VL

Universit
s of Glasgowy

https://theses.gla.ac.uk/

Theses Digitisation:

https://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/

This is a digitised version of the original print thesis.

Copyright and moral rights for this work are retained by the author

A copy can be downloaded for personal non-commercial research or study,
without prior permission or charge

This work cannot be reproduced or quoted extensively from without first
obtaining permission in writing from the author

The content must not be changed in any way or sold commercially in any
format or medium without the formal permission of the author

When referring to this work, full bibliographic details including the author,
title, awarding institution and date of the thesis must be given

Enlighten: Theses
https://theses.qgla.ac.uk/
research-enlighten@glasgow.ac.uk



http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
https://theses.gla.ac.uk/
mailto:research-enlighten@glasgow.ac.uk

The Thernel. Desonvositlon 0¢, o0 Un s'mx-a“ccd Polvyagter Rcsin
nmmﬁu-rm s 5

SEMARY

-’Um.;m'mx-{ﬁmﬂ polysster resins m uged in o lerge mum‘her of
commorelol produsts. | They ave foxmed by the éopolymepisation of
Linecor wmsaturatofl poly&ste:f reging end vnsoburated monomers; aome
m’ the wngsturated Linkoges in the polyester moleoules z:bpﬁlyﬁierime
fef:m;h the monomer to fowm o opsg~linked resin. |

This thesis degsordibes some ospeets of the thermal decompdsition
of poly(ethylene funorate « nethyl o smethylesrylete), o typicol
uasoturated polyester resin. Since Grossie (“Ihe Chomistey of Hish

Polymer Depradotion Procesacs®, Dubberworths Seleatific Publicetiona,

tondon, 1956) hes mede o abnpmhénsﬂ;vcé shudy of the pyrolysis of

poly(me%:hyl a.-mo*hhsrl@gwj abe) diself, the work in this thosis

deoly meinly with poly(ethylene fumarate). o indicste dhe possible

bucaldowm voutos of this polyester, simple modol compounds representing

59553?:1@1‘#5 of the choin were Lirst sbudled, . These aumgsouncla vere ethyl
aazwame s othylene dlacrylete and methyl z"‘amm:’a"{:c, the.w brooldomn
products ead other simple eompounds reloted o poly(ethylene :i‘umaﬁaﬁe)
wewe separa;telyf'pymljstk&.

The p;yml:;m is of pely(etlwlm’m .;“ummm*bc:}) itoeld wos then ;L%i;uc‘l:ieii.
‘"‘Lrec: major competitive reastions wewe Pounds
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Poly(ethylene fanavete - nethyl e-nebhylacrylote)
was selocted ap o typicel mucberated erosp-linked rosin.
Phe fnibial thermal degradobtion in this vesin ig Iiberstion
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new type oF sppavabes Lov determining the onset henpevabtures
of speeific breskdows resetions under congbont conditions

18 Gesorlibod,.
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Tnaeturated polyenter resing, @ﬂ whloh poly{ethylenc
Tomababe - nethyl e-methylocryleie} (1) 1o on oxanple, have
in wveoent years sckieved ponsidereble gommercial dunpovience.

fueh resins oonpish essandislly of an wmeaburaisd lineap
polyester sopolymevisced with an vnspivrated penonper o wleld
a arosse-iinked produpet ap Lllvetrated ifn Tiguwe Y. Poly
{etbylene fumpvate} (IE) do the most commonly unsed polyephers
it was eppovently fivet prepsved in 1894 by ?ﬁx&amﬁwygﬁ who
CPacorded Shat 4% fﬂﬁmﬁﬁ,& hevd, insoluble neterial on hoobing
gnasideroble $ime clepsed bhodore this properdty was nade vag
of in msmusfactore of grong-liuked reslns. Patenss granted

. s nqs‘ s 43 " - e B
in 19%54% deceribe roving rapaved ag ﬁ@ﬁ@@gﬁg Gantion of IX

end enseburoted hydvocerbons guch ss divieyl acetylene med
i
DUDLONS In 1937, Vinoox Y piwdied the cvoss-iinking of I3

Absneld, ohowing tThe vensblon %o he eabaiysed Ly iight, hend
or ouygen braces, and dn 1940 Filia” ecmploged bonsoyl
peroside ondtelyst in apose-linking. The fipgt ozemple of

the modezn kype ef regln wos repowbed in 1940 by st s WO

gopolymoriasd EI with styrene, wlnyl scolabte and aebhyl

oy
b

awmabhylocrylobe.  Styvene ls now the most commonly need

gomenioners  obhers inelede vigyl scetobe, methyl c-nethyle

acrylate, vinglidene shlowvide, Qlallyl phihaiante and txlellyl

eyaarnbo.
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A solation of IX in the conenomer ig wapidly snd oselly
eoared in o lovw-proseuve wmould, ond fow thie reamon the
noberieln are Buown ap Ygontack resingts & paper, loth
or glags-filwe supporied leominstes, they fowvm sbrong, lighb.
walehds corroslion~resgisting voberiels vwidely uveed in sueh
peodunsto o desorative bable-tope, ey, bus sud host bhodde
elachrionl fnsulatore snd gports eqolipmeut. Thely bvoage
poveney o vader is wiiliced in olvawalt ond milltary

inatailistiongs.

Gompanred o aubals, veoin lopinotes are at g dlsadvenie

Y

age in thet thoy heve o mouch lowey mezivve woiking tenpseabuy

it bos bDeen estinabed” Sthal ab T&*i}%}ﬁ gn orgenie polyester cond

iy be uged for a very limited ¥ime. The gventenl alwm of
the prosent ebudy was 0 eise She working Sonperatvre, by
glucidading the mopney of thoywal breshdowmn end theveby

indionte mesng of preventing oy veducing dogradabion.

onrenetihe

tn

Several ressone infivenced the cholee of I pe ¥
abive of conbtael zesing. Flystly, the oxbensive otudy ©
the thermel degeadation of poiy{methyl e-mebbylaerylobe) by
Graowie ﬂ’? allowed invenbligotions b0 e concantvabed indtizlly
npon breskdown in the cross-linking polyesbeor ebaln.

w2y c-ge

Sosendly, FI is complotely soluble dun melhyl e-mesthylaorylate

i de dn ﬁ&ﬁﬁwm o oxsapie, 4% 1o nodt aud the system ds
gonplicated by the pecessavy addition of o Shivd ponomen ow

SO ETENG - This second roneon wes of cowal ingpovtance in the



-
e

kivebic gbndy of the havdening vescilon of conbeet resing
4
wnderinken goncurrently In thope iﬁhﬁﬁﬁiﬂﬁ¢&%§ 9,

»

Sompereial conbasol vesing noxwally incorporvete spivrabed
diboeic ooid vnids in the polyester choin b0 espooe oul the

grope-ilinking double Donds and ingrease Hhe vesin flexibiliby

e

G

Althoungh the offesct of these soturabted uvnlts ls cvnmideved,
the pyesent work ig concornod meinly wlih o siuple funsrato -
metheorylate sysben in whiech breskdown vay oceur In ope of

throe sldens
1) dn the polyfumarabte ohaln,

{2Y in tho cemebhyloorylote chailn,

or (3% at poiunts of cross-linkage.

5

Eo

Indtipd ivvestipgablions on the breakdown of 1T, roproge
eabing vesldvel vneaburated polyfunsrate wiite iu the chaln,
ghowetd degradation o bo very complex. % was thavefere

nocessnry ¢ pywolyos simple wodel conpounds veproseniing
gegnenbs of L1 fo dndicate the probeble polyesber broskicwn
voukes.  Puethey breshdown of model sompound prinavy
pyrelyels produels wes educidaled by sepavate pyrolysls
thege produots, ond o owrber of relebed compovads pyrolyse
vo sondivn postulated Dreghdown rortog. The infornstion
Hhne gelned wes then ppplled in ¥he fnvestlgotion of the

pyeolyels of 1 Lbseli.

PBreoidown in the c-moethylaocvrylabs choln ond ab poluts



b

of cross-linkage was alge eluclidated with the help of infor.
mabtion dewxived from the stvdy of model end related counpouwnds.
In this sechblon of the work, counsiderable asglotance wap

obsained fyom Grassielg provious invesbigationg.

Mogt of %he information on breokdown of I was derived
Lrom o gralibatlive and, ag far as possible, quanititative
study of competltive breskdown rouwies, egtvimated by enalysgis
of pyvolysis produsis. Gompounds investlgobted in thig
panner are listed in Table 1 (pp.% end 6), wheve the
relabionghly of gach pyrolysand Ho I is iundicated. Supple-
m@ﬁﬁaﬁy infoxmatlon W&é obtained by a sbudy of the @a@ﬁﬁ oz
threshold tenperabtures, wndey constent conditions, of
speeific brealkdown voubess ocompounds thus invesbigated are
ligted in Table 2 (p.7). From the combined resullts it ig
posgible to deduce a falirly comprehensglve plebuve of the
breskdown of T, sud bo suggest sbtrugboral nmodlificetions to

improve the thermal stebility of the xesin.

Before digousglon ol the resulds, o bylef review of
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Neconposiflon of VE ovcowws ke the exbent of op. 8%
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nob, however, yield bthe Theorebicel cqulielsry yvoniitlesn of

£

»

covbon nonexdide ond othylene, there being laveviphly o
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whore ethylene ie & product in breakdown of I
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b . _
0% and other minor competitive priuawy wvounbes se showr in the

P PR A 4 - T o - 5% ,." Ve rls " , ﬁ ¥ S o
venovion seheus belovw. The welght cowbelbuiion of conpobi-

w

So 2w 2l b

wive vowies Yo the overall heephdown of VILT oud {(in paroie

$a

thesia) of ¥ 4n aspbioated, snd broben Lines indleats the



nast probabie fometlon wowdos of Bavs, oleiing ond

nophbthalones. G the prodiots ghown, only the eacyl~phenols

e &

v

were noet conclusiveily Ldendified. The pehene ghows . that

b

Lohin Limite of cxpouimenbal ewzor, Bhe pyrolynes of Vil

».n.-u

and X are slodlar bobh guelitsiively and penl-guontitabtivelye.

ge- 130193 ° N

> : ?z{% 2 GO0 F
8805535 -

. I " b 35
G,y R GO0, Bl Lk > j&},,. 0 Bl
2

Ao 7 f?
.
e —_— — e Tl ~—~> Ty
p Qs d@{f””’}
X""&ﬁ% o 1! £
> LG 4 ML OO0

paha{si)y
Poreimg ?5% Sinegt theovebicnd

9P
pAS

Gy s CHR

00 -+ PalH

i

\ 7/

Hpdoe DA ylelds Anltislly Phe slhyne OHICR and

phonyl formats (). HEtle vnechamged ¥ yemsiug in the

g e hrS .- S 5 * o T o 0 MY e W e fa Lo N -
pyrolysetes 4% ie sdnogt eonmpletely decowvbonylated H0 phenol

»*.g

a5 previcnely obgerved by Adickesn ok als 31 The reacklon

LS
mx'."m. kst o

sehone hore thovefors peeopnts Lo phenol, sarbon nooozide,



R y Yy + v G B * : ((;’;
aoetylene sud traces of ¥ veporited by Skmoup ovnd Wietc ?z? ‘
in pyrolyois of VIKI.

% ds fowmally possible Shet YILI might yleld the
eventual I~A prodwucts, bulb not X, wig a B veachions

L
(L, 2 1. GO0 > [aagaosc0]  + enon anoB?
tvlw J,
60+ QHIGH coats?

Phe inteimedlate nethylavsheten snd Lts poeaible

foomerizatlion o proplolic aldebyde bee alyesdy boen

diaons

sed {p.5%5%), and agein in thig

# L

oasd offers on ooeoepieble

wowbe 40 oorbopn monoxdide gnd ecetylens. o the o-nethyle
serylato TX, however, z ‘f%ﬁ wype veaobion world involwve fhe

wfaw

inprebable pigeation off the e-metly

Qurbhon ponoxids and seehyisnes

L ogrovp be yield awiatle,

(Fys 6. G00. ¥ —1— [0H,20:600] ¢ PhO¥O  s.oB]
Ei B \L
60 1 GHICH vonl
felther snieole nor acebylene was deteoted in the
pyyvelyoebe ronm X and the obuesved preducts, phonol and

methylecebylene, are Weet explae

]

deteebion of ¥ in the pyrolyseies fi’:%fi}m bl TITT and IX
pontizme vhis roule. Sinoe Hodth estevs yleld I-4 produohs
in spprominotely egual omounts, 1% Lo noh dhoughd thet in
he pyrolysete fxom VIIL these ave vo any oxbont abtribuboblo

b bhe Jonmelly pessivle 8l,



Ginse X vndergoes glunogt complebe %}3 5 deA phowuld
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of TUEY sunporio this olain. Ag indicated in The reoebion
sohemng , however, bhere muet he some ¢ther bSev-lorsing voulbe,
ginece It conmot pll e sgcounted Doy by secondory alkyno

PYPGLYHLE.

VLY wan pyrolysed in proseace of ceridain fyeo rodieal
inhibltors (Pable 10, mvuns 17-21).  Therkally uwnsboble
conpounds were necesstrily avolded and bthe Lollowing

inbibitors solegbeds

{1i) hydroquinome,

{i1) ophenonthraoninong,

{111) 4-berb.ebubyloeatechol

fiv)  benzoquinone,
and {v) CUTDOTs

tnbhibitors (1)={iv) wore dlspolved in the pyrolysond
(143 (v} won uwsed ag packing in the veavbor. Table 4
- pompares the soml-guanblibative breakdown of VIIY ftoeld and
in presence 0f Shese iahibliors. The goliont feabuwre is
the complete suppression of FeA by {43 ond Lt povitial
suppreseion by {34). Corbonisatlon in presencs of (1) and
(113 is weduoed. Ovarall breskdown in pressnce of {iv) mnd
(v} 1g incroased, melnly by on locrease in ecavbonioation
thovgh the axtent of I-A ip wnaliored.  Polyoer Lormation
is alue sepprossed by (1), bud 6¢ and the spapected R ore

ol sigalfisontly alfecbed by euy of the choson inhibitors.
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Pable 4 - Pyrolvsis of VIIT ot 550%  effeet of
inhibitors (1)- f“&*‘?

R 0O 10-11% 17 1| 19 20 91
Iphibitor = Yy idy (ail) Gvy ()
Betontlon ting, 008, a2 S 1 a7 0 110

t}?rémﬁmf pyzoiysate,nl.ab ALY 20 90 QG 116 174G
HelaPof@n ‘:ﬂ;mJ goend

Foter nnchenged, ¥ 43 91 14 63 9% o0
Intvo-neyl soiogion, % on - 9 15 28 25
Daeprboxyiotion, ¢ 7 7 % g 11 14
Polynonisation, % , 2 o G 5 G 6
Garbond sation, a 15 s 8 8B @ 33
ReayTansomnesn b i P 7 2y py &

o« DMMauves yopresent the average of mang 10 and 113

e e 041 T e Miace.
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40 g-ff-dingthylociylioylphenol reported by Shwoup ond

ﬁﬁng@gs

on
0,03 GIL 600, h > \ﬂ::\>~~-€f€}= OHsCile,  «.eR

el

fhe yield of T4 ot ﬁﬁﬁmjﬁﬂg ig ineveased o 17289

by cobalyoln with hydrogen chloride twooes.

Hoth VIII and XY ylelded o owell froctionm ghoving
pheaolic colour repotiono ond Lorming o 2id-dinitvophenyl
hydraronn, which in 3te purest state slpo chowed phenolic
reactiong. Infro-ved ﬁé@aﬁrmgra@gie grideneo gapnorted
the noyl-phonol strsebure, bul concluglive microwomolysos

corld not be obtained Prom such saall omownte.

o confirn the routes postulated for breakdoyn of
VIIE and IX in the foregoing reaction schene, the foilowing
primory products were pyrolysed wnder gindller working

condlbiong:

Fhenyl Tormobe ().
(nly traces of X survived pyrolyels (Toble 10, run 14),

1

decomposition occurring oexnclugdvely by @ ap dn dlotillption

of tho eator? .

