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Synopsis

A pyraivam gns chiromnigenphie mass spectimetiie teehinigne for ansiyzing the
prrodysm peosduets frow proly e in ne et stionprhiery is desenbsd,  Tnidind sbudies
encompussing the pyrolysin of poly (vinyl chivvide) homopmlymer s o sovien of 'VQ
plaatisarise (et o a=phithadnte estern) linve provided o snnplete guadionnive and seti-
quintitistive anndysin of the pyrolysin produes from thene nnterinds,  PVC resin yielda
a sevivs of aiipontic mnd wromatic hydeoencinns when pyrolyzed s 60°C; the nmowit
of aromatic prodneis is grester than the smonnt of aliplatic prsiueis. Benzene s the
ajor organiv iegradation produet, A Lypiesl VO plastisol [PV /amdioctyl phithntate
(O Y yiehisy, wpon pyrolysing prabieds thid are charneteristie of both the I'VC matrix
and the plihalwe pliwncizes.  The pyrolysis produets i the plasticizer dilute those
from the PY'C poetion of the phwtisal aud are, in Gaes, the msgor degeadation prosduets,
There are oo degradation produeta cosmbting leom an internetion of the PYC wilh the
plastisol.  The pyrograms redting from pyrolysis of 1ho varions plastisois of PVC ean
be wwd for purpuses of “fingorprinting.”  dentifiention of 1he major peaks in a typieal
pinstisol pyrograan provides information leadiag 10 a procisg idantification of the plasti=
cizor. Tho pyrolysis data from this study were rolaied tw a spocial caso of flammabilicy
aidd LoXiciLy, ;

INTRODUCTION

The mechanism of the thermal dehydrochlovination of poly(vinyl chio-
ridde) hus heen the subjoet of many studics in the general aren of polymer
degrndation, A number af the | 't ubribytions in this aren Jinve

been reviewed by Levy jniyvaexcellent pdilicoions?  The present paper

dendx with the identifiention of the volatile, hydvoerbon pyrolysis products
resulting from the thermal degmdation of PVC s 600°C in an inert (helinam)
uliuosplcre, )

The ubjective of the eurrent xtudy wan to obtain u compicte profile of the
degeadution prosduets from PVC resin nud PVC pinastisols,  This study s
netend as 4 starting poing in an overall study of thermal degrikiation, cons
bustion, und flumanability of chlocinated polynom. L
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e PREVIOUS WORK
Stromberg? haw studied thie themia degrdation of PVE {0 vieuum by
— o, Thavesulbing vesidue wan then Deasd ab 400°C {or 30 min and the volatile
v o hydroearbon products resulting Do thin second hionting were identified vin
\ o D speetrometrys Ju this particulne study, Stomborg identilicd ape
\ proximately 23 hydroenhon prodiicts,

\ - Ohtami and Thikewa® pyroiysed VO at 42570 jn o nitrogen atmosphiero
vand studied vhe vesulting degradation products by inlrared und ultsviolot

eommer, — . mpectiorcopy,.  Their flndings showed that: () tho pyvolysis products -

o (other than T1CL) consinted of aliphatio and aromatic iydrocarbons, and (2)
WV the types of pyrolysis products fiom IPVC wera o fuaction of tho stergo-
W vegmbiity (Snoticivy) in tho undegraded poiymer.  Additionsd qualitativo or
Y quantitative mensurements wero not made, )

2 Nollg ot ol degended PV i o bighefvequenay pyralyser niad sopiaiibed
Voo the degrdation produets by g cheomatogiaphy.  Their lindings revenled
that the hydroawbon degimdation proaducts consinted of only nronutis

compounds; a veolatile aliphatie hydrocrbon fraction was not identified,
Coleminn and Thomas* hinve studied the combuation of PVC by hier-
. mally degrading the polymer in an excons of oxygen. Under the experis
* mental conditions employed, the hydrosnrbons formaed ny a vesult of polymer
o degradation were completely oxidised to carbon oxides.  In addition to
o HCL, CO, and COy, a vory truco wmount (3 ppm) of carbonyl chilorido was

" alro identifiedt - )
In & moro recent stidy of the degradation of 'VC in aiv, Boottner of M,
found that when PYC Lomopolymer aind eompounds wore hieated in air
© from ambient to 600°C, approximately 1% of tho I'VC was reacted to
HCI, CO, and CO4 (no phoxgeno ubove 0.1 ppm).  The 5% hydrocarbon
" fraction conwisted of 18 aliphatic sud avematic hiydrocarbons.

