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POLYMERI SARyEYsoMgh B! TOR This invention relates to fpeg/dmdofRs
scavengers for use as or in connection with inhibitors of olefinic

pol ynmeri sation, particularly but not excl usively for inhibition

of polynerisation of vinyl aromatic conpohnds. A efinic conpounds
such as but adi ene, acrylic nononers, styrene and other vinyl aronmatic
conpounds have a strong tendency to polynerise on storage or heating. High
tenperature techni ques such aPOUYMERISATION daneiIGITOR y used during
separation and purification processes and the industrial production of
these ol efinic conpounds. Al t hough free radi cal scavengers have been
used to prevent &hési Anvepsipreresatesntotiree Heglicak aaemge ré of ohiwder

effncnencyagcafeﬂg%r&mabwl ﬂﬁﬁ%lﬂctozlsowoie@sﬁﬂkf? g-g« é:g.rsaa{tgfon,

scavengers which are nore efficient at e same concentr 1S as
current|y RaBEdgedarlyl owbutconBest r axehysavelacondeicc, Hoddhiddian andfare

envi ronmgéaiWebsgakllgﬁlof MR 1efd e CUMASIhaSNS are economic,
gi ving reduced vvaisgge and/ or pro] ongation of the active life of the

ol efi n. Nd GmSRRRFIIE R & (WA HRRR, hRERY hiEd MeRTMeKSs
radi cal scavengersandt (bthepf ew&&htyl QfomathUC@ompcb'Lﬁ\ﬂ@§| rl@ﬂvé)O'a/n%rﬁﬁﬂig‘ on
of ol efi nlé: Sgggoung h L4 erper at ur e Eese i nhi bitors
have gi ven Varyi ng ég‘ge ucc% OLaSF &% ehngprogég SRR TS
conpound ntaqclbalqoaSacsedhvm ah tdnestlnhlam:tm leefeor eothmenillyt atised Otduzt:ilm_;

P e LiagnafEYSh | BRACTBUPL £ 0LaPOLNTPLLOLHRALIURLAT SHED PLOGSRYIY

may be substanti a red to econonmc [0OSS
ot her cas&r¢@uﬁﬁyobe0§o§§nel§l‘3e Otl@facmlce\ﬂ@ﬂmmm cally desirable | ow | evel s

of p0|yn3r|sat'Qﬂl@HEu HlYfp¥eUS@a@Ic&?o@%aﬁéﬂéyrynQQQEPtQ@é%(m&ggdt'ﬁ§
of the inhibitor. een W dely enpl oyed as a polynerisation

i nhi bi t or BRRVERFf F’Lc{tﬂftllne‘é: |Pi°£ ﬁFf-ﬁ@téﬂH dlté‘ﬁgéf'alls’na?e Ileé&tluf%ment for
repl acenertiidiyenone $fi phenciynhsbatengersefvtiictel tzyas PES| sised- At81964%r

di scl oses ébncé%tgaéighge%&j%&%rbUt¥$éégg% ngth are more efficient at
the same concentrations as are currently employed. Lower
concentrations are economic, less toxic and are environmentally
beneficial. More efficient compositions are economic, giving
reduced wastage and/or prolongation of the active life of the
clefin.

Various compounds and compositions have been used as free
radical scavengers to prevent or reduce undesired
poclymerisation of olefinic compounds during high tsmperature -
processes. These inhibitors have given varying degrees of
success. In a typical process an olefinic compound may be
contacted with the inhibitor before distillation or other
processing. However the amount of polymer formed during such
processing may be substantially higher than desired, leading to
economic loss. 1In other cases it may be possible to achieve
economically desirable low levels of polymerisation but only by
use of economically unacceptable quantities of the inhibitor.
Sulphur has been widely employed as a polymerisation inhibitor
but difficulties in handling and disposal have lead to
replacement by non-sulphur inhibitors, referred to as NSIs.
SU-A-819078 discloses use of 3,5-ditertiary butyl-4-oxy-N,N-
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-2 - dinethyl benzyl am ne in conbination with a C[err% CTerr& al i phatic
car bWBA%02409ci d. However the concentrations of this pACHIENRI* RS are
sufficiently large (500 to 2200 ppn) that nmuch of the NSI is not consuned
in a typical process. This resuldzs. i n uneconom ¢ quantities of residual
NSI being present in the effluent or waste fromthe process. EP-A-550754
di sdiseshylipehypbamnsate otlni rdonbimat for wimtl eonPgufids sdibhaicdg a
react n oduc o] t IS ) phenol
o e aohl B sl I BRI TTAR e EnlobheEsciaY
W)95¢$)32£13e sluﬁﬁhosestlyedmtgeon(sdm udn@:qmampm)y oihat hingcSpfbghese in
CO”’%{@ 5 Qn ‘Mé NeBhbumb8WaYE o 'Eeﬁaicu g%%ééé&lse t Oy % oduse) 85T it 0 many
hi-gh npera ure processes 1 nvol I nic conpoun Flrstl there is
an ecgreRentes uRiddikr2dow e 3in§55 shﬂﬁpﬂql BFeERBLr e £8& quantity

of alffiyesecopdbdrle iBr&ht €Reapsatety haza g t953 784 oduselakesi ato the
stream of a, hot ol efinj ¢ ¢conpound due to_the risk qof oxidatian, fire or an

explEf%lﬁﬁensatlogselﬁhlgt’-éﬁ% £Pge VaRYLal SOPBPUPARi bFPPRITIES nér i sati on

l,f,é S@@d_@@%?gpogfwué%ee c?ﬁdl qailf‘dltm@;me.ﬁmm@ﬁhe@sﬁﬁl -2, e—ghs;tgeett .
chani sm of Pol ynmey. Reactions, |nterscience w tate

t hatbur £ o ReaPEyEFAER AP TTSRRG 17 ST S 6T o8 PRl RyERE

pi peratiaylt 1taxyhs@Bef er rmnlssbomzsa'El‘afﬁ)clczsmmedegal ngt ¢dwebon

centr f £ er revi ewed

by I':q‘ggxh%fggﬁtsev rgzgs %E}% adl cr{@ﬂ&%%ﬁﬁl 1(r;gés{gg(’:] 15?},’)@%f(§§v The

