SPECI FI CATI ON A PCLYMERI ZATI ON | NHI BI 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
conpound which is effective to prevent the

pol ynmeri zation of an aromatic vinyl conpound that
occurs during the sta&SBPECIFPCATIONg, purifying,
storing or transporting the aromatic vinyl conpound
and which is effective to prevent the occurrence of

foulin ' f ri [ '

pot r of SubCRSAEEIZATRAN TR, Kbk 8 ARchaame v
RN 0 ot . .
N A R g8 R SRR Tt Fo a1z
TQOPPOFISHECARENMAIE VINYIECOMPCAMND ndustrial |y very

i mportant conpound as raw material for preparing

pol ystyrene, synthetic rubber, ABS resin, etc. and has
been .ndustrially manufactured in a |arge anount. In
Jecdical Feld opmii ¢ vinyl conpound is extremely

ible t | .l zat i th it .
casi Ly TBEIGHSPRL aVERHRA RRIRIESTR # HAGREE AR Heihitgr for
GEneiRkEgl Mol RERRASEAAOIOEN R HELERHL Ofh SHAURAT the
uri ng Its sto age, t erepy causi ng owering I n e

o8lelefizatib dTONQRRbhatas OBl Conipoithd GBER Veetiradliring the
urther the formation of soil (fouling) in the

ftagd iof | pooduningy gdirifyingdstering oubtmnsporvivey dhengromatic
the facilities, Al'so, in addition to the {)reparati on

XHY! ermiprest pod thighsisoetiegtivente drevent thenprmimaence of
e | | f i.ng..a _f.oul ing |

KT B RoRT 1St pabEiibeGifiR uefgl fufaetingry plant,

Eﬂ:e., BAYERA IABEESD 1 1M Bl gh%f%mﬁlt BBRGPHES SR matic

therein. As“the counterneas erto, a
pirodessnpbandin  certain polynmerization inhibitor is
added to process fluid containing an aromatic vinyl
BaekgreynthArbeen proposed and practically carried

out. Specifically, nitrophenols which are, represented

by 2, 27T (3TNGB VIRYY CHBRAYISE esepially styrene is an

Lk fect crease the -
BoRRARE vPon W Bl cBftndiha BRCHARIbe e oy preparing
paRARY fendf dydfthBiikl NGk, PARSeRELGAL | @Acf Ohnd has been
relatively long tine, they have been w dely appli ed.
tiochesteigllynitaropenate] & a largsanidwast.i nto
self-reacting material in the fifth class of the Fire
Servi cks generdlapan) asathdiyl ominitlo ecasrpouswbsisneytremely

and therefore strict care is required in handlin )
FH@ﬁ?p%fal% Py BGERLOR @0621%5 Madegeess saslly polymeriza-

HBR Bhidef%n influence of the heat generated in its preparation or
purification stage or during its storage, thereby causing lowering in the
yvield of the monomeric aromatic vinyl compound and further the
formation of soil (fouling) in the facilities involved to induce trouble in
operating the facilities. Also, in addition to the 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



pol yneri zation of an aromatic vinyl conmpound using
these polynerization inhibitors, there has been
proposed one wherein a N-oxyl conpound is used as
thermal pol ynerization inhibitor of styrene (see JP
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and further object of the present invention is to

provide a process for inhibiting polynerization of an
aromatic vinyl conmpound. A a result of having studied
about the polynerization reaction of an aromatic

vinyl conpound in detail, the present inventors have
found that by enpl oyi ng speC|f|c gui ri one _met hj de
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Disclosure of the Invention

An object of the present invention is to provide 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



inhibitor for an aromatic vinyl conpound as clained in
claim1l wherein said quinone nethide conpound is one

or nore nenbers selected from
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2,2,6, 6-tetranet hyl pi peridi ne- |-oxyl, 4-hydroxy-2,

2,6 ,6-tetranethyl- piperidine- | -oxyl and
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present invention relates to a polynerization
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7 potassiumand the like, the al kaline earth netal
salt such as calcium the amne salt and other salt
which is in the formof conplex are excluded because
they do not appreciably exert the intended effect of
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st r ai gfheonvenbipshisoleing im elaign S¢sdhe Progesy for Zzhibiting
carbon atons, an all Wphenyl group in . which.the al kyl
ST of nraxatmBRE WinuflcoRtohsh o SRimg gSiaim 4

