SPECI FI CATI ON A POLYMERI ZATI ON | NHI Bl TOR FOR AN
AROVATI C VI NYL COVPOUND AND A PROCESS FOR | NHI BI TI NG
THE PCOLYMERI ZA- TION OF THE AROVATI C VI NYL COVPOUND
Technical Field The present invention relates to a
pol ymeri zation inhibitor for an aromatic vinyl
conmpound which is effective to prerent t he i that

ol ymeri zation of an _aronmatic vin conpoun a
gccﬁrs during the sERRCHFICGATION ng, purifying,
storing or transporting the aromatic vinyl conpound
and which is effective to prevent the occurrence of
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etc., and to a process for inhibiting the polymerization of the aromatic
vinyl compound.
Background Art

Among aromatic vinyl compounds, especially styrene is an
industrially very important compound as raw material for preparing
polystyrene, synthetic rubber, ABS resin, etc. and has been
industrially manufactured in a large amount.

In general, an aromatic vinyl compound is extremely
susceptible to polymerization so that it undergoes easily polymeriza-
tion under an influence of the heat generated in its preparation or
purification stage or during its storage, thereby causing lowering in the
yield of the monomeric aromatic vinyl compound and further the
formation of soil (fouling) in the facilities involved to induce trouble iﬂ
operating the facilities. Also, in addition to thé preparation and
purification stages of aromatic vinyl compound, there is a problem of

forming a fouling in a petroleum refinery plant, etc. which originates in




the pol ynerization of aromatic vinyl conpound present
therein. As the counterneasure taken hitherto, a
process wherein certain polynerization inhibitor is
added to process fluid containing an aromatic vinyl
conmpound has been proposed and practically carried
out. Specifically, nitrophenols which, are represented

4-di ni.t rophenol have been used. Since
Y PO A o 20 B aasH Wew! ComBEnd AT6SeR therein.

poly '&%t I [Ehn\{gh?ﬁ%hgﬁf% ! l{lﬁ%)z( ??\éelx,]e $ [ oc%grt%hereln

capable ng or'ymeri

cerrﬁéu@lt pdl?kﬂeﬂlﬁﬂﬂoﬁ ifRibitd1a¥ a@é@ tob&%?:e% IRli¥ RRRhirfiflg an

However, nitrophenols are classified in

 arpehfitic evanyl ngmyedwetd dlas beehq)rfdl:i‘dsdediﬂdSpl@fctidaﬂyFMﬁled
Servi ces Act (lJapan and bel ong to toxic substance

oWnd t hepsrically r i pitrephendls r sthichedare reprgsented by

2 A B S e g R e ot cffct 1o

ST KELIA AR BNAEL) 10 B AL oty HABES

ofusétbiing hBENBOlyRedFBidE bl @ réfakively %ng’ftlm%t Bthﬁj?ehave
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extremely effective for inhibiting the early polymerization of an
aromatic vinyl compound, in the case that it itself was completely
consumed by reaction with a radical, the polymerization occurs and
proceeds at the same velocity as in the absence of the chemical reagent.
There was a problem that the inhibition of polymerization can not be
expected because N~oxy1 compound is completely consumed especially
at the bottom of distillation column where the separation and
purification of an aromatic vinyl compound is intended and where the
residence time of prbcess liquid is relatively long or otherwise at the
distillation column positioned following the part to which said

polymerization inhibitor is added in the separation process equipping

- with a plurality of distillation columns.



2 Al so, there was proposed a process wherein N oxyl
conpound is used together with nitrophenols in order
to prevent early polynerization of aronmatic vinyl
conpound and inhibit the polynerization over a
relatively long period of tine thereby causing t he
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reaction of an aromatic vinyl conpound in detail, the
poprmeeepationy emhilitorhaivesafety and handling as compared with
dinitrophenols, its polymerization-inhibiting effect is inferior to
dinitrophenols. Accordingly a polymerization inhibitor having an
excellent inhibitory effect has been strongly desired.

Disclosure of the Invention

Disclosed is a polymerization inhibitor for an aromatic vinyl
.compound which is easy to handle and which has a little toxicity and a
high polymerization inhibitory effect, and further object of the present
invention is to provide a process for inhibiting polymerization of an

aromatic vinyl compound.

AS a result of having studied about the polymerization reaction
of an aromatic vinyl compound in detail, the present inventors have

found that by employing specific quinone methide together with
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found that by enploying specific quinone nethide
together with 3 specific organic sulfonic acid
conmpound the early polynerization preventing term
beconmes | ong so that the polynerization may be

i nhi bited over a long period of tinme, and have

conpl eted the present .invention., |n one_ aspect,
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substituent group(s) being selected from an al kyl
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l?ﬁé 1-8 carbon atons, an al kylthio group having
forgf L%c[:]gzr)bon atons, an al koxycar bonyl group having 2-8

carbon atons, a hydroxyl group, a nitro group, a cyano
group, a carboxylQgroup, a carbanoyl group and
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wherein R1and Ra2 represent independently an alkyl group having

- 4-18 carbon atoms, a cycloalkyl group having 5-12 carbon atoms or a |

phenylalkyl group having 7-15 carbon atoms, and Rj represents a
phenyl group or a phenyl group having 1 to 3 substituent groups, said
substituent group(s) being selected from an alkyl group having 1-8
carbon atoiﬁs, an alkoxyl group having 1-8 carbon atoms, an alkylthio
group having 1-8 carbon atoms, an alkoxycarbonyl group having 2-8
carbon atoms, a hydroxyl group, a nitro group, a cyano group, a

carboxyl group, a carbamoyl group and chlorine atom.
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4 wherein R4 represents a straight or branched chain

al kyl group having 1-32 carbon atons, an al kyl phenyl

group wherein the alkyl group is a straight or

branched chain one having 1-32 carbon atons or an

al kyl napht hyl group wherein the alkyl group is a

strai ght or branched chain _one having 1-32 carbon
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selected from methanesulfonic acid, toluenesulfonic acid,
xylenesulfonic acid, cumenesulfonic acid, dodecylbenzenesulfonic
acid, pentadecylbenzenesulfonic acid and dinonylnaphthalenesulfonic

acid.

