DESCRIPTION J4ECFHCD FOR PRODUCING HYDROCARBON MATERIAL TECHNICAL, FIELD
[0001] The invention relates to a mathod for producing a hydrocarbon material from a r5raffinate whinh
is obtained as an extracted residual ca attar separating at least part of the isoprene by extraction
distdhLlation from a. C5 fraction which is produced as a byproduct when therrally cracking naphtha to
produce ethylene and has C. organic compo%%ﬁ@{p ingredients. BACKGROUD ART [0002] An
isoprane which is a main notarial of a synthetic rubber etc. is 1obtained by extraction distillation of
isoprene contained in aaction which is extracted by an ethylene cracker of an ethylene center. [0003]
In the process of extraction distillation of the isoprene contained in a C5fraction, by removing the
cyclopentadiene from the ¢5 fraction by divherization (forming pentadiénd}, then each removing light:
fractions such as pentanes and pentenes and heavy fractions such as pentadienes (including
dicyclopentadiene and 1,3-pentadiene) and acetylenes by two distillation towers, and further removing
dialefdns (includingit,8=pentadiene) and remaining acetylenes by a next extraction distillation tower,
then distilling the residue, it. is possible to efilsptly obtain isoprene from the tower bottom. [0004] At
this time[f@gﬂdffin%%h?&ﬁ?fi‘stﬂ@é extracted residuat bilis obtairea Bt itisipogsibletson
returnCoraffinate te-the ethylene-center and. maialy ulilize it.as a gasoline base matenal,, or raw
matariani of the ethylene cracker. Further, the removed d“lcyclopentacﬁena, 1%-penta iene, etc. may
be utilized as:awvaw materialiol-asesinete. [0O05]dn this regard=each,agconceniration of the isoprene,
dicyclopentadiene, 1,3-pentadiene, etc. in the C5fraction is generally constant, so demand for products
using edchas’a faw materfal ddes ot hetesgatly match eachta ratioof ebrheehtratior:"Accordingly,
sometimes the yemaipder is refurned to the Coraffinate, Therefare, the.concentration of diolefins in the
Csraffinate which'is returned to the ethylene center sométimes fluctuates at the level of several tens of
percent «{0R06}Antherythe Chfraction-eentains sulf.. r-contain.ing ingredients a concentration of
several weight ppm to several hundred weight ppm. Therefore, the C5raffinate which is the extracted
residual oil also contains sulfur-containing ingredients in several weight ppm to several hundred weight
ppm. [0007] Fherefore, when using a Csraffihate as the raw material of an ethylene cracker, there are
the problems that if the Cbraffinate contains Large amounts of sulfur-containing ingredients and
diolefins[@s@&xplained above, the/catalyst in the dienetremoving taweswhiehi is installedatdhe refining
section of the ethylene plant at the ethylene center remarkandy deteriorates, the amount of
consumpfion“ofhydrogen attherefin't.ng-Section gieatlyincréases;: and e profitability-of the

plant ends up-eteriarating Further, most al.djglefips. aie, hiah In polymenzaiiitandihelr polymers

easily form'initiating substances causing fouling in the cooling pipes, SO i diclefins are included in
large ameuints; there is also the problem that an increase in the freguency of cleaning of the cooling

pipes is invited. Further, catalyst.the diene removing tower end up being poisoned by the
[0003] In the process of extraction distillation of the isoprené

contained in a O fractlon, by removing the oyolopentadiene from the O
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raction by dimerization (forming dicyciopentadiene), then each removing
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fracticons such as pentanes and pentenes and heavy tractions such
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as pentadienes (including dicyclopentadiene and 1, 3-pentadiene) and

acetylenes by two distillation towers, and further removing diclefins

{ircluding 1, 3~pentadiene) and remaining acetylenes by a next extraction
distillation tower, then distilling the residue, it is possible to

efficiently obtain lscprens from the tower bottom.

[0004] At this time, O, raffinate which ig the extracted residual oil
15 obtalned, but 1t is pessible to return the - raffinate to the
ethylene center and mainly utilize it as a gasoline base material or raw

material of the ethvlens cracker. Further, the removed dicyclopentadiens,



sulfur-containing ingredients, so if the sulfur-containing ingredients are included in large amounts,
there is also the problem that a need arises for regenerating or replacing the poisoned catalyst and the
running costs of the cata2 -st deteriorates [0008]For this reason, a C5raffinate which. contsi.ns
diolefins and sulfur-containing ingredients in large amounts has problems in berms of both quality and
cost, so at Erle present time cannot be utilized as a hygrocarponarpatgrjil, in particular a hydrocarbon
material of an ethylene cracker:, &fid iSbélng Bared as'fuél” [G009]'Gn the Stiérhand-due to the
recent rigipgoknferest inenvirenmentalissyes, the dncrease in carbon:dioxidehas become a concern.
The need for effective utilization of crude oil has been ri.sing. Therefore, it is desirable to utilize the Ca
rafterMiedas & hygrocarbensmateriabrather than, betringlit. [0010]:FortHis reasomtouse ayChraffinate
which cont.ains gjffetins ta Cé?r}__centration of several tens of gerceng and contains sulfur-containing
Ingredientd in-an dmount of several weight ppm to Several hindied Welghtppi as 4 hytdrocarbon
material for-in. particular: an-ethylene craeker. Jt isnecessaty to-remevethe sylfur-coptaining.
ingredients as much as possible and hydrogenate double bonds of the diolefins and olefins etc. as
much astpessibleilfodr [ Asopposed tothisifor-example; 'Patéit:Docuiment 1cand Patent Document 2
disclose a method of sele: ftive h: dfgoggnartiopr\of ;he_r %II¥ cIack:g_ad C%agoline which uses gﬁrgaction tube
packed With $0lid metal. catalySts for selective hydrogenation by afirst stage €atalyst comprised of a
palladiun:bgsed.catalyst.anda-segondrstage.catalyst comprised:of-a cobalt-molybdenum-based
catalyst. [0012] However, with the method described in Patent Document | and Patent Document 2,
there are’theproblems that the hydrogenation is performed under a high pressure and the productivity
is inferior, 06: her,s:_\tjhg fgteng},goggrp?gnct tI j.a}rgg /E’(@\tgp}t_n%ocy%q’t_g (gipo Qo% grge(?cﬁrjbq_ggyghigg about the
effect of Hesuiturization: FUrher, they'do hot describe anything fegarding the lifatimes of the catalysts
which axg. used.atthetime-of seiective-hydregenation, RRIORART MGLVENTS RATENT..
DOCUMENTS [0013] Patent Document 1: Japanese Patent Publication No. 6-104628B Patent
Documeht:2r JapanesePatent PUBIEERICHT NG: 2604:82381854¢ ' SUMNMARY:OF-THEINVENTION
PROBLEM TO,BE SQLVED BY THE INVENTION 100141 The present inyention was made i
consideration of Such an actual sittation and has as its object the provision'of a method for producing
a hydrocarban-materighwhich obtains a hydrocarbon material from a Csraffinate during which it
efficiently removes diolefins and olefins and sulfur-containing ingredients in the Csraffinate and
extends 1999%fdtimesvrthercatafysts teimprove the prodiictivity. Further thetpresentifivention has as
ts object the provision of 2 high quality hydrocarbon mateyia) whichis obtained by, such a producing
conttains large amcunts of sulfur-containing ingredients and diclefins as
explained above, the catalyst in the diene removing tower which is

installed at the refining section of the ethylene plant at the ethylene

center remarkably deteriorates, the amount of consumption of hydrogen at
the refining secticn greatly increases, and the profitability of the

ethylene plant ends up detericrating. Further, most of diolefins are
high in polymerizapilicy and thelr polymers easily form initiating
substances causing fouling in the cooling pipes, so 1f diclefins are
included in large amcunts, there is alsc the problem that an increase in
the frequency of cleaning of the cocoling pipss is invited. Further, the
cetalyst in the diene removing tower end up being poisoned by the
sulfuvr-containing ingredients, so LI the sulfur-containing ingredients

are included in large amounts, there is also the problem that a need

arises Ior regenerating or replacing the poisoned catalyst and the



MEANS FOR SOLVING THE PROBLEMS [0015] The inventors engaged in intensive research for
achieving the above-mentioned objects and as a result discovered that by thermally cracking a.
Csraffinate in gaseous state, than desulfuriuing and hydrogenating: it in a gaseous state,is possible to
efficiently remove the diolaf ins and olefins and sulfur-containing ingredients in the CM-raffinate and
extend the life-times of the catalysts, due to this, it is possible to improve the proddctivity and thereby
complet&d the BréSent: invention-0018Taccsidingtothe prescrnt i.nvantion,provided a method for

producinggedydrocarban material from a Qs affinate which is obtained as an extracted, residua] oil

attar separating at least part of the isoprene by ext..ractionsziizaht.on from a :. fractionwhich is
produced.asa byproductthermathecrack.ing naphtba.tarpreduce ethylene and bas:€horganic
compounds as maincomprising a gas-phase thermal cracking step of gasifying the Cb5raffinate to
thermallytrack 4t teast>part-6f the T, & 'diblefing witich aré€ofitaitied irfthe-gasified €5raffinate, a
desulfurization siep, after the.gas-phase thermal cracking sioh. of femoving aideast part of the

a

sulfur-containing ingredients which are contained in the gasified Caraffihate after the gas-phase
thermal eragking:stepinxthe gasiphase:staieaffadydrogen addition step, after the desulfurization

step, of heﬁéo%enating_ at least part of the carbon-carbon double bonds of at:. least one select.ed from
diolefand 803 blefirfs which e chtiied fHthe gasie 65 FaffinateaftéitHs destiffurization step in the

gas-phase state, s0.as to abtain a;,nxd5%@@&@,@%t%@bvgﬁh&&%%%%g Qo of diolefins and

olefins of 0.5 wt% or less. [0017] In the present invention, preferably the desulfurization step is
perfbormednirarediochagatmaspheresunter conditionsiaf-a pressute of 0.3:1MPaertess and-a
temperature of 180 to 400C.  In the present invention, preferably the desulfurization step is
performedUSing & cathlyst having a Sugportéd nickel 48 & nidin‘ingiédient. @ "IN¥REPresent invention,
preferabi..y the hydrogen agg;pﬁ_o&gg&i(? performed in a reducing atmosphere under conditions of a
pressure of 0.3 MPa or less and a temperature of 140 to 400C.  In the present invention, preferably

the hydrpfEi® dditiop stepsispesformed usirgza Catalyst having/a stipported:. nickelds=a-main
ingredient_ In the prese,invention, preferably the Craffinate contains dicyclopentadie e in 10 w' or
more. [00181 EUrther; décording tothe predént.. Svention: thefé'is provided a>hydfocarbon material
which is.obtained py any.ofithe above methods, The hydrocarbon; materigl, of thesent invention is

preferably used as a

hundred weight ppm as a hydrocarbon material for, in particular, an
ethylene cracker, it is necessary to remove the sulfur-containing
ingredients as much as possible and hydrogenate double bonds of the
diclefins and olefins etc. as mach as possible.

[0011] As ocpposed to this, for example, Patent Document 1 and Patent
Document 2 disclose a method of selective hydrogenation of thermally
cracked gasciine which uses a reaction tube packed with solid metal
catailysts for selective hydrogenation by a first stage catalyst
comprised of a palladium-based catalyst and a second stage catalyst
comprised of a cobali-molyvodenur-based catalyst.