Q. at o r0 [ 4 he
atira e, B fldt IR BlCaRn R e iR gencral
HaMinga 1334 fathanaddedsimIeadded |y,
met hanesdul foni ¢ acid, toluenesul fonic acid,
xyl enesul foni ¢ aci d, Fﬁyesulfonic aci d,
dodecyl benzenesul fonic a 4
pent adecyl benzenesul f oni vids

acid and the |ike my be

di nonyl napht hal enes
taken. These organi/c sulhoni c acid conpounds nmay be

used singly;gr in conbinaINon_o tywo or nore kig%ﬁ.
The N-oxyl c¢®npound whichy ' may Be enpl oyed in addi'tion
to the quinone [ conmpound and the organic

sul fonic acid conpoun t he stage of producing,
purifying, storing or trhnsgoH, ng the aromatic vinyl
conpound is represented @y the general formla (3)

and is steric hindered 0Xy| conpound having steric

AR B T PR B SR RBAA. o
BRSPS, ), OLBCHAFLIN SO ikl LA o

hawing 113 3arben RBASmal, @EarbdxgHe Reid hkeime 1 B gAMb atoms or
having 1-3 carbon atonms or an amde group having 1-3

@ar dondathmving As3tdeebahkatongs.oup having 1-3 carbon

at ons, thyl, ethyl, propyl and isopropyl groups . nay ..
be talés. inXentioy Hyvedving & slaymavs ﬁ&elp@f@éﬁtfgﬁ inhibiting

t .hox t . Pr: xY.and_ i sopr opoxy gfoups
e TR, R B e AP a8 QBP0 H8m 5
WHARM At e, NbRL 3Gpodhl! i & a_%iéd ROGPT BREOMkfnd  of
acid groups may be" taken.” As the am de group having

2,3, & 6rfeorametioyipipdridinies 1 aniyd, 4mydirogyoRip2, 66 efekfamethyl-
acid amde group, propionic: 8 acid amde group and
piperidice-degrl and etxo-Sh2 6, b icaramethylpipeidine-1-oxyl.

6-tetr t hyl pi peridine- |-oxyl, L
4- hydr %@-&%?@EGQY@’PSM%?&S 19 peRelymsgizationyighibitor for

= 0X0= . .6,.6-_fte pLpgridine-_| - 0oxy, g
%-nne%%%%?ﬁﬁ, g“ 66‘{(@?’?%% héﬁ‘g@ &gr@ @R%Qc‘ﬁS-SoX?F, inhibiting
pofier¥ation2.f: Chet BH6RRRINWIRVPIApBSENdL iR Yhe 4tage of
-carboxyl -2,2,6,6-tetranet hyl --" pi peridine- | -oxyl,

produbang)y Ip i ifFig,6-dtetinametrhtkanpesitiign ethd - axothatiendinyl
the like naﬁggg taken. Are preferred )
gommnd et target pro/aetign nenyl osgmpomnsl, dbeing 2styrene,

PSS sRE bt aReR sy bRl rRe Rk ihe lifese

N-oxyl g0 &?éeg}gtls rillggé(ntqgnu%eda PagherMatidh GRAIRLABE B2 an

of two or
aromatic vinyl compound which contains a quinone methide
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The pol ynerization inhibitor of the present invention

is one conprising two ingredients of the quinone

net hi de conmpound and the organic sulfonic acid

conmpound, and it may be usually used in the form

di ssolved in an aromatic organic solvent. As specific
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thereafter the polynerization-inhibitory effect is

substantially lost. Accordingly, it is desirable to

set the optinmum m xture ratio of the both
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“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
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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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by a simlar manner as in quinone nethide conpound
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ri s.placed in a. four-necked separabl e flask
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FRPPRERES A (S pRHERAR Enghed At ing B the platus of
B ot e It ahig cPUitboslic I [OERRRRRREAN Dt 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 polymerization of said aromatic vinyl
compound and is élso 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
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compound.