“ o Analogous degidation experinonts of VO plustisois (PVC pius o
phihalate cxtar) rovealed shins tha hydroearbon Jiuction of the pyrolyzate
incronsed duo to products from shamal breakdown of the plusticizer.

L. Wore not formed.

T T INSTRUMENTATION AND PYROLYSIS TECHNIQUES

two general techniques.  The first method involved hicating the vesin in the

order to obtain o s xpeetrun of tho total pyroiyzae )
v 0 "Tha second, more detailed mothod connistad of degrading thoe resin in &

>

© progmmied g clhiomatogaph intorfaced o tho M spoeliomoter
)} dhiough a uwlucujhu’ onvichen® A Pyrolysis wnit conminting of w-swdining
‘; I . .',I.‘ . '.." .

: pyrolysis=gan chromatogiapli-ne apectrometer (PGM) tandem system.
v Biefly, o PGM unib cousists of an 1 & M Model 700 tomperatures

liomt stripping the vesin of TIOD ab tempevabies up to 350°C for 30 min,

* . Chamctoristic degmdation products dorivablo from the plasticizer alone .

Thermoiysis of PVC vexin (Geon 108, C = 57.4%) was earried out by

heated (325°C) inlet of our miss spectrometer (CIKC model 21-103C) in + '

T,
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e (N f, Sehamatie of pyrolvsis ik illustrsting relative pasition of (A) enrrier gus '

(helinam) linew; (72) hentedd cilluont fines; (G) oven ebidning; (2) T and M gosssampe

ling valvo and (5) quaris pyrolysis ehambor and vadiang haat pymxym.—Amm dis . ,

enta tha direction of gan dow.

ey furnnee (Snegent & Cou, Model S=3G100), quaeia cluanber, aud honted

& M gs vmpling valve (Maodel GV=11) wan constivcted,  Function of
tho g munpling vilve was to intorface the pyrolysin cliunber to the g
chromatageaph aad to permit ondine or off-line oparation of tho pyvolysis
wiit,  The two gan ehromatogrmphie carrier g lines wers “loaped”” outsido
the body of the ehromatograph through Tygon tubing connectors.  In this
way, earrier gas conld be directed from the ehromatograph to the pyrolysis

- chimber and the effluent line {rom the pyrolysis chamber could then bo

directed to cither of the injection ports of the g chiromatogrph. A
diagram of the pyrolysis chamber, mw chromatograph, and gw sampling
valve is presented in Figure 1,

The vesults from tho pyrolysis experiments caried out in the heated inlet
of tho maxs xpecbrometer indionted that in order to obtain a comploto
chromatogimphic sepamtion of the pyrolysis piaduets from PVGC, two
chromatographio colupne would be requived,  Light gwses (C=C,) were
sopanted on an 8-t Povapak Q8 while tho higher-boiling components (C, to
acenaphthaleno) werve analyzed on a 205 X 3/, in, 81252 (10% on 80/100
CRG) colunmn,  This same combination of gay chromatographic columns
was also used for the analyses of degradation products from PVC plastisols.

The plastisols were prepared by fusing 100 parts of PVC resin with 60 pum 2

of plasticizer (i.c., o-duw&yl phthalate) as 350°1° for 5 min,
samples of VO resin and plastisols were pyrolysed at 600°C in & carvior
gos flow of 60=70 ml/min; sumplo sises ranged from 10 to 20 mg.