In another aspect, there is provided a process for inhibiting
polymerization of an aromatic vinyl compound which is characterized by
adding a quinone methide compound represented by the above-described
general formula (1) together with a sulfonic acid compound represented
by the above-described general formula (2) to the aromatic vinyl
compound in the stage of producing, purifying, storing or transportmg

the aromatic v1nyl compound.



the aromatic vinyl conmpound. 5 O Also disclosed is
the process for inhibiting polynerization of an
aromati c vinyl conpound as defined -above wherein a
N- oxyl conpound represented by the follow ng general

for a j SLA ously CH3 .CH3
o 0 eplased 9 thRprFRES dor SHEb AR BliphetibiCor an
arqriahie ganyheemporndory gefinadsabove mhmreiyla Ngexgpsompound
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gngﬁﬁgggn}jg carbon atoms, a carboxylic acid having 1-3
carbon arons or an ani de havi ng 1-3 carbon atons: -
Al so disclosed is the process for inhibiting
pol yneri zation of an @tdgatic vinyl conpound as
_defined above wherein
one kind of 2,2,6,6-t4¢t
4- hydr oxy-2, 2,6, etr\anet hyl - pi peridi ne-1-oxyl and
4- oxo0- 2, 2, 6, 6-teyranet h\ pi peridine- 1 -oxyl. The
present i rikgntd rel at edl to- ©pol yneri zation (3)
i nhibitor for c vinyl conpound and to a
process for inhibi pol ynmeri zation of the aromatic
vi nyl conpound in the §t lig produci ng, purifying,
storing or transporting th omatic vinyl conpound,
the target aromatic vi@yd;conpound bei ng styrene,
net hyl styrene, ethyl styrene, divinyl benzene and the
wHerkin RThreppesaet a i ndnigedNat@na aR0 b§BEh Z&ldNa hydroxyl
~ inhibitor for an aromatic vinyl conpound which’
gragpt @msikylggroopehaeintg de3 carbon atoms, an alkoxyl group

%yl pi peri di ne-1 -oxyl,

having 1-3 carbon atoms, a carboxylic acid having 1-3 carbon atoms or
an amide having 1-3 carbon atoms;

Also disclosed is the process for inhibiting polymerization
of an aromatic vinyl compound as defined above
- wherein ~said N-oxyl compound is at least one kind of
2,2,6,6-tetramethylpiperidine-1-oxyl, 4-hydroxy-2, 2,6,6-tetramethyl-
piperidine-1-oxyl and 4-ox0-2,2,6,6—tetramethy1piperidine- 1-oxyl.

The present invention relates to a polymerization inhibitor for
an aromatic vinyl compound and to a process for inhibiting
-polyrnerizaﬁon of the aromatic vinyl compound in the stage of
producing, purifying, storing or transporting the aromatic vinyl
compound, the target aromatic vinyl compound being styrene,
methylstyrene, ethylstyrene, divinylbenzeng and the like.

The present invention is a polymerization inhibitor for an
aromatic vinyl compound which™ contains a quinone methic.iel

- compound and an organic sulfonic acid compound, and which is
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conmpound and an organic sulfonic acid conpound, and
which is 6 JlI effective for preventing the
pol ynmeri zation of the aromatic vinyl conpound by
adding themto the stage involving in the
above-mentioned aromatic vinyl conpound. The qui none
nmet hi de conpound for use in the present invention is
effesives dor efreventing athey papswrizipryesferthle Boomatic (vinyl
wherein each of R and R2 is independentl, n. al kyl
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but yl enzyl i dene) - cycl ohexa- 2, 5- di énone,
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butyl - 3- (4-ni trobenzyl i dene) - cycl ohexa- 2, 5-di enone
cagbgnptopas,tan alkoxyl group having 1-8 carbon atoms an alkylthio
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di enone and the |i ke my be taken. Anbng them

2, 6 @rblsrrtﬂ:mﬂyl dobepkylidehenyylditmee2c pedichoxs; 2,6-di-tert-

ienone is especially preferred. These quinone
Wt &E%Hﬁ’g’seﬁﬁgdﬁ% )-g¥clobegasd . poflignons, R.ewhnicht i on

A i e Oy
b8Y.4ng E?ﬁnﬁBEﬁEﬁ@@éﬂé}n&r&HﬁéJ{élﬂSrﬁ;eﬁbﬁHP 056-di-tert-
butyl-4-(4-methoxybenzylidene)-cyclohexa-2,5-dienone and 2,6-di-
tert-butyl-4-(3,5-di-tert-butyl-4-hydroxybenzylidene)-cyclohexa-2,5-
dienone and the like may be taken. Among them, 2,6-di-tert- butyl-
4-benzylidene-cyclohexa-2, 5-dienone is especially preferred. These
quinone methide compounds may be used singly or in combination of
two or more kinds.
| They may be obtained by reacting 2,6-di-tert-butylphenol with

benzaldehyde having the corresponding substituent group(s).

| The organic sulfonic acid compound for use in the present is
organic series of free sulfonic acid compound represented by the

general formula (2}. The alkali metal salts such as those of sodium,



The organic sulfonic acid conmpound for use in the

present is organic series of free sulfonic acid

compound represented by the general fornula (2). The

al kali metal salts such as those of sodium 7

pot assium and the |i ke, the al kaline earth netal salt
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substituent group(s) linked adjacently to N-oxyl radical. In the formula,

Rs represents a hydrogen atom, an oxygen atom, a hydroxyl group, an
alkyl group having 1-3 carbon atoms, an alkoxyl group having 1-3
carbon atoms, a carboxylic acid group having 1-3 carbon atoms or an
amide group having 1-3 carbon atoms. As the alkyl group having 1-3
carbon atoms, methyl, ethyl, propyl and isopropyl groups may be
taken. As the alkoxyl group having 1-3 carbon atoms, me{hoxy, ethoxy,
propoxy and isopropoxy groups may be taken. As the carboxylic acid
group having 1-3 carbon atoms, formic acid, acetic acid and propionic
acid groups may be taken. As the amide group having 1-3 carbon

atoms, formic acid amide group, acetic acid amide group, propionic
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propoxy and isopropoxy groups may be taken. As the
carboxylic acid group having 1-3 carbon atons, formc
acid, acetic acid and propionic acid groups may be
taken. As the am de group having 1-3 carbon atons,
formc acid am de group, acetic acid am de group,
propionic 8 acid am de group and the |like may be
atidkeami@peairbugal hdd the like may be taken. Specifically,
2,2,6, 6-tetranet hyl pi peri di ne-1I -oxyl,
2 2, eyfttetranethylpiperidinerneokyl, 4-pirderid 22,616 dxjramethyl-
- tetranet hyl pi peri di ne-1I-

