R X Ao

A.I.Ch.E.
1964

SEMINAR

Polyvinyl Chloride Manufacture
and Technology




A.1.Ch.E.

1964

SEMINAR

POLYVINYL CHLORIDE
MANUFACTURE

AND TECHNOLOGY

SPONSORED BY
THE AMERICAN INSTITUTE
OF CHEMICAL ENGINEERS

PRESENTED BY

THE GENERAL TIRE & RUBBER COMPANY

GENERAL
TIRE




TABLE OF CONTENTS

Agenda for Seminar, October 16, 1964

General Introduction
History of Polyvinyl Chloride
Theory of Polymerization

Vinyl Chloride Synthesis

General Tire Suspension Process’

PVC Fabrication and Applications

E. E. Gruber
Director, Research and Development

A. J. Beber
Manager, Chemical Pilot Plant

R. Milkovich
Group Leader, Polymer Research

P. R. Sayre
Technical Superintendent
Ashtabula Plant

W. J. Hanlon
Technical Manager
Chemical Division

G. Hackim
Vice President - Sales
Qhemical-Plastica Division




10:

10:

10:

11:

11:

7:
8:
Speaker

Remarks

: 00
: 30
: 40

: 50
: 00

: 30

00

15

45

15

45

: 30

: 30
:30
130
:00

00

00

AMERICAN INSTITUTE OF CHEMICAL ENGINEERS TEACHING SEMINAR
PRESENTED BY THE GENERAL TIRE & RUBBER COMPANY

10:

10:

10:

11:

11

: 40
: 50

:00

: 30

00

15

45

15

145

:30

:30

: 00

: 00

: 30 AM.

P.M.

AGENDA

Occober 16, 1964

Registration, Conference Room Falls-Akron Motel

Welcome, J. H. Koffolt for A.I1.Ch.E.

Welcome, P. E. Jacobs for General Tire

Briefing, E. E. Gruber, Director of Research and
Development

History of PVC, A, J. Beber, Manager, Chemical
Pilot Plantc

Theory of Pblymerization, R. Milkovich, Group
Leader, Polymer Research

Break

Vinyl Chloride Synthesis, P, R, Sayre, Tech. Supt.,
Ashtabula, Chemical Division

General Tire Suspension Process, W. J. Hanlon,
Technical Manager, Chemical Division

PVC Fabrication and Applications, G. Hackim,
Vice President - Sales, Chemical-Plastics Division

Luncheon, Falls-Akron Motel

Buses depart for tours at Pilot Plant and R & D
Center

Panel discussion at R & D Cafeteria

Buses depart for Falls-Akron Motel

Buses depart for Women's City Club

Social Hour

Banquet

Welcome, M. G. O'Neil, President, General Tire
Sam Salem, President, Chemical-Plastics Division

By representative of the A.I.Ch.E,
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GENERAL INTRODUCTION

-]

The program being presented by The General Tire & Rubber Company for the mem-
bers of A.I.Ch.E. in this one day seminar is concerned only with- "Polyvinyl
Chloride, Manufagture and Technology." The importance of this plastic in the
United States is evidenced by 2 consumption now approaching nearly two billion
pounds per year. We have attempted to sec up the day's program to carry you
through the early history of PVC, present day technology, including vinyl
chloride monomer synthesis, polymerization theory, and plant scale manufacturing
of polyvinyl chloride resin. Some of the technology used to produce useful end
products is discussed. We have tried to make this presentation, which includes
much proprietary engineering data, the most up-to-date and comprehensive treat-
ment of this subject matter available.

General Tire entered the plastics fabrication field in the early 1950'a on a
large scale by -acquisition of several manufacturing facilities located in
Ohio, Pennsylvania, and Massachusetts. These facilities made General Tire

the largest calender operator for vinyl in the United States. Products
manufactured in these plastic plants include calendered, printed, and embossed
supported and unsupported vinyl film and sheeting for the home furnishings,
marine, shoe, and automotive accessory industries. A new plant in Columbus,
Mississippi, a multimillion dollar investment in plastic operations, went on
stream late in 1963,

In 1954, General Tire built a plant at - Ashtabula, Ohio, to produce vinyl

chloride from acetylene and hydrochloric acid and to produce polyvinyl chloride
resins by the suspension polymerization method. This plant is now undergoing
its third major expansion.

General Tire is thus vertically integrated in the vinyl field from monomer
synthesis through polymerization and, finally, is a supplier of all types of
plasctic end products or accessories to several major industries., General
Tire's capabilities in plastic fabrication, in addition to vinyl applications,
include reinforced polyester plastics, thermoplastic end products, and poly-
urethane plastic foam for all kinds of cushioning applications,
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HISTORY OF POLYVINYLCHLORIDE

The farse billion-pounds-per-vear plastic product, polyvinylehloride, 15 desiy-
nated by the term "vinyls® or "vinyl resins.” It 1s produced on a global bas:s
and is marketed under many trade names such as PVC, Vinylites, Geons, Corvic,
Vinidur, Vinnol, Pliovic, Marvinol, Opalon, and General Tire's Vygens.

That PVC has risen to such an important place in the "economies of several nations
is due to a great deal of technical work done in this field. The need of a
rubber substitute as well as artificial leather and another celluloid starced

the research i1n Germany. With the advent of the war, England likewise-was
required to find a rubber substitute, particularly for-the wire and cable
industry.

The development of special forms of the polymers such as plastisols during the
later war years led to the coating of textiles for the manufacturer of leather-
like cloth products. By the end of the war, good plastisol polymers were
available and from 1948 the standard types of PVC suspension, emulsion,
polymers and copolymers were being made in increasing tonnage.

The period 1950-1955 throughout the world saw the development of improved
polymers. Following this period, major price reductions were made and this,
together with the improved polymers for special applications and improved
process techniques, have all contributed to the amazing growth in consumption
over the past twenty years.

The early beginnings can be traced back to 1835 when M. V. Regnault(l) published
his findings on the reaction of an alcoholic solution of caustic potash on the
ethylene dihalides to yield the monomer vinyl chloride according to the following
equation:

CHoCl-CHoCl + KOH - CHy = éHCI + Ho0 + KCl

He also observed that when the mixture was allowed to atand for a time, and
subsequently he?ty? r?d exposed to sunlight, a white precipitate formed.
Several reviews'2)(3)(4) Lave covered in considerable detail the development
of polyvinylchloride. M. Kaufman presents an interesting review of the
development of g?lyvinylchloride in England. Almoat 40 years later, 1872,
Dr. E. Baumann! published his observations that vinyl bromide as well as
vinyl chloride in sealed tubes exposed to sunlight, changed from liquids to
light-colored solids. He also observed that these materials were extremely
chemically resistant to acids, alkalies, and solvents.

The next significant sceps are described in papers by I. Ostromislenaky.(7)(8)
The first one, published in 1912, was entitled "Concerning the Structure of
Polymerized Vinyl Bromide and Its Rubber." He observed the reaction of
ultraviolet light on the polymerization of vinyl chloride and vinyl bromide to
yield three different modifications, and on the basis of their solubilities, he
divided them into alpha, beta, and gamma forms and considered that the degree
of polymerization was the highest with the most insoluble or gamma form. The
most insoluble or gamma isomer was called Kaupren bromide and Kaupren chloride,
and served for-the basis of determining the cryoscopic molecular weight and
resulted in the empirical formula (C32H488r1 ) or (C32H48C116) which showed that
16 vinyl halides had been definitely combineg.
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16 CHy = CHCL =3 C3gllygClyg
16 CHy = CHBr — CyoliggBr ¢

At about the same time, 1912, Ostromislensky and others(?) applied for a
British Patent entitled "A Process for Obraining Rubber or Similar. Substances
from Polymerlzed Vinyl Bromide or Polymerized Vinyl Chloride and Their Methyl
Homologs." [t was stated that the polymerized vinyl chloride or vinyl bromide
is identical in all its properties with the chloride or bromide of the
"Butadiene” rubbers. They also noted the action of sunlight and the absence
of oxygen in accelerating this reaction. [t was observed that the pclymerization
could easily be effected in solution, in bromobenzene, toluene, xylene or
carbon disulfide. Later Ostromislensky 10} received a patent on a process for
obtalnlnf vinyl chloride from acetylene. Also in 1929, he received a British:
Patent "The Preparation of PVC and the ‘Application of Plasticizers such

as dichlorbenzene, chlorinated naphthalene in order to work the material into
plastic masses and films."

In 1912, F. Klattef12) was issued a German Patent for "The Synthesis of Vinyl
Chloride by the Reaction of HCl and Acetylene,” In an analogous reaction, he
likewise made vinyl acetate. These syntheses still today are the main ones
for the commercial production of these monomers.

Klatte and others(}3) obtained a Patent for the "Processing and Preparation of

Horny Materials, Films, Synthetic Fibers, Lacquers, and Working of Plastic
Materials.,” They also recognized at this time that, with or without additives,
through pressure or with solvents, PVC could be softened or dissolved so that

it could be worked into a desirable shape or form. (::

In 1928, three groups working independently developed vinyl chloride copolymers.
The use of vinyl acetate as a copolymer in the polymerization of vinyl chloride

greatly increased the use of the vinyl polymers because it solved the pro%es§ing
difficulcties of the straight homopolymers. The three groups: E. W. Reid

from Carbide and Carbon, Voss and Dickhauser from I. G. Farbenindustrie,

and W. E. Lawson from DuPont, 16) a1l obtained patents on their processes.

A lictle later, W, L. Semon{17) disclosed that a rubber-like gel structure
could be obtained by intimately mixing a high boiling point material like
tritolylphosphate into the polymer. This was later folgowed by other plas-

ticizers and resulted in a product called "Koroseal" and has served as a

basis for the development of this new class of materials.

The first commercial polymerization process of vinyl chloride resulting from
technical aBgllcations is credited to Lawson and Werntz of E. I. DuPont
deNemours who, in the year 1928, showed that peroxide catalysts such as
ozone, benzoy! peroxide and barium peroxide could be used. In the earlier
patents only the action of light and heat were described. The DuPont process
could likewise be used in organic solvents,

The application of emulsion processes for vinyl chloride polymerizations
resulted in a rapid development of PVC preparation and applications. The
oldest emulsion polymerization process of vinyl chloride is that of Mark,
Fikentscher, Hengstenberg, and V, Sugl 20) A further advance was the

I. G. process of Bappert and Wick( for "Continuous Emulsinon Polymerization.
"
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c on the course of the polymerization was later

(22)

The effect of oxygen or
recognized by Schonfeld.

The oldest suspension process, alch?ugh not using vinyl chloride, appears to
be that of Crawford and McGrath,(23 who developed a suspension process for a
series of ach} ag? vinyl esters. The first suspension PVC resins were made
by Dr. Berg(2 (25) 4f Wacker-Chemie in 1935 in which he employed partially
saponified polyvinyl acetate (polyvinyl alcohol) as the protective colloid,
In the suspension process, the PYC is formed in polymerization into a
granular powder in an easily-filterable form.

The future of PVC as well as the past is linked to the appropriate balance of
research and development. Further expansion and growth of the PVC industry

is dependent on a greater knowledge of its basic behavior and improved processing
techniques.

Where the industry now stands in this country is shown in the following Tables
1 and 2 of monomer and polyvinyl chloride resin production capacities.

Table 1

‘Estimated Vinyl Monomer, U. S. Capacity, 1964

Capacity-Millions of
Pounds Annually

B. F. Goodrich ) 400
Union Carbide 280
Ethyl Corporation 240
Dow Chemical - 200
Tenneco (Cary Chemical) 170
Allied Chemical 150
Monochem (Borden & U. S. Rubber) 150
Monsanto 150
Diamond Alkali 90
Goodyear 45
Cumberland Chemical (Airco) 60
General Tire 30
American Chemical 40

2025
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Table 2

Estimated Polyvinyl Chloride Resin, U. 3. Capacivy, 1964

Capacity-Millions of
Pounds Annually

B. F. Goodrich ) 325
Uniop Carbide ' 275
Monsanto Chemical o . 150
Cary Chemical _ 140
Firestone Tire & Rubber , 125
Diamond Alkali 120
Air Reduction 115
U. S. Rubber ’ 110
Goodyear Tire & Rubber 80
Borden Chemical 80
Thompson Chemical 65
General Tire & Rubber 55
Pantasote Company 50
Dow Chemical ‘ 40
Escambia Chemical 40
Atlantic Refining 25
Atlantic Tubing 25
Keysor Chemical 25
Great American Plastics 15
American Chemical 12
Rubber Corporation of America 10
Minnesota Mining & Manufacturing 5

1887
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THEORY OF POLYMERIZATION

Introduction

This paper is an introduction to polymerization terminology 4s applied to the
kinetics and mechanisms involved 1n the synthesis of macromolecules. The
presentation will be of a general nature to help you becter understand the
following presentations which deal specifically with the commercial preparation
of polyvinyl chloride.

Definition

Polymers are high molecular weight materials consisting of chains of many
repeating units. The process connecting such units (monomers) into a chain is
called polymerization. Through the process of polymerization, a variety of
reactive gases, liquids, and solids are converted into high molecular weight
materials which have been found to have unique physical properties of commercial
importance as shown in Table I.

There are two main classes of reactions which are responsible for the formation
of these useful materials, polycondensation and addition polymerization. The
similaricvies of these two classes of reactions are that they both lead to the
formation of long chains. The differences are based on the reactions involved,
which are dependent on the type of monomer employed. Polycondensation reactions
proceed in a stepwise fashion involving intermolecular condensation of dis-
similar functional groups, e.g., esterification to produce Dacron. Addition
polymerization is a fast chain reaction involving monomers having one functional
group such as carbon-carbon double bonds to produce such materials as poly-
ethylene, In addition polymerization, an active ceater rather than an organic
functional group is responsible for the growth of the chain. Polymer molecules
are formed from the beginning of the reaction and almost no species intermediate
between monomer and high molecular weight polymer are found. The synthesis of
polymeric chains having molecular weights of several million are posaible in
addition polymerization., There are three different types of active centers
which can provide mechanisms of addition polymerization. These are:

Free Radicals R:
Cations R®
Anions RO

Suspension Polymerization

The traditional avenues by which monomers are converted to polymers by a free
radical mechanism are:

-1 -
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.'ABLE 1

ADDITION POLYMERS
MONOMER POLYMER ' PRINCIPAL USES

ETHYLENE POLYETHYLENE ' . FILMS
H H H H H H. H H H H  TUBING
(:: = (;: - t::——é—(::—t::—.—n::_—_—%—(::— (::— c . MOLDED-OBJE.C'II‘S _
H H 8 8 H H H H H H H . ELECTRICAL INSULATION
VINYL CHLORIDE | POLYVINYL CHLORIDE . SHEETS

HoH B OH R CHOR H H . PHONOGRAPH RECORDS -
; |
e el — . COPOLYMER WITH VINYL

T T T ' ACETATE TO MAKE FLOOR CO\M -
H CI H - Cl H ERINGS, LATEX PAINTS, LTC

ACRYLONITRILE POLYACRYLONITRILE . FIBERS; E.G.., ORLON,
B H H H H H ACRILAN

t | | ' '
C=CcC —C—C—C
! | i ' !
H CN H CN H.

VINYL ACETATE POLYVYINYL ACETATE . CHEWING GUM

? ? ? ? ? ? ”.? . ADHESIVES

—C—C—C—C—C— C—C—C —C— . TEXTILE COATINGS
8 6 f 0 o . TO MAKE POLYVINYL ALCOHOL

. ) (ON TREATMENT WITH ALKALD)
c=0 )

1

CH3 CH3

POLYSTYRENE 1. MOLDED OBJECTS

? g ? ? ? : Q ? ? H 2. ELECTRICAL INSULATION

_C_C_C_C_f_c_..{_._C_C“c—c—c— 3. COPOLYMER WITH BUTADIENE Tis

| | | I MAKE BUNA-S AND GR-5 Rl BRLI:
H 7/ [ H H H . TO MAKE TON-EXCHANGE BE~INS
N (ON TREATMENT WITH StLItRic

ACID)

BUTADIENE POLYBUTADI ENE - BUNA RUBBER

H H H H H H i H H H H H H H H H
t | l ! | | | t | i | I | | ! ]
cC=2cC -c—C—C—C—C=C—FC—C—fC—C=C—C—C—C—
[ | I | I I ] I I I ! [
H CH H "CH H H CH H H H CH H

] ¥ 1
CHo Cli» CHo

~




Bulk Polymerization
A polymerization system contatning only monomer and an 1nltidting species,
Soluition Polymerization

A polymerization system 1n which the monomer 1s polymerized in the
presence of a solvent.

Emulsion Polymerization

This polymerization system is distinguished by the fact that the monomer

is solubilized in water by a soap into microscopic particles called
micelles, to form a stable colloidal emulsion. The polymerization reaction
is initiated in the micelles, The final product is an emulsified polymer
system called a latex.

Suspension Polymerization

The dispersed monomer phase in water is of macroscopic size and is the
site of the polymerization reaction. The final product is in the form of
beads.

The General Tire & Rubber Company employs the suspension polymerization process
for the commercial preparation of polyvinyl chloride, Polymerization of a
monomer in suspension 15 achieved by dispersing the monomer in the form of
small droplets in a nonsolvent medium (usually water) by strong mechanical
agitation and subjecting this monomer suspension to polymerizing conditions,
The size of the suspended monomer droplets can be varied over a wide range
(0.01 - 0.5 cm) and is dependent on the monomer-to-water ratio, the rate of
mechanical agitation and the interfacial tension of the monomer ‘droplets

(which can be controlled by suspension stabilizers).

The mechanics of forming suspensions of insoluble monomers in an aqueous system
18 illustrated schematically in Figure 1. Mechanical agitation subjects the
monomer to a viscous drag causing elongation to a thread-like form with sub-
sequent degeneration into drops. Simulcaneously, through the reverse process
of coalescence, the drops tend to revert to the original monomeric mass. In a
simple mechanical suspension under a constant overall rate of shear, a dynamic
equilibrium is quickly established. Clusters of globulea held together by weak
residual forces, but not fused, tend to disperse under the disruptive stress

of an agitated system. Effective surface-active agents will deflocculate

these aggregates. With the onset of polymerization and the accompanying
increase in viscosity within the monomer droplets, there is greater resistance
to disctortion of droplets due to viscous drag but, unfortunately, a greater
tendency toward aggregation through collisions with neighboring globules. The
latter phenomenon is minimized by suspension stabilizers which are selectively
adsorbed at the interface forming a protective film of molecular proportions.
This is illustrated schematically by the enlarged droplet in Figure 1
supporting an adsorbed film of a suspension stabilizer.

The mechanism of polymerization in suspension is fundamentally identical to
the other modes of polymerization processes already mentioned.
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FIGURE |.  SCHEMATIC DIAGRAM OF STATES OF DISPERSION
IN SUSPENSTION POLYMERLZATION

TBULK AT

( ‘ AGLTATLON

\_MONOMER ) (SUEAR) INTERFACIAL
TENSION

QQQLESCENCE o

AN
Q) — T

However, the kinetics of polymerization of vinyl chloride varies grestty-with
the process employed except in the cases of the bulk and suspension systems
where they are virtually identical. o

Free Radicals

A free radical can be defined as a molecular species having an odd number of
electrons, consequently an unpaired electron. Such molecular species do not
normally have a formal electronic charge as represented above for cations or
anions.