; 1ICl EVOLUTION DURING PYROLYSIS

Since u stoichiometric amount of 1HCl is relensed (38.5%) from 'Y€ when

hented ot G00°C, aver hall of the degrandation praduets, by weight, is IICL . .

The problem of chronntoginpliic analyris of ITC wan dealt with in the fol--

Jowing maaners It war found that for analyses performiad on the S1WG2

chromatogruphie columiy tha retaution tina of the ICL peak corvauponded
\ . s A B .
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A

approxinately to tho dend time of the column,  This peak wos faisly wyme - { .7 ©the magnel
mietrieal snd did nwot exhibit excoxive bleeding, D typical pyis
However, with the Porapak column, T1CHwi found o bleed exeessively, ‘ Atar :..hc
Tn owder to enrract this, the pyrelyante wis serubbed of 1HC by plucing 4 A o nositioned .
moleculny sieves in tho heated (150°C) ellluent line (Mg, 1, &) to the ehire- | -t While ©
matogmplh,  This climinnted tho TIC!H il did not scem to romave any of - ( charber {

the ather e, It was found, s a feanlt of oshior work, shat the sieven did ' weighed,
have an wdlinity for shot chain clilomdkanos uuder thew conditivim culaulated,
Co nateria wi

QU

Pyvolysi.
removal oi
resulting ¢
3% ol th

P
Pea
identific

i

T 30 Pyrogram of PVC resin (rom 20 £ X 3/ bie 3055 31232 o 50/100 CRW clirye
matagruphie oolunine  Lattored panke vefer to identifieations in Table T,

Nince these typoer of compounds ure not evolved during the pyrolysis of
IPVC, this scleesivity for chlovonlkanes did not interiere with the results of ' * Separnt
tha unalysis, X

In a typical pyrolysin experiment, 10-20 nig of PVC resin were precisely’ ‘ Aside §.
weighed into 5.0 mm X 10 mm poreelain bont and loaded into the pyroly- of a seric
sin chambaer along with o small magnet.  The chamber wan closed, the gas ' chlosinats
sampling valve was ko positioned shat:the pyrolysis unit was onsline with the - « componct
chronwtograph, and the fumace wiw twried ons  Onco the tomperaturo of - A i
tho furmace renched 600°C (culibrased), the baat wus maved, with the aid of componc:




o

tha magiet, into the het sone of tho ;').y)‘ol,vuiu chambar,
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Tu thin way o

typical pyrogiim was reeoided,

After the renvins of the sample sooled dowu, tho g sampling valvo was
positioned for ofl-iine operation,

While the gas-chromatogrphic analysin wun being completed, the
chamber (now offsling) was openied, and tho sample bout was removed and

\ weigheds  Thin operation permitted tho percentage char formation to bo

Venlenlnted.  The mensavemont win not corvested for minor amounts of

‘nm;.m'iul which condensed ot the ond of the pyrolysis chanber, *

\
» ‘ PYROLYSIS OF PVC RESIN

A}

removal of Gl as HOL (38.3%) from the backbone of the polymer, The

remilting enrbonaocous sy, devoid of chloving, repronents upproximately - -

3=49% of tho original polyiner, '
. TABLE I gy
Iduuuﬁcnuon of Cumponents in Pyrogram (FMig. 3) of PVC '
Penk
idontilication Cumpuiienia
YA : Cilys GO COu GalTys Gl e
R HCL, Caliy* il e
) o} ‘ * Butoang,® bitong,* butadione,® diacoiylongs dLoL
. 1 T Cs and Cy aliphatio and ohﬁmo aydrocarbons 11 -
' o Buumuo .
¥ Ve Toluene A i K L
' G ' 20 Chlmwbonsone e s
T, 1 O i " Xylono L . L R
oo d v N T Aliylbenzee L A T

