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Vinyl Chloride Furmation fret the Thennal Degradation
of Poly{Vinyl Chloride)

1. B. WAKEMAN and H. R. JOHNSON

Tenneco Chemicals, Ine.
- : Corporate Research and Detvelopiment Department

Piscataway, New Jersey 08834

The volatite products from the thermal degradation of
- . poly(vinyl chloride) (PVC) resins and compounds are shown to
contain trace amounts of vinyl chloride. Data presented show

the effect of temperature and resin type on the amount of vinyl

"chloride formed. At the maximum temperatures involved in
PVC processing which may reach 210°C, vinyl chloride

monomer (VCM) evolution amounts to less than 1 ppm (resin
basis). A technique employing a thermogravimetric balance

and charcoal adsorption of volatiles is described for studying
thermal degradation of PVC. The volatiles are analyzed for

vinyl chloride by gas chromatography. Peak identity was
confirmed by mass spectrometry.

INTRODUCTION

Numerous studies and surveys have been published
describing the thermal degradation and pyrolysis
Eroducts of poly(vinyl chloride} (PVC). These studies

ave shown that at elevated temperatures essentially
quantitative dehydrochlorination of PVC occurs, result-
ing in the formation of a complex mixture of aromatic and
aliphatic hydrocarbons with benzene being the largest
single component (1-8). Stromberg, et al. (1) studied the
decomposition of PVC under vacuum at temperatures
up to 400°C and measured the variations in the decom-
position products as a function of temperature. They did
not indicate the formation of any vinyl chlaride
monommer (VCM) under these conditions. Boettner, et
al. (2)investigated the thermal degradation of PVC in ajr
up to 600°C. Using infrared spectroscopy and gas
chromatography-mass spectroscopy, they identified ap-
proximately 50 volatile d products and mea-
sured the rate of formatian of the major products as a
function of temperature. Their data indicate that up to
600 ppm of VCM s formed from PVC homopolymerand
up to 3000 ppm from PVC compounds. Although no
mention fs made of residual VCM in the polymer, the
bulk of the VCM was detected in the 280-430°C range
and it is inferred that VCM is produced during the

" thermal decompasition. YWoolley (3) reported low levels

of VCM in PVC pyrolysis products but did not measure
sesidudl VCM, and it is not clear whether any VOM was
wtaally formed during the decolngosiﬁon. Lewis (4) has
recently reported degradation studies of a homopolymer
having a residual VCM content of < 0.5 ppm and found a
masimum VCM formation of 35 ppm at 330°C,

The recent findings (9) of carcinogenicity on pro-
longed exposure of test animals to elevated concen-
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trations of vinyl chloride in the air and of cases of s
giosarcoma in vinyl chloride workers have caused s
ous concern about the effects on workers fnvolvad af
phases of PVC manufacture and fabrication. Althowen
present day manufacturing processes have reduced the
residual VCM content of PVC resins and compoundste
very low levels (10), the possibility of forming VCM br
degradation of the polymer during calendering, extro-
sion, and thermoforming operations is still 2 comse of
concern, ) o

There is very little likelihood of VCM formation dur-
ing thermoforming of PVC for food packaging applice-
tion since this operation is cm’ierf out under mid
conditions(50-120°C for a Few seconds). It has been
demonstrated previously that no detectable VCM &
formed in up to 1 h exposure at 130°C, using an analyt-
cal method capable of detecting 1 part per billiow o
YCM (10}, i

During calendering and extrusion operations, how-
ever, temperatures may reach the 175-210°C range fx
brief time periods. We know of no published informa-
tion involving VCM formation under these conditions
Our present work involved the investigation of the
thermal degradation of PVC over the 130-500°C tems-
perature range with special emphasis on VCM formatios
at 210°C, the upper limit used in PVC fzbrication.

