150°F
degradation of the product will occur, resulting in discoloraticon
of a milied sheer. In addition, PVC ia aubject Lo a cumulative
"heat history"; the length of Lime at moderately elevated temper-
atures will affect quulity. This necevaitates the use of » co-
current drying aystem or one in which exposure time of the polymer
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to heat 1a mintmized. The two types in use for PVC are rotary and
flash. The rotary drier is used by General Tire.

Al“'“hulf Hestgn

The 1954 Astitabula design consisced of a single 10" diameter x 30
iong stmanless steel, cocurrent rotary drier, rated for 25 million
pounds a vear. A finned-tube heat exchanger delivered spproximately
1 x 169 BIU/Le. to the air stream, AL normal operating rates, some
$, 000 dry pounds could be produced per hour at an overall thermal
effaciency of ubour 50%.

During the 50% plant expansion of 1956 a second, i1dentical drier
was instulled. This pushed the drying capsciry to 50 million
pounds & year, With lurther reactor eaxpansion planned to put

plant capacity to 75 million pounds per year, a third will be re-
quired. Accotdingly, the existing system was completely evaluated.

The following data end Figure 13 are extracts from a General Tire
report beuriug on factors affecting drier capacities,

FIGUHE 13. DRIER SAMI’LE POINT AND BAFFLE LOCATION

- 10 FT. -
41.7% 67,29 91.7%
OUTLET
SAMPLE POINTS 1, 2 AND 3 LOCATED AT 28.3%, 54.3%,
AND 90.0% OF DRIER LENGITE
Table 7
No. | Drier
Fraction of Drier ] .283 . 543 .90 1.13
Air Temperature 100 109 200 190 146
Solid Temprrature 1200 1029 108° 112¢ 136°
Solid Moiature:
Wer Pnais 24.3 7.9 8.2 0.3 0.25
Dry Baxia 312.2 - 21.8 9.0 0.3 0.25
Humidity .009 , 0203 L0343 . 0442 L0443
Wet Bulb Temp. 1oa° 1029 107.5° 112.37 107°
Air Rate Through Drinr - 54,800 lba. /hr.
Velacity Within Deier - 198 fr./win.
Heat Lnput by Coitlx - 3,060, 000 BTU-hr.

Slurry Feed Rate (dry hasin) - 4,350 lba./hr.




From the preceding data, the d;vrull volumetric hest-transter
curt i tent was detgguined fglikbwing Perry, Cheaical knginece' «
Hundbook, Thied Edition, p. 83F and Fourth Kdition, p. 20-19:

an -~ U,V ALY, T eeeesa -ee- (VI
9y, -~ Tutal heut tvunsferced, BTU/br.
U, » Volumetiic heat transfer coeflficient, U“Lﬂir.Ft.s"F

tAL)  ~ True mean Lempersture difference hetween hot
wases and waterial, “F

RN AN S, | SN SUN. R T T

(M), 4y (AL), g (AL), " q, (A),

ay, ~ fleat tranaferred to wetr materianl while heuting to
the wir wet-hulb temp., BTU/hr.

q, = Lutent hewt transferred Lo the mutearinl while
moisture in heing evaporsted st constant temp.,
BTU/hr.

q, = Sensible heat tranaferred to the dry material

while heutaing i1t to the discharge temp., BMW/hr.
9 = Total hewt tranaferred in the deier, BTU/ hy.

(AL), = Mean temp. difference between the eir and the
material st conatant temp., “F

(At), - Mcan temp. difference botween Lhe asr and the
materisl while heating to its diacharge vemp., °F

(Ar),, ~ Mcun temp, difference betwean the air and the
materinl while hesting to the weat-bulb temp., °F

Evalustion of Equation VI

¢, (PVC) - 0.25 §TU C, (ity0) = 1.0 BTV
' TOF r 4 OF

a

Solida temp, - 120°F inlew, 136°F outlee

Air temp. - 3009 inlec, 146"F outler

Air wet-buth vemp, » 1O7°F ’

Dry product producrion rate - 4,350 $/hr.

Water content of (red - 24.0%

Conatant drying rute period = 20% to 1% moiature

Basis = | hour

Total motisture in feed - 4,350 - 4,350 = 1,400 lbs,
1.0 « 0.24)
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4y, —‘.(.u:(.p!pv(: \L_"‘ + (m(:p)“'.’.” A:P
a, = (4,350 » 0.23) (107-120) « (1,400 x 1.00) (107-120)
. o123 x 0% Ay
1y lm\,‘\"I",“ L2 - 0L x l,400 X l,".“’
- 1.00-,757

PO I B I L A

q, * (rll('.p)pvc I\Ls = (0,25 x ‘,350’ (136-107)

g, = 3.15 x 104 By

qp " dp t 4y g, v hest of evaporation of unatesdy-state

muisture removal

lgnoring the last term:
g+ -3.23 x 1044 1,13 x 105 4 3.15 x 104
gy = 1.13 x 108 Wy

Symbel Value

Arr temp. ut tnlet Tai JOGOYF
Arr temp. at begrauning of constant

drying period (20% moisture) Ta2 230°F
Air temp. at end of constant

drying period (1% moisture) Ta3 195°F
Air tomp. ut drier exst Tas 146°F
Maverial 1natial temp. Tyy 120°F

Material constent drying temp. (wet bulb) T2 107°F
Material final temp. . Tai 1369F

(At)p - TA. :, TA:! - TM' ;Tug (Al’p - 300 0' 230 - 120; 107

= I51°F

(At), = Taz * Tﬂi . Tuz (At), = 23D .« 195 - 107 « 1069F
2 ?

2 2

(Atdy = Tpg v Tpg - Tya« Tya (At)g = 195+ 146 - 107 4 136
2 2 ‘
- 49°F
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I = -3.23 x 104 R 1,13 « 108 . 1,15 x 104
(At), L.13 x 109 x 151 1,13 x 107 x 106  1.13 x 10° wed9

1
(Au), = 9.81 x 1073

(8t), ~ 1029F

Evaluation of Equetion Vi

q, = U, V.(Ac)
Drier is 10' diam. x 30' long

Voer?l ani$)? x 30 a 2.36 x 103 £0.3

6
Vgo 9 = __Llldg IS MMu/ne, U, - 4.70 _BRU__
*  YTALTT  2.36 x 109 fe.3 x 102°F . It. Shr. OF

The sbove result waa compared to the correlation of Friedman
and Marshall:'

Comparison With Fricdwan-Marshall Correlstion °

u, = 20 go.xs .......... (vii1)

where G = air muss velociuy, ibs. /he.fe.2 o 54,800 lbs./hr.