4-0x0-2,.2,6,6 - oxyl,
PIRSHEHREXY O, 2-8%%2% b P Srdeape B pmaridinepky pxyl,

BRI 2. S S BRI LT b Hr bRz 06

teArRAEBYRYberdd e, Bokdl, IATRLBIR-BED iglbNetta¥iyl- and
the |iKe may be taken. "Are preférred

pipeRidiné- 1-ekyhmetdhyhrbarinpel-Rolk Be6te ayhethdA pipdirinkiyie 21 -oxyl
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used in thee formdissolved in an aromatic organic
sol véiite padympeization anlviitdrcof dhgapiasest| rseiition is one
benzene, toluene, xylene, ethylbenzene and the |ike

copppristng fxedngreents abtle apinorermeiiide commpuEiemd the
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weight. Also, in order to inprove the solubility and
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orﬁ%ﬁdﬁ{ﬂ&%ﬁ%&?ggig }fzﬁxﬁq%'é,{r&{ i%gﬁ%%o&}h%%z% fon ihhibitor of the
present invention cannot be determined as a rule and may be
adequately determined. However, it may be generally 1-20 % by weight.
Also, in order to improve the solubility and the solution stability of the
quinone methide compound, alcohols (e.g. ethylene glycol, butyl glycol
and the like) may be incorporated with no problem. The polymerization
inhibitors which have been used hitherto may be further incorporated
to such an extént that the effect of the present invention is not injured.
‘As to the mixture ratio of the respective ingredients in the
polymerization inhibitor of the present invention comprising two

ingredients of the quinone methide compound and the organic sulfonic

acid compound, it cannot be determined as a rule depending on the



to such an extent that the effect of the present

invention is not injured. As to the mxture ratio of

the respective ingredients in the polynerization

i nhi bitor of the present invention conprising two

ingredients of the quinone nethide conpound and the
it..canno

kHPIRS SHLOR Br B dnfaRH Morhdug IS impoynd, the

opFRiHn Of drhed nt %‘i‘&d afirat i Gh Pyl GQERAMD, fe  the
operation status and the extent required for the

polynyeréza tigri-inhibitdrybe ffertyared fieaiayabd ddeqiiteBedetermined.
adequately determ ned. However, the mxture ratio of
Howevani fvhaixtare datie afpdunduinond enet(kn@amoanpqundntm the

" O%qﬁ%a g‘:‘chg%‘rdi u‘f?%gghﬁdgsiléﬁqﬁly ‘ﬁgée— r%%wzwéb‘feyght ratio),
e?a%‘lf‘b(??o g{l&f@f,{.@% @gt%;@?o@gécgol s basically

assitied |n pressing type

Wh' ChrHeet ﬁﬁlerrﬁzta%o@i‘ 1ﬁ91|1]¥1@§1‘ '1§abh9ﬁall n@lds‘?stlﬁ’e(ﬂ hgito the
pol yrrerlzatlon preventing type whi tards the

| polyimdratatom-siyppre§singetypel yivieh zatardB ra%btdfqntgbrmd}&auon
actual polynerization inhibitor cannot be strictl

anglyigied tha opelyrmizafioniprseenting ttypes whish ot the
d dth | f

i B R P P oS B ot g et aptual

pd N?nﬂi‘% Zlifon BRhi Sr' %ﬁﬁ{ﬁ@ﬂqbﬁ %QHEﬁ? (%&Qietci” B‘Fto\'\@ild'lgr bP€hese

oxy conpoun I on-preventi-ng

twl/ peped) ﬁHth&lihéxﬁk@ rﬁ@ﬂi&ﬂ%%@rﬁbb&&d ﬁﬁﬂpflﬁé %'r@&nid/ BRilfodic
inferior in the initial stage of polynerization

adid o pdond int thes pregeatil imvehtionhhhvé hngh tttedency to be the

ol yneri zation over, relativel Ion period of tine.
chj'ﬁn%%@a&%?uﬁﬁ’ﬁ%ﬁmﬁgtﬁmsf‘ghv i/ﬁe th Oxyl compound is the

P‘ﬁﬁ*fi“’ MR R R e P tzﬁ%?ﬁhmﬁfm i it izatfon-
48R W&E hgy rlﬁ%ﬁdl‘)@nv"'tl?@ fhiGal ' FEaJJf ﬁfdﬂﬁﬁfgrlée{hon

the systemw th the [apse of certaint

inhisitiea, itis thpabl yhiihibatihgthePulbhieiatiid 80kr irslatively
subst anti al Ity lost. Accordingly, It is desirable to
loggt per@odptofhutions.xt ur O atthe obthere band, although the

polymerization-preventing type is excellent in the initial stage of

polymerization inhibition, it is consumed by the reaction with the

- radical present in the system with the lapse of certain time and

thereafter the polymerization-inhibitory effect is substantially lost.
Accordingly, it is desirable to set the opﬁmufn mixture ratio of the both
polymerization inhibitors to be added depending on the extent required
for the stage. For example, in the case where it is desired to inhibit
the polymerization for a long time in considering the status of the stage,
the ratio occupying the polymerization-suppressing type is increased
while in the case where it is desired to prevent the initial stage of

polymerization completely, the ratio occupying the polymerization-
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pol yneri zation inhibitors to be added dependi ng on the

extent required for the stage. For exanple, in the

case where it is desired to inhibit the

pol yneri zation for a long tine in considering the
pidvehtimeOfy Jehie iBlcp@sed t he ratio occupying the

pol ynmeri zati on-suppressing type is increased while in

t he ddme phepardtion s pdeséssedof othpr epehitmtehigationt i iahibitor
. Stage of polynerization conpletely, the ratio
_ méiegﬂlag.lﬁlgﬂ%@rﬁéﬁyhénw@tmanlsmobrréwmtﬁdgpaytp@ﬂiagly The
of .t h