Free radicals can be produced in a number of ways including thermal or photo-
chemical decomposition of such compounds as:

a. Orpganic Reroxides

Benzoyl Peroxide
0 0
"

L] (] *
@ — C-0-0-C — ) 2@ + 2 COy

Hydroperoxides

CH

% 0

Cumene Hydroperoxide @ - C—0-04 «)@-C — O + -OH
) ]
C CH,

Hj
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c. Azo Compounds

Azobisisobutyronitrile
s i ] i
C=N CsN = N

]

The stability of the radical formed will determine its rate of reaction with a
monomer unit to initiate the polymerization reaction. Primary free radicals
are less stable and more reactive than secondary free radicals, which are 1n
turn less stable than tertiary free radicals. Phenyl radicals

. - CHy
([:)) are more reactive than benzyl radicals ( (f) ), and allyl radicals
(CHy = CH - CHy ) are so stabilized that they are quite unreactive.

Polymerization of Vinyl Monomers by Free Radicals

It has been established that the scheme of reactions is as follows: The
radical is generated thermally or by radiation and initiates polymerization

by adding to the monomer. The new radical formed grows by successive additions
of monomer molecules to form a polymer chain radical. This polymer radical
ceases to grow when two radicals interact and are rendered inactive. There

are also other ways in which a polymer radical can react. The polymer

molecule can attack a monomer in such a way as to transfer the radical activity
to the monomer but nmot add it to the chain. This is called chain transfer to
monomer. Another reaction can occur when one polymer radical attacks another
polymer radical or an inactive polymer chain and transfers its radical
activity. This will result in branches being formed on the backbone of a
polymer chain. When such reactions occur to a high degree, crosslinked
molecules are formed. Chain transfer of a polymer molecule to monomer is very
prevalent in vinyl chloride polymerization as we will see later.

Mechanism of Free Radical Polymerization of Vinyl Monomers

All addition polymerization reactions have three basic mechanistic steps in
common, whether the reaction is carried out in bulk in the presence of a solvent
or in a heterogeneous system such as an emulsion or suspension. These steps
are: (a) Initiation, (b) Propagation, and (c) Termination.

When a free radical is generated in the presence of a monomer, the radical
will attack the doubde bond of the monomer in the following way:

energy
R - R (radical source) ——>» 2R* (free radical)
. K. 0
R +CHy = CH R-CHy - C*
| ]
X X -
« 5 -
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As the radical approaches the double bond of the vinyl monomer, one of the
bonds splits Lnto two radicals:

/‘\ /—\
R-->CHy 1 [ ci

J

X

The attacking radical combines -with one of the electrons forming a bond, and
a new free radical results.

R:CHZ':C

This then is the initiation step: The attack of a free radical on a monomer
molecule,

The propagation step is very similar in that the new radical formed in the
initiation step attacks a second monomer unit and the radical is now propagated
along 8 chain by _successive monomer additions.

H H H

' | |
R-Cﬂz- '+CH2"(E—)R-CH2-?-C!‘!2-?'
X X X

H H H H
|

, o i {
R - CHy - -CHy -C* +xCHy =C 9 R (CHy - C) - CHy - C -
: o

! 1(x+1) 1
X X X X

Termination of the propagation step can occur in a number of ways,

a. Two free radical chains may simply combine.

H H ?
! A
R - (CHy - C) - CHy - . °C- CHy - (C - CHy) R -
! x ! b
X
H
)
R - (CHy - C) - CHy -

X
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b, A disproportionation reaction may occur in which case one of the
palymer chains will have an unsaturated end group:

H

H H H
] |

© C - CHp - (C - CHy) - R
| i
X

)
R - (CH2 - C) - CHQ -

S
x X X Y
. H H
) n-(cuz-t::)x-cur?uz+c::=cn(c-cu2)y.n
x X X X

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

. H H H
R-(CH2-C::)-CH2-(::'+CH2=C:!—9
X X X
- H
R - (CHy - C) - CHy - Cp + Clly = C
X * X X

This is the generalized mechanism of free radical addition polymerization.
Vinyl chloride is thought to deviate slightly in the termination steps.

It is known that transfer plays a very large part in the polymerization of
vinyl chloride, and hence it seems likely that any termination by monomer will
take the form of a degradative transfer reaction. Ihe first step is probably
the abstraction of a chlorine atom from the monomer®.

R-CH2-(|:H‘ +CHZ=(.:H—)R'CH2-CHC12 +CH2=CH'
Cl Cl

The CHy = CH* radical may initiate the polymerization of vinyl chloride and
thus constitute a true chain transfer step of polymer to monomer. If it
dimerizes, butadiene will be formed which would then act as a chain terminator
because when the butadiene is attacked by a polyvinyl chloride radical, the
resulting species would be a resonance stabilized allyl radical.

The stability of this allyl-radical is such that it will not initiate poly-
merization of vinyl chloride monomer.

R - Qg - CHCl: + CHy = CH - CH = CHp 5 R - CHy - CHCl - CHy - CH - CH = CH»
R - CHp - CHCl - CHp - CH = CH - CHy°
Another way in which the vinyl radical may disappear is by combination with a

growing radical. In effect, each degradative chain transfer would then stop
two chains: R - CHy - CHCl* + CHy = CH" 5 R - CHoCHCl - CH = CH,.

-1 -
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This structure 1s the same as 1s formed 1f mutual termination of the growing
radical takes place by a disproportionation reaction, and would not be expected
to take any further part in the polymerization reaction:

R - CHy - CHCY © + R - CHy - CHCL * 5 R - CHy - CHClg *+ R - CH = CH,

The Arrangement of Monomer Units i1n the Chain

In the previous section on the mechanism of polymerization, the initiatiqn
step was shown to be an attack of a free radical on the double buad of the
monomer. There are two ways in which this may occur.

H
]

R-CHy - C-
1

As is generally true in free radical reactions, the reaction leading to the
more stable product will be favored. The occurrence of either reaction
exclusively would lead to a head to tail structure in which the substituent
(X) would be on .alternating carbon atoms.

- CHy - CH - CHy - CH - CHy - CH -
| | |
X X X .

Alternate possibilities are head-to-head, tail-to-tail structures,

r—-—"—=1 e == i |

- CHy -:9" - ?H:-- FHQ - CHg! - ?H - 9” - CHy -
XX, ! XX
oo d e - - )

or a random structure containing both arrangements. The possibility of ob-
taining a regular head-to-head, tail-to-tail structure exclusively is quite
remote, but it appears that an occasional monomer unit may enter the chain in
a reverse manner to provide a single head-co-head, tail-to-tail linkage.

The question of orientation of vinyl chloride units in polyvinyl chloride has
been resolved by treating the polymer with zinc. The head-to-head structure
would leave an unsaturated polymer while the head-to-tail structure would yield
cyclopropane rings®.

- CH2 -CH - C(H - CHy - CHy - ?H - CH - CHy - 9
| | |
Cci Ccl Ccl Cl

- CHy - CH =CH - CHy - CHy - CH = CH - CHy -

(



- CHs - CH - CHy - CH - CHy - CH - CHy - CH - CHp - CH -
- | q - ] - ( - 1
Cl Cl Cl Cl Cl =
CHo CHy
/ \}_} \
~CHy - CH - CH - CHo - CH - CHy - CH - CH --
|
Cl
Since only 84-86 per cent of the chlorine could be removed, this fits the
theoretical calculations for a head-to-tail polymer.

The theoretical calculations are based on statistically derived probabilities

for pairs of chlorine groups in a chain which might react with each other to

form ring closures. The calculated values are that 86.47 per cent of the ;
chlorine groups will react in pairs and that 13.53 per cent will be isolated.¥ 3.6

Kinetics of Initiated Polymerization

Initiation of addition polymerization in the presence of an initiator I may be
considered in two steps.

1. The decomposition of the initiator into free radicals. R°

kg
I —> 2R

where "ky" ia the rate constant for the decomposition step.
The addition of a monomer unit to form a chain radical Mj.

k

R+ M —_ M

where "k," is the rate constant for the attack of an initiator radical
on a monomer unit.

The growth or propagation of a polymer chain is the repetitive atep of the
monomer radical attacking available monomer.

Ml' + M
Mz‘ + M

M * + M S

x N N Mix + 1)

All of the propagation steps are shown with the same rate conatant "k_" because
radical reactivity is presumed to be independent of chain length and ﬁependent

only on the nature of the monomer radical.




The termination step involves the mutual annihilation of the activity of two
radicals by either combination or disproportionation.

M(x + y)

+My

"k, " and 'ktd" represent the rate constant of termination by combination and
c
disproportionation respectively. We now have the fundamental equations showing

the various kinetic steps occurring in a free radical polymerizatien except for
chain transfer, which will be treated later. .

The rate equations of the three basic polymerization steps can now be written
in terms of the concentrations of the sp .ies involved.

Rate of Initiation =v; = (d [M']) =2 £ kg [I]
0 de )i
This equation simply states that the rate of polymer radicals formed with time
is equal to the concentration of the initiator [I] times the rate which the
initiator decomposes. The efficiency factor (f) represents the fraction of
the radicals formed that initiate polymerization.

Rate of Termination = v, = -(d M-]) =2 ke [M‘]2
( dv ),

The rate of termination of polymerization as given in the above equation states (:j
that the rate of disappearance of free radical chain species is equal to the .
square of the radical concentration.. The rate constant "k," in this case

represents all modes of radical annihilation where two radicals are involved.

We now have the rate equations for the initiation and termination of polymeric
radicals. At an early stage of polymerization the rates of radical formation
and termination become constant and equal to each other. When this happens, a
steady state condition is established. The use of the steady state assumption
enables us to calculate the overall rate relationships of polymerization to
initiator and monomer concentration.

2 fky [1] =2k, ]2

(f kg D% = (0]

k)

SR




The quantity (M] 13 the steady state concentration of radicals which, when
substituted 1n the kinetic rate expression for the propagation step of the
polymerization, gives us the following relationship:

-d (M] o=k (M) (M)
de

Rate of Propagation = o

v, = -d [M] = k

"
3 o (f kg [1D% W]

de ke

Thus the overall rate of free radical polymerization should be, in the early
stages, proportional to the square root concentration of the initiator. |In

the above equation, the overall rate is shown to be proportional to the first
power of the monomer concentration. This will be true if the efficiency

factor (f) is independent of the monomer concentration which would require (f)
to be nearly one, [f wlie efficiency factor is low, then (f) may be proportional
to the monomer concentration and this would make the overall rate expression
[vpcx:[M]3/2] proportionel to the three halves power of the monomer concentra-
tion.

In order to observe the experimental verification of these theoretical kinetics,
a per cent conversion (dilatometer reading) vs. time plot is first obtained as
shown in Figure 2 to obtain the rate of polymerization.

FIGURE 2. POLYMERIZATION OF VINYL CHLORIDE IN THE- PRESENCE
OF SOLVENTS FOR THE POLYMER

DILATOMETER READING

TIME (MIN.)
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The variation of the rate of polymerization with vinyl chloride concentratiaon
as determined in tetrahydrofuran solvent at constant initiator concentracion
(2,2'-azo-1sobutyronitrile) 1s shown in Figure 3. The slope of the line shows
that the rate of poly@erxzation is related to the three halves power of the

monomer concentration®. The actual slope as determined by the method of least
square was found to be l.46.

FIGURE 3. VARIATION OF RATE WITH VINYL CHLORIDE
CONCENTRATION

| |
0.3 0.5
LOGyo MONOMER CONCN.
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Figure 4 is a plot showing the relationship of rate of polymerization to
varying initiator concentration at constant monomer concentration. The slope
of the line for points obtained using tetrahydrofuran containing peroxtdes,

as determined by the method of least squares, is 0.45. That for peroxide free
tetrahydrofuran is 0,48. In this case, as shown in the theoretical rate
expression previously, the rate of polymerization is dependent on the square
root concentration of the initiator concentration.

FIGURE 4. VARIATION OF RATE WITH SENSITIZER
CONCENTRATION (l-azo-bis-cyclohexane nitrile)

1.6~

1.4

LOG} ¢ RATE
-
i

1.

0.8 ! 1 1 I 1

1.7 1.9 0.1 0.3 0.5
LOGyg INITIATOR CONCN.

Thus far, we have shown that the polymerization of vinyl chloride via a free
radical mechanism in 8 solvent for the polymer, i.e., tetrahydrofuran, follows
the predicted theoretical kinetic scheme. However, when vinyl chloride is
polymerized in & medis in which the polymer is not soluble, such as in the
case of suspension polymerization, deviations from the predicted theoretical
kinetics are observed, )

- 13 -
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Heterogeneous Polymerization of Vinyl Chloride

When vinyl chloride is polymerized 1n the presence of a nonsolvating media for ((
the polymer, a peculiar effect an the rate of polymerization 15 noted. For
example, let us examine Figure 5 for the case of bulk polymerization of vinyl
chloride initiated by benzoyl peroxide’.

FIGURE 5. EFFECT OF BENZOYL PEROXIDE CONCENTRATION ON
POLYMERIZATION OF VINYL CHLORIDE AT 47°C

®1.15 MOL. % Bz30,
®0.533
©0.281
®0.117
©0.0295

% POLYMERIZATION

300 *

TIME (MIN.)

It can be seen from Figure 5 that throughout the first 30 to 40% polymerization,
the rate of polymerization continually increases. This increase in rate is
more marked in the early stages (e.g., from 0 to 5% polymerization).

The rate of polymerization increases or decreases with increase or decrease
in concentration of benzoyl peroxide. The general "autocatalytic" shape of
the curve, however, is not affected even when the concentration of benzoyl
peroxide employed is varied from 0.025 to 1.0 mol %.

C
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[f now the concentration of benzoyl peroxide is kept constant, and the temper-
ature 13 varied, it is found that the rate increases markedly with increase
in temperature. This will be apparent from Figure 6 which shows the course
of the polymerization of vinyl chloride cactalyzed by 0.115 mol % benzoyl
peroxide at temperatures of 33, 47, 61, and 75°C.
FIGURE 6. EFFECT OF TEMPERATURE ON THE POLYMERIZATION OF VINYL
CHLORIDE CATALYZED BY 0,115 MOL % BENZOYL PEROXIDE

% POLYMERIZATION

TIME' (MIN. )

L

The-polymerization rhﬁixfﬁﬁﬁars to be autocatalytic over the range of catalyst
concentration from 0.025 te 1.0 mol % benzoyl peroxide, and over range of
temperature from 33 to 75°C. )

Degree of Polymerization

An indication of the way in which the degree of polymerization varies with the
mode and conditions of preparation of the polymer can be obtained by deter-
mining the relative viscosities of dilute solutions of the polymer. The
equivalent viscosity, A, is defined as the ratio (lnnr)/c'. where . is the
relative viscosity of the solution and c' the concentration of the solution
in monomoles per litre. It was shown that for vinyl chloride polymers

e, -
A=Al - Bre’)

where A, is the limiting equivalent viscosity for zero concentration and 8 is
a constant which was found to be of low value; thus for very dilute solutions
we have A = Ay- Furthermore, they showed that A, 18 proportional to the
molecular weight. The value of the function (leg n.)/c, where ¢ is the
concentration of the solution in g. of polymer per fOO mi. of solution will,

- 15 -
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therefore, also be proportivnal to the molecular weight of the polymer. [t¢ 1s
shown in Table 2 that there is little varrtation 1n the value of this function
throughout the reaction.

TABLE 2

VARIATION OF DEGREE OF POLYMERIZATION WITH PERCENTAGE
POLYMERIZATION, IN THE POLYMERIZATION OF VINYL CHLORIDE,
CATALYZED BY 0.625 MOL. PERCENTAGE BENZOYL PEROXIDE, AT 47°C

Pcécentage Polymerizacion (Logn,.)/c

4. .41
9, .41
20. .41
33. .41
48. . .41
64. .41
88. , .39

The concentration- (c) of the polymer solutions, used in the above experiments,
is 0.25 g. of polymer per 100 ml. of tetrahydrofuran.

Similar results are obtained if :vinyl ‘chloride Yy polymerized in the presence
of 10 mol. % dibutyl phthalate and 0.50 mol. % benzoyl peroxide. The degree of
polymerization in this case, however, is somewhat lower than when dibutyl
phthalate is absent from the system. It is interesting to note that no marked
increase in rate of polymerization, or in degree of polymerization was ob-
served, although the polymerizing mixture at 30% polymerization was a firm

gel, from which the vinyl chloride escaped very slowly, even when left at room
temperature; the results are shown in Table 3.

TABLE 3

VARIATION OF DEGREE OF POLYMERIZATION WITH PERCENTAGE
POLYMERIZATION FOR VINYL CHLORIDE CATALYZED BY 0.5 MOL.
PERCENTAGE BENZOYL PEROXIDE, IN THE PRESENCE OF 20 MOL.

PERCENTAGE DIBUTYL PHTHALATE AT 47°C

Percentage Polymerization (logn,)/c

.28
.29
.34
.33
.30
.29
.28
.29

CSCLNWO OO
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Vinyl chloride, catalyzed by 0.115 mol. % benzoyl peroxide was polymerized at
various temperatures to an extent of about 10% polymerization. Table 4 gives
a comparison of the degree of polymerization at temperatures from 33 to 85°C,
It is seen that at 85°C the value of the average molecular weight 1s about
one-third of the value obtained at 33°C.

TABLE 4
EFFECT OF TEMPERATURE ON THE DEGREE OF POLYMERIZATION
Temperature, °C e - (logn.)/c

i3 .68
47 . 45
61 .39
15 .28
85 . .22

The variation of degree of polymerization with cacalyat concentration was
determined for polymerizations of vinyl chloride at 47°C. The concentration
of benzoyl peroxide was varied from 0.008 to 2 mol, %, all polymerizations
being atopped at about 10% conversion of the monomer to the polymer.

It ie seen from Figure 7 that the degree of polymerization varies only slightly
over a wide range of catalyst concentration. ‘At concentrationa higher than

0.5 mol. %, however, the average molecular weight becomes much more dependent
on the concentration of the catalyst, At very high catalyat concentration it
tends toward the familiar inverse proportionality between the average molecular
weight and the concentration of the catalyst.

FIGURE 7. EFFECT OF CHANGEﬁlN CATALYST CONCENTRATION ON
THE AVERAGE MOLECULAR WEIGHT

,"_"\
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Summary

When vinyl chloride 1s polymerized 1n the presence of a solvent for the (/
polymer, the theoretical polymerization kinetics are obeyed, i.e., the rate

of polymerization is proportional to the square root of the initiator
concentration and to the three-halves power of the monomer concentration.

The plot of per cent polymerization versus time, Figure 2, shows a linear
relationship in the early stages of the polymerization reaction.

