DESCRI PTI ON  METHOD OF | NHI BI TI NG POLYMERI ZATI ON

G VI NG COPCLYMER OF DI VI NYLBENZENE AND AROVATI C VI NYL
COVPOUND TECHNI CAL FI ELD [ 0001] The present invention
relates to a polynerization inhibiting nethod of
inhibiting the formation of a copolyner of an aromatic
vi nyl conpound and divi nyl benzene whi ch has been
generated in the product DRSGRIFHOMr omati c vi nyl
conpound, in the steps of producing and purifying the
aromatic vinyl conmpound. BACKGROUND ART [0002]
Styrene and derivatives thereof as aromatic vin
MERHORIDEr INHIBITING: IROLYMERIZATION: GIMINGh ROPALYMER OF
conpounds as raw materials for polystyrene, synthetic
PO BEABEENEAND %R@.MAHEHVM%OQ*AFY'IQH%B- pr oduced
industrially. [0003] Generally, aromatic vinyl
conmpounds have been obtai ned by carryi ng out

dehydr ogenati on of correspondi ng al kyl benzene in the
TEGHMEA

St

LoFIEE& al ysts.  For exanple, in the case of
rene, ethylbenzene has been brought into contact
mﬁéﬁ] iTher geasient daventips eelatesotsr ai polymearization 4akibiting method of
obtai ned styrene has been separated from ethyl benzene
iphititing dbe | foematien ofna grpalymed.of san tampmaticniinyk compaund and
amount of divinyl benzene is also generated along with =
@vwmzemaww}r{ hashaes generatedoip themodestian eff theearomatic vinyl
than that of styrene so that divinyl benzene has been
eHpaPunddnthe siepsyefareducing madusfgingthe peematic Mipyheempound.
purifying styrene, nostly remained in a distillation

still, and condensed therein. Divinylbenzene has two
[ roups in each nol ecular and acts as a

ko

BA OMNBARGent. Therefore, copol yners in which

di vi nyl benzene and styrene are cross-linked to each

90R81 “Styeane ransh desivativesiuthereoh 1gs @romalie yiRybfcompounds are
styrene, and deposited in interiors of 1 devices as

ingusirially vercimpartapt shemical gonepaundsi a5 fave maeralsifongolystyrene,
of devices and

synthetic rubber, ABS resin, etc., and have been mass-produced industrially.
[0003] Generally, aromatic vinyl compounds have been obtained by carrying out
dehydrogenation of corresponding alkylbenzene in the presence of catalysts.
For example, in the case of styrene, ethylbenzene has been brought into contact
with inorganic catalysts to obtain styrene, and obtained styrene has been
separated from ethylbenzene with distillation, and purified. At this time, a small
amount of divinylbenzene is also generated along with styrene. Divinylbenzene
has a boiling point higher than that of styrene so that divinylbenzene has been
separated from styrene in the steps of distilling and purifying styrene, mostly
remained in a distillation still, and condensed therein. Divinylbenzene has two
vinyl groups in each molecular and acts as a cross-linking agent. Therefore,
copolymers in which divinylbenzene and styrene are cross-linked to each other

have been formed during the production of styrene, and deposited in interiors of
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facilities for use in the production of styrene. These
cross-linked polyners exhibit |ow solubility against
organi ¢ solvents so that when once deposited in the
interiors of the devices, they nust be renoved by
hand. Therefore, the renoving works have been carried
out periodically, and the inprovenent thereof has
daxitess as dogiing tecauseia SeTs] probtesn in e gpetations of devices and
circunstances, in order to restrain the formation of
fabilities dpoluseein ithe whroductinr iofystyeensencThase stassdinkedr polymers
cross-linked to each other, prevent the depositing of
éxdhibit tbw saluibfiigy egamnteomm selwenissaithat wdenence deposﬂed in the
facilities for use in the production of styrene,
interiorli ofgthe pdevices, they owsir bentameyed byséandus Therefore the
problemin the operations of the devices for use
remeoving wacks bave beestoareed ouppesiedicalhaandithe nmpbe\feme,nt thereof
agai nst styrene and derivatives thereof along wth
ipm been siranglydesinedbi ti ng met hods usi ng t hese

ymeri zation inhibitors have been applied. Mre
E}ﬁeé] tinder itye abbye cirgumstangasein gederde restain ther formadion of the
pol ynmeri zation inhibiting nethods against styrene,
oapalymes én p:’mroldwmwm an@|$YT§QQWQrﬁDS%$ﬁb@QJﬁ@§aCh other,
and nitrophenol ounds (see Patent docunment 1,
erevent W@tdﬁmﬁlwg @fh ormed fowing of the-copeiynerciprayigassand facilities
(see Patent docunent 2, ex.) methods which use
for wseph éhe predugtionraf styrenepapd Ecapikingly prgvent dbermsapkence of a
(see Patent docunent 3, ex.), etc. However, in these
seriguse probiemoin thenppeeatiogsel heddeviges af@@élsﬁriﬂuWﬁ production of
pol ymerization inhibitor has been used, but
styténs:, plymerization: inhikjters legaitystwiengand derivatives: thereof along
agai nst copolyners in which divinyl benzene and
with pelyraenization isbibinghmethods using Rega prlyamerigation jnhibitors have
ot her cannot be exhi bited, and accordin t he
been oeeplisst  thieriee aipesificaliy e therer @g)| 9ogr€serrZ@&0n[ Ud‘tb@}ors and
Pat ent docunent 1: Publication of unexam ned Japanes
pelymerizatippinhikiting melbodsRgeBss styrense, mmuea@b@ﬁ@h@mpounde

2: Publication of unexam ned Japanese pate
nitrosophencl compounds, and nitrophenol compounds (see Patent document 1,

ex.), methods which use piperidine-1-oxyl compounds (see Patent document 2,
ex.) methods which use nitrophenol compounds and piperidine-N-oxyl
compounds (see Patent document 3, ex.), etc. However, in these
polymerization inhibiting methods, a large amount of polymerization inhibitor has
been used, but satisfactory effects on the polymerization inhibition against
copolymers in which divinylbenzene and aromatic vinyl compounds are
cross-linked to each other cannot be exhibited, and accordingly, the improvement
thereof has been strongly desired.

[0005] Patent document 1: Publication of unexamined Japanese patent
application No. Sho63-316745

Patent document 2: Publication of unexamined Japanese patent

2



2 application No. Heil-165534 Patent docunent 3

Publ i cati on of unexam ned Japanese patent application

No. Hei 6-166636 DI SCLOSURE OF THE | NVENTI ON PROBLEM TO

BE SCLVED W TH THE | NVENTI ON [ 0006] The present

i nvention has an object of providing a nmethod of

inhibiting the formation of a copolyner of an

application No.@i1cé998dnd and di vi nyl benzene which has

been generated in the production of the aromatic viny

conpoufatent desumeste 3 Rublicationy of eHnexyBiNes: Jﬁnmeae patent

raw material for the aromatic vinyl conpound in the

appljsation Ni. 41€i6+166§36puri f yi ng and storing the

aromatic vinyl conpound, and a nethod of inhibiting

t he copol ymer from depositing on and thus fouling

devices, facilities, etc. MEANS FOR SCLVI NG PROBLEM

PEOLOSURE S 3kl INVEMNA@Ns have been thoroughly

|nves ated on the ol yneri zation reaction of
Lﬁﬁ@%sgwa@% FHEJBMENEIGNG ar omat i c