practt ché utxqieswabﬁemtn @xx,tqucamecai:sr ANt amygeh gk ot pREEEALUTE

poI y%@%ﬁ:é@éégnlnqu}nﬁcl&ﬁéﬂlﬁfc Eodpdinds . a”@‘l@%tﬁ%l%@@re-rﬁg kirgh cost

free radicals has restricted their comercial _use and there
rerra¢¢1%n<am%§q‘i‘:ﬁ>$%rﬁﬁ°¢b?t%ﬁ CEBRARIUFRGS SHRRIK &ft FhE SFRSHE D! | i ng

pol Y&‘@éhﬁﬁtyo%f USi #67018dcehatlosed ivabreent a Nsafakle Haeerdadical s my
merisation inhibltor ert.aj.n condlotu OIS %t I evel S

be used ag g s undetr g fiain, con
Iessl?‘ﬁ’éﬁ 68 éFténE)‘ér BEITF R 1Y s Q& W USEEE Tat eSS & ot of
generia¢ appki ofibikiidption, fise rraveamowwzﬁmmdomhat a free radical

scavenger ﬁgapé?f'éém éf@ AnA %&I hﬁhi‘%@‘in@n?SQWb%@a@Qéﬁ th an
organic acrd and a st ree ra I cal conpound isTeffecCtive
by scavenging other free radicals has been disclosed. G M

Burnett, Mechanism of Polymer Reactions, Interscience, New York
1954, 76, stated that a sterically hindered nitroxyl radical,
2,2,6,6~-tetramethyl piperidinyl-1l-oxyl (referred to as TEMPO)
is effective against carbon centred radicals. Use of stable
free radicals as scavengers was reviewed by E G Rozantsev, Free

Nitroxyl Radicals, Plenan Press, 1970, 105. The practical
utility of nitroxyl radicals as scavengers to prevent
polymerisation was disclosed in GB 1127127 and GB 1218456.
The high cost of stable free radicals has restricted their
commercial use and there remains a requirement for an economic
means of preventing or controlling polymerisation. US 4670131
disclosed that certain stable free radicals may be used as
polymerisation inhibitors under certain conditions at levels
less than 700 parts per billion. However such low usage rates
are not of general applicability.

We have now found that a free radical scavenger
composition including an aromatic amine in combination with an
organic acid and a stable free radical compound is effective
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-3- wit ho% 5;st]ﬁ‘“ﬁ,conom' c disadvantages of the previously digeleseroises

conposi tions. According to a first aspect of the present invention a
nononer conposition, stabilised agai nst premat ur e
pol yneri sation, conprises; a) an etdryl eni cally unsaturated nmononer or

m xture of nononers pol yneri sabl e bé free radical initiation agd tQ
an ef f ect iwic howurkhe 2EeReNEAtdi B2HKARBRECHr efat i PHOY YABFLYaPLSF 1S
conponent d@ap@gi@igﬁgt, ure of: i) 1 to 99% by weight, based on the
total weight “of conponents, (i), and (ij) _af m _xt ure of. Qne
aromatic anine ARFAFIIRIsECRe fo’r’@%%i%sgé?ﬁ Pﬁ &0FpPHeSent lra?#gil%%l fo: 1
to 1:10, ashomer iigoRPosativmbhy weisglabildssdl on tdmrimstl wepyknagiire

conponents (J) and (ji)_of at | t one stable radi cal conpound.
Conposi ti GHE e’é’c%%#ﬂéﬁéec Pﬁ?Lt%%ss' i nvention exhibit a synergistic effect

in that the inhiditaan efiybeeicylly gneateratiedh norpemef e rigture of
conponents. Pre r ] r [ BldC Gempaungds,fo xanpl e
Coyhane " HSTTCEE  SELIRBSTRABIE By cbe TLAUAY SEDONHO, | hnd)

al i phatic conpoumdsanneEGgrhavec eyt iSuEfigdant Cacirhihdt hRERPRTUTE
acid, acrylaf e esies iofIEBEaebyﬁb@tn%rﬁ_st(%r)s,oﬂ& ali-eneransE but enes.  The

invention® s particularly applicable.in inhibition of pol ri sation of
styrene during dikstil¥ a‘%?oﬁggpﬁﬁf‘r’%’ﬂﬂ%n gﬁs%r%e‘.:he t:O){"al ‘?S?Je@%Er &f
conposi tions theca\gﬂ;sﬂéneé c@npoasat (ii)s & &onlXhard oheawei hbasof one
conmponent ii) is 50 to 1% . Inﬁ\?l !’talp Iarll:t;/(?prefel[red. en;aggclirrﬁgtg %%ltal}e
i nvention the w2ttt Cc8Rpbfie PY $BFT SR 1 he Wl ght' of
conponent ii is B3cio &% 10:1 toPdr:dént @ges and other amounts in this
specification areg, )by S\gelg t 1'%”'&55{“’]8?%?‘%%%@& hghwiSe cBehGentepgsc ansk
0

ot her proportions™aré se ected to al 1 The nmolar ratio of slald
at | east one aropmmpenantie (0 fmd &il) cabt abndedsfafine 2FPie F2EUSR

1: 3. I'n prefghbgfqenbodi ments of the invention the aromatic

Compositions in accordance with this invention exhibit a
synergistic effect in that the inhibition efficiency is greater
than that of the two components. Preferred monomers are vinyl
aromatic compounds for example styrene, methyl styrene, vinyl
toluene or divinyl benzene or vinyl aliphatic compounds
including acrylonitrile, acrylic acid, methacrylic acid,
acrylate esters, methacrylate esters, butadiene and butenes.
The invention is particularly applicable in irhibition of
polymerisation of styrene during distillation, purificaticn or

storage.
In preferred compositions the weight of component 1; is
50 to 99% and the weight of component ii) is 50 to 1%. In

particularly preferred embodiments of the invention the weight
of component i) is 67 to 99% and the weight of component ii} is
33 to 1%.

Percentages and other amounts in this specification are
by weight unless indicated otherwise. Percentages and other
proportions are selected to total 100%.

The molar ratio of said at least one aromatic amine to.
said at least one organic acid is 3:1 to 1:3.

