most important starting materials of the plastics industry.
{1) Proceas Delcrigtionsl'z'3'5'6’7 .
Vinyl chloride is presently produced by 10 companies in 15
plants in the United States (including Puerto Rico),as shown in
Table 1, Until the late 1950's, VC was generally produced from
acetylene and hydrogen chloride. 81ncﬁ that time, the process
involving oxychlorination of ethylene has increasingly replaced
the acetylene route in this country, so that presently 13 plants
with almost §2 percent of the elpicicy are using the ethylene route,
Acetylene Route ~ In this process,. vinyl chloride is produced
by the catalytic hydrochlorination of acetylene, usually with
mercuric chloride ae the catalyst. The acetylene and the hydr;gnﬁ
chloride are first passed through a drying tower aand then mixed in
a chamber packed with activated charcoal. This mixture is then

passed through several hundred vertical tubes in which the catalyst

is packed. The texperature of these tubas is controlled to ranges
which permit the reactiom to take place. The product gases are

then purified to vinyl chléride by n;tcr and alkaline scrubbing,
dryins.'lnd finally fractional dist{llation using decrecased pressure
and permitting the VC ko boil. Most of the variations in this
process arise from the use of different catalysts or mixtures of
catalysts. Use of this route in the United States has been
decreasing due to the greater efficiency of large scale plants

! using the oxychlorination process.
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Table 1

Vinyl Chloride Monomer Producers

Rominal
Capacity
Company Location (M 1b.) Process
Allied Chemical Corporation Baton Rouge, la. 300 Direct and oxychlorination
American Chemical, Inc. VWatson, Calif. 170 " "
B. F. Goodrich Chemical Company Calvert City, Ky. 1,000 " "
Continental 0il Company Lake Charles, La. 625 " "
Dow Chemical Company Freeport, Texas 180 Direct chlorination
Oyster Creek, Texas ~700 " "
Plaquenine, La. 340 " "
Ethyl Corporation Baton Rouge, La. 270 Direct and oxychlorination
Houston, Texas 150 » oo
Monochem, Inc. Geismar, La. 350 Acetylene
PPG Industries Lake Charles, La. 300 Direct and oxychlorination
Cuayanilla, P. R. 500 " "
Shell Chemical Co. Deexr Park, Texas 1,200 " “
Rorco, La. 1,000 " "
Tenneco Chemicals, Inc. Houston, Texae 255 Acetylene
7,340

Sources: See Bibliography, references 1, 2, 3, 4.

9t



Ethylene Routa - Ethylane can be directly chlorinated to
produce vinyl chloride; howcver.‘difficﬁltiec with that technique
have led to VC production from aghylcne through the fintarmediate
formation of 1,2-dichloroethane (uleo called ethylene dichloride).
quornl plants in the United States, Japan, and Europs use this
process, also known as the oxychlorination process. There are
several variations of this process which have demonstrated
coumercial feaéibilicy. Differencas among these generally arise
in the amount of recycling or in materials used as catalysts. The
basic steps invelve combining chlorine with ethylene to form
athylene dichloride (EDC), oxyhydrochlorinating ethylene to form EDC,
and pyrolyzing EDC to form vinyl chloride and hydrogen chlaride.

The EDC thus comes from two sources: chlorine combined with
ethylene in a liquid phala.renctién with a diszdlvad catalyst, and
ctﬁyloue combined with hydrogen chloride and oxygen in a vapor
phaaﬁ reaction with a catalyst. The crude EDC from these two unite
is combined with EDC recycled from the cracking unit and is then
purified by distillation. Tha second major operation involves
thermal cracking in the presence of a catalyst to form vinyl
chloride and anhydrous hydrogen chloride f;om the EDC. The
resultant effluent is then separated by fractionation into vinyl
chloride. Hydrogen chloride 1s pasmel back to the oxychlerination
unit, and unreacted EDC {s recycled.