K Lo 0 Gl

L . Gl .o

M ) o0 Indane - o ‘:. . L l
- N Lidlone, ethylinluone ‘ EERS
o AMethylindune - .t "
1 . Meathylindenes . . '
s " . “Naphithalene o
iy ' : Dimthylimdune e
LU " © Methylnnphihaieno

v Methyluaphihalene, sconaphivhalone
v - Dinwihyluaphthaleno

= Sapurated and idontifiod on an 8={0 Povapak N,

Aside from o stoichiometrio nmouns of IICl, the PVC pyrolyzate consists
of w sorien of aliphatie, olofinie, and aromatic Liydrecarbons, Ouly ono
ehlorinated hydroearhan, ehlorabensene, was found, il the yield of thia
component was well helow 1 wt-%.

A typieal pyrogmm of PYQG (81452
component idensificationn wro summariaed in Tablo I A similar analysis

‘

Pyvolysio of PYC ab600°C in w helium atinosphero resulis in the completo + -

2 colin) I prasented in Figuro 2; '
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wiwt nhwo eniied out on the Pompuk Q9 ecolumn.  Tho components sep= . . °

P

" aanted and identified i this analysis aro noted in Tablo I

The mnjor componenty resulting from the pyvolysis of I'VC we ICl,
henzene, toluene, and naphthalene.  In addition to these major products,

an homologous series of aliphatic and olelinie hydrocarbons vanging from G, -
- 40 Co aro formud,

This finding is in direet continet to tho results obtained
by Noits. This dilTerenec may bo attributed to difforoncos in wchmqucs
wineo Noils degraded his sanples with of energy,

GAS CIIROMATGGRADIIIC ANALYSIS OF IICI

The chromntogiaphie peak from TICH can be used to quantily thie
amount of 1IC! released during the pyrolysis of PYC if the pyrolysis and
chrontographic system is fist *senxoned” with o slug of HCI gas.  or
example, in ane experimaent o sevies of PYC samples (10-20 myg) wore pyvo-
lyged ut 600°C and the gas-chromatographic arens of tho resulting IICI
penks wero recorded, (The gns chromatography column and pre-column
were nintained at ambient temporatures throughout this experimont.

Usually six 10 savon pyrolyses could ba carried out before bensono began to /-
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L ' “-"‘ “Wleed from the column.  Bleeding of minor amounts of other more volatilo ) ; .
v hiydrecarbons did net interfere with the annlysen). ' S b
Lo A plat of TICH eontent (penk aven) versus waight ol Fesin pyrolysed at )
oo G00°C ik presented in Figuro 3. Axido from tho fisst 1un, all subrequent {
: analyxes provided a linear reiationship botween the two variables of IIC1 | ;
Sy aven and amount of vesin pyvolyaed.  Thae fist un of TICL through the ! * ll'
columa seeims to condition tho appaeitis by eonding thio walls with gaseous + - i !
Vb K T sabseguent raney adl of tha TTCH formaed during pyrolysis, renchen  © [ iy
Vo the detector with libtlo or no adsorption on the clivomatogemphic walls, ' ; 3
to This wapoet of tha pyvelysis of PVC s hoing further investignted in tho i
\\ direction of oplimizing the seehnique for measuring tho amount of XCl P ;
' 0N produced whon PVC compounds il othor chlovinuted polymors are ™ o '
‘ A thermally degraded. I o : ;
! PYROLYSIS REPRODUCIBILITY ‘ ]5 .
! ' The demonstention of reproduecibility in pyrolysis work is an important . B : ? '
{ . napeot of this tochnique, In order to mect this requirement, three pyrolysis - . - i S
.I . B “.
J ' TABLI 1T Lo
g' o Composition (GueChromatographis Avea) of PYC Ilydivcarbon Pyrolyaate o !
i . Aves, % F i
‘ ! R Companont " ""Rum1 . Rm2 Run 3 ‘ f
T ,' o co PR R N 2.2. 0.8 B T
Ly Methone B Ere i) “;\"8.8“" SR 9.3 . i S
i S COy A 0.4 A | I 0.3 - — e I -
Co Ethylene AT 1t VG s 3.3 Nl L T
oY Ethane o " 4.8 "‘ ' 3.1 B Y I }'_-,..’ a1
O Tropylono ‘ . 1 2.6 v 8.0 S : Lo
! N © Propane , T 0. .‘\' Lo e 2.8 , '
~n . . DButnse, buteno oL 2.4 i 2.1 D3 |
o Butndieng, dincotylons - Ty, ‘ : ! ;
. . ) Cs and Cs hydeooarhans N B I B 1.3 : e
‘ . " Denzene . CohL 8.2 808 . 81 v !' !;" e
) . Tolnone BT . S D % 1) 0.5 U 4
- . v v Chisrubonzene = .. - SIS 1% i Ll ot L3 g Cy
) o Xylene VIS B 2.1 2.3 . . L |
" Allyloonsone < 1.3 T 1.6 : S
- \ v c.l‘“ - : ., L Lo 0,4 0.4 0.5 t' !
; o Callu v e 0.2 .03 . . |
.. ! Tiddane o ) 0.2 T 0.3 ' “ o
. Indeno ‘ Q.0 1.4 0.0 ' D
' . Fahyhaloene b !
! ; Methylindano ' .4 05 '0.5 , i
| C Mathylindencns \ 1 1.3, . .0 : I
| . ' Naphthnlene ‘ . 4.8 4.0 4.5 t o
l ' Dimothylindane ' 0.7 0.8 0.5 R I N
| . Methylnaphihalene 0.8 0T 0.7 ! .
. } Mothylnnphthalane 1.3 .0 , | 1.1 | :
! Acanaphihalone . Ve : :
. ; . j
\\_ { ) <t ;
e i O e U - '
- : .- !
bt ) :
.f : ; sle
3 : . e ———— 137508
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.' .