In preferred embodiments of the invention the aromatic
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-4- amne has the formula (1) [err] wherein Q | r N-Z
and wher ¥073824%Mcast one Ris an al kyl am ne of the struc%%r‘@'%@fﬁog

[err] in which Y, Z are the sane or different and conprise CJerr] to C
branched or straight chain al kyl or hydrogen and in which Xis either a
coval ent bond or (Jerr] to (Cferr] al kylene, and wherein each remaining Ris
i ndependcatitity aszyhe %Pﬁmpﬁatdl¢4 branched cr straight chain alkyl or
hydrogen with the provision that twc or nore R may be connected to form one
or nore rings. Qis preferably oxygen. X is preferably nethyl ene.
Y and Z are preferably nethyl. 7 and Rlerr] are preferably tertiary
butyl . A preferred ani ne haBs dRZ as methyl and Rlerr] and R err]
as hydrogen. Preferred am nes cl ude benzyl am ne a q'penzylanine
derivatives, for exanple RS, erjiarybutyl hydroxybenzyl am ne,

ani l'ines and phenyl ene di am nes, forgexanple

N, N- di net hyl - 1, 4- phenyl enedi am ne 2

wherein Q is O or S or N-2Z
and wherein at least one R is an alkyl amine of the structure
(2)

| (2)

in which Y, 2 are the same or different and comprise C, to C,
branched or straight chain alkyl or hydrogen and in which X is
either a covalent bond or C, to C, alkylene, and wherein e=zach
remaining R is independently benzyl, C, to C, branched cr
straight chain alkyl or hydrogen with the provision that twc ==
more R may be connected to form one or more rings.

Q is preferably oxygen.

X is preferably methylene.

Y and Z are preferably methyl.

R- and R® are preferably tertiary butyl.

A preferred amine has Y and Z as methyl and R® and R zs

hydrogen.

Preferred amines include benzylamine and benzylamine
derivatives, for example 3,5-tertiarybutyl;é—
hydroxybenzylamine, anilines and phenylene diamines, Zcxr
example

N,N-dimethyl-1,4-phenylenediamine
3,5-ditertiarybutyl-4-oxy, N,N-dimethylbenzylamine
3,5-ditertiarybutyl-4-oxy-N,N-diethylbenzylamine



3,5-ditertiarybutyl-4-oxy, N, N-dinethyl benzyl ami ne 3,
5

-ditertiarybutyl-4-oxy-N, N-di et hyl benzyl am ne WO 98/
ST/ GO 7/ oY S02400 y yramng G240897101908
N, N-di met hyl -2, 6-ditertiarybutyl -4-am no phenol 1, 4- phenyl enedi am ne
N, N- di met hyl - 4- am not hi ophenol N, N =bis-(1,4
di net hyl pentyl) -1, 4- phenyl enedi am ne In preferred enbodi nents of the

i nvention the or@amxdimémhyb-m cadbogytiargbudyl - & emihot ph€nerdr ],
preferably Cerr], to or unsaturated carboxylic aC|ds are
particularly effllc,‘ampc(};%e?1 d?%éﬂg%rxgg be substituted with groups inert to
attack by the ni &V ®adimetthycht4 - &mnngthbopbeaothed chain acids may be

enployed. B anghehalil Aci 4f Mh&Ongifehtay) 012k guragmgnea@apﬁwures

are conveni ent mani pul at e. st| ed acids are
especi al |y pref erIrDeomeerr?ﬁe e§tb§l§1é“9rf§cﬁ caf ééﬁpd‘dﬁﬁ?r}%‘*ﬁﬂ‘ efBRaingapic

stericallyjhijrde;gd an'ééﬁﬁdkypict he& ifaor mJbEetB?’)Cn, referablyR C,R to Cm

[err] wher ei n dr ogen, and T is
required t Sat&Tated | RY a‘Hbs ‘ég%’f"ﬁ t\&?‘rg?o g%psa%ypﬁé%ﬁ
efficacious. These may be substituted with groups inert to

attack by the nitroxyl radical. Linear or branched chain acids
may be employed. Branch chain acids which are liquid at
ambient temperatures are convenient to manipulate.
Unsubstituted saturated acids are especially preferred.

The stable radical compound is preferably a sterically

hindered nitroxyl of the formulae (3)

R R P g
! or >< X
R-C-N-C-R “ N n
! !
R R

N
I
Q

(2)
or . )\/\._ 2N

wherein R is hydrogen, alkyl or aryl and T is a group regquired

to form a ring and wherein two or more T groups may be linked

by a linking group E. '
Preferred nitroxyl compounds may be selected from:
1-oxyl-2,2,6,6-tetramethylpiperidin,
1-oxyl-2,2,6,6-tetramethylpiperidin-4-ol,
1-oxyl-2,2,6,6-tetramethylpiperidin-4-one,
1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl acetate,
1,0xyl-2,2,6,6-tetramethylpiperidin-4-yl 2-



by a |inking group E. Preferred nitroxyl compounds may be sel ected
from 1-oxyl -2, 2,6, 6-tetranet hyl pi peridin,

1- oxyl - 2 WD /@4t r anet hyl pi peri di n-4-ol , PCT/GB97/01908
1-oxyl -2, 2, 6, 6-tetranet hyl pi peri di n-4-one,
I-oxyI-2,2,6,6-tetranethy|piperidindqu_acetate,

1, oxyl-2,2,6,6-tetranet hyl pi peridin-4-y 2- WO 98/ 02400

PCT/ GB97 g&g te -6- ethyl hexanoate,
| - oxyl - ; 9§e¥g?Pgneth yl pi peridi n-4-yl stearate,

1- oxyl - 2 2,6, 61t@%<‘ﬁf&n8t'ﬁl §ir SetichTANRSAY YRdpepi@in-4-yl stearate,
% 02<>1/| 2, |2 g gzgékwrret |2y|6F)|SpQre|t(ildin€§rMplpell§Idﬁ{-t4 -put ybhesaeat e,

i s(1-oxy tet ridin succi,nat e,
b.su-oxy|22216°§x¥ﬂ a%ﬁ#\é H%ﬂ%Fﬁyi Rehdafed-yl  4-tert-
bis(I-oxyutﬁlﬂeﬁzﬁatetranethyIp|per|d|n 4-yl) sebacate,
bi s(I -oxyl -2, tetr yl pi . din-4-vl) adipate. ,_ .
bi s(I - oxyl - gb%sgltgfyggéf%yFEFB%LEf%?ék%%%pﬁEe{héﬁ?n%l3%5?§FCInat%ﬁs
(I-oxyI 2, 2 6big{tebxyiethyl, b fertictiramsohylpipdaidin; 4-yl) sebacate,

s(I-oxyI t t Bylgpi ﬁ&gpﬂ? t
bi s(1- oxyl - bg gltg% ggt% FpFBZ%% %%HQX iere Dﬁ ?l) sebacate,
bi s(I - oxyl - 2 2bssélt@wénét,Ry|6p|6p&qtmamapwl)pmwkl@térﬁbht RaiRase.
N, N bls(l-oxylbzs2<16 @x&r@f—rzan?tby!@-&'&?féﬂé'ﬁﬁ/ i?aéura?mn@,-yu . n-
N-(I-oxyl-2 6, 6- tetranethylplperldln 4-yl) caprol actam
N-(I-oxyPUEY§m618n?éFPanethyIp|per|d|n 4-yl)- dodecyl succi ni m de
2,4,6- tris- [Dishutpkyl- N-ZUG qudtréheﬂhyﬁblﬁérldln 4-yl)phthalate,
tetranethylpiperld