Whereas 1ncreasing the rate of polymerization by either increasing the
itnitiator concentration or temperature is expected to reduce the molecular
weight of the polymer formed, it is shown that in the case of vinyl chloride
that the chain transfer effect i3 very strong in that initiator concentration
had very little effect on the molecular weight, whereas, the temperature
effect was very pronounced,

When vinyl chloride is polymerized in bulk, an auto acceleration is noted

which begins in the initial stages of the polymerization reaction. This

auto accelerated effect is also noted when insufficient solvent is present

to solvate all of the polymer formed as indicated in Figure 2, in the case

of a small amount of dibutyl phthalate. Periods of acceleration are also
exhibited in the polymerization of monomers which are solvents for their
polymers. This so-called "gel effect” does not appear until later stages

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

the period of acceleration which, in the polymerization of vinyl chloride,
occurs from the very beginning of the reaction and is closely associated

with the separation of the solid polymer phase. Again, in the polymerization
of vinyl chloride, the average molecular weight of the polymer formed during
the reaction remains constant, but with monomers which give rise to the :
"gel effect,” it increases with increase in rate of polymerization. The (::

"gel effect” has been explained as due to a reduction in the rate of the
termination reaction, resulting from the great increase in viscosity of the
medium, probably supplemented by the coiling of the growing polymer chains.
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VINYL CHLORIDE SYNTHESIS

Intioduction

The two principle methods for producing vinyl chloride commercrally 1n the
United States have been the hydrohalogenation of acetylene and the thermal
dehydrohalogenation of. ethylene dichloride. General Tire uses the hydro-
halogenation of acetylene route in its Ashtabula plant put on stream in
1954. The plant is presently capable of praducing 30 million pounds per
year of vinyl chloride monomer.

In the succeeding section, both processes will be described in detail
including the sources and purification of the raw materials, conditions,
catalysts and kinetics of the synthesis reaction, and industrial equipment
and technique used. Emphasis will, however, be on the General Tire process.
Also ifcluded will be a description of the octher methods employed and sug-
gested for industrial vinyl chloride production and the economic factors
involved.

Industrial Production of Vinyl Chloride

A. Hydrohalogenation of Acetylene

The production of vinyl chloride from the vapor phase reaction of
acetylene and hydrogen chloride was for many years the most important
industrial method in the United States, Germany, and the rest of the
world, as it could be easily adapted to continuous operation.

In order to have a thorough understanding of the production of vinyl
chloride from acetylene and hydrogen chloride, .a study of the raw
materials is necessary.

1. Acetxlepe
The two basic industrial sources of acetylene for vinyl chloride

production are from calcium carbide and natural gas or other hydro-
carbons,

Calcium Carbide Process for Acetylene

The calcium carbide process is the classical source for acetylene.
Carbide acetylene is used by General Tire for its vinyl chloride
synthesis operation. One of the main reasons for the Ashtabula
plant’s location is the close proximity of pipeline acetylene

from a generating station. A flow diagram of an acetylene
generator plant is given in Figure 1. Acetylene generation is
based on the following equation:*:

8-12 psig
CaCy + 2Hy0 > CH = CH + Ca(OH)g ------ (I)
93-95% yield

Calcium carbide is formed from the reaction of lime and coke
in an electric arc furnace.

GEMC S0041 2
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Acetylene is generated by the wet process which consiscs of
adding calcium carbide to o relatively large quantity of watver,
relecasing acetylene., The calcium hydrate residue is discharged
from the generator in the form of a lime slurry. A variable
speed screw feeder 1s used for the calcium carbide charging

to maintain an B8-12 psig generator pressure. Temperature is
controlled by the addition of fresh water. A low pressure,
after-generator removes the last traces of acetylene from the
lime slurry. The 99.8 per cent acetylene produced is saturated
with water. The saturated acetylene gas is delivered to
General Tire untreated.

»

Natural Gas and Hydrocarbon Process for Acetylene

Processes for converting hydrocarbon feeds to acetylene include
electric arc, thermal cracking, and partial oxidation tech-
niques. The classical examples of these processes are respec-
tively the Schoch, Wulff and Sachsse processes.

The Schoch3 and DuPont Plasma Arc Processes are electrical
discharge processes that supply energy to the natural gas
electrically.

The Wulff4 process 1s a regenerative thermal decomposition
process in which a checker brick furnace is heated to c¢racking
temperature by combustion of a hydrocarbon gas with air. The
air supply is discontinued and the gas is cracked thermally to
yield acetylene, other hydrocarhona, carbon monoxide, and carbon
dioxide.

The Sachsse? process or ilight variations of the partial

oxidation technique are commonly used industrially. Examples
of these are the Badische Anilin & Soda-Fabrik A.G. (BASF),
Montecatini, and Societe Belge del’Azote (SBA) processes. The
BASF process will be used as an example.

The process is based on the following reactions:
CHy + 209 ———> (09 + 2H90 + Heat

2700°F
2CH4 —y C2H2 + 3“2

A simplified flow diagram®
in Figure 2, .

of an industrial process is given
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Natural gas (1 mole) and law purity Os (0.60 moles) are pre-
heated to about 120°F and fed to a burner. Part of the methane
(natural gas) 1s oxidized with oxygen as showo by equation [[,
The heat of combustion heats the gas to about 2,700°F to crack
the excess methane to acetylene according to the endothermic
reaction shown by equation IIl. The resulting cracked gas
contains about 8.5 per cent ColHy and is rapidly quenched to
l100°F to prevent decomposition of the acetylene. The soot is
filtered- out and then the gases are compressed to about 160
psig and purified in an absorption-desorption operation., The
off-gas from the absorber i3 used for heating value or synthesis
gas. Acetylene is stripped from the solvent by conventional
flashing and fractionation methoda. Acetylene of 99 per cent
purity is obtained. The overall yield of acetylene based on
carbon content in the natural gas is approximately 30 per cent,

Acetyleneé%t a considerable reduction in cost can be obtained
from the hydrocarbon source. Therefore, the amount of acetylene
produced by calcium carbide has decreased considerably in recent
years.

Acetylene Impurities

Since the Genersl Tire process uses acetylene from calcium
carbide, the discussion of acetylene impurities and their
effects will deal with calcium carbide derived acetylene.

Acetylene gas generated from commercial calcium carbide gener-
ally exceeds 99.5 per cent purity. The gaseous impurities
present are shown in a tyqical analysis (dry basis) for acetylene
received by General Tire:

Organic Sulfur 0.0010
Phosphorous --- 0.002§
0.0302
0.0052
0.0037

Other impurities in small amounts might include arsenic,
phosphorous, and silicon compounds.
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Since General Tire uses mercuric chloride impregnated on
activated carbon as a catalyst, any impurity reacting with (’
mercuric chloride can be significant 1n reducing catalyst life.

Phosphine and arsine will react with mercuric chloride and

reduce it to metallic mercury. Hydrogen sulfide reacts with

mercurtc chloride catalyst at vinyl chloride synthesis temper-

ature to form mercuric sulfide.

Most of the sulfur present is divinyl sulfide® which is also
a potent catalyst poison. The water present in the raw gas
will react to form aldehydes as a by-product which in turn
can reduce the mercuric chloride to metallic mercury.

d. Purification and Processing

General Tire's acetylene purification consists of cooling to
remove water and the heat of compression followed by concen-
trated sulfuric acid scrubbing to remove phosphine, water, and
organic sulfur, and then activated carbon filtering to remove
divinyl sulfide, sulfur trioxide, and other trace contaminants.
The following simplified flow .diagram illustrates the General
Tire acetylene purification and processing, Figure 3.

Acetylene is received from acetylene generators via pipeline.

The acetylene goes through a hydraulic seal to prevent flash-

back and then is compressed from 6 psig to 14.5 psig in a

Nash compressor which uses water as the sealing medium. The

acetylene then is passed through an entrainment separator

containing refrigerated water which removes a considerable ‘:r
amount of the water and lowers the temperature to 60°F. All _
incoming acetylene is metered. An accuracy of 0.7 per cent

has been obtained metering the acetylene with a rotary positive

displacement meter.

The acetylene is purified by passing it through two counter
current, sulfuric acid scrubbers. The dilute scrubber is 24"
diameter x 31' high column and i1s constructed of acid brick
lined steel. The concentrated scrubber is a 20" diameter x

22 high column and is constructed of cast iron. Both scrubbers
are packed with 2" raschig rings and the circulated acid temper-
ature is controlled between 75-90°F by either cooling with water
or heating with a water-steam mixture.” Acid is changed whenever
the minimum dilution of 75 per cent is reached in the dilute
scrubber. Fresh acid used is 94-98 per cent sulfuric acid. The
acetylene from the concentrated acid scrubber then goes through
an activated carbon filter where traces of impurities, particu-
larly the sulfides, are removed. The carbon filteras are 36"
diameter x 7' high and are constructed of steel. The acetylene
from the carbon filter is essentially free of impurities and at
a dew point of less than -40°F,
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Hydrogen Chloride

Hydrogen chloride cuan be obtained from several sources tncluding:
salt, in salt cake furnaces; by burning electrolytically-produced
chlorine i1n excess hydrogen; and as a by-product of several indus-
trial processes including the production of chlorinated solvents,

Trichloroethylene Process

General Tire receives hydrogen chloride via pipeline from
local sources in Ashtabula. The hydrogen chloride is an off-
gas from an organic operation, involving the production of
trichloroethylene.” The process involves two steps given by
the following equations:

160-195°F
Chlorination: CQHQ + 2Cly CHC12 - CHCIZ
FeCl
3
350-700°F
Dehydrohalogenation: CHCly - CHCly ——— CCly = CHC)

The process flow diagram in Figure 4 illustrates the key steps.

Acetylene is chlorinated to form tetrachloroethylene according

to equation IV in a liquid phase reaction using ferriec chloride

catalyst at 160-195°F. After purification, the tetrachloro-

ethylene is vaporized and dehydrohalogenated to trichloroethylene

and by-product hydrogen chloride in a catalytic cracker at (:j

350-700°F according to equation V. The relatively pure by-
product HCl is separated from the trichloroethylene using a
series of condensers and separators. The crude trichloroethylene
1s then fractionated to yield a pure trichloroethylene product.
The market for the by-product hydrogen chloride is an important
fuctor in determining the overall process economics.

Impurities and Effects

The impurities present in the hydrogen chloride are as given
in the following average analysis:

Inerts (as N2)
Chlorinated Organics - 1.50
Chlorine Traces

€0.05 (by weight)
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[he chlorindated otgante tmputittes dare present 1o the largest
quantity and tncbude mostly rrichloroethylene with small amounts
of tettachloroethylene and dichloroethane. The chlorine and
oxygen must be hept at o low level. The chlorine 15 a factor

tn by-product formation, particularly dichloroethane. The
oxygen, when mixed with acetylene, 15 a safety hazard because

of the explosive potential

Purification and Processing

Refrigerated condensers are used to. remove water and organic
impurities before General Tire receives the hydrogen chloride.
The hydrogen chloride is received by pipeline at a controlled
pressure of 18" Hy0 and compressed to 18 psig in a reciprocating
compressor. The hydrogen chloride at 160°F is then passed
through a separator tank to remove any entrained liquid before
being used in the synthesis operation.

Vinyl Chloride Synthesis

General Tire's vinyl chloride synthesis is carried out by reacting
‘one mole of HCl gas with one mole of acetylene at 8-10 psig and
200-280°F. The exact temperature is dependent upon the catalyst
physical condition and age, The fixed bed catalyst is activated
carbon impregnated with mercuric chloride.

Reaction
&

The general equation for the reaction of acetylene and
hydrogen chloride in this process 1is:

- 200-280°F
Colig + HCI > CHy ~ CHCl (vinyl chloride) ---. (VI)
HeCly on Ace C

The main by-products are trichloroethylene, dichloroethylene,
and aldehydes.

Catalysts

Many patents and technical papers are in the literature concern-
ing the successful use of varions heavy metal salts as catalysts
and many support mediums such as pumice, alumina, etc., for
vinyl chloride synthesis. Mercuric chloride deposited on
activated carhon support is commonlv used throughout the
industry,

Temperature

Temperature, besides heing an important factor in reaction rate
and conversion, also has ronsi*gruhle influence on the life of
the catalyst., It was reported that an optimum cooling medium
temperature exists at variouns [low rates for getting the longest
bife from the catatvasr,

aondot




The ctendency lately has been to operate at lower temperdtures

(200-260°F)., Considerable increases 1n the pounds of viuyl
chlovade pl'udu( ed poer puun:! of l‘dl.dly:i(. L'V(pe'udt.“l have Leen
realized as a result of the lower operating temperatures,

Kinetics

Some of the latest work ‘done on catalytic rate studies using
mercuric chloride-activated ca‘bOn catalyst was done by
Wesselhoft, Woods, and Smith, Representing the experimental
data, a rate equation was developed from the following postu-
lates: (1) acetylene is adsorbed on the catalyst on onéd site;
(2) hydrogen chloride and vinyl chloride are adsorbed on a
different type of site; (3) the formation of vinyl chloride
occurs by reaction of adsorbed acetylene and adsorbed HCI;

(4) the rates of adsorption and desorption are best compared
with the formavion rate of vinyl chloride.

The rate equation according to Wesselhoft, et. al., is:

CPyPy

(:
(1 + KHPH t KVCPVC) (1 + KAPA)

where: Y = reaction rate, lb. moles/(hr.)/(lb. of catalyst)

C = overall rate constant, lb. moles vinyl
chloride/(1b. of catalyst) (hr.)
P = Partial pressure; atm

Py = Partial pressure, atm HCI

= Partial pressure, atm acetylene
Partial pressure, atm vinyl chloride

Rate of forward and reverse reaction rate
constants for adsorption reactions

-
< 0
= >
o

The reaction rate can be related to conversion welght of
catalyst and flow rate by the following equation.

Ax VIII
Y = W/F ( )

Ax
w
F

where: Conversion .
Weight of ‘cata]yst, lbs,

Flow rate, ft.“/hr..

i 0 H

Equation VIIT can then be used to illustrate how the reactor
design is affected by the kinetics. After the reaction rate
has been calculuated based on the desired operating conditions
and the flow rate has been established, the pounds of catalyst
necessary to obtain desired conversions can be calculated. The
pounds of catalyst can then be changed to the length (feet) of
reactor necessary for the conversion by dividing it by the
peunds of catalyst per foot of reactor length. The graph in
Figure 5 is a plot of conversion versus reactor length for two

| different temperatures and flow rates and illustrates their

effect on reactor length. A reactor cross section of 13 sq. ft.
is used in this calculation.
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Heat of Beaction

The reaction ot hydrogen chloride and scetylene to form vinyl
chloride 1s strongly exothermic. Based on the latest Jdata on
the heat of formation for vinyl chloride from acetylene and

HCL (8,072 cal/mole @ 25°C by Locher!?), the estimated heat

of reaction is 43,300 BTU/lb. mole monomer vinyl chloride
produced at 200°F and 43,800 BTU/lb. mole monomer vinyl chloride
produced at 250°F. - . . :

The General Tire & Rubber Company Process’

Figure 6 is a simple block diagram which will aid in illustrating
the overall process.

In the Reactor Section (I) the raw materials CoHy and HCl are
converted into vinyl chloride; in the Stripping Section (II)

the unreacted HCl is removed; in the Recovery Section (III)

the unreacted CoHo and inerts are removed;: and in the Refining
Section (IV) the heavy ends and aldehydes are removed and the
purified vinyl chloride is transferred to storage. The recovered
acetylene from Recovery Section (III) is recycled to the

Redctor Section (I). The heavy ends from Refining Section (IV)
are recycled to Recovery Section (III) before storage. Small
amounts of vinyl chloride are recovered from the heavy ends in
the Recovery Section (III) and are recycled to Stripping Section
(IT). A flow diagram of General Tire's monomer synthesis and
purification operation is shown in Figures TA through 7D,

Reaction Section (I), Figure 1A

Anhydrous hydrogen chloride gas and acetylene purified and

processed as described in the previous section on raw materials
are metered to the process by a ratio controller.

The reactants are passed through a baffled mixing vessel and
then into the top of five 16 ft. mulctitube reactors. The
reactors can be arranged by using multiple headers to allow
either combined parallel and/or series flow to obtain the best
conversion and control. Normally, a 2-2-1 arrangement is used.

The reactors contain vertical steel tubes 2 in., in diameter.
Activated carbon pellets impregnated with mercuric chloride
catalyst are placed on the tube side and oil is circulated on
the shell side, counter current to the flow of the gaseous
reactancvs,

The oil was originally heated or cooled by shell and tube heat
exchangers to maintain temperature control. However, a more
efficient cooling method has been installed wherein an air-
cooled fin-tube heat exchanger is used. Since the reaction is
highly exothermic, the oil is usually cooled once the reaction
has started. Each furnace has sufficient cooling capacity to
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remove all of the heav evolved at a maximum of 50 per cent
cponversion based on design throughput. The temperature of the
reaction ts controlled between 200-260°F, increasyng with the
age of the catalysc, The average resctor system pressure is
about 9 psig. Conversion based on HCL is 98-99 per cent. A
continuous infra-red on-stream analyzer monitors the per cent
HC! in the reactor outlet stream. The reactor outlet gases
contain the following: Vinyl chloride, unreacted HCl, unre-
acted CoHg, inert gases, aldehydes, and chlorinated organics.

The chlorinated organics in the crude vinyl chloride include
both the quantity received in the HCl feed stock and the by-
product produced. About 95 per cent of the chlorinated
organics are trichlaroethylene,

Stripping Section (II) Figure 7B

In Stripping Section (II) the unreacted HCl is removed., Outlet
gases from the reactors are fed to the bottom of a water
scrubber where cooled water 1s circulated counter current to
the gases. The column is packed with 2" Raschig rings and is
brick lined steel construction. Fresh water is added to main-
tain a discharge concentration from the scrubber of 3-10 per
cent HCl. The gas flow is then to the bottom of a second
packed column through which dilute caustic (7-% per cent NaOH)
is circulated counter currently. The caustic scrubber is
packed with 2" Raschig rings and is of mild steel construction.
The gases leaving the caustic scrubber are essentially free of
HCl. The gases pass through a suction knock-out tank and are
then compressed to about 90 psig in a reciprocating compressor
before further purification.

Recovery Section (III), Figure 7C

In the Recovery Section (III) the light ends, mainly unreacted
Collg and inert gas are removed. The flow from the compressor
goes to the stripping column overhead condenser and then to

the stripping column decanter. The stripping column is 27' high
and contains 20 bubble cap trays. Auxiliary equipment includes
a decanter for reflux storage and water separation. Mild steel
construction is used throughout. The column is operated at a
pressure of 90 psig so the overhead vapor can be condensed with
available cooling water. -

Hot water is used in order to lower surface temperatures on the
reboiler and thus minimize polymerization. The column operating
conditions are maintained so that the crude vinyl chloride
bottoms at 115°F are free of acetylene. The bottoms are chilled
and pumped to crude vinyl chloride storage. The overheads con-
taining all the unreacted acetylene and inerts are then processed
in the acetylene recovery system,
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The acetylene recovery system 15 basically an absorption-
desorption system using trichloroechylene as the recovery
solvent. The absorber i1s a column packed with 1" saddles
operating under 45 psig pressure at a temperature of about
80°F. The 1nerts and nonabsorbables are vented {rom the top
of the column to the atmosphere, The vent gas is 90 per cent
inerts. The trichloroethylene containing the absorbed gases
is then pumped, to the top of the 1" saddle packed desorber
column where it is heated to about 200°F under a pressure of
18 psi, The desorbed overhead gases are first passed through
a brine-cooled partial condenser to remove entrained solvent
and then recycled to the inlet of the monomer reactors. The
composition of this gas is 41 per cent vinyl chloride and 2!}
per cent CoHg which represents nearly all the unreacted
acetylene. The trichloroethylene from the desorber bottom is
cooled and recycled to the absorber. The excess stripped sol-
vent from the desorber is passed to a heavy ends storage tank.
Solvent feed to the absorption-desorption system is from the
refining column, heavy ends receciver in Refining Section (IV).