Bhyreno (¥1).

Bodger spad ﬁaﬁﬁaryfg hewe reporded naphthalone in the
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pyrolysis producto of XI et 1000°.  In the present wozk ab
5507 neglisible breskdown of XI was obsorved {Ttablo 10, Tun
15} a0 that its Ffurther broeokdown counot oxzlain fhe

agphihalene theces 1u the pyrolysate fyom VILT.

o
&w&ssﬂef roports the celling temperoture of
polyatyrene 4o be gﬁygﬁﬁgg s8¢ that polyaerisotion of XI is
Thought 4o ocour ab az interoedinte temperobure zsone alter

the veactor pocked secbtion, ap proposed above for polynerisa-

{tion of VIiii.

Gimilorly, 2:35-0imebbylnephtholene in the pyrolysate
Trom the ester IX camnot be gbttributed to secondory bropke
down of Xil, which was found to purvive unchanged apaet fron

n 1ittle polyneripation (Yable 10, run 16).

2ata2e 1oto aud o relabed

Ghhylenc (ineyylobte (RTTTY.

KITE ropresents bwe consecubive Sunarate wndts in the
polyester I1. Invegtigation oF ibte thernasd degrsdation wne
anfortunately hindered by severe dermotitis coused by vontaet

vilth thoe nmoberinl.



46,

Fyom the work carwied oudb it is estimeted thed in o
Tyver glasy Llow-weachor breakdovwn of XITI is negligible at
400%, gn.63% at 450° onad go.B85%% ot 500° (able 10, Tuns 22-25).
Privnayy ﬂ?g 3% and G° zoubos wepe detected, bubt boomuse of

the oomplexity of Hhe pyrolysate wnd the 4iffiouliics in

S

homdling 1%, conneot be osbtingbed wore scenwvpiedy thon ag
mojor (#) or minew (V) in the rencbion schene below.
Gompetative sccondery ond teritlaxy brepkdown voubes ave
similarly cotimated, (1) slgnifying troco. ALY prodacts
exgept thoge in oquave %@méﬁaﬁg were ddentiified, and though
thie schome hog not been conclugively proved to be eomplote,
it io in accordance with the genersl woubeom of ester
pyrolyaio and ds bolleved B0 show all buld posaibly come trace

raactiong.
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hreakdown of V ooconvs as previounsly deseribed (p.31) aud
certoin products attributeble only to Turthor breokdown of

¥EF were gebteobed.

-

1% hes boon shown in pyrolysie of poly{ethyiene
tovepblhalote)”” thot cerboxylic seid end vingl cober onds
groups fovaned by primovy Al vocombine to form en othylideno

linkoge which taen, in the clossicsl meuner ol ethylidene di-

ﬁﬁﬁﬁaﬁa*ﬁ, unGeygoes conplote dloproportionstion Ho
acctaldehyde and gn gnbydride reasldue. Expevinents showed

that ab m&ﬂﬁﬁw ¥ gnd XIV penct slidlarly, yielding

acetnldehyde and acrylic anhydevide (pe115):

Glys GHL. GO0 + f‘iﬁaiﬁﬁu GO0 00 Gl —— [m » GO0 {rﬂﬂ (00 Gl Qsim]
Me

He.CHO + {ﬁﬂézﬁﬂ¢G$)gﬂ
4ﬁ’50l:{}

L% is thevelfowe thought probable that ¥ and 3V

reeaet bhus in pyyolyeie of thoe dlesbtey KEXT.  Acotaldehyde

KITT; et dis not sooeldic

%

o thin weootlon. Acwylie sobydeide was not dsbected; it

vas debtected dn the pyrolysabe from |

i bolieved o wnderge complete brenkidovwn an poptuloted in

‘a.
. %

pyrelysis of the acld T (p.31), veforning aceylic aold with
scebylone ond gorbon monoglde es obwerved by Brown and
natekie®®, sinee these wroduehts sye plsv atbtyibuteble o

othey rouwten, posltive ovidense of the yeconbinablon



AG .

digproporbionstion sgegquence canod boe oblboinod.
Rethone traces in the pyrwolysate fvom XILI may bo

Y . ar ]
1 mf‘aeekmi@@hyﬁ@Jgg and swall

acepuntbed for by o parvdisl ¢
smeunts of acraidohyde (VL) by o minor prinary 330 This
mg weaction ghould plse ylald neryioylogyscetaldehyde, which
wos not deteoted in the pyvolysabe.  Hob membioned in the
1itera%ura; i% do rveckoned to bho s wneboble compound which,
though this il not the gnly forunlly possible reoectlown,
vields the obgorved wmethyl aecryloto (XVITE) by gt o¢ he
pldeiydo group. The slresdy desopibed breshdowa of VI
(p.3%4) soeounte in port for eorbhon aonomide, obhylene and
methane traceg, whidle propene io bast atitributed Yo Gg of!
the s-uneaturebod XVITT an ip desoribod bolow {56 3.
2 Y ) , . e e
B® ig the prediotoble soyleozygon seission dn XIIT,

14
but the doebection of compelbitive 8! ona 39 an ethyl acrylate

(IV) dndicated the poasibility of a D! im thio cmoes

{ﬁ%} s {34, ﬁ@f} w {3?{2 N
| s [o,80200] 401,01 GO0 GHGH,0H 4 4B

ﬁﬁ,ﬁﬁﬁgﬁﬁﬁaﬁﬂz

P

QOGO eaal

Uther eobablished rouwses yleld covbon monoxide and
acohylene from XITL.  The gpeclfie 1 produet, ehydwoxyebhyl
acrylate, wan syonthesised {p. 115) bat no eoFrepponding

eompbund won deteodted In dhe prrolyente. IF n! seicoion of
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EXTE doag osour, 1% ig thexolove only o guelh o smell oxbent

that the product esoompesn doteobion.

The doteetion of hexo-{3b-lene ochows ouetoaoive

"s;;

pzimory pnd secondary (7 of XIIT %o ocouw, whough the

. &
pRinery product but-=Se-gnyl ackylate was nob ioolated. o GE
thie ce-unpatoveted ogter Lo predictuble, oo are the

Folloving &? ond ﬂ“ Poanbionss

& ‘59;‘%

h,p.h
o
{:s
m:aé

ﬁﬁgsﬁﬁaﬁﬁﬁﬁ 4 ﬁ?@di

{811 8 G2 GO0 G0 0Tl o Gila O,

"a:-

0,3 Gt GHO [uifm{,ﬁ?;{ﬁ?* «PJ o s a D
G0 % WeGHsUHy »oeG'

2 vinylaceoteldohyde be presumed ﬁﬁ wndewgo sonplote
ﬁgg s iAo not ualikely, then these reectlons do nof yield
ey ootively ppeclilo produots. 6 ig cherefoms posgible
Shat thege yenobiono do ocouw, oud wiith ﬁg wasudt din the
subgbontinlly complebte breakdown of but-3-onyl segyiato.
fendlrnetion of this oleinm by sepavete pyrolysis could not
e obbained, sinece opbtbenpield preperalions of the coter were
invoriobly wsweceessfud, {(p.119).

o9

Pyvrolywis of HILL ylolded a twecue s0lid sniline trap
dewivative {p.11%) whioh did not cozvespond $o the snilide

of any kuoon keben, w0 w0 sorylenlilide ag the uvastable



wmothylenchoton would fopmally yield:

20200+ FRWH, —Z2—3 0,1 0M. (00 HUPh
'{f?& ':-;
The cpboblished powvtes of esterx pyrolyois pive no

A

alune s o bhe natore of this noldentifled Jovrivetive.

gecondery breakdovm of XIV eos shoewn in the veastlon

aohome wog confirnel by o soporabe pyrolyse

Tinyl serylete (31V).

Under sintlar working condltions bub with o shorber
rebenbion Fine, %IV undergoes gp. W% deecompogition (Table 10,
rurn 267 BT@&E&QW? 2 de An poobedapnee with previoualy stadied
vinyd Qﬁhﬁ&ﬁ , thongh vhe exbentn of conpobitive ronbes
VALY Wajow 42 yields asepylic pedd (V) and acebylone, snd
but=-teSediene rosulis Lron a najow @gu Aeyl-0Xypon Boloolon,

of the predicbeble Bl type onldys yields aceboldebyde end (Via
wethylenekobon} carbon weonoxide snd sootylene.  Produchs
atbribntable bo furtbor breashdown of ¥ (p.%1) aue methone by
gt or ¢ ﬁ%&?aﬁhgﬁ@ﬁg wery debeotod ln dhe pyrolysate.

2,

The moed intereshing roube, and thed ylelding
produets gpeeifically derived from XIV dn the pyrolysabs

LEAE?

from bhe pavent diesker XLIT: io o minoy R %0 sgryloylacot-
aldohyde. Thee dnbermedlate keto-nldehyde in pyrolzybic

B

rearrengenent of vingl cobers has not previovaely boon

o

ﬁa*&&vmﬁ“ﬁﬁ but dn thin case the high-boliling pyrelysnbe



repidue yielded g ?aﬂ»ﬂ&n&ﬁr@ghﬁﬁyl hydragone whieh, Tthough
miero-gnalysis was 0ot conelugive, eovresponded haoh to dhat
of seryloyiccetoldehyde. Thiog gonpound wounld be expecbtod to
Le wnstable wader the pyvolysls condibiong, snd in fact its

gt produot methyl vianyl kRetone was debected.

2«13, [Gho pyrolyole of mothyl funorete snd relabed compounds.

A e A ¢

Methyl fumarase (LV).

x

In eaxlier work oun wmodel compounds wveprogenbi

5

o

a

soegoents of o aelelo anhydride « othylene glyeold polyesior,

65 G 19,00

Pornom”” sindied ebhyl malestc. Siomee swbseguent work

hog ghown this polyesier o hoe subat anﬁx&&&y Bray <] in sbrnc.
ture, o fonovate was connldered in the present stody as a move

reslintic noded cowpound.  Hethyl Tenarste woe chooen 10

21

preclude the overvhelmdngly pradoninsnt &7 cnceountered iu

L3 -

ethyl eptera; 1% represends two conssaubive glyeol snids in

w

the polyesier IT.

Pyrolymle of XV el s00” da a Fyeey glass flow-reagbor
rosults in go. 408 deconposit slon (Table 10, wun 27%, Eg gAY
= 1] £y "lm
major primavy osompeidbive routes, G and 5%, wbenpive

secendary aud bertiary breshdown compllceates the veaction

‘-.&

oehene below, dn which the anombesr of allerpetive routes bo

the same sund-prodnot restyvicts estination of theleo exient 4o

B

a 55 4 sl
mador (), wlnor (V) or ftrace ().  Only those produebs



shown 1a sguare brockeds were not Ldentiflieds Ghey ave

-+ ¥

thought o boe matable. The gobene ie belioved o ghow the

eonplote breakdown of XV. Sarbon Aloxide, formaldebyvde and
2 J

2 ki

o . .
aarbon ponoxide llberated by %, ¥ snd €7 pesctions

e n

vegspertively are omitted for sinpliclbty. Hydiogen, asbtbribate-

avle with an egual volwre of carbon wonozxide o partigl ﬁ1 of
Fommpldelyde, le slwilsrly omltbed.
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UH, 1 O (e s0e00] + noOm

' Clrb g ;;t‘.&

{algo fraves Oil, s £ l l v

lpgng UeCH: Uil ) GHICH  Hu0 & H{0H,CH,)
£

e , s
fajor 0% of XV (breng) ylelds methyl ovelouate

1

(¥V1, oig), with no aevidence fov o Yrans produet. EVI and
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»

piodueds pitribubable Lo ite fuvthor brealidown woxo deterted.
The produet ncconponying formeldehyde in primavy Bﬁg methyl
B-aldehydoserylate, was noet lcoloted; 44 is not yecorded in
tho Literature and le thought te be completely waotebloe.
Mwlyolie of the pyrolysete fndleoates thet in aocordance with
senerpd pyrolyeis peoulbes Lt major breokdown is e? dn the
aldehyde grouy, yielding mobthyl sevylote (IVIITY. This is
the only apporent soures of HVITL, s npjor preduct in the
pyeolyoate. Tarther breoldown of XVITI accounts in tura for
other producto as ghown in the rosebion schome.

femi~gquontliative malysic of the pyrolyesnte also

24

indicotes o pinop ester growp ¢° ol mebhyl Deoldehydoancrylatbe

to cerotonaldebyde {(XVIT), whioh i aloo attributable o o
major BF of the eoher XVI. Dxciusive ¢! of VI io Teoponse
ible with o onjor ¢ of tThe agtoy EVILYE fox the obeexved
propene.  Though sersldebyde (VI) resvlis meinly by o majoy
B° of XVIEL, it is alao thought to derive vig fomavic ox
melede dieldehyde, which is Tormed frow methyl f-sldehydo-

acryiato by o wninor we,

Tike 1%o imncdionte procursor, this
Alaldebyde in bolieved to bo an wotuble compound and was not
doteoket. It 1s nol recorded in the litoraturve snd wowld

predictably wadergo L 0 TX.

Ho producte corvespondiang %o A@'ar B@ reoehiong wers

dobeatol.

VI hoo slrveady boen chowvn (p.34) to byeak dov oo in



W5
A3l
o

Bhe veaction ochene.  The Lellowing peparnbte pyrodyvees uwndory
sinilor conddtions confivmed the poatuleted hroakdown of XVI,

BVEX end EVIEL.

Hethyl erotongbe {XVI).

odow @ﬁ and Eﬁ renoblions conprise on Qvarai& trealioe
dovn OFf ¢p.2%% in XVI. @ yields trang-bnt-Zeenc, with no
ovidence for a gig product iun the pyrolysate ol XVI or XV.
A mmjor B8 of XV to crobonoldehyde {EVIL) is thought bo
accownt for the najor part of X?Xi‘ia the yymélysata; Lrom
RVI, that arising ¥in wmethyl fealdehydoscrylote belug of
1ittle necount. Iy anology with othyl scrylate (IV, p.29),
XU might be orpected o umidergo ﬁ;?ﬁ to methanol and, via
ebhylideneleton, cavbon monoxide ond methylacetylene or its

doomay aillono:

SMe i GHL GO0 Me ~wgn9 ﬁ@ﬁﬁ%ﬁ%ﬁé] 4+ MeOlf ﬁg.ﬁﬁ

4o ¥ MeC o L

Hethanol was delected du the pyrolysabe from the
funarehe XV but not fvom the crofonobe X¥Y, ond nelther
ester yiclded mothylacetylene or sllene.  Hence, 1t io
coneluded thatl pt gooa net ecouy in breaskdown of IVI and
that some other route (p.56) is vosponsilble for the methannl

in the pyrolysote Lrom V.



b6

Srotonpldchyde (XVIL).

Tocomponition of XVII ocours %o the axbont of gg.B55%
(#able 10, rune 29,30}, oxclusively by gl 1o propenc.  Phe
olefin deficicney oboorved in broakdown of acraldehyie (VI

éﬁﬁ » . " -4 T ey A g e
in pyrolysis of cemnobhyle

P»34) ond cvbsequently by Torman
aereldehyde, isunerle whth FVIT, wae in thig ecase of negli-
gible extent.  Slnee both EVII and s-nethylacraldehyde

decarbonylate to the sawe olelin, proponae, thle suppowis the
gariiey elaim that the olefin dedicleney dn pyrolysis of VI
results Lyrom o priumery vesollon of the aldehyde rether thon

frow secondary pyvolyels of ebthylenc.

Hethyl servlote (SVITI).