4,4' -ethyl enebPd Ht]) & 7}/}2112 ?6 gl ?Q’ %an%?l%ﬁ %mﬁetr At 3PS né)dln 4-yl)

4- acetylﬁs@pbtﬁaIaﬁgG tetranethylplperldln N- oxyl Most preferably,
t he compound of D). 455 . hol 3 .
| - oxyl -2, 2, 6, 6tarmmt% bi pef idi R4 ol S 6F 2met Y piperidin-

b|s(I-oxyllgezeﬁhshﬁéﬁﬁénethyIp|per|d|n 4-yl) sebacate

bis(l-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)
hexahydoterephthalate,

N,N’bis{l-oxyl-2,2,6,6-tetramethyulpiperidin-4-yl)
adipamine,

N-(l-oxyl-2,2,6,6-tetramethylpiperidin-4-yl) caprolactam,

N-(l-oxyl-2,2,6,6-tetramethylpiperidin-4-yl) -
dodecyléuccinimide

2,4,6-tris-[N-butyl-N-{(l-0oxyl-2,2,6,6-
tetramethylpiperidin-4-yl] -s-triazine, and

4,4’ -ethylenebis(1l-oxyl-2,2,6,6-tetramethylpiperidin-3-
one)

4-acetylamino 2,2,6,6-tetramethylpiperidin-N-oxyl

Most preferably, the compound of component b) is

l-oxyl-2,2,6,6-tetramethylpiperidin-4-o0l, or

bis(l-oxyl-2,2,6,6-tetramethylpiperidin-4-yl) sebacate

Preferred nitroxyl compounds are piperidinoxyl compounds.

According to a second aspect of the present invention a
process for inhibiting premature polymerisation of a vinyl
aromatic or aliphatic compound during distillation,
purification or storage, comprises the step of incorporating

therein an effective inhibiting amount, sufficient to prevent



Preferred nitroxyl compounds are piperidinoxyl conpounds. Accordi ng

to a secon‘goggmg&h of the present invention a process for i paricig7§008
premat ure pol'ynerisation of a vinyl aromatic or al i phatic conpound

during distillation, purification or storage, conprises the step of

i ncorporating therein an effective inhibiting anount, sufficient to prevent
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-7-  premRIRBAHST§ nBPLYREFIFARIOM GUR NG ([Gigtidn 2 %A  iRH bhSRFL8RoPEge
of a m Xt WEsPige of ai mixtuke 2¥% by wei ght, based on the total weight of
conponents (i) and (ii),_of _an.adm xture of at .| east,.one tic. am ne_.and
at |east on orgahl c dci@®i A2 rﬁ?‘fa\"ef‘gh:o g’FstiorﬁrﬁoF}iet(t)g&:g%g vjé%’b&ln& &t

i) 99 to dSmpynemtght(ibased ohifhe toft abnweidghixtofreconforht 3 e@st ande '
(1), of al Leaslcong;sbabhe J8% Lale CHMOMAGIc acid il M hETaR! 243848 £Of

this invenltion USé a sta Sl ng conposi ti1aon Ich i's synergistic in
nat ure, th&tomsl@singohal:f0t B@dconcentrati on of conponent a) together

with hal f the conceniiatdon; of OO bhakaabhorche gbealerweight of
stabilisation ef?%ga%y ttlhan rra%e ac ieiledausi ng either coggﬁr?eenﬁgggrﬁgr b)

al one. compprertFed! b odbed il :aceér Rthcdadtth PREs FRIRAERI oheehBRoy
stabi |l i si ng, gitions as described above with reference to the first
aspect of this i nvegt i on.

The ef ffgctbiri\éﬁ .amount. of pol yner.i sgtion.
i nhi bi tors enpl OYEBERRYCHaPYyOGESSeSs RlddHEn o VSRR M Ufbr tRRE L1519
parti cul arcsheds i Conowhauhdiandyhbegdssticl bathamupe, other psrusiogt hedf
condi ti ons_.enpl oyed. Preferably the anou arq?‘la‘.g'c e d
an ali phat"T}Z:e c&‘%’&fy tlzéaeta%cf% g)réd %Orgé%{’)?‘]étf rggergcggél%kg%ki S rollrln f\aarpﬂp% fge
2000 ppm basedenpoat ihe eiginpofienhebitef afif ordoatmusrkeFat #pbl 1BRELPAI C
compounds 4 figs 11X} UL fafl mBQMBANGNS Aledifl bl 163 cher® LR HR & e8Leh)

anount s of are required at higher tenperatures.” During
distillatidkert.olefinic mxtures the tenperature of the reboiler may be up

to about 150[errpferSipea tHindiddHg;poidtcorefarddee wathouhiay ofRvéatadhnes
of conponent a) and of ,{he various stable free radjcals. b).are di ffere%,
PF!(L-E d eag% wi

conpounds SPREPY haFbaPhe 1§88 e FOMRAHHP P Shoidft s S8 4T * 4

sel ected. referendB8eto the first aspect of this invention.