V|n% npounds, and found t hat bg S|nultaneouiwy
bTaeanirﬂwntd@m@n hasoam ebiest ohpryidiea admathag of inhibiting the

conpound and a p-phenyl enedi ani ne conpound in

fosmstiantafon copehymen ehasrarepiadicyvieylscompapne and  divinylbenzene

di vi nyl benzene and aromatic vinyl conpounds are

whishshas hren genesated Iattherprpduqat&rapkm 9rqrnml%vmcompound or

and have conpleted the present invention, 08]

hesrsome infe thevevatemntogetherewith A cawi maleral fgr the aromatic vinyl

pol ynmeri zation inhibiti q met hod gi ving a copoly

eemapundyinbie; stepsa el chst ingnpunifying apd  steRipeuie aromatic vinyl

characterized in that, in the steps of producing

prmMpeyndanctha methed qf inhiaiting émepp@olym%;fnon&sﬁa@whag og and thus

di ni trophenol conpound (A), a sulfonic acid conpound

fogjing devicgspfasiitigg @igedi ani ne compound (C) expressed

by the formula (1) wherein R1,

MEANS FOR SOLVING PROBLEM

[0007) The present inventors have been thoroughly investigated on the
polymerization reaction of copolymers containing divinylbenzene and aromatic
vinyl compounds, and found that by simultaneously using a dinitrophenol
compound, a sulfonic acid compound and a p-phenylenediamine compound in
combination, formation of copolymers in which divinylbenzene and aromatic vinyl
compounds are cross-linked to each other is remarkably inhibited, and have
completed the present invention.

[0008] Nemely, the invention claimed in claim 1 is a polymerization inhibiting
method giving a copolymer of divinylbenzene and an aromatic vinyl compound,
characterized in that, in the steps of producing, purifying and storing the aromatic
vinyl compound, a dinitrophenol compound (A), a sulfonic acid compeund (B) and

a p-phenylenediamine compound (C) expressed by the formula (1) wherein R,
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3 R2, R3 and R4 are respectively a hydrogen atom a

nmet hyl group, an ethyl group and an al kyl group which

may form strai ght chains, branched chains or three to

ei ght nmenbered rings conposed of three to twenty

car bon atons are used simultaneously. [0009] RRs N

o (1) R3 "R4 The invention claimed in claim2 is
IR?LeFﬁ)a:hty Iﬂé‘rarea'espactmely bihyidnogem:atom, a ghethylggnoue, an ethyl group
copol ynmer of divinyl benzene and the aromatic vinyl

andrpawalklyl grbup iwhick mayforousiraigbt ghaing, beanthied chains or three to
characterized in that the dinitrophenol conmpound (A)

¢ight ongroberecbfings ¢araposeshef dbrgso tomdwestye catdrf atoms.hare used
group consisting of 2, 4 dinitrophenol, 2, 6-
similtanepuslyol , 2, 6-dinitro-4-nethy|pheno|, 2,

4-di ni tro-6-net hyl phenol and 2,

[000Bhi t r o- 6- sec- but yl phenol. [0010] The invention

claimed in claim3 is the polynerization inhibiting

met hod giving the copol yner of divinylbenzene and the
aromatic vimyl conpgumd, which is clainmed in claim1l

or 2, and is™~hargeterized in that the sulfonic acid
conpound (B) i g conposed of at |east one conpound

selected fromt e group consisting of toluene

sul fonic acid, -] ene sul fonic acid, cunene sulfonic

aci d, dodecy(.enfﬁae sul foni ¢ acid, pentadecyl benzene

sul foni c aci fi di nony! naph: hal ene sul fonic acid.

[0011] The iH eEL;wn claimed in claim4 is the

pol yneri zati on™frfthi biti ng nmethod 4

The invention claimed in claim 2 is the polymerization inhibiting method

giving the copolymer of divinylbenzene and the aromatic vinyl compound, which
is claimed in claim 1, and is characterized in that the dinitrophenol compound (A)
is composed of at least one compound selected from the group consisting of 2, 4
dinitrophenol, 2, 6- dinitrophenol, 2, 6-dinitro-4-methylphenol, 2,
4-dinitro-6-methylpheno! and 2, 4-dinitro-6-sec-butylphenol.
[0010] The invention claimed in claim 3 is the polymerization inhibiting method
giving the copolymer of divinylbenzene and the aromatic vinyl compound, which
is claimed in claim 1 or 2, and is characterized in that the sulfonic acid compound
(B) is composed of at least one compound selected from the group consisting of
toluené sulfonic acid, xylene sulfonic acid, cumene sulfonic acid, dodecylbenzene
sulfonic acid, pentadecylbenzene sulfonic acid and dinonylnaphthalene sulfonic
acid.

[0011] The invention claimed in claim 4 is the polymerization inhibiting method
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gi ving the copol ynmer of divinyl benzene and the

aromati c vinyl conpound, which is clainmed in one of

claims 1 through 3, and is characterized in that the

p- phenyl enedi am ne conpound (C) is conposed of at

| east one conpound selected fromthe group consisting

of N-phenyl - N-isopropyl - p-phenyl enedi am ne, N,

Qiving- ea:dmdwnelpggﬁwmyibamenarandethe[\aromatlc vinyl compound, which
N-di - phenyl - p- phenyl enedi am ne, N

isl diairpedhaiphohegl obci/mmsyrleﬂu'qugtn de anddis characterized in that the
N- phenyl - N- (1, 3-di net hyl but yl ) - p- phenyl enedi am ne.

p-pbenylemadianinencoropodndi (Gdisi nompms&dsoi @ttlpast one compound
pol ynmerization inhibiting nethod ?|V|ng t he copol yner

selectedifrom e geoup aonsisting af binphenyl-N-ispprajyinpophirnylenediamine,
which is clained in one of clains | through 4, and is

N h&¥-di-ses-batyd-p-phemdenadiamins o Meai-phenyl-p-phenylenediamine, N,
conponent (B) and the conponent (C) are added such

P foht2- namahybmwgnvleondmmgatandatu o of the conponent

(B) to the conponent ranges from90 : 10 to 40 :

N@hemthtMeB-dmnglméylb-o phienyigneasiampingent (A) to the

total amount of the conponent (B) and the conponent

[0012} Thgdpvention olaimed in sl@m 558 themmbangrizationHphibiting method
I NVENTI ON [0013] In accordance with the nethod of the

givingdhe capolymenef divinyihenzese anchihe arsmatiscyinyl compound, which
econom cal effects that in the steps of producing,

ipueiaimedgnanne ef slaimg 4nthreugat4.c andnis %arqﬁ@m@d in that the

formation of a cross-linked co ymer of the aromm

GOMpeneirifuthe @@mpanemtn(ﬁ)kamzEmcqmp@nelhfa@)b%r@radded such that
enerated or cone into the systemin the ste

tgemmpta@tqu@ghtu refipref the soapanent By faihe camnpagnfd(c) ranges
is inhibited, the generation and the depositing

froml 90y 1htaid0i:ced. andi the asight: ratie, ofvmiewplap@n%tu@édo the total
by the copolyner, are inhibited, the reduction _ and t

ampr et ehhe campenentdR)iandihevgpmeongntr(Eiganges frea 99 1050

copol yner are effected, the nmaintenance of the

#M.ocess flow and the t hermal conduct i on along with

conti nuous operations over a long period of tine

beconme possi ble, and the

EFFECTS OF THE INVENTION
[0013] In accordance with the method of the present invention, there are
exhibited such economical effects that in the steps of producing, purifying and
storing an aromatic vinyl compound, formation of a cross-linked copolymer of the
aromatic vinyl compound and divinylbenzene which has been generated or come
into the system in the steps of producing and purifying the aromatic vinyl
compound is inhibited, the generation and the depositing of fouling in devices and
facilities, which are caused by the copolymer, are inhibited, the reduction and the
| improvement of conventional works of removing the copolymer are effected, the
maintenance of the process flow and the thermal conduction along with