%ajﬁw.ﬁg and §2ﬁiﬁ.KV§$Ig vielding respoetively
poraldehyde (VIY, by oliminotion of formaldehyde, gnd
propene, aceount for alnost all of tho gg. 504 totel breskdown
{Toble 10, vans 31-3%%%.  Whis e s the mein soores of VI
in the pyvolysete foom XV, Little belng fovmed Yro whe
pogbulabed methyl ﬁm%&ﬂﬁhﬁﬁﬁ&ﬁ?;lﬁﬂ&a It do Aiffiowds Lo
gatinate $the reapechive contributions OF ﬁﬁ in ZVILT and 61
A the aldebyde XVET bo bhoe propowe yield fyom the embor IV

both awve major reseblong.

Byrolyels of WVILI ylelds wmebbhonol, cerbon monoxide
aud acobyleone by o minow Eig thereby oxpleining the mothanol

in the opyrolysaebe from XV. The fact that this vosobion
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phonld oceny in the acrvylete XVILE but not in the crotonaie
RVE, whieh di€feve only iun baving o S-methyl substitaend,
may Lndicabte That the vokaown mochenlon of ot i pracluded
in EVI by the eleotwon-repelling influence of the medthyl

SPOBD.

L% hag boen ghiowa® ) that the major bres Ldown of
methamol is dehydrogenation to formeldehyde. XV gnd KVITE
vielded producte lu socordowee wlth thin veaction, cnd slpo
traces of wolbew vwhieh awve abtribubtable with ethylene (in
port} te o minor debydreticon of methanol as reperbed by Done

and  Hmd REAR 50

Methyl naleste wos pyrodysed 4o indicate the ofiect

of the glp stwucture on Wroakdow.

Mothyl nodopte (IT83.

-----

v

In the conditions weeld in pyrolysis of the mm;%g
agtey XV, XIX woos Yound as expecked o be much less ohoble,
ouly gp.B% surviving uwochonged {Toble 10, muas 34,%5). Tho
pyroiyaate conteined o welght of XV corvesponding 0 a

Bfie !‘Sig ITmomerigontion of malonte 0 funasrate, ssouming oon.dd)

/.-,

brevkdown of ¥ ap alroady esbiuated. There lg thong go.39%
breaskdom of XIX to smoller solosion produchs. Tie nainre
of the priwvary oud stbaeguont scissdon voubess snd thelw

agpprexinate gontzibuilion 40 his botol ave Adentical. wilhin



5.

pxpordmentagd limdtg, He the hWwreshdovwm of AV og shown in bthe

fToregoing reseblion selame.

It 1o predicbable that the mojor pyrolytic ronchlon
of XJ3¥X should be convergion to the lsomey 0Ff lower onorgy
conbent,; as occurs pleo in pyrolyals @f dibveneyl mmlea%a*ﬁa
Hecrwyein and 3 ”&Lcr”E hove recorded ifasomerlsation of XIX to

KV in progence of potassive, whleh they dlalnm poblvates the

L)

double bond. More gbyiking ig the fact that both nalente
ond fumarste on C° yield ezeclusivoly the g&g gpber,; noethyl
erotonade, whloh in burn ylelds exclupively Srong-bul-2esne
0N ﬁ& and erotongldehyde (g@g} Ot ﬁaﬁ % ia a@;xraﬁ% Fromn
thin thet on pywolytie produetion of o compovnd wihich can
gxdat an two geomebtric dgomevs, bthernal sobivebion of the
double bood results in the exclusive £a rizavdon of the moye
gtable %;@mwv;:aﬁ nobter whet the xwﬂm@xia Toswm of Lhe

parent moleoule.

2¢leds  Bhe pyrolysis of poly{elhviens fumarate) sud

reloted compoundo.

Poly{ethyliene Tumarobe) (I1).

Twom $he fovegping woerl on nodel compounds IV, XIXT
and XV 1Y ls predictable bhat the major golsslion rovbesn in

i ave ﬁT and ﬁﬁn The poselble oopurvones oF

3 E]
©g

broalidown of

£
@a ond, w0 o lepsey enbont, of %3 i niao dndiosbod.
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Tt has pow bHeen found Ghat in food TI wadergoos

I

pyeolysis by thwee wajor primory compebitive routes:

(1) Zurthewr llneaw polycondensation, followed by
eronp~iinkoge ond eventunl garbonissilion,

{2} ﬁq, vielding chedn fraguents gnd low nmolecular
velght produets, and

(37 6%, vielding o non-fucorete polyester.

Taldtiel expapimesde in o stabic resctor {(Teble 14, -
vung 42-45) showed econdensation followed hy oroasg-linkoge
end then carbonimation o ocewr before aclgalon prodocehs of
any bype wers detected. Idnear inereasc of 3 hengin

L8 not aseoxpected, piance 1L of low @nuﬁ%ﬁy axalalodu e ds @egrea

Py
of polysevisabion) won normaliy weed in an offovt to sinplify
pualysis of the pyrdlysate. FPligure 2 shows the iuncrease of
ey, aepias B blae ab ﬁﬁﬁﬁg he dnltiold value of .4 ineronsos
B0 163 afber 50 minntes and o 48.4 afler 60 minuitou.
Uomplete dngolubllity wiithin 75 pinedes o abbzibuied
groga=-linkoge through Lhe ismmﬁ wbe dowble bondss

|
mﬁi o Uy o OO0 > Ty 5 GO0 aﬁﬁﬁﬂW&wéﬁﬁ THe O 000

K
e ¥re

& —d

wﬁﬁgoﬂﬂﬁaﬁﬁﬁﬁﬁﬁgﬁﬁaﬁﬁﬁ& m;dqe@.@aﬁﬂﬁsﬁﬁﬁﬁwaﬁﬁﬁw
A '

¥upbher heatleg ob 260" resulis in earbonlaablon,
whitle af §$§ vroage-linkogze and cazboniagblion ceeur within

10 minwtos,
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Binee 4% bag bhesn ohserved by Vingentd aund dm bhis
work {p+~99) that 1Y oross-liaks on healing in presence of
onygan, bthese szpeuiments werve caveied oub wnder niitrogen
and esxhon &lozlde Plgorouvely purified of wmysgon troces.

e )

Theare 1a a0 donbd $het orops-linkage nay be achleved

P

thernally withoud eny cabalysh.

fn £low pyrolysis ef I1 ab 4009 (fable 10, zung 3T
A40%, these reactions yielding mooromolecules scoounted for
8. 50% of the pyvolyssad welght sy cevhonlsed matevisal
vateined in and cveniually bleeking the meoctow. Yhe
presenge of wabew s & asjoy low aolecular welght prodoot is
agequate preof ol furthey Iinesy polycondensaiion. It
eanaoed gll be pecownted fov by thet oviglnelly present in the
sllghily hyﬁ?&%ﬁ@@iﬁﬁg polyeater, noy by any of the obameyved
vreskdown vovbes,  Resldunl unvenobed othyleme slyeol might

formally debydrste 0 the obasyved acobteldehydes

-

Einntf

—_— ¥ 1

L]

f‘:%“ *

b

’;3 2 E’iﬁag}
%ﬁgﬁﬁ

LY )
8% 50 b

Bblwvkene glyeol hes, bowevew, Deeon shown
stable ot 400° and in aty cuse She prrolysabd pomledined no

wnreseted glycol, which is probebly sluost complebely

&

ropeveld by bthe purificabion mebhods awpleyed {p. 99%.
hosseldebyds con be otherwise expleined sud hence waber g

beot attridbuted bo further polycondenswblon.
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Under flow pyrolyslis condidlons, wheve highoy
Tenmparabures were employelf, maoromsleguls Tormasbtlon is
pouniered by al.  The prodeets of fhis resction csan be
exploined egunlly well Dy Lde osouresnee in Lluear TY op in
vopidunl polyfunarate seymends belwesn cross-links. at
yields primayily cawboxylie acll (g, below) end vingl osber
end-group frognents (b, belowl.

1

(e 0H GO0 ﬁﬁga fﬁgfigw GO0 —— «wOH: 0H. QOO « {fﬁﬂ,% i f:{ﬁ D00 2w ofl
in o preliminery ron ot 3507 in an unpacked £lowe

ranctor [Hable 10, zuon 36} both g ond b eud-pgroupe veve
ddentitied.  The pyrolysebe oconeisted cesendtislly of IT wiih
glbored sud-groups, inslvding cardhoxyilce acld snd vinyl estexn,
and hod I, p.% compared %o the pyrolysend value &?fgaa@ 4 .
IF ds pyobable that vnder these condltlons o state of spimul-
baneous oondensation {(in wﬁiﬁhaﬁiﬁﬂg pardiolpate) end &?

(} Kiow im; L3

The pyrolyoste emewging fyvon the wencbor sl 0P ada
Aot contaln g and b but produels etiteibuiable to $hely fuwther

1 raaetiong ot eash sster residso in

byoakdown. Buocessive 4
IT amnd 1%s ovbseguent fvegnonts would eventuslly yield
Cproducts comprising sepseuntially funsrie seld {%Y} monovingl

fowarate and 4ivingl fumarates
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¥E dn oporoeiable gquenlidy, bul neltber esbor, was

kN

e
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teebed An the pyrolysete dyvom IX.  I6 i beld that these
maliiple-tnaoburgied epbers ave wastisble in the working
gonditions, and thot they anoccunt for the obgeryed produets
vingl sevylote (KIV) ﬁﬁﬂA{iﬂ paeh) XX, carbon diuvxide and
pootylene by decomposing ae follows in sveordanice with

general epter pyvolysis roubes:

O, UH Q00 GH HaGH, UH 2
o Il ‘ — ﬂ O3 O cxndl
C .. GO0 GHz G, R ﬁﬁ*&ig

[

ﬁﬁg%@ﬁzgﬁﬁwﬁwﬁgﬁmﬁﬁgg ¢ l vso0”  {oedd group)
HQOU. (1 ; "
fl + O 8y seadh”
UL Co0oH

There are sther formally pogsslble breakdovu rovbes,

o

but sluce produets speclficelly atéributable to then were not
dotectod they can ab wwet be of ondy minor extent. JIV io
e only observed product peenliny to the breskdouwn of nONo-
ond di-vingl fumsrate.  The well-eateblished'” sese of
ihozylic aeld ge grplaing the Lormetlon of XIV fyvom the

mongester in prefersnce to veagbiong invelving bhe epior gY0UD.



6%.

Thowsh wpeoific pyvolyeplo products of XIV were nob
deticcted In the pyrolysate fwom II, 4% npy yield secrylle
auid {V) and acebylene by A° 2 Sineo, bowevewr, the scld ¥
9 U 3% z EEN & 3 5T o 4y Ty Y Faer
ig o primavy A7 product and lo present in gresbor quendliy,
the obaerved ¥V Ly thought to ho formed meluly by ¢ of thias
dibaaic acld, Separate pyrolyeis of XX (Pable 16, zon 41)
eptabllahod fhis ag the exclungive Yreakdown rouse:

HOOG . O
I ———> ClH,tGH.G00H + €O, vesl
HG. CGOH

Only omall omounte of V weve dedestedy 4% is
Thought o undergo appreclable i}"ﬁ as bos been ewsiabliched
ag Lls wa J{}:r hreaidown voude (p.51), thus acoownbting fov

1k

sthyieng in Lhe 313‘3:%?&1“{;53 ba fwvom LI

Progrents p end b ave llkely to undorgo breskdown
javolving thelr endegrouns. gnell amovsnts of caxbon
dihoxide are doubblegs attribubtable 6 ond-group o of f23

in addition o the roeaobionsg sghown above, while the

b

pyralysis of XIV (p.51) indicnten peobable end-group

dagradation oF b bhomg
Wk
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This bueskdown s the probable ovigin {(in porb atb

i

lonst) of The produets sorbor momoxlde, acetaldehyde, nethone

traces and scelylono. the polymer Iroaguents g, d. ¢ and £

L

ware not dedeoted:; eoven 3% thelr cundegrouns ore prosumed 46

he stable, wblal in the case of ¢ and ¢ especiclly is wnllkely,

-

$heir debeobion in the compler pyvolysate wovld be Aifficulb.

i S

By emalogy with the pyrolysis of »oly{cbthyle

369,

berechibalnte a and b oplaht yleld acetoldehyde and sn

anbhydeide grouping by recowmvination and ddaoproporbionati f}m
Aorylic aeld (V) oud vinyl aowvylabe (XIV), uwhleh may be code
pldered as wodels representlog g end b respectively, m.ﬁm Boen,
slinun o widerge o slmllar yvesetlon, and bhe poseldill bty of
i4s occurrence in the pyrolyele of ebthylene diacrylote {XII1)

&

hog beon dlscussed {p.48) The conslderatvlo guentitieg of
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acetaldelydo lo the pyrelysate Tron LY suggests

Thoat 4% way

\g.ﬂ

originate du part fron this reactlon, the sahydeide grovping

spcaping desection by deconposing in the memner of acyylie

aunhydyddes

"“; (33%3 4] ( i«g v fi() :io G§I$ {?Q}ﬁ:ﬁ:
22 — *~ﬁﬁ§ﬁﬂmﬁﬁ&»ﬁﬁaﬂﬁﬁu@ﬁtﬁﬁﬁ]
"""g I’I2¢ {%i}‘f}&{éix}{j 3 ;a {}{.}Uﬂ '1 % {‘4;‘{ ?&Q

b |
[tz 08 60. 0,00 07 67 |+ HaQHK

l
Zr (e {338 0T GO0 GHEGu 000w )

ib
& &

There Lo lLtble prospect of coplirming this reseotion
by Adewtiflcatlon of the proplolic sater endegroup fragnent
S whiech ig siuost ecertalnly wabteble.

LI shown geritaln siniloritics Yo

g@? {ebthyleie tevephnthnelabae), bt 4is overall pyrolysis

inverdably yieldds much mowve savbon dioxdde. Thip is abtbnl-
o o0 -
buted to the eanse of primsry ¢ A bhe elefinle wunsaturated

udyeatar, the rescotion cavsling the complebe disrupbion of
3, ala 2w ety g 4, xu g% o {3 A SE : . S A :
the fongrate structure gt 4007 . A% This e pobirg, FTLow

pyrolyele yvieldn o thermmoplestic nabterind, solvble in common

-~

orgando sclvents, and shown by iwlve-red gpectrometery [(Mig.?)
10 be an euber budt not a fungreia. The cheracterisgtic

fumarete abgorpivion peak ab 978 on.” w1 Lo absont and the

£
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apeetrun aliered in the reglon of the carbonyl fregquency.

From the analytical evidcuee, thig produet is a
Lineor polyesbter. Slunce 1% is linecaw the non-funarato
gbyunobare does net derdive fron sabturabtlon by omosg-linking,

whdeh dg vnlllkely in any case Lo palurate every funorate

Y

Qouble hond. The formabion of thils polyestayr is besd

&
e

atbrlbated to primaery internal ¢° of T1. This wesction does
act poeouy by sbepwise elimination of successive garboxyl
gronps olong the ehalu, slnoe auy residusl ester linkages
wondd then retain the Lunerabte gtroclure. 6 ip gonoeivable,
powever, thaet in o fumarate esler one earboxyl growp oabonces

¢
(e

the influence of ecvmasturation on of Lthe other. Blininge

tion of one eavboryl grovp wowuld hence lesve on esboy linksgo

mpen ghable howseds ﬂQ shan resldusl wnchanged Tomarate uplito.
Fa

Thum, L6 might be predioved thet primary interuel G° wowld

vl

evenbually eliminate every secend carboxyl group Lweom TI:

e ’LH:)“ (Y*if'j a {}{jﬁ ii {?giﬂ L'QE}G c&iiq 3 ‘:!{ f;«,»r()@ﬁ W {‘ﬁjg {}}:ga fi{:‘(\} il
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Wﬂﬁ?@ (ﬁgglﬁ G U, ﬂﬁ%ﬁiiif;r}é \il z,ujr Gl GH, Q00— ® $0 :}ﬂ?
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Tirke ddesllged polyesber would on hydrolysls yleld
B-2ebydronyobhylaorylic aold;

Hydvolyais
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3,

Hydeoiyeian of the sebual polyester ylelded in faot o
E@W’mwl@@mlar-wai@ht igeid aeld product {with no evidenco
for fumario aeid) which could net be charvactorised. HowOVeD,
either caybozyl grovp from residual Tunarate undts mnigit be
climinated and the resulilng polyesier guite irvegular,

A

ylalding o complex hydrolysabe.