~ D« drier dism., ft. = 10 ft.
U, = 20 (54,800)0-16 . 5,70
10 ( 25+ ) hr. fo.*9F
The Friedman-Marshall equation ia sdmittedly only an spproximation
but it does show a fairly good correlation with the rotary driers
in use at the Ashtabuls plant.
G. Separstion of the Produce from Air v
1. Design Considerations

The product may be discharged from a rotary drier either directly
from the lower end with the uae of & breeching ring, or it may be
intentionslly entrained in the -exit gases by reatricting the exit
ares and thereby incressing the wir velocity. The latver method
is most common becsuse (1) the breeching ring method is not highly
efficient, since it requires o backup filter for the exhaust air,
and (2) entreinment allows convenient conveying to sny point in
the plant. The fluidized particles must then be separated from
the air stream for packaging or storage,

.’
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Air separdet n devices have vormally been of three tvpes: (1) ¢k
ar bag frlrers, (2) (yoione separators, or (3) u cowbination of
cyclunegaad clovh falters, The primary design criteria 1s overail _
collection effiviency. FEven the loss of owe-tenth of one per cent
of the product 1n a 75 millioa pound plant represents a loss of
$12,000 per year.  The various melhods of recovery are discussed
helow, along with therr charscteristic limitations,
s. The angfilter
From Genetal's sxperience, s bug filter maintains an average
99.95% collrction efficriency yu retasnaing PYC particles. A
typicul installation is shown 1n Figure 14,
FIGURE 14, BAG FILTER
pYC
‘ D s
AR \\ \‘ \‘ \‘
B1.Ow
DALK
RING
. ]
J
Jtlzs--uu

PVC

With this device the inletr air, laden with PYC particles, i
distributed-into 4 heuder feeding the interior of several ruws
af bags. A partiul vacuum i3 marntuined on the exterior of

the bags, pulling the uir out to the stmosphere. Moat of the -
PYC drups to binsg Lelow, but some PVC purticles are left
clinging to the interior and must be removed. This is sccom-
plished with the use of v blow-buck ring mounved on a movable
currruke. The carriege continually traverses the length of the
bug with small jets of nir shaking the PVC loose Lo drop in che
bin below. A rotlating star valve maintains an air seal while
sllowing the free-flowing polymer granules to puas through.

Theie are several disadveuytages to the bag filter. Relatively
higlt capital wnd operating costs ere combined with operational
limjtutions which prriodically produce low«grade product. The
fritar media (commonly Oriun) plugs and ran only be opened by
more violent means thaa the blow-back ringa. Suctessive re-
lesse and re-establishment of the vacuum on the exterior of the

- 28 .
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bags will ceuse firmly adhering PVC to drop off. The product
gurnnred t1n this manner is primarily “fines” (smaller than 270
mesh) and is designated as off-specificstion material. This
wethad is not succeasful iadefinitely and bag replacement is
frequent., Continual wear on the cloth from the mechanical
currivge leuds 1o eventual rupturing, further reising waintenance
costs and the loss of top grade product.

b, Cyclone Separator

The cyclone separator operstes with no moving parts, ix inexpen-
sive and relatively {ree of maintenance. Collection efficiencies
have not been theoreticully correlated Lo the degree of accuracy
weeded for firm design, anecessitating experimental work. Such
work haa been done at the Ashiabule plant, The coarser resinas
could be collected at an efficiency of 99.93%, while the finer
resins were gathered at officiencies ranging down to 99.4%.

By uaing two or mure asmali-dismeter cyclonas in parallel, it

ia estimated that & high collection efficiency can be achieved.
The aystem is ashowa in Figure 15.

FIGURE 15. DUAL CYCLONE COLLECTOR
AIR AR

A f

il o -

]
4
]
|
[}

t \/
=0

iPYC AIR

¢, Combinetion of Cyclone and Cloth Filter

Various combinstions of cycloae filters with clesnup cloth
filters exist. One nuch arrsngement is givan in Figure !§.

In this separator, the incoming stream enters s conical sepa-
rator where the majority of particles settle by the cypclone
desccelersting effect. Above the cyclone chamber are rows of
cloth filters with o partial vacuum meintained on the inaside,
The air stream, rising up the center of the chamber, is drawn
through the cloth to the aswmosphere. The entrained product
in retsined on the outaide of the clovth. The filtar is cleaned
by reguloted puises of sir atriking the neck which sevs up »
sinusoidal pasttern violent enough to loosen adhering perticles.
The aysatem has the high collecrion efficiency of the sock filter
o without great sttandant machanical difficulties,
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FIGURE 16, COMBINATION FLLTER
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2. Ashtabulae Design

The original Ashtabula design consisted of s bag filter identicel
to the type described above. During the 1956 expunsion, an add1 -
tional bag filter unit was installed with the new drying line.

Since that time, cyclone aeparators heve been improved and in the
third drying line it is planned to switch to the use of cyclones.
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After the product is nbtained in o free-flowing granular form,
quolity considerations dictate careful screening. This operation
serves the dual purpose of removipng foreign objects and oversiie
particles. The operation 13 accomplished by the use of a series
of vibrating screens vhich automatically dump screened material
inte a storage bin. It 1s possivle to design an arrangement which
will give aeveral classilications of the product.

2, Ashtabula Design

At the discharge of the bag filters there are twe vibrating,
triple-deck screens. All uversize particles must pass over all
the screens before being discharged into & holding bin. Product
obtained in this manner is designated off-specification and sold
st & lower price. This method hes been quite satisfactory and
will be duplicated un the new drying line,

I. Dry Polymes Handling

1. Design Considerations

After screening clussification, the dry polymer is ready for
packaging and shipment. [u the past, the operations of bagging,
palletizing, and loadiug have been areaa largely neglected by

- chemical engineers. But in high-volume products, packagiung and
handling contribute significantly to manufscturing costs; In the
last twenty years, new methods for transporting PVC to the consumer
have heen steadily emerging, suppleanting Lo a considersble extent
the steandard 50 lL. bug. The most economical shipping method is
by railroad hopper cars which reduces filling, handling, storuge,
and coutainer costs by two-thirda,

The use of theae new methods has completely clhianged the process
flow afrer the screeaing operation. Figure 17 illustrates the
typical installation common a few years ago. -

FIGURE 17. BAGGING STATION

VIBRATING
SIFTER

—E ¥

QICK
ACTION
FLAPPER
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- 31 -

. . o UCC
013343




——— it

iy palymer 19 Jdischurged from the sifter into s hopper fitted
with a bogging machinew. the new hulk handling methods utilszing
pnuumntﬁc couveying have changed this procedure radically., PVC
flurdrzed with smull quantities of air can be moved rapidly to and
from sturage. Autumsted hagging stations operating at nominal
spreds of 20 bags/min. perform the operationa of bagging, closing,
pulleviziug, and movement to the warehouss. Manpower is required
only to remove the loaded palleta. Bulk storuge siloa astore the
varions resins for shipment by railcar and truck. A typiceal
iastallation utilizing bulk storage, bulk loading, and automatic
bagging 1s shown in Figure (8.

FIGURE 18. RBULK HANDIL.ING

TUTALIZING

SMETER Lo o WEIGIH STORAGE |, HULK

BIN SILOS SHIPMENT

AUTOMATIC
BAGGING
AND
PALLETLZING

———= 5111 PMENT

Ashtabuls Dasign

The General Tire plant was originslly aet up for one bagging opera-
tion at the diacharge of the bag filters. The 50% expansion of
1956 duplicated the originul instsllation and allowed continuous
begging of two product lines simultaneouuly. Realizing the
economics of the new bulk shipment merthods and their convenience

to the customer, Genersl Tire has laid plans for Lhe installation
of atorage silos and bulk loading equipment. An sutomated bugging
machine used in conjunction with & bulk atorage silo will ullow

all bagging to be aone in short periods aof time.