The effective amount of polymerisation inhibitors
employed may vary over a wide range depending upon the
particular olefinic compound and the distillation or other
purification conditions employed. Preferably the total amount
of an aromatic amine and an aliphatic carboxylic acid and a
stable free radical is from 1 ppm to 2000 ppm based upon the
weight of the olefinic compound. For most olefinic compounds
the mixture of components a) and b) is 5 toc 1000 ppm. Greater
amounts of inhibitor are required at higher temperatures.
During distillation of olefinic mixtures the temperature of the
reboiler may be up to about 150°C. Since the boiling points of
the various aromatic amines of component a) and of the various
stable free radicals b) are different, compounds which have the
desired boiling points can be easily selected. The
compositions of this invention which inhibit the polymerisation
of the olefinic compound are also well suited for protecting
the re-boiler sections of a distiilation column or the.

compressor sections before entering a distillation column.



conpositions of this invention which inhibit the polynerisation of the
"ol efinic_conmpound are also well suited for protecting the 4¥3

secti onsWOP2MMPsti || ation col um or the conpr essor sectlons ?o
entering a distillation colum. WD 98/ 02400

PCT/ GB97/ 01908 -8~ - 8- The pol ynerisation
i nhi bitor can be introduced into the ol efinic compound to be protected by
any convent i orfBhe npohpuier i saipnbd rddddd cas carc e eintienduicsd| intonthe a

1 2bl e FOLYEL . oSBERRENE o5 Bel bl dd B Pl N AT GURL | fiePflbRES OF

conponeﬁ? arious organi c aci onent
vari ous Et apiey fhee addrtaR§ of CORSEIRESA aF@ WELPBr e | cofipblaBIenhi ch

have thesgpsened 531:&&1& |t|1'£é %1%11%:&@6&/1—.5@' P5+edusThecRaERENsRL fed) and
b) may be_injected se into the distillation train along with t)he

i ncom ngP¥ e%‘Ef“P‘B‘PeFEr sé Sr YPF TS PHIFHS 56T ditly TARPEREREAA
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The present invention enables the distillation and
purification of olefinic compounds in manufacturing plants to
operate more economically compared to prior art processes
because of the greater effectiveness with or without the
presence of oxygen. This permits lower inhibitor usages with
minimal polymer formation.

The present invention also enables the storage of
olefinic compounds for prolonged periods of time at ambient cr
elevated temperatures with or without the presence of oxygen by
utilising economically beneficial amounts of the scavengar
composition to minimise polymer formation.

The present invention is further described by means <=

example but not in any limitative sense.



exanpl e but not in any limtative sense. WO 98/ 02400

PCT/ GB97/ O Ps8/02400 -9- Exanpl es lpd¢TGB97/01908
Commercial quality styrene was washed with dilute caustic soda solution to
remove the storage stabiliser, tert-butyl- catechol. The styrene was then

washed with water to remove excess al kal 77 fol | ow ng which it was dried
over anhydrous iodi m sul phate prior to use as foll ows; I nhi bitor and
styrene (eﬁé@éﬂ?—-ﬁ@#&@it al weight of mixture of 200 g) were charged to a
250 m round-bottoned flask fitted with an overhead stirrer, thernoneter,

sparge tube and e e..di I .35 he stir
ohe Srarted. Nt Conei® G SN St R AL AR A 0 0 Y0 MRS L
M xt ure wasothersipptied. tPheramans i bhenistiomagavastapehi sent ed 10~ 10ateir] C

using an Ohgtg%m andrabi LR Me S tRERCLALUEE hBlitH WRabaY! S0 Salmbes
were renoved and anal ysed fof _pol ystyrene caontent usjng

: a
spect r ophotBREEE A HERhbd £CM4RYING " Whigk dffal Y35 s B OVRE BEBEHRHS

Anerican Sgapdamd slaghddd i dP12d @8d ascebiberbion was made using
aut henti c pol ySt%;}m'l n st r(gne sol uti opns of known concentrati ons
YC&F

weight. Inac r PRERENS) {RANTINGOT ARFS (0Pt e ¥EASTHRUICRE
grfaater lthmmxaﬁegooﬁprmm gini vepé changedioatd @H0 afl polysi-oreomed £ oasied.
Pol ymer | eye tained Wt arious,_inhibit ar [ t

t abl e bel o%.lbls'ﬁg l%vllé:n%dganofm?en |ena|“?osf%1{/\£é?lé’ c%%?ﬁéﬁ%gg%' m§§3 Wrekc tJi;le%/egg?
reduci ng tWetampreolsfd pedydenséor tedet Hangwarme helivdr. of Thie sEémpsrrerwas
when used Lpdividual iy c2bogkhe (4ol miahenoh GBRIBILGr chOBARH ktd Pradiisn
clearly denonstrates that “an unexpected synefrgistic effect” occurs in the
pol yner i sabiBRUFRhWBSt EBANOAPEL jPEne The tFRa bk dEliuER WAy Whemdamted an

aromati c aghngogt£pahhg SArHLXYbACh ACAKH IHIHd PRt iz Hedlrdd®fe for
radi cal inhibitor together as conpared to ysing either inhibitor, alone at

twice its EBRcBREES o FBURP YR h S SRR HaApdnanalysed for polystyrene

content using a spectrophotometric method at 420 nm. The
analysis method was based on American Standard Test Method
D2121 and a calibration was made using authentic polystyrene in
styrene solutions of known concentrations by weight. In a
controlled experiment, without any inhibitor present much
greater than 30000 ppm (limit of quantification) of polystyrene
was formed. Polymer levels obtained with wvarious inhibitors
present are shown in the table below. The blends of inhibitors
were considerably more effective at reducing the amount of
polymer formed than were either of the components when used
individually at the full rate of inhibitor concentration. This
clearly demonstrates that an unexpected synergistic effect
occurs in the polymerisation inhibition of styrene in the
absence of air by using both an aromatic amine-aliphatic
carboxylic acid inhibitor and a stable free radical inhibitor
together as compared to using either inhibitor alone at twice

its concentration found in the combination.



WD 98/ 02400 PCT/G897/01908'

- 10- Exanpl e No I nhi bitors, PPM (1&)0%

Cont M) 98/02400  None --- >30, 000 gl A
33 23 448 2 B 517 754
3 A plus B 17 plugs 258 50 Ais

4- hydr oxy- 2, 2, 6, 6-tetranet hyl - pi peridinyl-1-oxyl radical. Bis

3, 5- A= OXY, . N\ T NE| with
st eaf iBxample (¥ol ar |[rEBrhsbitors) . BPmml es 4 to ¢ Polymer TFIEmbr cedure
of s—Tepeatedwth—ahrgher—test{tenperature—of L 15[ er | C
and | risirgacblof a ni tirdgee sparge there-was applied aﬁﬁ%%@parge 4 ni

m n[ p-——=he—+estHHs—ef—these—tests—are—shon—betow Exarptel No

| nhi izt ors ppm | A Pol yme3(ppnm) 4 23 448 A

33 280405 B 53+ 3 000
6 2 A pl yseB 17 pl 51258 1 684|794 s :
4-hyflroxy-2. 2 6. .6-1 e.LLa.nm-h.)LL—pL.peL-dL-n-)d-a-l-oxyL-Hd-l-eaL—&l S
3,5-fligertiary butyl -A- 8XMsNN- di et hyl anayl>x® ne |igp combi nation pth

st eall acid (molar fratio . 1-1 8) There_ i a_clear qugéggmtic

I nhibiting effect on the
A is 4-hydroxy-2,2,6,6-tetramethyl-piperidinyl-1-oxyl radical.
B is 3,5-ditertiarybutyl-4-oxy, N,N-dimethylbenzylamine in.
combination with stearic acid (molar ratio 1:1.5).