The bhree reastlons desoribed hore have been oplbab-
Liohed as bthe mejor broskdown xoubtes of I ol 400Y. 6 in
BOT e&ammﬂﬂg bowevaer, that there are noe ovher vouies, sinee

ﬁf@ﬁ&&%% of wminoy yeagtlong wight well cpmcape deteation.

Twe polyesters in which &3 o preciunded nore prepored
and pyrolyosed for comporipon of bhelr thermol abeblllty with

S0 Ao el bl 1
that of 11,

vhyles e funmaratey (XL} ond poly (p-phenyleno

XEL dooks o B-hydrogen atem while ln XEIT 14 is ddwaly
bound iu Bhe axongtic wing. Theese polyesters and L1 wewe
pyrelyesed vndey similer stabie gonditione (Teble 19, Tunp
LECRYES) N o effort was made 0 mmalyeo liﬁui@ or aodid
products.  Tastoad, dhe eapily estlmplbed snd anolysed gos
yiolds wevre comparod, snd were fouwnd bo decresse in the ovdew
IT (5% 2l /g. ¥, XEE (34 mil./g.) snd EXIT (350 wl./g.3.

In meny pyrolyble veapctlons the Liberated gas wolume ig



GG s

propoviional G0 the exdent of overall breabkdown, though thiag

velablonshin is nod iavardable. Th appesrs likely fron the

ady

wesulbs that both XY and XIXIT sre move thermmogteble thon X,

Zo1:%.  The pyrolveis of poly(obhylene funnvale - meihyl

i

L3

gemoevhyiaceyial

¢} ond yelated compoundg.

Pody{ethylene fungrate - mabhyl c-methylocrylate) (I},

A

In pyrolysis of L it bas been Ffound that the Initic a3
ropction is Iibevebion of nmonomeric mebhyl e-to thylacryleb e.
Theve ls evidence thaet thls reseblon, presvmed to be free
radical ond Iniltioted of wagsburated methyleerylabe chelin
ende os in degradadion of poly(methyl s-methylecrylate) (I1X)
& 23:53(}3.”? ig torminndted at bthe lncluglion of o Tumarete oP0go-

LI

Adndeing ol

I sbabie pyvolyeilis of I ab 200° and £50° (Pavnle 20,
wong 49, 53) wmethyl {sm'{z‘m}‘ﬁhvlﬁ%ﬂﬁ"y},%‘3'%;{3 and sreces of wyatoer
wors debected, but not auy scission products as degeribed in

o3

brenkdown of IX. L% le thevefoxe clesw that breakdowm in
She funorete vesidues wvogulyres o highoey bemperaiure than doeg
depolymerisatlon of the nothyleerylate chelng.,  The obaerved
water wey hove been oxiglually present in IT or moy mesuld
from condousation of funerate chgin ead-groups, though this

is less Rikely in the weplin thon in the nmore moblle Lineaw

polyeater.



Dnly smell maounits of moebhyl e-methylacrylate were
Liberaled. $ince Grassie's wmmk? indicates bthat apprecloblo
dapolymerisgbion night be expected ot the working tonporos
tares, © wapn compared with the Lollowing related polynews

under slmilay gbatle pyrolysis condliiong.

Loty natinyl s-nebhylogeylobe) (131), pouly(mephyl funsrote -

aeihyl eenobhyloovylabe) (XXITX)  and @g&y{§§§¢ﬁ@mtgiﬁne

iy 9 2 25602

fumarata ~ mebhyl c-aobhyisccrlobe’ (FTRIVY.

T R e v

T yiedded draces of methyl wemobthylaceyleate over 60
winutes at 200% ang 119 over 120 minubtes at ﬁﬁﬁgg &
corvesponding welght of 1231 {on $he basle of approxinabe
cenabhylocoyiate in 1) yielded veupeobively &% and 259 nuder
thooe condibions {(mble 20s I, runs 49,5%; I3, rang S50,
54). o confirm that the lower monomer yield from L is not
ploply appevent, besoause of plover Giffuglon oult of the orogs-
Linked molecule, the linesy copolywner KXIVT was pyrolysod.

n AXTEL, oach mebhydl fumnsrate wnld represants o CROLHe

Linking wnit in the regin I. Since g corresponding woeight

Faid

Of XKXETY showed & aimilor thougl less merked vweduvobion in
mononer yield (Table 10, rume 51,55), 17 is concluded thalb
giffusion doen not entirely acesuvnl fov the redvced yield

Ffrom X It 4e believed that in bvobh ¥ sund INLIT the fre

radicnl depelymerdsption lo terminsted at the inelusion of n

k4
Tvnaratbe wdb. Ple neeords wlith Grassicts f&nﬁimgg? in



T

*

wothyl e-mathylacryiotbe - aepylonlirile copolymers, in
Walehy however, depolymenisstion is preceded by chain
gelasion in dhe zaglon of the aorylonitrile wnits and there-
aftor beorminoted ab these wnite {p.27). Selaglon preceding
depolymerisation in the resin I is thevefore a poseibilliy,
but would be extremcly dli¥icult {o delteot becavse of bhe

insolnbilidy of 1.

The resin IXIV also showed o lower monomer gvoluviion
then 444 131 {Toble 20, wuan 52,56). The corresponding
wosin of poly{p-phonylene fuanrate) could not bo eomporeds;
the lisesy polyesber {(EXIX) did nod copelymevdsce with nethyl
awnethyloorylate owlng, 1% is thought, $o the Aifficenltiag

in rewmoving wnreaeted dnbiblting hydroguinone from K¥IL.

The ensob compositlon of the eopelynors Iy XXIIT and
FRIV connot be colenlebed without hkwowing the nongmer
voootivity vetios of methyl wnothylocryleie in relatloophip
o XX, XV and 33X, Thip, bhowever, duen not Tundsmentally
aifect the comparxigon of mouomey yleld fvem each with that

rom & Feasonably corvespinding welght of TIT.

Podo Thrashold Pemporebure Toterminabion.

1‘ Y S A I TR IR TSR am"wwl Sl S Snd S LR (EACUE T

Taa pyrolysends Lisbted dn Pable 2 are consldered in
bhis seetion. The apparatus ie deseribed in socbion 3.10%.y

and experizentel ropulbs sre given in Pables theovghout Hhe
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4 ie now well nown thed most organie sslers

5 Fn e B g sy e S, gy oy 2 sy ol e ey m o “E
pyeolyse by bwo ov more competiiive vovbes (p.4).  The
»

propoybionsl conbribtubion of thege xouvies ho The owerslld

brealidown hes freguently heon seblinabed Wt ne gbienpt hos

Bibheste beon made B0 goumpare thely vaset or thyroeshbsld
sonparaturen. Lo sheolube volve of this benporators canaos
i

y o S et s V0 I N ST S " B S S o
30 GORGERTWOR yaelable condliiiong ou w0l ag peteabion bln 1Y o

S

» A

g T T AT YO PR i s 4T arri . % R ETE T g m!n o
watore of bhe vescbor ond pasiling meteried, condsol surface

n

pres and pressmure, obc.. wost aluwsys be conoidered. Flgher

f\:s Ty e o T LT W ST, SO, P N P T . P 2 RE
2% 8l."” bave shown guantidebive werletlons dn pyvolysin of

'2

methyl aostuxyproplonate wiih varylng reacbors snd pookling

Ay

mpberialy, vhers sebeutlon wlme, oonloet wolume ond surface

area alsd VREY. Javbonieed deponlits hove heen fouud o
18

sabalyze dsemerdisabion™ snd pyredyole ab veduced pressuwe

;
T

3 e N Wil o I S T
to Lialt secondory broabkdown ond tay fozmation gm::z,f’a:*ﬁ Yo

i

e R - B A 1 Y o5 ‘. o oy gy g 3 vy o b JPO, ;
i bhe presendt woerk an opporatns bos hesn dovised

iwa

Q *

whoreby bhreshold benporabuves of pyeolyile roubes gan be

e

gorpared with all obher infivencing conditliong reusining

o o

\ny Fe gy 12y S0 N e Ay o g T Ky JFOS BT 3 i y
HANHTINTG . L5 devends cesemtially upony debeotlion of gasoous

a

products in o photo-oeld syst

oz e

tum, gkd offords compaplgon ned

paly of oonpetitive voules in one compownd bHhut alee of

»

eorsenponding rovtes in dlfferent pyrolysando. Polil”™ bhag



pravionnly doseribed o conebans banperabure gysten in which

the exvent of breskdows iz Lolliowed by noasuroment of tho

» Pa . [~ B en g % Gy i r S RoTe il
gessous pyvrolyeato wolums. Thlo sllows s gomparigon of
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roventlion bines wabther than thresheld Leompoyaslores ond 1% is

KN e T A o1Ea v = N, ’ Wl e kg P oy, i Ty s ole Tl oo, mAt Rt o an ofy
bhonght thal the yesulbe obtaluable fyowm the present
s s PR B e - s B Ex o w0 «A -

appovotus ave oF pore proetlosl velue in dhls study.

I3 & 32 e - v e 22 Lrzovon re S Fupay ey i ™ ." 4 N
£a2:80 Throshold temperebire dobermination ln model ecowpounds.
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Byl fvoeeate (KIV) wes selested bo wepropend
wesidual vnseboreied polyester wolts in T and ethyl wilestbe
KRVEY B0 counpare The stebllity of the glg oad i ilacners.

o

Foinde of eross-dinkoge Iu I ave vepraspervied Ty obl

saonlaate {(XXVII) and wuﬁmm‘ai@€3W’ia;a.§¢szmﬁ aahurated

volyosber Tesiducs by othyd adipelbs (XAVITET ond ot
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of Iibewadlon of ebhylens, B{LH
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Table § « Fhrepboldd Somperotures in XXV, HUVE. NXVEY,

KRVISE ond XTEY

Bis

Fyrolynend {00} e,
[0.01 moloes)

KK 570 340

XEVE 515 550
RRVLE * 530

Wi
NS
<&

KY¥TIZ *®

TR S
X\!m&:}u{a m

Lo
m
&3

% = Prinery G° docs ok ocouw®,

Ty

L35 FEhe oy <y .
bhe {37 vondtlon

ic—-t

in 4hoe pelyoeate

ol

This ouspests tha

1Y noy be foellliiobted by the Lvens shrunoburve.
5 AEA AT

(2% tComporison of ﬁiﬁﬁ@@ﬁﬂg3.aﬂ& %{ﬁﬁg} volues fox
g

vgmw

XXV dndicobes that in IT A

1lowosr temparabuyve Shon ﬁ?w

ashounld ocony af o

{33 Slnnd @fﬁﬁﬁﬁﬁﬁé§ io olightly loweyr for [IVIT than
Lo XAV, AVin 1w moy osour proferentially ab

. poinbs of erops-linkapo.

{4} The eompavedively lower velueg of T{0H *Eﬂﬁ§ 1
KEVEXT ondXiZ euggeobe thot the commercliolly
ineluded soturated cgber residuss are wore

sroceptible bo &1 bhon mnosinrvated Tomorate andto.



7he

{5} Phere do 0o vegelay coryelstlion bDobtwoon @{@E@géﬁa}
and The numbor of nebthylone groups Ia TIVII,

FEVELY ool XEIXK.

2.2+%. Shreshold Yemperstuve dobezmination in nolyl{ethylene

fwnerate) ond reloted sompounds.

Quolitetive pyrelysis of 11 (Seotion 2.1.4.) boo
ghown thet eaxybon dioxide fronm prinary ianternal @ﬁ guedl
ghbylone,; acelylenc traces end acetaldehyde ¥ig pelmoxy Al
sie onong bhe najor solssion products. Phyephold lonmporie
bures of Liberotion of theso producte ere ligbed In Table 6.
Teperimnents on the rowoval of spoelylene 4o permlt dedechbion
of ethylene slone vere noi coupletoly mrccessful {(p.91), and
tha threshold tenperatore of dhepe bwo goses bogothor g

given ng Plunants. ).

Table 6 «» Threchold benperabiuves du IE, X¥¥. THRELT ond IR,

Pyrolysond {C0,) T lunsabo. ) {0« GO}
{0.01 moles) ¢

, M 295 505 505
(02, gg.5~9) .

xE 295 305 305

®

S

EXEL HS0 355
KEXE 2830 x
AEX 345 SR0 3
* -~ [nonturated goses oand scetoldebyde not liborated
bolow S009.
(1) glg. ~ Labiblitors.
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Pable 6 ghows that in IX fﬁ{? ¥ is lowewr Phom
H{unoato.) oy T{le. G0}, indicating ¢° o ogcar at o lowew
bowperabare Shun Al.  smigs contwe ste wlth the corvesponding
voluas in the modeld eompound XXV, bul sceords with the
postulabed prinary iﬁfi&ﬁ’iﬁ%ﬁ. nobure of ¢° in the polyestor.
It do held that this veaction libovabos eavbon dloxide in
guontity belpwve 14 s Rowmed wilih ethylane, acelylens,
sceioldelyde and othoer preducts by resobions duwolving the

aY frommente g and b

Phe dobormined throphold demperabures sve agen o be
independent of chadin leongth in I3 within the gz&p:emgima:ﬁ;@
D, Lirmdlte 3-9. o vwas ony Veriation observed in the
golues when bhe #ollowing free redival inbibitors wers

dlLosolved dn the pyrolysonds

(3}

(1.1} 14 phensathraguinous,

s
‘-.»";

15 hydroguivone,

(113} 19 é~Lorb.~bubyleatochol,
(vl} 109 hydrogudnone,
{vii} 1 gephenylenedionlne
o {viil) 69 Deumoldebyde.
Al in now gulte generally necopbed on o molosulor
m

roneblon®® ond no albtovebion :m Plunsote.) o T{c.EH0)

.......

'a

. PR
volues 1e oxpecbods The froe vadicnl nedure of %, hovever,
Bas slepedy beon saggested {p.19) wad the consbonay of § {{’%‘3?}

oy elmply mesuld from the feot that none of the somewhad
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arbitreorily chosen inhibitors is specific for the reaction.

Threshold temperatures for poly(neo-pentylene
fumarate) (XXI) and poly(p-phenylene fumarate) (XXIL) are alsgo
ligted in Table 6. The values confirm only in part the

vesults of Section 2.1.4. lundicating bhese polyesiers, in which

~lack of am available B-hydrogen aton precludes A19 w0 have a

greatber thermal stability than ITI. ¥XILI ylelds no ethylene,

acetylene or acetaldehyde below 500, XX does yield thes

K4

produects, T(mwsats.) being greater than in IT though T{(Ve.HO)
is unaltered. Unsavurabted gases and acetaldehyde from XXT

1 ond not puraned

must be fTormed by some yeaction other than A

in this work. T(OGQ) varies 1ittle bebtween II and XXI but is

rabher lower in XXIT. This agrees with the primary internal
watnre of 029 gince in II and XXI the degree of c-—-ungaburation

is equal but in XXI is enhonced by the avomatic nucleua 80 thab
the veaction might predictably oceur more readil ya Phenyl

acrylate (VIII), which can be regarded as a model Lfor XXII,

has been shown to undergo appyreciable @ (section 2:.1.1.)

Agein in Table G, T(GOQ) of the saburated

ﬁoly(aﬁhylpne suceinate) (XXX) is bigher than T(unsate.) owv

g,

?{Me.CHO), in comitrast to the a-unsabturated polyesters II,

XX and XAIY where bthe rveverse ig true. further proof of

2

the primary internsl nature of ¢ ig furnished by thig: only

1n the satursted XXX is corbon dioxide elimination following

(] 2

primery A' nob preceded by primery internal ¢ Tnsaturated



Tl

goases nud acelaldehyde Irom XXX sve slse abitriboetable to

predioctable resctione following A1m

2e2ehe  Ehreshold tompersiure debermineation in pely(sthylong
mre Nl SIS By I R, U T W

funavote - methvi e-methwlocryiate) and related

comnpounds.,

Throshold tenperabaves of the regine In, Ib and Te.
propored uoing C«1, ¢.2 ond 0.5 sole ¢ bensoyl poropide

enbalyet reppeetivaely, are showa in Table 7.

fobls 7 - Thpeshold bowperabures in In,Ih, Lo, XUV and X¥IVD.