POl YRR R MRPRRY B oRGRGEnbY! YiseRLine o auinone

m'eﬂ’fﬁ%t E8h cﬁlﬂlt?taxg(?sﬁ'fe' 6k 1Qa§ﬁlt‘gﬂi(?ral ddb)y}g d in an

polymerization inhibitor tai ne sso ving

arioinea Gl iopgaRic m&rhndmﬁf@imﬂynﬁx@adsﬁh%gr gani ¢ sul fonic
acid conpound in an aromatic organic sol vent

uni f dnntlye pedemesizatiamdnhibitathef phley peeserstt inwention, the
i.nhi bitor. of the present invention, the _quinone

q‘h‘é’f)ﬁeo@e&%’r@&o‘ﬁﬁmppélﬂﬁ%@duﬁ%@ éegrthegiwithithe erggaie sulfonic

ac goRipSynd Yl BT BaRBiATR of SFgal e Rbintibiier by
th@%lﬁﬁﬁi@sﬁﬁﬂnwﬁcﬂ”@éxﬁ ﬁhg"chgfcﬁeﬁﬂ'—%@ens op?zhdmal

i nhi'bi ted by the quino e net e conpound so that
magpdiedahibjied byettieqhimnemethiid n?ofu@di 8o @habehe radical

synergi c,  effect based on their i nati on may be

Qiﬁmirwe@onpam belinhihitechgndhidet =e§rrpmga1 effect baseden their

er, the s gic effect_tends tp increase. In the
t%a’f"rﬁﬁynt? OEF"’BH’E X Wﬁﬁ?‘l‘laé“g’rrp@@nd € Hepyperature
be%?ﬁh?‘éssh r%{ e'@hyé Rl %eefi*%&%rt?ﬁdgsto GREEMdON tine is

I"ong, ence'rn

pol yitheajthpe tRHIPh € $BE REoikRE: Vi h
sel ect ed. Ho%ever % mayobe effe(??I vﬁ&gsgdtP%re ﬁXIStS

ofieas the ipdice wehavel msreetarﬁi@ro tirpe dydohgngndf heaté @A deseral
n nded to be further inparted depending on the
xgleaxzatp@esgpgg@saﬁg Wﬁﬁ ig Iml”sfepabbb ected. However, it

ed.that .N-o ou d of
m% SRR A5 AdPer St PBet M Pobimerizatigagpresating
fuﬁ@ﬁbfﬂ% iR AA Y t8 B rtog ﬂﬁﬁgﬁ%ﬁ HpdBn &S AL status of

I nvention
the stage and for this purpose it is recommended that N-oxyl

compound of the polymerization-preventing type is further added.

The polymerization inhibition process of the present invention
is a process for inhibiting the polymerizatibn of said aromatic vinyl
compound and is also a process for preventing fouling resulted from
the polymerization of the aromatic vinyl compound by adding the
above-described quinone methide compound and organic sulfonié acid
compound or by adding the quinone methide compound, organic
sulfonic acid compound and N-oxyl compound to the stage of

producing, purifying, storing or transporting the aromatic vinyl

11




Is a process for inhibiting the polynerization of said
aromatic vinyl conpound and is also a process for
preventing fouling resulted from the pol ynerization
of the aromatic vinyl conmpound by adding the
above-descri bed qui none nethi de conpound and organic
sul fonic acid conpound or by addi ng the qui none
cqrephb@é. conpound, organic sul fonic acid conpound and

2? or i’ BN Bh et Tt 8%@% a0 it invivd
e R i LRI R e TRES TR PR R oﬁﬂ‘z%o%lﬁrmg or

tr&h@ﬁ@rt@ﬁ Rhe tHienfidkic I@ﬁi}"lfdﬁrﬁﬁouﬁﬂcﬂfdrﬂ #00be determined as a
transportl ng the aromatic vinyl conmpound can not be

rulettarinitiedodse deteruinedun ¢censidetingbhedetrditiaredhenextent

consi dering_the conditjon, the extent reqU|red etc.

regiirach eicagbthe strgctnles advkd. athimemannicrdded of apaone

RGBT %ﬂ%slé%u%ﬁ?&‘? add e R Bo I BIL0 ppm

béMl 8%&8{) %?G%fat?cg g{éﬁ%\ggdg SE{?E ;{fg)digén':@ Wifohic acid

ccﬁﬁpaahdclsvuemlaﬂyormqmmm pphdl phdéraBly @00 ppmm@d on
is usually 0.5-1000 ppm preferably 5-100 ppm based

therandmeatic onayl comipeyind, cfmrbolumtjof Nhexd mmpablnel rsalngleglly
3re the standard ajpunt _.to be

dded
0.51EPPE; PPHANPr RS éélOPhEp@ Sasech Py e pamﬁpc vinyl
inventi,on S not SI n| fi cant me casg 'iV\hen §t0 be

coregdnelyy degto shietls TaRnsneldt BETEBdL AR

- adhRRYWHRMROW dRhBer Fh8AT §lis D1kl NBc2bRYA- ESRE Lgrg%ent

range, the polynerization-inhibitory effect beco

inkegtien st nbh significastednt beny eaakl onWhien hthe respective
pol ymeri zati on-i nhi b|tory effect is little relative to

amﬁ@m‘tﬁccvfeaymmetme idedeempentnd. andl Mexyd edigpousd are
red. en the nt added o
e Balr T She ey oar s i cantss the Paiiibr Az BAngmhibitory

_ef%p:?\/%egc‘;ﬁftrs %%he?n%%l’t 29t s8Rl Ldsdy QS ALOMEGANin the

econom ca
polymerization-inhibitory effect is little relative to the increase in the

added amount and hence the cost performance is lowered. When the

amount added of organic sulfonic acid compound is greater than the

above-described range, not only it brings about an economical

disadvantage but also it induces an ionic polymerization of the
aromatic vinyl compound in some case.

