DESCRIPTION Title of Invention PROCESS FOR PRODUCI NG HYDROCARBON O L
Techni cal Field 5 0001] The present invention relates to a nethod for

manuf acturing a hydrocarbon oil. Background Art [0002] Attention is
paid to effective utilization of bionass energy as a preventive
measure for gl obal warm ng. Above all, since biomass 10 energy

derived fromplants can effectively use carbon fixed from carbon

di oxi de in the atnosphere by photosynthesis during the growth process
of plants, it has a property which is the so-called carbon neutrality
and does not contribute to an increase in carbon dioxide in the

at nosphere fromthe viewpoi nt of tgESCRIPTION! €. 15[ 0003] The
utilization of such bi omass energy has been w dely studied even in
the field of a Titlarofpovendtonon fuel. For exanple, if a fuel derived

froman ani nmal i jesel fuel, it is
expected to pl a@igﬁﬁgmgﬁgﬁgﬁﬁgmgﬁqﬁgﬁﬁbﬁgf car bon di oxi de
em ssi on by thel"&lﬁﬂfcﬁgg‘ﬁﬁdc effect wwth the high energy efficiency of
a 20 diesel engine. a diesel fuel using an animal or vegetable
oil, generally [ROOWN i s Thef apreyentciidventiohy| rebsdser t0i b (mbthodvi fked as
FAME fromthe initial letters of fatty acid nethyl ester). FAME is
manuf act ur ed bymauBjeetnsyhydroeatgpyedr i de, which is a general
structure of an,ani nal (ﬁf’i egetable oil, to ester exchange with

met hanol by th LY 5¥ an al kali catalyst or the like.

[ 0004] However, ggozlescr igsibn ifpdi8né eBeaiaitlization bf bRnRRl Eﬁé}g?r out
that the process for manufacturing FAME has problens. For exanple, a

by- product gl ycern prevaitivequiasied fooglobaltwaatiegl ahboeodl, saed bemersgy ar e

ddi ] onl0 81 noEIERIEARAE] Pl BRYGEAD BB eL S8 SO AT CFPOBas an

Cher cof 1s thatCher o FRTERtmRT: By Gt AR e B proeast e

adver sel y af f eaif glings,dnbasg propieayivetticle iethe wbaallEAMrbos nysiedith yind

PHending Tt Wt o not contibute o an incresse in carbon. dioxide in (e Bmosphere
from the viewpoint of the life cycle.

15 [0003] The utilization of such biomass energy has been widely
studied even in the field of a transportation fuel. For example, if a fuel
derived from an animal or vegetable oil can be used as a diesel fuel, it is
expected to play an important role in the reduction of carbon dioxide
emission by the synergistic effect with the high energy efficiency of a

20 diesel engine. As a diesel fuel using an animal or vegetable oil,
generally known is a fatty acid methyl ester oil (abbreviated as FAME
from the initial letters of fatty acid methyl ester). FAME is
manufactured by subjecting a triglyceride, which is a general structure
of an animal or vegetable oil, to ester exchange with methanol by the

25 action of an alkali catalyst or the like.

[0004] However, as described in Patent Document 1, it is pointed



[ 0006] Consequently, a nethod of manufacturing a fuel oil 10
conprising a hydrocarbon which contains substantially no oxygen by
hydr odeoxygenati ng a feedstock oil containing an oxygen-contai ni ng
hydr ocar bon conpound derived froman ani mal or vegetable oil in the
presence of a hydrotreatnment catalyst is studied (for exanple, refer
to Patent Document 2 and Patent Document 3). 15Citation List Patent
Literature [0007] [Patent docunent 1] Japanese Patent Lai d-Open No.
2005- 154674 [ Pat ent docunment 2] Japanese Patent Lai d-Qpen No.

2003- 171670 20[ Pat ent document 3] Japanese Patent Lai d-Qpen No.

2007- 3080563 Sugimaiit Ghe Ifay@Ré ifen niatitbnale PrroaEems BRIVEHDWeFGT |

t he above conventional manufacturing nmethods have room for

i mprovenent w t ¢xangdpec bytpooduce ghoktinvé megupsidipse treated and cost and