{0012] However, with the method described in Patent Document 1 and
Patent Document Z, there are the problems that the hydrogenation is
performed under a high pressure and the productivity is inferior.
Further, the Patent Document 1 and Patent Document 2 do not describe
anything about the effect of desulfurization. Further, they do not

describe anything regarding the lifetimes of the catalysts which are

,3{,



raw material for an ethylene cracker or gasoline base material. FFFECTS OF THE INVENTION [0019]
According to the present inven.tion, it is possible to obtain a hydrocarbon material from a O5raffinate
during which it is possible to efficiently remove the diolefins and olefins and sulfur-containing
ingredients in the Cbraffinate and extend the lifetimes of the catalysts so as to improve the
producti\(i}y;CI}DEJSC}_lgj;PI!ON OF %MgQDIM%NTS [QOZQ] Below, the present invention will be explained
in detail. The method for producing & hydrocarbon-material of the present 5 invention is a method for
producing a. hydrocarbon matetri.al from a C raffinate which includes a later explained gas-phase
thermal cracking step, desulfurization step, and hydrogen addition step. [0021] The Csraffinate used in
the present invétition 48a fractddiWhich s obtained as an extracted residual.. oil after separating at
least part of thgﬁifg]g@{;e%(:lgy@eﬁg‘tgaction distillation from a C, fraction which is produced as a byproduct
when thermally¢racking haphtha to produce ethylene and has C5 organic compounds as main
ingredientppd@822] Herernsince-the Gsraffinate: used insthe present inventionds thefractiom which is
obtained as an extracted residual oil after se.parating at least part of tide isoprene by extraction
distillatiofi e a &5 faEtion haliRg €2s organic conpeantscas Mainingredients)at the time of
extraction distillation of isoprene, sometimes part of the isoprene remains. For this reason, the
Cbraffinate used in the, present invention may also contain isoprene. [0023] Further, the C:\ ralfinate
used In the presentanvention-need=onlybe a fraction which is obtained as an extracted residual oil
after separating at least part of the isoprene by extraction distillation, but It is preferably a fraction
which is obtainédl s Hn extracted-résidual an-aftéréach8eparating at least part of the three

ingredient isoprene plus didyclopentadiene and 1,3-pe Ladjep by extractjon distillation. In this
case as we ‘Ia,t'La‘gtS]Ct)he tine of Eé?(?f%\i’:tféﬁ%%fﬁ%?i%’éf ac ﬁnrgré%i"é;ﬁ'ﬁg esrogrﬁje?f?né)% pc"aur’t%f“fﬁe three
ingredientsafthestsaprens; digyclopentadiene and-1,3-pntadiens;may-eachaemain.i-er this reason,
the Cbraffinate used in the present. invention may include isoprene, dicyclopentadiene, and
1,3-pentadiefie: Note: that a5 the Chiaffingte lone intwhichile portiohs oftheseparated:isoprene,
dicyclopentadieng, and_1,3-pentad ene for.which there is na foreseeable use (surplus parts) are mixed
i tre XL bcked 165 Lol ST REales M At TG24] Eurtial i neebiacent St (e method of
extraction distilationofjsopreneq dicyclopgniadidng -and 1.3-peatadienerdrem the CEfrastign having
CH organic compounds as main ingredients id not particularly limited, but, for example, it is possible to
employ théknowh method 'suchk as*GRIVsigtdss (ZesAVEorperation) o025} As the ‘Cérraffinate used
in the presentinvent jon. one which containg a.ca) digle fin comprised of dicycigpentadiene in
lowt%.or'more is preferablé and oneé which contains it in 30 witds or more is more prefefable, wh.ile one
which contains-ZQwin orless is preferable and ene-which contair. -60enless; isumereipreferable.
Further, as the C5 raffinate used in the present invention, the content ratio of diolefins is preferably 10
wt% or more, more preferably 30 wt% or more, while it is preferably 30 wt% or less, more preferably
60 win or less, Eurther, in the. Coraffinate uset in re present invention, the content ratio of sulfur atoms
(sulfur and sulfur atoms in nffar-nnréurlgfngreﬁié'nt-) is preferably 10 rd cut ppm or more atu respect to
the C5ralifioatg as aawvheles-more preferablyi30 weight:ppmr-esmere; whiledspreferaply 500 weight
ppm or less, more preferably 300 weight ppm or less. By using a C5 rafflrmre with content ratios of
dicyclopetitadjeiie: siofefins arfy salfar atomstin the dboVesnentiohed ranges e advantageous
effects O‘::E:Q%Pﬁ%egt &nvr%rktgr%gbag bg rgagcﬁesgpo%rse %etrgr?'erl,(atb‘l*%r desulfurlzing and

hydrogenating it in

5]

gaseous state, 1t is possible to efficiently
remove The diolefins and olefins and sulfur-containing ingredients in

the C. ratfinate

£

nd extend the lifetimes of the catalysts, due to this,
it Is possible to improve the productivity and thereby completed the
present invention.

[0016] That is, according to the present invention, there is provided a

method for producing a hydrocarbon materizl from a Ce raffinate which is
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obtained as an extracted residual o1l after separating at lesast part of



[0026] <Gas-Phase Thermal Cracking Step>  Next, the gas-phase thermal cracking step will. be
explained. The gas-pha thermal cracking step is the step of gasifying the above-mentioned CAE,
raffinate to thermally crack at least mart of the Op diolefins contained in the gasified O5raffinate.
[0027] In the gasthermal cracking step, first, the Csrattin te is heated to gasify it. For example, as the
method of heating and gasifying the Cbraffinate, the method of feeding the Csraffinate to a preheater
which is providéd i the téaction apparats to preheat ther feeding if'to-a gadifier joiried with the
preheater, by, pipingto heatit may.be mentoped.. The heating temperature is usually-180 to 400C.
[0028] Note that, when gasifying the C raffinate, li.is possible to add a diluent, entrainer (additive), etc.
[0029] Suchyadiluentandentraineris hotparticularlydimited sodorg as onecwhich gioes pot impair the
thermal cracking reaction in the gas-phase thermal cracking step, the desulfarization reaction in the
Jater explaTiGd desultiFo&tlor Stei, Ad T hidrogenatorTeattion i TieF explained hydrogen

addition step.{0030] As spegific examples of the:dilments, inett,gas guch.as nitrogen. gas,helium gas,
and argon gas; Cs to OAF alkanes such as n-pentane, n-hexane, and n-heptane; C5 to
Ca)cyclodlkanesisuehi as eyclopentanes: cylsthéxane; and: cycloheptaire: Onto at-a,Kenpes such as
i-penmene, 2- pentene ahexene, 2-hexene, and keneptene; C5 to Cm cycloalkenos such as
cyclopenténd tycidhesehe, And tycloheptens  ete- maybe Héhtioned “Aong these as well, ones
with a beik.ing;point of- 4040,300C inrange is preferable [0031}As fthe; entrainer, si.ence itis
necessary to dissolve high boiling it inurities, one with a boiling point of 150C or more is desirable.
Specifically,=a mireral vil-basedtandrsyntheticiubticatian oil aid thermiahmediimteil etcicmay be
mention%d. 0032] The amounts of use of th%diluent and entrainer are not particularlx limited, but

usually af& 0933000 part By weight with fespact to 100" parts By wéightof the &rafirite, Bre erabhy
0 to 2009 pakt by weight. nore-pi-eferably-0.10-1000 part by.weight. If:the-amountn of-useof the diluent

and entrainer are too large, they sometimes become disadvantageous in terms of the process
efficiencyr{0033} Next;: the trasified Osraffinatedsfedtotthe tiermal tracker WheteGreatment is
performed to thermally crack at i,ea.st part of the Ca) diolefins which are contained in the gasified

Chraffinaté. Note that. as the Cie diolefiini. for example, dicydopéntadiene mzybe r%%nfi‘%ned. In thip
case, dug-to;the theral gracking.reactionthe digysippentadiene which in-contained;in:the; gasified
Csraffinate is cracked to cyclopentadiene. By thermally cracking the gasified C5raffinate in th..is way,
even if thaCsraffinate cortains’Cp.cdiolefilis in a high concentration, the hydrogenation reaction in the
later expt'h%\lea hyc{rrggﬁe;p additipnistelg efficiently rogresses qﬂ_r%’d asare sult it |§t stsib?_lg to_ efficiently
remove the didlefind and olefins in the Obtained Aydrocarbon materal. [0034] The tempétatlie at the
time of thermal:eracking.is-usually-200:t0-500¢. preferably.31Q 10 450¢. Further; the pressure at the

time of thermal cracking is, in gauge pressure, preferably 0.5 MPa or less, more preferably 0.3 MPa or
1Y ] r - " e s o " 3 o Qo . . .
less, whif&ds prefersibly 0 MPacorfricre  [6035] Flrthier, 4heié for thermal cracking is not particularly
limi lon for example, the residence ti n . . :
ted solo g;r? Sd‘neoé Erfgbegte’ltr%%s&grg, Cef‘é@@%g?%syegﬂ% gq;gliumﬂ.zataon step is
performed using a catalyst having a supported nickel as a main

ingredient.

performed in a reducing atmosphere under conditions of a pressure of 0.3
MPa or less and a temperature of 140 to 400°C.
in the present invention, preferably the hydrogen addition step is
performed using a catalyst havinog & supported nickel as a main
ingredient.
In the present invention, preferakly the C: raffinatre contains
icyclopentadiens in 10 wi% or more.

[0018] Further, according to the present invention, there is provided a



inside the thermal crac. ker is made a range giving a predetermined cracking rate when performing
thermal cracking lif a thermal cracker, but is prefe (1 0.01 to 60 seconds, more preferably 0.05 to 40
seconds. [0036] Further, by such a gas-phase thermal cracking step, it., is possible to obtain gasified
Cbraffinate in which at least part of the diolefins contained in the Cb5raffinate is cracked (below,
sometimes referred to as the "cracked gasified C5raffinate"). [0037] By such a gas-phase thermal
cracking $tep- theCorterit ratio sFthe! Cri diotefininthe tracked gasifiedeCi rafinate Tah be
reduced.anielofabl.of less, more referatly,0.5. Wi, ot less. panloaiprelerably 0.1 wive or less.
[0038] <Dfsulfurization Step>  Next, the desulfurization step will be explained. The desulfurixation
step is thes stepafiremaving:at deast part af-the:sulfur-containing ingredients-which are contained in the
gasified C raffinate after the above-mentioned gas-phase thermal cracking step in the gas phase state.
[0039] In the desulfurization step, the desulfurixation reaction is preferably performed in the presence
of a catalyst.dsyally, thisispetfored y feeding the cracked gasified Cbraffinate obtained in the
atgas-phase thermal cracking step into the desulfurization reactor in which the catalyst is packed. The
catalyst [0 Jparticularly: imited, thut inrthespresentinventjon,ruse ofe catalystwhich-has a supported
nickel as its main ingredient is preferable. [0040] The catalyst which has a supported nickel as its main
ingrediert i acataly Stawhich compiisés ‘coripotn fraying aSupport comprised-ét & 'Suporting
inorganic eompaund on which a.mefal comprised of nigkel supported: gs s mai pgredient. As -
specific examples of the support comprised of a supporting inorganic compound, silica, alumina, boria,
silica-aihminajidiatemiaceous earthf Whitesclay;iclay,amagriesia; frmagresiassilica, titaniaymeanie, etc.
may be mentioned. Among these as well., diatomaceous earth is preferable from the viewpoint of the
higher déstiffutizatioi perfornianté “Fhat He the desulfurization step, a catalyst whi.ch comprises, as a
main ingredient, a compound where nickel is supported on diatomaceous earth is preferable. By usinc
such a catalyst, it is possible to efficiently remove the sulfur-containing ingredients which are contained
in cracked gasifiel ChifaffinatelMieurtHer it is possible to maintain the desulfurization performance
over a long time, so_the productivity can be improved. [0041] Further, as the metal which is supported
on the d08F8%, nickEr donEcadrt reiive d'Shfficieht destifiiZzafion pétformanee® blitfrom the viewpoint
of being ablefp.raise the desulibrzation periarmance,mare..in.addition to;,nickel, at |east one type of
metal which is selected from the group consisting of palladium, platinum, ruthenium, copper,
chromiumyeamisiyhdenumyzinccarid:cabaltis: preferably comtained ~Eramithe viewpaint:of being able to
further raise the desulfurization performance, including copper and chromium in addition to nickel is

A

particul&fiy préterabiie Note' that S this ¢58e, THE Content fafio-oFAicKel i Preférabif 66Fto 99.5 wiv
with respect to the, metal whichis.supported B{?&H%F]%HPQ&&E@&V@%& more preferably 80 to 99 wt%,

furthermore preferably 90 to 95 wt%. On the other hand, the content ratio of the metals other than
nickel i{@ftéldrablir©.5°tor400ut%terespectito the metalawhichhisstpported enfthesupport as a whole,
more preferably | to 20 wt%, furthermore preferably 5 to 10 wt%, If the content of the metals other than
nickel i§ 106 small”Somefim e the effactof improvement of the dESuIrfiHzAGoN Ferfbrmante becomes
hard to,obtain.:On.the other hand, iLioo large, sometimes the desulfurization performance.ends up

falling compared with the case when used as nickel alone. Note that, even when including two or more
types of metalas the metals gther thanwhickel thentdta) content ratiogftthiesmetals-other: than nickel.
may be . . A ‘ L _

ethylene and has € organic compounds as maln ingredients.

[0022] Here, since the C,raffinate used in the present invention is

the fraction which is obtained as an extracted residual oil after
ing at least part of the isoprene by extraction distillation from
a C: fraction having Cs organic compounds as main ingredients, at the time

of extraction distillation of isoprene, sometimes part of the isoorene

remains. For this reason, the (s raffinate used in th

praesent Invention
may also contain isoprene.