As the polymerization inhibition process of the present
invention, there are one wherein a polymerization inhibitor containing
the two ihgredient of quindne methide compound and organic sulfonic
acid compound is added with a pump, one wherein the polymerization
inhibitor containing the two ingredient of quinone methide compound

and organic sulfonic acid compound is added while N-oxyl compound

12




di sadvantage but also it induces an ionic

pol yneri zation of the aromatic vinyl conpound in sone

case. As the polynerization inhibition process of the

present invention, there are one wherein a

pol yneri zation inhibitor containing the two

i ngredi ent of qui none net hi de conpound and organic

sul fonic acid conpound is added with a punp, one
iswsgiaiatelyhed ded therdlrathese thitel RidrediciBtaienall@wtago be

two ingredi ent of quinone nethide conmpound and
agedatrgethen porthe plaicd cumgingnal frebiade onshivherslrogylinone

compound 12 is separately added thereby these three
mefiidey omRoYRd. JPrEVEE SBlIgBIC RGigd cogyRIwad and PE-oxyl

e BhREREAR, M PSR Al D0 RS RGP e
cd‘rﬁge%@daﬁaeo@aﬁ% SRBRNS 'a)é_i@%ﬁq?o@ﬂ& %%@ﬁﬁa%é&g@ga@ed
nmet hi de ul oun

conmpound and organic s oni ¢ ‘aci d “‘conp

therebg ehesatteloyirggddibntshateelllowbdse baadtadiegedivrsat the
are allowed to be acted together at the place causing

Placeresilsing aerokfieme i one oyineneén npgimioge  cogthaden dsompound,
organi c.sul foni.c aci d conpo and N-oxyl conpound. are
orhii plIETS SO RARrOHErRy theds! eampound Agu umdusly

t b i
R e
at"Bie baGebeGtRe dopRiMleng A khe 1pRebakl ah L EL tihéhded

and the extent” of problem of process, the extent
oneequay dit Selectegrdspenglihgeon prhebbperstich fecanditioer and the

econoni cal aspect. For exanple, for the purpose of
extemt 9 t pradplemme op AIrpaess.z the extért requbed famimpresing the

rEBTRERA rS  MLSRE TEL LS, SOTPRUNG R, SIS
oS PO gl AL 8 £l A 6L fpation o

quingpeundiiidecdripsuntisari®epsariedfdfonib&icid ¢ HeQmRanged
of the polynerization inhibitor involving in the

while denthé propoisemfi praventinesthie chithl paage adl @olymerization
However, the .. . '
' coml\;ﬁtgl , the combination of additional N-oxyl compound with them

is recommended.

The addition means of the polymerization inhibitor involving in
the present invention is not restricted particularly. However, the
polymerization inhibitor is usually added with an infusion pump for
chemicals. Although the place to which the polymerization inhibitor
involving in the present invention is added is not particularly
restricted, the polymerization inhibitor is usually added to the
upstream process over the place at which aromatic vinyl compound
undergoes polymerization to cause the problem as fouling. For
example, styrene is generally manufactured by dehydrogenation
reaction of ethyl benzene, and the formed styrene is continuously

separated from the unreacted ethyl benzene by distillation, and

- 13



pol ynerization inhibitor is usually added with an

i nfusion punp for chemcals. Al though the place to
whi ch the polynerization inhibitor involving in the
present invention is added is not particularly
restricted, the polynerization inhibitor is usually
added to the upstream process over the place at which
aromatic vinyl conpound undergoes polynerization to

afdifis) 1 SatpaEREReaBls, Han, o quiiBratioi bhR e is
sﬁbglﬂsd ke QE? 'Eﬁ:i;’ciﬁﬁﬂc)lﬁrb'%llf.I{'Hrfglet?{'1 Yﬁ‘icﬁ E@hgarcg@ég{dm Y& dtion
et hyl benzene® by

separated. from the unreact ed

ofietiyll béizee hasdbed donghirfede Ak tioSthe pradERgabhRh the

__.that the polymerization inhibitor is supplied to the
poiysa¢rizatiomninbabitonds sdded, thectdely dpplieatibhois adequately

reactjon, of ethyl benzene has been conducted. As to

sqlpeted ag in thafthe polymerigatiprdnhibitpnis pddeditodhe specific
, Li cat.ion . | | ect ed

pRAHE R SRR, GPRHS R ER iRl St pgaS b Horbons.

TEEBedt Mod¥ R6£ Ciirrpis Cuto¥ReInviidigoni se it is added

to sonme places in porttons. The Best Myde For

Car r yitreg pfoeseribeinveneidi ¢ illoetRitedeit movenddtailsi by the

illustrated in nore details by the working exanple
werkingt ekame bustiti ist awtt vesthictéd| foowhe gfoltovkingg working

exanpl es. (Conmpounds used for evaluation) (Quinone
CX#TRIFe conpound) A-1:

[g%og?%bahagtq%ﬁ )Y;c}r:é&%ﬁﬂﬁ%H]dene' cycl ohexa- 2, 5- di enone

-tert enzyl'idene- cycl ohexa- 2, 5- di enone

- (QiongiEhedeZeinp6aRAKYi Ng to the nethod described in
" Synt h. Commun. " B. Koutek et al.; 6 (4), 305 (1976)]

. 2. A-G& an®,§-1i-terbiblutpl-4-Betzydiderer- tyduhyka ghehdienone
o) pof BB ERP U rt-Perlidon s alines i ndiehome was00
pI pe
S?gﬁ@%%g%& gag?lﬁglnﬁalgfﬂy E}? é]gtla %%létfo% Id% Eggbg\éi tiIhl ‘%y%tg &)anun.”
[B. Koutek et al.; 6 (4), 305 (1976)1 . 2.1 Grams (10 mmol) of
2,6-di-tert-butyl phenol, 1.06 g (10 mmol} of benzaldehyde, 0.9 g (10.5
mmol of piperidine and 15 ml of n-butanol were placed in a 100 ml of
eggplant type flask equipped with a Dimroth condenser .and refluxed
for 24 hours under an atmosphere of nitrogen. After the reflux,
n-butanol was distilled out under reduced pressure and the reacﬁon
- product was purified by silica gel column chromatogfaphy (a
development solvent of n-hexane:methylene chloride=2:1) to obtain
- quinone methide compound {A-1).
A-2: 2,6-di-tert-butyl-4-(4-nitrobenzylidene)-cyclohexa-2,5-
dienone
Quinone methide compound (A-2) was obtained by a similar

manner as in quinone methide compound (A-1) except that 1.51 g of

4-nitrobenzaldehyde was used in place of benzaldehyde.
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for 24 hours under an atnosphere of nitrogen. After
the reflex, n-butanol was distilled out under reduced
pressure and the reaction product was purified by
silica gel colum chromatography (a devel opnment

sol vent of n-hexane: nethyl ene chloride=2:1) to obtain
gui none net hi de conpound (A-1). A-2: 2,