Examples 4 to 6

The procedure of Examples 1 to 3 was repeated with a
higher test temperature of 115°C and instead of a nitrogen
sparge there was applied an air sparge (4 ml min-?t) . The

results of these tests are shown below;

Example No Inhibitors __——;;m Polymer (ppm) "
4 - A 33 28 000
5 B 517 3 000
6 A plus B 17 plus 258 1 684
| S B |

A is 4-hydroxy-2,2,6,6-tetramethyl-piperidinyl-1-oxyl radical
B is 3,5-ditertiary butyl-4-oxy-N,N-dimethylbenzylamine In

combination with stearic acid (molar ratio 1:1.5).

There is a clear synergistic inhibiting effect on tnhe
polymerisation of styrene in the presence of air. When a
mixture of the two inhibitor compounds are used together as
compared to using either inhibitor alone at twice its -
concentration used in the combination.




pol ynerisation of styrene in the presence of air. When a m xture of the
two i nhi bi t gfp sgaEReHNds are used together as conpared to usi ncpEBSI1908

i nhi bitor alone at twice its concentration used in the comnbination.

WD 98/ 02400 PCT/ GB97/ 01908

-11- Exanples 7 to 9 The proceduté-of Exanples | to 3 was repeated
and instead of nitrogen sgarge there was applied an air sparge (4 n
mn[err]). Exa | nhi bitors ppm Pol yner (ppm
7 10 14 8 C

150

. 0
A is 4-hydroxy- 2%96 %roqeec}\f%%q%ﬁxwpbﬁ%& M : 1w8§yr?85$533 &nd instead
3, 5-di t ert icff mimodent-apardd Nidirewad beplyledrancain spabgrat&omlwnih?) ,
stearic acid (nolar ratio 1:3) Exanples 10 to 12 The procedure of

Exanples 7 to 9 was repeated but the tine at 100[err]C was 1 hour instead
of 2 hours]_ Exanpl e No Itors ppm 'Po1yﬁ§T‘TFﬁh)
10 Example No Inhzéltors ppm 1 562 11 | Polymer (pppm
30 16874

7 A 10 14

8 c 150 18,230

) A plus C 5 plus 75 0

p— — — — ==J

A is 4-hydroxy-2,2,6,6- tetramethyl-piperidinyl-l-oxy radical
C is 3,5-ditertiary butyl-4-oxy N,N-dimethylbenzylamine in
combination with stearic acid (molar ratio 1:3)

Examples 10 to 12
The procedure of Examples 7 to 9 was repeated but the

time at 100°C was 1 hour instead of 2 hours.

Example No Inhibitors pPpm Polymer (ppm)
10 A 2 1,562

11 D 30 1,684

12 A plus D 1 plus 15 49

A is 4-hydroxy-2,2,6,6-tetramethyl-piperidinyl-1-oxy radical

D is 1,4-phenylenediamine in combination with stearic acid

(molar ratio 1:1.5)

Examples 13 to 15

The procedure of Examples

4 to 6 was repeated but the

time at 115°C was 1 hour instead of 2 hours.



12 Aplus D 1 plus 15 49 Ais
4-hydroxy-2, 2,6, 6-tetranet hyl - pi peridinyl-l-oxy radical D.s
1, 4- phenycessantenri ne i n conbination with stearic acid (noll’é’r'r’q;%9£7{°69°f 1.5)

Exanples 13 to 15 The procedure of Exanples 4 to 6 was repeated but
the tinme at 115[err]C was 1 hour instead, of 2 hours. WD 98/ 02400
PCT/ GB97/ 01908 -12- Exanpl e No
Inhibito ‘Wﬁﬁﬁgmv
10 “Exampfé Ré4  [4nhibitors ¥ ppm 15Polymer (ppm) 301
plus E 5 plus 75 Q AmiS

4 hydroxﬂ- 72, 6, 6- tetraw?hhyl-piperidin)IId oxy radical} 2k, 2rg
N, N-bis-{l1. 4 -dimethyl pentyl)-1 4- phenyl gnediam ne in  lconbination it
stearic (Mol ar Ratipgl:1.5) Exar 16 to 21 Th d

E £F 101 e procg¢dure
of Exanpﬂgg 1 to 3 were fepeated but a folar equjvalent} quantity of

capric/c ﬁ{é/l ic acid was 'A‘tS% d Jd P! ace Gfstlgnfuét-pgari c a‘c'bd W t hout anjj‘
h the

signific di fference i results.

A is 4-hydroxy-2,2,6,6-tetramethyl-piperidinyl-1-oxy radical
E is N,N-bis-(1,4-dimethylpentyl)-1,4-phenylenediamine in
combination with stearic acid (Molar Ratio 1:1.5)

Examples 16 to 21

The procedure of Examples 1 to 3 were repeated but a
molar equivalent quantity of capric/caprylic acid was used in
place of the stearic acid without any significant difference in

the results.

Examples 22 to 24

The procedures of Examples 4 to 6 were repeated but a
meclar equivalent quantity of capric/caprylic acid was used in
place of the stearic acid without any significant difference in

the results.

Examples 25 to 27
The procedures of Examples 7 to 9 were repeated.

Example N;_ Inhibitors PpPm Polymer (ppm)

25 F 10 414

26 B 150 19,970

27 F plus B 5 plus 75 397
T—

B is 3,5-ditertiarybutyl-4-oxy-N,N-dimethylbenzylamine in



Exanpl es 22 to 24 The procedures of Exanples 4 to 6 were repeated
but a nol ar e&ui val ent quantity of capric/caprylic acid was gsgépbiipbsice

of the sted¥Q wi t hout any significant difference in the results.
Exanpl es 25 to 27 The procedures of Exanples 7 to 9 were repeated.
Exanpl e No I nhi bitors ppm -13- Pol ymer (ppm 25

F 10 414 26 B 150
19,970 odhbination witl stesrBc acid ZMplezx RBtio 1:1367 B is
3,5-ditertjarybutyl -4 - [ zylamne in WD 98/ 02400
PCT/ GB97/ 19}(% dieerCiRey %H}ﬁ et 26k 288% -13- conbination with

stearic acid (Molar Ratio 1:1.5) Fis ditertiary butyl nitroxide.