V. Ashisbuls Operations

A.

Standard Products

The Ashtabula, Ohio, plant has been producing PVC resins aince 1954.
Trade-named "Vygen, " these PV(C rasine are s basic rew material in the
production of many plaatic producta, both consumer snd industriasl,
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There wouid be many advantages, to both the manufacturer und the con-
sumer, of making a single, all-purpose vinyl resin that would be
suitoble for all applicutions. [lowever, due to the number of methods
of provessing und end products, this ia imposaible. No single type

of resin vould posaibly npan the variety of specifications required by
the yndustry. fHeace, our research and development efforts are continu-
ally direeted towards developing and manufacturing & family of special-
12ed vinyl resins to meet the requirements of the processor.

While the Vygen resins were desiyned for various types of processes
and uses, they sll have the following essential cheracteristica:

Superior heav sitabilicy
Excellent light stabilitvy
Minimum of gelled particlea
Consistency of performance.
Dependable quality

Qullitz

We feel that quality and consistency of performance are the most impor-
tant attributes of our Vygen resins. These sre maintained by careful
control of the raw materials, process conditions controlled by modern
instrumentavion, and by an extansive and exucting in-process and
finished product quality control program, A brief description of our
quality control program snd facilities includes the following:

1. Pipeliue Rav Materials (CoHy and HCL) are metered and sampled aa
they enter the plant., Tests lor purity ure run, some on 8 con-
tinuous basis, so Lhet st any Lime we can predict and set the gas
flow ratio to our vinyl chloride producing reactors. In addition,
a CyHy purificarion system is in continuous operation to increase
the elficiency and life of the monomer resctor catslyst beds.

2. Other Raw Materials are sampled as they enter the plant and musat
be releasned by the Quality Control group before being used in
production.

3. Vinyl Chloride Monomer quslity is carefully gauged by & system f
process control instrumentation and frequent sampling at intermedi-
ate and final check-pointa. Chromatographic analysis of refined
vinyl chloride ia accomplished before the material is released for
production use sand contaminany levels in the parts-per-million renge
sre readily detected,

4. The Water used in the suspension polymerizastion phase must be
extremely pure, An efficient wuter treatment aystem consisting
of carbon f(ilters and deionizers ia used and process water is
continuwously monitored for conductivity. '

5. Polymer qualiLy is initislly controlled by monomer purity snd the
proper selection of other polymerization ingredienis and conditions.
Accurate weighing or metering of all recipe materials is sccomplished




T W"“m"“""""—“

st a clean, purged poivmerization hettle and precise batch temper-
ature conttol s mantavned 1o produce the desired polymer. A
potymer sanpling scheduie s in effect vo make sure the piroduced
ey

VU has the carrect properties (intiinsic viscosty, bulk density,
fysh eyes, particle s1ze drstribution, etc.).

The Polymer Uewatering and Deying Conditions are established and
cuntrolled to produce the desired low moisture content and to be
sure the resin i1s nut burned during the drying operation. Freguent
{two-hour) samples of the drier polymer are taken snd tested for
diry particles, per cent of moisture, snd builk density, and o

test for {1sh eyes 19 run three Limes per day.

The Finsshed Product Testing Program 1a placed into effect aferer

the resin 1% hugged into convenient lot sizes (usually 100,000 Ibs.),

but before it s shipped Lo the consumer. This extensive program
13 vhe fiuwl quality check and wust be accomplished before shipment.

Tests run on vach lob include:

Intrinsic Viscosily

Bulk Densicy
Plasticicer Take-tp .
Irreversible Plasticizer Take-Up (Blotter Heaina)

% Morsture
Conductiviey - (Electrical grade resinas)
pll {(Electrical grade resins)

Mill Scabilicy

Clericy

Fish Eyes {Gelled particlea) k‘,}
Foreign Parcvicles (Dirt)

Particle Size Diacvribution

Press Stabilicy .

In addition, apecial testa anch as blended resin funnel flow, color
drafe and rheological (melt flow) studies sre conducted as the

situation warrantas,

Vygen resins have herome well known thraughout the trade as being the
most reproducible from lor to lot of all the PVC resins menulactyred.
This conmiatency of performance 14 accomplished by vaw material purity
and selection, an axtensive and vigorous in-procesa testing acheme, »
highly automnted and accurate svstem of process control instrumencation
and a comprehensive finished product renin testing program. Thin
combination of factors is responsible for the reputation of quelicy
that the Vymen "family of resina” has come to enjoy.

Productivity snd Yierlda

Continued efforts to innrecese plant effliciency and productivity have
been made at the Aahtabuls plant in order to meet the incressing
demand for VYygen resina and to maintain our competitive position in
the industry. Thease efforta have Leen rewarded in excellent fashion,
and have resulted in increasing our production from 36 willion pounda




e e e R e

in 1959 to un estimated S0 mellivn pounds this year with no major
capttal expenditure.  During this some time period, the plant yield
increased 3,59, '

In dahiition, s $2 miilion programmed expausion program was anpounced
on Muy 14, 1464, which 15 expecled to increase production of the plant
by an estimated 50%.  This expansion will include the iuscallstion of
a new Jdrying line, inercased polymerization capacity, and improved bulk
handling facilaitiew,
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FAURICATIUN AND APPLICATIONS

Letrodus tron

The previous papecs have described haw polyvinyl chloride 1s obeained as
s granulat powder, In this stare, PVC has very limited use and the con-
version of PYC inte commerciul products depends upon ita modificaetion
through compounding.

The many compasitions obtainable from PYC are highly sdeptable to & number
of cperations which convert the muteriala into wsuble producis.  Most PYC
products nre obtavned by calendering, extrusion, and costing techniquea.
Other conversion methods such us blow molding, compression molding, injecs
tion wolding, und f{luidized bed are used to & lesser degree.

The moleculur weight of the resin, compounding, processing, and finishing
all contribuce to the performance and appearance of the final product.

The grest varitety of end uses for PYC make it one of America’s most thriving
and expanding r1ndustries. PVC, more Lhan eny other polymer, 13 synonomous

with versatility.

End Use Applications

In 1902, PYC Lecame the world’'s firast hillion paund plastic. Figure |}
shows the salea volumes of Lhe vorious classificetions of viuyl for 1962
und 1963, fv con be scen from the curves that calendering and extrusion
capturss the bulk of the market. [Poundage for 1963 was greater them in
192 in every clasanification except miscellancons, and che total increase
for the one year period is 8% Indicationa are that 1964 will show a
stmiler increans over 1963 and PVC seema headed toward a two billion pound
market \n the near future,

As PVC hus groen in volume, the price han dropped accordingly, furcther
acieleruting the plastics tndusiey’s interest in the material. The current
low prace of lng/lb, contributes toward making PVC one of the firat muteri-
wis consvdere] when production of a new plastir article 314 heing plunned.
Though the 1.40 speerific gravity of the unplesticized reman in relstively
high, the pound-volume costs of Lhe plasticized compounds are wuch mare
tovorable.

