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Description of Related Art

It has been known a process for producing
5-ethylidene-2-norbornene using a crude dicyclopentadiene
and 1,3-butadiene as raw materials. According to the
conventional process, for example, a process containing the
following three reactions, specifically, a crude
dicyclopentadiene is subjected to a decomposition reaction
to provide cyclopentadiene, then the resulted cyclopentadiene
and 1,3-butadiene are subjected to Diels-Alder reaction to

obtain 5-vinyl-2-norbornene; 5-vinyl-2-norbornene thus



3 sinmultaneously produce the purified dicycl opentadi ene and

5- et hyl i dene- 2- norbornene from a crude dicycl opent adi ene and 1, 3-but adi ene,

and further can greatly reduce |oss of dicyclopentadiene as a raw materi al

in.a step for obtaining cycl opentadi ene by subjecting the crude

di eycl opent adi ene to a deconposition reaction, and can al so prevent

reaction apparatuses from staining. NameRy, the present invention relates

to a process for sinultaneously produci ng a purified dicyclopentadiene and
pentadle e an but adi ene,
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DRAWNGS FIG 1 is a flowchart of a preferred enbodi nent according to the
present i nven¥iBKl-BxPPERAFAER ef teFRFABVEroindene as a by-product,”and

heavy components which are produced under the above Diels-Alder
reaction. The conventional method, therefore, produces
high-boiling impurities under the above decomposition reaction,
when dicyclopentadiene is recycled, by reactipns of
cyclopentadiene with 5-vinyl-2-norbornene and of
dicyclopentadiene with tetrahydroindene, etc., and this
results in losses of cyclopentadiene and 5-vinyl-2-norbornene
as effective components to be incorporated into the recycled
dicyclopentadiene. 1In addition, there has been a problem that
heavy components, which are contained in the recycled
dicyclopentadiene, will stain reactors for decomposition
reaction, and this will disturb a stable operation for a long

period of time.

SUMMARY OF THE INVENTION
An object of the present invention is to provide a process
for producing a purified dicyclopentadiene and

5-ethylidene-2-norbornene, which has advantages that it can



1: First Step, 2: Second step, 3: Third step, 4: Fourth step, 5. Fifth
stép, 6: Sixth step, 7: Seventh step, 8: Eighth step, 9: Ninth step, 10:
Tenth step, 11. Crude dicycl opentadi ene(raw material), 12:Dluting oil, 13:
Purged oil, 14: Tetrahydroi ndene, 15: Recycl ed dicycl opentadi ene, 16:
1, 3-but adi ene(raw material), 17: Recycled 1, 3-butadi ene/ cycl opent adi ene,
18: Vi nyl cycl ohexane, 19: 5-Ethy|idene-23norbornene(product), 20: Purified
di cycl opent adi ene (product) DETAI LED DESCRI PTI ON OF THE | NVENTI ON The crude
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pur y. usuli 1§ TEafegds 72 BroBHelrLaL BlrtPikleafLoRTBbebTURTErS S N
etc., as inpurities. Such LC pent.adi e ined, for
Rb e TN N T e S R e

exanple, by's ffoma Ccracked 'hap Ep O

t i i = t f ti i | t adi i nt
Gyl opent ad SHEo e FFOHERE & BBBoRBOElEF of M dEroRT BPaFEPars oplol fic

I th f foll A L qui .5 dj t adi [
fod To a reuieer ohfnERet hnckfa o dhebr e bt R AV SR o8 T ERLRTSS dea
inth t Th ti t ' Ly .f 100 t 50C, d
the react: o preastr i ene "By, SUR5pEt0hGs React e’ Sardtoreay A Tars, op
for convertjng the cycl opentadi ene obtained in the first St%P and__ .
1, 3- but adi oh® # reCETGeRY P10 nEPAGE AEhe PRACHER AECs PAEYEN G dRATTen
Preferabl e specifjc exapples thereof are as follows : Aliquid
cyclopentad?ﬁ%%r% 'S8 1 158 aS12 1 82B8t adi ene are fed to a reactor. Since the
reaction is an eﬁggge m c_reaction, heat generated by the reaction i

renmoved by passi i TP RESESqHr I I & S&Q Pnpfﬂgeﬁéatgﬁr.
The e ol LepeLa e, fesatells ORI DS AR oo
Fesulted TeSit PR T 8 PREPRENSREGHEP R Cup s (FEeLPBRncatianryand
Condi t1 ons Tor PRESPLERP | eAEPRnCaPEEHoEEL fhe) FPoeMFho AR B¢
rosnre e the Lan Bl U0 R A0S 10,0 M PR o