1. A nononer conposition, , prenmature pol yneri sét I on,
conprisin a) an et hyI en 'ﬂﬂ 'ﬂgﬂ Et‘ nonomner
mononer sW g@P@ﬁﬁplsable by free radecal 1w on, and PET%%éQﬁﬁ§7fectlve
amount, sufficient to inhibit premature polyrrerl sation of conponent (a) of

am'xture of : 1) 1 to 99% by weipdt, based on the total weight of
conponents (i) and (ii) of a mxture of at |east one aromati c am ne
and at | east one organic acid in a nolar ratio of 10:1 to 1:10, and
i) ctL%frh/ by wei ght based on the total weight of conmponents (i)
and (ii) ‘L% | east one stabl e radical conmpound, wherein the
aromatic amne has the fornmula (1) OH [err]
(wherein Qis G or %%n%nézaeemwgga@lenatsl:s@ﬁlgaé a%éﬁné‘f' ﬁéﬂécmne of
t he structure [err]” in whichY are

the sanPdyYMEFHSHEIN antPTRRPFLEE: err] to C[err] branched or strai ght
chai n al kyl ora)hyghogemhyarthida My Clin¥ateratblemchcual €At masitehr@y @ferr]

Lo Cher el onge, and vber el cosh Lommboing, L Ls adependent 1y benayl.
provi sion thatb)t win G5 £ ¢ eive nayohatcosnétiedehe tor rilmmenmf pEsmwat whgs) ;
polymerisation of component (a) of a mixture of:
i) 1 to 99% by weight, based on the total weight‘of
components (i) and (ii) of a mixture of at least one
aromatic amine and at least one organic acid in a molar
ratio of 10:1 to 1:10, and '
ii} 99 to 1% by weight based on the total weight of
components (i) and (ii) of at least cne stable radical
compound.

2. A composition as claimed in claim 1, wherein the
weight of component (i) is 50 to 99% and the weight of

component (ii) is 50 to 1%.

3. A composition as claimed in claim 2, wherein the
weight of component (i) 1is 67 to 939% and the weight of

component (ii) is 33 to 1%.

4. A composition as claimed in any preceding claim,
wherein the molar ratio of the aromatic amine to organic acid
is 3:1 to 1:3.

5. . A composition as claimed in any preceding claim,
wherein the aromatic amine has the formula (1)

QH
R ~UR, g )
1 (‘ .-
N
R; R,
R, e e e e e,
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AVENDED SHEET -15 - wherein the

organc 2y ophgnn. o3 201 I IRAHIIML DMl i, ¢ repcilcbh s

[err] [err] (wherein R is hydrogen, alkyl or aryl and T is a group
required to forma ring and wherein two etsRore T groups nmay be |inked by a
| i nking group E). 2. A conposition as clainmed in claiml1, wherein
the wei ght widretunRoaen® ofi § oxrsNo@ to 99% and the weight of

conponent ( 0, L% tion d
2, wherein Cie"\"/\lge'zgglI'x % %gﬁsgngﬁte |J)SA\ @Q(?l agﬁbféan%a&ﬁrﬁ sEPuEEﬁ#@
of conponent2Xii) is 33 to 1% 4 A conposition as clained in

any preceding claim wherein the nolar ratio of the aromatic amne to
organic acid is 3:1 to 1:3. Y

X-N (2)
/
z

in which Y, Z are the same or different and comprise C, to G,
branched or straight chain alkyl or hydrogen and in which X is
either a covalent bond or C, to C, alkylene, and wherein each
remaining R is independently benzyl, C, to C, branched or
straight chain alkyl or hydrogen with the provision that two or

more R may be connected to form one or more rings.

6. A composition as claimed in claim 5, wherein Q is

oxygen.

7. A composition as claimed in claim 5 or 6 wherein in

X is methylene.

8. A composition as claimed in any of claims 5 to 7,
wherein Y and Z are methyl.

9. A composition as claimed in any preceding claim,
wherein the amine is selected from

N,N-dimethyl-1,4-phenylenediamine

3,5-ditertiarybutyl-4-oxy, N,N-dimethylbenzylamine

3,5-ditertiarybutyl-4-oxy-N,N-diethylbenzylamine

N,N-dimethyl-2,6-ditertiarybutyl-4-amino phenol

1,4 -phenylenediamine

N,N-dimethyl-4-aminothiophencl

N,N’-bis-(1,4 dimethylpentyl)-1,4-phenylenediamine.

10. A composition as claimed in any preceding claim,

This Sheet Has Been Replaced
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5. A conposition as cl ai rregmﬂmummw rein Qis oxygen.’ . 6.
A conposition as clained in ein X is nethylene.

A conposiwOeoz8o cl ai ned i n any of cldinmé 1* 5 or 6, wher GBI 998 are
met hyl . 8. A conp05|t|on as claimed in any precedi ng
claim wherein the amne is selected frog

N, N- di net hyl -1, 4- phenyl enedi am ne 3,5-ditertiarybutyl -4-oxy,

N, N- di metyépenaytagi Beganic adid is a carboxylic acid.
5-ditertiarybutyl -4-oxy-N, N-di et hyl benzyl am ne

N, N-di nethyl -2, 6-ditertiarybutyl -4-am no phenol 1, 4- phenyl enedi am ne
N, N- di met hyl - 4- ami not Ai ophprelition adﬂdﬂaﬂmed(inAtlaim 10, wherein the
dlnethylpent | henyleped ne g\ conposition as clained
in cla|n1a X %?eaél?hggorggﬁl%gg%Pdtarbox8ﬁ fcto Clerr] carboxylic aci d.
10. A conposition as clainmed in claim11, wherein the organic acid is a

Cerr] to C[errizcarnggbhﬁoggtqon as claikkd if COEGSi1l OnviRSr&iRi FRE i N
claim1l1, wherein the nitroXxyl ound is selected from

1--xyl-2 Qr%aBlFeFF&ﬁeﬂﬁprFbeF?d e Carboxylic acid.
1-oxyl -2, 2,6, 6- tetranethylplperldln 4-ol ,
1-oxyl-2,2,6,6-tetraneth per.i.di
1-oxyl - 2, 2, 6, 6- %étranétﬁ%@%ﬂ&%ﬁﬁﬁq1q§y$f%b@?§tén any PIECeRiRg Clagmg
-tetranetﬁhéﬁemﬁrt@enﬂkahme ra®ical compound is a sterically hindered
nitroxyl of formulae3

R R o
- X< ><N
R-C-N-C-R
- . n
| | &
R R

N
|
Q

N N

or ‘0 =N T—f T N— O

> >

wherein R is hydrogen, alkyl or aryl and T is a group required
to form a ring and wherein two or more T groups may be linked
by a linking group E.