EXPERIMENTAL

Thermal degradation studies were carried out using*
duPont Model 950 thermal balance which provided »
-convenient method for accurately controlling the tes
perature and heating rates. Samples of 80-100 mg were
placed in a platinum foit boat suspended on the the
bulunce sample holder. The furnace tube surroundiss
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:,H‘ 1T for 20 min with air flowing in the furnace
abe. This pracedure has been demonstrated to com-
!ydyremoveﬂ residual VCM in the sample without
jag any decomposition (10). After this conditioning
ﬁthemtudc of the furnace was Btted with a short
Tetube doumersed in a cracked ice bath. This

] ::dumnl the sweep gas prior to passing it througha

enidard RIOSH gpproved, charcoal personnel
dm-i?utube {SKC #¥226-01) to adsorb any VCM
pesilting from the degradation of the sample,

At the completion of the run the contents of the

durcoa] tube were transferred to a vial capped with a
3ck® lined septum (SKC ﬁs-oz-loo). The vial was
bl fa an aceiopedry ice bath and 1 ml of carbon
dwlbde injected through the septum. The vials were
thes allowwed S0 stxnd ot yoom temperature for 30 min to
sesorb the VOM,

Gas Chromatography

& Perkin Elmer Model 3920 gas chromatograph
eyuipped with dual Bame fonization detectors was used
= this work. In view of the large number of products
farmed during the thermal degradation of PVC, arid the
sdtional degradation products formed from additives
scorparated in PVC compounds, a variety of calumns
were screened to obtain optimum separation of the
WM pesk. A combination column of 2 10t x 1/8 in.
Banxpak P (Waters Associates) followed by a 10in. X 1/8
& Chromosorb 10¢ (Johns Manville) was finally
sdected for the separation. This column operated at
B'C with a belimne carricr gas flow of 25 n¥/min gave
=3 separation of the VCM pesk (rctention time—8

e

- Jeitially, in order to definitely establish the identity of
e "VCM" peak, exposed charcoal tubes were submit-
d & & commercial Iaboratory (11). Using the same GC

_ sleaa, semples of the carbon disulGde solutions were

aypcied into a gas chromatograph-mass spectrometer
- Wetrument. Mass spectrometer scans made at three

Rl on the VCM peak (peak maximurg and leading
—nd trailing portions) identified the peak as being en-
 Saely VCM, ‘The VCM pesk from the therma! degrada-
- = ceztain PVC compounds prepared with sulfur-
Plizing stxbilivers, however, showed the presence of
w8y dioxide. This interference was eliminated by plac-
- BgaLin tuhe packed with Malkosorb (Mallinckrodt
 Chemical Works) fmmediately before the carbon ad-
—awplion tubc. The Mallcosorb tube was shown to have

h 3

exflect an VCM recovery by passing known amounts of

M through the tube and analyzing the effluent gas.
= Jwo microliter aliquots of the carbon disulfide solu-
were fajected Snto the gas chromatograph. Peak
o were determined using a Spectra-Physics Madel
X0 dyit.] imtegrator. The VCM produced was caleu-
::d by evmparing the VOM peak area of the sample to
He2: prtuced by injecting known Ts standards
eth Associates). The minimsm amount of VCM
¥ could e detected was 0.1 nanugran, equivalent
. “I Ppr of VCM finm the 100 mg resin sample.
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. y ample was swept with clean air at 60 ml/min, Prior
ing e fhermal degradation run, the :am‘P!c was :

. Vinyl Chloride Formation from the Thermul Degradation of Poly(Vinyl Chiluride)

Thermal Degradation

Initial studies involved thermal degradation of PVC
over the 130 to 500°C range using 2 heating rate of
10°C/min. A variety of PVC resins from different pro-
ducers were tested for total VCM evolution over this
temperature range to determine if resin type or man-
ufacturing source has any effect on the amount of VCM
produced. A few commereial compounds were similarly
tested to determine the effect of stabilizers and other
additives on VCM evolution.

Thermal Degradation at PVC Fabrication
Temperatures

In order to determine if any exposure danger exists for
workers involved in PVC fabrication operations, a serics
of polymers, compounds and PVC sheets were tested for
VCM formation during 5 and 30 min heating periods at
210°C the maximum temperature which would be em-
ployed in PVC processing.

Effect of Temperature on VCM Formation

VCM formation as a function of temperature was de-
termined on 2 homopolymer sample over the range of
-200-450°C ata heating rate of 3%/min. The charcoal tubes
were changed at 25° intervals during the heating cycle
and analyzed individually for VCM content. The corre-
'sponding thermogravimetric analysis (TGA) curve was
recorded at the same time to provide a comparison of
weight loss with VCM formation,

RESULTS
The total amounts of VCM evolved from the thermal
decomposition of a variety of PVC homopolymers and
PVC-PVAC copolymers are listed in Table 1. Samples
are included from six different producers. A consistently
low level of VCM amounting to 15-30 ppm (based on

Table 1. VCM Formation from Thermatl Degradation of PVC
{130-500"C) .