This poundage 18 not consumed an & xingle product or application. PVC has
widespread utility in producta ranging 10 atifiness from rigid sheet for
construction applications to flexible film for food wrupping. This extremes
difference 1n and producy application ia posaihle hecanre the hanie vinyl
polymer can ba solvated by plaaticizers aver o range of concentrations,

All of these PVC compounds are thermoplastic in charucter and acquire av
some critical eleavated vemperature & rubber-like conniatency., Therefore,
it is not surprising that in the carly days plasticirzed vinyl compounda
were couverted or farmed to shape on equipment found tn the rubber industry.
Experience sonn demoastrated that calendering, tubing, extruding, nand
pressing machinea for rubber were inefficient for making quality vinyl
producta, Thesre xame typas of converting machinea weie modified in basie
cngineesing design, temperature reange, and autamatic control in order to
monufacrture vinyl end-products to extremely cloar dimensional tolerances.
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PVC Reaan Types - A

-y R - .‘"“ .
As ourlified earlier, the besic polyvinyl :&10T}:Q can be polywarized or
cupolymerized by suspension, emulsion, orf:othtiﬁn-technique.. For the
purpuses of this papec, the emphasis will ‘be placed on the suapension type
of resan,

PVC polymer cun be made in a wide range of chain lengths or molecular
weights. For control and idencification purposes, the molecular weight

is charscterized by the polymer’s intrinsic viscosity in a solvent solution,
The higher moleculur weight polymers possess higher tenaile strength and
hardness, better resistaunce to flow at alevated temperatures, and improved
solvent resistance, when compared to their lower molecular weight humologs.

Table 1

Effect of Molecular Weight on PYC Properties

Resin ' Vygen 85 Yygen 10§ Vygea 110 Vygan 120
Molecular Weight® 74,000 83,000 93,000 107, 000
Intrinsic Viscosity . 80 .93 1.03 1.18
Tensile Strength, psi*® 2160 2490. 2730 2890
Ultimate Elongetion, %*° 230 300 340 350
Tensile Stresa at

100% Elongation, pasi** 1290 1400 1420 ) 1460
Shore A Hardness,

0 Sec.- 91 gt 91 92

10 Sec. 80 80 81 82
Formulation Resin - 100 parts

DOP - 50 parts
Ba-Cd Stabilizer = 2 parts

* D. J. Mead sad K. M, Fuosa, J. Amsrican Chamical Hociety, 04, 277, (1942)
** ASTM D-412-61T

In a typical formulation using 50 parts of diectyl phthalate (DOP} plas-
ticizer per hundred parta of resin and resina of ‘differine intrinsic viscosity
ranging from 0,80 to 1.18, it ran be sean that the tennile ntrength, elon.
gation at bresk, and Shore A hardnenn increaae with sncrensing molacular
weight., Figuree 2 and } show these pointa graphically.
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1V. Conversion of Resin to Product

A. COmEouhdiuﬁ

{

Stabilization

Very few polymers inhevently pussess ovutstandiog hewt or light
resistance on long term exposure, and polyvinyl chloride is no
exception. The scicnce of PVC degradation is well cuvablished und,
although complicated, s knuwn to involve the loss of & chlorine
and a hydvogen oatom from udjacent carbon stowms on the buckbone
chain. Strong alkuli promores this loss of hydrogen chloride. A
slightly alkuline metullic salt wtll wet an an acid swcceplor and
prevent further generation of HCl along the polymer chain., Lead
aalts auch as basic lesd curbonate or lesd silicste were Lhe carli-
est stabilizers used in polyvinyl chloride. Lead stabilisers are
atill used in eloctricel inwuletion where the service spacifications
require up to a 105°C temperature rating.

Organo-tin compounds such us dibutyl tin dilsurate or tin maleste
are liquid at processing tLemperstures sad can be dispersed through
the PVC compound more readily than solid metsllic salta, They
alse proteét tha polymer by suturating the double bond crested
wharever HCl in lost in the first stuye of decomposition.

A major advence in atebilizetion was the discovery that organo-
cadmium compounda are aynergited in their stabslizing action by
compsnion barium urgeaic compounds, Thesc systema are readily
dispernaed and have limited nolubility in plasticized PVC compounds
and mnke posanible haze-free products of good clarity and color.

Plusticization

[t was ntured previously that polyvinyl chioride resins sre capable
of being compounded into s wide variety of products having different
degrees of flexibility nnd hardneas. This great veraatility ia
possibla because of Lhe softening action of plasticizers on the
hard horny resin. In general, the degrre of nofineas of the com-
pound will be in direct propartion Lo the plasticizear-resin ratio.
By varying this ratio, 8 wide range of PVC properties can be
achiaved,

The chemical function of a plusticizer is dependent upon the
presence of polar groups in its molecular acructure. Thia palarity
allowa the planticizer molecules Lo be innerted betwarn PVC reain
molecules, neutralizing the Van der Wasl ar secondary valence bonds.
This weakening of the Van der Wanl forces creates localized (lexible
aress intermingled with reanin atrength arcas. The combination re-
sultns in & srrong, vet plinble, polymer.

There in evidence thar the planticiser swells the amorphonus regions
and that the samall regions of crystalliten are unattacked or un-
affacted by the planticizer. Thim situstion in unique to polyvinayl
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Y
V. Conversion of Resiu to Product
A. Comuoundin‘ . \"/

Stubilizeution

Very few polymers inherently posscne vutstanding heat or light
resistance on long term exposure, snd polyvinyl chloride is no
exception. The science of PVC degradation is well established and,
although complicated, is known to involve the loas of & chlorine
und u hydrogen atom from sdjecent carbon atoms on the buckbone
chain. Strong ulkuli promotes this loas of hydrogen chloride. A
slightly alkaline metallic salt will act as an acid scceptor and
prevent further generstion of HCl along the polymer chain. Lead
salts such as basic lead curbonate or lead silicete were the carli-
est atubilizers used in polyvinyl chloride. Lead atabilisers are
atill used in electricel insulation where the service specificstions
require up to = 105°C tLemperature rating.

Organo-tin cempounds such as dibutyl tin dilavrate ur tin maleate
are liquid st processing temparatures and can be dispersed through
the PYC compound more readily than solid metallic salta. They
slav protect the polymer by saturating the double bond created
wherevar HCl ia lost in the firat stage of decomposition.

A major advence in stebilization wes the discovery that organo-

cadmium compounds are synergized in their stabilizing sction by

companion berium organic¢ compounds. These systems are readily

disparsed and have limited aolubility in plesticized PVC compounds '\_}
and muke poraible haze-free producta of good claerity and color.

Plasticization

It wvay atuted previoualy that polyvinyl chloride resina are capsble
of being compounded into e wide variety of products having dilferent
degrees of flexibility and hardneas. Thia grest verxatilivy is
poassible becaune of the softening action of plasticizera on the

hacrd horny resin. In general, the degree of sofcness of the co -
pound will be in direct proportion to the plasticizer-resin ratio.
By varying this retio, a vide range of PVC properties can be
aschieved.