14. A composition as claimed in claim 13} wherein the
nitroxyl compound is selected from:

l-oxyl-2,2,6,6-tetramethylpiperidine,

l-oxyl-2,2,6,6-tetramethylpiperidin-4-ol,

l-oxyl-2,2,6,6-tetramethylpiperidin-4-one,

l1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl acetate,

1,0xyl-2,2,6,6-tetramethylpiperidin-4-yl 2-
ethylhexanoate,

This Sheet Has Been Replaced
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ethylhexanoateA 1-cxyl -2 6-tetranet hyl pi peridin-4-yl stearate,

ROARERA T " el ﬂ;r;rg;;l?ﬂmﬁﬂlﬂjlﬂﬁrlﬂﬂﬂlt”- but y1 bedSELFETIOINS

bis(1- oxyI 2,2,6, 6- tetranethylplerldln 4- yI succi nat e, bi s(
1-oxyl -2, 2, 6, 6-tetranet hyl pi peri di n-4-yl-n7sebacat e, bis (1-oxyl-
6, 6-tetranet hyl pi peridi n-4-yl) sebacate,

bi s(1-oxyl -2, 2, 61 6oKytlr-a&neX 6yl i fer Tatet iy Jp Ipentid pat €7yl stearate,

bi s(1-oxyl -2, 2, 65 6xkehr 3Tl ity | i dar i dhdy: %ﬁ er¥gﬂ%_?U§Y|H@£28§ES

bis 1-oxyl-2,2,6,6-tétranethyl pi peridin-
bi s(1- oxyl - 2, 2, 6165} akerhA 'p‘i;péﬁltﬁadnﬁl P—laﬁ)’h% fanate Yl 4-tert-

-17 - butgpbgﬁbo@gg 2,2,6, 5- tetranethyoplperldln 4- yI)terephthaIate,

bi s(I - oxyl tetra th eridin-4- hexahydotre | at e,

N,N b s (1-oxyl bésé 6% nﬁtg¥g§§£ﬁﬁ- %ﬂ§%QH%9¥P%I§ l%d$ ﬂ?ﬁBCClHate'

N:Ei oxy: g g g Bib&uramguﬁq m,mmﬂ4hétfbm%6h¥3éﬁéﬁiﬂﬂiwn4-yl) sgbacate,
oxy , 2, r r ode su ]

2 4t s [N bUBPP R B & e s bk Y b B b heRegr -

-s-triazine, andpis(l- oxyﬂ-Qeﬁhﬁlémﬁﬁcx&mabqylpnphthdnmf&fmhbth@bpate.

pi peridi n-3- on (of a Q r lsaipes | N-oxyl .

12. A conposi t?%Jﬁsa(sl c?éyg ?'lyin Enl gl ntfelgrg gﬂﬁh%ékmdt&rrgxél 951'7 A

1- oxyl - 2, 2bwtplmalpamsenyl oi peridin-4-ol, or

bi 5(1- oxyl - 2, 2, 6 8sleL bRFALDY NiENAL.itl oty SOACAL Bin - 4 -y1) phitBalabe,
process for Inhlbltlﬂ? pre ture polynerlsatlon a V|nyI aro t|c or
iy*

al i phatic conpouRid & ﬁ?klm§oﬁ tetramethylpiperidin-4-yl)
isophthalate,

bis(l-oxyl-2,2,6,6- tetramethylplperldln 4 -
yl) terephthalate,

bis(l-oxyl-2,2,6,6- tetramethylplperldln 4 -yl)
hexahydoterephthalate,

N,N’'bis{l-oxyl-2,2,6,6-tetramethyulpiperidin-4-yl)
adipamine,

N~ (1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl) caprolactam,

N-{l-oxyl-2,2,6,6-tetramethylpiperidin-4-yl) -
dodecylsuccinimide

2,4,6-tris-[N-butyl-N-(1l-oxyl-2,2,6,6-
tetramethylpiperidin-4-yl)-s-triazine, and

4,4’ -ethylenebis(1-oxyl-2,2,6,6-tetramethylpiperidin-3-
one)

4-acetylamino 2,2,6,6-tetramethylpiperidin-N-oxyl.

15. A composition as claimed in claim 14, wherein the
nitroxyl is l-oxyl-2,2,6,6-tetramethylpiperidin-4-ol, or
bis(l-oxyl-2,2,6,6-tetramethylpiperidin-4-yl) sebacate.

16. A process for inhibiting premature polymerisation
of a vinyl aromatic or aliphatic compound during distillation,
purification or storage, comprising the step of incorporating .
therein an effective inhibiting amount, sufficient to prevent

premature polymerisation during distillation, purification or
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purification or storage, conpr,i i ncorporating therein an
effective inhibiting anmount, t' E jﬂ‘t mﬂ&ent cremature polynerisaticn
during dive@Pp8/02409 on, purifi cat ge of a m xture RET/GBITIO148) 1 g
99% by wei ght, based on the total weight of components (i) and (i) :

of an adm xture af at |east one aromatjigc amne and at |east on organic
acid in a nolar ratio of from10:1 to 1110 and ii) 99 to 1% by

wei ght , Q%%&%tg%gé{'eatﬁﬂui‘\@@f't of conponents (i) and (ii) of at

| east one radi cal conpound, wherein_said aromati c_am ne,
sai d organi c adidd ahd t$aitP% aBYcMeiE o lrPes cORs ther itRIRT nwelghin pf

14. A porgRverss clialmeshd n @igi,m 38, avhes@hixsard Bt ute isasel ealeed to
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ii) 99 to 1% by weight, based on the total weight of
compeonents (i) and (ii), of at least one stable radical

compound.
17. A process as claimed in claim 16, wherein said
mixture is selected to provide a composition in accordance with

any of claims 1 to 15.

1i8. A process as claimed in claim 16 or 17.
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