Fyrodyaand 2{00,)  Tl(wnopbe.)  F(Ue.0H0)
{10 g

ia 505 305

XY 200 85

ie 300 265

AELVn 246G 260

XEIVH 200 . %55

LY
ok
<

)

o

W RN s AN
& D
S o &

Gompardesen with the corvesponding velies in dhe
linear polyester 1T {Table 6) shows @{ﬁﬁg} to be slighily
higher in the resgins. Ih and Yo show e decrensed valwre of
Plungabs. ), while in Yo 4% is the sowe as that in 11,

T{io. GHOY volues show LitEle werdation bebwesn ¥ and IL.
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Theeshold demporsturen of the resin %ﬂly@ﬁ@ﬁm
ponbylone fumnrato o m@%hylvmmmﬁﬁhyia@wyiaﬁ&§ are Zluc lished
in Table F. Hemples NIV snd XXTUPR wore prepaved using
respectively O« mole ¢ beusoyl pevoxids snd 0.9 mole %
suodigyelohoraneenrhbonitrile. . Gompowxison of the weoin
Lhweshold ﬁﬁﬂﬁ@?&%&ﬁ&ﬁ with thoue of the covresponding linenr
polyeator XXE (Table §) shouws o glight Incrcense in ﬁfﬁ@é} mnd

and - T{Je. $H0) ond 3 morked dneresse in T{unsats.).

Thove is no very obwvious yvopmon why the reming I and
UV phowldd in gonoasd ahow bighor dhreshold ftompevaivres
then the parent polyesterse IT aud XXE. In wegacd to @Eﬁ@g},
sohuration of funnrete residueos wonld be smpected ko reise
Hhe volve only ln the ualikely eveul of all Jumsvate wnlis
@&wéiaiyaﬁing“iﬁ crngg-tinking, Sheraby precieding primary
6% in the vesin. A' is nob ohyiongly affectod by cromge
Tinking, ond the bigber rogin voluves of 2{oussbs.) and
F (Mo CHO) are LTLicult o explain. e faetor which moy
pactly accovnt for bthe lucereased vwelues Ls slower diffusion
afl produche onl of uhz., crone-linked vesing, vesuliing in o
time lag sud ineresse in deberalned bemperabure bebtween
pyrolytlic produetion snd debeeblon of the peoduwebs. IT
catalyst wesldues in the vepln have sny effect, 1t wonld be
experbed to Teollilbate rathoer than f@@&?ﬁlhﬁﬂ&k§$Wﬁ gad Bhag
dead to lower btheeshold semperxabtures in the rvesins.  As fov

ao L oand I1 2t least ave popcered, the differences awve nok



geoat coud probably uu~$wa From diffecent dirfusion wobos
ratber thon Lrxon any fundaouenial dilfevence fn the node of
bapakiowni.
EXIVn shows conglatently slighily highor valuss bthon
EREVE end o hes a bBigher T({He.CHO) valuo thaw Th sad Ia.
Obherwiesa, bhe muouat oy satuwre of the cabalyat dogs 0od

2

shenifiomtly affect vesin threshoeld bemperalbures. Tl is

e

not wexpected, since these factors should inlluence only

the sizge of *ﬁ@'ﬁﬁlﬁﬁ&lﬁﬁ whieh aparvt Lrom diffuelon conplde
arphlong ag no ﬂﬂr“?ﬁﬂh bheoring en tha threshold bemperature.
it e not dmprobeble, however, Yhat oadalyst wosliduen uay
ploy & part in dnddilstiog repin breakdown, aund this In cone
Junetion with dilfusion vaboe cenglderations moy secount Lfow

The obgorved minoy GLfferencos.

in detersingstion of f{vunsabs.) for I and IXIV o
eold twap prevented euntraiamnont of mothyl c-melh; lzﬁwyiﬁﬁﬁ
into the detector system. 4he cold drap was rewmoved o
allow detenninabion of sonomer iboeroilon denperatorves,
PMIAY, An bhe copolymers and LIT Ltself. The welven are
Listed in Yoble .

Gomparison OF the wesulte in Toble 8 wilth the
liberation temperatures of products from residusl vnsalnroted
palyoster walts (Fable T) confiyms bhabt bthe iniiisl rosin

breskdown le monomey Libewabion from bhe nethylacryliate chain.
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Bable 8 - Metbyl e-nothylocrylete lberation bomperstures

in PIT, BXILL, Th aud IXLYD.

Pyrolysand i (314
(120 &)

TIL 240

The P{HMA) volue in TIT dip in feir sgreooment with Grasgiets
W@fa?g bt there Lo uo aposvent explenation off the higher
benperetures vequiyed in the eopolywer IXITTY and the reping
It emd ZHEVE. Mifugion control may accovmt fow the
bigher tewperatures in bthe resinsg, but not in the lineery
AELET where, however, the inerease lg less wmarked, and nay

not gliogethor bhe cutuldth seperinental ervvorn.

205 Gonelueiong.

Throunghout the bext af Sectlion 2.1. ablention has
hoen drawn b0 polints of gpeolal interest in breskdown of
simple esber model compoundss FLor cxanple, the conflrmolion
ol primory 6% in eeansaburated gaters, conpetitive B! ona B9

in ethyl sud methyl serylets but mot in nethyl erotonate,



Faly)
Lk

the novel I-4 Lo phenyl serylete aud phonyl e-nelbylocrylete,
anrd bthe dsoneriantlions detegted in pyrolysls ol methyl
Fanarate and methyl naldesbe. L6 now remeing 4o velatoe the
pork on sinple estere, llneey polyesters and vesing to the
eventunl oinm of this worlt « Iuprovernent of dhe thermnl

sbablllty of o typieal wuseturated polyesbter woesin.

The vapouy phege pyrolysis of ginple nodel conpeounds
indicated reagonebly accurately the observed byeakdown of
the polyesber Il. Ln the wegin T this brealdovn wag Lound
te be pregeded by Llbevatien of mononerde methyl o-mobhyle
anerylate, se thobt the Divet considerabion in improving
thesaed ebabllity is the provention of this depolymerisgtion

roachion. e practlonl applloations of Uyapsiets tﬁﬂﬁﬁigﬁﬂ?
of reducing Hhe punber of daltiating vangaturated chain ends
by polymeriging in a cheain treunsfor solvent ave worthy of
investlgation. Monomer Libeyvetion wizght slaso bhe sapprossed
iy o peltable free voadicsl lnkibitor, thowgh 4iTflculdles

»

would be encomntewed in dispersing the inhibitor throughout
whe inselnble rosii. Biuvee bthe evidence indieantos
s-p@bhylaveylate depolynerisation o bterminate at a fumsrale
wnld, 1t folleows thet monomey ILibesrabion will be deoregsed

by incresped orosp~linking of the o-nethylacyviots chelus.
There La w0 remson why wosaborsted polyesber sogments
betwaen crosp-liaks in 1 should nst bLreank down in the sone

manner as dogs IT Aheell.  The Geercased moblllity of the



B

raglo moy hWinder further coudensation of polyesber onde
groupg, vt eross-ilnkage beltueen renldunl fomevpte wnlts
ie likely to goewnr. fneh erosg-iinkage sheuld improve the

therngd, sbability, sinee by ssbturablon of the deuble bonds

bl
&2 ﬁ

1t pracludes pyrimary ¢ ol ithese uniis. Flmdlarly, cobira~
tion of Temgrate bounds by copolynerisatlion in the e-weblyle
mzmyiﬁ%ﬁ ghaln presioden peiosyy ﬁﬁg zs well as belng
effoctive in redusing e-melhyisarylobe Jnnsﬁy serdsation.

5 G opparvent that the overall thermad sleblliby
may B Llmproved by inoresesd ovesa-linking, oadé that Troen
Hhls vicog-polint the Ldéal rosin wonld be ome witieh condaing
o owaxinun nuaber of osress-links in the e-unethylocrylalbe
chein snd An whieh overy Tumaveds walt ls copolymeriged In
ain eengthylacrylete eholn.  There arve, however, other

pupebleal conmidevations. Bven an incompletely cross-llakoed

resin ds too inflexible fov convenient handling mul sabureted .

widds arve diueorporated 0 space out the doukle bor Pheore
in some evidenea that thoge gobturefel unils are noOrs PEOEED-

tibla Ho ﬂ%g but bhis polnt hes not heen fully dnveshigabed.

.:} . L
¢* s aoegibly 2 free wadiesl ﬁwﬂﬁﬁ Lon and; 1lle

depolymerioation, wmight e supproseed by dlspersion of o
and table lnbibitor in the resin. There Loy however, 0o
pppsyent wovhed of suporeseing Aﬁ apars Dren struotuninl
modifigations o exelude gveilable H-hydrogen akous. Yhe

Linesyr poly(p-phenylone fumsvate} has hoon sheown %0 bave good
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Thernel atebility end might Lorm s naeful rvesin 17 1t eonld
e dindueed Yo eopolymerime.  She resin foxmed by poly(ago-
pontylens fumarete) o mere thennostable Ehen 1, and pince
pupplies of 2 2-dimethylpropan-1:3-adlol (which fo condonsed
with walele gubydeide o foem the linear polyesber) ave
Likely b0 hecone more peadily availeble, this weoin ds of

~
.

oongl dezrable inbevest. It nay onforbuwisbely be luprsebicalle
on neeount of Lbs having o lover sofbening poiud dhen § of
conparable nongsbitution: Thug, She Linoas ﬁalgﬁﬁggyyaﬁtgleﬁe
torephthalate) 1o move themmosbable then pely{ethylene
torepbthnlato) but is nseless in gynthebice £ibre produation

£
. ) ; o oy i w4} oy Eaof
beeauae of itn Jower sofbening poind i.

Babure work mizht well ingloede s Invesbigebticn of
$he offeot of strpetured wodification wpon obthaey properbics

&
A K

£

oo well as bhovost stabllity. Thevnel dezradation in
- eather S$hag in an ioord sbnosphere chovld silse ba consldoened.
Quite apers from ceonbugiion, there mey be csbtalyiic effects,

28 reporvhked”< in pyrolyaeis of puly{ethylene tersphihelabn}

in presence of oxygon braces.

»

Work mors dmnediately related o that descxdibed in
the present shudy ig belng eavvied sub lucthest laboratorien.

he prrodyols of anhydrides mmd goburaitad dibaslce acld csbtoro

19

in relaption Lo the broskdown of L is being investigeted ™, and

new experinental techwlgues eve axpenbsd to yleld more guranti-

totived and kinetic®® information on cetew pyrolyols.
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Fele Loporobtug and Proceduys.

BaTe1s  Jlow pyrodvais syoboi.

The flow pywolyeio syston veed exbonelvely in

1

»

gealitabive and senl-quentitative work is sboun

&

iu Tigare 4.

fhe pyrolysmnd, novmelly Liquid, iz contelned in n
gropping-fonned which bee a ndirogea inlet 2t the 4op oud a
prespuve cqualising sideegrn. The funnel ip Fitted vewti-

L)
o
&

cally shove the reacior gnd the nyrolysend Tved rate Conbtrolle

ad hy 8 GhEOD=-G0ks Byapozation of voletile llanid pnﬂ@iysaﬁés

is mindiniced by vse of a water-jackebed funnels polyners and
polids melting wolow 00. 150" are rendered mobile by on
cgleobwlc heabing bope wousd vound the funnel.

& *,

Highor wmeliing oollids ave lutroduced 0 the pegoboy
in emall pellet Form from o eloged hoxizontal Limb econtnining
g Lron bay beldind the pellioets. By moving o wmegnet oubgide
the 1inb, ﬁhﬁ nallats ove propelled by bthe Lron bayvr gso thob

they dvop singly luto the regcbow ot fixed tlue Intervels.

Flgure Y showg The bhyee diflovent bypes of Fyvex
glogs veschors need. Type 1. for pyrolyeis of low moleculaw
waig&%'mm%mfiaigg has g conbrad “eontachv space noymally
paciEed with 1 4n. lengths of 025 in. Dore Pyrox tuding

1,

{eontest velune 220 mi.) but on one ceossion with coyper
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Fie. 5 - FLow PYRoLYSIS REACTORS.

(3HADED AREAS REPRESENT PACKED SeCTioNS. Stae: lem. REP. lmcu.)
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furnings {contaet volune 270 nl.). Th is oupporded vortl-
2olly in aw glectric farnace & by projecting lugs. Asbosbos
cond wrapped round swmell projoecting hooks olininnbon GORVGG
tion cuvvents by closing the spoce bobween reagbor mmd furnoce
yalle, and olan sewves o hold the roegobtor: in o gonlerald
position. A fhormoeonple pocked ia Titdted guoh et bomperoe
Yure moy bo newnsured at ony point on the vertioel axip of the

reactor pooked section.

Beagber bype 2 1o feglgoned fov pyrelyeils of polyners,
in whieh frequently exbencive arvne-linksge oand corbondiogblon
tend do bioek the veackox. It hos vwider bore apbove the
pocked seotlon, which io shortoer thon in type 1 and is pocked
wilbh 0.9 dn. lengthy of 0.% in. bove Fyvew beblng {conbood
wolune 120 nlhed. In other Bespocts 11 wocenbles Type 1 and

1o hepted in the sooe farmoee b

A spaller roacbow, type %, is used fov gnoll ounownds
{ga. 10 gv 0w loss) of low moleouley welght pyrolyoonds, o
where shonber rotowblon dime is Goglred. 08 the oane
general depign oo bypes T and 2, 1t ig pocked with Q.5 in.
Tengths of 0.29 in. bove Pyvex dublng (conbacd volume 20 nl.)

ad Lo bented in 2 osnoller eleetrio furaoes Be

Treept for non-wolablle polyney vosiduesn,; the
pyrolysate emergzes Lrom the weacbor in the wvopouny phane ond
ia fracbionally condensed in o vamber of rocolvorg. ALl

condenged pyrolysabe lo collocted in n reeeiver verdloally
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hadow the weoolorx: waber-condenced produchs noy be eollected
soporebely but ave generelly of suall swount ond gwe besh
roturned o the Lirat rocciver. gondensation is completed
i an peetone-Drikeld trep (referrved to bhoveatfior ss the eold
trap). The gaseous pyrolysote s collected over woler with
an upper loyer of llouid pareffin dv o 20 1. ssplyotor £itied

with o constent level doviece 4o wainteln stmospheric prosonre.

A dreap conbolning 20.0.9 1. aniline ip included afber
the wator-gondonoer o enlleck holong oy anilide derivativesn,
bhedlry deteoglion bolng otheywise dAlffiouwdd. Volatile
aldchyden entreined boyond the cold t¥ap ave removed fzoum the
fas gbroam by o aodnbion of Zid-dinitrophonyl hydrapine in
wlee normel bydrochloric sedd snd ethomel (reforved Yo

hereaftor aa the 234002 trop).

Tarnece £ Das g vindlag of 30 ohme  reslotonce round
an 18 in. long 2 Az boye silica tube enclosed i a 10.% in.
MMenctor ssbeabos wool-pocked alumiviur ense vith Sindom
endg. Pempovature ip roguleted to + §° by » Sunvie cacrey
eoatroller and 19 pesomred by a»aﬁmamm}w&iumml‘%hwﬁmﬁﬁﬁm@i@&
Prpexdments on bthe topperoiure disbribuition slong the veriiesl
axis of furngee L {empty, top end elosed by esbesbos pooking)

ghowed o wide ronges with moxiown tomperabuorve 4 in. Jvon the
top.  Heapuvencnlts duwving pyrolysis indicoied that wilth the
eonabant vapowy £low thwxough the vesctor {(Lype 1), bonpers

dure dlgtwibation oa the vertieal axis of the packed segiion
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ig falrly oven. Wezimunm bomperature was recowrded ob the
top of the packed sootion gand pyvolysis temporatures theve-
fore measnred at thisc point. L rending of %00 = 5% gt $his
point io oowivelent to 490 &+ 5° at the bodtonr of Ghe

= 9.
%‘;}!i\-"?:. *’;‘1\".{?,'(}

sockion (Figure 6).
Hlmiler consideraticus lod Ho pyvolysls tomperaturce
in reactow dype 2 velng messured ob the top of %he packed

pegtlon.

