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Investigations on Poly(vinyl Chloride). I.
Evolution of Aromatics on Pyrolysis of,Pbly(vinyl
Chloride) and Its Mechanism
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Omiya 5-chome, Asahi-ku, Osaka

Synopsis

Poly(vinyl chloride) (PVC) alone or mixed with 10 wt-9; and 50 wi-<; Ti0,, Su(),,
Zn0, and Al(); were pyrolyzed by using a pyrolysin gns chromatograph  Benaene, tol-
nene, ethylbenzene, o-xylene, styrene, naphthalene, and various chlornbenzenes were
dentihed  No hydrocarbons could be detected in pyrolysia products of anv samples at
200°C  More aromatic hydrocarbons than aliphatic hydmcarbons are released from
the PVC-Ti(), system and in preheated PYC. The contrary rexult w obeerved in the
PVC-Zn0 and PVC-Sn(), systems. Aromaties having methyl endgronps are easily re-
ieased from the PVC-Zn0 and PVC-8nOy syxtems and at clevated pyrolysis temperntiire,
because methylene groups are easily isolated along the chain by ZnQ, Sn0Q; and the hewt-
ing  The release of ethylbenzene o-xylene, and chlorobensenes suggests a repeated de-
hydrochiorination and recombination of HCl and Ch to double bonds along the chain.
Possibie decomposition mechaniame of PVC are discussed.

INTRODUCTION

The thermal decomposition of poly(vinyl chloride) (PVC) has usually
been represented as involving the dehydrochlorination of the polymer
backbone. On the other hand, Stromberg' assumed the releasze of ehilorine
molecules in his kineties of the decomposition of PVC. The isolation of
amall amounta of H; and Cl; was reported by Tsuchiya? on pyrolysis of
PVC in an inert gas. Ohta? suggested that a part of the hydrogen chloride
released from PVC may recombine with the double bonds along the chain

N introduced by the dehydrochlorination. After pyrolysis of PVC, many
kinds of hydrocarbons consisting of aliphaties and aromatics in addition
to HCl were detected by Stromberg! and other workers, 4!

In the present work, PVC, preheated PVC, and PVC containing various
metal oxides were pyrolyzed. The pyrolysis products were identified
by using gas chromatography and included aromatie hydrocarbons such
a3 benzene, toluene, ethylbenzene, or various arvl chlorides.

Different proportions of volatile products were obtained from the various
pyrolyaes of PVC. Therefore, it was believed that the pyrolysis products
did not depend on the original atrueture of PYC but on the final structure
of polymer releasing their small molecules. In particular, aryl chlorides
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may be derived from the recombination of double bonds with chlorine
as HCI or Cl;, assuming that no secondary reactions of the volatile decom-
position products take place.
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| ,} EXPERIMENTAL ¢
. 1
_ /‘3 Materials .
‘ f; The PVC used in this work was Geon-103EP. Mectal oxides were ob- ;
A tained from Kanto Chemieal Co., Inec. '
et
" Instruments b ',
'é A Yanagimoto Model GP-1000 pyrolyzer was used to decompose PVC. '
- It was dircetly attached to the inlet port of a gas chromatograph, Yanagi- :
3 moto Model GCG-350FP, with double flame ionization detectors. The )
E furnace and stick used to introduce the samples into the furnace were !
' made of uartz. ¥
i The precut part in the pyrolyzer waa filled with 30 wt-% sodium hy- .
' droxide couted on Diasolid H to absorb HCI during the decomposition of ‘
) PVC and to avoid contaminating or damaging the instruments. i
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i Fig. 1. Pyrogram obtained & 700°C of untrested poly(vinyl chloride). ;
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POLY(VINYL CHLORIDE). I

Pyrolysis -

Samples (powder), 1-3 mg, were pyrolyzed in helium gaz (flow rate of
helium gas, 25 ml/min) at 200-800°C. Scparation columns (4 mm id
X 2.17 m) containing 20 wt-% PEG-20M conted on Celite 545 were used
at a programed increase in temperature from 60°C to 200°C at a rate of
8°C/min. The flow rate of carrier gas (He) was maintuihed at 25 ml/min
at 60°C,

Columns of 20 wt-%, S8E-30 coated on Celite 545 were used only to
identify the pyrolysis products under the same conditions us the separation
columna. PPVC and the metal oxides were mixed on an agate mortar at

room tcmperature.