t d the,_boft f the t v .D-Vinyl -2- ] d, di I t adi
are obtai nct® JRSSPERT VSR TRESH E SYSEFT G 1F S0P FETLORFREORAGRe:
di cycl opent adi ene, 6 gbtaingd in the hird.steg to obtainla gugifLed

di cycl opent adi ene®®CIMtFTEP &t 3P LR AT I SHPICTRERY £ FRGt FHRIOBRP ARALAPS

carried out_usin rectifyLn ower. Th onditjons for the.rectification
ore not speebFrifed i ckhe 'hTEst Fhee FRE L et 8REeng o SLRESthuarE) §
from0.001 to 0, 005 gPa and %hﬁgbottonltg_ erature of .the tower is from 50
to 100C. FroftthEC obCofPKE o P tlﬁéop R A (1 openhpt adi ene is
obt ai ned. Dicycl opent adj gne. havi a_purit f.at least ~ by, wei.ght can
be. obt =i ned. The TTTTh o518 A epanti spblsRtafl Al rellectintf &l
5-vinyl -2-ngrhornene obtained in_t L hird st {nto .

S ethyl | dent-DEhoT ber ReRBPRRagn I S T e FasPe o drety Erom
exanpl es in_t hi re. f.al l - A_super ic solid catal yst such as
an aIkalinetn%tg?géggﬁgrﬁég%gg aﬁﬁ??thsﬁgggﬁagqgikatalyst for

[ [ ion. Th ' ' ly A d
the reaction pr %s?%‘i‘g‘?'ﬁ? FPBin O %‘:?é“ra.%z?’%?%%F&rcﬁfg@%%%et“’%gjd%?e&s%ng”
wei gt oan SREBbY SR ATh oA A £F PR oaBoaL henprar o fredbapRibatErst i1

be explainegnﬁereinafter. In the present invention, it is preferable to
contain a sixth step of feeding a diluting oil to the reaction system of
the first step an argfing_t ilpting.oil.fromigk egcli ' re
obtained in the f?%é?gs?e%btoar€§%€e$?h%9g38&£l£g H‘%ngi 3¢ho2Bolhehd

obtained in the third step to isomerization reaction to convert

it into 5-ethylidene-2-norbornene.



oil out of the reaction system The sixth step exerts an effect on the
prévention of a reactor from being stained by heavy substances . As the
diluting oil, aromatic oils are preferable. In the present invention, it is
al so preferable to contain a seven step of separating the reaction m xture
obtained in the first step into a fractnpn cont ai ni ng cycl opent adi ene and
anot her fraction containing dicyclopentadi ene, feeding the fornmer fraction
to the second step, and recycling the latter fraction to the first step.
The seventh step prevents occurrence of |osses of the effective conponents,
and it is usually effected by a rectification operation using a rectifying

tower. The conditions ywraEkF HDEJURIECION YiORD PRI dHRAMIAES, for exanpl e,
fromO0.1 to 0.2 MPa as a pressure at the top of the tower and from 150 to

200C as a bottompgryiperiy Hieel & chAftIcWEprdfedal Bnes@RhentVaitdAdingt 1S
nore preferable to contain an eighth step of separating and renoving

t et rahydr oi ypglenge fyo0ad e {hR&t+ Lo cont ai ni ng di cycl opent adi ene before
recycling the fraction to the first step. The eighth step can prevent

accunmul at i of.0f 44 £t { SRYSIE O Dfsas an inpurity due to recycling, and it is
usual l'y effeé?%d—by—a—TEtTTﬁﬁgarfon operation using a rectifying tower. The
rectificatipngondl Se@ps YSefeldnd h.;.eté%?p.i ﬁ&%’iﬁd)ﬁt%f%”&'z erott O Se O, tO
0.05 MPa as a pressure at the top of the tower and from80 to 150C as a

