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THE EFFECT OF DERIVATIVES OF Z-MERCAPTOBENZOT.HfAZOLE ON 
THE PYROLYSIS OF POLYSTYRENES 

~YMO?iD B. SEYMOUR A-riD &.EL ~DERSON* 

DeparIment of Chemirrry, Unicersiry of Houston, Houston, Texas 77004 (U.S.A.) 

(Received September 25th. 1969) 

High yields of monomeric styrene and a-metbyistyrene were obtained when 
polystyrene or poly(a-methylstyrene) was heated at temperatures above 350°C. Other 
pyrolytic products obtained from poIystyrene were benzene, toluene, ethylbenzene and 
traces of cumene and a-methylstyrene. Simiiar pyrolytic products were obtained from 
poly(+methyktyrene) but toluene and ethylbenzene were present only as traces. 
Analysis by gas chromatography showed the thermal decomposition products to be 
simikr when three different pyroIytic techniques were used, tiz., a hot platinum wire, 
heated open tubes and closed tubes. 

No change in the composition of the products was noted when mixtures of 
these poiymers and derivatives of 2-mercaptobenzothiazole were decomposed on the 
hot platinum wire or in heated open tubes. However, the ratio of monomer to the 
corresponding unsaturated alkylbenzene in the products obtained from the closed 
tubes decreased linearly as the concentration of 2-mercaptobenzothiazole derivative 
was increased. 

Over a billion pounds of polymers are being discarded annuahy and the volume 
of disposable plastics is expected to exceed IO billion pounds in the 1970%. Since 
polymeric hydrocarbons are not readily degraded biologically, other techniques, such 
as incineration must be considered for the disposal of these solid wastes. That poly- 
styrene and poly( ;x-metbylstyrene) may be pyrolyzed to produce high yields of mono- 
mers has been demonstrated previously by several investigators”-‘. However, little 
information is available on the effect of additives on the composition of these pyrolytic 

products. 
In this investigation, the effect of seiected additives on these thermal decompo- 

sitions was studied and the pyrolytic products were characterized by gas chromato- 
graphy using techniques comparable to those described by other investigatorsXg 3B 4m ‘. 

*Present address: Wright Patterson Air Foru Base, Ohio, U. S. A. 
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Polystyrene0 and pofy(?r-nethylstyrene)b films with and without additives were 

pyrolyzed on a hot pIatinum wire’ and in a porceIain boat for I5 seconds at 525 “C 

using the technique described previousIy by Ettre and Vardi for open tube pyrolysis2_ 

The products of pyrolysis were characterized in a gas chromatographd equipped with 

a copper column containing acid washed chromosorb W with 20% SE 52= using 
kelium as the carrier gas Ihe pyroIytic ef3luents were characterized by comparison 

of retention times of known hydrocarbons. 

Samples (lg) in glass tubes were evacuated for 5 min at 1 torr before being 

seaJed. These closed tubes were heated at 370&5”C for 30 min, cooled to room tem- 

perature and broken, The solutions obtained by extracting the contents with isopropyl 

ether were injected into the gas chromatograph and the pyrograms were characterized. 

The principal prod-acts obtained by the hot wire or hot open tube pyro&tic 
techniques were monomeric styrene from polystyrene and monomeric u-methylstyrene 

from poly(z-methylstyrene). &4inor quantities of benzene and alkylbenzenes were 

ako obtained. Similar pyrograms were obtained with pure polymers and with films 

containing up to 10% by wei&t of 2-mercaptobenzothiazole and its derivatives_ 

In contrast, the composition of products obtained by heating pure polymers 

and mixtures of the polymers and mercaptobenzothiazole were different and related 

to the amount of additive present, Thus, as shown in Fig. I the p,yrolytic products 

from poiystyrene (PS) were styrene (A), ethylbenzene (B), benzene (C), toluene (D), 
~metbylstyrene (FZ) and a trace of cumene (F). As shown by the other pyrograms in 

Fig_ 1, the relative amounts of benzene (C) and an unident~~ed high boiling product, 

not noted in the pyrolytic products from polystyrene, increased as the relative amount 
of 2-mercaptobenzothiazole (TkG3w was in creased from I to 10%. More significant 
was the increase in the ratios of saturated to unsaturated hydrocarbons, ck, ethyl- 

benzene (B),k@rene (A) and cumene (F) /rr-methylstyrene (E). 

Comparable changes in the ratios of saturated to unsaturated hydrocarbons 

w-ere observed in the pyrograms from the closed tube thermal decomposition of 

poIystyrene in the presence of increasing amounts of 2-bis-benzothiazyl disulfide 
@fB?)J, N-t-butylbenzothiazozole-,-s 3 ulfenamide (TBBTS) and N-cyclohexylbenzo- 

thiazofe-2sulfenamide (CI-ZBTS)!, 

“C&den Oil ad Chcmicai Co, Big Spring, Tm, 79720, U.S.A_ 
&Dow Chemical Company, MidIand, Michigan. 48640, U.S.A. 
“Aemgraph Pyrolyzcr &&xl:1 A-X25, Varian Aerograph, WaInut Creek, California 9459S, U.S.A. 
“Model AlOOC Varia~ Aerograpb, WaInut Creek, Caiifomia, 94598, U.S.A. 
JGeneral Electric Company_ Waterford, New York, 12188. U.S.A. 
4-Meruptobenzothiazole and its derivatives were suppiied by the Goodyear Tire and Rubber 
Company. Akron, Ohio 44316, US-A. 
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Fig. 1. Pyrograms of the pyrolytic products 
amounts of 2-mercaptobenzothiak (AMBIT). 