Turnace ¥ roesembles I dn construchkion. Pempevatuze
in rewebor btype 5, used in §, i messured ab the wid-point
of the pocked section, there belng 1ittle likelihood of a
slgnificant varlation in Sempersbture throughowt such o mmell

volume,

respure in the gyston is peacursd gbove the dvopping-
funnel, oo bhot o blockage In any part &f the spporebun may
bo detected. Cas pressuve st the aspirotor enbry is oleo
meraured, aud o paneactor o fitted to indleate vacuun

preseure in removeld of oxygen fron the appoarsius.

Nemovel of oxygen fvem the apporatus before pyrolysio
ig nornally sehioved by oucceseive evecuabieons end flughing
with nitrogen, intreduced yig alkaline pyrogallol oud concen-
troted sulphuric oodd tevops. In pyvelyeis of volatile
materinls, dhe gyoten ig ovpouated onmly onee pad omygen
removald completed Ly conbinucus witrogen flushing for 2-3

Bowrs,  The reseltor tonperature is sllowvwed 4o sobtlble to o
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asonobent valuwe bhefove nidwogen flow s discondinucd snd the

pyroelysand Introduced. Peed rodte is neaswred in g./ minute

e
| o e
80 bhat vebentlon bloe may be oalouleded feon the QQﬁgﬁ&ﬂm%ﬁg
: . L g 5600 w BYS = ¥,
Rotonbion $ime, t {aeconds) = \
22000 x (W, + T, ) 2

vhere ¥V, = conboot volune, mlg

&
i

B, molen pyrolyaond/howr,

&

§ﬁ§ =  moles nidrogen/iour,

= & In this cooe,

e,

and gl = bonperabtare,

Uorbonoceous oF Saryy deposits, oncowntored capociolly
i pyrolysis of polyners, arpe roenoved fvom $he reschor hefore
cach run by wvaehing with mized selvents sud then heating ob

ﬁﬁﬁg in en sir oguvrondts

Betn2e Shnlie pyrolyels sysben.

A numboey of weld phase pyrolyses of polyners wag

cavried out v o stablic nppevebos, in which vroeoclors Hype 4

o

and § gye wsed. Typo 4 i sivply o 5 dn. long, 1 in. bove

hd
e
32 .

Pyrex tube olosed nb ome endy dype % Lo o 50 vl. Pyvex



6%,

$ionlk vith thyee nooeke for nidrogen dnlet, thoermoecouplo
poekoed ond felie-off confonsoer. Type 4 Lo honted in furaonpeo
By with dhe therwoeouple Juncklon sivopped wi’z asbegbos
cord B0 the lower {closed) ond of the verbdlenlly supporied
woockor o thet 1t Lo ot the “hot gpotv of 1he fuwvooe,

4 in. fxow tho top. Fho acbesioo wrepping szoin eliuiaskes
conveetlion currents and kolds the resebor centrel. Type B
ip hepbad in o bath of voed's melsl, the thermocouple

Janetion helng situsgbed below the pyrolyssnd lovel.

“vrwﬁyumg produets ave eolleeted on in $he flow

pyston and o siviler ozygen-ronoving peocodurs adeptod.

3+1.%. Threshold tenporature delermiuvebion oyoben.

The spporotus denigned foy @&%axmi&aﬁiﬁa af threshold
tonperebares is ghowa in Figure 7.

The pyrolysonds go. 0.01 noles of low welesular
walpht compounds and ga. 1 g 0F polymors, Lo conbolaned din g
2oactor typs 4, sel wp in furnoce & o slvoady éﬁgawih@ﬁa
Htrogen 1o 1ot o tho bodtonm of thoe venctow. preosure bolng

wepsured by o menomeber.

A zefluy condengoer connects the »esebor 4o tho
detector systom. In thig, o light beom Lrom e 150 wabb
lanp connected wis o maius voldage shebilisey le Brensudiveld

through o converglng lens ond a weagent vesscl o o phota-
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elegbrice oall. The ploss resgont vesssl,; poluded blaoek
with Hwo opposing windowus, condolns 185 wl. of ¢ soelution

whieh veacts with a partlculay ganeouws pyrolysis prodect go
thet dtke light $reaemitiing propeybles orve slioervoed. Thie
aiteration is debogded by o nicvo-gmnoetor pleking up the
photo-gall onlput. Swe 500 migro-Tarad condonsors
copnented iz poxallel noross the plovo--sumotier rednee
éaﬁﬂivo fivcbantion of the yelue yesuwldlng from bubbliing
of the gasen throvgh she Xﬁ&ﬁﬂﬂﬁVVﬂﬁﬁﬁlﬁ Julolnn chloeride
trays are positiencd teo eliminale wisbling of the windows
ne the 1ight souren generabos heal, and tho whole 1ight-

i,

Trenonditiing syebon 4o onelossd in o Hlack covor,

Befove pyrolyels ip ecommenced, oxygon dg ronoved
Erom the apparatun by the stondard proocinrs {(p.87).
Witrogen is then allowed to Llow through fthe sysbom at n
rate of Q.1 1./otovte, aiving o pressure dyop of 9-10 mm. He
morong Bhe apparatns, for 30-60 stovtes whille Fhe nicrow
ammeber gebtlos 0 o congbaph voluw. With nidvogon £
covntluning, the veaokor tempevature iz Lhen reised by ﬁmﬁ?f
minﬁtﬁ-%@ o 250% and thereafbor Ly %m&”ﬁminatan Phe roflvng
ﬁuﬂﬁenvgr prevents 1@&% of woelabile nehborieds from %&%
ronetor b gescouvs produots libersted o the onsob of
pyrolysie ave owepl by the nitrogen otreom inke the dotcstor
syoston.  Hogetion bebusonr o parblovlor ges and reopent

solutlon elbers the miero-pmumeter reading ond indieabos thab



ok

ko bhreshold teupersbure of the resctivn producing tha
gaa hasn Deen roached.
Tu pracbico, wioro-onps ond bempersburo volueos ore

Taken ot 5 miovuwde iunbervela np $o 250" ond thereoftor ob 2
minunts intervailsn. & groph of wlora-gmps 8. Lomperpbure
Lo dvewn and deviation of the dnitially constent wiorc-cnps
vaioe dndioaten the thvoesghold dempoerature.

1

The ppporatus hos beon sucoensfully used in doteotion
of (1) othylene and acotylene, {2} esvbon dioxide =08 (3)
acotuldohyds. These products ore dedepted respectively by
{13 o 0.14%0 golution of bromine in covhon febtrochlovide
{resulding iy descloretion snd lnevessed micro-pups voluels
{2) &« 9o¢ ﬁéxammm& aguecus calelun ohlloride goludion ond

=

{3% a 90% sabturatod solubion of 2:d-dinibrophenyl hydrasine

in fvice nopmal hydroeldovie acld and athanel {hoth solutions
Bogwring turbld and vedooing the wdeorvg-ampa valwed. Tha
Liberation of nonomerie methyl w-methylserylate fwom s
polyner and eopelyasrs ke olao debtected by the bronlue ssiun
tion.  In debection of bolh melhyl cemethylocrylobs ond
seataldehyde, o0 plr condennor replaces the normal woaloer-
condenasor oo that reburn of the preduct b0 the reaator is

roduced. Bince deteabion of hoth dhese products lg gonflned

to polymers dhero is ne loes of pyrolyosnd.

A pikaline oolubion of potooslum lodomerour ma% FRHERY

aped in en abteapt do rowove small gnouunts of soebylene frxonm



B

gapoows pyrolycates oonbalaing aloe ethylone, thereby
allowing dedection oF ethylens olone. Tndor tho woaking
copditions acetylone remoenl was incomplobte; but since only
small gucwnls arve present ivu tho goseous pyrolyssben duveshi-

zabed the roeorded dhresheld denperabures moy be ponoidered
g peridndudng cosentlielldy Ue ebthylene.  Diflovltles were
adoe encovndtorad in finding & suileble reagond for cavbon
monexide. Pelladivy ebloride gnd ioding ponmboxlde solubions
pere found to xeael oo sloviy; cooleur chengee in Wlood
polntion are not detecksble in tho spporeibus. Unleso some
abther veagent ip found, it Lo thoughlt thed o wodificolion of
thig type of contipvousn syparatus whereby the speobrun

P

changesn in corboryletsd blood might be detected offers dhe
boot mothod of dotormiving asarbon nonoxide liberohion

tonpernliyes.

I% 49 estimoted that eccurvecy Linite of + 5% ove
Impoaged by conbrol end messuronont of bounperatvre.  Teperde
wenbs sbousd loss bthan 19 of the sapsouns products Ho cousc
g gepreciable chenge in the light troncmigsion of the
apprepriate seivtion. Thareghold denpoervatvres of gifs
vouten gon bhevefore bho fedvly compared, since differiug
resctlion rates bebuwson gas gud solntion do noeh slgnifiesntly

-

affech the wesulte.  IPreliminasry work estpblished dhe

opbinam ultrogen £low rate ag C.1 L. wivude. A% thla zabe

45 does not Ltoelf, aftey oooling in the gondenser, effeod
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I

the reageunt solubionsg, end with the syebew volume vedunesd
0 & nlndmon ie feob onovgh o ensare that the $ime lag

r.

botwoen Libsration nnd deteotion of produets is aob soldfle
glent Ho lotroduce eny oRror. The condononrs pavoss bhe
miero-opnoter reduce flueieatlon oad allow o nore scourabe
voading withoub any apprecleble Lloss of sengiblvily.
raphs Peproduced in Pigure 8 1llusbrabe Threshold

bomperatnres of libovebion of ohbylene wnd acelyiens, eavbon

dloxide nud neetalddobyde dn pyrolysis of poly{ebthylone

Fomproto). The ehange in sicero-atps valve ds cloowly sharp
ond well defined. Baoh graph iz dravm Tfvom fhreo ruao in
{lc,} 3

vhich yeproducibility within + 97 ig abialusd.

The opperadng bas o wide applicability in lthst meny
pompon pyrolybie repotlions yield one ov move gaeeovs producto.
whigh oy e doteched by o suiboble reagend. T ia propesocd
that dn foture oo of the aypovatus gesphs will be anbomoiiie
erlly deowmn by slmulbeneous recordings of niovo-sups and

tamperahtra .

o

Aolte .Erﬁgarzfiem and Tux iﬁgﬁ}&ﬂ ol Byrolysends.

TR

3.2+ Fropamrenbion.

The following pyrolysendy wore pynthesiged:



Phowed aerviate (VITl).

P Y . . a1 .
A methed deseribed by Toug sud ﬁﬁﬁy&ﬁj? For the
prepayation of phonyd ce-ncthylocnylabe ves adspbed for VIIX

wiih modifications to reduce losees by polymerisablon.

Acrylie seid {(conteining p-loluguinome inbibvidox) and
bonsoyl chloride in woler ratic 1:2 wove mixaﬁ oad heated o
100° 40 yield sevyloyl edloride, sollecked in o Flook sonboine
jang o Little hydroegquinone dnbdildtor snd we&igtillﬁé {hg?ag)u
fopdnolar onentities of poryloyl shlowdide ond phenol woere
mized aud heated Loy ga.60 ninubes on o wolce~both, 107
hydroguinone Lhy wolght of neryloyl chiowvide) being odded ns
hydvogen ohlowdide ovoludion dininished. The ovade phenyl
1mﬁﬁyl&$@ produet was cooled, digselved in othor, woohed
geveral dlumon with 5% sodium bydroxide soluntion and then with
waker. Any polguerisotion-estelyeing povoxide bracos in thoe
oty were renoved by washing with acldified Forvens sulphnie
solution. Aftor o floal wsehing with walber and dvying over
catelun chioride, ethey was reuoved wnder wvaecuum gud phonyl
meryiete dlebilled ot reduped pressure over gopper twendnzs.

20
=g ¥ e e~ gk L 5 " E 3 s T4 g 3 v % 3
Fu A .;i-%;g E&uﬁ:ﬂ%ﬁ*’ Yo ﬁ?‘"’f‘} ’%{} TE mie s . 1. 52%. S AT 2
e ¥ 3}
.76 20

Tlisehione ob al.' 5 ba a?WBQQfQQ F{E17) JUN oy 1 B8

Phenyl v-nebhylacyylote (I33.

& olnider mebhod storbling with Iohibited aemebiyle

w o k1 o ‘ ey R Qr Yy 7y
peryiic aeld wes uweed.  Yield, go.60%; B 98-1027/92 wo.,



9%.

Th

ny, 12515, Tdt., Filachlose ghoal 'Yy be 47-8507/0.2 e,

_— TR - S
Mg 15T ﬂﬁ,ﬁa%ﬁj*@ e BP-93°/4 o,

Prenyd, Toranbe (X).

In the properabion desoribed by sdichen ob mlgﬁi
gloctal Forule soid (820 g}, phogphoryl chloride {224 .},
phenol (94 g.) and dusinivm chloride eabalyst (3 g} wove
wmixad, allowed te stond ob roon toppersture for 90 ndnuiesn
snd then heated for 6 hewrs e 70-80° on o woter~bath &
gomplote the resotion. The product wes twlco eptisobsd
with ice-wold woaler and the ervede phenyl Tormabe residue
disool¥ed ln ather. Hemaining phenol drvaces were oonverbod
te pheuyl bonsoate by addition of o 1ittle bensoyl chlowide
gind one drop ebennlo chloride oantalyst. After dyying over
magnesiva sulphate, other was xvenoved under voounm and
phenyd Tormets twice diobtllled ob weduced prosewrs, the £iuel

wroduet Lelng nawbral snd negative foy phenol (fewwdn ohlovide

h

e amds . ounaDien oo v
{:ﬁkﬁ'ﬁ)é g&@lﬁ.g (§¥3a‘§‘§f e p i{}?f‘f L1 ﬁg‘“ﬁﬁ j?‘f) Hid e Eﬂi%ﬁﬂg

hdtekns b ghoo by b. 82-839/15 m,

Libwlene disceylate (X1T1).

A sES . e
A p@ﬁﬁﬂmﬂ&'m@ﬁﬁﬁdgﬁ won modlfled to wedvuoe lospes
By polymerisabion.
Bohylene glycol (371 g.) ead sewylio scid (86 .} were

alovly heabed bo 1850Y wilh inhibitors powdered copper {2 ze)



GG

4

nnd hydrogvinone (2 g.) ond eoberification eatalye$ concene
trated awlpmuric seld (8 g.). The venohlon was conduched
under carbon diowide, elininsted waber ond g lidtle sorylic
a¢ld bodung renoved vie s waler~condenser. On gooling, the
reachion mixture was disbllled at 3-4 mit. The fraotion

beiling bolow 80°

wan dleesrded; Lelng walinly water and

unchanged seactants: the erude profuct, boiling above %Qﬁ,
was washed with water ond sadive Wearbonabe solobion wntll
neutred ond bhem with baelue. 28 copper ehlowide dnhitdtor

vas added add bthe produch dletilled st yeduced prossure.

Botarificntion wnder carbon dioxide and, to o lesper
axtent, in presence of hydvoguiaone raduced indtlslly

encountered lowsges by polymerisation. Yield, ca.3% g..

2 BF Fo ?{3 - v y
25¢: D ﬁ”ﬁfi Wits s 94 fﬁ Tile 1455 A
Farble a& oh ol QQ- Da ﬁ%wékg/ﬁag mmagzn% 14587 .01,

. a0 ¢ 20 .
Thde and mm:ﬁi‘ be 90-94%/203 mu., ng 1.455,

Vimyd peryiede (XI1¥3.