(2) Vorker Exposure”’ 8, 9, 10, 1i

Vinyl chloride is produced in outdoor plants, and hence the
build-up of vinyl chloride in any area is less than what is

ok-etvea at locationé in subsequent processing involving the
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monomer or polymer. The job categories of workers at V¢
production plants are shown in Table 2. No data ia currently
available to show how many plopl; nationwide are smployed in thesae
plants 1in each category. At the OSHA hearing on February 15, 1974,
the Manufacturing Chemists Association estimated that 1,500 people
are employed in monomer production. However, information presented
by PPG Industries and the Shell Chemical Company gives a substantiaslly
different picture. PPC indicated that it employs batween 2 and 4
workers per uillion tons of stated capacity at its plants, while
Shell indicated between 26 and 40 workers psr million tons of
stated capacity at its plants. The difference between the two
probably indicates that each type of process (and perhaps each
plant) differs in the number and type of workers required.

An estimate of the uunﬁcr of uo;karl of each type ia necessary for

any characterisation of the total hazard, since data presaented

to OSHA and at the public hearing indicate different pesk and
time-weighted-average concentrations for different categories. The
pajor sources of exposure during mormal exposure are judged to
be:

o Sampling and analysis of vinyl chloride for quality control;

o Loading of vinyl chloride for shipping; '

o Entry of vinyl chloride containing vessals for maintenance

and repair work; and

o Leaks of vinyl chloride in tha process area.

~ AP00043119



o

29

Table 2

Job Categories of Workers

Control Opsrator
Diatillation Operator
EDC Operator
Electrician
Instrunent Tectinician
Laboratory Technician
Laborer

Loading Operator

Maintenance Worker

Vinyl Chloride Plants

Material Controller
Millwright

OXY Operator

Pipefittar

Quality Control Specialist
» S8aople Man |

ghift Supervisor

Tank Farm Operator

VCM Operator
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Some sampling data indicate pcsksconcentrations over 200 ppm for
laboratory technicians, over 150 ppm for loading operxators, and
near 50 ppm for quality control specialists. Time-weighted
averages are generally well below 50 ppm. Since no information in
sampling time and method or analytical method are given, the dats
cannot be used to estimate the workar's exposure te VC,

2. Production of Vinyl Chloride Polymer and Copolymer Resins

Virtually all vinyl chloride produced in the United States is
used to manufacture vinyl chlorida honnbolyncrs and vinyl chloride
copolymarized with such monomers as vinyl acetate, vinylidene
chloride, and acrylates. Gsnerically, these homopolymars ;n4
copolymers are known as polyvinyl chloride (PVC) resins. They are
;nngrally in the form of powders, which, aftsr compounding with a
variety of additives, are processed in several ways to produce a large

variaety of plastic or rosiﬁous end products. The resing are

produced by 22 ccmpanies in 36 plants in the United States, as showm
in Tablé 3, which also indicates the capsacity of each plant. As
indicated in the references, this list is current to mid41972;
changes in company ownership, additional plant openings, and
increased capacities are likely to have occurred since that time.
Hbst commercial resins have molecular weights between 30,000
and 120,000, the waight being a determinant of the resin's
procc.stﬁg aud pdrformance characteristics. These characteristics
are also affected by the specific additives with which the resins

are compounded. Since theoretical results do not definitively indicate
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Asnan.
Alr Producta & Chenmicals, Ine.

American Chemical Corporation
B. F. Goodrich Chemical Co.

Borden, Inc.
Continental 011 Co.
Diamond Shamrock Corporation

Ethyl Corporation
Firestone Tire & Rubber Co.

Genetal Tire & Rubber Co.
Goodyear Tire & Rubber Co.

Great American Chemical Corp.
Hooker Chemical Corporation

Keysor Century Corporation
Monsauto Company

National Starch & Chemical Ceorp.
Pantasote Company

AR

Table 3

Vinyl Chloride Polymer and Copolymer Resin Producers

Calvert City, Ky.
Pensacola, Fla.
Long Beach, Calif.
Avon Lake, Ohio
Henry, Ill.

Long Beach, Calif.
louisville, Ky.
Pedyicktosm, N.J.
Illiopolis, Ill.
Leominster, Mass.
Aberdeen, Miss.
Oklahoma City, Okla.
Delaware City, Del.
Deer Park, Texas
Baton Rouge, La.
Perryville, Md.
Pottstown, Pa.
Aghtabula, Ohio
Niagara Palls, N.Y.
Plaquemine, La. -
Fitchburg, Masa.
Burlington, N.J.
Hicksville, K.Y.
Saugus, Calif.
Springfield, Mase.
Meredosia, I1l.
Passaic, N.J.
Point Pleasant, W. Va.