continuous operations over a long period of time become possible, and the
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5 inprovenent of the safe operations, products yield,

and products quality can be effected. BEST MODE FOR
CARRYI NG QUT THE | NVENTI ON [ 0014] The present

invention relates to a nethod of inhibiting the

formation of a cross-linked copolyner of an aromatic

vi nyl conpound and di vi nyl benzene whi ch has been _
iprevernedt ohthehsafetaperations, producty vield, and paeducts quglity can be
compound, in the steps of producing, purifying and

eftestéchg t he aromatic vinyl conmpound, and a nethod of
inhibiting fouling caused by the depositing of the
above-descri bed copolyner on devices and facilities

in the steps of producing, purifying and storing the
BESTHMODE FRR CARRYGING OYDIHE |N\ﬁ5glﬂ'é0b1r esent

i nvention, exanples of the aromatic vinyl conpound )
[0Ad#LThe presentripventionstejatesdodrmethed wé inhibiting §he formation of a
pol ymeric vinyl groups, such as al kyl styrene having i
erbksHlinked sppolymer of @ aromadic vinay! @@mmw\%a,nd divinylbenzene which
a-al kyl styrene having phenyl groups and al kyl groups | |

s heemgenerated in thenstepanfpreduging the ssematim ¥inyl compound, in the
-al kyl styrene havi ng ph$g¥I groups and al kyl groups

steps afnproducingn pucifiing ranst siesingt theoaramatias vinyt ¢ompsuad, and a
specifically, exanples thereof include  styrene, .
methogd gfymlm'g'éingo ingi caused, byrdhe-depssiting phitbe iahayerdescribed
and a mxture thereof), ethylstyrene (ortho-isoner, .
copalymen e depiges- ard fecilitiesl in thexsteps of peadusing, purifying and
propyl styrene (ortho-isoner, neta-isoner, para-isoner

stodng the aramatic vinyl eempoundit yI st yrene (ortho-i soner

nmet a-i soner, para-isonmer and a mxture thereof), .
[06116] bt thecpresent invention examples af thearematisatiny! copmpaund include
and a mxture thereof), nonylstyrene (ortho-isoner,

styrens santhr stypenea-dervaivesinbaving: polyeeria ndpyofgroups, such as
decyl styrene (ortho-isoner, neta-isoner, para-isoner
aligistyrenathaving aliet @ooyps sitheons Itetigneparbon atoms, a-alkylstyrene
(2- phenyl propene) (cis-isonmer, trans-isonmer and a
havingrehenytrgrotps andradky) | groupe nwith conre itg otgrr carbon atoms at a
trans-isoner and a m xture i

positions, B-alkylstyrene having phenyl groups and alkyl groups with one to ten

carbon atoms at Ppositions, etc. More specifically, examples thereof include
styrene, methylstyrene (ortho-isomer, meta-isomer, para-isomer and a mixture
thereof), ethylstyrene (ortho-isomer, meta-isomer, para-isomer and a mixture
thereof), propylstyrene (ortho-isomer, meta-isomer, para-isomer and a mixture
thereof), butylstyrene (ortho-isomer, meta-isomer, para-isomer and a mixture
thereof), octylstyrene (ortho-isomer, meta-isomer, para-isomer and a mixture
thereof), nonylstyrene (ortho-isomer, meta-isomer, para-isomer and a mixture
thereof), decylstyrene (ortho-isomer, meta-isomer, para-isomer and a mixture
thereof), a-methylstyrene (2-phenylpropene) (cis-isomer, trans-isomer and a
mixture thereof), 1-phenylpropene (cis-isomer, trans-isomer and a mixture

thereof), 2-pnenyl-2-butene (cis-isomer, trans-isomer and a mixture thereof),
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thereof), 2-pnenyl-2-butene (cis-isoner, trans-isoner
and a m xture thereof), 6 stilbene (cis-isoner,
trans-isomer and a m xture thereof), etc. [0016] The
obj ective steps in the present invention include the
step of producing the aromatic vinyl conmpound, the
step of purifying the aromatic vinyl conpound after
glilbene (nis-isonen trangtisgmer ard armixturartheresfetd t he

roduced and purified aromatic vinyl conmpound in .
ﬁﬁn 6hThewbjgctverstepsin mec@msanh@crgnéo@ﬂg:w the step of producing
attachment devices, equi pnents, etc. adapted to
tberaramatisryoadseompeundidhe cbep oF purifying theraraveatie Miyhagmpound
the aromatic vinyl conpound in resgective steps, and -
afteri piogugedr andyibesstepraf storieg \andenalding-the pegdusedgand purified
the above-described devices and equi pnments. Mre )
pematic vinl ycorspeund tispwhighc (diaylbensenedeneentgined, along with
col ums and synthesis colums for an al kyl aromatic o
ataghouent idevides, seqwpatentyr etiuciadgptade tar septact prasgss liquids
conpound, reactants outlet |lines and recovery and .
eaigining fivingdberfzeae anchthe arpmaticuinyl e@@pernd i respective steps,
aromatic vinyl conmpound to purification colums, .
andgesircuigtary systeraand agracyslessystem sjuding ghe iahoyerdescribed
the purifying step, hol ding tanks and storage tanks )
devigerpand gauipgnentsp, Mare spesificalliagych stapsisplyde dehwdegenation
transfer lines thereof, etc. [0017] Exanpl es of ]
epluMng| @nch synibiesis eRluBsales @naligl armatic sempound in the step of
invention include divinyl benzene whi ch has been
preducingchearomatic- vinydaropowich repetants evieti lines; #nd recovery and
conpound is produced, and divinyl benzene whj ch has
weirele lines after sgaatiom, tieget Hees it they aramatigt ¥inyhicompound to
adapted to be used upon p[oducin%_the aromati c yin¥l .
RWifisatian, caluanng wreRealing; ines, negolingkénegand recycling lines in the
configuration such as neta-configurations,,
paifyingosiep gheldingdaske and steragertanks sy tsrstoring step, traasfer tanks,
copol yner of divinyl benzene and the aromatic vinyl
icangrsiThianks, trapsfer gl&?&@ﬂﬁﬁ@fhetome present invention

[g)gerei nafter, wll be referred to as "copol %mar") IS, _
a7t dpapies alhdivinytanzenasindaoeerdrpes At thapregenivinvention

include divinylbenzene which has been generated as a by-product when the
aromatic vinyl compound is produced, and divinylbenzene which has come into
the system together with a raw material adapted to be used upon producing the
aromatic vinyl compound, and divinylbenzene may take any configuration such
as meta-configurations, para-configurations or a mixture thereof.

[0018] The copolymer of divinylbenzene and the aromatic vinyl compound in
accordance with the present invention (hereinafter, will be referred to as
“copolymer”) is the copolymer which contains divinylbenzene having two
polymeric vinyl groups along with aromatic vinyl compounds, and has a
cross-linked structure. Examples thereof include a divinylbenzene-styrene

copolymer. The copolymer having a cross-linked structure is deposited on
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pol ymeric vinyl groups along with aromatic vinyl

conpounds, and has a cross-linked structure. Exanples
t hereof include a divinyl benzene-styrene copol yner.