from polystyrene (PS) in the presence of increasing 

Fig. 2. Pyrograms of the pyrolytic products from poly(z-methyktyrene) (PA!%) in the presence of 
increasing amounts of 2-mercaptobenzothiazoIe (IMBT). 
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As showu iu Fig. 2, the pyrolytic products from poly(3t-methylstyrene) (PANS) 
were ?c-methylstyrene (A), cumene (B), benzene (C), tofuene (D), and ethylbenzene (E)_ 
Simiiar products were observed in the pyrograms when PAMS was pyroIyzed in 
closed tubes in the presence of 2-mercaptobenzothiazole and its derivatives_ As shown 
by the other pyre-ms in Fig. 2, the relative amounts of benzene (C) and an unidenti- 
fied high boiling product not noted in the pyrolytic products from ~ly(~-me~yI- 
styrene) increased as the relative amount of 2-mercaptobenzothiazole (MBIT) was 
increased from 1 to 10%. More siguifkant was the increase in the ratio of saturated 
to unsaturated hydrocarbons, riz_, cumene (B)/a-methylstyrene (A). There was also 
a significalkt increase in the relative amounts of tohrene (I)) and ethy!benzenz (E) 
obtained as the per cent of 2-mercaptobenzothiazofe (MB-F) was increased. 

Comparable changes in the ratios of saturated to unsaturated hydrocarbons 
were observed in the py-rograms from the cIosed tube thermal decomposition of poly- 

(a-me~y~~e~e~ in the presence of increasing amounts of Zbis-benzothiazyl disulfide 
[(MBT)J, N-t-butylbenzothiazole-2-sulfenamide (TBBTS) and Wcyclohexylbenzo- 
thiazole-2-sulfenamide (CHBTS), 

The ratio of styrene to ethylbenzene in the products of pyrolysis from poly- 
st_yrene was approximately 70:f. However, as shown by the plots in Fig_ 3, the ratio 

t 

Fig. 3. Xatio of d.ativc concentration of styrae (A) to ethyIbcnzene (B) in the presence of stabilizers; 
a, MB-T, 0 (MBT)z, a TBEJ.-S. •T CHBTS. 

was decreased to fess than 3: I in the presence of 1% of derivatives of 2-mercaptoben- 
zothiazole. The ratio was d ecreased in approximately a linear manner as the percent 
of these additives increased, 2-Mercaptobeuzothiazole (MBIT) aud its disuhide 
[(MBT)d were more effective than the stienamides. 

The ratio of a-me~yIs~ene to cumene in the products of pyrolysis from poly- 
(cr-nrethyktyreue) was approximately 150: I. However, as shown by the pIots in Fig. 4, 
the ratio has reduced to less than 0.7 to 1 in the presence of 1 percent of derivatives 
of 2-mercaptobeuzothiazole, The ratio was decreased in approximately a linear 
manner as the percent of these additives increased. The difference in effect among 
additives was not as great as than noted for polystyrene. Also, 2-bis-beuzothiazyl 
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disuIfide [(MBT)J and N-t-butylbenzothiazoie-2-sulfenamide (TBBTS) were slightly 

more effective than the other additives used. 

01 23 456 7 89 10 
Percent stabilizer 

Fik 3. Ratio of rela&ive concentrations of z-methylstyrene 
stabilizers; @ MBT, 0 (MB-i-&, A TBBTS, q CHBTS. 

(A; to cumene (B) in the presence of 

Because of the high volabihty of the products of pyrolysis of polypropylene and 
poiyisobutylene, there was a high frequency of breakage of the sealed tubes. However, 

a definite reduction in the relative amounts of unsaturated and saturated products of 

pyrolysis from these polymers was noted in the presence of derivatives Z-mercapto- 

benzothiazofe. 

The composition of the products of thermal decomposition of poIy(methy1 

methacrylate) touId be ahered when the pyrolysis took place at atmospheric pressure. 

The yield of monomeric met&I methacrylate and other volatiIe products decreased 
from 80% to zero percent when the polymer was heated at atmospheric pressure in 
the presence of 10% of derivatives of 2-mercaptobenzothiazole. Attempts to identzy 

the non-volatile residues have not been successful. 

The relative amounts of saturated and unsaturated hydrocarbons obtained in 

the pyrolysis of polystyrene and poly(a-methyIstyrene) can be altered when these 

polymers are heated at 37015°C in the presence of 2-mercaptobenzothiazole or its 

derivatives. These results could not be duplicated when these polymers were decom- 

posed on a hot platinum wire or in a hot open tube. It is suggested that the free radicals 
resulting from the thermal decomposition of these pal-ymers in cIosed tubes coupIed 

with the free radicals produced by the thermal decomposition of the derivatives of 

2-mercaptobenzothiazozole. Thus, it is possibfe to decrease the yield of unsaturated 

hydrocarbons and increase the yield of reIated saturated hydrocarbons by the pyrolysis 

of polystyrenes in the presence of additives such as 2-mer~pto~~o~~ole. 
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