The chomical fuunction of & plesticizer in dependent upon the
presence of polar groupa in its molecular structure. This polarity
allows the plasticizer moleculea to be inserted between PVC resin
molecules, neutrulizing the Van dar Wasi or secondary valence honds.
This weakening of the Van der Wanl forces croestes locslized (lexible
srces intermingled with resin atrength srcas. The combinstion re-
aultes in & atrong, veu pliahle, polymer.

There in evidence that Lthe plasticizer swells the amorphous regions
snd that the samall regions of cryatallitea are unatvached or un-
affacted by the plasticizer. This situstion ir unique Lo polyviayl




chyortde, bt permits the crealion vt produc s whach are (lexibile
withoat betug weak, aie tessbrent without berag saappy, ate more
Jeather-tike than rubierey, have surisce slip without vack, and
have goud sbiasion reststance,

Commerveial produrts ol savisfuctory durabilivy require that the
wolvent ot plasticiaing agent have long tere permaneuce,  The
plustivycer shuuld be gt least as pecmanent as the properly
stabiltzed resain. To Le pevmuunent, the plusticizer must either be
Wotrae sulvent o1 be associated with o true solvent for the PV
tesin, The plasuicizer must resist oxidution boith during processiog
and during lowg 1erw in-use aging for periods up Lo five or moie
years., bts affinity 1o the resina must be greater than Lo torcign
substances which would normally convtaet the PYC product in service,
For uphulstery, these substunces would include resistance to

wicking tnto clothing, dusi o dirt, and soapy water washing. [t
must have a very low volatility to vlimsuale cvaporation. It shouwld
be odortess sad volorless in order to have wideapread utility, When
the waterial io question meets these apecificutions to s practical
degree, 1t becomes known wx a primary PVC plasticyzer.

Ordivarily, a plasticizer will be a high molecular werght esver
formed by the reurrion of ap aliphatic alcohol of eight to twelve
carbon chain leaglh with un acid which may be eirther phthaiic,
etelaiv, adipic, or sebucic, Polymeric forma of esters acre usually
in the 2000-5000 wolecular weight runge. Thene plasticicers ere
uncd where specisl permunence ia required,

Plasticizers are commonly liquids with viscusities which may he as
low an « light otl or us thick as honey. They vary widely in their
efficiency in flexibitizing the PVC resin and the particular proper-
Lica contributed ta the PYE product. For thia reason, 1t ia (ommon
practsce to blend o mixture of plasticiszern Lo obLain w compromine
of theirr individual wssects and defecen. Lt in thin typa of Lleading
thet mukes viovl productx o versatile,

Figures 5, 6, und 7 +how the sffect of DO plastycizer (di-octyl
phithalute) concentrution on the tensile stiength, elongation, snd
Shore A Hardnens of a Vygen 120 formulation.

Wheto exceptionnl petmanencs ar disepystonal stabrlivy s demanded,
rhemically hound copolymers sud physicul polvmer hlends provide
the snawer. Nitrite ruhber (butadiene/verylontttile) cen be used,
although its poor color limita iv to dark coloeed applicationa.
Other polymera used for modification sre chlorinsted polyethylene,
scrylica, end scrylonitrile-butadiencstyrcue (ABS) resins.
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lL.ubrication

Viny! is processed snd formed by metallic parts which may be & aet
of rolls, a forming die, & mold, or some other device. During this
processing, the vinyl must adhere to the metsl sa that the plastic
draws in, [ills, and flows with the forming surfaces. However,
this adhesion must not he great enough to cause distortion when

the article 13 removed [rom these aetal surfaces. Adequate parting
is obtuined by including in the compound trace quantities of
lubricants that act as metal relesse sgents. The relecase ugents
are soluble to only w limited degree in the vinyl compound at the
processing Lemperatures. Thus, minute particles of che release
agenL are deposited on Lhe hot metal surfaces and form a semi-
coutinuous comting. Excesaive quantitios of the release agent
shoyld be avoided to prevent exudation on the finished PVC surface.
Exudetion of lubricant appears after processing end ia not only
unnightly, but can interfere with the spplication of decorative
finishes or subsequent dielectric heat sealing. Stearic acid ia

a common release ngent, but metallic stearatea, waxes, or poly-
ethylene have been used. Proper technology in the use of lubricancs
is an important factor in muccesaful production of vinyl products.

Pigmentavion

The growing use of PVC has been due in part to the color possibilities
of the plastic.

-9 .
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Automative and honseiold upholstery are presently made 1n high e
style colurs to motch or contrast with any color scheme. PVC .
sheeting having superiov durability is produced in colors and tex- R
tures which offer unfimited crewtive styling possibilities to the

designer.  The pigments used must be acid resistent, stable to the

processing Lemperstures up to 400°F, nonmigratory, snd lighe stable.

The pigments are dispersed to a fine particle aize by grinding in e

three-roll paint mill with part of the plasticizer. Satiafucvrory

prgments include titanium dioxide, phthalocysnine blues and greens,

and high tint carbon blacks.

Fillers are often used for cosv reduction. Finely divided culcium
carbonute is muat often used, but clay, ssbestos, and other fallers
are common. Certain electricel propertiex sce improved through

the use of fillers. Flame reasistance is bolstered through the
incorporetion of antimony trioxide snd phosphate plasticizers.
Flectrical properties are improved with the addition of calcined
clay.

B. Processes and Fabrication

L.

2.

Dryblending

A PVC compound inttially is s heterogeneous mixture of the wany
companents. The major ingredients sre a PVC resin powder and »
liquid plasticizer which must solvate Lhe resin, The solvation

rate of this type of system 1a time and temperature dependent.

The most economical method of solvating the reain is through the Q‘J]
use of inexpenstve mixing equaipment with large capacitiea. Thus,
largr steinless steel chambers jacketed for hcating are used to
churn, tumble, or agitate three to five thousand pounds of rihe
compound, At this atage, only the colorant is omitted. The temper-
ature 1s maintained at 180° to 200°F for about an hour. This equip-
ment in often a ribbon blender.

UBanburying

Part of the presolvated resin-plasticizer masterbatch from the pre-
blender, together with the pigment paste, is fused into s homogenecous
mass in an intcnsive shear internsal mixer such am a Banbury. This
machine consiatas of & two cylindered atator containing two powered
rotora. Their operation ia such that the plastic compound is sheared
agsinat and sround the atatur’'s surfaces, The stators and/or the
rotors are heated to reaise the temperature of the vinyl compound to
its fusing temperature between 100-350°F, A plunger retasins the
compound within the chambers and & sliding dnor in the bottom of

the chambers sliows the fused homogeneoun compound to be discharged.
The capacity of production size Banburya for the vimyl industry varies
from o 110 o a 600 Ib, batch delivered on five minute cycles.

