PVC MANUFACTURE TECHNOLOGY

2.1 MONOMER

Vinyl chloride is the sole monomer used in the production of PVC. Its structure and prop-

erties are given in Table 2.1.

Table 2.1. Typical properties of vinyl chloride

Property

Description

General

Vinyl chloride is a flammable, colorless gas with a
sweet odor at room temperature. It is mainly used for
production of PVC but also as a refrigerant and
comonomer

Chemical structure

Chemical formula

C,H,Cl

IUPAC name 1-chloroethene

Alternate names chloroethylene, chloroethene, ethylene monochloride
UNA—1086: RTECS—KJ0625000

Molecular weight, g/mol 62.5

Odor mild, sweet

Color colorless

Melting point, °C -153.8

Boiling point, °C -13.37

Decomposition temperature, °C 450

Hash-peint-C 78

E?eplesﬁe'hms—l‘ﬂ—aif—vew hove i i 0 U 3‘6‘%

Vaperpressure-at25°Cmm-He 2600
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Table 21 Tynical +05-0f vinvlchlorid

Property Description
Selubility-ef-water-in100-g-VCml 0:08-20°C)
Solubility in solvents alcohol, ether, carbon tetrachloride, benzene
Henryh’s-law-coﬂstaﬂt,—at-m-m%ﬂol 2HE=-62
Critieal-temperature < 432
Enthalpy-efvaperization; Id/mel 21998233
Enthalpy-efformations I imel 2845
LatentheatefvaperizationIdie 333
Anteine-equation-parameters A—3-08508- B 802757 C 35051

65225931

Oderthresheldppm 3000

2.2 BASIC STEPS OF RADICAL POLYMERIZATION

2.2.1 INITIATION

Vinyl chloride has low reactivity but its radical is highly reactive. For this reason, PVC is
manufactured by radical polymerization. Initiation is a two step process, as given by the

following reactions:

| —= 2| (I - initiator)

l+M—> R’ (M - monomer; R - growing polymer radical)

First, the initiator produces free radicals which then react with monomer, forming a radical

ready for the next step — propagation.

This method of initiation causes the chain end structure of PVC macromolecules to

consist of initiator fragments.

Initiators are important components of industrial polymerization formulations. Fable
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Fable22-F 1 £ 1,2

Name Abr——HER2C Chemieal-formula

Cumyd EUPND 55

perexyneedesanscate
eHa e_R_»',
| n 1
€—0—0—C—C—CH,
|
€H, Ry

tert-Qetyl FOPND 56

perexynecdecansate

|eHa ?Ha T
H,CCCHCO — OEEEH,

€Hy €H,  CHy

Dieyelehexyl €eHPe 57
perexydicarbonate
© ©
] ]
€0 —6€E0
tertButyl TBPND 64
perexyneedesanscate
e—eFle+
I I
ngeg—ee?el-t3
Ry
Benzeylperexide BPO 65
©
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Name Abr—HER°C Chemiealformula
cH, ¢€Hy
| |
H:;G?N=N?GH5
cH, ¢€H,
tert-Amyl TAPP 74
peroxypivalate
€eH OCH,
| I
H,CCH,C0 —OCEcEH,
|

2.2.2 PROPAGATION
The propagation reaction can be schematically written as

R+M — R

Addition of monomer increases molecular weight of the growing radical, which continues
to react according to the same scheme. Vinyl chloride may add onto the polymer chain in
two ways: head-to-head and head-to-tail. The head-to-tail addition prevails. Butin-seme
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2.2.3 TERMINATION

Termination occurs by disproportionation and combination, as shown by the following
reactions:

R,CH,CHCI + R,CH,CHCI — R,CH= CHCI + R,CH,CH,CI
R,CH,CHCI + R,CH,CHCl —> R,CH,CHCICHCICH,R,

- comminationrlerio-onprossed-by-tho-Lollowing-rolationships

ke —#M RT

The ratio of disproportionation to combination is difficult to determine but the com-
bination is known to be a prevalent mechanism of termination. '

One peculiarity of PVC polymerlzatlon is that polymer is not soluble in 1ts monomer
and it pre01p1tates when formed. ; e g
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2.2.4 CHAIN TRANSFER TO MONOMER

A growing radical may react with monomer, forming polymer and a monomer radical,
which further grows, due to reaction with monomer. These reactions, called chain transfer
reactions, may occur according to one of the schemes below:!

~ CH,= CH, + CH,=C
|

Cl cl
wW CH,—CHCl + CH,=CH
. |
wwCH,—CH + CH,=CH — Cl
| | .
cl Cl “CH;=CH, + CH=CH
|
cl cl
WWCH=CH + CH,—CH
| |
Cl cl

2.3 POLYMERIZATION TECHNOLOGY

PVC production has grown by about 4% per year since 1990. The largest growth is experi-
enced in Asia (especially in China), followed by North America and Europe.® There are
four major methods of production of PVC, including bulk, emulsion, solution, and suspen-
sion polymerizations. Suspension polymerization is the most common since it accounts
for 80% of world production of PVC (75% in USA and 93% in Japan).® It is followed by
production of paste-type resins by emulsion (12% in the world) and microsuspension
polymerization (3% USA and 5% Japan). Bulk polymerization contributes 8% of world
production of PVC. Solution polymerization is not a commercial scale method.
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2.3.1 SUSPENSION
Suspension polymerization is a batch process which includes four unitary operations:
* polymerization
 stripping residual vinyl chloride
« centrifugation of water suspension to remove water
e drying.
The typical formulation of reactor charge is given in Table 2.3.

Table 2.3. Typical formulation for suspension polymerization.®

Component Concentration, parts
Vinyl chloride 100
Demineralized water 120
Suspending agent 0.05-0.1
Initiator 0.03-0.16
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