[0023] Further, the O ralfinate used in the present invention need



made the above-mentioned range. [0042] The content ratio of the metal which is supported on the
support with respect to the catalyst as a whole is preferably 20 to 90 wt%, more preferably 40 to 70
wt%. On the other hand, the content ratio of th.e support comprised of the supporting inorganic
compound with respect to the catalyst. as a whole is preferably 80 to 10 wt%, more preferably 60 to 30
wt%. If the content of the metal which is supported on th.e support is too small, sometimes it becomes
difficult for the Gedulfafization perioHmande fobe mdinai'néd forafohg fimé"eh file oftferfand, if too
large, sametimes the mechanical.strengthof the catalystjtself falls and,a sufficient desulfyrization
performance cannot be exhibited. [0043] Further, the shape of the catalyst Is not particularly limited
and in general. isafpeliet shape; sphericalshiape scolutnarshapes ring: shape;etceEurther, the particle
size of the catalyst is ag ..S0 not particularly limited. It is sufficient to select the opticwim value
according to the side tiarmetar of tie Yestiifitization réactoretd But tHe averaye pafticle size of the
catalyst y§§g_g@q@%95%5%%Wﬁ%@ﬁa&%&hgﬁ@Wp@ﬁé@&@ﬂ%@@O&%éﬁ% desulfurization
reaction, is preferably 1. to 40 mim, more preferably 2 to 20 mm. [0044] In the desulfurization step, the
desulfurization. reactor whichtIs aseesis rot patticularly-hdtedsbut asmuititubiectype fixed bed
circulation reactor is preferable. Further, the inside diameter of the reaction tubes of the mu tube type
fixed bed cifcutatioh teattor i 9 *¥ 55 100 i, Wiore Préferably 10"y 76 ETEL Wil the length
of the reaetion.tubes.is-preferably-0.1.10-10:mmore-preferably, 0.3,10./-m,[0045]In the.desulfurization
step, as pretreatment of the desultbrization reaction, i.t is preferable to reduce the catalyst which
packed incthe-desulfatizatiorntreactor 41 advance irtherdesulfurization reactor byratkmpwn method etc.
By reduc_:;ixfr]? ,tgpe catalyst in advance, it is.%o_ssible to raise the activity of the catalyst more. Further,
due to this iti5 possible 6 faise the SHCIENEY6F remdval of the' stffur-Containing ingrediénts in the
desulfurization steprmore-and further, possibledoextend the lifetime.of the catalystmarg. [0046] The
method of reducing the catalyst in advance is not particularly limited, but, for example, the method of
insertingrithey catalyst inl acdesulfurizat ornpredctorand fannifig reduting gas suchas:hydrdgen to the
desulfurization reactor in which one catalyst is ir}gsertedw while heating the desulfurization reactor so as
to heat and reduce the catalyst which is piactd in the aéigfuHﬁﬁz%?f%thé‘gch?‘letb? may He mentioned.
[0047] The-heating temperature of the catalyst in the reduction treatmentnot particularly limited, but, for
example, when using a catalyst which has a supported nickel as its main ingredient, it is usually 200 to
500C. ByGfaking therhieatingiteiperatifresthis rangel itis possibletbesuitdblyzimproviesthe catalyst
activity. [j)gdﬁg]lEggther, the hceatiqg time of the caggl¥§t, at the time of reductiop treatment is not
particularly fimited. but, for example, when'Using a Catalyst whith has &Supborted nick8 asts main
ingredient, {t-is-preferably: L-hour-ermare, /nare preferably.3 hours.ermore: By making the heating
time this range, it is possible to make the activation of the catalyst by reduction treatment sufficient.
[0049] Forthersthé gas hourliespatetveloeitycofhydrogen (value of tbtal floweroflhwydrdgen gas per
hour divided by ﬂ%%glg%d Qyolgmﬁq‘ oiﬁlgzatg“l]ysft‘. %bas(%d_ on empt EQQ‘%),’ below, referred to as "GHSV") at
the time ‘of Téduction treatment is ot particutarly fimited; Hut, for %'mple, when using a catalyst which
has a. syppesed nickel-as itb-mainingeedient, 100-t0.10000/heour is preferable,,200-t0-5000/hour is
more preferable. [0050] In the desulfurization step, the desulfurization reaction is

~

contains a Cp diolefin comprised of dicyclopentadiense in 10 wi% or more

preferable, while cne which contains 70 wt% or less is prefsrable and
one which contains 60 wt% or less is more preferable. Purther, as the
raffinate used in the present invention, the conteni ratio of diclefing
15 preferaply 10 wtt or more, more preferaoly 30 wti or more, while it
is preferably 70 wth or less, more preferably 60 wi% or less. Further,
in the Cs: rafiinate used in the present invention, the content ratio of

sulfur atoms (sulfur ancd sulfur atons in sulfur-confaining ingredients)

18 preferably 10 weight ppm or more with respect to the O raffinate as a



pref.erably performed in a reducing atmosphere, particularly preferably is performed in a hydrogen gas
atmosphere. By performing the desulfurization reaction in a hydrogen gas atmosphere, it is possible to
raise the efficiency of the desulfurization reaction mcre The gas hourly space velocity (GHSV) of
hydrogen in the case of performing the desulfurization reaction in a hydrogen gas atmosphere is not
particularly limatec, but 100 to 10000/hour is Preferable, 200 to 5000/hour La more preferable. [0051]
In the Présént Vet By petfortrint the desiftiz &t redetion dsiny ¥$aeatalyst’a catalyst
which has a supperied nickel as the main ingrediest in.a eduging atmosphere, it is; possible to make

not only the desulfurization reaction, but also the later explained hydrogenation reaction proceed.
Furtherzifrthis case, tin thendesulfusizationostep,dtyis possibleitanmake alhydrogenatiion reaction.
proceed to a certain extent at the same time as desulfuridation and, in the next hydrogen addition step,
make fHe hydr6genation fekctioh proceed stisstarisiiF comipletel Bae 16 this it Betontés possible to
more efficiently. Leduce the: concentration, of.diglefins and,olefins in the finally obtained hydrocarbon
material. Further, for example, even when the reactivity of the hydrogenation reaction of the catalyst
used if@hR2adesuffusization:stepeleteriorates-due to:the effect of the sulfur containing :Ingredients, it is
possible to perform the hydrogenation reaction using a catalyst not poisoned by the sulfur-containing
ingredients I tHe h%‘?o@%ﬁ“&gﬁﬁ?oﬁ%?éﬁ%t@%d%%u%?&d’ﬁdﬁ stép S50 stich a’c4se as well, it is
possible to,sffectively feduce the concentaf dielefins.and olefipsn-he, finally obtained hydrocarbon
material. Further, by providing the désulfunization step befbrethe hydrogen addition step, it is possible
to efficiently remove the Sulfurecantainmgririgredientscwhich=are-containet irrthe gracked gasified
CHraffinate, so the hydrogenation catalyst becomes resistant to - 1- being poisoned by the
sulfur-CoRtaining ingredients, tHe lif&timesoffitk CafsljSid'e5h be remarkably increased, and the
produqipds9an be improyed. {0052} The temperature of the desulfuri. -ign reaction is not particularly
limited, but from the viewpoint of efficient progress in the desulfurization reaction, it is preferably 180 to
400C, morepreferably4:90 to 350Cfurhterpre=preferabty 260101320C.={0053] kutther, the pressure of
the desulfurization reaction is, by gauge pressure, preferably 0.3 MPa or less, more preferably 0.1
MPa or 184s fiithitéririore préferably 0. 08 MPa ortess, wiile fépreferabiy?d M4 or ore. If the
pressyre-pfthe desulfurization reactian is top high, th;Ethe,inconvenience that the predients which are
contained in the cracked gasified C5raffinate and which are thermally cracked in the gas-phase
thermal erackingl step i(for-example] Cyelopentadiens)rendwguadergeinga dimérization reaction and
returning to C11) diolefins (for example, dicyclopentadiehe) before thermal crackir,. Further, if ending
up retdirithig to EEO ‘Hiolktins Before thenAarcratking Ry trogenation e tater explathed hydrogen
additiomstep ends up becoming difficult. As a result the content ratios of diolefins and olefins in the
obtained hydrocarbon material end up becoming higher. In particular, when using a raw material
compridéiE8} Csraffinateawhicticontains’aidicyclopentadignedna.r amoantof 10-t% or more, such a
tendency bgcgmgci sjron%gr when the pressure of. the desulfurization reaction is made too hidhc
[0054] FUrtRer thE gas ROURAY $pace Valotity ((ZHSV)-of the cracked, gasif-ied C5raffinatc of the
desulfygzaton regetion is notparticulary limited, but is preferably, 5Q 16 500/hour,more preferably 100
to 300/hour. [0055] Further, due to such a desulfdrication step, it is possible to obtain a gasified
Chraffaraterfroni:whichcatdeast partof thetsulfurecontaining ingredients whichhwere centained in the
cracke& gasified C5 - 15-

mse [hermal cracking step, the desulfurization reaction in the later

explalined desulfurization step, and the hydrogenation reacticn in the

[0030] 2s specific examples of the diluents, inert gas such as nitrogen

W

as, helium gas, and argon gas; Cs to Cip alkanes such as n-pentane, n-
hexane, and n-heptane; Cs to C cycloalkanes such as cyclopentane,
cyclohexane, and cycloheptane; Cs to Cyp alkenes such as l-pentene, 2-

pentens, I-hexene, J-hexene, and il-heptene; G to Cy cycloalkenss such as

cyclopentene, cyclohexene, and cyolohsptene; etc. may be mentioned.
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raffinate Is removed (below, some ines referred to as the "desui_ 5Ar gasified C5raffinate"). [0056]
Due to such a desulfurization step, it is possible to reduce the content ratio of sulfur atoms in the
desulfurized gasified Cbraffinate to preferably 5 weight ppm or less with respect to the desulfurized
gasified Cbraffinate as a whole, more preferably 3 weight ppm or less, furhtermore preferably 1 weight
ppm or less. [0057] <Hydrogen Addition Step>  Next, the hydrogen addition step will e explained.
The hydfg4ei adiSitiorrstepris a Stepof hiydrégeratingabedst part Of te ¢afbénidarbdiGouble bonds
of at least.one selectad from the diclefins and olefins which are contai.ned in gasified C5raffinate after
the above-mentioned desulfurization step in the gas phase state. [0058] In the hydrogen addition step,
the hydrd§@naiion reactiendstpreferablysperfouimec:imthe presence of ascatalysti dsually, ithis is
performed by feeding the desulfurized gasified C5raffinate which is obtained in the above-mentioned
desulfuriZation stép'into'fiier  “ogenationfresctori whichthe catalyst i& packBd THEEAEHSE is not
particularlylimited, put inthes present invention, %.&@tégﬁwe@ has,a suppgrted nickel as its main
ingredient is preferably used. [0059] The catalyst which has a supported nickel as its main ingredient is
a catalystrwhich comprises compouncd:having@nsupport.comprised of a supporting inorganic
compound on which a metal comprised of nickel is supported as its main ingredient. As specific
example&'0Fthe support ¥dtprised 8F% Stppbring MorgamtcompsUnt “sifica, Afitimina, boria,
silica-alymina, diatomacequs garth, white clay,, magnesia, tnagnesia-silica, litania, zirconia, etc. may
be mentioned. Among these as well, magnesia-silica is preferable from the viewpoint of the hiiher is
supported:eparagnesiacsiticatis preferdble: Byt using Suchid catalystpitdspassibletaefficiently remove
the diolefins and olefins which are contained in the desulfuriced gasified Cdraffnate. [0060] Further, as
the metdf Which'is Suppordd-oh te"SGppor itis-possibietdihciudd iPadditidn 16 hickEl a fmetal other
than nickel in.an amoynt of preferably 25 wit,%.or less with respect toihe metal which;is supported on
the support as a whole, more preferably 10 wt% or less, but whén not including a metal other than
nickel and ezitvg mickel-atone; therhydrogenationperformance. is:high, so this is more preferable.
[0061] Th tent ratio of the metal which is supported on the support to the catalyst: as a whole is
preferabl&?ﬁ%% 90 \Wit%s, moreFreferably 40 16 70'Wibe. On e bthérhand: e cohtentTatio of the
support comprised of the suppgring inorganic,compound 10 the catalystas.a whole is,preferably 80 to
10 wt%, more preferably 60 to 30 wt%. If the content of the metal which is supported on the support is
too smalfiithe=éffect df inipravement of the hydrogenation pefformance sometimes becomes:hard to
obtain_ On the other hand, if too large, sometimes the catalyst itself falls in mechanical strength and a
sufficient Hydregenatioh pérfolcance danmiot @é%&ﬂﬁﬁ@&?&gﬁfﬁﬂ?ﬁi@ﬁtﬁ%@ﬁﬁﬁ@%f the catalyst is
not partieularly-limited:and.in generaLis.a pellet-shape,spherical shape;:columnar shape, fing shape,
etc. Further, the particle size of the catalyst is not particularly limited. The optimum value should be
selected-by the inside diameter of the hydrogenation réactortetcisbut théaverage particle size of the
catalyst used insent. invention. ip preferably 1 to 40 mm, more preferably 2 to 20 mm, from t.he
viewpoint of the efficiéitprogressin the Hydr6génation feattion. [6063] e Hyjtrogenatior reactor
which ip,yised in.the hydrogen addition. stepaot particularly:limited, but a.multituhe type fixed bed
circulatai.on reactor is preferable. Further, the inside diameter of the reaction tubes of the multitube
type fixed-bedrcirculation reactords preferably 6-ta:400omm; more preferabty L0 te70 mm, while the
length of the reaction tubes is preferably 0.1 to 10 m, more preferably 0.3 to 7.m. [0064] In the
hydrogef‘addition &tép: asprétrdatient of the Rydrogenation re&ction it i§ Preferablédo treat the
catalyst packed,in the bydregenation reactor.hy reduction,in the, hydregenation reactgr.in.advance by
a known method etc. The reduction method and reduction condition at the time of reduction of the
catalyst ivadvangeccanaferezample, be made ones similar to those in he above-mentioned

desulfurilzde\&g)&steg, ) o R,
Tne temperature at the fime cf thermal cracking is usually 200
to 500°C, preferably 310 to 450°C. Further, the pressure at the time of
thermal cracking is, in gauge pressure, preferably 0.5 MPa or less, more
preferaply 0.3 MPa or less, while is preferably § MPa or more.
[0035] Further, the time for thermal cracking is not particularly

limited so long as, for example, the residence time (based on gas)