The copol yner having a cross-linked structure is

deposited on 7 devices and lines, which are Iocated

in the steps fromthe producing step through th
davicesand fiegs,ovhicharelanated in therﬁﬁeps:&ﬁﬁbhhwmdhalﬂgr%% through
to formfoulin 0019] The di nitrophenol conpound
thesdoting step @frtge@mmaﬁoawml 6aMpound canth graws ta Qthg
having two nitro groups in each nol ecul e, and exanpl e
[0R&8Edhe dinitiopbenal corapaund siskdrialthe present invention Is the phenol
2, 4-di ni tro-6-net hyl phenol, 2, 4-dinitro-6-ethyl phenol,
compaind thayirg fwophitiehgrips i #aghi moquu&e 6an<¥ gs thereof
phenol , 2, 4-dinitro-6-n-butyl phenol
ipclpdei 2i4- dwuteo@‘@nqhueﬁ-gnwe-methylphenol 2,4-dinitro-6-ethylphenol,
2,4-dinitro-6-tert-butyl phenol, 2, 6- d|n|tropheno
2 Agdinitrer6-poopylpkeng)] 3detinitro-6-isopropylphenal,

2,6-dinitro-4-ethy Ighenol 2,6-dinitro-4- ?ropylphenol,
2 Agdinitier-g-nobutylphepe @ﬁﬂn@tﬁmﬁ-se&butylpheno
2, 4-di ni tro-6-n-butyl phenol
2,43;!|nitrm-6-rt@:t-zbu§3§ph@mlyz,ﬁr@nﬁmphenol 2,6-dinitro-4-methylphenol,
2,6-dinitro-4-tert-butyl phenol, etc., and at |east one
26-dintrocd-ethylphent, 2.6- 5:56@-4 foopphenapl es of the
sul fonic acid conpound used in the resent invention
2 ﬁcqilnti@-’érlis@nf@ﬁwngﬁeols814[-6||ﬁ|it50 -8d1- Bug(mheno

ﬁoﬁi%ll napht hal ene sulfonic acid in which sulfonic Ee

ipiraaf-sesdintyinbangl 2i6- QM&Hetertrm&xipaﬁaoln 8t waﬂ’ @h ast one

r|n s. More specifically, they include toluene
@UWESQGQWE@W@dSX§H§ﬂ@ sul fonic acid, cumene sulfonic
aci d, dodecyl benzene sul fonic acid, pentadecyl benzene
0920b Fixemplesl of the rﬁmfpnmpﬁldawﬁeogm fusdcing Pfﬁ'@ﬁet invention
and at | east one of these conpounds is used. 1% é
nelide- plibpnaneelisiiippis e@ﬁw{EQIWH@PMW Pn% SH Bignacid in which
invention is the p-phenyl enedi am ne conp
sulfanic asifd BIouYRseare cAMbINgd with berzane rlegmnél naphthalene rings.

R2, R3 and R4 are respectively a hydrogen aton}
M@mwe@ﬁg@jb@ thay isciigle toluene sulfonic acid, xylene sulfonic acid, cumene

sulfonic acid, dodecylbenzene sulfonic acid, pentadecylbenzene sulfonic acid,
dinonylnaphtalene sulfonic acid, etc., and at least one of these compounds is
used.

[0021] The p-phenylenediamine compound used in the present invention is the
p-phenylenediamine compound expressed by the formula (1). In this formula,
R', R? R® and R* are respectively a hydrogen atom, a methyl group, an ethy!
group, and an alkyl group which may form straight chains, branched chains or
three to eight membered rings composed of three to twenty carbon atoms. More
specifically, N-phenyl-N-isopropyl-p-phenylenediamine,
N,N-di-sec-butyl-p-phenylenediamine, N,N-di-phenyl-p-phenylenediamine,
N,N-di-2-naphthyl-p-phenylenediamine,



group, and an al kyl group which may form strai ght
chai ns, branched chains or three to eight nenbered
rings conposed of three to twenty carbon atons. More
specifically, N-phenyl-N-isopropyl-p-phenyl enedi am ne,

N, N- di - sec- butyl - p- phenyl enedi am ne,

N, N- di - phenyl - p- phenyl enedi am ne, N, N-d
N-phengbNt(1y3-dmethgltbyityd rpdibamylenediamine, etc. are examples thereof,
N- phenyl - N- (1, 3-di net hyl butyl ) - p- phenyl enedi am ne,
arnidcat laast enaopthesetdompminds cancbaisédast one of these
conpounds can be used. [0022] The weight ratio of the
[0622Eheveighd ratio Ob the dasage obthecsulfdni@acidrapmpeiind (3) and that
t he p-phenyl enedi am ne conmpound (C) in the
of dhe pepheraténediamineocompound (G ih thef palyrmepeatiaminhibiting method
invention ranges from90 : 10 to 40 : 60, preferably
ofdhggesentrinvattion @mges faom: 906010 smd0ndi®; prefsrablybl ranges from
ranges from70 : 30 to 60 : 40. When the ratio of the
8(bs2Q to 60 : e apdImanei preferablycanges from( B) : 80 to 6&: 445, When the
the p-phenyl enedi am ne conpound éC) is outside this
ratingef thecrdosage lof thee sulfomic agidecompotindhéBpriosdhat of the
i nvention cannot be sufficiently exhibited. In
rrpiienylenediamine wempound{C) ds obtsidecthisrange, therermay be the cases
di ni trophenol conmpound (A) to the total dosage of the.
affdctof theaptesenbinyveotian cBnnahbe tsuﬂ"lqiﬁrm’y'ee?shila'g%hi dmiagigition, the
conmpound (C) ranges from99 : 1 to 50 : 50,
weeightratiol 9f therdpsagerafitheslinitrephendizompayndatd) tedhe total dosage
preferably ranges from90 : 10 to 80 : 20. Wen the
ofahieosuifonich acisosameound t(Bd andi Hie payltenytenediamipenecppyund (C)
to the total dosage of the sulfonic acid conpoundeéB)
ranges fronp 9phehtd 86 e S0apreferabdyranges fran 9%: bde Ji8de25, and more
this range, there may be the cases effects of the
wetersbly rangeatfitamn 99anhdto BO :s20.f i \Mihentthe ratiaiafithe glosage of the

0023] The total dosage of the dinitrophenol conpound
aEim)tr,o sackeompound () to the dotpbdesagesyf thesulfasic acid compound (B)
p- phenyl enedi am ne conpound (C) depends on the

the pephenylensdiamineveorspewrd (Gpiscoutside thinirange,dhere may be

degree of formation of polynerization, etc. and is
thetcases efferiscef the paesant imvantion epanet be suffisientiy gxhibited.

[0023] The total dosage of the dinitrophenol compound (A), the sulfonic acid
compound (B) and the p-phenylenediamine compound (C) depends on the
conditions of objective steps, necessary inhibition degree of formation of
polymerization, etc. and is not determined equally, but in general, normally
ranges from 10 to 10,000 ppm, preferably ranges from 50 to 5,000 ppm, and
more preferably ranges from 100 to 3,000 ppm relative to objective styrene.
This dosage has been found as a suitable range for the exhibition of the objective
polymerization inhibiting effects against the copolymer, and when the dosage is
less than this range, such effects may not be sufficiently exhibited, and when the
dosage is greater than this range, effects are sufficiently exhibited, but such

improvement of the polymerization inhibiting effects as to correspond to the
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ranges from 10 to 10,000 ppm preferably ranges from