RESULTS AND DISCUSSION

PVC samples with or without 10 wt-% and 50 wt-%, TiQ,, 8n0;, Zn0,
and AlO; werr pyrolyzed at 200-800°C. A sample of PVC preheated
at 200°C for 40 min in air was also pyrolyzed similarly.  Gas ehromato-
grams of pure PVC and PVC with 10 wt-% SnOs pyrolyzed at 700°C
shown in Figures 1 and 2 illustrate the effect of active metnl oxide on the

course of decomposition of PVC,

w

L L]
Fig. 2. Pyrogram obtained at 700°C of poly(vinyl chloride=8n(y system (10 wi.Tp
Snlh),
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O ' TABLE 1A

; ‘\-i v Values of Pyrolysis Products

'ri i

1},‘ ' b 4

{;i Untreated Preheated 10% TiOs
o Peak Component 500°C 700°C  500°C 700°C  500°C 700°C

1 Aliphatie hydrmesrbone  3.60 31,87 5.07 33.26 0.3 42,39 ¥

. 2  DBenzene 70.23 36.74 71.68 38.35  61.55 31.87 |
¥ 3 Toluene 498 .87 540 8.4  6.98 10.57 v
(. 4  Ethylbenzene 076 0.81  0.80 050  1.09 0.9 !

& 5 A 0.45  0.70 0.00 0.51 0.87 0.97

3 6 o-Xyleno 112 148 133 1.33  1.93 178

, 7 Monochiorobensene 0.37 0.14 030 0.00 042 0.12 o
%i' 8 B 0.22 027 0.32 0.13 0.42 0.34 ?

9  Styrene 1,63 1.85% 1,52 2.08 2.06 1.32
F 10 C 0.08 0.14 0.12 0.12 0.16 0.19
é 1l Vinyltoluene 0.47 0.50 0.30 0.5 0.76 0.42

" 12 D 0.64 040 067 0.11  0.90 0.38 3

. 13 E 0.59 0.33 0.57 0.14 0.71 0.31 )

1 14 p-Dichlorobonsone: 0.00 0.06 0.08 0.00 020 0.06 2
e 15  o-Dichlorobenzene 1.58 2.46 1.40 3.19 2.15 1.68 ¥-
4 Indene t
o 16 F 0.40 0.20 053 000 0.74 0.71 '

. ?j 17 1,3,5-Trichlorobenzene 0.25 0.11 0.39 0.09 0.33 0.19 ¥

1 18 G 0.52 0.39 0.38 0.45 0.85 0.22
v 19  1,2,4-Trichlorobensene 1.35 0.68 1.26 0.70 1.33 0.56 ‘
20 H 0.13 0.06 0.20 0.00 0.25 0.07 3
N 21 I 0,70 027 0.26 028 055 032 I8
¥ 22 Naphthalene 622 7.28 539 7.06 382 3.46 &

. 23 a-Methylnaphthalens 0.04 1.40 0.99 1.16 0.97 0.77 n
¥ 24 AMethylnaphthalene  0.73 1.14 066 1.03 063 0.62 :

£ 25 J 0.18 0.19 0.14 0.09 0.15 0.00 ]
’ 26 K 0.50 0.48 0.4% 0.50 0,40 0.00 a
f: 27 L 0.00 0.00 0.08 0.13 0.00 0.00 1S
! | | !

A At 200°C, no hydrocarbona could be detected in pyrolysis producta in 5
i the samples. There are 11 peaks at 300°C, 20 peaks at 400°C, ?

, ; 26 peaks at 300°C and more at the higher temperatures in the pyrograms ;
4 of pure PVC. The pereentage ratio ¥ of each peak height to the sum of all v
3 peak heights ia shown in Table 1. Pyrolysis of each sample at cach tem- :
g perature was repeated at least 5-20 times. No variation of peak height f
ratio ¥ was observed with pyrolysis periods of 15 sec and 20 min, respec- ‘ :
iﬁ tively. The peaks eorresponding to lettered components A-L represent i
9 unidentified materials. The quantitics of these are small and even though 3
. thesc unknown materials are shown to be present, they are not considered i ’
‘.? in the conclusions*of this paper. The lower aliphatic hydrocarbons in the u