Resin VCM, ppm (resin basis)

Homopolymers

Suspension low mo! wt 19
Suspension jow mol wt 23
Suspension medium mol wt 22
Sugpension high mol wt 18
Suspension high mol wt 20
Dispersion 21
Dispersion 2
Dispersion 19
Dispersion 18
Dispersion 2
Dispersion 19
Blending 19
Blending 15
Blending 3
Solulion Polym, 21

Copolymers

- Type 1 20
Type 2 25
Type 3 20
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resin} was found in the valatile decomposition products,
from al}of the sarnples tested, regardless of resin type or
manufacturing source. To insure against . :.assible
catalytic effect from the platinum boat, two
homopolymer and one copolymer samples were run
using a glass boat. The levels of VCM produced were
identical to those obtained using the platinum boat.

Results obtained from the degradation of typical PVC
compounds containing the most commonly used com-
mercial stabilizers are shown in Table 2. Again, low
levels of VCM were found for all samples, indicating that
the presence of stabilizers and other additives in the
compounds does not inhibit the formation of VCM.

The effect of temperature on VCM formation from
homopolymer is shown in Table 3 and in Fig. 1. Pro-
gramming a 100 mg sample from £00 to 450°C at 3%min
resulted in the formation of a total of 23.2 ppm of YCM,
the major portion being generated in the 275-350° re-
gion. The corresponding weight loss curve shows that
dehydrochlorination occurs most rapidly in the 250-
273°C temperature interval. During this period only 2.3
ppm of VCM is formed. Under the conditions employed
in these studies, the major amount of VCM is formed
after dehydrochlorination is essentially complete, leav-
ing a dark-colored residue.

Programming the same homopolymer at 10°/min and
finishing with a 30 min hold at 450°C, also resulted in the
formation of 23 ppm of VCM.

A primary objective of this study was the determina-

Table 2. Formation of VCM from Degradation of PVC ;

Compounds
Hexnted from 130 to 500°C at 16°C/min
veMm, ppm
Compound type Stabiiizer type (compound basis)
Filled Hexible Pb 27
Filled rigld Pb 13
Fiexible Unknown 40
Flaxible Butyl tin 27
Flaxible Unknawn 27
Flexible Ba Cd. Zn, P 52

Table 3. Effect of Temperature on VCM Formation {rom
Homopolymar

Toisl VCM
formed, ppm Weight loss,
Temperziure, °C {resin basis) percant by weight
200 N.D. N.D.
225 N.D. 05
250 N.D. 5
275 23 T 48
300 86 &7
32s 154 60
350 194 682
375 21.4 63
400 . 224 64
425 232 B8
450 232 72

Sample size ~ 100 mg.
TYemperature programming «» 37min.
N.0. » nans detectad, « 0.1 ppm.
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tion of the levels of VCM to be expected at PVC
tion temperatutes. This was carried out by holding ma
ples at 210°C, the upper limit of the fabrication t

ture range, for periods of 5 and 30 min. As showa iy
Table 4, only traces of VCM are formed under o
conditions amounting to a maximum of 0.5 ppm [rese
basis) after 5 min exposure and a maximum gﬂ:ﬁg—
after 30 min exposure. This is particularly signi
since it demonstrates that workers involved in 1VC
fabrication are not exposed to dangerous concentrations
of VCM, and that VCM levels in fabricaion ares se
well below the limits established by OSHA and EPA
standards. R

.02 $Fiy
LR 23
Table 4. Vinyl Chioride Formation at PVC Fabrication
Tempersture (210°C)

VCM. pprm (resin besss

5 Minute 30 Mimew

Sample heating haxting

Homopolymers ) T
Suspension Low Mol. Wt. N.D. L -‘;_
Suspension Medium Mol. Wt. ND. ppadé
Suspansion Medium Mol. W. N.D. '-%}fu *
Suspension High Mol, Wt ND. " SFOS s
Blending ND. .. u03c.
Blending 0.5 1
Dispersion ND. | 7;'22 =
e d s

Copolymaers * ""‘z"?
Type " N.D. 1 20T
Type 2 N.D. C.a3s
Flims ""-‘%f
Flexible N.D, No

Fiexible N.O NfL-
Rigid N.D. ND..
Rigid N.D. RD.-.
Flexible N.D ND.%
Compounds L
Fiaxlible N.D. 0t .
Flexible N.D. Dt *
Filled fiexible N.D. KD
Rigid N.D. ND S
——