[0065] In the hydrogen additi.on step,is preferable to perform the hydrogenation reaction in a reducing
atmosphere, in particul.ar, it is preferable to perform It in a hydrogen gas atmosphere. By performing
the hydrogenation reaction in a hydrogen gas atmosphere, it is possible to raise the efficiency of the
hydrogenation reaction moregad hourly space velocity (GHSV) of hydrogen at the time of performing
the hydrogenation reaction in a hydrogen gas atmosphere id not particularly limited, but 100 to
10000/hodiisprefetable While 200 6 5000/t i& roteprefaiaple (D66} THE tefberature of the
hvarogenation [Raction s ot patisularly limiled. put, Lam e viennoin gheficlent.pragrss of the
hydrogenation reaction, is preferably 140 to 400C, more preferably 150 to 300C, furhermore preferably
160 to 250Cr[@a67EEuUrther) thecpressirecafthe hydrogenatior-reaction is by gauge peessure,
preferably 0.3 MPa or less, more preferabty 0.1 MPa or less, furthermore preferably 0.05 MPa or less,
while is pr&faBlbly 6 MPEbr moré ffthe pressiiesss the Hdtogenatiot réatiion 35 td6 high, there is
(hE: incopuenignce hathe oredienta.which are contained in e desullydzeg.gasiied. araf[ihate
and which are then/airy cracked In the gas-phase thermal cracking step (for example,
cyclopentadiene) endwp 2 iundeigoing a‘dimerization reacticin-and rétuining tootditc diclefins (for
example, dicyclopentadiene) before thedial cracking. Further, if. ending up returned to Clo diolefins
before thetkal EFacKing? thé iy drogenatiorat thehy drolgen addition step ends up becoming difficult
and as a ggaHthe content ratios.of the diolefing. and olefingdn the obtajned-fydrocarhon material ends
up becoming higher. In particular, when using the raw material comprised of C5raffinate which
contains idiey¢lopeéntadiene: inan-amaunt-6E4 00wt oraore; stichhattendency:beeames stronger if
making the pressure of the hydrogenation reaction too highs_[0068] Further, the gas hourly space
velocity (GHSVYOf the desulfirizéd Gadified Chraffirate of the Hydrogen&iion reHctidh s hoY
particularly limited; but is preferably 50.to 500/hour, more preferably 100 to 300/hour. [0069] Further,
due to such a hydrogen addition step, it is possible to obtain gasified C5raffibate from which at least
part of thE0@a/jon-carizon doubletbonds tofrat least one selected from the dioletins and olefins which
are contained in the desulfurized gasified C5raffinate can be removed. Further, by condensing this by

a heat exchang&{ype of cooier &te  7is posSIbE 1§ obtdilt £Fydrdcarbon Material (gas-phase

thermally,ctagked.: desulfurized, and hydragepated xfé?ﬁ@f{mgtg)c [0070] ?89‘8”!59%9&“3 present

invention, it is possible to obtain a hydrocarbon material in this way. [0071] According to the present
invention;thé .C5raffinateiiscgasified-to:theally.crack at least partof the €@ dielefinc:which are
contained in the gasified C5 r)ate, then is desulfurized and hydrogenated in the gas phase state so it is
possible 16 ffitiaritly’ rérove thé didaefits and’ Gléfirs and Shifir-containig Hgredizis in'the Cle
raffinate.. Spegifically, the total.concentration of the diolefins and olefins of the obtained hydrocarbon
material can be made 0.5 wt% or less,

[0039] In the desulfurization step, the desulfurization reaction 13

preferably performed in the presence of a catalyst. Usually, this is
pnerformed by feeding the cracked gasified O raffi

above-menticoned gas-phase thermal cracking step into the desulfurization

reactor in which the catalyst is packed. The catalyst is not

particularly limited, but in the present invention, use of a catalyst
which has a supported nickel as its main ingredient is preferable.

[0040] The catalyst which has a supportad nickel as its main ingredient
1s a catalyst which comprises compound having a support comprised of a
supporting inorganic comgound on which a metal comprised of nickel is
supported as its main ingredient. As specific examples of the support
comprised of a supporting incorganic compound, silica, alumina, boria,

silica-alumina, diatocmaceous earth, white clay, clay, magnesia,
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preferablyor less, more preferably 0.1 wt or less, while, further, the content ratio of sulfur atoms can be
made preferably 1 weight ppm or less, more preferably 0.5 weight ppm or less, furthermore preferably
0.1 weight ppm or less. For this reason, the hydrocarbon material which is obtained by the producing
method of the present invention can be suitably used as a raw material of an ethylene cracker or a
gasoline base material. That is, it is possible to return this to an ethylene center for utilization as a
gasoline5458¢& méatetial 6P raw atefial 6F A 8tHylefie“cracker-th Stich-acase A8°wall - possible to
obtain the.advantage of preventing. deteriocation af the. catglyst i ine, diena remaying tower installed in
the refining section of an ethylene plant. [0072] In addition, in the present invention, by treating the
gasified Ebraffinateswhich has been-thermally.crackedin the gas phase-by tesulfurization:in:the
desulturization step followed by hydrogenation in the hydrogen addition step, it is possible to make the
lifetimes df thbicatalysteextreriely iy wher usiig tﬁéﬁﬂﬁg}ﬁﬁfﬁzaﬁo A-talySt &R Hydrogenation
catalyst in, the. desulfurization. step and hydrogen.addition step; Eurther, duelo this, according to the
present invention, it. is possible to slash the time and costs required for regeneration or replacement of
catalystscandlpassible ta smpreve-the prodtictivity {0073k kutherdntihe: present invention, since the
desulfurlation step and the hydrogen addition step are separate, it is possible to use catalysts which
enable tHEHe&iftizatioh ahd*AjdrogéRation to he perfermeeorecefficiehithyt itifite destffifization
step and;hydrogen addition Step. respectively; Dug o this, it i possinle 1o abtain 8 quality. hydrocarbon
material more efficiently pthe present invention, since the de...] furization step and thohydrooen
addition step arecseparate;dl:is possible=to Imakerthevdesulfurization by the desulfurizati.on. step
substantiall complgte‘lx end, then perform the hydrogenation react-Jon, so it is possible to effectively
prevent th@ﬁ%rod@ﬁﬁﬁ@ﬁ catalystwhichis (et inthe Ryaregéen dduitioh stég-from endiri§-up being
poisoned by the.sylfurcontaining jngredients, As afesult, it js,possible 1o remagkably, extend the
lifetime of the hydrogenation catalyst. Further, in the present invention, since the desulfurization step
and the hydrogentadditionistep:ate separatecsfor-example if:the-efftit:epeyofrthe desutfurization
catalyst which is used in the desulfurization step falls, it is sufficient to replace only the desulfurigation
catalyst. Eorthis redsort, it is-possibié to™slashie “ & arfd costsirelived fof régetidration o
replacement of the, C@éﬂ%@mﬁ eﬁésﬁmgai'mer%ﬁ%@&?d%ﬂ%%&%@ﬁ&&,theh Jn;the,present
invention, all of the gas-phase thernol cracking step, desulfurization step, and hydrogen addition step
are per forled-itethergasi phaserstatelso ‘thespreheater) gasifier, and-thermat.ctacker which are used in
the gas-phase thermal crocking step, the desulfurization reactor which is used in the desulfurization
step, and the hydrdgeitatioh reattsr which s déed i te hydroget addition &6 o not necessarily
have to be separate A-connon feactor, may of coyrse be ysed.; [0075) Nate that, in.the present
inventi.on, it is preferable to perform a desulfurication step after the gas-phase thetal cracking step and
further toopefformr sehytiragentaddition steps afterdhetdesulfurization:=step, but-provddionsof any steps
between the steps of the gas-phase thermal cracking step, desulfurization step, and hydrogen addition
step is Within the"scopd of the pre<érnit Art™ FarRer provisidh ot pidiraiities br ésfe§§1[&ﬁffﬁ1§€&gs-phase
thermal cracking.step, desulfurization step,.and hydrogen additionsstep and-pravisign of additional
steps between the steps axe also within the scope of the present art. EXAMPLES [0076] Below, the
present imveriiorowill Be explained:baSedor moredetailed examplessbut the presentliavention is not
limited to these examples. Note that, below, "%" is based on weight unless otherwise indicated.
Further, Thé 1e&t$ And evABations Were peHoritetr a4 described b&low 067 7fEXample B (Gas-Phase
Thermal Cracking:Step): < Using as the Chraffinate the, Raw Material, 1 which.is.shown in the
following Table a, this was in.trodu.ced by a fluid feed pump to a stainibss steel gasification tube
heated t61190C,(Iengthi<250 mnyrinsideddianteter: 28.2mim) 1 gasifythe-Chraffinate. Next, the
gasified

hand, 1f toc large, sometimes the desulfurization performance ends up
falling compared with the casze when used as nickel alone, Note that,
even when including ftwo or more types of metal as the metals other than

nickel, the total content ratic of the metals other than nickel may be

,z;,



affinate was introduced into a stainless steel., thermal cracking tube heated to 350C (length.: 250 mm,
inside diameter: 23.2 mm) to thermally crack mainly the dicyclopentadiene in the 05 inatb. The
cracking rate of dicyclopentadiene at this time was 99.9% or more. [0078](Desulfbrization Step)
Next, a jacket type stainless steel reaction at (inside diameter: 23.2 rim) was packed with a
nickel-supported catalyst. (made by Nikki Chemicals, N112 catalyst. supported metal: nickel 50%,
copper 295 Ehrofiui 266, EUpport didfdifbceous earth) 48.8 mi and a feed rate of 200 mi4min of
hydrogenpa@gpintroduced, whereby the catalyst was.reduced, in advance-in.a reactor heated;to 200C,
then a feed rate of GHS4/4207 of the cracked gasified Cjraffinate obtained in the gas-phase thermal
cracking step andsafeed rate:of 300:Mifmirof hydrogen: wereantroduced and-a ‘desulfurization
reaction was performed in the gas phase. The inside temperature of the reactor at this time was 200 to
250C, while (16 Tentiian presslreas b, 01 MPA brlese: J00781(Hy Grdgen Addition Step) Next, the
obtained desulfyrized,ga fled &Etmﬁimﬁwwpt@%&?ﬁﬂet%@&m typersta:less steel reaction
tube (inside diameter: 23.2 mm) in which a nickel-supported catalyst (made by Nikki Chemicals,
N102F catalyst'supported metal> iickel 6096 =sapport:imagnésiassilica)48.8 mi'was:packeéd and then
treated for reduction in advance in the reactor heated to 200C, and a hydrogenation reaction was
performedinthé’gas phase® The inside temperatire of the teattdr B thisTimd waE 2606 250C, while
the reaction pressurg was;0:01 MEa ok less.ther, thegeaction be quilet.gas was condensed in a heat
exchange type cooler to obtain a condensate. [0080] Note that, in the present example, a cin:ulation
type reaction-apparatus conhecting thepreheater,lgasifierand-therhal-ctackerawhich.werecused in the
gas-phasje‘\thermgl cracking §f£, tlhebdesgl@TLzﬁiqnwr(];acttor‘r\}/yhigh was used in the desulfurization
step, and the'hydrogenation reactdr which Was’ usedin the hydrogén-addition-step was tSed. [0081]
Further, in present:example, theC r.raffinate was-continuously-fed to the abgve:mentioned gas-phase
thermal cracking step, desulfurization step, and hydrogen addition step for continuous operation, the
obtained ¥Hddnsale was extidcted every Eertain tirel ard the extractedicondensate wassanalyzed for
composition by gagc_r_qumato%rafphx an.d analyzed for sulfur atom concentration by gas .
chromatoyiaphy With & cherical Tuminescence e sulfir detettor. T0083) *fhé téactionifhe at which
the hydrogepationyate of .a typical glefin produced; that is -cyclopentene, fell below 99% as a. result of
analysis (hydrogenation catalyst lifetime) is shown in Table 2, the results of composition analysis when
the hydragenationrate of cyclepgenténe felibelon 99% aresshewh i ¥ akile Brandthessulfur atom
concentration ygpgr_l the bxgrgggnatiogi rate of _cy_glo;kgnt ne f.gl[ below 99% shown ia 4. Note that, in
Table 2, the Tlow Tate of the asiired C; raffinate and the amount-of tréatment per thithydrogenation
catalyst (flowratexitaetime)in:the desulfurization.step- and-hydrogen addjtion step.are shown
together. Further, in Example I, even if continuously operating the system for 1500 hours, the
hydrogenidtitn Fate: of Eyelopentenedid Hot fall lsdlow: 99%, sothecresults bif:analysis of the
composit{iigarl ‘.g;n%d sulfur atom cgpgen_trat‘ig\n afte 31_599 hqurts are show_vr; ig Té&bl‘?,fﬁw@”q Table 4. [0083]
Note that, in the present example; the composition was analyzed Usinga méasuring dévice comprised
of a gas chramatography apparatus with an FID detector (made by Agilent Technologies), using a
capillary col.urma comprised_ of HP-1. (60 mR250 pmx1.0 pm), making the sample irhection8 1.0 pL,
split ratio[4944] inlettemipefatiite S 140G IRt b tor temperatiret 300G tafrier gasy heliuhsand carrier
gas flow rate: 1. ml/rrg]ir]C stagﬂli“r]gtlﬂe eating . r(_lbd,er ﬂ]e conditions CQJ an ov?nﬁtemgerature: 40C,
holding at 40C%or 10 minutes, then raising the temperatute 16 250Cat 16CImin in rate. and, further
raising the; temperature-10:280€ at 20CHainin rater Further, fram the obtainedsesults-ofranalysis, the
ratio of composition was found by the area ratio.