A egbey interchonge nethod origlnally deseribed by
Adeinann?? vas used, 34 ge aerylic seld ad 142 g vimgl
acetote belug vefivzed fox 4 hours b 80% with resction
anbalyebs 0.5 g. perewrlic aeotste snd 0.2 g. concendtrated
ﬂﬁiyh%fxﬁ acld. A brace sonper acetkuls polymerisation
inkhibitor ves added; i1 hes beon mh@mmﬁg.im g ginllay

preporabion of viayl benzoste thet swcens copper scebate



974

lowers the reacbion ylold. 00 cooding, oxcess asld was
aenbralised with sodiva scelabe, which wap £iltered ofl
Before dindiilation of the produst. The Troation holling
90-100% was eollected and redigtilled Lo glve bhe puve sgber.
e '&‘ j Y g t“{r’l{ - & ‘w ‘A 3 ‘{3{!‘ o b e b Wt 5 T s . g}ﬁ
Thokds ¥ ey 15%y b 94-90".  Tit.; Paver ond Hsabter™,

B G406,

Podyfothyione Touorate} (117.

: ' ey
A pothed deseribed by Cnwxothery and Arvin™? ona

sdopbed in these leboratories by Guleveson ﬁﬁMEQﬂQ?J

g,
'fti‘.ﬁf‘ﬂ»a.;

Followed.

Goleie onbpydrids (1.0 nmoles, twice wearyoballisod
feom chilovoform) aod ethylene glyeol (1,08 moles, twice
roddotililed wdey corvon dlozide) were wlized in a fisek
Fitbed with stirver, corbon dloxlde habblaor and tokow-elf
wabey eondeBsst. After prolonged flusking with eavrbon
dloxide fSenpoersbure was wadldly roised to and malatoived b

s with continunons ghlrsiong end corbon dioxlide
habbiing. Wober of eondensation, typlosnlly 5S¢0 of the
thaoreticel wield within 4 bouwrs, ond z L1%tle endrained

-

glyeol vers eollected via the condenser.

The resulting polyoesker is a olooy, aolourlaess
maverinl which at voovm denmpevabure wey o guite moblile ow

- oo . v wgey Ro¥-3 85, '{: " v
herd end glassy according 4o dts DI ﬁﬁﬁillﬁﬂ) has shovn

+hat ving Pormotion and vyoss-linkags are negligible uwnder



"

thase condltionsg mad that the polyester iz linear, wiih T,

proporiioval o repction Wme ob 195 2 59 am in the graph

reprodieesd in Plagure 9. In the present work '}13%1 s

Erogueantly estlested dron thle graph bud on cespeion iudeponds
antly dedernined by ovyoseeic megsurenente ovr ond-group

anadyolis. Toble O shows good sgrecneut Lobweon experineniel
amd graph velaey of B, -

Table O- Ixperinental ond groaph values of voly(ebhylon

funarated DR .

T, PR A I LR

Beaction Ylame Sraph DRy  Fxperimentnd, DR,
{hoars) {and-group sunlky w:x,,ﬂ

Bafd 4003

3@5-&{5

Sud e

S B R
S
w
RN

Lo 4 1 ?
tte 4?- ‘5 # ?'

7B

o
e}
S

o)

Farther work by Welililen indicetesn that the 0.5
moloyr exceps of glyeel sdequabely compengstes fov Fhat
grcbrained Feom the bolling sdxture, and $hab the nolasy vatle

£

of ropeboobs in the resultlsg polyewtor ls near woildy.

5

I
Shongh parky vopl” ' veporte dif{svent propertiisca in

polyestiers prepoved from condensabion of edhylens glyool
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with nalelc snd Pfanaric ae ald waagpeolively, 4% oo recantly

baon shown by Gricveson® that the maleis .ha@%vﬁe - gibylene
glyaocl polyester le essentlally frans in ebreciuve, Grleveson

fownd poly(ethylene fumarabte) prepered fvrow wmgleic euhydwide

and from ethyl funorate 0 hove sinlisy properiles. Bobzer

{5

ond Hshr'Y cariier ropovied the presemosn of fangrate Linkoges

in the uvelelc apbydoide produchk, and pelerogenphic work by

313

Tevar gb_sl. couneunrrent vidth Golevencns spechroprooblc

iavestleatlionyg confives thet isomozisetion duelng PO Ly 0T~

deneatioo is pubgtentielly complebe.

Puring the eovras of the preseat ghudy Lt wag cone

fivmed, as proviovsly reporbad by Viasend } that L1 orons-

Tinks on boablng in oxygon. T preparetion of the polyostor,

oy gen Troees ands; te o lessewr oxbanl, dlapurily of wepctantn
regulted dn owoss-linking alter ga.d-6 hours hesting.

.l

Feperiments were aigo oarried gul o davestizgete the pospie

B34ty of devarbamylioblon duvlag prop

¥

sretion, thls veactlon
Boving Leen repom %@dih in polycondensation of soburabod
divasic nolde with ebthylens gyoaol. By megsuring libherabed

arbon dioxlde in o Corbosork tube, L% vwes found thal in
preparation of L1, Eﬁh‘g@ﬁ%g corricd owh under niitrogen,
decarboxyiation ocowrred anly %o the exdend of 0.1%. The
wrancilion has therefore o neglisgible effeot on $he sbruolure

of £¥.

fnriflestion of IT dg diflicslt. 9he polyost QW‘Wfﬁ

L



disgolved in & larvge volums of

mnreachsd subydelds and glyood
hilcearbonate solwblion and waler
drying over caleium ohlovide,

vacuem o 100% with high gpoed

tooks (Bedlatein Llame test) showed wmethylens

sonpletely vomoved, bud this proeedure lefd

Ruroughout this work low
sualyaln whe

dupdng

5

hiydvogeopie -, and

i wged conple

bow bR, ssnples {pp

\'y‘t

Hhe solvent wes Do

ne sanples were
tyrolysete, and some fuyther
¢ pomoval of methylene ghlorids
1% i fhought that wnless o high

Ho vonovel of wober i

?ﬁiﬁ’u

nathyleone onloride and

renoved by washing with godium

gblrring. Wegative chloyine

exloride o bo

e . - [PV (4 JOINERRPN. 1Y .
braces oF wabel.

woed bo aloplity

polycendaenpation
e poseilble. %
DF saaple

"

3 dmpogaibla,

e84 or less) ave econvenlenlly

ponred, bulk ﬁmﬁﬁi@% of hlpghex %ﬁﬂ sre West hendled by eooling
in seohbone-Trikold snd eidpeing into frogmenio.

Inhibite 3 TX TRl A

s were preppred by dissolving

who

apprepriate welpght ef inhk%i%&w in Hhe melbyleons ehloride

soludicn ond purdfying the polydester o deserd
avoiding wenhing with sodivn bHi

vaneve puenclie inbibd bovs.

withdraen from the reackion nixhors

ridl ifs”ﬁfn

roly(ethyleone fumarate - malhyl

3 corbonate

;Z}tg um:?« A2 Y YN

s

bed phove, had
solodion vidceh would

- 1

- Vapylng DR,

Ay 3

AR

Es

at messesd Sine intervslg

aabinated frow the greph (Pigars Q).

Semeltlivlaoryls

nle) (To.bsg.3.

LEARED mm 4+

Gompereliol nebbydl cwnethyleoryiete wes pusdfled by
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washing several times with 5% sodlun hydroxide solution bo
rewove phonolic inbibitors, waching Dlaodly wlth waten,
drylng over acploiun ochlovide and digtilling dvles undoy
corbon dloxidse. A vedpht of LT was digaolvwed in nmelthyl

; - . - I ﬂ» € A - >
e~nethylacryilote to give o feod raa*i;m‘*;ﬁ‘} 0. 25  whoros

Holop PP umoatuaration
eles WA wnpaturation

Poed ratio, B =

Whe PO x Emn x Dol.Uh. 4

Whe MUA x Fod.Te. ¥aR

FER = Polyl{ethylenc fumarntel; WiA=Methyl.s-methylacryisbte .

I3 diesolvos :.f:ém@my in wothyl e-methyloeryisto on
honting ab mﬁﬂﬁﬁ in o stoppered flask. fopolymeriantion
was aehieved by odding @ welzghed onount of beasoyl perxoxids
eahalyeh, lvrafioting with ulteo-violet light for 1 howr ond
heoting ot gn.60° for 1 hour in a clessd vonsel. The resin
wen then g,-'i:‘:t%%zfz. into o fine povnder snd heoated ot 100V under
vaeusn for 4-% hoves, thues ennuring cubstantially complete

roneval of snrescbed netbhylecvylebe.