Hameplate
Capacity

1
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Table 3 (cont'd)

Vinyl Chloride Polymer and Copolymer Resin Producers

Company Location
Robintech, Inc. Painaville, Ohio
Stauffer Chemical Company Delaware City, Del.
Tenneco Chemicals, Inc. Burlington, N.J.

Flemington, N.J.
Thowpson Plastics Cowmpany Agsonet, Mass.

South Charleston, W. Va.
Texas City, Texas
Uniroyal, Inc. Painaville, Ohio

Union Carbide Corporation

Sources: See bibliography references 2, 12, 13, 14,

Rameplate
Capacity
(MM Lbs.)

220
160
165

60
150
120
200
140

A
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what mixtures will give zise to what proﬁottiel. formulation
and processing is largely a matter of experience.

Four basic processes are employed in polymerization or
copolymerization: bdulk, suspension, emulsion, and solution
polymerization. The bulk process is a dry process requiring no
water, suspanding agents, or emulsifiers; the other three processes
require water, solvents, or other liquids, bdut they are similar
snough that they can be used in the same equipment. Polymerization
of monomers is initiated by free radicals produced from peroxides,
azo compounds, and persulfates by thztullhﬁccoupo:ition. The rate
of polymerization and the molecular weight distribution of the
resin are largely daetermined by the temperature of the reaction
and the concentration of initiators.

(1) Process Descriptions 1:12,13,13

In the United States, approximately 78 percent of PVC resins
is produced by suspension polymerization, 13 percent by solution
polymerization, & percent by bulk polymerization, and 3 percent by
solution polymerization. The bulk polymerization process is
relatively new and has been taking an increasing proportion of
the production of PVC resins in recent years.

Suspension Polymerization - This preposl is essentially a
batch process generally carried ocut in glass-lined reactors
having a capacity of 2,000-6,000 V.S. gallona. Monomer socluable

initiastors, such a2s lauroyl, decanoyl, and benzoyl peroxides are
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dissolved in liquid monomer dicgoraed in water to form a suspension.
The rteactor il first charged with the required amount ¢of deionized
water. Then the dispersant, a buffer, and the initiator are added.
Oxygen is then evacuated from the reactor, and the vinyl chloride
and any comonomer are fed in. Agitation (to increase the degree

of dispersion) is begua, and the contents of the reactor are brought
up to the polymerization temperature (45-60°C). When the polymer-
ization ﬁa- been completed (after 10 to 16 hours), the contents of
the reactor are dumped into a large vessel “here excess vinyl
chloride is recovered for distillation and :tu;c. The PVC slurry
is then blendad in another vessel with other batches to reduce
-mill variations, and dewatered by a superdecanter or continuous
centrifuge to yield a polymer cake centaining about 20 percent
moisture. The polymer is then dried in 2 flash dryer, and the
polymer particles are separated by passage through a cyclone
separator, from which it is scresned and sent to storage.

Bmulsion Polymerization - This process is very similar to the
suspension process, and is used primarily to produce very fine
particles. There are two primary differences: (1) Usually two
emulsifying agents, one s50luble in water and one in the monomer,
ere used to prevent the coalescence of .polymer particles; and
{2) the poliner is separated from the water by spray drying. Even
though this process is more costly, it is important to users who
need PVYC in liquid form. This type of polymer has the abiliry to
form a paste when combined with a plasticizer. In some cases, the

slurry {s not dried, instead it %3 used subsequently in the latex

form. .

- AP00043125



s

Bulk Polymerization - In this:process, vinyl chloride is
polymerized without the addition of octher liquids in the
prassnce of & free-radical initistor. The resulting polymer
is insoluble in the monomer, and the rate of polymerization
increases with increasing conversion. This acceleration can be
induced by the addition of preformed polymer. For this reason, s
portion of a day's supply of monomer is pumped into & prepolymerizer,
e stainless-steel clad vessal. The resaction products from this
atage serve as seed for the polymarization continued in 2z second
step. The mixture from the prcpolyn-rigor. together with aﬁ equal
c-nunt'o! fresh monomer, are transferred into an autoclave squipped
with slowly rotating sgitator blades, where the reaction ia induced
by high pressures. The reaction medium is essentially powdery.
After the monomer has Leen converted, unreacted monomer is removed
by a vacuum and recovered in a recycle condenser. The resin is
transferzed to a rasin recaiver, and fines are colliected in a dust
separator and removed through a manhole. The output of bulk
processing plants is said to be more than twice that of good
suspension plants of eompafable size. This factor will probably
lead to a greater use of bulk polymerization during ensuring years.