reaction tubes of the mulititube type fixed bed circulation reactor is

il

preferably 6 to 100 mm, more preferably 10 to 70 mm, while the length of

b

the reaction tubes is preferabkly 0.1 to 10 m, more preferably 0.3 to 7 m.
[0045] In the desulfurization step, as pretreatment of the
desulfurization reacticn, it is preferable to reduce the catalyst which

13 packed in the desulfurization reactor in advance in the

desulfurization reactor by a known method etc. By reducing the catalyst



Further, the cracking rate of dicyclopentadiene was found by finding the ratios of composition of the
dioyclopentadiene of the raw material and the dicyclopentadiene remaining after gas phase thermal.
cracking, subtracting the ratio of composition of dicyclopentadiene remaining after gas phase the.... al
cracking from the ratio of composition of dicyclopentadiene of the raw material, and dividing the result
by the ratio of composition of the dicyclopentadiene of the raw material. [0084] Further, in the present
example; the GG atom contentratioh was anafyzed uEing 4 heasufing délieB/éonijsiised of a gas
chromatography apparatus with a chemical Juminescence, type sulfur detector (made by, 4a
Technologies), using a capillary column comprised of H2-1 (30 helium, and carri..er gas faov ate:
1.0/min cstartingthetheatingtunder.the core<ionstef an oven temperatiurer40C, fieiding:at 40C for 10
minutes, tr)qenr raising the temperature to 240C at 10C/min in rate, and, further, raising the temperature
to 280CHAY 20ETMIR intate  BUTtnet, frori the-6Btaintd ré&ults of Ahafisis- 1hé Siffii-atom
concentygiiar vascalculated by the.apsolite. calibration curve method..[0085] Further, the
hydrogenation rate of the cyclopentene was calculated from the ratios of the cyclopentene and
cyclopentare.0086] | Compardfive . Exampleb {Gas-Phase khermal-Cracking Step)he Using as the
Cgratifinate the Raw Material 1 which ic shown in the following Table 1, the same procedure was
folabwed™ 8 i Exarmple 158 peiforit the'gdS phage tHEtntaRErasking Sep THE tratkingate of
dicyclopentadiene at this.time, was, 99,9% or mere. [0087](Hydrogen Addition Step) - Next, a jacket
type stainless steel reaction tube (inside diameter: 23.2 mm) was packed with a nickel-supported
catalyst {nmdedy MikkiChemicals,-Nd k2:catalyst)z33 maand-a:feed raterof 200tmidfmin of hydrogen
was introduced, whereby the catalyst was reduced in advance in the reactor heated to 200C, then a
feed rate S ERSVE30Y 61 e FACKEd GaSHiddEjratihafe ShTdet I thé Yad phaLE tidrnal cracking
step and,a feed rate of 375 ml/mbJ of. hydrogen were introduced and a hydrogenation reaction was
performed in the gas phase. The inside temperature of the reactor at this time was 250 to 300C, while
thp reactid®ipiessire Wwas0.04 MPaordesscFurthers the reaction tubeoutletigas was condensed by a
neat exchange type cooler to obtain a. condensate, [0088] Further, in Comparative Example 1, as well,

i

in the sarmeWay as Exaimpl&the operafion was péroriidd contintiously Sthe’gbtained'@ofidensate was

extracted.gvery. predetermined.time, and the extracted gendensate was analyzed.in,the same way.
Note that, in Comparative Example 1, after 355 hours from the start of continuous operation, the

hydrogemation rate)6f tyclgpenterie/ ferbelow 9980 rseiat:that pairt-of tinee it \was judged that the
lifetime of tbeh drggepatqu catalyst reached its end and tpeﬂggputﬂi‘n‘yous operation was stopped.
[0089] [Corparative EXaniple 21 (GadiPhaSe Therfar€fackifg StepY - Using as the C8raffinate the
Raw Maggtiagi which-dsshowndnithe-following. Table ], the.same procedure was fellowed as in
Example 1 to perform: the gas phase thermal cracking step. The cracking rate of dicyclopentadiene at
this timewas 99904 ppamorelt is not particularly limited, but, for example, when

using a catalyst which has a supported nickel as ifts main ingredient, it

is preferably 1 hour or more, more preferably 3 hours or more. By making

the heating time this range, it is possible to make the activation of

the catalyst by reduction treatment sufficisent.

[0049] *Further, the gas hourly space velocity of hydrogen (value of

oy

total flow rat £ hydrogen gas per hour divided by packed volume of

W
9]

catalyst (based on empty tube), below, referred to as "GHSV") at the
time of reduction treatment is not particularly limited, but, for

example, when using a catalyst which has a supported nickel as its main

preferabie,

[0050] In the desulfuarization step, the desulfurization reaction is



[0090](Hydrogen Addition Step)  Next, a jacket type stainless steel reaction tube (inside diameter:
23.2 mm) was packed with a nickel-supported catalyst (made by Nikki Chemicals, N102E' catalyst)
31.8 ml and a feed rate of 200 mi.../min of hydrogen was introduced, whereby the catalyst was
reduced in advance in the reactor heated to 200C, then a: feed rate of GHS)1-337 of the cracked
gasified Coraffinate obtained in the gas-phase thermal cracking step and a feed rate of 375 mi/min of
hydrogef Weré fhtradiced aria a hydrogehation reaction Was performed-in‘thé §ashase The inside
temperature,of the reactor at thisitime,was 250 1p. 300C.. while the reaction pressure was 0.01 MPa or
less. Further, the reaction tube outlet gas was condensed by a heat exchange type cooler to obtain a
condensate [009L]-Further; irComparativerExample 2izas et sinthe saine ivayassExample 1, the
operation was performed continuously, the obtained condensate was extracted every predetermined
time, and & extracted condendaté waS analyzedin'the Santé Wiy “Riote that, i Cémip atjve Example
2, after 320,hoyrs,from the start of continuays:operation, the hydrogenation.. rateof cyclgpentene fell
below 99%, so at that point of - 26- tame, it was judged that the lifetime of the hydrogenation catalyst
reached dtssendand thie contimytusoperationywas:stopped 2[0882}  fCemparative Example 3]
(Gas-Phase Thermal _Qra_ck_irlgé,Ste&g)% ,lgfiqg as tn%(fSr!affirgate the Ram Material 2 which is shown in
the followitig Tabte 1 the ‘Same protedure was foltowed 45 inEXample 16 pertbrmhe gas phase
thermal cragking, step- The cracking rate-of dicyclopentadiene at this time was 99.9% or more.
[0093](Hydrogen Addition Step)  Next, a jacket type stainless steel reaction tube (inside diameter:
23.2 mm})0as Joackedwithra padtadivmesupported catalystimade Hy:Nikki Chemicats, ;N1182A2
catalyst) 92.6 mil, the reaction tube was heated to 180C, then a feed rate of GHSV-172 of cracked
gasified C raffihate WHICH was Sbtainéd St thé gas-phése thermaléracking $teh and s é8d rate of 500
ml/mid of. hydragen:weredntroduced and ahydrogenation reaction performed.in.the gas.phase. The
inside temperature of the reactor at this time was 250 to 300C, while the reaction pressure was 0.01
pea or lesst Furthiet; thecreattion tube ioutletgas was ¢ondensed axheatiexchange type cooler to
obtain a condensate, [0094] Further, in Comparative Example 3, as well, in the same way as Example
I. the opEration WaS pétormed ¢ontinliGusly; the Sbiained condensats was extfacted every
predete_dingdrime; and the exiracted; condensate was.analyzed.in.t.he.sane way..Note that, in
Comparative Example 3, after 4 hours from the start of continuous operation, the hydrogenation rate of
cycloperitenesfell below 99%:3 50 attiratpeint ofdtbmescitwas jadged:thai thezlifetime ofthein
hydrogqugonmcatarlyst reached its end and the continuous operation was stopped. [0095]
[Comparative Example 4f (Gas-Phase Therial"Gricking Step) Using a€ tHe Corafiinate the Raw
Material 3.which is shown.dp.the: following Table L, the; same procedure was followed.as in Example 1
to perform the gas phase thermal cracking step. The cracking rate of dicyclopentadiene at this time
was 99.9%torptorely reduce the concentration of diclefins and olefins in the

finally obtained hydrocarbon material. Further, for example, even when
the reactivity of the hydrogenation reaction of the catalyst used in the
desulfurization step deteriorates due to the effect of the sulfur—
containing ingredients, 1t 1s possible to perform the nydrogenation
reaction using a catalyst not poisoned by the sulfur-containing
ingredients in the hydrogen addition step afrer the desulfurization step,
50 1n such a case as well, 1t is possible to effectively reduce the

. P I s R sty . 3 T
concentration o6 diclelins ang ole

iy

ins in the finelly obtained
hydrocarbon material. Further, by providing the desul furization step
pefore the hydrogen addition step, it is possible to efficiently remove
the sulfur-containing ingredients which are contained in the cracked

o

gasified C: raffinate, sc the hydrogenation catalyst becomes resistant to

- 14 -



[0096](Two-Stage Hydrogen Addition Step)  Next, a jacket type stainless steel reaction tube (inside
diameter: 23.2 mm) was packed with a palladium-supported catalyst (made by Nikki Chemicals,
N1182AZ catalyst) 83.4 ml, the reaction tube was heated to 180C, then a feed rate of GHSV-165 of
the cracked gasified Chraffinate which was obtained at the gas-phase thermal cracking step and a
feed rate of 500 ml /min of hydrogen were introduced together to perform a hydrogenation reaction in
the gas phasestite> Tie'inside femperatire of-the réactot Bt thistine was 180%6 256C Swhile the
reaction pressure.was.Q.01,.MPa qrless, [0097] Next, the obtained reactign gas was injroduced into a

jacket type stainless steel reaction tube (inside diameter: 23.2 mm) in which a nickel-supported
catalyst (madedyiNikki Chemicals, N102F catalyst) 63.7 be was packed and then reduced in advance

in the reagctor heated to 200C by introducing a feed rate of 200 ml/min of hydrogen, and a
hydrogenBtioif feaction furtREF peFfSimed SHTheSGHs PHasE “TRB iRsidd teMmperattife of the reactor at

this ime pias 200,0:250C.rwhile e feaction pressute was 0.01 MPa ol less, Eunher, the reaction

tube outlet gas was condensed by a heat exchange type cooler to obtain a condensate. [0098]
Further, inf€ompatdtive Exampled;asiwell, in the same-way.as Exampled, ‘the apesation was
perfoined continuously, the obtained condensate was extracted every predetermined time, and the
extracted CondENRate Wis Hnalyzedin thie SEME Way 'Noté that, in“Eorfiparative Example 4, after 1018
hours frompgiag ptart-of continuoys gperation, the hydragenation rate of cyclopentene fell below 99%,

so at that point of time, it was nudged that the lifetime of the hydrogenation _ 1 reached its end and
the contineous gperatior:was steppedy[0099)Table 11Eable loLompdundConterit ratio Raw Material
1 Raw Material 2 L
less, furhtermore preferably 0.05 MPz or less, while is preferably O MPa
or more. If the pressure of the desulfurizaticn reaction is too high,
there is the inconvenience that the ingredients which are contained in
the cracked gasified U raffinate and which are thermally cracked in the
gas-phase thermal cracking step (for exanple, cyclopentadiene) end up
undergoling a dimerization reacticn and returning to Cp dicolefins (for
example, dicyclopentadiene) before thermal cracking. Further, if ending
up returning to Cp diolefins before thermal cracking, hvdrogenation at
the later explained hydrogen addition step ends up becoming difficult.
As a result, the content ratics of diclefins and clefins in the cobhtained
hydrocarbon material end up becoming higher. In particular, when using a
raw material comprised of O ratfinate which contains a dicyciopentadiene
in an amount of 10 wt% or more, such a tendency becomes stronger when
the pressure of the desulfurization reaction is made too high.
[0054] TFurther, the gas hourly space velocity (GHSV) of the cracked
gasified Cs raffinate of the desulfurization reaction is not particularly
limited, but is preferably 50 to 500/hour, more preferably 100 to
300/ hour .
[0055] Further, due to such a desulfurization step, it is possible to
obtain a gasitied C raffinate from which at least part of the sulfur-

containing ingredients which were contained in the cracked gasified Cs



Raw Material 3 Pentane (%) 12.0 0.0 0.4 Isopentane (ax; 10.9 0.9 0.8 Cyclopentane (%) 19 3.3 1.4
2-methylpentane

- v el

reffinate is removed (below, sometimes referred to as the "desulfurized
gasiftied Ce raffinate").