50 to 5,000 ppm and nore preferably ranges from 100

to 3,000 ppmrelative to objective styrene. This

dosage has been found as a suitable range for the

exhi bition of the objective polynerization inhibiting

ef fects agai nst the copol yner, and when the dosage is, .
dasagetmay notibe obtained, whigh isfleas prefatgble dionpghe economical point
sufficiently exhibited, and when the dosage is

afriewer than this range, effects are sufficiently

exhi bited, but such inprovenent of the polynerization _
[DRB#DiThengddinge ttathed af otheodinitserhanal cameound, giheagulfonic acid
may not be obtained, which is |less preferable fromthe
caropaund And dhat p-pitenylengdigroing4 pompeuaddim paestdaneeowith the
the dinitrophenol conpound, the sulfonic acid _
prespoiuinvention isaop lipited specificallyi b, pormpaliih dhe anethod of adding
accordance with the present invention is not |limted

thpat ite i @ Apegificopositinar tegether, the metheddobmdging dbem to several
themto a specific position together, the method of )
mﬁﬂﬁw,tmengO reetheds are mbitrarn selestecbt Haramecaseisthere is the
are arbitrarily selected. In any case, there is the
methmhobaddingitf;g dinitrophenelr egsnpaend, dbapuifeaic agid compound and
sul fonic acid conpound and the p-phenyl enedi am ne .
thenpmhenylensgiamisey compound sepatatelysfondhs myethed of adding the
di ni trophenol conpound, the sulfonic acid conpound and
dingropbepaknytempauadi netheonpaitionicaf t agiddi sempeyngd t hapd  the
inthe same liquid as the process fluid, such as
p-phenyenediamine camprund affee dissplying therafin ¢he rsamee liguid as the

in a gr_oper m xing ratio. Any one of these nethods .
processifuid] socsps ethylipen ciudedtyrens in ase of siyrene, ex. in a
known pol ynerization inhibitors may be used together

peeer owdgng atio.t hAny pnesf thege meth #it0-i nvention are

not damaged therew th, and the present invention does

[625] inthe presentdeverttion, etherwah knavswpolypwirization intiibitars may be
inhibitors. [0026] Hereinafter, the polynerization

usedl teigethar nrevided that/iheefiacts ebihs Wéentywvention are not damaged

therewith, and the present invention does not limit the use of these well known
polymerization inhibitors.

[0026] Hereinafter, the polymerization inhibiting method giving the copolymer in
accordance with the present invention will be explained with reference to the
production of styrene by the dehydrogenation of ethylbenzene (see FIG. 1).
[0027] Styrene is formed by the dehydrogenation of ethylbenzene using catalysts,
and a mixture of the formed styrene and ethylbenzene is fed to a central part of a
distillation column (2) as a feed oil (1). In the distillation column (2), unreacted
ethylbenzene contained in the supplied feed oil (1) is separated and recovered
from a column top (7) of the distillation column, and is used in the
dehydrogenation again. On the other hand, both styrene of which the boiling

point is higher that that of ethylbenzene and a small amount of divinylbenzene
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accordance with the present invention will be

explained with reference to the production of styrene

by the dehydrogenati on of ethyl benzene (see FIG 1).

[0027] Styrene is formed by the dehydrogenati on of

et hyl benzene using catalysts, and a m xture of the

fornmed styrene and et hyl benzene is fed to a centra

gather @1 aacoldimyt bottam of the Idistilation cedumanfasa bottomilquid. The
In the distillation colum (2), unreacted

caltnyinthattosm of thendisiiltadionicolume isoppnalbadivided toitwo serptiors, that is
separated and recovered froma colum top (7) of the
albstiom bguidrgativéning sectian (3 arxkd recovearing and gathering section (8)
dehydr ogenati on again. On the other hand, both styrene

fof arattom ligeidowhichrtps euerflowed filging the botiem liquéd gathering section
et hyl benzene and a small anount of divinyl benzene 10

@ataner acts a5 a8 deeadoiltior a mexbdistiatien columm{i1®y Jddis kattom liquid
as a bottomliquid. The colum bottom of the

ghtbeling ssectionci)uisncosneiedeiol @ tbaileed5) doeated adjacent to the
sections, that is a bottomliquid gathering section
qistiilation colureodReviamylinen@t)gand the repodec(S)incomyected to the central
bottom |iquid which has overflowed fromthe bottom _
paryof thegdistillationcadwoni(dhvia(@lineffi). adthe kattam fiquig gathered in the
to a next distillation colum (10). This bottomliquid
hbettare liguig gatberting seatjor 3)flowsdo theirehwilgr (Bhda the line§4) provided
| ocat ed adjacent to the distillation colum (2) via a

inithe colymn hedtonntheredhiis beated)thessin &o becrvaporatedhand enters the
central part of the distillation colum (1) via a =
distiltatios) coloman (otagain) i Gonaeguentlyr ethylbenzene ebwhigh the boiling
l'iquid gathering section (3) flows in the reboiler (5)

poiat iskas lbiwnas 13§ °Gr isvdigtited and separatedrandoemaining substances of
thereof, is heated therein to be evaporated, and

whicbrtbet brilinglipeints 1age i high ¢etunnto (the codemn. bottom of the distillation
Consequently, ethyl benzene of which the boiIinP oi nt _
¢alums, rgainas Naeallyi thedieboilen iscompoesshal & bead %@fpdnany metallic
remai ni ng substances of which the boiling points are ‘
margew tebes.n The biogoovliawd fiaws ihiher namewdiubes, aed ithe, exterior of
colum, again. Normally, the reboiler is conposed of a
thernareowfubesmis heated with steam.oeict ththe terapenadureshigher than the
l[iquid flows in the narrow tubes, and the exterior of

kaiking poind i 36709 ©f ethyilkenzemeni t h steam etc. to the

t enper atures higher than the

[OOBTB)] The bottom liquid containing styrene and a small amount of

divinylbenzene, which has gathered in the recovering and gathering section (8)
provided in the column bottom of the distillation column, is guided to the central
part of the distillation column (10) via a line (8) as a feed oil for use in the next
process, and styrene (boiling point: 145 °C) contained therein is distilled and
separated at a column top (15) of the distillation column. Undistilled
components contained therein flow down and are gathered in a gathering section
(11) located at the bottom of the distillation column. Then, they flow to a reboiler
(13) via a line (12), are heated therein to the temperatures higher than the boiling

point of styrene to be evaporated, and enter the distillation column again from the
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boiling point (136C) of ethyl benzene. [0028] The
bottomliquid containing styrene and a snmall anount of

di vi nyl benzene, which has gathered in the recovering

and gathering section (8) provided in the colum

bottom of the distillation colum, is guided to the

central part of the distillation colum (10) via a ]
¢enteal (r@rt of the distidation cotumng40) nia Bdinget4). pResidual styrene is
and styrene (boiling point: 145 C) contained therein

distilttics taindl sepanated sgain @tea columnctopikhd) opAnd 3heopottom liquid
the distillation colum. Undistilled conponents
cantaipingestyrens and af sroall dovourd.ofl divinylenzenes avhieh has gathered in
gathering section (11) |located at the bottomof the
alirecovering andcgathering Hestiont (16) locajedt at ther epblbinire bottom of the
(13) via aline (12), are heated therein to the
dietilfadiontaolerani{i1 Q) ds supplied via airid {179 aspolieed aif fos uge éme second
to be evaporated, and enter the distillation colum

styeeine distilmtionecolumnc 618)r aln the seodnd istyrene distillationeolumn (18),
colum (10) via a line (14). Residual styrene is o
stiyrane isgecavered dimum & exlumgdop (28) aftb@ldlw%lati@p qolwyn, similarly to
And the bottomliquid containing styrene and a snal
therecedingqirocess, andzalrtbe me;hmea&@abtam@ﬂswren%ls returned to
recovering and gathering section (16) |located at th
thel centralopardrofothet p:eced? distidlatiem coluronm(10)0ja a éme (26), and
supplied via a line (17) as a feed oil for use in
@stﬂfewagamythermndu Byi carmeicting coplunality o8 distillatiom @olumns to each
second styrene distillation colum (18), styrene is
etbenaadaepeating dhe distiling operations,obothhibediescoveryaef ethylbenzene
colum, simlarly to the preceding process, and at )