Solution Polymerization - This process is used exclusively
fpt the production of gopolymcrn of éiuyl chloride with vinyl acetate.
The mixed monomers are dissvlved in an organic solvent in a stirred
autoclave heeted to 40°C. The reaction in the autoclave has the

sama autocatalytic characteristic as that occurring in bulk
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polymarization. In this case, howvever, the phase separation,
arising from the formatiom of a concentrated pol&ner base, leads
to @ decreage in the rate of polymerization. The contents of the
autoclave are passed through a filter press to retain the polymer,
and the filtrate is recycled. The filtered polymer {(in the filter
press) 1s then washed, during which a caertain amount of
unpclynerize& vinyl chloride is recovered by fractiomal

distillation.

(2) Worker Expogure 8, 9, 16

The total number of workers engaged in all esepactas of the
production of PVC resins has baen c;tinatnd as $,000. The validity
of this figure is suspect, since an industrial hygisne survey
conducted in 19692 exnnined over 5,000 ;orkera at a time when PVC
production was spproximately half of the current level. A small

proportion of those workers were engaged in opsrations other than

reein production; in addition, the productivity of these workers

has probably increased substantially since 1969 in view of

eignificant technological changes, such ss the introdUCtion of the
bulk polymerization process, Therefore, the number of workers has
probably increased substantially beyond 5,000, but in all l{kelihocod
ia still significantly less than 10,000. Some of the 1ob
classifications of workers involved in resin production with potential
exposure to VC are shown in Table 4. Since no estimates of the
personnel distribution in these categories is availadble, and since
exposure varies according to job category, no estimate of the total

industry exposure to vinyl chloride can be made.
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Table 4

Job Catcgoriea'éf Workers

Production of PVC Resins

Bagging and shipping operater
Catalyst makeup man

Dryer oparator

Genarsl laborer, custodial
Laboratory technician
Maintenance persomnnel
Monomer maintenance personnel

Monomer operator

Monomar recovery operator
Monomer supervisor
Polymer supervisor
Rasctor cleaner

Reactor operator

Slurry blender

Utilities operator

Warehouse parsonnal
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Very little information is availadle as to the level of
exposure faced by different wo}k.rs. The industrial hygiene
survey mentioned above performed no air analyses. However,
the information available does tend to indicate that exposure
to VC is greater in resin producing plants than in those
synthesizing the monomer. The areas of greatest exposure in a
PVC plant are judged to be the following:

o Unloading of incoming vinyl chloride;

0 Reactor cleaning;

¢ Entry of vinyl chloride containing vassels for maintenance

and repair work; )

o Entry of PVC storage silos;

o Shipping or packaging of PVC; and

o Leaks of vinyl chioride in the process area.

No definitive measurements have been made to

ascertain the relative cxp&surc in these areas. From the little
data available, it appears that reactor cleaners are likely to

have the greatest exposure, Operators of the polymerization procesa
equipment, those involved in unloading or transferring the monomer,
and maintenance personnel, respectively, have successively lower
exposures to VC. Other personnel are likely to be exposed to much
laueé levels.

Reactor cleaning poses a special hazard. During the reactiom,
the polyﬁer. with entrapped monomer, builds up on the surface of
the reactor, so that cleaning after several batches is usually

required. In the past, most of this cleaning was performed by hand
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using & scraper and chisel., Air nnalyse; have shown that VC
concentrations 1p the reactor priar to ventilation reach 3,000 ppm.
After ventilation has besen completed and the worker begins the
scraping, concentrations between 50 and 100 ppm may easily be
released in the scraping. Air analyses have shown concentrations
of 600 to 1,000 ppm of VC close to the hand., Since these

studies vere complated, the industry has moved to greater use

of water;jet or organic-solvent clesaning. The status of the
exposure levels when the reactor 1i opened for cleaning is not