[0056] Due to such 2 desulfurizaticn step, it is possible o reducs the
content ratio of sulfur atoms in the desulf
to preferably 5 weight ppm or less with respect to the desulfurized

ified Cs raffinate as a whole, more preferably 3 weight ppm or less,

6]

4

furhtermore preferably 1 welght pom or less.
[0057] <Hydrogen Addition Step>

Newt, the hydrogen addition step will be explained. The hydrogen
addition step 1s a step of hydrogenating at least part of the carbon-
carbon double bonds of at least one selected from the diciefins and
oclefing which are contained in gasified O raffinate after the above-

mentioned desulfurization step in the gas phase state.

{0058] In the hydrogen addition step, the hydrogenation reaction is

e

referabl
prereralicy

performed in the presence of & catalyst. Usually, this is
performed by feading the desulfurired gasified Cs raffinate which is
obtained in the above-mentioned desulfurization step into the
nydrogenation reactor in which the catalyst 1s packed. The catalyst is
not particularly limited, but in the present invention, a catalyst which
has a supported nickel as its main ingredient is preferably used.

[0059] The catalyst which has a supported nickel as its main ingredient
is a catalyst which comprises compound having a support comprised of a
supperting inorganic compound on which a metal comprised of nickel is

uprported as its main ingredient. As specific examples of the support

omprised of a supporting inorganic compound, silica, alumina, boria,

diatomaceous earth, white clay, clay, magnesia,

88}

magnesia—silica, titania, zirconia, etc. may be mentioned. Among these
as well, magnesla-silica ils preferable from the viewpoint of the higher

hydrogenation performance. That
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catalyst which comprises, as a main ingredient, a compound where nickel



(%) 2.7 5.3 1.6 3-methylpentane (%) 0.7 1.6 0.3 n--hexane (%) 1.1 1.8 0.3 Cyclohexane (%) 1.4 3.9

upported on magnesia-silica is preferable. By using such & catalyst,

o
n
U)

[0060} rurther, as the metal which is supported on the support, it is

roszible to include, in addition to nickel, a metal other
an amount of preferably 25 wt% or less with respect to the metal which

15 supported on the support as a whole, more preferably 10 wt% or less,
but when not including a metal other than nickel and using nicksl alone,

the hydrogenation performance is high, so this is more preferable.

[0061] The content ratioc of the me supported on the support
to the catalyst as a whole is preferably 20 to 90 wt%, more preferably
40 to 70 wt%. On the cother hand, the content ratio of the support
comprised of the supporting inorganic compound to the catalyst as a
whole is preferably 80 to 10 wt%, more preferably 60 to 30 wt%. IL the

3
i

content of the metal which is supported on the support is too small, the

effect of improvement of the hvdrogenation performance sometimes becomes
hard to cbtain. On the other hand, 1if too large, sometimes the catalyst

f falls in mechanical strength and a sufficient hydrogenation

”T

;"Wf

Lae
verformance cannot be exhibited.

[0062] Further, the shape of the catalyst is not particularly limite

Cr

and in general is a pellet shape, spherical shape, columar shape, ring
=to. Further, the particie size of the catalyst is not
particularly limited. The optimum value should be selected by the inside
diameter of the hydrogenation reactor etc., but the average particle

do
T
L

size of the catalyst used in the present invention is preferably 1 to 40
mm, more preferably 2 to 20 mm, from the viewpolnt of the efficient
progress in the hydrogenation reaction.

[0063] The hydrogenation reactor which is used in the hydrogen addition

step is not particularly limited, but a multitube type fixed bed

circulation reactor is preferable. Further, the inside diameter of the

_‘1{7_



6.1 Methytcyclohexane (%) 0.3 0.7 8,5 Olefins 1-pentene (%) 2.3 0.9 0.3 Cyclopentene " 3.0 4,2 1.0

reaction tubes of the multitube type fixed bed circulation reactor is
preferably 6 to 100 mm, mere preferably 10 fo 70 mm, while the length of
the reaction tubes is preferably 0.1 to 10 m, more preferably 0.3 to 7
[0064] In the hydrogen addition step, as pretreatment of the
hydrogenation reaction, it is preferable tc treat the catalyst packsd in
the hydrogenation reactor by reduction in the hydreogenation reactor in
advance by a known method etc. The reduction method and reduction

condition at the time of reduction of the catalyst in advance can, for

exanple, be made ones similay Lo those in the above-mentioned

desu step.
[0065] in the hydrogen additicon step, i preferable to perform the
hydrogenation reaction in a reducing atmosphere, in particular, it is

preferable to perform it in a hydrogen gas atmosphere. By performing the
hydrogenation reaction in a hydrogen gas atmosphere, 1t 1s peossible to
. J Y J 3 - ¥

raise the effliclency of the hydrogenation reaction more. The gas hourly
space velocity (GHSY) of hydrogen at the fime of performing the

hydrogenation reaction in a hydrogen gas atmosphere is not particularly
limited, but 100 to 10000/hour is preferable, while 200 to 5000/hour is

more preferable

[0066] The temperature of the hydrogenation reaction is not

particularly limited, but, from the viewpolnt of efficient progress of

the hydrogenation reaction, iz preferaply 140 to 400°C, more preferably
150 te 300°C, furhermore preferably 160 to 250°C.

[0067] Further, the pressure of the hydrogenation reaction is, by gauge

pressure, preferably 0.3 MPa or less, mors preferably 0.1 MPa or less,

more. If the pressure of the hydregenation reaction is too high, there

is the inconvenience that the ingradients which are containe

Q.

in the

thermally cracked in the

1 cracking step (for example, cyclopentadiens) end up



Dolefins Isoprene (%) 11.5 2.9 2.7 Trans 1,3-pentathene (%) 5,1 4.3 0.5 Cyclopenta (llene (5) 3.4 4.7
1.8

ndergoing & dimerization reaction and returning to the G diclefins
{for example, dicyolopentadiene) before thermal cracking. Further, if
ending up returned to Cy diolefins before thermal cracking, th
hydrogenation at the hydrogen addition step ends up becoming difficult
and as & result the content ratios of the diclefins and olefins in the
cbhtalned hydrocarbon material ends up becoming higher. In particular,
when using the raw material comprised of O raffinate which contains
dicyelopentadiene in an amount of 10 wt% or more, such a tendency
becomes stronger 1L making the pressure of the hydrogenation reaction
too high.

[0068] rfurther, the gas hourly space velocity (GHSV) of the
desuifurized gasified C. raffinate of the hydrogenation reaction 1s not
particularly limited, but is preferably 50 to 500/hour, more preferably
160 to 30C/hour.

[0069] Further, due to such a hydrogen addition step, it is possible to

obtain gasified C; raffinate from which at least part of the carbon-

carbon double bonds of at least one selected from the diclefins and
oclefinsg which are contained in the desul zed gasified Cs raffinate can
pe removed. Further, by condensing this by a heat exchange type of

cooler etc., it 1s possible fto cbtain a hydrocarbon material (gas-phase
thermally cracked, desulfurized, and hydrogenated C; raffinate).

[0070] According to the present invention, it is pessible o obtaln a
hydrocarbon material in this way.

inate is gasified

[0071] According to the present invention,

to themmally crack at least part of the O diolefins which are contained

—~

in the gasified C: raffinate, then is desulfurized and hydrogenated in
the gas phase state, so it is possible to efficlently remove the
diclefins and olefins and sulfur-containing ingredients in the C

-

raffinate. Specifically, the total concentration of the diolefins and

hydrocarbon material can be made 0.5 wt% or less,

19 -



‘Dtcyclopentadiene (%) 34.7 46.8 50.4 Benzene (5) 0.6 0.7 1.0 C7 to C9 (5) OA 1.5 4.0 Clof (%)

preferably 0.3 wt% or less, more preferably 0.1 wt% or less, while,

further, the content ratio of sulfur atoms can be made preferabiy 1
welght pom or less, more preferably 0.5 welcht ppm or less, furthermore

preferably 0.1 weight opm or less. For this reascon, the hydrocarbon
material which is obtained by the producing method of the present
invention can be sultably used as a raw material of an ethylene cracker
or a gasoliine base material. That is, it is possible to return this to
an ethylene center for utilization as a gasoline base material or raw

naterial of an ethylene cracker. In such a case as well, if is possible
to obtain the advantage of preventing deterioration of the catalvst in
the diene removing tower installed in the refining section of an
ethylene plant
[0072] In addition, in the present invention, by treating the gasified
Cs raffinate which has been thermally cracked in the gas phase by
desulfurization in the desulfurization step foliowed by hydrogenation in
the hydrogen addition step, it is possible to make the lifetimes of the
catalysts extremely long when using the desulfurization catalyst and
hydrogenation catalyst in the desulfurization step and hydrogen addition
step. Further, due to this, according to the present invention, it is
possible to slash the time and costs required for regensrvation or
vlacoment of catalysts and possible to lmprove the productivity.
[0073] Further, in the present invention, since the desulfurization

step and The hydrogen addition step are separate, it is possible to use

catalysts which enable the desulfurization and hydrogenation to be
performed more hydrogen
addition step respectivels ue to this, it is possible to cbtain a high

tion by the

=% - e
tnen per iomm the



8.0 165 189 Note that, from Table | and Table 4, the Raw Material 1 to Raw Material. 3 all:tent
ratios of diolefins and olefins of the sage extent, had contents of sulhur atoms of the same extent as
well, and could be judged as Raw materials of the same extent when judging whether the diolefins and
olefins and sulfur-containing ingredients could be efficiently removed. [0100] Table 2 Table 2
Example 1 Comp. Ex. 1 Comp. Ex. 2 Comp. Ex. 3 Comp. Ex. 4 Hydrogenation catalyst lifetime(hr)
>1.500 3BEirogenation reaction, so it is possible to effectively prevent "the

hydrogenation catalyst which is used in the hydrogen addition step from

ending up being poisoned by the sulfur-containing ingredients. As a

result, it 1s possible to remarkably extend the lifetime of the

hydrogenation catalyst. Purther, in the present invention, since the

desulfurization step and the hydrogen addition step are separate, for

exampls, 1f the efficiency of the desulfurization catalyst which is used

in the desulfurization step falls, 1t is sufficient (o replace conly the

desulfurization catalyst. For this reason, it 1s possible to slash the

Time and costs reguired for regeneration or replacement of the catalysts

and possible to improve the productivity.

[0074] Note that, in the present invention, ail of the gas-phase

thermal cracking step, desulfurization step, and hydrogen addition step

thermal cracker which are used in the gas-phase thermal crackling step,
the desulfurization reactor which is used in the desulfurization step,
and the hydrogenation reactor which iz used in the hydrogen addition

step do not necessarily have to be separate. A conmmon reactor may of

[G0T75] Note that, in the present inventicon, it is preferable to perform
a desulfurization step after the gas-phase thermal cracking step and
further to perform a hydrogen addition step after the desulfurization
step, but provision of any steps bebween the steps of the gas-phase
thermal cracking step, desuifurization step, and hvdrogen addition step
is within the scope of the present art. Further, provision of

£

f steps of the gas-phase thermal cracking ster,

a e

uralities of

7?:)

5

desulfurization step, and hydrogen addition step and provision of
additional steps betwsen the steps are also within the scope of the

present art.