and therecoveary as: well st thenpuritieationef fosmest styrene aee carried out.
the central part of the preceding distillation colum
Ondhevathenhandedistilationaresidus gaihered imihe reaaveriag randegathering
connecting a plurality of distillatjon colums to each
sadiionsdochted gé the aglummebeftems jof theydispiation eplumns@are supplied as
the recovery of ethylbenzene and the recovery as
feedtails foruseiin sive distibatioro calmns mrtaadom\@m@anrope%smtbut finally
On the other hand, distillation residue gathered in
disposest ovfer(lmgmanyl gasessr Bubjectast ttoo sombyistior dtraatraent) as tar
colum bottons of the distillation colums are

eqpponentsas
[0029] On the other hand, copolymers are formed in the distilling step. It is

known that in gas-liquid interfaces within the metallic narrow tubes of the reboiler,
of which the temperature becomes highest, copolymers in which styrene and
divinylbenzene are cross-linked to each other may be formed mostly in a short
time. The formed copolymers cannotlbe distilled so as to gather at the column
bottoms of the distillation columns, and gradually increase during the repetition of
the distilling and purifying steps. Consequently, the concentration of copolymers
may become as high as about 30 % by weight at the column bottom (including
the bottom liquid gathering section and the recovering and gathering section) of

the final distillation column in the distilling step.
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feed oils for use in the distillation colums in the
follow ng processes, but, finally disposed of (in
many cases, subjected to conbustion treatnment) as tar
conmponents. [0029] On the other hand, copolyners are
formed in the distilling step. It is known that in

s-liquid interfaces within the netallic narrow tubes
[%030hén rasigordance with the present inventionattheeaddipgnpesitions of the

ghest copolynmers in which styrene and

niiopjepehz epemapunds osthel | nswtonie, cael ot¢ampa¥Rd beand  the
forned mostly in a short tinme, The fornmed copol yners
p-pheoylepedigning cospaimdagre: rotdimitast smmﬁcwélycwtmmmally. they are
bottons of the distillation colums, and gradual
adrad:dr dheustepg upsiseamapef ithe posiions: whege sdlvmwlh@@zang and the
purifying steps. Consequently, the concentration of
aropationwiny componad are capalymarized Ao dorm 3 coassylinkedgsubstance.
at the colum bottonwélncludln the bottom | iquid
bert Rsample, Jadhesrasenal thee pr en; afgstyiamnegly rtae.ahyvedescnbed
section) of the final distillation colum in
dehydrogenafion «f. ettylberzeoe, nhea@calfajath@emth@dtﬁfe adding these
present invention, the adding positions of
eRMPpOURGSH &n SNixtssen subiectadh o g'-ua ﬂ@hv@ros@natl%@éﬁhﬂbamne the
the é){%;nylenedlan1ne conmpound are not |im

elcadding theae epnpaunds torfged oils dor lasmmhardlstwetwﬂ columns,

ste upstream of the positions mhere di vi nyl benzen
whightate adapteehia separalg stywnexftar ebM@i&Qﬁﬁ@F@& e&eﬂwlbenzene
forma cross-1inked substance For exa [
beseethod vk asding thesen cempsupds e the dlﬁfgrétion coiumns adapted to
above-descri bed dehydrogenation of ethyl benzene
digtlf stysere,tthe m@mdofcadrgw tham dm dhe bottamplinwid gathering sections
m xtures subjected to the dehydrogenati on of
et tha whistilatien ealemnge i methogddaf we@tf&éh%mnﬁbunag adapted to
feed oils for use in the distillation co
eennesd e ealuny beflamstef thedistillatian colurppg and the reboﬂers to each
dehydr ogenati on of ethyl benzene, the nethod of add
olhes eteo apd @nygnethodill gost AMiae; cOMRAINdse t&jﬁﬁﬂb@ the present
distill styrene, the nethod of adding themin
Byention indude cgmmmﬂﬁg)fs\@aphdhg boullng points are Iower than that of

styrene, but by using the method of adding the above-described compounds in
the bottom liquid gathering sections of the distillation columns, or the method of
injecting them in lines adapted to connect the column bottoms of the distillation
columns and the reboilers to each other, the effects thereof can be exhibited

without being affected by the lower boiling point than styrene.

EMBODIMENTS

[0031] The present invention will be explained in more detail with reference to
embodiments, but the present invention is not limited to the following
embodiments.

[0032] (dinitrophenol compounds)
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of the distillation colums, the nmethod of injecting
themin lines adapted to connect the columm bottons
of the distillation colums and the reboilers to each
ot her, etc., and any nethod will do. Am ne conmpounds
to be used in the present invention include conpounds
of which the boiling points are |ower than that of
BNEBRs 2e4-dinitroysessbHtylphanoket hod of addi ng t he
above-descri bed conpounds in the bottomliquid
Qi @4-dinisephentls of the distillation colums, or the
met hod of injecting themin |ines adapted to connect
PNOER. 4rdinireré-mmathwphenel distillation col ums and
the reboilers to each other, the effects thereof can
BAP&S R, Bidinitro-4ymetbyiPheading af f ected by the | ower
boi I i ng point than styrene. EMBODI MENTS [0031] The
[@ﬂ@@bfﬂuﬁﬁlﬁeﬂld §aMAOUNds: expl ai ned in nore detai |
with reference to enbodinments, but the present
PhSeparaoluenaguifaniacigd to the fol | owi ng
enbodi nments. [0032] (dinitrophenol conpounds) 13 DNBP:
XSA: yylenesylfgnisaacidut yl phenol  DNP: 2, 4-di ni t r ophenol
DNOC: 2, 4-dini tro-6-nethyl phenol DNPC:
56 gumenesulfomia #6idphenol [ 0033] (sul fonic acid
conpounds PTS: para tol uene sulfonic acid XSA:
Qﬂ%ﬁn ecythenzane gufenic agithene sul f oni ¢ aci d DDBSA:
dodecyl benzene sul fonic acjd, PDBSA:
adaovihanzenprsPBiCRGd  DNNSA:

di nonyl napht hal ene sul foni ¢ aci d.
DNNSA: dinonylnaphthalene suifonic acid.

[0034] (p-phenylenediamine compounds)

PPPA: N-phenyl-N-isopropyl-p-phenylenediamine

BPA: N, N-di-sec-butyl-p-phenylenediamine  [‘UOP#5°(trade  name),
manufactured by UOP LLC]

PPA: N, N-di-phenyl-p-phenylenediamine

NPA: N, N-di-2-naphthyl-p-phenylenediamine

[0035] [Polymerization inhibition test]

Styrene monomer, divinylbenzene(a mixture of meta-isomer and
para-isomer), ethylvinylbenzene, diethylbenzene were respectively washed with
alkali to remove polymerization inhibitors contained in each of these materials,
washed with water and dried. 50.0 g of styrene monomer, 27.5 g of
divinylbenzene (a mixture of meta-isomer and para-isomer), 11.3 g of
ethylvinylbenzene, and 11.3 g of dimethylbenzene were put in a four necked
separable flask provided with a reflux condenser, a polymerization inhibitor was
added thereto by a predetermined amount relative to the entire amount of

materials (the composition ratio of each material was shown in TABLE 1), and a
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[0034] (p-phenyl enedi am ne conpounds) PPPA:

N- phenyl - N-i sopr opyl - p- phenyl enedi am ne BPA: N,

N-di - sec- butyl - p- phenyl enedi am ne ["UOP#5" (trade

nanme), manufactured by UOP LLC] PPA: N,

N- di - phenyl - p- phenyl enedi am ne NPA: N,

N-di - 2- napht hyl - p- phenyl enedi am ne [ 0035]

higbl puriy inteagetmgas Wasi sunplieddbereisfgr 3 enipytasnisr remove residual
di vi nyl benzene(a m xture of neta-isonmer and

Pagen, thareby prepatinga teatiedigvise, Thedtesting dauidiasistreduced in a
respectively washed with alkali to renove

test yuhe (waight n Agihwithinca doublet iubecwhich kag been heated to 210 °C
materials, washed with water and dried. 50.0

Wit ctusntalecpuma B0 o he i Kizisols e FnetmekOxidation
of meta-isoner and para-isoner), 11.3 of

agty(URTOY methar)e andrthe liguii @pmper@tmwgs tkent @hd 8(EG e After 90
put in a four necked separable flask provided with a
mirfutes, therhratingr of thedtest ube was ifivishedhthe test tupe was taken from
added thereto predeterm ned amount relative to )
(PRCIGUNIE e AN theoeiGRb OF fhex 5t tab (weighb439) o whieh toin has
of each material was shown in TABLE 1 and a 14 hig
gepasitednvas opeasyred. wdhesamount of ther inesitiormed by heatmg the
m nutes to renove residual oxygen, thereby preparin

testing tiguigl wiag LﬁedernunedtasstB nd1{Qhuile tharesentdiest da tﬁﬁ case of
a test tube (wei : gz within a doubl e tube which
hestastiog liquid evhic m oot wontain, diviawibenaene.ethsufgsin formed is
according to the JIS K 2276 Jet Fuel Thermal Oxidation
reysty(grer andreplystyrenarisl dissolyedyin the deglingatiawid \wa!-;h has been
kept at 180C. After 90 mnutes, the heating of th

wsag inthe Prasentitest smasinot iedepesit on e twatstut)akeﬁ)rﬂherﬁther hand,
t he doubl e tube, and the wei ght of the test tube
theediyiylbepgenerstyimne palween isithe pelmes m@uawa@ss—lmked structure.
neasured. The anmount of the deposit fornmed by hea
Therefores tiin got digaplyedds tl@f@ﬁ'ﬂgdml%g‘) ag to d/spoe‘ﬁ)on thﬁ test tube
the present test, in the case of

as deposit. The test results were shown in TABLE 1.

[0036] TABLE 1
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the testing liquid which does not contain

di vi nyl benzene,

the resin forned is

pol ystyrene,

pol ystyrene is dissolved in the testing |iquid which

and

has been wused in the present test so as not to
deposit on the test tube. On the other hand, the
di vi nyl benzene-styrene polynmer is the polyner wth a
8 gsslllgkedzzartcturEB) Th refdme it isdggt oo
0 niiogherin e ‘ e (100 gt} :00)
the g e H%T resprta_s &é‘%mhp %;:;m
feete . Togaly N o N
(B) [fof BREFG4gp LAy corpdunds \Qﬁﬁéci..;,,cu“?dsﬁa' 0.9
VIOV GNP 1426 f vomaa.m dossBh:ds. o 8 :dp; 1\64-36 |10.4
(|, [600OPNEPp IR ( pRDB§A :13. DNBH 4BRA:Xsh | 499 BpA | DBt 2§ | 0.6
15 82 38DABP3 472 ONBBSM-2B. IGSA : BRAS 6BRA [279B5) 157642636 0.5
0{ 4 ['63 ] Ditkillp . 480 3775 BFA 8ea3 1951 [74902600./675 425 | 0.4
E'E'EF‘ 475 phgp5 95 13- UopsH 7545 S [9opdh: 13 0| 46 Uso | #5 B 0.4
oF s;%‘e?é):mép,&f? QIOBSK G2, Tl i’iﬂ\nﬁ‘s’_ﬂp 43 P
ng 83| gRNBPs 4361 | 1BDBRA B9 oy pBPA; S :d§ [ 0.2
85E5979 DNBPO 426 o BORGI 86 405 DBfASAS pAD 0.0
15 130 26 DEBPO 425.0 | GWNBSA 4835 DDBSPRAS F2BRA 85 :98 157!711913 0.1
OF1 1] DMBP 4485 |DiDBSA A1 BRA B :2% 15 66 :38 (. @& : ®2| 0.2
ONBR 1275 o845 5T §¥gén 0 85 [Iogh/ 283 0 . 183 |DNBRIa4P0. 4
0P8I TS opT 465 F000R%h /7% 20 - Gpa.25 | B0.20 | 76:26 | 0.4
14] ONBP:350 | ODBSA:112.56 | BPA:37.5 | 70:30 | 75:25 | 0.5
{15 ] ONBP: 300 | DDBSA: 150 BPA - 50 60:40 | 75:26 | 0.7
16 | DNBP; 250 | DDBSA: 187.5 BPA: 626 | 50:50 | 765:26 | 0.8
17| ONBP: 425 | DDBSA : 53.5 PPA.21.6 | 85:15 | 71:29 | 0.2
18] ONBP:425 | DDBSA: 48 NPA ; 27 85:15 | 64:36 | 0.2
19| DNBP:425 | PDBSA:57.5 BPA:17.6 | 85:15 | 77:23 | 0.3
20 [ DNP: 425 DDBSA : 66 BPA : 18 85:15 | 75:25 | 0.0
21 | DNOC : 425 DDBSA : 56 BPA ;19 B5:15 | 75:25 | 0.0
22 | DNPC: 426 | DDBSA: 58 BPA: 19 85 : 15 75:25 | 0.0
| ‘nosddifion | 5 wddition o addiion - - 199, 1
2 | DNBP: EQO = ~ - - (1o
W 3 DNBP : 1000 -~ - - - 3.9
Z(4 | DNP: 500 - - - - 16,3
E 6 | DNOC: 50O = - — - 17.8
6 | DNPC: 500 | — - - - 18. 1
=1 - DDBSA : 500 - - —~  |e8.8
E B - - BPA ; 500 - - | 344
S0 | DNBP:425 | DOBSA: 76 - 85 15 - 15.0
10 | DNBP : 425 - BPA: 75 85: 15 - 2.5
1t — DDBSA ; 375 BPA 125 - 75:25 | 75.5

In accordance with the present invention, by combining the dinitrophenol

compound, the sulfonic acid compound and the p-phenylenediamine compound

with each other,

styrene-divinylbenzene copolymer can be exhibited greatly, as compared with the

the

polymerization

16

inhibi

ition

effects

against




14 DNBP 350 0085A 112.5 BPA 37, 5 70 30 75 25 0.5 15
DNBP 300 DDBSA 150 BPA: 50 60 40 75. 25 0.7 16 DNBP .
250 DDBSA 187.6 BRA 62.5 50 50 75 25 0.8 17 DNBP 425
ODBSA 63.5 PPA 21.5 85 15 71 29 0.2 18 DNBP 425 DDBSA
48 NPA 27 85 15 64 36 0.2 19 DNBP ; 425 PDBSA : 57.6
BPA 17.5 85 : 15 77:23 0.3 20 DNP : 425 DOBSA 66 BPA
aunestiopal7sases where the pligiropheniesmpgandgis upgdsajons, and the
75 26 0.0 22 DNPC 426 DOBSA 56 BPA 19 85 15 76 25 0.0
ampunbefdennsitteduees beyendeurexpastationso. Thesepseiitestgarly show
-- 17.0 3 DNBP 1000 - - - 3.9 4 DNP: 500 - - - 16.3
thabkigb feoling rastraining affactecare @dubited. 18.1 7 10BSA 500
- - 88.8 18 - BPA : 500 - 34.4 9 DNBP : 425 DDBSA
75 - 8515 - 15.0 10 DNBP 425 - BPA 75 85 15 - 2.5 11
- 008SA 375 SPA 126 75 25 76.6 I n accordance with the
BR&E@MEFPQRRTHQM O PRAMINGI ng the dinitr ophenol
nEound the sulfonic acid conpound and th
POBRENYIGnedi dai e seppralion - wipurificalion oﬂﬂ‘é’r withe distillation  of
rization inhibition effects agai nst the

