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VINYL CIILORIDIE

Yinyl chloride {(chlorocthylene, monoclilorocthylene), Cll=CIICl, at ordinary
femperatire and normal pressure, is a colorless gas with an irritant action on the
eyes andl an odor reminiscent of that of ethyl chloride.  Industrially, vinyl ehloride is
handled as the liquid (bp, —13.9°C). To prevent its polymerization during storage
or transport, stabilizers may be added. It is readily nmmable, has a very tow flash
point, and forms explosive mixtures with air.  Vinyl ehloride is very slighily soluble

" in water, and soluble in most of the common industrial solvents. lts (oxicity is less

than that of carbon tetrachloride or chloroforin, and it has a narcotic effeet similar to
that of cthyl chloride. By far, the most importaut usc of vinyl chloride is in the
manufacture of polyviny! chloride (’VC) and related plastics. It is used to a small

extent as a specinl solvent, a relrigerant, and in chemieal synthesis.

Yinyl cldoride was first prepared and deseribed by Regnault, in 1835, Te ob-
tained it by reacting dichlorocthane with aleoliolic potash. Regnauit olwerved that
on prolonged exposure to sunlight in a sealed tube the liquid deposited white flakes
of solid. In the state of organic chemical theory and knowledge at that date, he
could only record, without explanation, this hiquid-to-solid change. Regnaunlt's white

.solid was studied in 1872 by Baumamn without its nature being fully clucidated; he

deseribed the material as “Kauprenchlonid” and gave it the empirieal forniula (Co-
Hi:Cl).. In 1911; Klatte and Rollett investigated the reaction between hydrogen
chloride and acetylene, and two years later, Griesheim-Elekiron obtained a patent for
the use of mercuric chloride as a catalyst in this reaction, thus cstablishing an effcetive

" industrial route to vinyl chloride.

The low price and ready availability of natural rubber and absence of technical
fnterest in the type of plastic produet produced from vinyl chloride limited develop-
ment of viny! chloride manufacture prior to the outbreak of World War 1. When
that war cut off the Western powers from their natural rubber sources, production of
vinyl ehloride for PVC, as a rubber substitute, was established on a Inrge seale in the
United States and the United Kingdom. Vinyl chloride is now onc of the most
important starting materials of the plastics industry.

Physical and Chemical Propertics

The physical propertics of vinyl chloride are given in Table 1.

At 25°C, 0.11 g vinyl chloride dissolves in 100 ¢ water, and at —15°C, 0.03 ¢
water dissolves in 100 g vinyl chloride.  Vinyl ehloride is soluble in mineral oil, aleohol,
the industrial chlorinated solvents, and a number of common organie liquids. No
azeotropes have been reported. '

Reactions. In its chemieal behavior, vinyl ehloride oleys the meneral rule that
the simple unsatueated chlorohdrocarbons are more stable than saturnted ones. At
about 450°C, vinyl chloride begins to decompose, forming smalt amounts of acetylene
(2). In the presence of a copper, lead, tin, or eadmium eatalyst, at 100°G, viuyl
chleride forms 2-chloro-1,3-butadiene (3).  When vinyl ehloride is dry, no decom-
position {akes place in contact with metals at temperatures below those just indicated.
Wet vinyl chlovide, at clevated temperatie, eortodes iron and steel. The thermal
end photochiemical decompositions of vinyl ehloride, in contact with air, do not appear

" to havo been systematically studied.  The decomposition products (peroxygen com-
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Table 1. Physical Tropertios of Vinyl Chloride

melting poiat, *C —-153.7°
boiliag puint, 760 mm Ilg, *C . ) —~13.0
gpecific gravity - ) . ) .
13.9/4°C - . ' : 0.94
20/4°C .. : - 0.9121
ul . , : ~ 1.4016
surfnce tension, air, dyn/em
~30°C R ) . ) 23.87
~20°C PR . T ) 22,27
--10°C - . . 20,88
specific heat, eal g} °C) . *
Jiquid, 20°C __— ' 0.38
vapor, 25°C . 0.205
eritical temperature, °C ) 1538.4
eritical pressure, atm . ~ 52.7
diclectric constant, 17.2°C 6.20
heat of combustion, 18°C, constant pressare, keal/g-mole 286.16
Iatent hieat of evaporation, eal/g L “
' bp - : . %9.53
. 25°G L. E 71.26
lateat heat of fugion, eal/g - ‘. - 18.14
Bash point o ’
open cup, °F . ’ . . -—108
elosed cup, °C —~78
sell-ignition teinperature, °C . 472
explosive limits in air,* 9% by vol 4-20
viscosity, liquid, c¢P . :
—40°C ‘ 0.3339 .
~30°C ) o 0.3026
~20°C ; 0.2780
-10°C - . ’ 0.2563
vapor pressure . .- °c plm *C alm

—-30 0.5¢ 20 3.33

-20 0.77 30 4.5]

-10 1.17 40 5.94

0 1.70 50 7.80

- ) “10. 2.43 60 9.93

# The mast readily ignitable mixture is that containing 7%-vi.nyl chloride (1).

v
pounds) brintg about polymerization, thus obscuring their intermediate presence,
and hindering their quantitative study. ,

With chlorine, viny! chilotide formns t,1.2-trichlorocthane (sce p. 158), and with
bromine, 1-chlora-1,2-dibromocthane (4). In the presence of zine ehloride on siliea
gel, hydrogen chloride combines with viuyl ehloride, at about 100°C, to give 1,1~
dichlorocthane (sce p. 149); at room tetnperature and i alsence of catalysts, hiydrogen

*jodide, in similar fashion, forms l-chloro-l-iodocthane.  Sulfuryl ehloride (SO,CL),

in the presence of pyridine, reacts with vinyl ehlovide, at ovdivary temperature, to
give 1,},2-trichloroethane and 2,2-dichlorocthane sutfonyl ehloride.  Ilypochlorous
acid and vinyl ehloride renet to yield eliloroncetaldehyde, CICILCH=0 (5,0).