{ ermper at ur e Aty di, BREHO Ofg i LMY, 7. SoddnifGEUFSHI nibReAlLOp 11 [

preferable to contain ninth step of separating fromthe reaction ture

obt ai ned ing{ Win%?xCQE‘Q%SHQﬂ %{‘Eh@h?s{éﬁPtliﬂ”ch&égii\%%%q%ﬁgﬁf@ﬁéﬁa@nd

cycl opent adl ene and anof her” fracti on contai ni ng or nene,

recycling the fof y,f{@cﬁiggtiggtg§l§e§gde§§§gd aqq feeding the latter to

the third step. The hinth step can prévent of the effective

component s, 1 ANyl chisy WSy AhAdne! ' 251 eloB¥coheal Y K1BgeARSIAY USi ng a

rectifying tower. e conditions used In't operation are, for exanple,

from0.1 to 31W%@éa@i&?}@&%&%%é&e#kﬂ;&%z??l% RB&ybqwsr and from 150 to

200C as a tenperature at the bottom o ower. Fdrther, in the present

nvention, §13i5uPiglh8PlPcl SpeREAALENE, { 2BLIVEHER ARSIGHANRI bet ween the

t
second and third steps, separating and renoving 4-vinyl - I-cycl ohexene,

contai ned ifg! h@-mli&eﬁé-ﬁeﬂofﬂoiﬂéné%igdﬁkfgdf ReM Phg iRiReedi ng step.

According to the h step, the intended purifi

5-ethy|iden&igyéggﬁgﬁggafeﬁgd(?}gdﬁggpentadiene are prevented from

contam nation of 4-vinyl-1-cyclohexene as an inpurity. The tenth step is
usual ly effected by a rectifying operation using a rectifying tower. The
conditions used in the operation are) for exanple, fromO0.005 to 0.01 MPa
as a pressure at thepeeaI1eEp NBEEEREPTRON fHPMEHE: t aNVENEIRSN @ tenperature
at the bottomof the tower. As described above, the present invention can
provide 9 a profpgsSch®ie RIOGHS] Set DL bhé edsdiCy ! Qpealadhaeneiandin

5- et hyl i dene- 2- nor bor nene, which has advantages that it sinultaneously
produces a Py idrt&shith oMt OPEIYRHLNS ddiryet hxiadare- drnakbeeAgReghEom a
crude di cycl opent adi ene and 1, 3-but anei ene, "and can élim nate the

occurrence 9§ JHiYHtCERASHERt A8n s ItHY A5t o1 0866s, At dll Cuel oRpatadiene as a
raw material in a deconposition reaction step (first step) and hi ndrance of

Ir ggg; It g:} M CaRidH 4O0BEuaBed 86y 8Topént BR1BARAE R URL DLItQILndRL,0FBRSEkafRP1e,
| by separating from a cracked naphtha.
The first step of the present invention is a step of
converting a crude dicyclopentadiene into cyclopentadiene

through a decomposition reaction. Preferable specific

examples thereof are as follows: A liquid crude



10 CLAIMS: 1. A process for simultaneously producing a purified

di cycl opent adi ene and 5-et hyli dene-2-norbornene froma crude

di cycl opent adi ene and 1, 3-but adi ene, which conprises the foll ow ng steps
of - first step: a step of subjecting a crude dicycl opentadiene to
deconposition reaction to convert it into cycl opentadi ene; second step: a
step of subjecting the cycl opent adi ene tained in the first step and

1, 3-butadiene to Diels-Alder reaction to convert theminto

S-vinyl - 2- mrdii i cddlidnk siePEe@ 66 e PasePa! afhdenand rekteat bgg the
5-vi nyl - 2- nor bornene and di cycl opent adi ene respectively fromthe reaction

m xture ingdiesiSRF uwbat eumé&g&@(jﬁ 3p§o§i@é’d0inp‘e'ﬁéf¥%_8980r. The
e

di cycl opentadi ene obtained in third step to obtain a purifi

di cycl opentadi &ngsn 6455{EF%E¥E ﬁ%@%??ﬁofréﬂbi§6t£99250T3,.and the

5-vi nyl - 2- nor bor nene obt al ne n thet step to isonerization reaction

to convert ddadtlidh idWlidlens-2-ar" HoL negco . 25 fIpg. Process according to
claim1l1, wherein the process further conprises the following sixth step: a

step of feeding @H@Iégddgh(gﬂeﬁ(agtgagfggnféylég§$§§%%ﬂgtp§efirst step and

elimnating by-products fornedin the first step togethef wth heavy

conponent s dy it dfAald Ybrl il GrPkhal Pefst s i ddd S, ShRpddh dde

out si de the system 11
into 5-vinyl-2-norbornene through Diels-Alder reaction.
Preferable specific examples thereof are as follows: A liquid
cyclopentadiene anda liquid 1,3-butadiene are fed to areactor.
Since the reaction is an exothermic reaction, heat generated
by the reaction is removed by passing cooling water through
a pipe provided in the reactor. The reaction temperature is
usually from 100 to 150°C, and the reaction pressure is from
1.5 to 3 MPa.