Refining Section (IV), Figure 7D

In Refining Section (IY) the chlorinated organics and aldehydes
are removed from the vinyl chloride. The crude vinyl chloride
is pumped from the storage tank to the 20cth tray of a 30 tray,
48' high, bubble cap fractionating column. The heavy ends

boil at 185-240°F compared to 8°F for vinyl chloride, at atmos-
pheric conditions. The bubble cap column is- operated under 60
psig pressure and the conditions are regulated so that the
overhead pure vinyl chloride at about 95°F is essentially free
of aldehydes and heavy ends. The vinyl chloride overhead is
condensed and then chilled with a brine cooler and sent to
horizontal stainless steel storage tanks. The top trays as
well as the receiver and reflux piping are stainless steel to
prevent iron contamination, The bottoms flow to a heavy ends
receiver where the liquid is heated with steam to vaporize

the vinyl chloride. The vinyl chloride is recycled to the
suction of the vinyl chloride compressor in the Stripping Sec-
tion (II). The heavy ends remaining are recycled to the
acetylene recovery absorption-desorption system before being
sent to storage. -

General Tire specifications for vinyl chloride monomer are:

Specifications:

Moistu;e % by weighe
% Heavy Ends

Aldehydes

W Oonds-
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Nonvolatile residue

(25°C) % by weight
Colorless
Polymerization Test Passes
Dorrell Weathering Test

Max, Temp. Differential
0.5

A shift sampling and test program maintaining set process
specifications assures production of quality vinyl chloride

monomer.

Material Balance

The following is an average material balance on vinyl chloride
synthesis operation:

Overall yield based on total raw gases averages about 98 per
cent.

Raw materials required for one ton of vinyl chloride:

HC1  -- (1,183 lbs. HCL
( 62 lbs. Heavy Ends

CoHg  -- 877 1bs.
Products formed:
Vinyl Chloride - 2,000 lbs.

Heavy Enda 85 lbs. -- (62 lbs. HCl feed
(23 lbs. by-products

Dehydrohalogenation of Ethylene Dichloride

The dehydrohalogenation synthesis route for vinyl chloride became
commercial based on the plentiful supply and low price of the basic

raw material, sethylene. In order to have a thorough understanding of
the vinyl chloride synthesis by this route, a study of the intermediate
synthesis of ethylene dichloride is necessary. The majority of ethylene
dichloride is produced commercially by the chlorination of ethylene.
Recently, however, ethylene oxychlorination processes have been suc-
cessfully adapted to commercial practice. The ethylene oxychorination
process will be covered under the new processes section,

SEMC 00042z
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Ethylene

The two bastic raw materials used for ethylene dichloride production
by direct chlorination are ethylene and chlorine. Ethylene normally
13 produced from the pyrolytic cracking of petroleum fractions and
the economics favor large facilities. The Gulf Coast of Louisiana
and Texas are favored locations for its production.

a. Petroleum Fraction Cracking Process

Almost any petroleum fraction can be cracked and fractionated
to yield ethylene. The processing schemes and economics vary
with each installation depending upon the feedstock, products,
and by-product specificarions and costs. A simplified flow
diagram, Figure 8, illustrates a typical process using
naphtha feed.

Naphcha and steam pass through the coils in the pyrolysis
furnace where cracking takes place at about 1,500°F. The
cracked products are quenched to 100°F prior to .the purification
separation. In the purification process, the product stream

is passed through a fuel oil scrubber, then through a series

of fractionation systems. A final low temperature fractionator
separates purified ethylene from echane.

Impurities

The ethylene gas usually contains diluents such as methane,
ethane, and hydrogen. Some cracked petroleum fractions may
contain only *about 40 per cent ethylene and must be enriched
by purification. Generally, ethylene of purity of 90 per cent
or better is satisfactory for use in the ethylene dichloride
process. The ethylene should not contain any hydrocarbon
impurities heavier than propane.

Purification

Reported16 ethylene enrichment and purification techniques
include: A low temperature, high pressure fractionation, for
example at -30°C and 200 psig, an absorption-desorption and
hypersorption process using adsorption on a moving bed of
activated carbon. \

Chlorine

Electrolysis of Salt:

Nearly all chlorine is produced by-the electrolysis of salt.
Commercial electrolytic chlorine of 99.9 per cent purity is used
by all plants as received.

C
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Fthylene Dichlocide Divect Chlorination Synthests

Reaction

Fthylene dichloride 15 produced commercrally by direct
chlorination by both the liquid and the vapor phase chemical
combination of ethylene and chlorine in the Yresence of a
catalyst and 1s represented by the equation: 7

40-80°C

CHy = CHy + Cly ———3 CICHyCHoCI
FeCly

One of the main difficulties encountered in the production of
ethylene Jichléride by the chlorination of ethylene is limiting
the chlorination to the stage of ethylene dichloride. The by-
products formed usually include hydrogen chloride, propylene
dichloride, and polychloroethanes.

Conditions

The literature and patents contain many methods of effecting
the reaction. At low temperatures (-30 to -80°C) it is possi-
ble to get substantial conversion without catalyst but it is
not economigal. The conditions most commonly used are temper-
atures between 40-§0°C and a pressure between 10-20 psig in

" the presentg of a catalyst. ' Higher pressures are'used for
dilute ethylene systems. 5

Catalyst

Numerous catalysts have been reported including iron salts,
complex metallic cyanides, charcoal, aluminum oxide, etc. The
liquid phase reactions have been reported more often than the
vapor phase reactions using a fixed bed catalyst. The most
commonly used liquid phase catalysts are ferric chloride and
ethylene dibromide.

Heat of Reaction

The reaction 1s rapid and highly exothermic and consequently
considerable cooling is required. Thi heat of reaction is
39 Kcal/mole dichloroethylene formed. 6

Industrial Process

The following flow diagram,l7 Figure 9, illustrates a typical
liquid phase direct chlorination process used for industrial
production of ethylene dichloride: Ethylene and chlorine gas
are mixed in a molar ratio of 1.05-1.10 to 1l and charged through
a sparger to the rceactor. The ethylene dichloride containing
dissolved FeClg cutalyst is circulated at a high velocity
through the reactor. External cooling i1s used to maintain the

- 924 .
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Lemperature at between MW-B0C., A pressure of 10-20 psig
{sometimes higher) s matntarned.

from the reaction section, the liquid and vapors are removed
from the top of the reactor and are chilled with water and
refrigeration to liquify the ethylene dichloride. The off-gas
vapors containing hydrogen, methane, ethylene, etc., are caustic
scrubbed to remove HCl. The liquid is washed with 6-8 per cent
caustic in an agitated vesse] and passed through a condenser

to a separator tank where lower layers of crude ethylene
dichloride are withdrawn. A conventional atmospherie distilla-
tion tower is used for the final purification of the ethylene
dichloride. 1Tt is known that the presence of any residual
FeCly catalyst will cause decomposition and tar formation aad,
therefore, FeCl3 must be removed prior to distillation. -

Overall yields of ethylene dichloride are reported to 90-95
per cent based on chlorine,

Approximate raw materials required to produce one ton of
ethylene dichloride are:

Ethylene - 630 lbs.
Chlorine - 1,600 lbs.

Impurities and Effects

Impurities in the ethylene dichloride can seriously affect the
efficiency of pyrolysis operation for producing vinyl chloride,
The presence of iron chlorides will contribute to the formation
of high meTécuTar weight tarry materials. The presence of
water causes serious cortrosion problems by condensing with

the HCl by-product.

Vinyl Chloride Synthesis

Reaction

Commercially, ethylene dichloride is thermally pyrolyzed ig
yield vinyl chloride according to the following equation.

900-950°F
CH2C1CH2C1 — CH2 = CHCI + HCl

Conditions and Catalysts

The main difficulty of the thermal pyrolysis is the high temper-
ature resulting in considerable coke and tar formation causing
short furnage cycle times. However, it is stated in the
literaturel” thet if proper operating conditions and raw
material purities are strictly maintained practically theo-
retical yields can be obtained with no carbonaceous or high
molecular weight material being formed. The thermal pyrolysis

- 26 -




can be carried out tn the presence of contact catalysts such
as pumice, kaolin, activated carbon, etc., at lower temperatures
because of improved heat transfer. Catalytic processes oper-
ating at temperatures a3 low as 475-500°F have been reported.

Heat of .Reaction

The dehydrochlgainatioh reaction 1s endothermic (-19 kilo-
calories/mole) and requires heat be added to the reactor.
It is estimated that for each pound of ethylene dichloride
pyrolyzed, 182 BTU of heat must be added to the reaction.

Kinetics

The kinetics of the thermal dehydrochlorination of ethylene
dichloride have been studied in considerable detai}l. The
equations below are based on the work of Doraiaswany and Pai
reported in 1960, The conversion to vinyl chloride can be
represented by:

21

V=K [1-x (1.33 - 5.0 x 10°4 1))

L |
, =k ln [1 - x (1.33 - 5.0 x 10°* T) (XII)

The first order rate constant (up to B0 per cent conversion):
-59,000

k = 1.45 x 1020, AT . (XIII)

(80 to 100 per cent conversion):
-20,000

k =9.8 x 107 =~ BT

where: S = Space velocity, cc/hr/22.4 liters of reactor
volume

Feed rate, g. moles/hr. or lb. moles/hr.

s, =L F-=
V., V.= Reactor volume, 359 fr.3 or 22.4 liters

v
r

= First order rate constant, liter/hr.2
Total conversion, g. mole/g. mole feed

= Temperature, °K

= Reaction rate, g. moles/hr./22.4 liters of reactor
volume




D) .
A reported by Bactleve and Howlettv=" the first order rate
ronstant 15 tndependent ol pressure over the range of J0-200mm
and that the rate of reaction 1s r1odependent of the packing.

Industrial Process

The simplified flow diagram reference shown 1n Figure 10 is
based on industrial preparation. The process steps and con-
ditions vary throughout the induscry.

Reaction Section

Fresh and recycle ethylene dichloride are mixed and pumped
through a desicant dryer to remove the last traces of moisture.

The dry gases are transferred to the reactor. The basic design
of the reactor consists of a multiple number of stainless steel
tubes. A contact catalyst packing is sometimes used. Most
references list the operation of the reactor between 900-950°F
and 30.50 psig. Conversion in the reactor is controlled be-
tween 50-70 per cent to limit undesirable by-product formation.

Purification Section

The gaseous, low boiling HCl, and by-products are stripped from
the reaction gases leaving the reactor by quenching rapidly to
212°F in a modified absorption system by direct contact with a
recycled stream of ethylene dichloride. Rapid quenching pre-
vents secondary reactions. The HCl leaving the top of the
absorber is passed through a partial condenser to remove the
remaining vinyl chloride and ethylene dichloride. The HCl by-
product can be used for other processes either in the anhydrous
state or it can be water scrubbed and used as hydrochloric acid.

The product stream from the bottom of the HCl removal equipment
is essentially HCl free and contains unreacted ethylene dichloride,
vinyl chloride, and traces of high boiling liquids, The mixture
goes to a vinyl chleoride fractionating column operated under
pressure where the product vinyl chloride is removed overhead.
The bottoms contain the unreacted ethylene dichloride and high
boiling liquids. Depending on the efficiency and conditions of
the operation, another final purification by distillation, etc.,
may be necessary. Vinyl chloride of 99.9+ per cent purity is,
removed as overhead in the final column. The last column con-
tacted with the vinyl chloride is constructed of stainless

steel to prevent iron contamination.

Some of the unreacted ethylene dichloride bottoms serve as
quenching medium and absorbing liquid in the absorption column
for the HCl removal. The remainder is further refined tb remove
the heavy ends from the ethylene dichloride recycled to the
pyrolyzer for dehydrohalogenation. Although the heavy ends are
present in small quantities, their removal is essential to
prevent secondary reactions which contaminate the pyrolysis

. 28 -
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equipment with turty matertals, etec. The ethylene dichloride
refioing column used operates at slight pressure with the over-
head ethylene dichloride removed at about 200°F. Overall yields
of 95+ per cent are reported.

Cambined or Balanced Process

Several large producers have gone to the use of a combined or balanced
.process to improve the overall economics. The combined process uses
the hydrogen chloride by-product from the ethylene dichloride cracking
as the source of raw hydrogen chloride for the acetylene synthesis
route, The two basic equations are:

A
CHpCICHyCl — 3 CHy = CQlCL + HCL
900-950°F

200-260°F

HCl + CoHp — 3 CHy (XVII)
HgClo

A simple block flow diagram is shown in Figure 1l. A detailed descrip-
tion of the proceass will not be given since the processes were covered
individually in the preceding sections. The only difference is that
many times the final purification is carried out in a common system.
Ethylene dichloride is used to absorb the vinyl chloride from the out-
let of the acetylene and hydrogen chloride reactor and is combined with
the product stream from the ethylene dichloride pyrolysis.

v

Vinyl Chloride Manufacturers

The estimated capacity for vinyl chloride today in the United States
1s about 1,885 billion pounds per year, It is estimated that about
50-60 per cent of the vinyl chloride produced today uses acetylene
as a starting material.

Much of the vinyl chloride monomer produced in the United States is
captively consumed. Allied, Ethyl Corporation, and American Chemical
are exclusively monomer merchants, Union Carbide, Monsanto, and Dow
are producers that sell a portion of their production,

III. New Vinyl Chloride Procesases

Several of the new synthesis routes are worth reviewing.

A. Vinyl Chloride from Acetylene and Ethylene Mixtures

The thermal cracking of natural gas or other hydrocarbons to produce
ethylene, acetylene, and other products is commonly practices in
“industry. However, the cracked gases usyally contain diluents as
hydrogen, methane, carbon monoxide, etc., besides ethylene and
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acetylene,  Separvation and puritfication of the acetylene or ethylene
from the diluents 1s difficult and adds to the raw material costs, lise
of unseparated cracked gases as a raw material has been proposed.*~: 24
The raw materials required for the process are a source of hydrocarbons.
The reaction consists of pyrolyzing the hydrocarbon source at the
necessary conditions to produce a cracked gas containing about I0 per
cent Lacetylene, 10 per cent ethylene, and 80 per cent of diluents

including CO», CO, H2, CHy, etc.

The process is similar to the balanced or combined process except the
two reactor systems are in series. A simplified flow diagram of a
process of this type is shown in Figure 12, .
In the first phase the diluted acetylene reacts with HCl and produces
vinyl chloride. The ethylene behaves as an inert gas. In the second
phase the ethylene is combined with chlorine to give ethylene dichloride.
In the third phase the ethylene dichloride is pyrolyzed to form vinyl
chloride and HCl. The HC] is recycled to the first phase.

The gases such as hydrogen, carbon monoxide, and carbon dioxide behave
as inert gases and in no way affect the rate of formation of the vinyl
chloride, but are beneficial in that they improve the heat transfer
characteristics of the system. The diluent gases from the outlet of
the ethylene dichloride cracking furnace in the third phase are water
and caustic scrubbed and then used as fuel for the ethylene dichloride
or naphtha cracking furnaces. Vinyl chloride produced in the first and
third phases is refined in one system. The ethylene dichloride is
redistilled and recycled. The vinyl chloride obtained has a purity

higher than 99.9 per cent.

Vinyl Chloride from-Dilute Acetylene Gases

The reaction mixture containing acetylene as produced by partial oxida-
tion of natural gases rich in methane described in the earlier section
on acetylene production contains aggroximately 10 per cent acetylene
before purification. The proposed<?: 26 yse of dilute acetylene gas
without purification for vinyl chloride synthesis has economic advantages,
Conventional acetylene-HCl reactors described in the first half of the
preceding process are applicable to dilute acetylene gases. However,
operating conditions usually make it necessary to recycle the unreacted
acetylene and an absorption system is essential. Suggested systems use
tetrahydrofuran or trichloroethylene which are two excellent solvents
for both acetylene and vinyl chloride. The main disadvantage with

this process is the necessity of handling large volumes of diluent
gases.

Vinyl Chloride by Oxychlorination Techniques

Oxychlorination 1is generating considerable interest among chemical
processors and engineering firms for the production of vinyl chloride.
The low price of raw material ethylene, the availability of HCl and
the overall balance obtained are the main reasons for the interest.
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Three methods of using oxychlartnation techniques for vinyl chloride
synthesis have been extensively tnvestigated.

l. Dehydrochlorination Using Ethylene Dichloride Produced by
Oxychlorination

Using oxychlorination for the synthesis of the vinyl chloride
intermediate ethylene dichloride 1s growing in importance commen-
cially. Three large producers of ethylene dichloride, Dow,
Monsanto, and Goodrich Chemical are using oxychlorination for
ethylene dichloride production. French Solvay recently revealed?! 4
330 million pounds per year vinyl chloride venture using the
oxychlorination technique. The process is based on the equation:28

2HCL + %09 + Cly + ?t H 2 CyH4Cly + Ho0 T (XVIID)
2 2 274 274%-22 2

Most companies will not give details 8f the processes but informa-
tion can be obtained from the pacent2 literature. 'Copper’®chloride
catalyst is stated in most patents. There is considerable varia-
tion in types of additives and supports used to prevent catalyst
bed hot spots and velatilization of the copper chloride. One
company recommends alkali metal salt (KCl) and copper chloride
impregnated on silica gel support. Both fluidized and fixed bed
oxychlorination reactors operating at temperatures of 485-570°F

are reported used. Corrosion is a problem at the higher reaction
temperature, FEthylene dichloride yields of 95% or better are re-
ported. The ethylene dichloride is then pyrolyzed by conventional
methods and the hydrogen chloride recycled to the ethylene dichloride
synthesis,

Dehydrohalogenation Route with Modified Deacon Process

Oxychlorination can also be used to utilize the by-product HCl
from ethylene dichloride cracking.. The HCl i1s oxidized to chlorine
using a modified Deacon process represented by the equation:*”:

2HCL + %09 —— Clgy + Ho0

The HCl is oxidized to chlorine in a unit completely separate from
the vinyl chloride monomer operations. The chlorine can then be
used for the conventional ethylene chlorination synthesis. In one
proposed industrial process the gaseous HCl from the vinyl chloride
plant’is mixed with air and passed through a fluidized catalyst

bed consisting of a mixture of copper and other chloride catalysts.
The reaction temperature is 630-800°F., The reacted effluents are
then dryed to remove the water vapor. Although the effluent com-
position depends on the HCl feed, a typical composition by weight
13 48 per cent chlorine, 48 per cent nitrogen, and 4 per cent oxygen
and is suitable for use in the ethylene dichloride plant. The HCI
conversion to chlorine is essentially complete.