6-di-tert-butyl -4-(4-nitrobenzylidene) -cyclohexa-2 ,
5- di ne ¥i J j.derac - \V I-ngd
by 8 e AT e R Ao
(A-1) exceplieht@é 1.51 g of 4-nitrobenzal dehyde was
used in place of benzal dehyde. 14 A-3: 2, o
6- di -@einonsmpethide LompenoBetdr Bl ivian @btames] diyeaasinilar

el G e RS I ol B a1 g

. of
43 YHgke %%%})Xé%&ggt‘mﬁéeﬁﬁé‘eéla?% o Bnzaldende ) dehyde.
[SPpheARNAEIdAEH B ngﬂ)und] B-1: dodecyl benzenesul foni c
acid (reagent class, "a product of Tokyo Kasei Kogyo
Co., Bld.) dBd2cylbentzadesylfbeinzaridqutdgoritaclass,oa product of
(" Taycacure _AC- 330" éa trade nanme, a product of TAYCA

Cor por at i oAPKyRKasai adLtd-)1:
R Bt G R BRELL g 1ot
£ 2,2 RS TR Bt or A eage
2,4 dinitrgdepeestiénf yl phenol
[N-Oxyl compound]
C-1:  4-hydroxy-2,2,6,6-tetramethylpiperidine-1-oxyl
(reagent class, a product of Aldrich Co., Ltd.)
C-2:  4-0x0-2,2,6,6-tetramethylpiperidine-1-oxyl
(reagent class, a product of Aldrich Co., Ltd.)
[Other] |
DNBP: 2,4 dinitro-6-sec-butyl phenol
(Polymerization-inhibiting test]
100 Grams of styrene monomer (before the beginning of the
experiment, any polymerization inhibitors contained in the monomer
“had been removed by an alkali washing and then the resultant
monomer had been washed with water and dried) was placed in a
four-necked separable flask equipped with a reflux condenser and the
prescribed amount of the polymerization inhibitor was added thereto,
and highly purified nitrogen gas was introduced at the quantity of flow
of 80 ml/min. while the temperature was kept to 120 C. A part of the
content therein was taken out every time given and 9 times volume of

methanol based on the content taken out was added thereto to

15



[ Pol ynerization-inhibiting test) 100 Grans of styrene

nmononer (before the beginning of the experinent, any

pol ynmeri zation inhibitors contained in the nononer

had been renoved by an al kali washing and then the

resul tant nononmer had been washed with water and

dried) was placed in a four-necked separable flask

equi pped with a reflux condenser and the prescribed
prRIDYALOthEN SRk NESl ARl 8 4 NELBhERAcHRStREd8Phich was

- “thereto, and highl urified nitrogen gas was

filtrdtedduwaed tat wdeighguent weighaf drhowntofg)8Gumd / the. polymer
while the tenperature was kept to 120 C. A part of the

courmdrationéwei %) wathe maromoar waseavaluntas.gi viBre serles are

_tines .vocg_urr_e 8{ et hanol based on the content taken |

symngpecd fydablentreto to 15 precipitate the formed
pol ymer in a suspended state, which was filtrated out
to weigh its weight amount (g) and the polyner
concentration (w. % in the nononmer was eval uat ed.

.The results are summarized in table 1. 16 EM).imuU
1- vilouwuw 41 Wo”™r»1lar Omo QO~IfM ~I rl
r'r~-l~~g a 010'ad a OdOO~NVIM rl~nIN O
afdri(GdM) O(00)OOMOAOMuU) 0 <0 O0imw
tOINQOQAOM-,-I~-OMNIWIMY OO 6 OIWON OQE N (

Vr--10-61661600r,MoIN-1 201! j! 1 o
NlvItOi (O )njmim-N~O O. ~- Nl of NNWW! ( OD!
( pWW',. o Er oooooololoi of di 0id~o m

o~~ioloil olo UE, o N") dolol Ol olojooojo 0 o0 o
ria o molm

16



Q
|
lv
it
C
I

17

L A =

—. ®®oOo € B
mw T Owmo % Ho! 0T 92’1 990 9Z'0 ) — Buyion — BusyioN 0ok daNg L

- socodnN® €+ ) 862 850 000 000 00t 1-0 — BulpoN — Bumion | 9
2 606 N O E I°&T 08's 8o'c 96°L Z0'l - BulyioN 001 g - Bumion | © g
© . O E & ¢ | e5i | 60 | 000 | 000 0 5 - BuION 05 V17 | peimdus
g © ...J.:ﬂm CONL e SH 90°¢ 39} vL°0 Ze'0 BuipoN - BuroN 0S Y € .
o 5ao0° " No._ L@ 07l 660 180 510 — BuIGIoN — BuIioN 00} IV z
sl o™ @ __E <o <0l 66'9 al’e sl | — BuigioN — BuiyloN — BupoN b
o WwTTT N7 S 1, 990 50 120 000 000 b z-0 05 1-g 05 £V 51

o w  _ S50 g8e0 020 000 000 04 -0 | o5 z-9 08 v vl

Co == 'Y r,m N §50 0e0 510 000 000 0l 0 0% 1-8 0% v €l
©5°5—° <N W N"agp" £r'0 0z'0 000 00°0 ol -0 0% z-8 05 by L
©cO——0O _N-_ - NI 8E0 510 000 000 0l Z-0 05 I-g 05 LY b
o =T _ _o .- Zo_svo 520 €00 000 000 sz 1-0 05 1-g 05 % oL
c°-°0o "No b Yo 0£0 600 000 000 0l ) 08 g 0% Y 6
o) O T o =& 60 850 £2°0 £0'0 00'0 g 1-0 0g I8 08 v 8 | sidwexg
o .m. >0 45° C O cu &35 oLt 89°0 00 G40 - BuiioN 08 - 0g a4 L
e I = 0g'L 080 ov'o 510 — BuiioN 05 z4 06 | zv 9
S0WwB o - [ &5L. | £60 050 0Z'0 0L'o — BuyysoN 05 ) 05 v S
S_ 535 00 =0 o = ® 1Sl 90’} £90 0e'o 80°0 — BuiioN 0s Zg 0g b 4
>33 .JWI -0 R 101 £5°0 0Z'0 800 — Suyion 05 g 05 v €
5000 O0a0 O - pozE 9T or'l £9°0 520 — BulyioN 03 14 05 = z
s=59°90%95, O o= nw mwm & 092 62k Zr'o 910 A I& BujyioN ohg -4 oL [ b
25002500 T ERE | oty | o | oot | i | v | nosuno | powy | ssued | gy | sneauco |
o5 2= © O mme Mm = unowy junowy Junoury o %3
- —-T.—-0O o O-+zZz E~ B (9) uoneRUSOUD) JaWAIDY punodwds 1AxO-N punoduiog punodwog
ST _5-"0°°>__E5 PRY dluojing oluebio BPIYIAN SUOUIND