1, 12, 15, 17
3. Compounding of PVC Resins with Additivaes

In most applications PVC is used with one or more specific
additives to enable yrocc.o}ng and cenverting the compound into
final products. The additives which are used depend on the
initial form of the resin, the type of processing to be used, and
the dasired application. Rasins are classified as general purpose
(made by any of the techniques described in the previous section)
and dispersion (made primarily by emulsion polymerization). With
the addition of a plasticizer, the general purpoase resins are
further classified into plasticigzed rasins and unplastici:ed.-ot
rigid, resins. The dispersicon resins, or latexes, may also be
plasticized for ultimate use as plastisols or organosols, or they
may be chlorinated for ultimate processing similsr to that used
on general purpose resins. To these basic resins, other additives

may be compounded according to particular requirements. These
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additives are usually categorized as follows:

o Plasticizers, to increase resin flexibility, softness,

and elongation, and in some cases, to extend the
besic resin;

Heat stabilizers, to prevent discoloration during
the processing of resin compounds;

Fillers, essentially to reduce costs, but sometimes

to produce opacity, specific electrical properties,
tesistance to ultraviolet light, resistance to
blocking, improved dryblending properties, and
éther properties;

Pigments and dyes, to color PVC resin compounds;
Ptocessiug.aidl, to facilitate the achievement of
certain processing objectives, such as increased

processing rates, lower processing temperatures,

improved fusion, and reduced surface glossi

Impact modifiers,for rigid resins, to protect
against brittle fracture;

Lubricants, to reduce friction of melts with the
surfaces of processing machinery and molds;

Light stabilizers, to_ptivemt PVC degradation“from

continuous exposure to sunlight;

o Fungicides, to inhibic the vulnerability of compounded

PYC to attack by microorganisms;
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o Flams retardants, to preserve the nonflammability of
PYC introduced by the use of flammable plasticizers;
o Antiutntia agents, to improve electrical conductivity;
o Antioxidants, to provide protection in high-temperature
applications; and
o Foaming agents, to influence cell structure for resins
expanded into foiﬁs. .
Compounding of these additives with PVC resins may take .
place in a plant producing the basic resin, in a plant designed
for the purpese of compounding alome, or in a plant which also
. processes the compounded resins. fradolpublications identify
approximately 200 companies supplying chlorinated, plasticized,
or tigid PVC or copolymer resins. The accuracy and completeness
of thage listings cannot be ipprniucd at this time.

The pﬁrpose of the compounding stage ia to ensure that the
ldditiv;l are fully dispersed in the PVC resins to yield a
homogeneous material suitable for further processing. The
compound may be in powder or granular form. The latter can ba
obtained only by heating which converts the compound intc granules
or pellets. The granulated compound is used as the feedstock

for subsequent extrusion and molding processes. The powder
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blends can be fed directly iatdffabrication equipment so that the
PVC resin neads to be heated only once and thus raquires fewer
additives.

(1) Process Descriptions

A wide variety of compounding equipment is currently
available; the majority of such equipment accepts tha resin
and the various additives in dry form. Frequently, ths resin ‘
is preaixed with several additives before being used in processing
the conpounded PVC, The orﬁ.r in which specific compounding
equipment is used depends on thq requirements that the PVC
nust maet.

Two-Roll Mill - The material is fed in the form of @ powder

blend to two rolls eepareted by a small gap ia which it ia kneaded

at a temparature of 150-160°C and stripped off as a continuous
band aftar about 10 minutes. The strip of material is then
granulated into small cubes suitablas for use in an extruder.
Banbury Mixer - Ths mixer consists of a jacketed mixing
chamber fitted with rotors rotating in opposite directions.
Material ias nixed in batches under pressure and heat to produce &
fully fused and kneaded mixture, This mixture is discharged in &

doughliks mass which must be converted into sheet form for
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granulation. The material is fed into a two-roll mill for .
this purpose. The use of Banbury mixers may lead to significant

variacion betwesn batches. This variation is reduced in some

cases by the use of automatic waighing and feeding systems for

injection of the various materials to be mixed.