4 products have been collected into one peak, beesuse PEG-20M was used a0
.ﬂ in the separation columns. -
51 In_pyrolyzing PVC, an clevated temperature favors formation of ali- s
b phatic_hydrocarbons, while aromatics are more easily released than ali- '»‘:

phatics at lower tenperatures. »
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TABLE I8 -
~ Values of Pyrolysis Products
¥
107 Sn(y 105}, Znt) L Ay
Peak Component A00°C 700°C  S00°C 700°CT, S00°C Tun°C
1 Aliphatic hydrocarbons  32.70 64.46  24.26 60.27  7.76 37.2
2 Benzene 34.57 18.49 41.16 13.20 61.62 32.04
3 Toluene .24 6.70 6.03 6.67 7.67 10 46
4 Ethylbenzene 2,04 0.44 1.94 1.12 1.20 0.4
5 A 1.38 0.92 0.00 1.40 0.85 .86
& oXylene 2.46 1.16 1.46 1.13 1.7 157
7 Monochlorobenzene 0.57 0.69 0.69 0.18 0.47 0.00
8 B 1.04 0.30 1.11  0.%9 0.47 0.33
9 Styrene 2.08 1.45 0,97 075 2.14 2.
10 C 0.37 0.2 0.42 0.48 0.15 0.9
11 Vinyltoluene 0.49 0.60 3.60 0.6 0.70  0.58
12 D 0.7 0.23 2.15 .20 0.9 035
13 E 0.7 0.09 0.28 0.68 0.83 0.38
14 p-Dichlorobenzene 0.4% 0.14 1.94 0.13 0.16 0.04,
15 o-Dichlorobeusene 0.70 1.25 2.91 1.70 2.15 2.56
Indene
16 F 1.10 0.30 0.97 1.25 0.75 0.16
17 1,3,5-Trichlorobenzene 0.59 0.05 L1t 047 0.41 0.00
18 G 0.25 0.233 1.9 0.48 0,82 0.44
19 1,2,4-Trichlorobensene 0.36 0.60 0.83 0.75 1.31 0.76
20 H 0.18 0.13 0.44 0.50 0.2 0.13
21 1 2.5 0.15 1.18 0.36 0.78 0.36
22 Naphthalene 4.7 4.28 3.19 2.04 4.51 5.7
23 a-Methylnaphthalene 1.1 0.8 1.94 1.22 1.06 1.22
24  p-Methyinaphthalene 0.78 0.88 0.00 0.50 0.7% 1.0t
25 J 0.00 0.00 .00 0,22 0.18 0.13
26 K 0.00 0.00 0.00 0,17 0.45 0.47
7 L 0.00 0.0 0.00 0.4 0.00 0.00

An important investigation in thin work is the cffeet of added metal
oxide on the formation of aromatics. Although preheated PVC and PVC
mixed with metal oxides show a temperature cffect, aromatic hydrocarbons
are more easily relcased from the polvmer than aliphaties in pyrolysis of
pure PVC, PVC-TiOy, or preheated V(. On the other hand, aliphatie
hydrocarbons are more easily releasied during pyrolysis of PVC with ZnO
and SnO.. In particular, a peak of aliphatics can be found in the pyro-
grams of PVC-ZnO and PVC-$n0; fystems at 300°C, while it appears
above 400°C in the other systcms.

Decomposition yields of some aromatics obtained by the pyrolysis of
PVC alone at each temperature are shown in Table II. These data were
obtained by gas chromatography with p-dichlorobenzene as an internal
standard. With increasing tcmperature, formation of naphthalence in-
croases in enmpurison with benzene. More aromatics, futhermore, are
released from the preheated PVC.  These results indieate that the initial
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TABLE 11
Yields of Decomposition Products (Raw Polymer) with
Pyrolysis at Various Temperatures

Yield, wt-%,

Product 300°C 400°C 500°C 600*C 700°C 800°C
Benzene 1.50 4.67 5.00 5.23 §.30 9.95
Toluene — 0.21 0.67 0.82 1.55 2.10
Fihylbenzene -— — 0.16 0.18 0.18 n.23
o-Xylene - — 0.16 0.18 0.23 0.25
Styvrene — 0.13 0.22 0.37 0.74 1.06

- 0.47 0.52 0.73 1.50 3.00

Naphthalene

reaction ix a dehydrochlorination and then eyclization of polyene in poly-
mer chain begins.

Ax shown in Table I, trisubstituted benzene or naphthalenc is not de-
teeted except {or aryl chloride, and all the disubstituted aromatics appear-
ing in the main peaks are ortho compounds,  Accordingly, intermolecular
dehyvdrochlorination or eyelization is not expected during the decom-
position of PVC, This supports the results of infrared spectra reported
by Ohtani.®

A secondary reaction of pyrolysis products with each other, e.g., Friedel-
Crafts reaction of toluene with ethylene, might not be involved, because
only ortho substituents are deteeted, even in materials obtained from
pyrolvsin of the PVC-ALO; system. <In this system, AlO; would be
changed to AlCl, so ortho and pare substituents would be expected to be
produeed. However, compounds having pare substituents cannot be
deteeted.