The third step is a step for separating and collecting
5-vinyl-2-norbornene and dicyclopentadiene respectively, from
the resulted reaction mixture in the second step. In this
step, usually, a rectification operation is carried out using
a rectifying tower. The conditions for the rectification are
not specifically restricted, a pressure at the top of the
tower of 0.003 to 0.011 MPa is exemplified, and a bottom
temperature of the tower of 70 to 120C is exemplified. From
the top and the bottom of the tower, 5-vinyl-2-norbornene

and dicyclopentadiene are obtained, respectively.

The fourthstepisastepforpurifying dicyclopentadiene



3. The process according to claim1l1l, wherein the process further conprises
the follow ng seventh step: a step of separating the reaction m xture
obtained in the first step into a fraction containing cycl opentadi ene and a
fraction containing dicycl opentadi ene, feeding the former fraction to the
second step, and recycling the latter frgction to the first step. 4. The
process according to claim3, wherein the process further conprises the
following eighth step: a step of separating and elim nating

t et rahydr oi odtatnéd dmtheetiind step toorh bad in agpudiidicddpiey et pertadiche.
seventh step before recycling the fraction to the first. 5 . The process
accordi ng tbnctlaisn dtephensnaline proeessficathen opepatses isecéonriedi ng
ninth step: a step of separating fromthe reaction m xture obtained in the
second stepoatfusthgoa rentiafping fp@elbut atheneondlittynkopent adeene and
afraction contai ni ng5-vinyl -2-norbornene, recycling the fornmer fraction to
t he second s¢epifhedtierdang hoe $pédtfiéadiyi pastoithedt hthe ptepsube The
process according to claim1l, wherein the process further conprises the
follow ng tentthetepp a6t €he oftsweparaéifigomno.o001l to 0.005 MPa, and the

el i m nating4-vinyl-1-cyl ohexene fromanass to be fed to the third step,
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cal'b 5-vinyl-2-norbornene obtained in the third step into
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solid catalyst such as an alkaline metal supported catalyst
is used as a catalyst for isomerization. The reaction
temperatureisusuallyfrom40to100%:,andthereactionpressure
is from 0.1 to 0.2 MPa. According to the present invention,
5-ethylidene-2-norbornene having a purity of at least 99%
by weight can be obtained.
Preferred embodiments of the present invention will be
explained hereinafter.
In the present invention, it is preferable to contain
a sixth step of feeding a diluting oil to the reaction system

of the first step and separating the diluting oil from the

reaction mixture obtained in the first step to remove the
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0il out of the reaction system. The sixth step exerts an effect
on the prevention of a reactor from being stained by heavy
substances. As thedilutingoil, aromatic oils are preferable.

In the present invention, it is also preferable to contain
a seven step of separating the reaction mixture obtained in
the first step into a fraction containing cyclopentadiene
and another fraction containing dicyclopentadiene, feeding
the former fraction to the second step, and recycling the
latter fraction to the first step. The seventh step prevents
occurrence of losses of the effective components, and it is
usuallyeffectedbyarectificationoperationusingarectifying
tower. The conditions used in the rectifying operation are,
for example, from 0.1 to 0.2 MPa as a pressure at the top
of the tower and from 150 to 200C as a bottom temperature
of the tower.

In the present invention, it is more preferable to contain
an eighth step of separating and removing tetrahydroindene
from the fraction containing dicyclopentadiene before
recycling the fraction to the first step. The eighth step
can prevent accumulation of tetrahydroindene as an impurity
due to recycling, and it is usually effected by a rectification
operation using a rectifying tower. The rectification
conditions used in the step are, for example, from 0.01 to
0.05 MPa as a pressure at the top of the tower and from 80

to 150C as a temperature at the bottom of the tower.