Continuous Mixers = This type of mixing is designed to

incresse consistency betwesan batches by providing a continuous
feed operation, These mixers requirs grester cars to ensure
that a homogeneous mixturs is obtained. 'The types of squipment
used are basically single or twin-screw extruders, modified fo )
;ncrcalo the working of the ﬂlllti;l. The compound may be
heated, fed d1¥¢ct1y to calenders, extruded through a die plate
for granulation, or extruded Fh:ough a die with a die-face cutter
for granulation.

Multiscrew Compounders ~ Since a twin-screw extruder is
suitable for FPVC compouudin;. this type of equipment has been

adapted, The primary variation from extruders is the development
of screw sections and imeading disca which can be changed to meet

the gpecific requirements of the material being compounded.
Bigh~Spsed Mixers +~ Injection molding and extrusion

equipment his been modified to accept PVC powder blends, To
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ensure satisfactory processing, the blends are mixed in a high-speed
mixer in which heat s generated by friection. The production of

the proper blends must be carried out very carefully using this

type of equipment.

Wet Granulation ~ In this process, the PVC is used directly
from the polymerizer while still in an aqueous diap;rsion. The
additives are 'tirlt. i.ntrodt.;ud iato the gru:mlating vessal, The
plasticizer, slong with some of the stabilizer and lubricants,
howlvor.‘ is mixed separately and then fed 1i£o the granulator.
Finally, the compounded Tesin particles are rapidly plasticized,
nnﬂ the compound is producad in the form of granules which are
easily ssparated from the suspensfon. This process is limited to
polymer manufacture, since it is not economically feasiblae to
redisperss the polymer once it haa been dried out.

Mixing of Plastisols ~ FVC pastes csa be produced using
paddle~type mixsrs, such as the vertical paddle mixer, the

vertical planetary mixer, or the horizonal Z-blade mixer. These

mixers can be operated under & vacuum. The PVC resin is

- dntroduced intoc the mixer along with sufficient plasticizer to

form a paste; Other ingredients are then incorporated slowly
and at low temperatures until a smooth homogeneous paste is
obtained.

(2) Worker Exposure

The PVC resin and the compounds involvad in the processing

at this stage contain residual amounts of vinyl chloride in

concentrations which may be es high as 3,000 ppn. The basic resin,
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if stored for some time in begs o; drums, will release an amount
of the monomer inside the container which would be released to
thn_nir upon the opening of the container. During the compounding,
the mixing operations may cause an additional relaazse of the
nonomer sutrained in the polymer. The extent to which the
monomer escapes has not been adequately studied, since a
significant problem was not known to be present. Some inftrial
environmental studies have shown levels in the workroom air to
be below 1 ppm; however, livall inside certain types of nixers
have bean measured st 460 ppm. Thase studies do not conclusively
establish that workers engaged in cdnpounding are not exposed to
concentrations in eicosc.of 1l ppm. No studies have as yat been
made to determine the ralationship batween the concentration in
the workplace air and the residual vinyl chloride in the PVC
resin or compéund.,

The numbers and types of‘VOtk.tl exposed to vinyl chloride
during these compounding operations are not kpawn. It {8 agsumed
that the greatest concentrations of vinyl chloride are present
in storage rooms where the PVC resins are kept prior to
processing. However, industrial hygiene studies have not yet been
conducted to dottrﬁinc where the greatest concentrations are to
be found.

4. Fabrication of End Products from PVC Compounds™* 12, 15

The popularity of polyvinyl chloride arises from its

adaptability to many types of processing for the production of a
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wide variety of products. These processes have not been daveloped
specifically for PVC, and so, equipment may possibly be employed
with a v&riéty of plastics compounds., The importance of PVC lies
in the ease with which it is processed and the characteristics of
the final products. Through processing, PVC resins are converted

afcer all additives have been introduced into products which are

subjected to no further chemical processing. The producti of this

stage may be finasl products (such as pipes), components of other
equipment (such as wires), or materials for other industries (such
as films and sheats for packlsini). Thus, products made at this
stage may ba subjected to further processing, but such products
would no longer be designated as PVC. The number of firms
engaged in this type of procenaing is not known, but has been
estimated to be between 4,000 and 20,000, ranging in size from a
few paople with simple equipment to large plants involving many
people.