The amount added of the polymerization inhibitor involving in
the present invention to the stage of producing, purifying, storing or
transporting the aromatic vinyl compound can not be determined as a
rule but it is to be determined in considering the condition, the extent
required, etc. of the stage to be added. The amount added of quinone
methide compound is usually 10-2000 ppm, preferably 100-1000 ppm
based on the aromatic vinyl compound, that of organic sulfonic acid
compound is usually 10-1000 ppm, preferably 50-500 ppm based on
the aromatic vinyl compound, and that of N-oxyl compound is usually
0.5-1000 ppm, preferably 5-100 ppm based on the aromatic vinyl
compound. These suitable ranges are the standard amount to be
added. When it is smaller than this range, the effect of the present
invéntion is not significant in some case. When the respective
amounts of quinone methide compound and N-oxyl compound are
greater than the above-described range, the polymerization—inhibitory
effect becomes higher but in some cases the elevation in the
polymerization-inhibitory effect is little relative to the increase in the
added amounf and hence the cost performahce 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 quinone 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
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is separately added thereby these three ingredients are allowed to be
acted together at the place causing a problem, one wherein quinone
methide compound, organic sulfonic acid compound and N-oxyl
compound are simultaneously added, one wherein quinone methide
compound and organic sulfonic acid compound are separately added
| thereby these two ingredients are allowed to be acted together at the
place causing a problem, one wherein quinone methide compound,
organic sulfonic acid compound and N-oxyl compound are individually
added thereby these three ingredients are allowed to be acted together
at the place causing a problem, and the like one. Thus the intended
one may be selected depending on the operation condition and the
extent of problem of process, the extent required for improving the
problem and from the economical aspect. For example, for the purpose
- of inhibiting the polymerization for a long time, the combination of
quinone methide compound and organic sulfonic acid is recommended
while for the purpose of preventing the initial stage of polymerization
completely, 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
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therefore it is recommendable that the polymerization inhibitor is
supplied to the distillation columns after the dehydrogenation reaction
of ethyl benzene has been conducted. As to the place to which the
polymerization inhibitor is added, such an application is adequately
selected as in that the polymerization inhibitor is added to the specific
place at one stroke or otherwise it is added to some places in portions.
The Best Mode For Carrying Out The Invention
The present invention is illustrated in more details by the
working example but it is not restricted to the following working
examples.
(Compounds used for evaluation]l
{Quinone methide compound)
A-1: 2,6-di-tert-butyl-4-benzylidene-cyclohexa-2,5-dienone
2,6-Di-tert-butyl-4-benzylidene-cyclohexa-2,5-dienone was
synthesized according to the method described in “Synth.Commun.”
[B. Koutek et al; 6 (4), 305 (1976)] . 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 reaction
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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A-3:  2,6-di-tert-butyl-4-(4-cyanobenzylidene)-cyclohexa-2,5-
dienone
Quinone methide compound (A-3) was obtained by a similar
manner as in quinone methide compound (A-1) except that 1.31 g of
4-cyanobenzaldehyde was used in place of benzaldehyde.
[Sulphonic acid compound]
B-1: dodecylbenzenesulfonic acid (reagent class, a product of
Tokyo Kasei Kogyo Co., Ltd.)
B-2: pentadecylbenzenesulfonic acid (“Taycacure
AC-330” (a trade name, a product of TAYCA
Corporation)
[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-ox0-2,2,6,6-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
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precipitate the formed polymer in a suspended state, which was
filtrated out to weigh its weight amount (g) and the polymer

concentration (wt, %) in the monomer was evaluated.  The results are

summarized in table 1.
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It became clear that the polymerization inhibitor containing two
ingredients of a ciuinone methide compound and an organic sulfonic
acid compound involving in the present invention (Example Nos. 1-7)
shows not only superior effect to 2,4-dinitro-6-sec-butyl phenol
(DNBP) of Comparative Example No.7 which had been generally used
in the distillation and purification stages of styrene but also higher
effect than quinone methide compound alone (Comparative Example
No.2).

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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wherein Ri1 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.

@)

R,—/ S — OH | (2)

@)

wherein R4 represents a straight or branched chain alkyl group having

1-32 carbon atoms, an alkyiphenyl group wherein the alkyl group is a
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makes it possible to inhibit efficiently the

generation of soil (fouling) in these stages thereby
operating the stages stably for a long period of tine
and attributing greatly to the stabilization of the
stages and further to the elevation in the safety
operation of the stages. 18 CLAIMS 1. A polynerization

i nhibitor for an aromatic vinyl conmpound which is
Gteaight esrt zrdnbiiedoohalmictge chaihgone3eddibdd atoms or an
conpound represented by the follow ng general fornmula
(aibtyhmlélthafF gra|p hvlmrem dhaiadkglgroaam s astchightrpolrdanched
r esent follown general formula (2) (1)