Milling
Normally, a Banbury bateh is delivered to one or more 60° to 90°
wide two-roll mills designed for high temperature operation. The -
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thieeinld functran of the mddl v (1) to dree the plastis ol
entropped are whipped 1o by a high speed Baabury; (2) 1o iang the
plastid Lo a controbled tewmperature (and, thecretore, a constant
plaatic viscosiny); and t3) vo deliver the plastic un a cibhon of
predetermined width and guuge of thickness. This ribbon «tock may
be fed divectly 1o o calender or an extroder in practically an
ydeal plastic state, or iU way be partially vooled and (ed tu a
diver or pelietizer Lo make a8 reserve compound inventory flor future
processing, '

(Iu!nmh-r:nx

A lurge peccentage of the abiove mill-prepared vinyl plastic com-
pound 15 fed to a calender which converts the crudely shaped ribbon
tuto continuous ltengths of film, sheeting, or coating for a sub-
strate {1.e., woven wloth, knit tabrics, or paper, etc.) of
surprisingly accurate widths and thicknesses. For example, o
modern plastic culender is ceapable of delivering a 0.0U18° gauge
film with & maximum variation in gouge of L 0,0001°. Norwmally,
film of thia gavge can be more vconomically produced by extrusion,
since » two million dollar celender trvain must have & high poundage
output Lo just:fy its capital invesument,

A wodern calender engincered for handling pleatics has four case
chilled sran crolls mounted in a Z type frame so that the influences
of torces aou any one roll can affect only one adjucent coll, A
roll with & workiug Tace of 86" widih will hie from 20" to 24° in
diameter while 4 96° width roll face will liave from 30" o 36" 1n
dismeter.

This calender will be automsted borh Lo control the gauge of the
film and also to cmboss, cool, and deliver Lhe film to the packaging
unit. These devices and their controls in the calender train repre-
sent un investment of « million dollars. The output produccion of

s calender ia dependent upon the gauge of the plastic delivered

and generally falls i« the range of 2000 to 3000 lbs. per hour for

a 66" width machine.

The ordinary pluscic calonder produces film batween 0.003" and
0.005° gauges to be used for raincoats, shower or window curtains,
aprona, beby pants, food covera, aud similar articles, Film be-
recen 0.005" and 0.010" gauges is used for inflatable roys, sir
mattressey, industrial protective covering, and electrical vape.
Shaeting between 0.016" and 0.022" is uxed for novelty purposes
such as ladaes handbagsn, helta, walletn, and Lrisfcases. All of
these gaugns ure used {or coating [abraca or paper that are widely
used in upholatery, ruinwear, apparel, boat decking, shor trimmings,
book covers, and many other uses.

Table 2 shows a vypical formulation for a General Purpose Film.

- 11 -
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Tuble 2

Typical PVC Formgfation _ ,

General Purpoye Film

Parts

Resin: Vygen 110 100,00
Plascicizers: bor . 37.u0
Cresyl diphenyl phoaphate 8.00

Monomeric epoxy plasticizer 5. 00

Pruccasiug ard: Stearie wcid 0.25
Stabilvzer: Ba-(d 2.00

Extiusion

A second merhod for shuping a molten plastic intu e desired shape

is with an extruder. This device conaists of e smoath bore cylinder
with a close fi1tting worm screw rotating inside the cylinder. VU
compound as cold pellets, cold dry blended puwder, ur hot mill ribbon
is fed tu the extruder. It is homogeneously mixed and bruught vo its
proper working viscrosity for wltimate forming by the mechanical energy
ol the screw und the heat pruovided by the controlled temperature
cylinder or burrel. The changed pitch of the screw at its end alcers
the screw's function from mesticuting and mixing to that of a pasitive
displacement puwp., The orifice or disd mounted at the head of the
acrew is similar iw shupe to the desired product., The shaped
extrudate is dreawn 1n a measured degree from the die to the cooling
wmedium, usually water. The die wust be designed in such « [lashion "d)
as tu compensate for the chuonge in dinensions and shape that thix

pull or deufr exerts on the hot extrudace,

The extruder cun furm flatc film, sheeting, and costed products simi-
lar to the products of a caleander and, in addition, muke hollow
articles and comples shupes iwpossihle to obtwin [rom & ceslender,

{t 1% conmiderably less cosatly Lo inseall, but han only a amall
fraction of the capucity of a ralender.

Film an thin »s % mil can be extruded by the blown film technique.

A tube with » wall thickneans of 0,012" ias extruded. As the tube of
hot plastic issueas from Lhe extruder, air is introduced inside the
tube in sufficient quant vy to expand the plastic to a 72" diameter
cylinder. Thia simultaneously widens the film und reduces the gauge
of the wall thicknesa. The percentage gauge volervnce of this film
is far grester thaw the L 5% allowable for calendered film, but it
is adequate for film used in packaging applications,

An alternate procedure to blown f{ilm in the use of a slit die with
dimennions spproximately cqual to that of the film desired. This
die requirea a high degree of rngineering sophistication to produce
uniform flow of the PVC plastic acroas wide widths and rapecially
to prevent any aectionsl arcus in the Flow of the PVE plastic thm
are slow moving or "dead.” This latter condition can Jend to
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Jeii‘.ﬂat,;tm'uf tho- PYC dee ta the excessive hear history.  Siat

dievekteodion 15 Line plustic foroing, - The Tilms produced reudi!y
confgrm Lo close toleiances in gnuge_h@é;pultible with blown film.
L.-;E%\iou of the hot {1lm dirveervly to'w preheated subsirate such
as a fabric or paper ts possible with slitv die extrusion., Milk
tarton paper 15 often costed in this manner,

The exttuder is used for moking film, monofilament atrips, rods,
tubing, hose and prefile shapes such as refrigerator gasketing.
Tuhle 3 shows s Lypircal PV( refrigerator gesket cumpound.

Table 3

Extruded Relrigerutor Gasket

Partas

R Resiu: Vygen 120 . 100. 00
Plastivizers: Polymeric epoxy plasticizer 10,00
.- Polymeric plasticizer - 80.00
~ v Filter: Calcium carbonate. 25.00
Tuty - Stabilizer: Ba-Cd .50
' . Processing sid: Lubricant . ‘ 0.25
S h .
The éxtruder is the universal device used for. PVC coating of elec-
trical wire. Iu this lutter applicetion, the copper wire is pre-
heatad, passed through o cross head on the axtruder and carefully
centerad in a circular stream of ‘extruding plastic so that sn even
coating surrounds the wire, The wire is pulled at s constant rate
of spsed and wctually aids the production rate of the extruder in
assisting the flow of the plastic. A cross head is u device for
changing the flow of the plastic to & right angle with its normal
flow. '

The capacity of an extruder is rated by the diameter of its cylin-
der. Extruders ars avsiluble in & range from 1%* to 12° with Lhe
243", 4%", and 6® the most popular sizesn. Their autput cepacilies
are about 175,500, und 1000 pounds per hour, reapectively. The
technology of the action of various thermoplustic waterials during
extrusion has received intennive study during Lhe past [ive years
and many plastics have had their behaviour reduced Lo mathematicasl
terms. For example, screw design has been keyed to specific therm ~ -
plmetic compositions and the proper ratio of the length of the acrew
to ita dismeter (L/D) has been established. Plastic extrudera nor-
mally have am L/D nf 81 least 20/) ond ofven sre 30/1.