(1) 2rocess Descriptions

PVC compouynd processing in this stage 18 marked by heating
the compound and subjecting it to pressure in order to put it
into the desired form. The types of equipment and the temperature
used for these processes depend on the form and the characteristics
of the raw material. Thus, for example, plasticized compounds can
be processed more esasily than rigid compounds, since it is possible
to use temperatures between 140 and 160°C rather than between 1B5

and 190°C.
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Extrusion - Both plalticiz-d:and rigid PVC formulations can
be sxtruded into a variety of shapes. The compound is generally
processed from sither powder blends or grsnulated material using
single or twin-screv extruders, Determination of the temperatures
and other charscteristics such as rate at which the extrusi{on is
cazried out can only bs accomplished by careful experimentation.
Bxtrusion performance depends quite significantly on the
additives, particularly lubricants, combined with the PVC resin.
Extrusion is used primarily to produce uii. and cable 1nlu1it10n.
rigid pipe and tubing, blown film, and unplasticized PVC sheet.

Injaction Molding - Generally, low-molecular-weight PVC
Teasins in the form of graaular or ﬁoudcr blends may be used in
screw=type iqjectiou molding machines. The rotation of the
screvw produces a homogeneous melt which is then injected into a
mold at high pressures. )

Blow Molding ~ This process is generally limited to the
production of bottlss, mostly from powdar blends but with some
use of granular compounds. Most of the equipment used in this
process forms a parison, a partially formad mass of material
still in plastic form, by continuous cxtrufioa or by the use of a
reciprocating-screv systean. The parison is then blown into the
proper mold.

Compression Molding - This technique is used primarily for

processing rigid PVC compounds into phonographic records. Usually,
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a copolymar of vinyl chloride and vinyl ecetate is used to
produce a low-viecosity malt. Thie malt is mixed and fused,
passed to & two-roll mill frem which it is stripped, and then
comprassion molded in s record press at high pressure. The
initial compound csa also be in pellet form from which a
premeasured molten extrudste is pzc-;ed in a mold. This,
technique is ailo the only methed used to manufacture thick,
high-quality, rigid sheat.

Calendering -~ This technique is used extensively for the
production of flexibls .ud.risid PVC f1im and shesting. It is
u-uaily used in conjunction with the mixing of additives ri:@or
than as a saparate stage in processing PVC. Paelleta or powder
are fed di:ectly to tha hot rolls of the calender. The
rasulting molten material is carriad through finishing rolls to
produce rigid sheats or matarisl laminated to e substrate,

Plastisol Procassing (Coating) ~ In this processing, a PVC

pasta resin is coated on various substrates such as fabrics,
sheet steal, and paper. Several types of equipment may be used
to accémplish the coating. Ihcipaste resin is generally fed to a
device vhich applies the PVC to the substrate, either ome or
several times t§ achieve the desired thickness. The material is
then passed through a heating oven to produce complete fusion of

the PVC.
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Plastisol Processing (Molding Methods) ~ Saveral methods

pay be employed to mold & PVC paste resin into a desired shape.
A measured amount of paste may be charged into a mold. The mold
is rotated to cause the resin to gravitate to its walls where it
is fused to form a uniform thickness. The paste resin may also
be poured into & mold where it is fused. Yow-pressure injecticn
molding is also used to produce PVC shoe soles.
Poans - Flexible or rigid PVC foams can be produced by
subjecting FVC resin converted into a plastisol to mechanical
“or chemical ilovins. The plastisol is mixed with an inert gﬁl
or air vhich is then fed through spray nozzles under carefully
controlled conditions to produce a slowly expanding foam. The
plastisol is whisked and the rasulting froth is stabilized.
Either of thaese mixtures is then subjected to heat while being
calendered, extruded or molded so that it is fused in the desired
form.
(2) Worker Exposure
The nunbers and types of workers exposed to vinyl chloride in
this fahricatiné stags are not known. The extent to which vinyl
chloride is released !ro’ the raw materials used is also not
.hnnwn, although it would seem that the amount released would depend
on the amount of the residuum still present in PVC compounds. The
products fabricated in this stage alsc contain soms amounts of
- vinyl chloride, but the rate of migration is deemed to be

sufficiently amsll so that no detectable amount is present in workroom
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air. Furthar studias nust ba conducted to determine the extent
to which workears in fabricating plants are axposed to vinyl
chloride,

AP00043141



51

BIBLIOCRAPHY

l. C. A, Brighton, J. L. Benton, G, C., Marks, and J. P. Dux
in N. M. Bikales, ad,, Encyclopedia of Polymer Science and
Technology, Volume 14, Interacience Publishers, a division
of John Wiley & Sons, Inc., New York, 1971, pp. 305-483.