. experiments were easvied out in which vavious PYC (resin) sumples were
p\'rnl\ aed b 0°C, (A dual aunlysis wan cartied oul in eneh awe, one for
mmh win o Lha 812 clivomatogimphio eolunng, g othor for analysin on tho
l'm"umk Q8 coliin)  The resulting giasechvonntoginphio peak areas of all

K '"'cum;mnvnu wero reenrded for tho throo pyrolysis expeviments,  Theso

T thvee analyses, monmarized in Table 1T, demonsteate tho quansitative and 7/

X Y qualitative veproducibilivy of the teehnique.
5 the mole por eent cantenta, Shis an approsimato quantitative analysis of tho
W pyvolyant from thermally deginded PYC ix powsibla, It should he noted
\Nmb tho total hydiroenchon fipetion govrespoicls to approximately 38%
"\5 (woight) of the ovignal PVC sample; tho vemuining 62% connists of HCL

Yand ‘u carbonnccows, chilorine-freo axh.  Bonacne is the component of -

greamt concentration in the entire hydroewwbon {iwetion.

PYROLYSIS OI POLY(VINYL CHLORIDE) PLASTISOLS

Tnitial pyvolysin of 1'VC plastisoix contered about a plastisol prepared by
L fusing 100 parts of PVC and G0 parta of o={(2-cthylhexyl) phthalate (DO
- ot 350°1 for § min.  Tho seopo of thin initinl study was thon expanded to
tinclude & wumber of other PVC plastisols,  Tho plasticizors used t.hrough-
out this -tudy wore donvcd from e=phthalic md.

\
‘c

‘ ‘, A ‘ Co o 0 . ;
o : ; OR
o : O:G=on R~ aliphatic
"v
; !