320 4 1,018 Flow rate(.h") 207 309 337 172 165 Amount of treatment per unit catalyst >310,500
109.695 107,840 688 167.970 - 29 -

EXAMPLFES
[0076] Below, the present invention will bhe explained based on more
detalled examples, but the present invention is not limited to these
examples. Note that, below, "3" is based on weight unless otherwise
indicated. Further, the tests and evaluations were perfcormed as
described below.
[0077] | Example 1)
{Gas~Phase Thermal Cracking Step)

Using as the C:raffinate the Raw Material 1 which is shown in the
following Table 1, this was introduced by a fluid feed pump to 2
stainless steel gasiflication tube heated to 190°C (length: 25C mm,

. N

mm) to gasify the C; raffinate. Next, the gasified

(8]

inside diameter: 23.
Cy raffinate was introduced intc a stalnless steel thermal cracking tube
heated to 350°C (length: 250 mm, inside diameter: 23.2 wm) to thermally
crack mainly the dicyclopentadiene in the C, raffinate. The cracking rate

of dicyciopentadiene at this time was 99.9% or more.
[06078] {(Desulfarization Step)
Next, a jacket type stainless steel reaction tube (inside diameter:

23.2 mm) was packed with a nickel-supported catalyst (made by Nikki

Chemicals, N11Z catalyst. supported metal: nickel 50%, copper 2%,
chromium 2%, support: diatomaceous earth) 48.8 ml and a feed rate of 200

ml/min of hydrogen was introduced, whereby the catalyst was reduced in
advance in a reactor heated to 200°C, then a feed rate of GHSV=207 of
the cracked gasified C. raffinate obtained in the gas-phase thermal
~racking step and a feed rate of 300 mi/min of hydrogen were introduced
and a desulfurization reaction was performed in the gas phase. The
inside temperature of the reactor at this time was 200 to 256°C, while
the reaction pressure was 0.0]1 MPa or less,
[0079] (Hydrogen Addition Step)

3

Next, the obtained desulfurized ga

finate was introduced

o
]



[0101] Table 3 Table3 Compound Content ratio Example 1 Comp. Ex. 1 Comp. Ex. 2 Comp. Ex. 3
Comp, Ex. 4 Pentane N 23.1 24.222.41.2 2.2

inte a jacket type stainless stesl reaction tube {(inside diameter: 23.2
mm) in which a nickel-supported cataiyst (made by Nikki Chemicals, N10ZF
catalyst, supperted metal: nickel ©0%, support: magnesia-silica) 48.8 mi
was packed and then treated for reduction in advance in the reactor
heated to 200°C, and a hydrogenation reacticn was performed in the gas
phase. The inside temperature of the reactor at this time was 200 to
250°C, while the reaction pressure was 0.01 MPa or less. Further, the
reaction tube cutlel gas was condensed in a healt exchange type cooler to
obtain a condensate.

{008B0]  Note that, in the present example, a circulabion type reaction
apparatus connecting the preheater, gasifier, and thermal cracker which

were used in the gas-phase thermal cracking step, the desulfurization

reactor which was used in the desulfurization step, and the

used.
[00B1] TFurther, in present examplie, the C. raffinate was continuously

fed

(.
't

o the above-mentioned gas-phase thermal cracking step,
desulfurization step, and hydrogen addition step for continucus
operation, the cbtained condensate was extracted every certain time, and
the extracted condensate was analyzed for composition by gas

chromatography and analyzed for sulfur atom concentration by gas

chromatography with a chendcal luminescence type sulfur detector.
[0082] The reaction time at which the hydrogenation rate of a typlcal

olefin produced, that is, cyclopentene, fell below 99% as a result of
analysis (hydrogenation catalyst lifetime) is shown in Table 2, the
results cof composition analysis when the hydrogenation rate of

cyciopentens fell below 95% are shown in Table 3, and the sulfur atom

concentration when the hydrogenation rate of cyclopenitens

4, Note that, in Teble Z, the flow rate of the
¥ s

affinate and the amcunt of treatment per unit hydrogenation

23



isopentane N 24.4 24.1 20.7 0.5 4,4 Cyclopentane (5) 40.9 40.9 43.0 6.6 58.9 2-methylpentane 3.1
3.4

catalyst (=flow ratexlifetime) in the desulfurization step and hydrogen
addition step are shown together. Further, in Example 1, even if
continuousiy operating the system for 1500 hours, the hydrogenation rate

of cyclopentene did not fall below $9%, so the results of analysis of

the composition and sullur atom concentration after 1500 hours are shown

=

in Tabie 3 and Table
[0083] 1ote that, in the present example, the composition was analyzed
using a measuring device comprised of a gas chromatography apparatus
with an FID detector (made by Agilent Technologies), using a capillary

column comprised of HP-1 {60 mx250 wmxl .0 wn), making the sample

1/50, inlet temperature: 140°C, detector

indection: 1.0 uil, split
temperature: 200°C, carrier gas: helium, and carrier gas flow rate: 1.0
mlL/min, starting the heating under the conditions of an oven temperature:
40°C, holding at 40°C for 10 minutes, then raising the femperature to
250°C at 10°C/min in rate, and, further, raising the temperature to

Z80°C at 20°C/min in rate. Further, from the obtained results of

analysis, the ratic of composition was found by the area ratio.

Further, the cracking rate of dicyclopentadiene was found by finding
the ratios of composition of the dicyclopentadiene of the raw naterial
and the dicycleopentadiens remaining after gas phase thermal cracking,
subtracting the ratic of canposition of dicyclopentadiens remaining

after gas phase thermal cracking from the ratio of composition of

dicyclopentadiene of the raw material, and dividing the result by the
ratic of composition of the dicyclopentadiene of the raw material.
[0084] TFurther, in the present exarmple, the sulfur atom concentration

was analyzed using a measuring device comprised of a gas chromatography

apparatus with a chemical luminescence type sulfur detector (made by

e

£
paii-3
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wyilent Technologies), using a capiilary co. s of HP-1 (30
mx320 umx1.0 umy, making the sample injection: 0.2 ul, split ratio: 1/50,

iniet temperature: 140°C, detector temperature: 800°C, carrier gas:



3.6 5.1 1.9 3-methylpentane ¢( 0.8 1.4 0.9 1.0 0.4 n-hexane 1.3 0.4 1.5 1.1 0.4 Cyclohexane

helium, and carrier gas flow rate: 1.0 ml/min, starting the heating

under the conditions of an oven temperature: 40°C, holding at 40°C for

10°%C
R

- : 5 o 4 e PN — [ A @~ L R, -
14 minutes, then raising the temperature to 240°C at C/min in rate,

and, further, raising the temperature to 280°C at 20°C/min in rate.

obtained results of analysis, the sulfur ataom

Farther, from
concentration was calculated by the absolute calibration curve method.
[0085] TFurther, the hydrogenation rate of the cyclopentene was
calculated from the ratios of the cyclopentens and cyclopentane.
[0086] [ Comparative Example 13

(Gas-Phase Thermal Cracking Step)

Using as the Oy ralfinate the Raw Material 1 which is shown in the
following Table 1, the same procedure was followed as in Example 1 to
perform the gas phase thermal cracking step. The cracking rate of
dicyclopentadiens at this time was 99.9% or more.
[0087] {(Hydrogen Addition Step)

Next, a jacket type stainless steel reaction tube ({inzside dlameter:
23.2 mm} was packed with a nickel-supported catalyst (made by Nikki

Chemicals, NilZ catalyst) 33.% ml and a feed rate of 200 ml/min of

hydrogen was introduced, whereby the catalyst was reduced in advance in

gasified C raffinate obtained in the gas-vhase thermal cracking step and
a feed rate of 375 ml/min of hydrogen were introduced and a
hydrogenation reaction was performed in the gas phase. The inside
temperature of the reactor at this time was 250 to 300°C, while the
reazction pressure was 0.01 MPa or less. Further, the reaction tube

outlet gas was condensed by a heat exchange type cocoler to obtain a

condensate.,

condensate was extracted every predetermined time, and the extracted
- f
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5)141.41594 6.8 Methylcyclohexane (5) 0.2 0,3 0.3 1.5 9.0 Olefins 1-pentene (5) 0.0 0.0

condensate was analyzed in fhe same way. Note that, in Comparative
Example 1, after 355 hours from the start of continuous operation, the
hydrogenation rate of cyclopentene fell below 99%, so at that point of
time, it was judged that the lifetime of the hydrogenation catalyst

eached its end and the continuous operation was stopped.

{0088] [ Comparative Example 2]

inate the Raw Material 1 which is shown in the
cilowing Table 1, the same procedure was followed as in Example 1 to
perform the gas phase thermal cracking step. The cracking rate of
dicvolopentadiene at this time was 99.9% or more.
[0080] (Hydrogen Addition Step)

Next, a Jjacket type stainless steel reaction tube (inside diameter:
23.2 mm} was packed with a nickel-supported catalyst (made by Nikki

Chemicals, NLOZF catalyst) 31.8 ml and a feed rate of 200 ml/min of

hydrogen was introduced, whereby the catalyst was reduced in advance in
the reactor heated to 200°C, then a feed rate of GHSV=337 of the cracked
gasified C: raffinate obtained in the gas-phase thermal cracking step and

& feed rate of 375 ml/min of hydrogen were introduced and a

hydrogenation reaction was performed in the gas phase. The inside

et

temperature of the reactor at this time was 250 to 300°C, while the
reaction pressure was .01 Mba or less. Further, the reaction tube
cutlet gas was condensed by a heat exchange type cooler to obtain a
condensate.
[0091] Further, in Comparative Example 2, as well, in the same way as
ample 1, the operation was performed continuously, the obtained
condensate was extracted every predetermined fime, and the extracted
condensate was analyzed in the same way. Note that, in Corparative
Example 2, after 320 heours from the start of continuous operation, the

hydrogenation rate of cvolopentene fell below 99%, so at that point of



0.00.0 0.0 Cy opentene 0.00.7 0.8 55.50.7 Dioletim, Isoprene (5) 0.0 0.0 0.0 0.0

time,
reached 1ts ond and

[0092]

(Ga
Using as

following Table 1,

dicyclopentadiens at this time was 99,9%

[0093]

Next, a Jacket type stainless steel reaction tube (inside diameter:
£3.2 mn) was packed with a palladivm-supported catalyst (made by Nikki
Chemicals, N118ZAZ catalyst) 92.6 ml, the reaction tube was heated to
180°C, then a feed rate of GHSV=172 of cracked gasified C. raffinate
which was obtained at the gas-phase thermal cracking step and a feed
rate of 500 ml/min of hydrogen were introduced and a hydrogenation
raaction performed in the gas phase. The inside temperature of the
reactor at this time was 250 to 300°C, while the reaction Pressurs was
0.01 MPa or less. Further, the reaction tube outlet gas was condensed by
a heat exchangs type cogler Lo obiain a condensate.

[0094] rurther, in Camparative Example 3, as well, in the same way as
Example 1, the operation was performed continucusly, the obtained
condensate was extracted every predetermined time, and the extracted
condensate was analyzed in the sames wav. Note that, In Comparative
Examcle 3, after 4 hours from the start of continuous operation, the
hydrogenation rate of cyclopentene fell below 89%, so at that point of
time, 1t was judged that the lifetime of the hydrogenation catalyst
reached its end and the continuous operation was stopped.
[0095] [ Corparative Exanple 4]
(Gas-Phase Thermal Cracking Step)

Using as the C. raffinate the Raw Material 3 which 1s shown in the

it was Judged that the 1

the Cs raffinate

4

the continuous
[ Comparative Fxample 3]

s~Phase Thermal Cracking Step)

{(Hydrogen Addition Step)

2

-3

ifetime of

operation was

the Raw Material

the

oo

hydrogenation catalyst

stopped.

2 which 1s shown 1n the

the same procedure was followed as in Bxample 1 to

GY more,



0.0 Trans 1,3-pentadiene (5) 0.0 0.00.00.1 0.0 Cyclopentadiene (5) 0.0 0.1 0.0 2.9 0.0

following Takle 1, the same procedure was followed as in

xamole 1 to

[

perform the gas phase thermal cracking step. The cracking rate of
dicyclopentadiene at this time was 92.9% or more.
[0096] (Two-Stage Hydrogen Addition Step)

Next, a jacket type stainiess steel reaction tube (inside diameter:
23.2 mm) was packed with a palladium-supported catalyst (made by Nikki
Chemicals, N118ZAZ catalyst) 83.4 ml, the reaction tube was heated to
180°C, then a feed rate of GHSV=165 of the cracked gasified C; raffinate

at the gas-phase thermal cracking step and a feed

(L

which was obtaine
= of 500 ml/min of hydrogen were introduced together to perform a
nydrogenation reaction in the gas phase state. The inside temperature of
the reactor at this time was 180 to 250°C, while the reaction pressure
was 0.01 MPa or less.
[0097]  Next, the obtained reaction gas was introduced into a Jacket
fype stainless steel reaction tube (inside diameter: 23.2 mm) in which a
nickel-supported catalyst (made by Nikki Chemicals, N1CZE catalyst) 63.7
ml was packed and then reduced in advance in the reactor heated to 200°C
s

by introducing a feed rate of 200 ml/min of hydrogen, and a

hydrogenation reaction further performed in the gas phase. The inside

condensate.