D, = pone dedected, <0.9 ppm.
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Lt

- ‘ﬂm amountwf VCM Getedcd during thermal degra-

.,d.ﬁun of PVC resins and compounds in this study are in
agreement with those published by Lewis (3).
,~ Arecent paper by Hoffman, et al. (12) describes the
,.duecﬁun and determination of low nanogram levels of
..\‘CM in the smoke from tobacco. Their datasuggest that
. ghe total inorganie chloride in tobaceo is the determining
.. factor for the amount of VCM in the smoke, the neces-
Jcsary organic radical being generated by the burning of
fedhetobacco rroducts A similar mechanism may sccount
jﬁthe low levels of VCM observed in our work.
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G 2.;. CARCINOGENICITY OF VINYL CHLORIDE AND VINY-
IDENE CHLORIDE.
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26. ¥ISSUF-MEDIATED AMUTAGENICITY OF \'lh:\’l.lhb'Nl:
CHLORIDE IN SALMONELLA TYPHIMURIUM TA 1515,
4

JIones BK, {luthway DE

Central Toxicuiogs Lab., 1mperial Ciwemical Industries Ltd., Ale
dertey Park, Cheshire, SKIU 4TJ, England

Cancer Lett: 8(1):1-6 1978

The Ames' mulagenicity gssay. modified to assess the
mutagenicity of gases and vapors, was used to assess the
mutagenic potential of viayhdene chloride (YDC) when
incubated with a fortified mammaiian kidney or liver tis.
sue postmitcchondrial supernatant {S-9 mix) from various
species. Seeded dishes of Salmonella typhimurium strain

A100 or TA1535 were exposed to an atmosphere of 5%
VDC in sir for 72 hr. TAI00 and TA1535 gave similar
results. YDC_was_suongly. mutagenic when_mediated by

& _kidney (23-fold increase in mutation frequency) and
ilvcr (18-fold increase) S-9 mix from Aroclor 1254 induced
animals. YDC was weakiy mmaﬁmic when mediated by
S-9 mix from upinduced mouse kidney (2.3-fold increusc)
and liver (1.6-fold increase). VDC was weakly positive {3-
fold) when mediated by liver 5.9 mix from similarly in-
duced rats, but it was not mutagenic {Jess than or equal to
1.2.fold) when medizted by kidney or liver S.9 mix from *
noninduced rais. VDC showed weak mu!ageniciz {3-fold}
when tested in 2 system mediated by liver S-9 mix from a
human who had reccived long-term phenobarbital medica-
tion. but it was not mutagenic when mediated liver 5.9
mix from noninduced marmosers or & noninduced human,

-Thus. the mutagenic potential of VDS de¢pends considera-

bly on the degree of activation of relevant drug-
metabolizing enzymes. The results agree with the greater
availability in treated mice than in rats of reactive
VDC metabolites 1,i-dichloroeithyiens oxide and chlorosace-
tyl chloride and with the VDC carcinogenicity found in
mice but not in rats. The data suggest that the limited
number of primates examined respond more like rats than
mice with regard to gencration of alkylating metabolites
and their reacton with bacterial DNA. {10 Refs)

l..e:" (':.'EA Jhshlndlrf JC, Winston JM, House WB, Dlixen RL.,
oodas

Midwest Res. Inst., 428 Volker Bivd.. Kansas City, MO, 64110

J Toxicol Environ Heslth: 4(1):15-30 31978

The effects of exposure to 30, 250, or 1,000 Bpm vinyl
chloride (YC) or 55 ppm vinylidene chloride (VDC) for 6
hréday. $/days/wk, were studied in albino CD-1 mice and
CD rais. The animals were killed after |, 2, 3, 6, 9, or 12
mo. Bronchioloalveolar adenomas developed in 12763,
22/63, and 48/69 mice exposed to 50, 250, and 1,000 ppm
VC, respectively. Bronchioloalveolar adennmas developed
in 6/35 snimals exposed to VDC. Three of 29, 23/63, and
31769 mice exposed to 50, 250, and 1,000 ppm VC, respec-
tively, developed hemangiosarcomas (HS) in the liver, In
the mice exposed to VI%C, HS developed in the livers of
two males and one female. Mammary gland tumors oc-
curred in 9734, 3734, and 13/36 female mice exposed to
50, 250, 1,000’ ppm VC respectively, and they included
ductular adenocarcinomas and squamous and anaplastic
cell carcinomas with mctastasis to the lung. Malignant
lymphomas were found in vurious organs of mice exposed
to VC but not in any of the mice exposed to YDC. Twelve
of 70 and 21;70 rats exposed to 250 and 1,000 ppm VC,
respectively, developed HS in the liver: 3734 femule rats
exposed to 250 ppm VC and (3/70 rats exposed o {,000
VYC also developed #HS in the lung. Two of 36 male rats
expased 10 VDC developed HS in the mesenteric lymph
node or sc tissue. 1t is concluded that VC is highly carci-
nogenic in mice; the incidence and severity of the tumors