15 ﬁé ﬁqg%aa¢bqp sent independently an

al kyl group having 4-12 carbon atons, a cycl oal kyl

group having 5-12 carbon atons or a phenylal kyl group
havi nga7- 15 Tﬁéb?ﬁlﬁh@%auéﬁd iRBikieHF eReNeh ard?h&A¥! vinyl
group or a phenyl dgroup having 1 to 3 substituent
gooupsindabd chifned tineotaigr olpgherda rgidedeitict fmethide

an al kyl group having 1-8 carbon atons, an al koxyl
GOSPOWAd| ngiS1- 8OBEr bofT at GRSTE an MEmBErRi o sgjeotgsl  from

R S SRR e e
AR S L

\@am@moBénrzﬁ yel8hékd 3, HlicHorky, amettﬁdt&hwm 4-
al kyl group havi ng 1 32 carbon atons, an al kyl phenyl
Mmypnﬁbeneyhdeﬂne) aydyphega-alB-idicrmonid 3 6rdi-git-lontyl-4-
branched chain one haV|ngp1 32 carbon atonms or an

é ﬂypﬁataﬁthmzy flsnp)-aredpderathed dlirpeng pagh2 Gsdirtert-butyl-

b It G Rir S S BAenel eariohsrasds arpRaeRe

VI nyl conpound as claimed in claim21l wherein said

qui none nethide conmpound is one or nore nenbers

sel ectad frO’[\‘heZ olymerization inhibitor for an aromatic vinyl
6-di-tert-but benzyl i dene- cycl ohexa- 2, 5-di enone,
zogphun@dras C{altr;dd in (Glaimt I obkeerejhi smdec)r-gaynd: chifenie, acid

5- di enon 2,6-di-tert-butyl
compound is éne or more menibers 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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3-(4-nitrobenzylidene)-cycl ohexa-2, 5-dienone,
2,6-di-tert--butyl-4-
(4- cyanobenzyl i dene) - cycl ohexa-2, 5-di enone,
2,6--di--tert-butyl -4-
(4- et hoxybenzyl i dene) - cycl ohexa-2, 5-di enone and
2,6-di-tert-butyl -
4-(3,5-di-tert-butyl -4-hydroxybenzyl i dene) - cycl ohexa- 2
, 5-di enone. .3, The polyneri.zation jnhibitor for an .
ar ommt B v npRe RESpSue BBl dalh it o il Pgmatic
. , £ oni . . p

D PRSP PRI CARARP Whfletein ANyl Rfupound
treptesressldf bpi theadblowkyg anassthl dorenasi B) is further added
cunenesul foni c acid, dodecyl benzenesul fonic acid,
sémudtiawdusdnzenesul foni ¢ aci d and
di nonyl napht hal enesul foni ¢ acid. 4. A process for
i nhi biting polynerizatiqyygg an aromatic vinyl
conpound whi ch is characjer d by adding a qui none
net hi de conpound repres By the above-descri bed
general formula (1) ther with a sulfonic acid
conmpound representgd by tRe above-described genera
formula (2) Rp Kd aromatfc—+i Qyl= conpound du(8Hg
the stage of produging, pudrifying, storing or
transporting the a c vinyl conpound. 20 5. The
process for inhibiting p rization of an aromatic
vi nyl conpound as cl ai ne Bzai m 4 wherein a ‘N oxyl
compound represented byCHie foll owi ng general fornula
(3) is further added sinultaneously e (3) wherein R5
RERErRHe RisSrepréydi 802 hyaireBen ik oy S8Nodidem aforly H BHiroxyl
group, an alkyl group having 1-3 carbon atons, an
@reopy lamgradkpl gnempnhating dadbearbatro mionss, can bakpkyt group
acid having 1-3 carbon atons or an_am de having 1-3

8 1ad sasbop atgms, greprbexyhie acidhpping hyp carbon atoms or
pol yner.i zati.on .of, an,aromatic vinyl conmpound as
@I%%ﬁﬁéei V&’P%ilﬁ{3§6\m8pe"i“i‘?n§%i d N-oxyl compound is at
| east one of 2, 2,6, 6-tetranethyl pi peridi ne-1-oxyl,
4- hydroxy-2, 2,6, 6-tetranethyl pi peridine-I-oxyl and
4- ox0- B, 2, 6TRelfbtes@idtyihibitRes belyiferizatioN Wf -ardromatic

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-hydroxy-2,
2,6,6-tetramethylpiperidine-1-oxyl and 4-oxo0-2, 2,6,6-tetramethyl-
piperidine- 1-oxyl.
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