The aromatic pyrolysis produets may be classified in three groups:
group 1 eontains substances with a molecular structure entirely constructed
of conjugated double bonds such as benzene, styrene, and naphthalene;
group 1T contains aromatic hydrocarbons with methyl endgroups, such as
toluene, ethylbenzene, xylene, vinyltoluene, §-methylstyrene, and methyl-
naphthalene; group TI1 contains various aryl chlorides such as mono-,
di-. and trichlorobenzene, chlorostyrene, chlorotoluene, and chloronaph-
thalene.  (yi)eis defined as

(y1)o = (’ll/zh)o

where bt is the sum of peak heights of individual substances belonging to
group I, 3_h is the sum of peak heights of all the pyrolyris produets.  (y1)o
ja tha ratio of group I peak heights to all peak heights obtained from the
pyrolysis of raw,PVC.  Similarly there are obtained group I ratios (v1)uo
from the pyrolysis of the preheated PVC and of PVC eontaining metal
oxides,

Ap, then, ix expressed by (y)uo/(¥1)e. The effect of metal oxides on
the evolution of group I hvdrocarbons from PVC may be cstimated from
Ay value.  Ap and Apn, similarly, will offer information on evolution of

group I and group II1 pyrolysis produets. Furthermore, values of ¥
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POLY(VINYL CHLORIDE), 1 X

and A have been obtained for eertain individual pyrolysis produets in the
same way as for groups [, 11, and 111,

Figures 3-11 show plats of 4 or A ax a function of temperature for cach
PVC comporition pyrolyzed, speeifically Agin Figure 3. yn/yin Figure 4,
Ayyr in Yigure 5, ¥ values for ethylbenzene (KEB) and toluene (TL) in
Figure G, the ratio of A values for the same compounds in Figupe 7.y and
A value ratios for o=xylene (OX) and toluene in Figures S and 9, and & and
A ratios for group 111 aud group ©in Figures 10 and 11,

3.0 r
2,0 ¢
<4
1.0p —_—7 —
OR' r) ot E————— ]
»
o.o A . - y— N e,
200 300 «n 500 600 700 800

PYROLYSIS TEMPERATIRE (*C)
Fig. 3. Plots of Ay vs. pyrolysis tempersture; (®) preheated PVC; (#) 10 wt~(j; TiOy-
PVC; (@) 10 wt-7, SnO-PVC; (@) 10 wt-% ZnO-PVC; (©) 1) w1-5} AOr-PVC.

i
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» X}
0 %
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0F 7-’:
L]
0 I
200 300 400 500 600 e 800

PYROLYSIS TEWPERATURE (*()

Fig. 4. Plota of vie/vt vs. pymlysis temperature:  (O) untreated PYC; (®) pre- .
hented PYCS (8) 10 wta) TiO~PVC; (@) 10 w5 5nOp-PVC; (@) 10 wial Zn0-
PYC; (0) 10 wi-% AWOFPYC,
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o The temporature dependence of At is illustrated in Figure 3. In the N
' pyrolysis of the PVC-ZnO or the PYC-8nQ, aystem, lesr of the group I Y
RN products in the evolved materials is found with increasing temperature. 3
{ It may be that ZnO or 8n0; is eficctive in breaking the polymer chains, 4
N as evolution of aliphatic hydrocarbona is the result of an extreme rupture 3
o of chains. The rclation of yi/v: to temperature of pyrolysis is shown £
o in Figure 4. Group II is more easily released than group I at elevated ¥
. ) Th . s . . -
¥ temperature, e relation of Aun to pyrolysis temperature is shown in o
R Figure 5, where An/t is the ratio of yn/v: for the polymer-metal oxide 3
!3 system to that of PYC alone. An/1, therefore, measures the effect of ?
, addition or preheating upon the rate of formation of group II compounds e
i relative to group I compounds.  An/y values for all experiments are equal % :
; to units at higher tcmperature, !
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Fig. 6. Plots of vyxa/yr ve. pyrolywis tamperature. Symbols as in Fig. 4.

30

2,0

Anvry

1.0
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\'\ -
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- ' i i 4

0.0

200

300 L) 500 600 700 0

PYROLYSIS TENPEMATIRE  (*0)

Fig. 7. Plota of Axs/r vs. pyrolyris temperature. Symbols as in Fig. 3.

Some results for yes/vr and Ags/1e are illustrated in Figure 6, Table
III, and Figure 7 reapectively. +vgs/v1. decreascs with increasing
temperature, but the curve for ZnQ has the steepest slope. The curve
for Sn0y has upward curvature and a maximum at 500°C. Aga/r1 hes

a constant value.