In the presence of anhydrons aluminum chloride, vinyl chloride condenses with
ethyl chioride, at 50°C, yickding the products, 1,1-dichlorocthane and 1,1,3-trichloro~
butane (7). At G-5°C, vinyl chloride reaets with benzene, in the preseuce of aluminum
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Other Processes.  Production of vinyl chiloride by pyrolysis of ethylidene ¢hlo-
ride, CILCICL, followed by reaction of the copraduet hydrogen elloride with neet-
ylene, has been patented (36).  Vinyl chluride is produced by treatinent of 1,1,2-
trichlorocthane, at high tesperatures, with finely divided zine, iron, or aliminum in
the presence of stea (37).

Economic Aspecets

In Table 2 are listed ammual outputs and sales of vinyl chloride in the U.S. for the
period 1955-1962.  "U'hese refleet the great and growing importance of polyvinyl
chloride plastic.  Other producing eountries, including the United Kingdom, do not
publish statisties of their vinyl ehloride outputs.  An indication of the scale of produc-
tion in Yrance is given by the French government’s published plan to make 104,000
metric tons in 1960. TReports indicate a consideruble international trade in vinyl
chioride between the countries of the European Icononic Community.

Table 2. U. 8. Vinyl Chloride Production and Price Statistics®

Sales
: Yeur - Production, 1b® - Quantity, Ib® Total value, $¢  Unit value, $/1b
1955 .. . 528,605 76,002 7,935 0.10
1956 596,520 103,878 11,133 ) 0.11
1957 627,076 179,756 19,561 0.11
1958 601,412 200,488 22,161 0.11
1959 977,891 329,360 35,817 0.11
1960 1,036,089 352,314 35,804 0.10
1961 1,043,983 424,303 34,229 0.03
1962 1,311,489 515,522 3S,518 0.07

* According to U .8, Taril Comumission Reports.
* In thousands of pounds.
¢ In thousands of dullars.

- Standards

~ Technical-grade vinyl chloride should not contaii more than the following
amounts of the indicated impuritics: acetylene, 1 ppin; aldehyde (as acetaldehyde),
160 ppm; acid (s HCD, 0 -1 ppan; water, 100 ppin; residuc on evaporation to dryness,
10 ppmi. Acctaldehyde is nonexistent in vinyl chloride produced by cracking
dichlorocthane,

Handling and Toxicity

When viny! chloriede is to be stored or Lransported, phenolic or other type stabilizers
are sometimes added to prevent its polymerizition. Iy siadb quaniditios, vingl chloride
is beansported as the tiguid, under pressure, insteel eylindes or deims, Bulk deliveries
‘are made in road tank trucks. Viuyl chloride is transferred from tank trucks to
storage vessels by pumping or blowing, sometities under o nitrogen atmosphoere. A
thin layer of polymer may grdually form on the wills of steel storage vessels and
pipes it the plant when wsing vinyl chloride; however, with the dry, pure product this
does not oceur. Copper or copper-alloy fitlings should nol be used, beeause of the

. ~_possibility of explosive acelylide Tonnation with residoal acetylene in the vinyl ehlo-

-

.- G e s e e con AR ) o

NGC35550



Mr

CIIL.ORCGCARBONS AND CHILOROIIYDROCARBONS- 177

Vol. 5
ride. Lenkages from storwn vessels or elsewhere in the pliait are loeated by means of
soap solution; because of the high fanmability of vinyl chiloride and its formation

of explosive mixtures with air, a halide Lunpssust never be used for its defeetion,

Yinyl chloride is considernbly less toxic thin either carbon tetraehdoride or
At concentrations, in nir, of

It exerts oomrcolie action

chloroforit and is similar in toxicity to cthyl ehioride.

20-40%, (by vul), it is rapidly fatal 4o small test manonnds,
similar Lo thal of cthyl chloride. At concenteations of 6%, (by vol), vinyl chilovide

.gives warning of ils presence by causing dizziness and disoricntation.  Concentra-
tion in the aturosphere of working spaces should never exceed 400 ppm (hy vol)

&
There—isno-cvidonce-oldireet injury-having —resulted -fronr-prolonged -expasurce-to

cconcentrations of thatorden )
Uscs ) S s .

Viuyt chloride would have attained little importance as an industrinl chemiea)
had it not been eapable of polymerizing and copolymerizing to materials which form
one of ihe most important groups of modern plastics.  ‘This usc is dealt with under
Vinyl compounds, resins, and plastics. The remaining applications of the comypound

are quantitatively insiguificant.

In the pharamaccutical industry, vinyl chloride is used in the pmducmon of

ehloroacotaldehyde, an inlermediate in the manufacture of the sulfa drugs.

Conversion of vinyl chloride to
production of chloroprenc rubber, has been patented (38).

2-chloro-1,3-butadiene, the intermediatce in the

Vinyl chloride has been used as a refrigerant and as an oxtraction solvent for
heat-sensitive substances.  Its use in those and similar applications, cg, as an acrosol
propeliant, is generally undesirable beeause of its flammabifity, toxicity, and readiness

to polymcrize.
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