¢ Tho rewlts of the initial study (PVC/DOP) revenled that the degrados
*tion products reflested both polymer and plasticizer thermolysis, Thus,
A the pyrogram could he usod uw o finger printing tool for identifying she
" % specifio plusticizer present in the plastisol. < '
The pyrelysix of the PVC/DOI plastixal waa carried out at 600°C in a
- helium atmonphicre; the rosulting pyvogram (S1352 goa chromatography
* column) from thix pyrolynix in prescnted in Migure 4. Peak idontifications
, are summarized in Table ITI,
" Awpreviously mentioned, the pyrolysis products refloet polymer dogradas
tion (HC), benzene, toluene, cte.) and plasticizer degradution (Cg hydroe

, earbon, Cy akdchydo, and phthalic anhydrido). It is tho presonce of those .

componcntx due to DO fmgmentation that provides the hawis for using the

« plaxtisol pyvogrm s a “fingerprinting” aid.
This fingerprinting eapacity of pyrogrnw from typieal 'VC plastisols ix
Cillusteated in Migure 40 A series of seven pyrogiins resaiting from the
*pyrolysis of sho following 'VC plastisols in prosented: () o~dihioxyle

phthalate (DI, (€) amdis2-cthylhexylephthalate (DOP), (D) odieapiyl.
-phthalate (DEP), () o~diisodeeyl phthalato (DDV), aud (#) the mixed

The s chiomatogiphie peak nrens seported in Sl 1T cloely refleet

t

ester butyl In

 that of the re
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Conng;
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GO
Methane
C();
Ethylenc
Tithane
DPrapylec
Propone
Butane,
Cyond €
Cillie
Tsopreny
2Nethy
d=Denten
Cy olehin
Benzene
Cy olehun
Toluene
Cy olefin.
Chlorain
Nylene
Allviben
Cg““
C,“H
2.1ithyl
Indane

. Indene

Eihyiter
Methyh
Meihyli
WNapih
Dimeth
Mathyl
Arenap
Metiyl
Phathali
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that of the resin withaub plastisol and is included for purposes of comparison,
It should bo noted that mneh of tha deta) (ion, minor componants) of theso

v

\ .\lclhyhuplnhulum}
Phibalie anhydrido

.n{

: y TABLE 111
\ . Comparisen of GawmChromatographie Avows of Degeudation Priducts
\ ' from PYC Rosin il 1PYC Plantimod (DOP, 1K)/60)p
v ' ' Aran, Yo
\ ; Degrndation precluat Iumin DOP Plantinl
N €O A . 0.6 i !
\ Methang . . v N B}
[ \Cﬂg ) 0.4 (1) ' '
» Lthylene Lo R ) 2.8 "
) Fihane L R ¥ ) 4.0 .
Propyleno R N 4.7
Peopmng . 3.0 b
} Butnne, batone .3 . %]
v Cy and Co hydrearbaiin (fotal=—""""""" 1,9 -
" ‘; Ca.”u ' . i 1.0
', Inopreng . -_— H
- 2Methylel-butens —_ 2,0
T dPentenmiayne - 0.4 .
5, Conlelin (towad) = . — 1.6
. Benzene ’ ) al.2 1.8 . .
| Cyolofim e - 1.3 -
, Tolugne S 5.3 2.6
+ Cu vlefing co — , W
* Chlorohenzene : . 1.1 : 04
Nyleno SR 19 0.7 !
y Mllylbenzene 1 - 1.3 -—
© Gl R ‘ 0.4 .
. * C'”“ ' P 0-3 . ' "o i :
{200yl hexanal - - AT W 1
3 Indane ' 0.2 R
. Indene — -—
i Ethyholuone 0.0 (1)
Methylindane . 0.0 - '
+ Methylindone BT 1.1 0.8 -
', Naplithaleno ' 1.8 . 1.2
, Dimethylindane 0.7 -—
- Mothylnaphthalove 0.8 -
t Avehaphthaleng Ce———— 12 _—
— 10,9/ (minor)

(major)

* Area relnted to moles%e
* Applieaile only 10 deagradation of vesin,

pymlgmms T been omitted through o judiclous shoico of attenuation
* settings on tho guechiromataginphie recorden’ This waw done for rawsons
of simplicity ns the major penks in ench of the pyrograms provided adoqua

difieronces for pusponsos of fingorprinting,
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The pyrogram of e=diisedeay] phithalate/ YO (17 is analogous to that of the