C —— — o —
oo o—® S5 og&
58230 lozZoefo

T 21981



aQ... 2o0alr O0OOTrIirt 1 ~UCATIr'NNMT T
rkr r NNMLr rr LLICL aUalaalaia; a << < <<
<<<o0<<<zitzzz Or NMV' NOr MO) ONM
d r NMVNV/r zv>d amE WxmE 0lj U 17

It becane clear that the polynerization inhibitor

containing two ingredients of a quinone nethide

conmpound and an organic sulfonic acid conpound

I nvolivbegamie ¢lber phesed polyventizaiionh rBitite dastaiding two
_ shows not only superior effect to ' .
ingredigings 1of & euéreneungthighermshpeDRBPANGf axComganig isudlonic

anpl e No..7. whi ch had _been generally, us in th
aGH SR PARPHR By fhePreTri Ryestion (isamme Das: 1-7)
. ffect in ek hi de _ _

S35 AT S L e TN
(DNEBPPBE TR pARI LIV ERBENS1RR0 e ch Head PREW B &RlkyOsed

i nhibition was conducted using three ingredients o
- inqtheclietiliatibn dend opprifiodtionr gaies sfukfyashe laat dilso higher

compound and N-oxyl conpound involving in the present

- effasl dheiroguirvagpnetings . corgpesnd alpne (@@mmratliv@ rEgAmple

smal | amount of N-oxyl conpound caused

No.g?.

Also, it was recognized that in the case where the
polymerization inhibition was conducted using three ingredients of
quinone methide compound, organic sulfonic acid compound and
N-oxyl compound involving in the present invention (Example Nos.
-8-15), the incorporation of a small amount of N-oxyl compound caused
an effect to prolong the initial term in the polymerization inhibition
caused by the polymerization inhibitor containing two ingredients of
'quinone methide compound and organic sulfonic acid compound
(Example Nos. 1-7) thereby the polymerization may be inhibited over a
long term.
Industrial applicability
By the polymerization inhibitor and the polymerization

inhibition process of the present invention the polymerization
including the initial polymerization may be inhibited over a long term
in the stage of producing, purifying, storing or transporting it. This
makes it possible to inhibit efficiently the generation of soil (fouling) in
these stages thereby operating the stages stably for a long period of
time and attributing greatly to the stabilization of the stages and

further to the elevation in the safety operation of the stages.
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an effect to prolong the initial termin the

pol yneri zation inhibition caused by the

pol ymeri zation inhibitor containing two ingredients of

qui none net hi de conpound and organic sulfonic acid

compound (Exanple Nos. 1-7) thereby the

pol yneri zation nmay be inhibited over a long term

I ndustrial applicability By the polymerization

i nhi bitor and the polyngétéihkgn i nhi bition process

of the present invention | ymeri zation including

the initial polynerization may be inhibited over a

long term in the stage of producing, purifying,

storing or AT asRaekizAfoh! - inHibftor "BEES drf BPSHIANE {ihyl

inhibit efficierntly the generation of soil (fouling)
campotinels svlsthgls chhraatbyizeg dsatcongaidiagsh agamatiabhythide

for a long period of tinme and attributing greatly to
cqmppoyghrepresente o the fellayirg gegeralformanla ¢l kegether

evation in t safety operation of the sta . .
A morEaniasppie AFId ePBIPIURE BePES P dahy 4hs alipwing
géﬂéﬁﬂiﬁﬁﬁﬁ. which is characterized by containing a
gqui hone net e conpound represented by the foll ow ng
general formula (1E)together with an organic sulfonic
aci d conpound reprgsented by the followi ng genera
formula (2) ® R K2 (1)RH R3 wherein R and R2
represent i ndepepd ¢~an al kyl group having 4-12
‘carbon atons, a ; al kyl group having 5-12(cpjbon
atons or a phe ¥l group havi hg 7-15 carbon
atons, and R3 reprggents a phenyl group or a phenyl
group having 1 to § substituent groups, said

H Ra

wherein R1 and Rz represent independently an alkyl group having
4-12 carbon atoms, a cycloalkyl group having 5-12 carbon atoms or a
phenylalkyl group having 7-15 carbon atoms, and Rg3 represents a
phenyl group or a phenyl group having 1 to 3 substituent groups, said
substituent group(s) being selected from an alkyl group having 1-8
carbon atoms, an alkoxyl group having 1-8 carbon atoms, an alkylthio
group having 1-8 carbon atoms, an alkoxycarbonyl group having 2-8
carbon atoms, a hydroxyl group, a nitro group, a cyano group, a

carboxyl group, a carbamoyl group and chlorine atom.

0O

R,— S — OH | (2)

O

wherein R4 represents a straight or branched chain alkyl group having

1-32 carbon atoms, an alkylphenyl group wherein the alkyl group is a
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substituent group(s) being selected froman al kyl
group having 1-8 carbon atons, an al koxyl group
having 1-8 carbon atonms, an al kylthio group having
1-8 carbon atons, an al koxycarbonyl group having 2-8
carbon atons, a hydroxyl group, a nitro group, a cyano
group, a carboxyl group, a carbanoyl group and
chlorine atom O Il R4-S- OH (2) 11 O wherein R4

strafpites ont Bréndiddi diinobnlr Aached Tl Ragbky! a8é@dPor an
having 1-32 carbon atons, an al kyl phenyl group

alkyénephthyiegralipywhgronpttiesalkyl 9oupriaightraighbornbchadhed
chai n one having 1-32 carbon atons or an