P T o b A
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increased with dose and length of exposure. Rats were
more resistant to the carcinogenic effects of VC and VIIC,
{26 Refs)

28. ROLE OF LIVER GLUTATRIONE IN 1,1.
DICHLOROETHYLENE METABOLISM AND HLEPATOTON-
ﬁ‘ﬁ\u IN INTACT RATS AND ISOLATED PERIUSED RAT

Refchert D, Wernor HW, Henschier D

fnstitut fur Pharmakologic, Umiversitut Wuezburg, Versbacher
Strasce 9, D.R700 Wurrburg, W. Germany i

Arch Toxlcol (Berl); 41(3):16%-178 1978 . P

The role of liver glutathione in the metabolism and
hepatotoxicity of 1.1-dichloroethylene {vinylidene chioride:
VDC) was studicd after po admunistration of 1.000 mg/kg
VDC to female Wistar rats and after perfusion of isolated
rat livers with 26.0 ug/ml VDC. After po administration,
VYDC lowered the liver glutathione concentration in a dose-
dependent fashion. Glutathione levels dropped to approx
30% of control values after 4 hr; however, these levels
teturned to controt values within 24 hr. Addition of VDC
to the perfusate caused & 23% drop in the glvtathione
eancentration in isolated livers after 90 and 180 min of
perfusion. The decrease was more pronounced when die-
thyl malcate. a mercapturic acid precursor, was also add-
ed to the perfusate. VDC metabalism was lowered by 18%
zfter diethyl maleaie-induced depletion of the reduced liver
glutithione pool im livers from- fed, but not fasted, rais,

ncreases in the extra-hepatic Simathiunc pool did not
roduce a change in total VDIC conversion. A VDC-
induced reduciion in liver glutathione did not increase liver
SGOT or SGPT levels n the perfused liver, but the
lactate/pyruvate ratic was significantly increased. Thase
findings indicule that there is no corrclation between the
liver glutathione level and the hepaiotoxicity of VDC in
fasted rats. (22 Refs)

\ DY OF COCARCINOGENIC EFFECT OF POLYVI-
'V CHLORIDE AND 20-METHYLCHOLANTHRENE.

Diraganov I, Ruicher R, Radeva M
Res. Inst. Oncelog). Sofia. Ruiparis
Onbhologhia; 18(3):132-137 1978

The cocarcinogenic effect of polyvinyl chloride (PVC)
and 20-methylcholanthrene (20-MC) was studied in
random-bred rats. PVC plates were implanted in the ani-
mals and, 30 days later, the animals were inoculated with
20-MC {10 mg in 0.5 m! of sunflower oil. s¢). The av
Jatent period of sumor deveiopment was 2-3 mo, compared
with 16-20 mo in animals exposed to PVC alone. The av
laient period of tumor development in rats treated with 20-
MC alone was also 2-5 mo. Tumor incidence was [7.5%-
20% in rats exposed 10 PVC alone, 42% in rais treated
with 20-MC alone, and 68% in rats exposed to PVC + 20-
MC. {9 Refs) {In BUL)

30, IN
LITEB

WVIVQ TRAPPING OF A VINYL. CHILORIDE METADO-
MEANS OF 3,4-DICHLOROBENZENETHIOL,

Nuller G, Norpoth K, Owzarski W
Institut fur Srasblungenforschung, Wostring 10, D-4400 Munser,
W. Germany
It Arch Occup Environ Viealth; 42(2):137-138 1978

A method for trapping metabolites of vinyt chloride
(VC) und 2,2.dichlorodiethylether (DDE) is reported. Ruts
trecated with VC and 3.4-dichlorobenzenethiol excrete S-
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