As in the case of calendering, the process of caoling the extrudace -
and handling during postforming are highly developed operations ’
which affect the surface characteriatica, clarity, flatness, shape,

and gauge of the product.

a, Rigid Vinyl

Rigid PYC contains only a small amount of plasticizer or none
at all. Two typea of rigid PVC are available. Type | posacsses
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W Tgﬁfh?ienidll'reui:i:hce. physical properties, heat "aa
Rror&dbn; and weatheriresistunca, Type 2 héa alightly lower C e
pANS GAL and physicel pe perties but has better impact resist- Wil

ce; up-to 20 times thav of Type 1. The impact strength is p
provided by inclusion of nitrile rubbers or modifying resins,
along with stabilizers, fillera, and additives. Fabrication
of Type 2 is casier and surface delfects are less of a problem,
Types | and 2 PVC are used in electrical conduit, pipe, con-
struction psnels, vank linings, valves and skylights, and many
other rigid npplicutions, Table 4 shows the effcct of molecular
weight and resin modifier on the physical properties of rigid
PVC. The use of the ABS regin provides a substantial increase
in impact resistance.

e .

Table 4

< Effect of Molecular Weight snd Modifying
Resin on Rigid PVC Properties

. 1 2 3 L2 s ‘

- Vyges 657 0.70 100 . - . .
. Vygen 85. °  0.80° . 100 - 10 -

Vygen 120 .18 . . - 100 . 70
.. ABS* - . - . 30 30

Propervies v
e
Tenaile Strength, pai 1,150 1.175 7.850 6,150 6,250
Flexural Strength, psi 11,750 12,000 12,500 9,225 9,600

Flexural Modulus, pai 4.2 x 105 4.2 x 105 4.4 x 105 3.3 x 105 3.6 x 10°

Notched [zo0d "¢ T7°P,

fv. 1b./in. 0,44 0.50 0.80 14.0 18.0

Heat Distortion @ 264 pai, °C -
TO mil deflection 9 69 75 66 72
60 mil deflection 74 16 a0 14 78

Rockwell °*R* Hardness 115 115 116 l|07 108

* Acrylonitrile-Butadiene-Styrerne resin

b. Vinyl Foum

Vinyl foam may be prepared from suspension reain by extrusion.

Nitrogen compounds which deacompose under heat are used to pro-

vide the gea nceded for expanrion. The decomposition temper-
sture in sdjustsble by & pos. expansion technique. Tn this
process, the material iz extruded st & temparature below the
blowing egent decomporition tempersture; avhaeguent expension
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be produced by direct extrus] ng;g'; luw\ng of Lhe compound
witlin the barrel of the extruder. Expansion occurs upon tho
emergence of Lhe compound from the extruder head.

cidh
R 2 TR

Closed cell vinyl foams ure.alao mide from blends of vinyl and
witrile rubber. The proper relationship must be maintained
between the cure of the nitrile and the decomposition of the
blowing wgent, since the curing nitrile supports the ceflular
matrix. Too rupiJ s cure leads to ruptured cells; too stow »
cure results in lost xes, giving. high densitiea, Proper
Lalanciug of the system givaa denltt:cl as low as four Lo six
poundl per cubic foot. - +. :
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flow Molding
M '-,g,v‘ ' wu,,,..

Bluv molding is o well-osccepted”] procunu for the production of plastic

boreles especially, but the u.&ﬁa! 3!“7‘ in this process in the

U.8.A. hes not reached the volumg which it enjoys in Europe. The

alower growth of blown PVC bottlea ‘ia- this country has been due

to o luck uf stabilizers which will: o‘qnlt clarity of the finished

bottle wnd strll puss the toxicity reqyirements of the Food and

Drug Adnlnlukrltnou. ,

i

.or

Blown I'VC bottlen do show super\or propcrtles tu pulyethylene types. ™
(n_addition to high claricy .and. good oil resistance, PVC bottles

have I/10 the oxvgen permeability of similar PE botrles. Due Lo

the high rigidity of PVC, thinner walla cen be used.

An extruder ta the source of the propared hot plastic compound -
for blow molding. 1n this procesa s cylindar of hot plestic fualls
in 8 vertical position beluw the extruder head and Letween the

opening of s split mold. The split mold closes to pinch the ends

of the plastic, making s sealed tube, A hypodermic neadle pene-
trates the interior of the secsaled tube, and presauriged air 1
injected to expend rthe sesled tube until it fills the mold cavity. -
The cold or relstively coid mold converts the plastic to its
hardened condition in a frw seconds. The mold opens and diacharges
the molded object, and the cycle repestn itself nutomatically. The
formed object may he & wunte bhusket, an automobile arm rest, or »
part of a toy doll, aithough PYC bottles have one of tLhe moar
inture-ttng possibilitien Tor future markota, Thia is an intricate
art requicing extremely accurate control of the tempersture (i.e.,
vx:conltv) of the PVC compound.

Clarity is achieved through proper cowpounding. and is based mainly
on the scabilizer uxed, although the chilling rate of the hot
srticle, particularly botiles, is nluo important., A rapid chill
usually improves the clarity. Sowe degree of clarity is lost due
49 the incressed molecular weight neednd for impact strength.
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v werghit also oecessivates, the uvae of hagher pros-
uxetngutqgePruLnrv*.
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HLabllituﬂl saactioned by FDA are-prionrily zinc emd calcium types,
Hawnver, the<e matrcials give less proteclion at processiug temper-
atures vthan the harium-cadwsum and tin types., The aurcess of PVC
biow molding in Europe 15 due tu the use of di-octyl tin compounds,
which are an you unaoceptable in this country.

As more acceptable stabilirers are developed, o large murket will
Le created for PVC bottles whece other thermopluatics sre unaccept-
abte,  Fhe Tuture shonld ser PVE bovt len uned o packoege gntoline,
matar and mineral uvils, polishes and 1uscecticides, cusmevics, per-
fumes, disinfectants, detergeats, fouds, and aoft drinks,

Lu@presston Molding

The noldc:l ‘of phonograph player recnrdn consume [arge tonnage of
vinyl compounds for compression molding of their diska. Thev uxe
s |ov'noli:ullr weight homupulyner aor copolymer.resin for this
purpose -nd the application ia a apecialized rodustry. Clear
rigid :hdh&lng ‘as windows for insteument panels, flexible clear
sheeting #s,rear windows in automobiles und novelty applications,
are l;nQngcaa molded.

InJecllon Molding

PV compnundn are wsed Lo @ Limited extent in injection wolded ..
parts. The rotating plnu(tcutung nerew plunger typn of machine is e
def;nltely~pref¢rrod in procesaing vinyl. O I

Fluidized Bed Coutings

The fluidized bed costing technique is excellent for costing
istricate metallic parts, This can he done with s powder hlend
containing sll plasticizers, pigments, and stabilizers. The more
popular and succesnful method is to fuse the powder Lhlend and to
then pulverize it into a fine powder,

The coating technique is to heaw the part to be coated to & temper-
sture in exceas of 450°F, The henved part ia then suspended in sn
environment of the powdecrd reain hlend which 18 (luidized with a
stream of siv, The thickness of the fused layers cen be controlled
very sccurstely. HNepeured dippinga can build up thick and uniform
coatings.