U ()-Lf 10% U& ()-3g4swi K- 1110% U& ()-/:!10% U& ()-S-10% U& () - +10%
U& ()-*110% U& ()-S(10% U& ()-&10% U& ()-w7i H110% U& () L!10% (& ()-9S10%
h& ()-10 ULO ULO U7310% U& ()-5M 10% U& ()-f 310%

L'10% T & ()-!'d LI'10% h h& ()-Lb}oP1, MAd0%&' ()-&ys10%% ()- 10 h h 10 h h
10 h h!" %M 10% h h& ()-!'%M 10% h h& ()-T[YM 10% h h& ()-b}~ <. 1 10!
%!10% ()-%!109%& ()-!'n 1109 ()- " !109%% ()-,M109%& ()-!][
, M 10%5G& () - dElIdOthe ! mtd98ME {ivefr1d0IBBE {3 -preferable to contain
11098& ()-'109B& ()-L,10%B& ()- 10 10 k TUVIWY!""rS1 1!'d SM 10%

a ninth step of separating from the reaction mixture obtained
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in the second step into a fraction containing 1l,3-butadiene
and cyclopentadiene and another fraction containing
5-vinyl-2-norbornene, recycling the former fraction to the
second step, and feeding the latter to the third step. The
ninth step can prevent loss of the effective components, and
it is usually effected by a rectifying operation using a
rectifying tower. The conditions used in the operation are,
for example, from 0.1 to 0.3 MPa as a pressure at the top
of the tower and from 150 to 200C as a temperature at the
bottom of the tower.

Further, in the present invention, it is preferable to
contain a tenth step positioned between the second and third
steps, of separating and removing 4-vinyl-l-cyclohexene,
contained in the mass to be fed to the third step from the
preceding step. According to the tenth step, the intended
purified 5-ethylidene-2-norbornene and dicyclopentadiene are
prevented from contamination of 4-vinyl-l-cyclohexene as an
impurity. The tenth step is usually effected by a rectifying
operation using a rectifying tower. The conditions used in
the operation are, for example, from 0.005 to 0.01 MPa as
a pressure at the top of the tower and from 80 to 110T as
a temperature at the bottom of the tower.

As described above, the present invention can provide
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5-ethylidene-2-norbornene, which has advantages that it

simultaneously produces a purified dicyclopentadiene and
5-ethylidene-2-norbornene from a crude dicyclopentadiene and
1,3-butaneiene, and can eliminate the occurrence of problems
suchas significant lossesof dicyclopentadieneasarawmaterial
in a decomposition reaction step (first step) and hindrance
of long-term continuous operation of the apparatuses for

decomposition reaction.
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CLAIMS:

1. A process for simultaneously producing a purified
dicyclopentadiene and 5-ethylidene-2-norbornene from a crude
dicyclopentadiene and 1,3-butadiene, which comprises the
following steps of:

first step: astep of subjectingacrude dicyclopentadiene
to decomposition reaction to convert it into cyclopentadiene;

second step: a step of subjecting the cyclopentadiene
obtained in the first step and 1,3-butadiene to Diels-Alder
reaction to convert them into 5-vinyl-2-norbornene;

third step: a step of separating and collecting the
5-vinyl-2-norbornene and dicyclopentadiene respectively from
the reaction mixture in the second step:

fourth step: a step of purifying dicyclopentadiene
obtained in third step to obtain a purified dicyclopentadiene;
and

fifth step: a step of subjecting 5-vinyl-2-norbornene
obtained in the third step to isomerization reaction to convert
it into 5-ethylidene-2-norbornene.

2. The process according to claim 1, wherein the process
further comprises the following sixth step:

a step of feeding a diluting 0il to the reaction system
in the first step and eliminating by-products formed in the
first step together with heavy components from the reaction

mixture obtained in the first step to the outside the system.
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the first step into a fraction containing cyclopentadiene
and a fraction containingdicyclopentadiene, feeding the former
fraction to the second step, and recycling the latter fraction
to the first step.

4. The process according to claim 3, wherein the process
further comprises the following eighth step:

a step of separating and eliminating tetrahydroindene
from the fraction containing dicyclopentadiene in the seventh
step before recycling the fraction to the first.

5. The process according to claim 1, wherein the process
further comprises the following ninth step:

a step of separating from the reaction mixture obtained
in the second step a fraction containing 1,3-butadiene and
cyclopentadiene anda fractioncontaining5-vinyl-2-norbornene,
recycling the former fraction to the second step, and feeding
the latter fraction to the third step.

6. The process according to claim 1, wherein the process
further comprises the following tenth step:

astepofseparatingandeliminating4-vinyl-1l-cylohexene
fromamass tobe fed to the thirdstep, said stepbeingpositioned

between the second and third steps.