Oxychorinavion of Ethylene

Another reported method promising o balanced route to vinyl chloride
15 the derCL oxychlorination of ethylene bused on the following
3

equation:
%09 + Clg * 2 Colly ——3 2 Coli3CL +-Hqy0

In this process the raw materials are oxygen, chlorine, and
ethylene. The hydrogen chloride liberated from the ethylene di-
chloride cracking is oxychlorinated to chlorine to react with
additional ethylene. Although the route eliminates one step from
the conventional two-step ethylene dehydrohalogenation route, there
is a difference in temperatures for oxychlorination of ethylene di-
chloride over conventional catalysts (570°F) and the cracking of
ethylene dichloride (850-950°F). Therefore, the efficiency and
yield are afficted by the high operating temperatures required.

One reported3 solution is to operate under vacuum and ultraviolet
light where temperatures can be reduced. Using this method yields
of over 95 per cent are obtained at a pressure of 7 psia,

Economics and the Future

Market competition stimulated by over capacity has caused the selling price
of vinyl chloride to drop considerasly the last 5 years. The price has
dropped from $.115/1b. to $.08/1b.3% and is almost sure to drop more in the
future. This has stimulated the need to reduce overall raw material and
production costs by either improving the economics of existing processes

or developing new processes,

The production of vinyl chloride Hf.the acetylene halohydrogenation route

was hindered for many years by the high price of the basic raw material
acetylene obtained from calcium carbide. More emphasis was given to the
ethylene dichloride route favored by the low price and plentiful supply of
ethylene. Petrochemical acetylene produced at a considerably lower price

by partial oxidation techniques again stimulated interest in the acetylene
route. Three companies, Diamond Alkali, Monochem, and Tenneco have recently
constructed vinyl chloride production plants that use petrochemical acetylene
a3 the basic raw material. The plants have a combined capacity of about
450,000,000 pounds per year. Carbide acetylene is not now considered a
building block of the future in the vinyl chloride industry since the cost
of producing it even in a fully depreciated electrofurnace cannot compare

to the potentially lower cost of petrochemical acetylene., However, it
should be noted that several of the petrochemical acetylene plants have
encountered unexpected difficulties that have added to operating costas,

Advantages of the simple acetylene-HCl additive route for producing vinyl
chloride are that the initial capital investmeant for a plant is modest.
Therefore, the size of the plant is not as much of an economic factor. The
reaction is a straight forward high yield reaction with no major by-product
problems. Manufacturing costs are also moderate. The one disadvantage is
the cost of the raw material acetylene. An economical acetylene-HCl process
has been proposed that uses the dilute petrochemical cracked gas containing
10 mole per cent acetylene gas before purification. This would result in
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a still greater reduction tn raw matercial costs per pound of vinyl chloride
produced than by using puritied petrochemical acetylene. However, using
the diluted acetylene stream necessitates the handling of extremely large
volumes of gases 1n the product plant. This factor will, therefore, have
an influence un the economics by ‘tncreasing the equipment size and manu-
facturing costs, thus adding to the cost of vinyl chloride produced and
initial capital plant costs.

v . 4
The low price and plentiful supply of cthylené compared to calcium carbide
acetylene was the main- factor for.the switch to the ethylene .dichloride
dehydrohalogenation route particularly in the 1950's, Ethylene today has
a "list price" of about S.O45/lb.32 One disadvantage of the ethylene
process is that the equipment required for producing and purifying the
intermediate ethylene dichloride as well as the ethylene make inicial
capital inveatment costs high. Therefore, a large plant 1s necessary for
economic operation. However, the main disadvantage of the process is that
half the chlorine is lost in by-product HCl which has to be marketed or
used.

Finding a market for by-product HCl is becoming a difficult problem since
there is far more by-product HCl produced from chlorination and other
processing plants than is required. Production of linear alkylates for
the new soft detergents could potentially dump another 200 million pounds
of HCl on the market. The cost of the chlorine lost in the HCl plus the
cost of the neutralization when no market is available, is a heavy charge
against the vinyl chloride produced by the ethylene route.

The combined or parallel mixed route using two separate systems has been
adopted by several large companies to improve the economics by using the
by-product HCl from the ethylene route in an acetylene-HCl synthesis sys-

tem. There is then no loss of HCl and half the acetylene is replaced by
lower priced ethylene. The disadvantages are that two reactor systems are
needed and two separate hydrocarbon feed streams have to be prepared in-
creasing manufacturing costs and capital investment costs which make large
operations necessary economically.

Among the newer techniques for improving the economics, a series mixed
route has been proposed where a mixed stream of ethylene and acetylene from
a naphtha pyrolysis plant is used. In Japan, Kurhea is building a 110 mil-
lion pounds per year plant based on this process. The advantage is that
the extra cost of separation of ethylene and acetylene is eliminated. Al-
though the process has definite economic advantages over the other routes
because of the low raw material costs, it still has the disadvantage that
two reactor systems are necessary, thus making manufacturing costs and
initial capital investment high.

A more direct approach is in the proposed direct oxychlorination of ethylene
to vinyl chloride using oxygen, ethylene, and chlorine as raw materials.

The low basic raw material costs per pound of vinyl chloride produced and

the overall material balance obtained are definite advantages. The main
factors influencing the economics are the questionable product yield and

the high capital cost of the plant, The necessity of adding oxygen to the
process and the corrosion problems involved in handling water vapor add to
the capital cost., However, this process has a lot of promise for the future,.
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The two step oxychlorination of ethylene to ethylene dichloride and pyro.
lysis of the ethylene dichloride to vinyl chloride is ane of the more
popular recent proposed methods of producing low cost monomer. The by-
product HCl from the ethyluene dichloride pyrolysis 1s used with oxygen,
ethylene, and chlorine i1n the ethylene dichloride synthesis to give the
plant overall product balance. The raw materital costs are also reduced
¢considerably in this process. High product yields are reported. The dis-
advantages of all oxychlorination methods are the necessity of adding
oxygen and the potential corrosion problems from handling water vapor in
“the presenceé ‘of HCIl.

Another proposed solution to the HCl by-product problem is to oxidize the
HCl economically back to chlorine using the modified Deacon process. The
chlorine &s then recycled and used in the ethylene chlorination. [t is
reported3’ that including plant depreciation and manufacturing costs,
chlorine can be recovered in a proceas unit at half the market price of
chlorine. This process has the advantage of being used separately in con-
Junction with present vinyl chloride industrial processes by the ethylene
route,

Although raw materials are a major factor in any decision to build a plant,
other factors must be taken into account including the size of the plant,
location of the plant, distance to the markets, and availability or market-
abilicy of by-product HCl. An economic comparison of two processes is
shown in Figure 13.

The choice of a process route for any particular company depends somewhat

on its own particular circumstances. A company desiring low volume vinyl
chloride and having available dump or by-product HCl and moderately priced
acetylene could conceivably build a plant using the HCl-acetylene route at

a low capital investment cost. However, a company desiring to produce

large quantities of vinyl chloride for marketing, say 200-300,000,000 pounds
per year, must take all economic aspects into account.

The most promising processes for large plants in the near future are the
petrochemical mixed ethylene and acetylene process, and the ethylene proc-
esses incorporating oxychlorination including (1) the two-step process

where ethylene is oxychlorinated to ethylene dichloride and the ethylene
dichloride is pyrolyzed and (2) the ethylene dehydrohalogenation plant where
a separate modified Deacon process is used for converting HCl to chlorine.
Large plants using petrochemical acetylene as a raw material could have a
bright future if operating and manufactured cost can be reduced. Also, in
the future, the direct oxychlorination of ethylene to vinyl chloride has
considerable potential as a very economical route to vinyl chloride.
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FIGURE 113, VCL COSTS:  BALANCED OXYCHLORINATION Vs, ACETYLENE
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and the exacting quality control awnd product tmprovement~ of Vyvgen eain:
Stnce 1954, when the Ashtabula plant first cuame on stream, twportant advan.es
have breen made 1n nearly every phase of -PVC production. The result has been

4 tonstant modernization to remain economically vumpetitive,

Susvension Polymerization .

A, Selecticn

The Ashtabula plant was designed to make suspension type polyvinyl
chloride (PVC) for the following reasons:

1. The General Tire & Rubber Company had a considerable internal demand
for suspension PVC.

2. The polymer obtained from a suspension system is relatively free of
impurities and consequently more stable as opposed to emulsion
polymers which invariably contain emulsifier and other residues.

B. Recipe

The recipe given below is typical of that used throughout the 1ndustry
to make suspension PVC.

Parts by Weight

Vinyl Chlaride 100
Water, Deionized 200
Alperox C (lauroyl peroxide) 0.1
Elvanol 50-42 (polyvinyl alcohol) 0.1

The various producers may use a different 1nitiator, a different col-

loid, or even a different water to monomer ratio; however, all suspen-
si1on PVC recipes contain monomer, water, a4 free radical iniciator and

4 protective colloid.

The type of initiator and the colloid used in the recipe must be chosen
with extreme care. The choice of initiator is determined by its abilicy
to produce an acceptable polymerization rate and not leave residues in
the polymer that have a detrimental effect on heat stability. The cholce
of colloid is governed by several factors. First, the colloid should aid
in stabilizing the monomer droplets which 1n turn become polymer particles.
A good colloid must protect the particles from agglomerating and at the
same time should minimize buildup of polymer 1n the reactor. As with the
initiator, the colloid should not impair heat stability, Further, since
the major portion of the PVC produced 1s plasticized, the colloid film
which remains on the particles should not interfere with the absorption
of plasticuizer.
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butron and polvmer putitve The molecular seight of PVE ilymers 15 con-
trolled by the polyvmerication temprrature.  The higher the reaction
tempetature, the lower 1s the molecular weighe., Molecular weighe dis-
tribution can be adjusted by temperature programming; that 1s polymeriz-
ing part uf the charge at one temperature, then changing the temperature
as often as necessdary to obtain a destred molecular weight distribution.
Particle size distribution is controlled by the amouint of colloid charged
to the reactor and the type of agitation used during the reaction,
Polymer purity can be controlled by taking extreme precautions that
foreign materials are not introduced 1nteo the product and by washing the
product prior to diviry

Reaction Characteristics and Design Data

The mechanism of free radical polymerization involving formation, prop-
agation and termination has been covered previously. Full length
polymer molecules are present in every step of the PVC reaction. The
rate of polymerization of a suspension system follows the predicted
proportionality involving the square root of the initiator concentra-
tion. Typical curves of time versus % conversion of a vinyl chloride

polymerization reaction are shown 1n Figure 1.

FIGURE 1. REACTION PROFILE COMPARISON
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matntuain o lineae rate through o great portion ot the reaction, A ¢om-
partson vl the reaction protile of the early 1950's with a typical re-
action tuday 1s shown in Figure |, The effect this advance has had
upon plant design will be copsidered in detar]l in a later section,

The manner in which pressure changes with extent of conversion 13 1llus-
trated 1n Figure 2,

FIGURE 2. PRESSURE VS. % CONVERSION
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tempetatnge ditterential bertween tihe batch and the 4 net cooling wareg,
fThis temperaturve ditterential becomes greater as polvierization progress-
es indicating an asccelerating rate of polvmerization up to aboutr T0%

conversion.,

The Basic bLnit Operations

For reasans previously discussed, PVC is to be produced by reaction in a
suspension of water and 1s to be sold as fine, dry particles ranging in size
from 75-250 microns (about 60-200 U.S. mesh) with the majority at about 100
microns. The unit operations of fluid flow, heat transfer, mixing, centrifu-
gation, drying and solids handling are immediately recognized. Most chemical
reactions are not economically feasible to run to completion so that an ef-
ficient design must consider vapor recovery methods. The auxiliary storage
operations are defined by the design of the major equipment. A preliminary
block diagram is shown in Figure 3. The immediate design problem is to
determine whether a conttnuous or batch-wise reaction should be pursued.

FIGURE 3. PRELIMINARY BLOCK DIAGRAM

VAPOR SOLIDS
REACTION RECOVERY CENTRIFUGATION DRY ING HANDL ING

HEAT
TRANSFER

MIXING

Batch Vs. Continuous BReaction

At the time of this writing, no commercial producing plant is known to

be using a continuous suspension technique. However, the advantages of

a continuous system are sufficient to warrant close i1nvestigation. Until
this time, there have been three major stumbling blocks to continuous
polymerization. Unless the first vessel or zone has sufficient hold-up
time for particle formation (completion of the induction period), it is
difficult to maintain proper particle-size control. Secondly, PVC has a
pronounced tendency to adhere to even the most polished surfaces. The
pumping of a partially polymerized slurry at low velocity results in
plugged lines necessitating frequent clean-out. Last, a serious quality
problem - the formation of "fish-eyes" which are hardened, solid particles
so named for their appearance in a calendered sheet, and incapable of
absorbing plasticizer or pigment - is observed when reaction vessels
begin to get diruy.
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At that point o pressure drop oceurs and che polyvoertzation rate talls
ot la this patent, two reactars dre coutinuously vperating at the
peakh rate while the thied serves 1n a "clran<up” capacity, A sketch

of the process as.outlined in the patent s shown tn Figure 4. The
relatively large volume hold-up 1n the [1rst vessels allows sufficient
time for particle formation, and extended runs have shown that the
number of fish eyes did not increase with the time of reaction. It is
concluded that cuntinuous suspension reactions are feasible from a
quality standporint. The problem of line plugging has not bheen resolved.

Continuous Dewatering and Drying

Continuous dewatering and drying techniques have been used since the
inception of PVC manufacture because of an advantage in good quality
control and inherently economic operation. With large slurry hold
tanks, several reactor batches can be blended, reducing batch-to-batch
variances and providing a buffer zone between the variable reactor
production rates and the constant rate dewatering and drying procedure,

Process Description

This section will very briefly describe the existing Ashtabula PVC
production process. Each of the manufacturing steps mentioned will be
discussed in detail i1n Section IV, Design Criteria.

Vinyl chloride monomer is pumped from a field storage tank to a weigh
scale in the polymer area, and a weighed amount is then added to the
reactor. The preheated process water is added after the monomer. A
weighed amount of the colloid solution ts pumped into the reactor along
with the process water. Other ingredients are added through a charge
bomb located on the top of each reactor. The reactants are agitated
and the temperature of the reaction 1s controlled by regulating the
temperature of the water in the jacket. The reaction is terminated
when the desired conversion 1s obtained as indicated by a specific
pressure,

The batch is then dropped to one of three agitated dump tanka. In the
dump tank the unreacted monomer is stripped from the polymer slurry
(75% water and 25% PVC) through a water sealed vacuum pump and is re-
turned to the monomer area for purification and reuse. The stripped
slurry is pumped to slurry storage tanks where it is blended before
betng pumped to the resin finishing area,

In the resin finishing area, the slurry is de-watered in a continuous
solid-bowl horizontal centrifuge. The resin, after dewatering, con-
tains about 25% moisture as it is fed by a screw conveyor into a rotary
drier. The dried product is then sieved and packaged.

DEMC 00045%
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Design Considerations

The reactor 1s the focal point tn producing PYC and 1cs design 13
a subject for close study. We must consider materials of construc
tion, productive cycles, heat transfer, and optimum sizing. The
subject of agitation, although not a separate operation, will be
considered 1n the next seétion.

Materials of Construction

There are two types of reactors in use for producing susvension
PVC - stainless steel and glass-lined. The stainless reactors
give superior heat transfer, while experience has taught that
they also afford a surface on which polymerization will readily
take place. A metal surface, even highly polished, is irregular
enough to provide surfaces which become polymerization sites.
Once a site is provided, the polymer builds up rapidly to a
large size and hand-cleaning is required. The presence of
"reactor scale has a direct relation to the number of fish-eyes
produced in a batch. Wall deposits also drop the heat transfer
rate sharply. This combination of poor product quality due to
fish-eyes and the reduction of heat transfer necessitates fre-
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 bhefore cleaning a glass-lined
vessel. With stainless reactors, cleaning is more frequent and
more difficult. The expense of cleaning that is incurred dictates
the use of glass-lined vessels. In a similar fashion, the agita-
tor and agitator shafc are subject to build-up and the use of
glass-coated equipment is preferred.

Sizing L

Glass-lined autoclaves are available in various sizes with some
large vessels of 10,000 gallons and above. Beyond 3,000 gallons,
pressure requirements are important in determining the maximum
size attainable. In PVC polymerization, the highest pressuyre
attained is due to the equilibrium vapor pressure of VCl. At
150°F., a pressure of 151 psig is experienced. A safety range
must exist in which relief valves can operate. A 200 psi rated
vessel is the minimum conaistent with safety.

Productive Cycles

For the production of 75 million pounds per year of PVC, the
number of reactors needed will depend on the reactor size, re-
actor loading, equipment downtime, yields, and reaction cycle.
‘It will be assumed that reactor loadings are a constant 90% of
nominal reactor capacity, that clean-out time does not vary with
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“hrs./batch

Preparation for Charging 0.3
Reaction Time 13.0 hrs./batch
Drop and Flush Time 0.5 hrs./batch
Scheduling and Turn-Around 2.0 hrs./batch
16.0 hrs./batch
Reactor Cleaning and Maintenance 2.0 hrs./batch
Equipment Malfunctions 200.0 hrs./yr.
Plant Shutdown 14.0 days/yr,
C, =-the number of batches per year in a single reactor
l6 C, = 2 C, #1365 day~ x 2V has, [ dava x 24 hres.| - 200 hes. (1)
yr. day day yr.
C, = 457 batches per reactor per year
The following table can now be made:
Table 2
Number of Reactors Needed
Nominal & pyC
Reactor Assumed Produced ¥ PYC No. of
Cap. Loading OMVE Av Y57 Produced Per Reactors For
(Gal.)  (Gal.) Charged Yield Reactoc-Yr. 73 x 100 #/yr.
2,000 1,800 5,094 t,839 2,21 x 100 34
3,000 2,700 7,641 7,259 3.32 x 108 23
4,000 3,600 10,188 9,679 4.42 x 108 11
5,000 4,500 12,735 12,098 5.53 x 108 14

d. Heat Transfer

A glass-lined reactor used for PYC polymerization exhibits an
average overall heat transfer coefficient of 46 __BIU_?__

he. fe,
The heat of polymerization of vinyl chloride is npproxxmately
650 BTU/# (H = -650 BTU/#). At its maximum, experience has
shown the reaction to attain 16% conversion per hour at 72%
total conversion.
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Heat laberated at Maximum Conversion Hate

= Volume
= Density of monomer-water mixture = 7
= Heat liberated per hour
= pVAH x wt. % reacting per unit time
7.88 £ mix x V x 650 BTU. x 0.lo _1_
gal. ¥VCI hr,
290.6 V BTU
hr, gal.

Heat Transferred Through the Reactor Walls

Q = UAAL = 46 AAc

Eguacing
Q 46 AAt = 290.6 V

V = 46At  gal,.
A 290.6 ft.

For various fluid coolant temperatures, the following table
results:

Table 3

V/A Ratios for Various t's at L30°F Batch Temperature

Average Cooling
Water Temperature T0°F 60°F - 50°F 40°F 30°F

Average At Across the
Reactor Wall 60° 70° 80° 90° 100°

46Ac 2760 3220 3680 4140 4600
V/A 9.5 11.1 12.7 14.2 15.8
By plotting the reactor nominal capacity vs. the heat transfer

area and by using the values obtained above for parameters, the
necessary cooling water temperature can be obtained (Figure 5).