Cthe olefin moiety (Che in thin came) identifien tho aliphatie portion of the

" present, ns expeeted.  Pyrolysis of the ~QOCIHCill; portion however, pro-

_graph lines or pyrolysina chambor) showed that this material produces tho

PYROLYAIS OF POLY(VINYI, CHLORIDI) ) 1897

Detailind qunditabive annlysa of all degidation products from the five o
plastisols (5-17) wero not enviod oud; only tho major degmdation produets '
have been identifiod,

i limt pyvogram in the sevies (I, 1) indieates the relative loention of
the mnjor degradation from PYC resin (oo, THCH benzene, tolueno and
naphthalene),®  The second pyrogeam (), PVC/o-diliexyl phthalute, /
contnins thoxe penks vepresenting thermolysix of the plasticizer (hexenoand | ,',
phithalie anhydride) in addition o those from degiadation of the polymer, | o

dilexy] phthalnto pyrogrmns: the presence of phihalic anhydride identifien
the aromatio porkion of the plastioizer while tho position (and presenes) of

plasticizer, U

Olefinio degrdation produets result from tho thermad desestorificntion C
and subsequent debydiation of the plasticizer,  Tu one enso (diisodeeyl s
phthalate), nn adeohol (C) was found among the degradation products, , X

The pyrograms of Whe twa Gy plastisols (DO and DCP) provide an in- B
terenting eame,  Both pyrogras contain a Cu addehydao peak, the expected N
phthalie anhydride peak, and three Co olelin peaka,  Tlowever, the vatio of .
the three olefin peaks in dilferont in cach of tio two cives,  Since it has v
abready been demonntinted that thae reproducibility of pyrolysis, as om-
ployed in this study, is execllent, thin difforenco in isomer distvibution ro» . . ;
flects the difference in tho two Cy plasticisem,  Murther investigation of - :
thexe two plastinola divected toward the identifieation of the specifiec Cy

olofins in ench enso wan not ammied out.  Tho important point was that : ol

pyrolynin-gus chromatography could bo waed to distinguish tho two isomerio N
plasticizer, . . :

If it hind been necomary to complotely eharnetorise these two Cy planti- ;
cizers with vespost to the aliphatio portion, it is obvious that pyrolysis-gns
chiromatoginphy offers many advantages over o technique involving aeid
hydrolysin of the plusticizer followed by an analysis of tho alcoholic hydrol-
yais produets,

The pyrogram of the mixed ester (Bullal’) plastisol roveals sho presenco *, i
of an upexpected secondary renction occurving during pyrolysia or during o
the resulting chromatographic analysia. ‘

A C, olefin due to fragmentation of the butoxy portion of the ester is

vides a unique cao in that olefin formation via deliydiation is not possivle.
Tho pyrolysia products from thin fingment (—0Bz) weve toluenef and

benzyl chioride. Tndependent work in our laboratory, involving the

pyrolyxis of dibenzyl ether (FIC! not rigorously excluded from ganechiromato- .

* Lower-chain aliphatie prodnots (Cil,, CalTy, ok} ave buriod under the T1CI penk.
t The wiio of bausane/toduana {peak hoight: punk height) in all m'. tho pyrugrani, axe
copt that of DBaD, 'was 0.5 = O} in tho Bullal® pyrogram the ratie was 3.0, vhoroby

raflasiing an incroams in Loluona. .

T T e e e e e e e e e S iy g e 3 gt e

o}
o

L%

oo
D e e

T s e s e I

T T

———— e =

——

.