For ZnO and SnOs, the tendency ir the same for vep/

vr.. The temperature dependences of yox/ v and of Aox/ry are illus
trated in Figures 8 and 9 and Table IV. The rate of evolution of o
xylene is unaffected by addition of metal oxides, as shown in Figure 9.
vox/ 1L decreases with increasing temperature,  Aox/ru is unity through
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Yox/ ¥re (%)
3

b

PYROLYSIS TEMPERATURE (°C)

Fig. 8. Plota of vox/yrL v. pyrolysis temperature. Symbols aa in Fig. 4.

L N LT T S P W P S P pvae S

3.0

—— 'ﬁ!::—.q;

0.0 - -
200 300 700 800

PYROLYSIS TEMPERATURE (*()
Fig. 9. Plois of Apx/m, vs. pyrolysis temperature. Symbols as in Fig. 3.

for all experimenta, as shown by the horizonal line. The release of ethyl-
henzene in accelerated by ZnO and SnOy, but that of o-xylene is not. The
ratio Aox/r1 ix conatant through the various experiments.

Zn0) is effeetive in producing release of group II compounds. Generally,
dehydrochlorination of PVC is completed below 400°C, as reported by
Matlack?® and Salovey.® ZnO is converted to ZnCl, by reaction with
HCL. This, it is suggested, accelerates dehydrochlorination.!* At same
time, hydrochlorination is also advanced. Therefore, ZnO contributes

uce
(374gg




POLY(VINYL CHLORIDE). 1 T

TN
R

8:::_—__—" ——

X}

TR

° b, A ' 1 e

200 300 400 500 600 700 800
PYROLYSIS TENPERATURE (°C)
Fig. 10. Plots of yiut/v1 vs. pyrolysis temperature. Symboly as in Fig, 4.
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PYROLYSIS TENPERATURE (°C)
Fig. 11. Plots of Ay/1ix vs. pyrolysia temperature. Symbols as in Fig. 3.

much to the isolation of methylene. It has been pointed out by Strom-
berg and coworkers'? that the methylene content in PVC which has under-
gone a thermal treatment is high. Their conclusion is in good agreement.
with the results deseribed in this paper. The pyrolysis temperature de-
pendence of yni/y1 and of A/t iv shown in Figure 10 and Figure 11,
yi11r/y1 increases at the clevated temperatures. The curve for ZnO has
upward curvature and a maximum at 600°C.  Aue/y has the same trend
A% ver/vr.  The initial strueture of polvmer is independent. of evolution of

arvi chlotides (Arnr/1 is not equal to unity, as shown in Fig. 11).
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bg TABLE I11
_’“' Arare for Thermal Decompesition
t 11
#
! 2 Pyrolvaix Axarm, g
. ‘5 femp, *C Untreated Preheated 109, TiOy 107 SnOx 109 ZaQ 105, AWO, 5

% 300 —~ - — — — — {
4 400 1.00 0.90 0.79 0.89 2.70 0.91 -
f 500 1.00 0.97 1.02 1.85 2.11 1.03

, 600 1.00 0.96 1.12 1.28 1.84 1.00

700 1.00 0.75 1.06 0.70 2.05 1.12

: A00 — — - - - —

v TABLE IV

‘f\ Aoxsru for Thermal Decompasition

' Pyrolysia foxm

temp, *C Untrented Preheated 109 Ti0s 10% SnOy 10% ZnQ 109, AlQ,

$00 - — - — — —
i 400 1.0 1.16 0.78 0.63 1.05 0.97
30 1.00 1,10 1.23 1.51 1.08 1.01
600 1.00 1.09 1.22 1.43 0.97 0.99
700 i.00 1.09 1.12 1.14 1.13 1.00
500 1.00 1.10 0.90 1.32 1.16 0.97

] e bt i o ot B W b, B e e e sl &

Chlorinated polybutadiene, chlorinated polyethylene, vinyl chloride-
vinylidene chloride copolymer. and chlorinated PVC were pyrolyzed pre-
viously and their pyrolysis produets were deseribed in detail by Tsuge.*=1° i

Chlorinated polyethylene, containing more than 0.71 Cl for every two
earbuns, wus required to relense mono- and dichlorobenzene.  For chlo-
rinated polybutadiene, it was 1.57 Cl per four carbons, and it was 2.32
Cl for releane of tetrachlorobenzene. On pyrolysis of chlorinated PVC, {
tri- and tetrachlorobenzene were increased. Monochloro-, m-dichloro-,
and 1,3,5-trichlorobensene were released from vinyl chloride-vinylidene
chloride copolymer.

The recombination of chlorine during the pyrolysis of PVC may be a
possible mechanism.

L F It £ 8 et IR = o T L] IR Ty T iz
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