Chalgy PRe HAVERE lg‘ggd—‘@f%?ﬁ&%ioﬁl%he al kyl group is a

~straight or branched chain one having 1-32 carbon _
atons. 2. The polynerization inhibitor for an aronmatic

vinylg, Cowdpﬁgn?érﬁmi thisitdidP Yorhgheitosdd e vinyl
qui none net hi de onmpound 1S one or nore nenbers

canapeuned d @taimed in claim 1 wherein said qzuinone methide
2,6-di-tert-butyl -4-benzyli dene-cycl ohexa- 2,
CHDRPBRGne, iP, 6-afie t eor- more  members  selected  from

utyl - 4-.(4-ni ttobenzyl i dene) - cycl ghexa- 2, 5-di enone,
2’%’@%{&?& ‘ﬂ‘iﬂb‘{I PZY@‘EIAGWP ¥t | FefonQnR| ohbxdl-gert-
i £00! - i { - | - 4- BT .
bt P ARt PriliabftioRiblisnd Selighansnp6-ditert-butyl
3%451i&*oﬂe@f 1iBUhY¥)-cdclohexa-2, 5-dienone, 2,6-di-tert-butyl-4-
4- met hoxybenzyl 1 dene) - cycl ohexa-2, 5-di enone an
(45 yerdibareylident)cyclohexa-2, S5-dienone, 2,6-di-tert-butyl-4-
4-(3,5-di-tert-butyl -4-hydroxybenzylidene)-cycl ohexa-2
(4-msthpeHsneyltlentieyplohanea- 2z bt diemonetand t2o6-disterarbutyl-
tic vinyl ompound as .clained in claim.1 wherein
4L e AT e ke Y S G he e, B diggiane.
menbers sel ected from nmet hanesul fonic acid,
tol uenesul foni ¢ acid, xylenesulfonic acid,
cumegesul f PhkeC pAyfherization inhibitor for an aromatic vinyl

compound as claimed in claim 1 wherein said organic sulfonic acid
compound is one or more members selected from methanesulfonic
acid, toluenesulfonic acid, xylenesulfonic acid, cumenesulfonic acid,
dodecylbenzenesulfonic acid, pentadecylbenzenesulfonic acid and

dinonylnaphthalenesulfonic acid.

4. A process for inhibiting polymerization of an aromatic
vinyl compound which is characterized by adding a quinone methide
compound represented by the above-described general formula (1)
'together with a sulfonic acid compound represented by the
above-described general formula (2) to said aromatic vinyl compound
during the stage of producing, purifying, storing or transpbrting the

aromatic vinyl compound.
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dodecyl benzenesul foni ¢ aci d, pentadecyl benzenesul fonic
acid and di nonyl napht hal enesul fonic acid. 4. A
process for inhibiting polynerization of an aromatic
vi nyl conpound which is characterized by adding a

qui none net hi de conpound represented by the
above-descri bed general formula (1) together with a.
sul fonic acid conpound represented by the

oy R SRS TE RS P S
t
WBYL ko1 485 S5EDRBRT 1 DRCLER, coAPTRY ol

ra@@éyérweuzw ®He ofolmlagog@ﬁefal ﬂir@ﬂulac Q8PaYNfli@Ber added
clainmed in claim4 wherern a N oxyl conpound

summh&nemmég by the foll ow ng general formul a (3) is
further added sinultaneously ~+ CH3 CH3 R5 N - O
(3) CH3 .CH3 wherein @®pjrepresents a hydrogen atom
an oxygen atom a hydrexy roup, an al kyl group
havi ng 1-3 carbon at ong, koxyl group having 1-3
carbon atons, a c ic acid having 1-3 carbon

~atons or an an gl havi 1-3 carbon atons. 6. The
process f R, iting pejl yreQ zation of an aggmtic
vi nyl conpound ay cl ai in claim5 wherein said
N- oxyl conpound east one of
2,2,6,6-tetranet hyl pip i.ne-1-oxyl, 4-hydroxy-2,
2,6 6-tetranet hyl pi per dldaf1aoxyl and 4- oxo0- 2, '
2,6,6-tetramethyl - pi p@Hgine- |-oxyl. 21

wherein Rs represents a hydrogen atom, an oxygen atom, a hydroxyl
group, an alkyl group having 1-3 carbon atoms, an alkoxyl group
having 1-3 carbon atoms, a carboxylic acid having 1-3 carbon atoms or

an amide having 1-3 carbon atoms.

6. The process for inhibiting polymerization of an aromatic
vinyl compound as claimed in claim 5 wherein said N-oxyl compound
is at least one of 2,2,6,6-tetramethylpiperidine-1-oxyl, 4-hydr‘oxy-2,
2,6,6-tetramethylpiperidine-1-oxyl and 4-oxo-2, 2,6,6-tetramethyl-
piperidine-1-oxyl.
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ABSTRACT According to the present invention, there
are provided a polynerization inhibitor which is easy
to handle and which has a little toxicity and a high
pol yneri zation-inhibitory effect toward an aromatic
vi nyl conpound and a process for inhibiting the

pol yneri zation of the aromatic vinyl conpound. The
present invention rel at ol yneri zati on
inhibitor for the aronatirc vinyl conpound which
conprises contain two ingredients of a specific

gui none net hi de conpound and a specific organic

sul f ohdaordatg dtoc diyeo préseandirivenaiopr, otkss: fare prov1ded a
i_nhi biting pol¥ger|zat|on of the aromatic viny

co s %PP%ESH&?@BB#%%H@? el el o Satic
vi In.ggxqﬁjéﬁggﬂé%g'&;% og 1f i@igft%ﬁeﬁ%llﬁﬁ{grfzﬁforg of the

aﬁmnyhtangﬂuﬁhm bﬁnﬁhe stage of producing, purifying,
storing or transporting the aromatic vinyl conpound.
The present invention relates to a polymerization inhibitor for
the aromatic vinyl compound which comprises contain two ingredients
of a specific quinone methide compound and a specific organic sulfonic
acid compound, and to a process for inhibiting polymerization of the
aromatic vinyl compound which comprises adding a specific quinone
‘methide compound and a specific organic sulfonic acid compound
simultaneously or further a specific quinone methide compound, a
specific organic sulfonic acid compound and a specific N-oxyl

compound simultaneously in the stage of producing, purifying, storing

or transporting the aromatic vinyl compound.
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