PO

Gkt e

e e et SE R PN UL P 4

e L e PR AL B e L 2o e e

RSP AU S

e e “.-.g}”. Bt L W L)

R

\
\

m{m M. M. O'MARA

same pyvolyuis produetss Those datse saggest thab dibenayl ethor may be

formed from Whe pyrolysin of butyl beusyl phtbalate,  Necondary pyrolysis
ol this insermadinie (ollowed by voaction with THOT wauld give the obwerved |

pyrolysis ;n‘mhu.ta. Ou the ovher hand, Wis ether way nob bo an inter-

nedinte, T which "anad fice radicals formed from the pyrolysis of BuBzP

m\y wmgo 1IGI, tharoby sorming tho obaaived products:
N 0 . S
o ﬂ C

W e .
S e + GHe + Qik—ClOI
\s‘. I !g lua

CHe=CHT

" ) 0

. i
;. d — (I:); - (CHOH] + GHCH * H

g l-u,u

' C.H,

. The question as to whether or not dibengyl cther is an intermediate in
the pyrolyxis of butyl benzyl phihadato is not within the scopo of this
paper; it is noted, howover, that o secondary reaction of tho pyrolysis
produets from Buldzl® with HCl is in operation and it is this reaction that ia
‘g;ho source of tho benayl chlovidé ™

* SEMIQUANTITATIVE ANALYSIS OF PLASTISOL PYROLYSIS
; PRODUCTS

. The gechromntogimphic analysis of tho pyrelysis products from o PVC/-
D()P (100/60) plantisol nre presented in Tublo ITIL  Included in this sume
‘nary in a similar analysis for thie PVC homopolymer (resin) in the absence
“of plasticizer,

+ The pyrolynis products from the plasticizer (DOI?) constitute the major
portion of the total products, thereby exhibiting o dilution aifect on those

“products salely from the rosin,  The exception to this is tho increase in the

*umount of COy in the plastisol pyrolyznte.  This vemilts from a secondary
renction of tho plasticizer—1loss of CO:; the major degradation path of DOP

‘ix however, direeted toward phithalic .\nh\'dnd«. formation,

. The increaxe in Cy and Cy hydrocarbon content (relative to tho resin) and
the appenrance of Cy olefin in the plastisol pyrolyzate is due to secondary
Levacking of the Comoicty.  The precwwor ot' thix material is ngain the DOP

» plaaticizer,

Additional experiments were enivied out in which the pyrlysis of the
“DOP plustisol wan pcmn'mod wnder statie ( no holium flow) conditious.
Ihis wiw uccomplishied by placing tho gas sampling valve in the “oif-lina”

. positions  Aftor a five minuto pyrolaysia timo, tho valve was iotumed 10 tha
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oneling’! position and the pyrelysin products wero swept from tho chumbor
to the chromatogmph,  Under there conditions, tho Cy olefline underwent
complote cmeking W lower chiain olelins, .

’ TOXICITY OF DEGRADATION PRODUCTS S
Bocettnor* has shown that when plasticized PVC is degraded in aiz under
progrunmed temparmture conditions o number of organic molecules (In
\ addition to a stoichiomotrie smount of TICL), very similar to the lower molee-
ulae weight hydeoenrbons identified in the present study, are relensed.
;4 The overal] toxicity, however, is related to tho groms quansity of CO, CO4

v . and TICH, tha flirss of these having the greatest ellect, B
S "The present pyvolysis work, having been earvied out in the abwence of air,
¢ lixapplicable to only one partienlir xet of five conditious:  thut caso where
. tha plastio s subjested to “shoek’ honting conditionn whave plasticizer
*undergoes Whermal degradation vathor than evaporntion and oxidation.
Thu, in thin paetienla inatanes, the degeadation products would contain
phthiniic anbydride, tho Jevel of whichh would be dependent upon the plas-
ticiser's degradation to evaporntion/oxidation vatio.  This product would
not grossly afleet the toxicity of the degradation products sines the partics '
ular quantity of CQOq, HCI, and most importantly CO detormines this parame —
cter,
Bocttner's work mokt closely simulitex actual b\mm\g conditions, that is,
an the plastia ix heated, IIC) and plasticizer are boiled off, the plasticizer
may flame (depending on the HCl content) and CO and CO; are produced.
The findings of the prexent study represcnting o special case of flamma~
bility are offered as o corollary to Bocttner’s work,
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