gouplos To, Ib end Io woie prepeved wplug 671, 0.2

pad 9.9 sole ¢ reapeotively of beonsoyl poroxide.

~~~~~

23 S-Dimothylosspan-1853-010d {1.0 molen, roervyobailised

from ethyl acobabe) wes condensged with moletice sabydride



‘; 02

(1.0 molen} in the conditione weed for prepawabion of IT.
Hapid reaciion esoonvred, @ﬁyﬁﬁﬁ of the theoretical wobesy
yield belng sollechod within 3 howrn.  The resulding poly-
agter Lo o clogy, colovnriess materiand which nb Lo GOROT G
dure igs nore viscous thon 1T prepered over the some roachblion
Yina.  Povr sanglen of Qorrant ponding vigeoolty ot woom
tonperotnre, XL asoftens much nore resdily bhon decs 11,
probably becsuge of lowey packing donelty wosulbing from the
lateral mebhyl provpg. ike 1%, W6 4o polubie in such
slvents as bonzene, sowvbone, methylene oblozide and ohloro-
form but not in ebhor.

&

Theye is no previous zweeard of

e

-1 g% oLy e eried fres v e
she gynthosls 0 ZFXT.

i

Though 1t has not been esbeblished ¥hat 1% ig lrous In
gheneture, 4% appears probable dhat ap In preparvablon of 1Y

O e T T g P s g ¥y gy Ry sy g e i - ey a5 o w T
faonordgntion bo the Dupevele stwselure way ocecur.  Whls

a»ﬁ

£

pelyosber and EXYT {bodow) ave therefore reforred 4o asc

e F oty vy ; e
Tonavrohon.

Foly (neg-pontyleny fuparaie ~ aethyl aembitylog rylotoX5¥IVa,b).

X8IV was propoved in the sane aovner as §, couplos
FEIVn emd RRIVE bodng calelysed by 0. % mele 7 bongoyl
pernzide and 9.1 wmole ¢ azsd %~Wﬂlamwwaﬁ@§ﬂxbwﬁ1%mi1@

raspestively.



e
e
&

Ly {p-n ‘&hm‘érlam .h;m*wmia‘} (AT},

gninolar guantities of hydvonnminone {reczyshaliived
fron water) and modele anlydrids veve roocbed téﬁé{‘!: he
gopndltions noed In preparaiion of . heoetion ogourraed
vory slovily bl afber 4 houws heabing o dorle-coloured
product was obibalnod. sublimstlion of both rosebonba inio
the condsnger provented agowrsbe optination of ellminotaed
waber. It wan eerdalaly of ouly suslld ameuwd, indionting
the polyoster do be of low BP. E“ﬁéhiz;% woan eonlizned by ite
polubiiity in %% aguecss poding hydvoxide soluiiong

anidification reprecipiialed the derk polyentoer so thet this

o an apparent polubilliy resuliing Teow hydrolysis.

not o
AXTY de oully ¢lightly eoduble in common opgendc aolvends.

?e.m#

£ g Bord snd brittle of voom tomperaiitvres, sefiaening ob
e 1007, Tike ¥XL, AXIT has aob proaviously Besn roporbkod
in Tthe Tlleraitnre.

Ettenpbod copolyserispbion of ZXTX with motlyld

dmpathylocrylate fotled; +thin 4o probebly sbiribubable to
the presence of warescted hydroguinons, which could wod be
gompletely vewoved Svon the polyecter by woshing owv

sohlimabion.

Poly (notbyl cenobbylaeryliobel (1113,

Ei1 vss ‘ﬂii?ﬁeg?&:t?{%{% wmnd pueifiecd by the bechnigue alopded

Tox L end XX t%% C 0.% mole % benseyl pevoxide cobelyst won



BaSA o

Pty fz:mi:“%gi Tunarato nethvl e-~netiwlacivyl .ﬁm} €23y FEEY.

Tha asome procedurs woe veed o oo polymoriss 299 {by
vad et} of methyl Pumsrabe in wethyl e-methylacrylote with
.1 mole ¢ bensoyl perozide enbalysk. EXIIT io approciaily

dess britvle ah reom tompersiuore then is the pure polymer ILI.

s

o2 Eupilientlon.

She followlog {%@mm@:miaiﬁy avaideble pyrolynonds wore

ourificeds

Bbhyl peorgicte (IV), sorylie geid (V). sbyzene (%14,

ﬁm&aaﬁizgyviﬁ:ftyz?eam AREL) snd motlwld seryiete (HVLIT).

Phenodig dvdiddors were romovaed by woshing sevorsl
fimes with 59 sodium hydyozide solontion. Aftor Tinally
wsmh*m?w with waber gad drying ovexr ealeduw eblowide, the
pyrolysenis were bwlce vediotllled wnder cerbon dioxlde and
nad bepts.r IV, 101%; v, 146% mr. 146%;  ziv, 162%:

YYITT, B81°.

Aevaldehyde (Vi}, wethyl opotonste (R¥1}. erotounnidelwde

SEIT) emd nmethyl seleste (RIX.

Moetilliation of the comperclal materisls wiolded



165,

producete of be.ots.s VI, 54% v, 129%  mvig, t04%
XAE, 205%,

Bolbhyd femerato (RV3 end fusnvie ooid (XK).

Reeryvatnilination Fron otbiansd Floldad produete of

mentw.s XV, 1@%“; By ?ﬁ?ﬁi sublimings seslod bubel.

Byhenod, (VIT).

Posbs Lov waber (Flober weogent) on spoctroseopionliy
e othouel were negabive snd the weberisl vow pyralyoed s

ohbéainod.

The suthor dhonies Tmporicl Chenlend Induntrien Hinilod

.

Bow glfts of ZsS-0lmeilylpropain-1s3-dioly ebhyl acrylatio,

gepmethylaonyiio acld and webhyl o-methylacrylote.

BBy  Anplyple gud Pyyoldvels fopditiona.

Zabate Mnalebiond i ““hﬁﬁhy

ks

{nnoous pyrolyssbes were anslysed by o stendard
Hempeld appevatus, supplenented in most cuses Dy wes mf 3143
ailkeline pobassivn ledonereurote pizeltte for gpocific
aboorpiion of &eaﬁyl&nﬁﬁam Albyne twacos wore guoditabively
doteetsd by precipitebion of the red coppey derdvatlve fron

pEReniaonl caprouws vhloride solution.
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Cold trap pyrolysobes wers allowed o vapovlse ob
wocan hunperabree Anto en seplreior ood sxeunined in the gas
phasd.

Gorofel fraebionetion of bhe llauid pyrolyeabes ab
atmogphavic o rafueed prespure alforded n rengonnbio
poperalion of producta, though volatile aldehydeon btended Ho
oopboninghe sher beiling fractionn. Poymally posaible
produets eondd freguentiy be elindnoeded on the evideasge ef
bolling rengean. A& ceribonacoctus rosidue, sonellisnes conbaine
ing polymeris maberlals, nornglly remsined afber digtillation.
Gopwer agebtabe aud bydvoguinons inhibltorg were added before
GLetitlodion b0 liguid pyrelysates contelning produvets lioble
B0 ﬁ@lﬁmﬁﬁiﬁﬁu Froctionation of polyester pyrolyseles wos
e eeoasion supplenonted by extraction ol part of the

pyrodyaste fox debeoiion of niner produoebs.
Solids ingoluble in fthe liguid pyrolyneie wore
Tilreved off before dlpbillation. foiuble solld productn

pither suhlived during frachiconption or reveined in the

Toahdig. Ghowe phened, was obbaipod, 2% 414 sotb sompally
cryatallise fron the pyrolysobe b dlebillcod during

froctionotion ond s hoenee oopsidered ag n Liguid prodinet.
Sopavation of solids gad Mlguids in polyenier pyrolyeaten

praved fwpractioable and thoy were egblmabed btogother.

Aeilive gnd 2r4-T0E drap products, 10 in sufficiend

guentity, wore vgorypialllsed end Ldenbifled.



fondord chenmiocsl nethods of ldentification were
giaptoyeds all polid preduets mnd devrivatives being
chraracferisoed by wixed Mepts.  Agcurate guoenbitobtive
muaiyeis wes popsible only in the goeoeous pyrolysobes,
grovinotvic esbinetion of Liguid gnd g03id peoducts being
rondored ot bept approxiuate by the f&ﬁﬁﬁm@a gonplexity ©
dhe pyrolysobes. Ia eorboin cacos guantitaotive mnlysino
won node oven more 4l40iloult by the ovcwvrenee o ono
yroduet ln twe o nore pegeivers.  Tov swampls, 3ropone wan
found maloly in the gas aspirater bulk eondsnsed pa Foan
the eold brays formpldebyde forvped e oolid Yriaew,
frdoxene, and Jike aveboldehyde was gleo Found i the Liguid
nyrolyasto, aold trap oud 2ad-DHE Grap.

In view of the difficultios of quantitesive saalyeis,
ooky e appromivate cotingbion of the welghl eomizibuilon of
gompebitive roulon to the overall pyrolyemad brenkdown Cen
he mede.  The slnogh iavarieble oecurrence of mecondary
treakdown conplicedes e esbinadion a6ill Durther, though
allowmnee wos oode for 1% by seporekely &wvmm%ﬁgnﬁ*m Draake
davm of primary producto. Thig eleo pevwed 4o copfirm
puglliotively the abteliindlon of cerdaln producis 40 peCOBA-
oy brezhdoun. I8 s augher of pyrelyoes vhore the somne onde
produests ara formed vip elternantlive vouvtes, the extend of

thene rouben conld only bo eghinnted o nejor, niner or Hrace.

“hondard idendification methods were supplumented %y



the follovwing apedsigl boohmigues:

Tnlra-pod gasoboonetey,

A great deal of uweeful informeblen was affopded by
apectvopcople exnwinotlen of the pyrelysis produotc.
Conpayison 08 the pxoduot speoiran with o nuphey of gbondards
vialded rapid aod soourste ideabificoltion. Galy dn o fow
eoses won The ghmeture of o product dedueed from its spoobrun

without wolervence to stondorda.

Infre-red specbromelry Tasilitebod idontificntlion of
frace cowponoyts in the geseoun pyrolysates, pardlonlaxly
methane vhileh way otherwvise reeadln wndeteabed 10 in saoall
ameunt.  Tdentificabion of seelbylone, m&thylaaaéylama@
gthylone pud propene, espeolslly wherve two o mors of bhose
products oocurred bogelhor, wos conveniently confirmed by
il teehaigas. Fropene and isoseria balenes, Lroeguently
gollected witﬁ‘WQlﬁﬁﬁiﬂ aldohydes in the enld bvap, wore best
characherised by Infra-reld spoolrometry in the vapour phasg.

Chomiond evidence in snolysin of liguid pyrolysetes
wae oloo supplearented Ly bhis dechalque, Where only %gaﬂah
guantities wore oViadned, ldentificetlon of produeia wan
based sluondt enltlrely on epecbrogevpic evidence.

The instrement uned in Bhis work hos been doseribod
by Browwiie ",  Sasos weve omanined in o 10 om. oell ond

wolatile digulds dm o 4.00978 cm. oelld, Tdauids bolldng



T09.

abore ep.60Y wove luvestigated in the Torn of cepiliory
FAhme hetweon plates snd goldde in o Fujold mull £ila.
Folyners weye alee stedied ae cppllilavy Filnmes, ov in o0l
tion, corbon tebrsekliovide Woing the mosk aomuonly waed

sodvent. Flgure 3 ghows exouples of polyesdter flin speotya.

ALY souples wose deied ovor celeiunm oelloride bolowo
auplygis To gvold donagling $he godiun cohlowvide platea and

eoll wiodows.

;Q - T : rq zog ofs % £3 % e
Faper chrvonatography.

Paper chvonabography wes applind to the ddentifigotion
off aldehyde snd ketone Z:i-dlnitrophenyl hydrazoses {(reforred
to horealler ap 2p4-THP'e). This dechnlgue wes pavbicvlerly

ugefel whon pyroelysis ylelded wove than one carbenyl compunnd.

Taing bthe method described by E&Wﬁ@ﬂ9§§ Thetoon Ho.1
paper was lopreguated with on ethyl fordreto-wsler-mothencl
mlxtuxe dn ratio 1:%:12 (by welghl)s . The poper was then
dvhedy dilfervences in dyying tine alfeeied the resulio end
derivativen for Idontificetiaon werve therefore comprred vith o
marber of shendevds in the some Pun. A soluwbion of 29
suwhon %@ﬁm&ahlmmiﬂm in o 60-80° pohrelevn Deadtion wes upsed
for eolubion, giving o weanonable sepavetion denpilie cccselonal
'&%r@mmiﬁg@ The dlagbencen bravelled by the apots In ﬁ&ﬁ%ﬁé

dovelopmend wore compared wader wltro--vielev light .



110,

gnlour tashs.

The standord fevrle phlowvide colowy best won useld forx
phenola.  Bobers wore debeaied following hydrolyeio vith
20% methanolic nodassivn hydrozide, aeidificabion ond
addition of hydvoxylomine hydsoehloride in ebbonol; by the
violet aolowy Torwned on edding ferrie chlovide solvblon.

& eolouy best described by Davidoon and ewman 199 vas

aned in debeetlon of Tinesr mubydrides. A bopporary geeon
or Bluo colony dg rapidly produced with ¢ A-bongonldophory de
acatie nald. e test ds conducted in pyridinse solubion and
ig not appliosble to eyolic anhydvides.

u
X

Phenyl forsets wes indlested by o greon eolony Lormed
o1 adding pobogrivn poypanganslo golubion. Haphithelone snd
2 5-Gluethyinophthalone formed green &ﬂlﬂ&?ﬁ’ﬁﬂ addition of
pluminian ﬁﬁlﬁgiﬁﬁ in ehlorefovnm ond of comnsentrated owlphurie
acid vaspeutively.

5

Poly (ethylone fuumrele} moloowlar wolohb debermination.

oo woleonlar weight of IT7 wee deterained oryopeopnie
pedly in hongone bat more commenly by end-group ooalysic ag
daporibed by ﬁaﬁil&&ﬁgp A polwiion of ep. 0.2 g. 1I¥ dn
1O wl. chloroforn was titrated sgoinst decl-normal nlocholic
potossiun hydroxide dn an loa-batls. Phene lphbhnledn

" -

indlentor was wped and the ond-podnt feken Lo be when one
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drop of alkseldl produced s red colowy lasbing fow af leoogt §
paaonds. The aversge of thwee rung was token, veproduois

BiLity of meleewler welght belng wilthin + 2%

3e3020 Flow pyrolysic conddlicus ond - yioldo.

Tiow pyrolysls conditions ond yields pre ahown in
Table 10 {2117} tlorhonseesus deposlbs vere nob vwelghed
unlens ezgepltionelly heavy or whore couparvison with shobher

oy

Pyrolyzand was desired, b estimebed as wmodornie, swpall or
Frace. Gold trap pyrolyoates logs thon $o. 0.% g. were not
caplly welghed ond awe aleo eelimabed ag soall or trace.

R

Pnenyl fermete {X) and 3;::915} {ethylene fumarate) (L0} ylelded
rospeetively phenolie snd polgwerie pyrolyostes Tor whleb 2
gomblaed liauid snd solid weldght le given. Yheve 11 ¢
pyrolysed o sn vopasked renchor; condecst voluns could nok
satisfactordly be apbinaied and no Ldgeve Tor vebentlon dine
in given. Wi ek the ezeeption of femssic acld XY, which
entered the yeactor In small pelled foewxm, sll pyrolysonde

ware iAntrofdueed nr Tiqgulds.

B23.%. Plow wyrolvaic snolyllesd veaulic.

+

Coseons Byrnlyg zu;.im 2

Pu Spble II {p-121) pgasecus pyrolyssbes ave reporbod

#

e}
kd
Fuaw

an & albtrogen~itroan hasis.



Sodd trop vrrolvoatog.

Tavle 12 {p-123) ghous roon fonperature vapouy phase

auodyain ﬁ?,ﬁ&i@ trep gg@ﬁlgm&twﬁ Thwe proportios of each
@?@ﬁmaﬁ in he pyvelyoste ig dmnbed.

Lrgntd pyvodyusbes.

Fraocbiong oblpinad on Gletillotion of She Illguld
Byrolysater ove Lleted in Table 1% (p.125), pressure heing
TGO . Hg oxeent vhere othervise indicoted. Flgurcs
indicato Bhe bolling ronge znd {In poventhesia) the aprvosi

mate weight of thoe Jroclion in g The addillon of an

irhibitor boefore diekiilotion io shovn.

Table 14 {p.128) sumporises the sunlysis of ldouid
pyrotysate Lraetlons. The amount of onch produet 1dontificd
wan estingbed approsinalbely Twom the wolght of the frpeiion
aontalnlag 4% ihe onalyeisn of pyrolysotos fvom inkibibed
¥EET dm oondtlbedy 1T i oinilor to that ol VIXT idselid,
creept thed in presence of iunkibitor {1} phenol and phonyl

Pormate were not detselked.

Singe methyl fumorate (V) and nethyl meleobe {KIR)
gholded the seme pyeduoto, they are gonglderod togother in
Table t4.  The only product wot cempon to both is sone
unehenged pdo eober in 4he pyrolysste Deom TIX.  The
polymerie pyvelysabe Lrom poly{ethylono fumesate) (IX) in

faeludod in Teble 14 width liguld pyrolypotes.
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T Table 19 (p.136) the produede obimined by extvec-

tion of Hhe pyrolysebes from IY ave shovwin,.

| Produets identificd in ecasglysie of solid pyrolyoetes
are show: in Table 16 (p.136). XV and ¥IX yielded s6lig
products gommon o Woth.  Snell mpounte off polymers in
otherwice ldguid pyrolysaton sre sompidered in Tablo 16 as

aolide.

Andline frop produeic.

Bihylene dloecrylote (XIT1) yloided o twace anilivo
brpp derivetive (Pable 10, rune 2%-268). Neorystalliced
from wokor it had meph. 194-197%, Lot could not bo

charactorived.

23 4-DUF teap, products.

Table 17 {p.137) Mists the dorivebtives obloined in

;;A?

the 2:4-08F frap. X% ond XIX aroe ngein copsidered Sogobher.

=%

e Behe Blnlic pyrolyels conditions and anolyticol resulis.

Ta fable 18 {p.137) eppovimentel doto congerning tho
v e

Eﬁn inoreose In I in piven.

Table 19 {p.137} shouo pyrolysic conddiiomns and
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aepevineateld reeulis in compsrison of gon sveivdlon from IX,
ST

2EE ond EXIT. moncbor bomporature won controlled ap

folinwa:

(1) hopotor fiushed with sdtrogon while demperature
watised o 150% |

{2} Zompoveture reiood bo 250° at o role of é?ﬁmiﬁmt@
nitrogen £iow contioning.

(3} Hitrogen discontinued, aspirstor comnected to renchor
and penebor tonperabture roised 4o ﬁﬁﬁﬁ AR H ﬁ?fmiﬁﬂ%aa

(4} “onperature neintained ot 350% for 15 oinvtes.

{5} fases diverbed do ouwii.

Ganes were ooilecked din o 1 1. sopirvator fibbed wibh

@ oeonebant Level dovica.

Ryrolysis condldionn and exporimental resulie in
eenpariau of methyl e-nothyleacrylete Iiborption Leonm Ig,
ITE, ERIIT and XEIVS ave showa in Pable 20 {(».138). The
ueleht of coch pyrolyssnd wes sueoh $hat, coloslabed Tron 1ts
bmown o approzinately knowvn composition, 4% conbained 1 g.
of mothyl e-pebBylocrylebe. Mothyl Tunaroto wraces
Iboroted Dron TEILY are belioved 4o have boon present
o¥iginelly 5o LONOROC; Bhoy sublimed Lron the polyner ep
hoabing wan conmenood, Fober borobed fyom Is and TEIVa
in slse thouzht 6o have boon prosond oviginally in dhe

Lrrolysand.



Setatle Gynthesio of 2-hydrowmyethyi aoryiste.

P-lpdroryothyl acrylote, o fomally possible bresk-
dovn preduct of eliylene dleacrylede (RKTIX)}, was syathesisod
by reaotion of equimelar guentities ef sodium acpylate and
oblylene chlorbydrin in presence of a 1ittle dlethylemine
aabalyst. Ater wolflexing fow 3 houve, thoe product wag

distilled undeor vacuum.  ¥ield, Tds be T6-98%/2 mu.,
s = .
ﬁ§$ ‘; - @@ﬁa :%:‘i%& - %@iﬁ%} m& ‘%E@ﬁ%fi ﬁlﬁ% i; % 5 *%3 o t? ﬁ@w? &?{3 f2 gﬁfﬁ@ ,

20 4 aap
g 1 o fidla

fesction of winyl soryilete wilh sceyile acld.

%‘*“%Q ?«;;.nq

Vinyl acryleto (3 g.) was vefluxed wilth weryiic sold
(& @) for 2 hoavs at ﬁﬂw?ﬁﬁaﬁ Phe product sontaived

poetoldohyde (234-DNP, me 158-1607, wixed m. 162-165°) oma
£100,

acrylic onhydride (eoluvur o infra~ved speelvomebiy,

comparieon with stonderd).

FudaB. Atbounbod synthesio of bBub-Swenyi sorvliste.

Bubefmone-4-01 was prepaved ag deseribed by llustead

“ 102
?ﬁ‘%ﬁﬁ{i ﬁ&r{%&ﬂé; %{;

fron nagaesiuwn furainge and Yrlozene rodluzed in
sbher with allyl bronide and a 1ittle dedine. Refluming of
the sleohel with sz equincler guentliy of acrylie acld ond o

Little concenbrated sulphurie acld yielded no csber produot.
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-

Tesplie the pddlbion of p-mothozyphonel, hydvogalnone ond
aopneyr aeetoto duhiblbors ond voefinxing wndor eonvbon Aloxide,
prbonsive polymevicabion ooeurred.

Zaltelle IRrmetitic osroportics of unsolurated esberp.

il
L i

LA *

Eroviowa voriovs 1u thome dawratorios, nobnbly
i*m's‘ms*% fnd Emf'}wr*mﬁ hove reporvided thoe duvrmatible prepoie
dioep of Dmmovebes snd maloatee.  Ia tho prepont wopk, the

sbhor aesuntered no GROTiouldy in hendiing these mndexicls
bt inoareed lemediate ond sovere doroatitle dvom ethylenc
dincryiate (XITL). She deeitoblon wmas confined o the
fingors sud wes wob eflechively sownbered by the wse of
barrier areosmn o mabbher gloves. TH won nedgesopry o surdelil
wark on othylene ddacrylate, since the yosh ababed only on
ayvolding covioet wlih the esher for one or twue wocks, and

-

applying on anbl-blagboarine preparation

f-‘..

"'5*--«1 wovoeryethyl acrylate wos aleo found $o be dormatitic,
bt nemk:aésfr it mor otbhylene dlacrylate pensiiised the aubhor
e othoer E‘ﬁki)&f&%ﬁfll}; dernabitie compounds. The effeed of cuch
matorialn upon 4iiferent workers sppoavs 90 be quibe

prprediobabla.
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