K@ﬁ€966¢ﬂﬂ?n§enzene copol yner can be exhi bited
greatly, as conpared with the 16 conventional cases
where the dinitrophenol conpound is used al one, and

ItE;](IeDLANATION OF REFERENCE NUMBER

[0038] 1: styrene-contained feed oil after dehydrogenation of ethylbenzene
2: distillation column (1)

: bottom liquid gathering section

: pipe 1

: reboiler (1)

: pipe 2

: top of distillation column

: recovering and gathering section of distillation column (1)

: pipe (3)

: distillation column (2)

O W 00 ~N O o S~ W

e e S
—

: gathering section located at the bottom of distillation column (2)
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: pipe (4)

: reboiler (2)
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: pipe (5)

: top of distillation column (2)
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: recovering and gathering section of distillation column (2)

—
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: pipe (5)

: distillation column (3}
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anmount of deposit reduces beyond our expectations.
These results clearly show that high fouling
restraining effects are exhibited. BRI EF DESCRI PTI ON
OF DRAWNG [0037] FIG 1 is a separation purification
floww th distillation of ethyl benzene-styrene.
EXPLANATI ON OF REFERENCE NUMBER [ 0038] 1:
st yr #8ebettomdiqnistigatbedngisection of distilgtionoepluamni (8h of
et hyl benzene 2: distillation colum (1) 3: bottom
| i qu2d: piperé)i ng section 4: pipe 1 5. reboiler (1)
6: pipe 2 7. top of distillation columm 8: recovering
and gatreboilay(Bection of distillation colum (1) 9:
pi pe éB)_ 10: distillation colum (2) 11: gathering
sect 28npiped8) ed at the bottom of distillation colum
(2) 12: pipe é4)_ 13: reboiler (2) 14: pipe (5 15:
top 88: Wpxfidistdiation cobiram(3) 2) 16: recovering and
gat hering section of distillation colum (2 17: pipe
(5) 24: regoyering antd gathering:segton q_hdl&tglatlgmepbmm {(Ji d
gathering section of distillation colum (3)

25: pipe (8)

26: pipe (9)
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20: pipe (7) 21: reboiler (3) 22: pipe (8) 23: top of
distillation colum (3) 24: recovering and gathering

section of distillation colum (3) 25: pipe (8) 26:

pi pe (9) 18 CLAIMS FOR PATENT 1. A polynerization

i nhi biting nmethod giving a copolyner of divinyl benzene

and an aromati c vinyl conpound, characterized in that,
ChAIMS ROBFATENPr oduci ng, purificating and storing

the aromatic vinyl conpound, a dinitrophenol conpound

(A), a sulfonic acid conpound (B) and a

p- phenyl enedi am ne conmpound (C) expressed by the

1.0or mulAapotymetization rintmbtingomeftdagivingia opolymmercet divisiylbenzene
a hydrogen atom a nethyl group, an ethyl oup and ]
amd ahlaromatio vinyhisootpouig, chanacterizediigtbatc rrat‘?\essteps of producing,
branched chains or three to ei ght nenbered rings

pwifivatiog artd storiag the armratlsz \muﬁ mempaund a dingraphsaol compound
si mul taneously. R R N(£ R3 R4 2. The

9! yarsulferici agid i eumhpoyn éamndoa |+nhenmgles1|ee|la:nlp@| gerapound (C)
of divinylbenzene and the aromatic, vi gpound, )
exprensed byl therdormuiac{1ai wharein vﬁherBl,n ? ra;'td R are respectively a
di ni trophenol conpound (A) is conposed of at |east one
Rysirpgen ditomelac oreshyl fgroupt BB ejhrﬂugrown@wcétann@lkwf group which may
2, 4-di ni trophenol, 2, 6-dinitrophenol,

formi streight4cheinsy | hrasebed chaingii of tthfees taeeightpmanabered rings
and

composed of three to twenty carbon atoms, are used simultaneously.

R R?
~
N

2. The polymerization inhibiting method giving the copolymer of
divinylbenzene and the aromatic vinyl compound, which is claimed in claim 1,
wherein the dinitrophenol compound (A) is composed of at least one compound
selected from the group consisting of 2,4-dinitrophenol, 2,6-dinitrophenol, 2,
6-dinitro-4-methylphenol, 2,4-dinitro-6-methylphenol and
2,4-dinitro-8-sec-butylphenol.

3. The polymerization inhibiting method giving the copolymer of

divinylbenzene and the aromatic vinyl compound, which is claimed in one of
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2,4-d initro-6-sec-butyl phenol. 3. The polynerization

i nhibiting nmethod giving the copol yner of

di vi nyl benzene and the aromatic vinyl conpound, which

is claimed in one of 19 clains | and 2, wherein the

sul fonic acid conmpound (B) is conposed of at | east

one conpound sel ected fromthe group consisting of
¢claims:hearsL2f whereindhel sulfgnicracid sampeund (Bjiisicompesad of at least
sul foni c acid, dodecyl benzene sul fonic acid, .

e Conpoynd selasted frant theigrode icansisting phistyentagulianie asid, xylene
sul fonic acid. 4. The polynerization inhibiting method .
gilfonig tavid,copomemer stlfonic vi asit be dodeeylbanzens sulfonic  acid,
aromati c vinyl conpound, which is clained in one of,
pentadecylbenzenegsulonicacidegind dinenyngpbivglenssilanigacid.
conpound (C) is conposed of at |east one conpound

sel ected fromthe group consisting of

N-phenyl - N-i sopropyl - p- phenyl enedi am ne,

4, N- di -Thec- polyirierigatiore nynhihtiogarmathod giving the copolymer of
N, N- di - phenyl - p- phenyl enedi am ne, L ) )
diyinyﬂjenZenapdeyIne @rpmatig) Wngdeempauend awdich is claimed in one of
N- phenyl - N- (1, 3-di net hyl but yl ) - p- phenyl enedi am ne. 5.

aiang dithreughz3itwhereimtheop-phegylesedieamige compaund (C) is composed
copol yner of divinyl benzene and the aromatic vinyl
efonpbuteBstwong composndedselaciede Bom ctha ngraup hicengisting  of
4, wherein the conponent (A), the conponent (B) and o
Niphenybhbisoprapyl-pyphenylenediamings N, NrditsecHautybppbenylepgdiamine,
wei ght ratio of the poqponent(}é%nto t he conponent
Wdy-di-phgey-p-pbangenediamine, hoN-digonaphthyl-prehefpegadiamine, and
ratio of the conponent (A) to the total anmount of the
Dephesybht-(1, Bdimethylbui)-pophrmienedianinganges from 99

1to 50 : 50. 20

5. The polymerization inhibiting method giving the copolymer of
divinylbenzene and the aromatic vinyl compound, which is claimed in one of
claims 1 through 4, wherein the component (A), the component (B) and the
component (C) are added such that the composition weight ratio of the
component (B) to the component (C) ranges from 90 : 10 to 40 : 60, and the
weight ratio of the component (A) to the total amount of the component (B) and

the component (C) ranges from 99 : 1 to 50 : 50,
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