1
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The 70°F water from a cooling tower will not maintain control
over the batch 1f the only heat transfer surface available 1s
the jacket wall., Accordingly, methods for extending the heat
transfer area have been investigated. These take the form of
external heat exchangers through which the slurry is recireu-
lated or reflux condensers mounted on top of the reactors which
continually condense VCl vapors. The former method has proved

10 -
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plugged lines result.

Facly work with reflux condensers was concerned with the effect
on product quality and the efficiency of heat transfer. The -
results were heartily wncouraging with respect to product
quality, and overall heat transfer coefficients i1n excess of
100 BTU/hr.°F sq. fr. were reported. But as the condensers
were used on larger vessels, serious fouling problems were
noted. It was determined that cleaning would be excessive and
that maintenance costs would nffser any capital advantages over
refrigerated water,

Optimum Sizing

Assuming that glass-lined reactors must be used, that they are
available in various sizes, and that cooling costs will change
somewhat with varying volume to area ratios, the optimum reactor
size (200 psi) can be determined on the basis of bare equipment
costs, The following table can be prepared:

Table 4

Reactor Eguipment Costs for 75 x 106 #/Yr.

F.0.B.
Cost For
F.0.B. Cost . Reactors,
Nominal of Reactor _ Instrumenta- Agitators,
Reactor and Agitator tion Costs No. of And Instru-
Capacity (per reactor) (per reactor) Reactors mentation

2,000 gal. $20,500 (3) $3.100 34 $802,400
3,000 gal. 25,200 3, P00 23 650,900
4,000 gal. 28,400 3,100 17 535,500
5,000 gal. 35,000 3,100 14 533,400

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

a l6-hour cycle with a 3-hour nonproductive time.

GERMC D003t




Nomuial a Py : Py T Py N

Reactout Produced Produced Produced Noy, Heaotors

Capavity Per At Peak Av Avg. Reacrors AL Peak
(gal.) Batch Rate Hr. Rate Hr. [dle Rate

2,000 4,839 813 {30
3,000 v, 359 1,223 653
4,000 9,679 1,630 891
5,000 12,098 2,038 1,089

No. Peak Average Total
Reacto-s__ - EHrat Heat Heat Total Load
At Nominai =~ ™.oad Load Load in- Tons of
Rate BTU/Hr, BTU/Hr. BTU/Hr, Refrigeration

25, 11.1 x 105 7.22 x 105 8.33 x 106 694
17. 11.1 x 105 7.34 x 108 8.45 x 108 704
12, 10.6 x 105 7.42 x 106 8.53 x 10° 711
10. 11.9 x 10% 7.34 x 10% 8.56 x 106 713

Combining the refrigeration load with the temperature require-
nents of Figure 5, the refrigeration equipment costs can be
eatimated.

Tgble 6

Cost of Cooling Equipment

Nominal Refrigeration
Reactor Tons of Temperature Equipment Cost,
Capacity Refrigeration Bequired F.O0.B.

2,000 gal. 694 50°F $50,000
3,000 704 40°F 66,000
4,000 711 40°F 67,000
5,000 713 40°F 68,000

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

The presented curve indicates a broad minimum between 4,000 and
5,000 gallon reactors. For a 6,000 gallon reactor, fabrication
costs would rise steeply, causing the formation of a very
definite minimum.
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Ashtabula Design

The Ashtabula PVC Plant of The General Tire & Rubber Company was
designed and constructed in 1954 by Scientific Design Company. The
original plan called for a 24 million pound per year polymer facilicy
utilizing ten 3,500 gallon reactors arranged in two banks of five
reactors each. Reactor cooling was provided by a caoling tower

and was generally successful with the 20-24 hour reaction times
obtained with 1954 technology. All reactors were glass-lined.

By 1956, the demand for PVC caused General Tire to expand the
polymer area by 50%. A new line of five reactors was added. In

- 13 -
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Design Considerations

The size of a particle made bv the suspension method 1s a function
of the protective collotd and the fluid regime. The agitation
variables are primarily: \
Agitator speed.

[mpeller si1ze wand design.

Number of baffles and their design.

a
b
c.
d

. Material of construction,

The material of construction follows the requirements laid down 1n
the reactor design.

Theoretical aspects of impeller design, baffling requirements, and
motor sizing have been investigated by numerous workers since 1880,
A complete equation, describing the geometry of the system, impeller
Reynold's number, vortexing effect (Froude number) and baffling
would include some ten dimensionless groups. It 1s possible,
following the method of Rushton,” to scale up an important variable
1f at least two smaller systems, geometrically similar, are used.
[n pragyice, it is common to scale up using trial and error tech-
niques based on the commercial designs available. Initial pilot
investigations at General Tire dealt with a variety of i1mpeller

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

Five gallon reactor studies on the anchor, turbine, 45° marine
screw and three-bladed perpendicular blades led to the conclusion
that the speed of agitation and type of agitator had a decided
effect on the particle (Figure 7).

FIGURE 7. AGITATION VS. PARTICLE SIZE

A

ANCHOR

THREE-BLADE PERPENDICULAR

TURBINE
MARINE SCREW

INCREASENG BPM
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Fhe same result was obtarved vn the 3,300 gal. reactors by Laing
. theee-blade retreating blade tmpeller which does not have tne deep

vortex and large baffling requirements of the marine screw s,stem.
It 15 poastulated that both the successful systems have an action
tesembling a centrifugal pump. The liquid is pulled downward and
against the reactor sides, then flows up the walls and down for a
repeat cycle. This gives very satisfactory heat transfer and with
the retreat tlade system there is minimal scale formation.

After the reaction is complete, the suspension is emptied through
a transfer line to a receiver tank for unreacted monomer removal.
[[ high-speed agitation is maintained, this operation is slowed
greatly by the creation of a vortex. Cessation of agitation will
result in phase separation and complete plugging of the reactor
outlet valve. The solution is to equip all reactors with two-
speed agitators, the lower speed used only while transferring.

Ashrabula Design

The Ashtabula plant presently has two-speed, 15 H.P,, retreating
blade agitators. The original ten reactors were equipped with a
single, three-finger wall baffle. The five reactors added in 1956
have been successfully run with a single small blade baffle. The

same recipe in the two types of reactors will produce a slightly
different resin particle, '

. C. Recovery System

1. Design Considerations

The reaction for Vinyl resing attains an average 95% conversion in

the reactor. The importance of the recovery system can be shown by
a simple example:

Assume 75 x 106 Ib./yr. production; then the unreacted monomer
with no recovery at 95% conversion would be:

75 x 10% 1bs./yr. - 75 x 10% 1bs./yr. = 3.9 x 106 Ibs./yr.
0.95

At current market prices (8¢/)b.), this represents:

$0.08 x 3.9 x 109 = $312,000

Obviously the recovery system is no small part of the overall profit
picture,

¥inyl chloride is nearly insoluble in water, and the bulk of the
unreacted monomer is in a dispersed state within the water phase or
in the vapor phase over the batch. Since VCl exhibits a volume

.15 -
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Simple vacuum flashing suffices to remove the free monomer at a

rate dependent on the size of the vacuum pump and recovery compressor
and the batch temperature. The latter will drop off sharply unless
the heat of vaporization 1s continually replaced. This heat mav

be supplied in e variety of ways but, if the boiler feed water is
sufficiently pure, it is best to inject live steam 1nto the batch.
This must be carefully done to avoid product degradation but gives
the added advantage of intimately contacting the polymer, leading

to a lowered residual VCl level within the particle.

The drop tanks must be fully agitated to prevent phase separation
and must be rated for full vacuum and a minimum of 100 psig. Since
they are the site of only a minor amount of polymerization, stain-
less vessels are satisfactory. To reduce liquid entrainment in

the recovery system due to foaming, the vessels should be at least
30% larger than the reactors.

The number of drop tanks is selected so that there will be no
production scheduling holdups between batches. Since the completion
of a PYC batch reaction is determined by pressure drop and not by
time control, some latitude must be allowed and it is most econom:-
cal to provide an adequate number of drop tanks. Based on plant
experience, a single batch can be transferred into a drop tank in
one-half hour, stripped in one hour, and transferred from the drop
tank in one-half hour. For a system of N reactors operating at

16 hours turn-around per reactor and scheduled charging, there will
be one batch available for monomer removal every N/16 hours. The
number of drop tanks would then be given by the equation:

No. Tanks = Sctripping time (hr./batch) x Prod. Rate (batches/hr.)

No. Tanks = 2,0 hrs. x N _ bacches
batch 16 hr.

=N
8

The conclusion is reached that one drop tank is needed for every
eight reactors. This dnalysis does not allow for batch-to-batch
variations in cycle time. For these reasons, a safer figure would
be one drop tank for every six reactors. The physical arrangement
of equipment may also help determine the number of drop tanks
needed per reactor.

The general layout of a dump tank-recovery system is given in
Figure 8.
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held tor polvmertzatton and the teavoor <turey berng helbd for cons
truyous deving.  The volume ot the tormer 15 Jdetermined by the
source of monomer (1.e., 15 1t berng continually produced, 1s 1t
being shipped 1tn, or 4 combination), and by the rate of production.
Slurry storage s determined by the number of different products
being produced simultanevusly, the number of drying lines, and
quality control. Several batches should be blended before drying
to assure product uniformity tn day-to-day operation,

Ashtabula Design

Monomer Storage

The original design for Ashrabula consisted of three monomer
tanks of 15,000 gal. capacity each. Two were 304 stainless
clad,._ and the third made of carbon steel. The stainless tanks
were to hold purchased and produced monomer for feed to the
reactors. The carbon steel tank received recovered monomer and
served as a feed vessel to the monomer refining column. Iron
contamination is removed in the refining step and the atainless
tanks were to prevent any iron from being picked up .after the
refining step. It was soon found necessary to use a tank in
conjunction with the continuous monomer production. This led
to the purchese of a fourth, carbon steel, tank. (r“

Time proved that the choice of 304 stainless clad tanks for
Ashtabula-produced monomer was unfortunate, Trace quantities
of HCl and water led to extensive corrosion problems and iron
pickup in the monomer. The existing 304 stainless steel clad
tanks have been repaired, and a glass-lined vessel is being
purchased 1n the current expansion.

Slurry Storage

The slurry storage tanks ("blend” tanks) of the original
Ashtabula design consisted of threteS,OOO gal. 304 stainless
steel tanks. Continuous agitation is provided to prevent

phase separation. The trunsfer lines are constantly re-
circulated to prevent line plugging and to further increase the
blending efficiency when the tanks are not feeding the dryers.
During the 50% plant expansion of 1956, two more 15,000 gal.
tanks were added, and three more are being installed with the
current expansion.
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added vo facubirate punping.  All water used o the process 13

devonized. A combination technique of dewatering and dreving 1

required for PYC,  The mechod best surted 15 a continuous solid-
bowl centrifugal separation with the solids discharge feeding
directly 1nto the drying system. Utilizing this, standard products
can be consistently concentrated to 76% - 77% solids before enteriny
the dryer. Figuce 1l illustrates a commarcial centrifuge commanly
used.

FIGURE 11, COMMERCIAL CENTRIFUGE
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Both the depth of the pond and the angle of the bowl relative to
the horizontal axi1s 1s important to the efficiency of operation.
The deeper the pond, the more efficient thé phase separation (less
solids material in the effluent). Correspondingly, the deeper the
pond, the more moisture in the wet cake discharge. The former
means less loss of product to the plant, while the latter means an
overload of the drying system with subsequent reduction in produc-
tion rates, Tha ~ot rffect of the bowl configuration is to change
the characL-"-f? 5 w! the curve relating feed rate to discharge
moisture contenct.

Electrical grade resins requiring low ion content for insulation
applications are easily handled in commercial centrifuges with the
use of a deionized wash water technique. Deionized water is intro-
duced into the centrifuge, and is brought in contact with the resin
through the churning action of the blade. Both the volume of wash
water and the water temperacure have an effect on the removal of
soluble ions. With 120°F process water, the experimental wash
water efficiency is given in Figure 12,

2. Ashtabula Design L (j“
Ashtabula has two driers rated for 25 million pounds per year each. -
Plans have been laid to install a third line with its attendant
centrifugal dewatering system. The two existing driers each have
two centrifuges developing 760xG at 1750 RPM with a feed of
4000 #/hr. on each line. Based on the drying capacity being 1n-
stalled, 1t 1s desired to maintain 5000 #/hr. on standard resins.

The specific centrifuge design for economic plant operation depends
on the two factors mentioned previously, e.g., on the sum of the
effluent losses and on the variable cost of drying for differing
wet cake moistures.

F. Dryers

1. Design Considerations

The prime considerations in drying PVC are to avoid product
degradation and to obtain low moisture content. At about 150°F
degradation of the product will occur, resulting in discoloration
of a milled sheet. 1In addition, PVC is subject to a cumulative
"heat history"; the length of time at moderately elevated temper-
atures will affect quality. This necessitates the use of a co-
current drying system or one in which exposure time of the polymer

LERD 20047
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Ashtabula Desian

The 1954 Ashtabula design consisted of a single 10' diameter x 30
long stainless steel, cocurrent rotary drier, rated for 25 million
pounds a year., A finned-tube heat exchanger delivered approximately
3 x 109 BTU/hy. to the air stream. At normal operating rates, some
4,000 dry pounds _,uld be produced per hour at an overall thermal
efficrency of about 50%.

During the 50% plant expansion of 1956 a second, identical drier
was installed. This pushed cthe drying capacity to 50 million
pounds a year. With further reactor expansion planned to put

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

The following data and Figure i3 are extracts from a General Tire
report bearing on factors affecting drier capacities.

FIGURE 13. DRIER SAMPLE POINT AND BAFFLE LOCATION

30 FT. -
67.2%

QUTLET

SAMPLE POINTS 1, 2 AND 3 LOCATED AT 28.3%, 54.3%,
AND 90.0% OF DRIER LEMGTH.

Table 7
No. 1 Drier

Fraction of Drier .283 . 543
Air Temperature 209 200
Solid Temperature 102° 108°
Solid Moisture:

Vet Basis 17.9 8.2
Dry Basis 21.8 9.0
Humidity .0203 .0343
Wet Bulb Temp. 102° 107.5°
Air Rate Through Drier 54,800 1lbs./hr.

Velocity Within Drier - 198 fc./min.
Heat Input by Coils 3,060, 000 BTU-hr.
Slurry Feed Rate (dry basis) 4,350 lba./hr,

REHE D007




From the preceding data, the averal!l volumetere hedat-toanster
vort o ent was devermined dtollowing Perey, Chemical bagineer’
Hondbook, Thetd Edvtvon, po 830 and Fourth Edicion, p. J0-19;
/
Ud v ('\(')m
Total heat transterred, BTU/he.

Yolumeteric heat transter coefflpient, BTU/Hr.Fc.3“F

True mean temperature difference between hot
gases and maverial, °F

qp qv qs
qc (At)y q, (Ac),  q, (Av),

Heat transferred to wet material while heating to
the air wet-bulb temp., BTU/hr.

Latent heat ctransferred to the material while
moisture is being evaporated at constant temp.,

BTU/hr.

q, Sensible heat transferred to the dry material
while heating it to the discharge temp., BTU/hr.

q, Total heat transferred in the drier, BTU/hr.

(At), = Mean temp. difference between the air snd the
material at constant temp., °F

(At), = Mean temp. difference between the air snd thae
material while heating to its diacharge temp., °F

(At.)p Mcan temp. difference between the air and the
material while heating to the wev-bulb temp., °F

Kvaluation of FEquation VII

C, (PVC) - 0.25 BIU C, (H,0) = 1.0 BTY
¥ OF P # OF

Solida temp., = 120°F inlet, 136°F outlet

Air temp., = 300°F inletv, 146°F outlet

Air wet-bulb temp. = 107°F

Dry product production rate = 4,350 #/hr.

Water content of feed = 24.3%

Constant drying rate period - 20% to 1% moisture

Basis « 1 hour

Total moiature in feed = 4,350 - 4,350 = 1,400 ibas.
1.0 - 0.243
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(mCy)pyc Aty = (0.25 x 4,350) (136-107)

3.15 x 1o BTU

= dy + dy + gg ¢ heat of evaporation of unsteady-state

moisture removal

[gnoring the last term:
G = -3.23 x 104+ 1.13 x 106 4 3.15 x 104
q, = 1.13 x 108 BTU

Value

Air temp., at inlet 300°F

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

Air temp. at end of constant
drying period (1% moisture) 195°F

Air temp. at drier exit 146°F
Material initial temp. 120°F
Material constant drying temp. (wet bulb) 107°F
Material final temp. ) 136°F

(Bt)p = Tay + Tag - Ty + Twp (Ac), = 300 + 230 - 120 + 107

2 2 c :
- 151°F

(Av)y = Tpg + Taqa - Tyg  (At), = 230 + 195 - 107 = 106°F

(At)s = TAB + T/‘\4 - TM2 + TM.J_ (At.)s « 195 + 146 - 107 + 136
2 2
2 2

= 49°F




(A,

Evaluation of Equation VI

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

Voaem2l am5)2 x 30 = 2.36 x {09 ft.3

1,13 X 10% BTU/hr, U = 4.70 _B
2.36 x 103 ft.J x 102°F * f T

t t.”hr,"F

The above result was compared to the correlation of Friedman
and _Marshall:7

Comparison With Friedman-Marshall Correlation

U, = 20 go-16 (VILI)
D

where G » air mass velocity, lbs. /hr.ft.% = 54,800 lbs./hr.

D= drier diam., fr, = 10 fe.

U, = 20 (54,800)0-16 _ 5 70 _BTU
10 ( 257 ) he. fo.9°F

The Friedmen-Marshall equetion is admittedly only an approximation
but 1t does show a fairly good correlation with the rotary driers
in use at the Ashtabula plant.

G. Separation of the Product from Air

1. Design Considerations

The product may be discharged from a rotary drier either directly
from the lower end with the use of a breeching ring, or it may be
fntentionally entrained in the exit gases by restricting the exit
area and thereby increasing the air velocity. The latter method
is moat common because (1) the breeching ring method is not highly
efficient, since it requires a backup filter for the exhaust air,
and (2) entrainment allows convenient conveying to any point in
the plant. The fluidized particles must then be separated from
the air stream for packaging or storage.
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a. The Bag Filter

From General's experience, a bag filter maintains an average
99.95% collection etficiency in retaining PVC particles. A
typical 1nstallation is shown in Figure l4.

FIGURE 14. BAG FILTER

N Y Y

Q—:—--AIR

'

PYC

With this device the i1nlet air, laden with PVC particles, is
distributed into a header feeding the interior of several rows
of bags. A partial vacuum is maintained on the exterior of

the bags, pulling the air out to the atmosphere. Most of the
PVC drops to bins below, but some PVC particles are left
.clinging to the interior and must be removed. This is accom-
plished 'with the use of a blow-back ring mounted on a movable
carriage. The ¢arriage continually traverses the length of the
bag with small jets of air shaking the PVC loose to drop in the
bin below. A rotating star valve maintains an air seal while
allowing the free-flowing polymer granules to pass through.