Coutour Forming

lTeregular formed parta, surch wa automorive coash pads, are usually
made (rom flet sheets which ore postiormed ta the desired ahape.
The most commom procedure ia Lo vae the vacuum forming system.

In this techniqua the flat sheeting in softened by radient heat to
the forming tempersture. The preheated sheet is then placed over
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“wamm u*d‘n‘uﬂﬁx@mm the mold and the atmospheric
preihuru causes Lh \'nyl shgeting to flow and [ill the con-

o LOBrs nﬁ*thwmuﬂﬂ@ﬁl , ﬁhﬁuu d is cold, the vinyl sheet loses
f}itt heat rapidly ndﬂ5’: ¥ ' from the mold » mipute or two \ o
later. -

An alternative type of molding to varuum forming uses air pressure
to distory the hot vinyl sheeting into o Temale mold providing it

is equipped with holes for the escape of air entrapped in the molda.
The nse of mutched male and female molds results in products with
the clysest dimensional tolerance,

Assembly of PVE Products

PVC praducts arc readily cut to mize in multiple luyers by vhe
commonly employed moLor driven circular knives or by cutting with
pattern shaped dies.

Dielectric heut sealing is often used Lo scal PVC films and flexible
-+ gheets, In the process, the PVC to be joined is placed between tw
Y wlectrode scaling bars which trensmit a high frequency curreat to
- ‘the PYC and exert the required preasura an it. Heat provided by
“friction from shiftiug of the polar chuins within the material .
causes the {ilms 1o flow together and sesl. The resulisat seams
have bond strengths equal to the stremgth of the goods.

The use of recosmended solvent cements to diuke susemblies is a» .
satisfactory as diefectric sesling und are used for large objects o
such as in tcot-making or swimming pools. Fabric backed or sup-

ported 'VC products are sewn with thread us in upholstery sssembly.

ﬁecorn:ive Effects

A high percentage uf vinyl resin products are consumer items and depend.
ent upan their avtractive surface appearance and style to sell, These
effecrs are nblaaned by either embossing or printing the colored surface,
or both.

1. Embossing ’ -

Embuasing of the plustic is achiaved using steel rolls engraved
with impressions that will give a plessing appearance, These tolls
are mounted over rubber buckup rolls in the calender ur extruder
ersin an close to the forming orifice as possible. AL this loca-
tion, the plustic sheet is in its ideal rheological condition to
form intu wnd permanently retain the configuration of the delicate
engraviug psttern of the embossing roll.

2. Printing

‘the majority of sutomotive upholstery is currently finished in
metallic effects acrous the entire surface., These chrome ton=s
cannot Le obtained directly {rom the calender since the sluminum
flake dues not heve an opportunity to "leaf® as it does in a highly
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‘.‘ The finish mwust be {rom o colored sulution using
:p?ﬁn| tevhnigyue. The fabric is subsequently dricd

Design print falls tnio two classes. There are the delicate wud
subtle shadings vssociated with high grade leather effects and the

gavdy and often multr-culor effects of houseware and spparel mate-

riaia. -These arc alsv applied on rotogravure print machines .
equnpped'w;lh print rolls huaving the approprisie design engraved .
into their surfasce, At times, print machines must have vp to cighe

stations applying diflerent colors which print in register to make

a, Ilo'lr-rcprnduutuun.

of PlasLisu]l Resins

"'JQ discussed how PVC suspension produced resins are cum-
‘qpruca:sud. Plastisol resins are handled and processed 1n
3 dlfferent mannev. Plastisol compounda are made so that
J':s blended with a liquid plasticizer, the mixture 1a

when - é
in Lh

Pln-t;aﬁjgrqqgnn are often rermod "stir-in resias,” for a cummon methaod
of bleudt' *.gluutxsul resin formulution is the use of & simple ’
sgriator, © lisshaar mixers ure quite common, slthough practically wny
method by which ‘Lthe resin cun be disprrsed uniformly in the plasticizer

and/ot. nolv:nt. is acceptuble,

- -

lo the blnudnqg proceas, the liquids 1o o formulation are chacged to :
 Wgituted until mixed. Then the plaatiascl resin and other \+‘}r'

s vcanq .
. powders’ ase. added gradually uvader sgitstion uatil nll materials are
charged-and a uniform ligquid, called o "plustiacl,” ia praduced. When
organic anlvents are 1ncluded in the formulation, the liquid is Lermed
an "organoscl.” The solvents are used as visvosity reducing sgenys,
The rheology of theae liquid systema ts quite eritical, since thay sre
proceased by methods where the flowability must be closely enntrolled.

Plestisels are uned in the following ways:

. Dip Costing ' .

A widely used process in dip conting. In thia process, an article,
such an 8 wite divh dravser, is dipped into the plantinol and re-
moved. The costing 15 then fused onto the dipped article in forced
draft ovenn, When an nrgunoxol in used, the heuting of the article
muat be carrted out in Lwo atuges, The first stage consisus of
evaporation of the xolvent under low heat; the necond stage consinsts
of fuaion of the vinyl., In thia way, surface imperfecvions due to
boiling solvent during fusion nre eliminated. Usually, a solvent
recovery aystem in installcd in plancs using organosala for reasons
of economy. In u variation of this process, cotion gloves on metal
handn are dip coared in order to impart chemieal protection and
sulvent resintance to work gloves. Articles too large for dip
coating may be sprayed with pinatinel and subaequently fused.
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Slovhmmalding is, 10 @ uense:“iﬁb reverse provwiw of dip..coealing.

In this process the plastisobd§a poured into s -hestéd mold.: The
mold is then inverted aud only“a coating of the gelled vinyl rumaing
tu iy mold, Fusion and stripping of the article from the muld
complete the process,  [oots are made by such a technique. The

wain restoiceion of slush mulding is that the arcicle must huve ar
least one sizeable opening Lo the interior o permit- filling und
emptying the mold of plastisel,

Rotativnal Molding

Hotavional molding is euch like aluash molding, except that Lhére
need be no opening in the sriicle for the introduction of plastisal.
It 15 used fur complex shapea like dolls’ heuds, arms, atc. It is
also used for pluy halls, [ootballs, snd baskurballs. Im the tech-
mique, s quantity of plastisel ia pourad into a wold, the mold 11
clused and rotated in three dimensions while heat is used to fuse
the furmalation instde. Temperatures muast be controlled no us to
permit even fusion and uniform flow charscteristics.

PVC Foams

PVC fouma wie eusily propared from plastisols. Either a chemical
whith decomposes under heut or & mechanical entrepment of gas may

be used. The plastisal is often laid down aa & thin cuaving aver
unother vinyl layer which may or muy not be fused. When blown,

the cumbinution is effectively used as sa insulating material
reseabling leather [or use in outccwear. The areas of cushioning
snd inaulating are more afven captured by urethsnes or polysiyrenea.
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