[0098] Further, in Comparative Example 4, as well, in the same way as
Example 1, the operation was performed continuously, the obtained
condensate was extracted every predetermined time, and the axtracted
condensate was analvzed in the same way. Note that, in Comparative

Examele 4, after 1018 hours from the start of continuous operation, the
- i r



Dicyclopentadiene (5) 0.0 0.0 0.0 0.0 0.0 Benzene (5) 0.3 0.40.51.01.0Clto C9 (5)0.30.4

reached 1ts end and the continucus operation was stopped.

[0099] Table 1

Table 1
. Raw Raw Raw
Compound Content ratio Material 1 | Material 2 | Material 3
Pentane (% 12.0 0.0 04
Isopentane (%) 10.9 08 0.8
Cyclopentans (%) 1.9 33 1.4
2-methyipentane (%) 2.7 5.3 1.6
3~methylpentane (%5 0.7 16 0.3
n~hexane (%3 1.1 iB 0.3
Cyclohexane (%) 1.4 38 8.1
Methyleyclohexane (%3 0.3 0.7 85
1—pentens (%) 2.3 08 0.3
Olefins
Cyclopentene Y a.0 4z 1.0
[soprens (%) 11.5 259 27
Trans 1,3-pentadiene (%) 51 43 05
Diolefing

Cyclopentadiene %) 34 47 1.8
Dicyclopentadiens (%) 347 46.8 50.4
Benzene %) 0.8 a7 1.0
C,te G, {%) 0.4 15 4.0
Cige (%) 8.0 165 189

Note that, from Tabls 1 and Table 4, the Raw Material 1 to Raw

Material 3 all had content ratiocs of diclefins and clefins of the same
extent, had contents of sulfur atoms of the same extent as well, and

could be Judged as Raw materials of the same extent when judging whether
the diclefins and olefins and sulfur-containing ingredients could be
efficiently removed.

[0100] Tabie 2

Yabie 2

Example 1 | Comp. Ex. 1] Comp. Ex. 21 Comp. Ex. 3| Comp. Ex. 4
Hydrogenation catalyst lifetime (he) >1.500 355 320 4 1,018
Flow rate e ) 207 308 337 172 165
Amount of treatment per unit catalyst »310.500 109,695 107.840 688 167.970

29 -



0.55.14.0C10, (5) 4.22.34.39.010.3 [0102]Table 4 Table ..4 Raw Matérial 1 Raw Material 2

[0101] Takplie 3
YTable 3

Compound Cc::;znt Exampie 1 | Comp. Ex. 1 | Comp. Ex. 2] Comp. Ex. 3§ Comp, Ex 4
Pentane (%) 231 242 22.4 1.2 22
Isopentane %) 244 241 207 05 44
Cyclopentane (%) 409 408 43.0 8.6 58.9
2-methylpentane (%) 3.1 3.4 38 51 19
3-methylpentane %) 08 1.4 4.9 10 04
n~hexang (%) 1.3 0.4 1.5 1.1 0.4
Cyclohexane (%} 14 1.4 1.5 894 58
Methylcyclohexane (%) 0.2 0.3 0.3 15 80
I-pentene &) 0.0 06 60 06 00
Olefins
Cyclopentene (%} a0 0.7 08 555 0.7
lsoprene (%) 06 0.0 80 00 05
Trans 1.3-pentadiens {%) 08 0.0 4.0 0.1 0.0
Diolefing
Cyclopentadiene %) 0.0 0.1 1] 28 0.0
Dicyclopentadiene %) 00 0.0 0.0 08 0.0
Benzene (%) 03 0.4 05 16 18
G, to G, (%) 03 0.4 05 5.1 40
Cige %) 42 23 43 90 10.3
[0102] Table 4

Table 4

Raw Raw Raw Example | Comp. Ex. | Comp. Ex. | Comp. Ex. | Comp. Ex,
Material 1 | Material 2 | Material 3 1 1 2 3 4

Sulfur atom
content 43 45 44 <01 <0.1 <01 45 0.2
{weight ppm)

{0103] From Table 1 te Table 4, the result was that in Fxample 1 where
the G raffinate was gasified and at least part of the Ty diolefins which
are contained in the gasified Cs raffinate was thermally cracked, then
was desulfurized in the gas phase state and further afrer that was
hydrogenzted, even after the elapse of 1500 hours, almost no diclefins
and clefins remained and further almost no sulfur-containing ingredients
were detected. That is, from the resulfs, according to the present

invention, 1t could be confirmed that it was possible to effectively

1

remove the diolefins and colefins and sulfur-containing ingredients over

30 -



Raw Material 3 Example 1 Comp. Ex. 1 Comp. Ex. 2 Comp. Ex. 3 Comp. EX, 4 Sulfur atom content
(weight ppm) 43 45 44

a long period of time, In addition, Lfrom Table 2, it could be confirmed
that in Example 1, compared with Copparative Examples 1 to 4, the amount
of treatment per unit catalyst was also greater and the diolefins and

olefins and sulfur-containing ingredients could be effectively removed.

[0104] On the other hand, in Comparative Examples 1 to 3 whare no
desulfurization step was performed, the performance of the hydrogenation

catalyst fell in a short time, diclefins such as cyclopentadiene and
olefins such as cyclopentene remained, and the catalyst had to be

replaced in a short time. Further, in Comparative Example 3, the

desuifurization effect was also insufficient. For this reason, in
Comparative Examples 1 to 3, it was not possible to stably remove

diclefins and olefins and sulfur-containing ingredients over a long time

pericod and the productivity was low. Further, in Comparative Example 4

=

even when using a paiitadium cata.yst to perform the first stage

hydrogenation reaction then using a nickel catalvst to perform the

=

93]

second stage hydrogenation reaction, olefins such asz oyolopentens
remained affer the elapse of a certain time so the catalyst life was not
sufficient. Further, the desulfurization effect was also not sufficient.

For this reason, in Comparative Example 4, 1t was not possible to stably

remove diclefins and olefins and sulfur-coniaining ingredients over a

long time period and the productivity was inferior.



<0.1 <0.1 <0.1 45 0.2 [0103] From Table 1 to Table 4, tne resuit was that in Example 1 where the
Cbraffinate was gasified and at least part of the Cp, diolefins which are contained in the gasified
Cbraffinate was therkally cracked, then was desulfurized in the gas phase state and further after that
was hydrogenated, even after the elapse of 500 hours, almost no dioiefins and olefins remained and
further almost no sulfur-containing ingredients were-detected. Mat is, from the results, according to the
present invention, it could be confirmed that it was possible to effectively remove t.he diolefins and
olefins and sulfur-containing ingredients over a long period of time. In addition, from Tahle 2, it could
be confiamed that in Example 1, compared with Comparative Examples 1 to 4, the amount of
treatment per unit. catalyst was also greater and the diolefins and olefins and sulfur-containing
ingredients coyld b, effeqtively removed. [0104] Onithe other hand, in Compgrative Examples 1 to 3
where no desulfurization step was performed, the performance of the hydrogenation catalyst fell in a
short timeadiolefins suchlasi eyclopentadiene and olefinsstich-ascyclopéntenedemained, and the
catalyst had to be replaced in a short time. Further, in Comparative Example 3, the desulfurnzation
affect waS RIGFinsifficient™Edr tifis réasoncin EdhpaTative BXariies 6 3 it wad fivt po<8ible to
stably removerdipdaliys and.gleins and sulfur contgiping ingredients ayst.a jong lime,period and the
productivity was low. Frrther, in Comparative Examplé 4, even when using a palladium catalyst to
perform the-first:stagechydrogenation-reactien thenusing:annickelgatatyst tosperform the second stage
hydrogenation reaction, olefins such as cyclopentene remained after the elapse or a certain time so
the catalyStitite- wis hot-Shiffictent Further, the desulfurization effect was also not sufficient. For this

reason, in Comparative Examplrm.4, it was not possible t0).stably remavg diolefins and.olefins and

sulfur-containing ingredients over a long fme period and the productivity was infe cr. - 31 - CLAIMS
1. A method:for producing a:hydrecarbem materiakfrom aiCrasaffinatewhich:is obtainedas an
extracted residual oil arter separating at least part of the isoprene by extraction distillation from a C5
fraction whichH i prodiiced &6 4 Bifproduct when therma ly cracking naphtha to produce ethylene and

has Csorganic.compgunds as main.ingredients,comprising. ... .9as;phase thermal cracking step of

ol

gasifying said. C5 raffinate to thermally crack at least part of the Cp diolefins which are con.tained in
the gasified Goraffinstezt ladesulfurization isteppafter-said gas:-phase:thermak crackingrsteps of
removing a.t least part of the sulfur-containing ingredients which are containe.d in the gasified (8.
raffinate &ftersdidGas-phiséitien diackastdp ihthe gadphate Stafe did=® “hH§dF6gen addition step,
aftPr said. desulfuri.zation. step,.of hydrggenating at least part of the carbon-carbon double bonds of at
least. one selected from diolefins and olefins which are contht. ed in the gasified C5raffinate after said
desulfurizatior:stepthe 0 state] 'so-asdo=phtainahysrocarben Iniateriakwith attetal eancentrat.ion of
diolefins and olefins0.5% or less. 2. The method for producing a f(gdrocarbon material as set forth
t

in claim T WHEEH Eaid ésulfiifiZion step s pefforfred i atedueing athioSphere thdér conditions of a
pressure]@(ﬁg@ M“f!@ Déj@@%&n@%b‘em%el,‘?fwﬁ% Q{&QQIQ%QQCJMH are contained in the

gasified C: raffinate

s

frter said desulfurizaticn step in the gas-phase

state, z0 as to cbtain a hydrocarbon material with a total concentration

of diolefinsg and clefing of 0.5 wt% or less,

2. The method for producing & hydrocarbon material as set forth in
claim 1 wherein said desulfurization step 1s performed in a reducing
atmosphere under conditions of & pressure of 0.3 MPa or less and a

temperature of 180 to 400°C.

3. The method for producing a hydrocarbon material as set forth in

claim 1 oor 2 wherein sald desulfurization step is performed using a

- 32 -



The method for producing a hydrocarbon materas set forth in claim 1 or 2 wherein said desu]furization
step is performed using a catalyst faring a supported nickel as a main litgredient. 4. The method
for producing a hydrocarbon material as set forth in any one of claims 1 to wherein said hydrogen
addition step is performed in a reducing atmosphere under conditions of a pressure of 0.3 less and a
emmorature of 140 tq 400C. _ 5. The method far producing.a hydrocarbon material as set forth in
any one\tﬁd\ag%]r%ié 1to Jlig\??/haehg.ﬁlyggﬁfhi}drrgg’égr% at?cfiticér% létge%%gg;%o?rrﬁé% usibg a cat- st having a
supported Finkel as a. main ingredient. 6. The method for producing a h.ydrocarbon rrterial as set

forth in any one of claims 1 to 5 wherein said C, raffinate contains dicyclopentadiene in 10 wt% or

more. A hydrogarbor fitater a’ WhicH s 6bfailied by the hethod ds set .01 in @hy oRé of claims
1to6. 8. Jhe hydrocarbon materigl as set forth.in. claim. 7 which is a. raw material for an ethylene
cracke 1%.0The h‘yé’r"bé'arboh material as set forth 1.~ taim 7 W ?gﬁ%f used as a gasoline base

materialperformed in z reducing atmosphere under conditions of a pressure of 0.3

MPa or less and a temperature of 140 te 400°C.

5. The method for producing a hydrocarbon material as set forth in
arty one of claims 1 to 4 wherein sald hydrogen addition step is
performed using a catalyst having a supported nickel as a main
ingredient.

6. The method for producing a hydrocarbon mafterial as set forth in
any one of claims 1 to 5 whereln sald C: raffinate contains

dicyclopentadiena in 10 wi% or more.

A hydrocarbon material which is obtained by the method as set

forth in any one of claims 1 to 6.

8. The hydrocarbon material as set forth in claim 7 which is a raw
material for an ethylene craciker.
9, The hydrocarbon material as set forth in claim 7 which i used

|.._,J

435 4 gasoline base materia