There are several disadvantages to the bag filter. HRelatively
high capital and operating costs are combined with operational
limitations which periodically produce low-grade product. The
filter media (commonly Orlon) plugs and can only be opened by
more violent means than the blow-back rings. Successive re-
lease and re-establishment of the vacuum on the exterior of the
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gatrnered o this manner 1a jramacaly “Hines? staller than 270
meshl oand 1 destgnated as otf-specitication material,  Thios
method 1» not successful tndefinicely and bag replacement 13
frequent. Continual wear on the cloth from the mechanical

carrtage leads to eventual rupturing, further raising maintenance
costs and the loss of top grade product.

Cyclone Separator

The cyclone separator operates with no moving parts, is Lnexpen-
sive and relatively free of maintenance. Collection efficiencies
have not been theoretically correlated to the degree of accuracy
needed for firm design, necessitating experimental work. Such
work has been done at the Ashtabula plant. The coarser resins
could be collected at an efficiency of 99.93%, while the finer
resins were gathered at efficiencies ranging down to 99.4%,

By using two or more small-diameter cyclones in parallel, it

1s estimated that a high collection efficiency can be achieved.
The system is shown in Figure 15.

" FIGURE 15. DUAL CYCLONE COLLECTOR

,/ M ,/
l e |

PvC AIR PVC

——

Combination of Cyclone and Cloth Filter

Various combinations of cyclone filters with cleanup cloth
filvers exist. One such arrangement is given in Figure l6.

In this separator, the incoming stream enters a conical sepa-
rator where the majority of particles settle by the cyclone
deaccelerating effect. Above the cyclone chamber are rows of
cloth filters with a partial vacuum maintained on the inaide.
The air stream, rising up the center of the chamber, is drawn
through the cloth to the asmosphere. The entrained product

is retained on the outside of the cloth, The filter is cleaned
by regulated pulses of air striking the neck which sets up a
sinusoidal pattern violent enough to loosen adhering particles,
The syatem has the high collection efficiency of the sock filter
without great attendant mechanical difficulties.

- 929 .
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2. Ashtabula Design

The original Ashtabula design consisted of a bag filter identical
to the type described above. During the 1956 expansion, an addi-
tional bag filter unit was installed with the new drying line.

Since that time, cyclone separators have been improved and in the
third drying line it is planned to switech to the use of cyclones.

- 30 -
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Desaign Considerations

A\fver the product 1s obtarned 1o o free-tflowing granular form,
quality constderations Jdiceace careful screentng. This opecation
serves the Jual purpose of removing foreign objects and oversize
particles. The operation 15 accomplished by the use of a series
of vibrating screens which automatically dump screened material
1nto a storage bin, [t 1s possible to design an arrangement which
will give several classifications of the product.

Ashtabula Design

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

Polymer Handling

Design Considerations

After screening classification, the dry polymer is ready for
packaging and shipment. In the past, the operations of bagging,
palletizing, and loading have been areas largely neglected by
chemical engineers. But in high-volume products, packaging and
handling contribute significantly to manufacturing costs. In the
last twenty years, new methods for transporting PVC to the consumer
have been steadily emerging, supplanting to a considerable extent
the standard 30 lb. bag. The most economical shipping method is

by railroad hopper cars which reduces filling, handling, storage,
and container costs by two-thirds.

The use of these new methods has completely changed the process
flow after the screening operation. Figure 17 illustrates the
typical installation common a few years ago.

FIGURE 17. BAGGING STATION
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et v gy tave s hange bothas prooeedare cadieally PyC
flurdized with amall quantities of ave can be moved rapidly to and
from starawe. \utomated h.u{gl'u{ SLdbionas up(_'l"atlng at numinal
speeds ot 20 bags min. pertorm the vperations ol bagging, closing,
pallecizing, and movement to the warehouse. Manpower 1s required
only to remove the loaded pallets. Bulk storage silos store the
various resins for shipment by railcar and truck. A typical
installation utilizing bulk storage, bulk loading, and automatic
bagging 1s shown i1n Figure 18, - ‘

FIGURE 18. BULK HANDLING

-- 22
| TOTALIZING
O TALIZIS S
SIFTE WELCH STORAGE | BULK
SIFTER - BIN SILOS ™ SHIPMENT

AUTOMATIC

BAGGING MEN
AND ——~ SHIPMENT

PALLETIZING

Ashcabula Design

The General Tire plant was originally set up for one bagging opera-
tion at the discharge of the bag filters, The 50% expansion of
1956 duplicated the original installation and allowed continuous
bagging of two product lines simultaneously. Realizing the
economics of the new bulk shipment methods and their convenience

to the customer, General Tire has laid -plans for the installation
of storage silos and bulk loading equipment. An automated bagging
machine used in conjunction with a bulk storage silo will allow

all bagging to be done in short periods of time.

Y. Ashtebula Operations

A.

Standard Products

The Ashtabula, Ohio, plant has been producing PVC resins since 1954.
Trade-named "Vygen,” these PVC resins are a basic raw material in the
production of many plastic products, beth consumer and industrial.

SEMC Gongg -




Ut 2 ans o de it vZe -, s oot thie pangtactutet o
sumer, ol naking 4 stngle, ali-purpose vinyl resin that ec.oa be
suttable tor all applications. However, due to the number of nesno s
of processiag and end products, this 13 1mpossible. No siagle tupe
of resin could possibly span the varrety of specificatians requirei o
the tndustry. tHence, our research and development efforts are cont.ny-
ally directed towards developing and manufacturing a family of speciai-
rzed vinyl resins to meet the requirements.of the processor.

While the Vygen resins were designed for various types of processes
and uses, they all have the following essential characteristics:

Superior heat stability
Excellent light stability
Minimum of gelled particles
Consistency of performance

Dep;ﬂ:&?ﬁ quality

Quality

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

1. Pipeline Raw Materials (CoHy and HCl) are metered and sampled as
they enter the plant, Tests for purity are run, some on a con-
tinuous basis, =0 that at any time we can predict and set the gas
flow ratio to our vinyl chloride producing reactors. In addition,

a Czﬂ% purification system 1s in continuous operation ta increase
f

the efficiency and life of the monomer reactor catalyst beds.
Other Raw Materials are sampled as they enter the plant and must
be released by the Quality Control group before being used in
production.

Vinyl Chloride Monomer quality is carefully gauged by a system of
process control instrumentation and frequent sampling at intermedi-
ate and final check-points. Chromatographic analysis of refined
vinyl chloride is accomplished before the material is released for
production use and contaminant levels in the parts-per-million range
are readily detected.

The Water used in the suspension polymerization phase must be
extremely pure. An efficient water treatment system consisting
of carbon filters and deionizers is used and process water is
continuously monitored for conductivity.

Polymer quality is initially controlled by monomer purity and the
proper selection of other polymerization ingredients and conditions.
Accurate weighing or metering of all recipe materials is accomplished
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6. The Polvimer Dewaterineg and Urving Conditions are established and

controldled to produce the desired low morsture content and to be
sure the resin s not burned Juring the drying operation. Freguens
(two-hour) samples of the drier polymer are taken and tested for
dirt particles, per cent of moisture, and bulk density, and a
test for fish e »s 1s run three times per day.

7. The Finished Product Testing Program is placed into effect after
the resin 15 bagged 1nto convenient lot sizes (usually 100,000 lbs.),
but before 1t 1s shipped to the consumer. This extensive program
is the final quality check and must be accomplished before shipment.
Tests run on each lot include:

Intrinsic Viscosity

Bulk Density

Plascicizer Take-Up

Irreversible Plasticizer Take-Up (Blotter Resins)
% Moisture

Conductivity - (Electrical grade resins)

pH (Electrical grade resins)

Mill Svabilicy

Clarity

Fish Eyes (Gelled particles)

Foreign Particles (Dirc) (:j
Particle Size Distribution

Press Stability

In addition, special tests such as blended resin funnel flow, color
drift and rheological (melt flow) studies are conducted as the
sltuatlion warrants,

Vygen resins have become well known throughout the trade as being the
most reproducible from lot to lot of all the PVC resins manufactured.
This consistency of performance is accomplished by raw material purity
and selection, an extensive and vigorous in-process testing scheme, a
highly automated and accurate system of process control instrumentation
and a comprehensive finished product resin testing program. This
combination of factors is responsible for the reputation of quality
that the Vygen "family of resins” has come to enjoy.

Productivity and Yields

Continued efforts to increase plant efficiency and productivity have
been made at the Ashtabula plant in order to meet the increasing
demand for Vygen resins and to maintain our competitive position in
the industry. These efforts have been rewarded in excellent fashion,
and have resulted in increasing our production from 36 million pounds
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in addition, a $2 million programned expansion program was announced

ou May Lt, 1964, which 1s expected tu tncrease production of the planc
by an estimated 50%. This expansion will i1nclude the installation of

2 new drying line, increased polymertzation capacity, and improved bulk
handling facilities.
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J. M. Gyenge was graduated from Baldwin Wallace College in 1943 with a Bachelor
of Science degree in Chemistry. He has done graduate work at Akron University
in palymer chemistry. From 1946 to 1956, he was a development chemist ac the
Akron Govu:rnment Development Laboratories of Rubber Reserve. In The Generat
Tire & Rubber Company’s Chemical Division he has served as both Technical
Service Representative and as Sales Development Engineer. He was appointed to
his present position, Manager, Technical Service, in 1959, Mr. Gyenge is a
member of the American Chemical Society.

George Hackim was graduated from the University of Akron in 1947 with the

degree of Bachelor of Science in Chemistry. First employed by the Sun Rubber
Company, he came to The General Tire & Rubber Company in 1948 in the production
training program. From a first assignment in Research, he was transferred to

the Chemical Division in 1950 as Manager of Technical Service ‘and later became .
Sales Manager. In the newly formed Chemical Plastics Division he was: Assistant (i:

Director of Sales, 1962; General Sales‘Manager. 1963; and has been Vice President-
Induscrial Sales since early 1964. Mr. Hackim is a member of the American Chem-
ical Society, the Society of the Plastics Industry, and is former chairman of

the Akron Bubber Group,

=) .
Albert J. Hanley is Section Head of Plastic Evaluation and Application for
The General Tire & Rubber Company. Graduated in 1920 from Massachusetts
Institute of Technology with a Bachelor of Science degree in Chemical Engi-
neering, he went on to serve as head of the chemistry department at Mount
Saint Mary's College, Maryland, until 1926. He became, in turn, chief chemist
at Textileather and Technical Director for Respro, Inc., plastics manufacturers,
until these firms were absorbed by the parent company in 1955. At that time
he became Group Head of Plastic Evaluation and Application until appointed to
his present post in 1962. Mr. Hanley is a member of the American Chemical
Society, the Society of Plastics Engineers, and the Society of Plastics Indus-
tries,
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Frod U Applicatians
PVC Besn Types
Converstan of Resin to Product
A. Compounding
l. Stabilization
2. Plasticization
3. Lubrication
4. Pigmentation
B. Processes and Fabrication
1. 6ryb1ending
2. Banbuiying
3. Milling
4, Calendering
5. Extrusion i
a. Rigid Vinyl
b. Vinyl Foam

6. Blow Molding
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Compression Molding
8. Injection Molding
9. Fluidized Bed Coatings
10. Contour Forming
11, Assembly of PVC*Products
C. Decorative Effects
1. Embossing

2. Printing
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Mixine and Processing of Plastisol Resins

I. Ip Coating
¢, 3Slush Molding
Rotational Molding

PVC Foams
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Vot al puwder, In this state, PVO has v Lymared use and the (on-
verston of PVC o commnercial products depends upon ot s modification

through compoundiug.

The many compositions obtainable from PVC are highly adaprable to a number
of operations which convert the materiagls 1ntu usable products., Mosc PVC
products are obtained by calendering, extrusion, and coating techniques,
Other conversion methods such as blow molding, cumpression molding, injec-
tion molding, and fluidized bed are used to a lesser degree.

The molecular weight of the resin, compounding, processing, and finishing
all contribute T nerformance and appearance of the final produce.

The great variet, - ®uJd uses for PVC make it one of America’'s most thriving
and expanding industries. PVC, more than any other polymer, is synonomous
with versatility.

End Use Applications

In 1962, PVC became the world's first billion pound plastic. Figure 1}
shows the sales volumes of the various classifications of vinyl for 1962
and 1963. It can be seen from the curves that calendering and extrusion
captures the bulk of the market. Poundage for 1963 was greater than in
1662 in every classification except miscellaneous, and the total increase
for the one year period 1s 18%. Indications are that 1964 will show a
similar increase over 1963 and PVC seems headed toward a two billion pound
market in the near future.

As PVC has grown 1in volume, the price has dropped accordingly, further
accelerating the plastics industry’'s interest in the material. The current
low price of l6¢/)lb. contributes toward making PVC one of the first materi-
als considered when production of a new plastic article is being planned.
Though tire 1.40 specific gravity of the unplasticized resin is relatively
high, the pound-volume costs of the plasticized compounds are much more
favorable.

This poundage 1s not consumed as a single product or application. PVC has
widespread utility in products ranging in stiffness from rigid sheet for
construction applications to flexible film for food wrapping. This extreme
difference in end product application is possible because the basic vinvl
polymer can be solvated by plasticizers over a range of concentrations.

All of these PVC compounds are thermoplastic in character and acquire at
some critical elevated temperature a rubber-like consistency. Therefore,

it is not surprising that in the early davs plasticized vinyl compounds
were converted or formed to shape on equipment found in the rubber industry.
Experience soon demonstrated that calendering, tubing, extruding, and
pressing machines for rubber were inefficient for making quality vinvl
products. "These same types of converting machines were modified in basic
engineering design, temperature range, and automatie¢ control in order to
manufacture vinyl end-products to extremely close dimensional tolerances.
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PVE polvmer can be made tn o wide range of chain lengths or molecular
verghts.  For control and i1dentificacion purposes, the molecular wergne

15 chuaracterized by the polymer's 1ntrinstc viscosity in a solvent solution.
The higher molecular weight polymers possess higher tensile strength and
hardness, better :~sistance to flow at elevated temperatures, and improved
solvent resistance, when compared to their lower molecular weight hoxoloygs.

Table 1

Effect of Molecular Weight un PVC Properties

Resin Vygen 85 Vygen 105 Vygen 110 Vyegen 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
Ultimate Elongation, %** 230 300 340
Tensile Stress at

100% Elongation, psi** 1290 1400 1420
Shore A Hardness,

0 Sec. 91 91 91

10 Sec. 80 80 81

Formulation Resin - 100 parts
DOP . 50 parcs
Ba-Cd Scabilizer - 2 parts - . 3

* D. J. Mead and R, M. Fuoss, J. American Chemical Sociery, 64, 277, (194
** ASTM D-412-61T

In a typical formulation using 30 parts of dioctyl phthalate (DOP) plas-
ticizer per hundred parts of resin and resins of differing intrinsic viscositv
ranging from 0.80 to 1.18, it can be seen that the tensile strength, elon-
gation at break, and Shore A hardness increase with increasing molecular
weight, Figures 2 and 3 show these points graphically.
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FLEECT OF MOLECUT AR WETGHT N OATESDERING TEMPERATURE

160

RANGE OF UsUAL
TEMPERATURES

TEMPERATURE, °F

INTRINSIC VISCOSITY

Higher processing temperatures tend Lu create resin tnstabilicy problems
1f the processing cycle 1s of long durution. A compromise must often be
made between the molecular weight resin selected and the processing tech-
nique, )

The higher molecular weight resins are used in extrustons of flexible
tubing, welting, electrical components, garden hose, and calendered film
which require short dwell times at the elevated processing temperatures,
[ntermediate molecular weight resins are used 1a tilm and sheet, coated
fabrics and rigid applications. low molecular weight resins are used 1n
fluidized bed coatings, phonograph records and injection molded parts.
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Yery few polymers inhietently possess vutstanding heat or Luivhe
reststance on long term exposure, and polyvinyl chloride 15 no
exception. The i1ence of PVC degradation 1s well established and,
although complicacted, 15 known to wnvolve the loss of a chlorine

.and a hydrogen atom from adjacent carbon atoms on the backbone

chain. Strong alkali promotes this loss of hydrogen chloride. A
slightly alkaline metallic salt will act as an acid acceptor and
prevent further generation of HCl along cthe polymer chain. Lead
salts such as basic lead carbonate or lead silicate were the earlj-
est stabilizers used in polyvinyl chloride. Lead stabilizers are
st1ll used 1n electrical insulation where the service specifications
require up to a l05°C temperature rating.

Organo-Lin compounds such as dibutyl tin dilaurate or tin maleate
are Fiquid at processing temperatures and can be dispersed through
the PVC compound more readily than solid metallic salts. They
also protect the polymer by saturating the double bond created
wherever HCl is lost in the first stage of decomposition.

A major advance in stabilizatiun was the discovery that organo-

cadmium compounds are synergized in their stabilizing action by

companion barium organic compounds. These systems are readily

dispersed and have limited solubility in plasticized PVC compounds (j

and make possible haze-free products of good clarity and color.

Plasticization

It was stated previously that polyviayl chioride resins are capable
of being compounded into a wide variety of products having different
degrees of flexibility and hardness. This great versatility is
possible because of the softening action of plasticizers on the

hard horny resin. In general, the degree of softness of the com-
pound will be in direct proportion to the plasticizer-resin ratio.
By varying this ratio, a wide range of PVC properties ran be
achieved.

The chemical function of a plasticizer is dependent upon the
presence of polar groups in its molecular structure. This polarity
allows the plasticizer molecules to be inserted between PVC resin
molecules, neutralizing the Van der Waal or secondary valence bonds.
This weakening of the Van der Waal forces creates localized flexible
areas intermingled with resin strength areas. The combination re-
sults in a strong, yet pliable, polymer,

There 'is evidence that the plasticizer swells the amorphous regions

and that the small regions of crystallites are unattacked or un-
affected by the plasticizer. This situation is unique to polyvinyl

T onnnget
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Cosmetlc tal products of savtiastactary ducabrlbots requice fnatr the

aolvent or plasticizing agent have long term permanence, Ihe

plasticizer should be at legst as permanent as the properly
stabilized resin,  To be permunent, the plasticizer must eirther be

a4 true sulvent or be ussociaced with o true solvent tor the PVC
resin. The plasticizer must cesist oxitdation both during processing
and during long term in-use aging for periods up to five or more
years. lts affinity to the resin must be greater than to foreign
substances which would normally contact the PVC product 1n service.
For upholstery, these subsitances would i1nclude resistance to

wicking into clothing, dust or dirt, and soapy water washing., It
must have a very low volatility to eliminate evaporation. [t should
be odorless and colorless in order to have widespread utility., When
the material 1n question meets these specilications to a practical
degree, it becomes known as a priwmary PVC plasticizer.

Ordinarily, a plasticizer will be a high molecular weight ester
formed by the reaction of an aliphatic alcohol of eight to twelve
carbon chain length with an acid which may be eirther phthalic,
azelaic, adipic, or sebacic. Polymeric forms of esters are usually
in the 2000-5000 molecular weight runge. These plasticizers are
used where special permanence is required.