2. D. P. Keane, R, B. Stobaugh, and P, L. Townsend, "Vinyl
chloride: how, whare, who - future," Hydrocarbon

3. Statement of R. J. Raynolds, Shell Chemical Company, at
OSHA hearing on February 15, 1974.

4, "Tight monomer supply plagues PVC producers," Chemical and
Engineering News, May 28, 1973, pp. 6~7.

s’. Do WQ P. ledil 11! A- stlndtﬂ, ‘do. Kirk.othnlr
Encyclopedia of Chemical Technology, 2nd ed., Volums 5.
Interacisnce Publishers, a division of John Wiley & Sons,
Inc.. NN York’ 196‘. PP. 171-1780

6, "Production procasses for vinyl chlorida," Hydrocarbon
Processing, November 1971, pp. 220-223.

7. L. F. Albright, "Manufacture of vinyl chloride," Chemical
Bngineering, April 10, 1967, pp. 219-226.

8. Division of Health Sctandardg, Office of Standards Development,
OSHA, "Industrial Hygiene Survey Report on Vinyl Chloride and
Polyvinyl Chloride Manufacturing Facilities,” March 1974,

9. Statement of V. K. Rowe, Dow Chemical Company, at OSHA
hearing on February 16, 1974, Appendix IIL.

10, Statement of the Manufacturing Chamists Association at
OSEA hearing on February 15, 1974. '

11. Scatement of PPG Industries, Inc, at OSHA hearing on
Fabruary 15, 1974.

12. H. E. Frey, "Polyvinyl chloride resins," Chemical Economic

~ Handbook, Stanford Resear:h Institute, Menlo Park, California
September 1973.

AP00043142



13.

14.

15.
16.

17.

52

M. J. R. Cantow in A. Standen, ed., Kirk-Ochmer
Encyclopedia of Chemical Technology, 2ad ed.,

volume 21, ‘nterscience Publisners, a division of
John Wiley & Sons, Inc., New York, 1970, pp. 369-412,

United States Tariff Commission, "Preliminary Report
on U.S. Production of Selected Synthetic Organic
Chemicals, Noveamber, Dacembar, and Cumulacive Totals,
1973," Washington, D.C., February 6, 1974.

"PVYC," Plastics Enginesring, December 1573, pp. 23-40.

W. A. Cook, P, M, Cievar, B. D, Dinman, and H. J. Magnusen,
"Occupational acroosteolysis: II. An industrial hygienes
survey," Archives of Environmencal Health, Volume 22,
Jln!.lll? 1971. ppo 7‘-82. )

R. J. Galluch, "Polyvinyl chloride," Plaatics World,
August 20, 1973, pp. 66-67, 149-152,

~ AP00043143



33

V. THE PROPOSED STANDARD

In response to the health hazards of vinyl chloride that
have recently become known, the Occupational Safety and Health
Administration has developed @ proposed standard (Appendix B).
This chapter briefly describes the provisions of the proposed
standard. ’

Applicability of Proposed Standard

The proposal applies to any company manufacturing or using
\i'ml chloride or polyvinyl chloride which releases detectable
amounts of vinyl chloride. Detectsbls levals are defined as
those measurable by & methed capable of detecting 1 ppm with
an accuracy of ¥ 50 percent. '

Raw polyvinyl chloride resin and the many compounds made
from this resin specifically for molding, calendering extrusion,
or other similar processes are congidered to have the potential
for releasing detectable levals of vinyl chloride. If the FVC
compounded remin contains a large proportion of unreactsd monomer,
its handling end heating will release some part of that moncmer,

Operations handlinx.fnbriut:cd products made from polyvinyl
chloride, entirely or in parts are specifically exluded from the
standard, since the release of monomer from such products has not
been demonstrated. The proposed standard specifies that fabricated
producﬁo include such items as film, sheet, block, bar, and

extrusion stock.
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