Plasticizers are commonly liquids with viscosities which may be as
low as a light o1l or as chick as honey. They vary widely in their
efficiency in flexibilizing the PVC resin and the particular proper-
ties contribuced vo the PVC product. For this reason, it is common
practice to blend a mixture of plasticizers to obtain a compromise
of their individual assets and defects. [t is this type of blending
that makes vinyl products so versacile,

Figures 5, 6, and 7 show the effect of DOP plasticizer (di-octyl
phthalate) concentration on the tensile strength, elongation, and
Shore A Hardness of a Vygen 120 formulation.

Where exceptional pecmanence or dimensional stabelivy 1s demanded,
chemically bound copolymers und physteal polymer blends provide
the answer. Nitrile rubber (butadiene/acrylonitrile) can be used,
although its poor color limits it to dark colored applications.
Other polymers used for modilication are chlorinated polvethylene
acrylics, and acrylonitrile-bucadiene-styrene (ABS) resins.

GEMC O004°3
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lLubrication

Vinyl is processed and formed by metallic parts which may be a set

of rolls, a forming die, a mold, or some other device. During this
processing, the vinyl must adhere to the metal so that the plastic
draws in, fills, and flows with the forming surfaces. However,

this adhesion must not be great enough to cause distortion when

the article is removed from these metal surfaces. Adequate parting
15 obtained by including in the compound trace quantities of
lubricants that act as metal release agents. The release agents
are soluble to only a limited degree in the vinyl compound at the
processing temperatures. Thus, minute particles of the release
agent are deposited on the hot metal surfaces and form a sem:-
continuous coating. Excessive quantities of the release agent
should be avoided to prevent exudation on the finished PVC surface.
Exudation of lubricant appears after processing and is not only
unsightly, but can interfere with the application of decorative
finishes or subsequent dielectric heat sealing. Stearic acid 1s

a common release agent, but metallic stearates, waxes, or poly-
ethylene have been used. Proper technology in the use of lubricants
is an important factor in successful production of vinyl products.

Pigmentation

The ‘growing use of PVC has been due in part to the color possibilities
of the plastic.
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Care - whte b otter unboatted ceeatie st ling posstbiicties Lo che
desiuner. fhe praments wsed muat be acid resistant, stable to the
proreastng temperatures up to HWOUF, nonmigratory, znd bLight stable,
The pigments are dispersed to a fine particle s1ze by grinding 1n a
three-roll paint mill with part of the plasticizer. Satistactory

“pigments wnclade titanium diexide, phthalocyanine blues and greens,

and high tint carbou blacks.

Fillers are often used for cost reduction. Finely divided calcium
carbonate is most often used, but clay, asbestos, and other fillers
are common. Certain electrical properties are improved through

the use of fillers. Flame resistance is bolstered through the
incorporaticn —{ ~1meny trioxide and phosphate plasticizers,
Electrical pruperiies are improved with the addition of calcined .
clay,

B. Processes and Fabrication

1

Dryblending

A PVC compound initially is a heterogeneous mixture of the many
components. The major ingredients are a PVC resin powder and a
liquid plasticizer which must solvate the resin. The solvation

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

The most economical method of solvating the resin is through the

use of inexpensive mixing equipment with large capacities. Thus, <::
large stainless steel chambers jacketed for heating are used to
churn, tumble, or agitate three to five thousand pounds of the
compound. At this stage, only the colorant is omitted. The temper-
ature is maintained at 180° to 200°F for about an hour., This equip-
ment i1s often a ribbon blender.

BanburVLnE

Part of the presolvated resin-plasticizer masterbatch from the pre-
blender, together with the pigment paste, 1s fused into a homogeneous
mass in an intensive shear internal mixer such as a Banbury. This
machine consists of a two cylindered stator containing two powered
rotors. Their operation is such that the plastic compound is sheared
against and around the stator's surfaces. The stators and/or the
rotors are heated to raise the temperature of the vipyl compound to
its fusing temperature between 300-350°F. A plunger retains the
compound within the chambers and a sliding door ig the botvom of

the chambers allows the fused homogeheous compound to be discharged.
The capacity of production.size Banburys for the vinyl industry varies
from a 110 to a 600 1b. batch delivered on five minute cycles.

Milling

Normally, a Banbury batch is delivered to one or more 60" to 90"
wide two-roll mills designed for high temperature operation. The

- 10 (\
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Calendering

A large percentage of the above mill-prepared vinyl plastic com-
pound is fed to a calender which converts the crudely shuped ribbon
into continvous lengths of film, sheeting, or coating for a4 aub-
strate {i.e., woven cloth, knit fabrics, or paper, etc.) of
SUTpris. & curate widcths and thicknesses. For example, a
modern pi_:c.h caiender 1s capable of delivering a 0.0018" gauge
fi1lm with a maximum variation in gauge of ¥ 0,0001". Normally,
film of this gauge can be more economically produced by extrusion,
since a two million dollar calender train must have a high poundage
output to justify its caprtal investment,

A modern calender engineered for handling plastics has four cast
chilled iron rolls mounted in a Z type frame so that the influences
of forces on any one roll can affect only one adjacent roll. A
roll with a working face of 66" width will be from 20" to 24" 1n
.diameter while a 96" width roll face will have from 30" to 36" 1n
diameter.

This calender will be automated both to control the gauge of the
film and also to emboss, cool, and deliver the film to the packaging
unit. These devices and their controls in the calender train repre-
sent an investment of a million dollars. The output production of

a calender is dependent upon the gauge of the plastic delivered

and generally falls 1n the range of 2000 to 3000 lbs. per hour for

a 66" width machine.

The ordinary plastic calender produces film between 0.003" and
0.005" gauges to be used for raincoats, shower or window curtains,
aprons, baby pants, food covers, and similar articles. Film be-
tween 0.005" and 0.010" gauges is used for inflatable toys, air
mattresses, industrial protective covering, and electrical tape.
Sheeting between 0.016" and 0.022" is used for novelty purposes

such as ladies handbags, belts, wallets, and briefcases. All of
these gauges are used for coating fabrics or paper that are widely
used in upholstery, rainwear, apparel, boat decking, shoe trimmings,
book covers, and many other uses,

Table 2 shows a typical formulation for a General Purpose Film,




Gt Pargoase Film

Part s

Reson: Vygen 110 100.00
Plasticrzers: Dop ' 37.00
Cresyl diphenyl phosphate 8.00
Monomerie epoxy plasticizer 5.00
Processing aid: Stearic acid 0.25
)

Stubilizer: Ba-Cd 2,00
Extrusion

A second method for shaping a molcten plastic i1nto a desired shape

15 with an extruder. This device consists of a smooth bore cylinder
with a close fitiLing worm screw rotating tnside the cylinder. PVC
compound as cold pellets, cold dry blended powder, or hot mill ribbon
is fed to the extruder. It 1s humogeneously mixed and brought to its
proper working viscosity for ultimate forming by the mechanical energy
of the screw and the heat provided by the controlled temperature
cylinder or barrel, The chuanged pitch of the screw at its end alters
the screw's function from masticating and mixing to that of a positive
displacement pump. The orifice or die mounted at the head of the
screw is similar in shape to the desired product. The shaped
extrudate is drawn in a measured degree from the die to the cooling
medium, usually water. The die must be Jesigned in such a fashion

as to compensate for the change in dimensions and shape that this

pull or draft exerts on the hot extrudate.

The extruder can form flat film, sheeting, and coated products simi-
lar to the products of a calender and, in addiction, make hollow
articles and complex shapes 1mpossible to obtain from a calender.

[t is considerably less costly to install, but has only a small
fraction of the capacity of a calender.

Film as thin as % mil can be extruded by the blown film technique.

A tube with a wall thickness of 0.012" is extruded. As the tube of
hot plastic 1ssues from the extruder, air is introduced inside the
tube 1n sufficient quantiivy Lo expand the plastic to a 72" diameter
cylinder. This simultaneonsly widens the film and reduces the gauge
of the wall thickness. The percentage gauge tolerance of this film
is far greater than the X 5% allowable for calendered film, but it
is adequate for film used in packaging applications.

An alternate procedure to blown {ilm is the use of a slit die with
dimensions approximately equal to that of the film desired. This
die requires a high degree of engineering sophistication to produce
uniform flow of the PVC plastic across wide widths and especially
to prevent any sectional areas in the flow of the PVC plastic that
are slow moving or "dead.” This latter condition can lead to
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The extruder 15 used for making film,” monofilament strips, rods,
‘tubing, hose and protile shapes such as refrigeratur gasketing.
Table 3 shows a typical.PVC tefrigerator gasket compound.

Table 3
Extruded Refrigerator Gasket
Parts

‘Resin: Vygen 120 . 100.00
Plasticizers: Polymeric epoxy plasticizer 10.00

Polymeric plasticizer 80.00
Filler: Calcium carbonate 25.00
.Stabilizer: Ba-Cd 1.50
Processing aid: Lubricant 0.25

The extruder is the universal device used for PYC coating of elec-
trical wire. In this latter application, the copper wire 1s pre-
heated, passed through a cross head on the extruder and carefully
centered in a circular stream of extruding plastic so that an even
coating surrounds the wire, The wire is pulled at a constant rate
of speed and actually aids the production rate of the extruder 1in
assisting the flow of the plastic. A cross head is a device for
changing the flow of the plastic to a right angle with its normal
flow.

The capacity of an extruder 1s rated by the diameter of its cylin-
der. Extruders are available in a range from 14" to 12" with the
24", 44", and 6" the most popular sizes. Their output capacities
are about 175,500, and 1000 pounds per hour, respectively, The
technology of the action of various thermoplastic materials during
extrusion has received intensive study during the past five years
and many plastics have had their behaviour reduced to mathematical
terms. For example, screw design has been keyed to specific thermo-
plastic compositions and the proper ratio of the length of the screw
to its diameter (L/D) has been established. Plastic extruders nor-
mally have an L/D of at least 20/1 and often are 30/1.

As in the case of calendering, the process of cooling the extrudate
and handling during postforming are highly developed operations
which affect the surface characreristics, 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 types of rig:id PVC are available. Type | possesses
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Ivpes 1 and 2 PVC are used in clectrical conduit, pipe, con-
struction panels, vank linings, valves and skylights, and many
other rigid applicarions. Table |} shows the effect of molecular
weight and resin modifier on the physical properties of rigid
PVC. The use of the ABY resin provides a substantial tncrease
In impact resistance.

Table 4

Effect of Molecular Weiwght and Modifying
Besin on Rigid PVC Properties

Intrinsic
Viscosity 2

0.70 -
0.80 -
1.18 100

(o]

Proeerties
Tensile Strength, psi 7,750 ?,775 7,850 6,150 6,250

Flexural Strength, psi 11,750 12,000 12,500 9,225 9,600
Flexural Modulus, psi 4.2 x 10 4.2 x 109 4.4 x 105 3.3 x 105 3.6 x 10°

Notched Izod @ 77°F,
fv. lb./in. 0.44 0.50 ; 14,0 18.0

Heat Distortion @ 264 psi, °C

“10 mil deflection 69 7 66
60 mil deflection 75 74

Rockwell "R" Hardness 115

Acrylonitrile-Butadiene-Styrene resin

b. Vinyl Foam

Vinyl foam may be prepared from suspension resin by extrusion.
Nitrogen compounds which decompose under heat are used to pro-
" vide the gas needed for expansion. The decomposition temper-
ature is adjustable by a post expansion technique. In this
process, the material is extruded at a temperature below the
blowing agent decomposition temperature; subseguent expansion

- 1t -
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Closed rell vinyl foams aure also mude from blends of vinyl and
nitrile rubber. The proper relutionship must be marntained

between the cure of the nitrile and the decomposition of the
blowing agent, since the curing nitrile supports the cellular
matrix. Too rapid a cure ieads to ruptured cells; too slow a
cutre resules in losu gas, giving high densicies. VProper
balancing of the system gives densities as low as four to siyx
pounds per cubic foot.

Blow Molding

Blow molding i1s a well-accepted process for the production of plastic
bottles especially, but the use of vinyl in this process in the
U.S.A. has not reached the volume which it enjoys in Europe. The
slower growth of blown PVC bottles in this country has been due

to a lack of stabilizers which will permit clarity of the finished
bottle and still pass the toxicity requirements of the Food and

Drug Administration.

Blown PVC bottles do show superior properties to polyethylene types.
In addition to high clarity und good oil resistance, PVC bottles
have L/10 che oxygen permeabi}ity of similar PE bottles. Due to

the high rigidity of PVC, thinner walls can be used.

An extruder is the source of the prepared hot plastic compound

for blow molding. In this process a cylinder of hot plastic falls
in a vertical position below the extruder head and between the
opening of a split mold, The split mold closes to pinch the ends
of the plastic, making a sealed tube. A hypodermic needle pene-
trates the interior of the sealed tube, and pressurized air is
injected to expand the sealed tube until 1t fills the mold cavity.
The cold or relatively cold mold converts the plastic to its
hardened condition in a few seconds. The mold opens and discharges
the molded object, and the cycle repeats itself automatically. The
formed object may be a waste basket, an automobile arm rest, or a
part of a toy doll, although PVC bottles have one of the most
interesting possibilities for future markets. This is an intricate
art requiring extremely accurate control of the temperature (i.e.,
viscosity) of the PVC compound.

Clarity is achieved through proper compounding and is based mainly
on the stabilizer used, although the chilling rate of the hot
article, particularly bottles, is also important. A rapid chill
usually improves the clarity. Some degree of clarity is lost due
to the increased molecular weight needed for impact strength.

'JE!'“:' ,'_" i ‘:‘ 5!“
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As more acceptable stabilizers are develbped, a large market will
be created for PVC bottles where other thermoplastics are wnaccept-
able. The future should see PVC bottles used to package gasoline,
motor and mineral oils, polisies and insecticides, cosmetics, per-
fumes, disinfectants, detergents, foods, and saft drinks.

Compression Molding

The molders of phonograph plaver records consume large tonnage of
vinyl compounds for compression molding of their disks, They use
a low molecular weight homopolvimer or copolymer resin for this
purpose and the application is a specialized industry. Clear
rigid sheeting as windows for instrument panels, flexible clear
sheeting as rear windows in automobiles and novelty applications,
are also press molded.

[njection Molding

.

PVC compounds are used to a limited extent in injection molded
parts. The rotating plasticating screw plunger type of machine is
definitely preferred in processing vinyl,

Fluidized Bed Coatings

The fluidized bed coating technique is excellent for coating
intricate metallic parts. This can be done with a powder blend
containing all plasticizers, pigments, and stabilizers. The more
popular and successful method is to fuse the powder blend and to
then pulverize it into a fine powder.

The coating technique is to heat the part to be coated to a temper-
ature in excess of 450°F. The heated part is then suspended in an
environment of the powdered resin blend which is fluidized with a
stream of air. The thickness of the fused layers ecan be controlled
very accuracely Repeated dippings can build up thick and uniform
coatings.

Contour Forming

Irregular formed parts, such as automotive crash pads, are usually
made from flat sheets which are postformed to the desired shape.
The most common procedure is to use the vacuum forming system,

In this technique the f[lat sheeting is softened by radiant heat to
the forming temperature. The preheated shcet is then placed over
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\n alcerndative type of molding to vacuum forming uses air pressure
to distort the hot vinyl sheeting into a female mold providing 1t

ts equipped with holes for the escape of air entriapped in the molds.
The use of matched male and female molds results in products with
the closest dimensional tolerance.

Assembly of PVC Productes

PVC products arc readily cut to size in multiple layers by the
commonly employed motor driven circular knives or by cutting with
pattern shaped dies.

Dielectric heat sealing 1s often used to seal PYC films and flexible
sheets. In the process, the PVC to be joined is placed between two
electrode sealing bars which transmit a high frequency current to
the PVC and exert the required pressure on it. Heat provided by
friction from shifting of the polar chains within the material
causes the films to flow together and seal, The resultant seams
have bond strengths equal to the strength of the goods.

The use of recommended solvent cements to make assemblies is as
satisfactory as dielectric sealing and are used for large objects
such as in tent-making or swimming pools. Fabric backed or sup-
ported PVC products are sewn with thread as in upholstery assembly.

Decorative Effects

A high percentage of vinyl resin products are consumer items and depend-
ent upon their attractive surface appearance and style to sell. These
effects are obtained by either embossing or printing the colored surface,
or both.

Embossing

Embossing of the plastic is achieved using steel rolls engraved
with impressions that will give a pleasing appearance. These rolls
are mounted over rubber backup rolls in the calender or extruder
train as close to the forming orifice as possible. At this loca-
tion, the plastic sheet is 1n its ideal rheological condition to
form into and permanently retain the configuration of the delicate
engraving pattern of the embossing roll.

Princing

The majority of automotive upholstery is currently finished in
metallic effects across the entire surface. These chrome tonses
cannot be obtained directly from the calender since the aluminum
flake does not have an opportunity to "leaf" as it does in a highly
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Mixing and Processing of Plastisol Resins

So fir we have discussed how PVC suspension produced resins are com-
pounded and processed. Plastisol resins are handled and processed in
an entirely different manner. Plastisol compounds are made so that
when the resin is blended with a liquid plasticizer, the mixture is

in the form of a fluid.

Plastisol resins are often termed "stir-in resins," for a common method
of blending a plastisol resin formulation 1s the use of a simple
agitator. Hi-shear mixers are quite common, although practically any
method by which the resin can be dispersed uniformly in the plasticizer
and/or solvents is acceptable.

In the blending process, the liquids in a formulation are charged to
a vessel and agitated until mixed. Then the plastisol resin and other
powders are added gradually under agitation until all materials are

charged and a uniform liquid, called a "plastisol,” 1s produced. When
organic solvents are included in the formulation, the liquid is termed
an "organosol.”  The solvencts are used as viscosity reducing agents.
The rheology of these liquid systems is quite critical, since they are
processed by methods where the flowability musct be closely controlled.
Plastisols are used in the following ways:

l. Dip Coating

A widely used process is dip coating. In this process, an article,
such as a wire dish drainer, is dipped into the plastisol and re-
moved. The coating is cthen fused onto ‘the dipped article in forced
draft ovens. When an organosol is used, the heating of the article
must be carried out in two stages. The first stage consists of
evaporation of the solvent under low heat; the second stage constists
of fusion of the vinyl. In this way, sucrface imperfections due to
boiling solvent during fusion are eliminated. Usually, a solvent
recovery system is installed in plants using organosols for reasons
of economy. In a variation of this process, cotten gloves on metal
hands are dip coated in order to impart chemical protection and
solvent resistance to work gloves. Articles too large for dip
coating may be sprayed with plastisol and subsequently fused.
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Rotational Molding

Rotational molding is much like slush molding, except that there
nced be no opening in the artvicle for the introduction of plastisol.
It 15 used for complex shapes like dolls' heads, arms, etc. It 1s
‘lso used for play balls, footballs, and basketballs, In the tech-
nique, a quantity of plastisol is poured into a mold, the mold 1s
closed and rotated in three dimensions while heat is used to fuse
the formulation inside. Temperatures must be controlled so as to
permit even fusion and uniform flow characteristics.

PVC Fo;ms—

PVC foums are easily prepared from plastisols. Either a chemical
which decomposes under heat or a mechanical entrapment of gas may

be used. The plastisol is often laid down as a thin coating over
another vinyl layer which may or may not be fused. When blown,

the combination is effectively used as an insulating material
resembling leather for use in outerwear. The areas of cushioning
and insulating are more often captured by urethanes or polystyrenes.
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