25[ 0009] Specifically, it i.s required tp suppress t rature increase
because the hydPEBYbIJERUEAIR sleains ha BIOGICQb gk FSIeo | cont ai ni ng
an oxygen- cont ajdpy hy dt. oGk > WREE i ved nj or
veget abl e oi | i%ﬁpﬁg prgée%%@ggg a Eygrotrgg%&éﬁko%ﬁ alégggigﬁg%

exot her m £ r eacinblsgukeNil hahet extegreelp hidh @@ es doMteaastafatl. t [hersferd, t 0

i nprove the heat resistance of a reactor for an increase in reaction
5 tenperature, #ntkerfrgHendhgrephisuthdl thergds paucern Bias therxygee content

occurrence of a_runaway ,reaction at. a hi.gh tenper.at itjion,
T s General exBrhaRnricly SE B Aaindareial eI By HAVELR figd ey

apparatus Is | n@%ﬁ'&ihg(ﬂt with @_céﬁ%ﬁﬁ@ﬁalfd@esﬁleﬁ@y&eri\ﬂéﬁ ffcﬁ@ﬁét_t&éhlﬁ.eat or a
nmethod in which a raw material is diluted with an inactive substance
(diluent) is enfil0f9kd. XOonsegwendy, a rmdthed f of meanufaturoy, a Heelr edct or

becones yery expensi ve. the other. hand, .in the latter nethoq,
there ar&01i mi t SATRFHENE achydseearine Wétcgs‘“éﬂ%}n%\s“‘lféﬁnﬁgﬁh P el dunt

here ard | | SFEYof ST HY
Cuppr essi ng 1 he RaarenaRaiApPE et G P RFL I Bnih §h SpS e BBl

enl argerment of hfikoapbai adnipountiSddvE]fFam tah emimalnorovegerableooil in the
manuf acture a hydrocarbon oil by hydrodeoxygenating a feedstock oil
contai ni ng an oRigeRAse @it Biydiptaeateoit ersalyPol stushigsb (fre cxpapploctelen i®m an

N A S R
t he reacison hegftafighy&d can be
Patent Literature
[0007]
[Patent document 1] Japanese Patent Laid-Open No. 2005-154674
[Patent document 2} Japanese Patent Laid-Open No. 2003-171670
20 [Patent document 3] Japanese Patent Laid-Open No. 2007-3080563
Summary of Invention
Technical Problem
[0008] However, the ‘above conventional manufacturing methods
have room for improvement with respect to the following points.
25 [0009] Specifically, it is required to suppress temperature increase

because the hydrodeoxygenation reaction of a feedstock oil containing



20effectively recovered as energy, the em ssion of carbon dioxide
corresponding to the energy cannot be reduced. [0011] On the ot her
hand, if a feedstock oil containing an oxygen- containing hydrocarbon
conpound derived froman animl or vegetable oil is used, it is not
preferable fromthe viewpoint of corrosion 25protection of the
apparatus and unit because a water-soluble lower fatty acid such as
formc acid and propionic acid may be produced during

hydrotreat ment. [0012] The present invention has been nade in

consi deration of the above problens inherent in the prior art, and an
obj ect of the pges nld@»}ﬁ%ﬂﬁihgmyﬂﬁacﬁaﬁoﬁrd&}’ﬂ&ﬂﬁn@ dRRVAPEohPhn animal
manuf acturing a hydrocarbon oil © 5 which can achieve all of the

suppr essi on of drhecdetdtie géner abé presameunf abhydremedtiment aadlyshés an
suppression of energy, loss, the reduction of the amount used of a

di luent as wel |exehermic &astion aad Jhetsrare muoklems su¢lnAs dhatt the nespdPat us

and unit. Sol Utii%'rgis?myeo tfe’ RR4 S ARHLOD %%%Lgeag{o@’()ﬁ%@ ﬁiglée\ége rllb?'e&tﬁg}{e

probl ens, the p ent ‘i nvention provi manufacturi ng a

hydrocar bon oi | emperipire Sindgs highf tefptrafire BidehRa&ions andl! HE Acthiryeret
reaction zones filled with a catal yst which contains a porous

i nor gani ¢ oxi decfcommaway mepctinn app mgh teneplegatunst s I efldiiordnfa general

al um num silicon, zirconi,um borpen,.titani um 15 and nesi ym and
one or nore et RSB RGP Pdﬂ’?tg?%ﬂbw%ﬁrﬁa?nﬁooéngﬁﬁ}’ga&%gﬁgﬁk e t he
periodic table juppokiddo BmblE tROFQEEoA RELIAF medddfm Lhidl spgsed in
series and a feedstock oil contal ni ng an oxygen-contal ni ng

hydr ocar bon conpeterial gedilwed vitloamainaaienalbsances édjigteat)l 8 @nployed.
suppl i ed, and hydrotreated under the conditions_of a 20 hydrogen
pressurel®f 1 NEAWeYerniy theghoamer gthads ther fpagipy bEFPIBRC FEIYfEXPRRSIVE.

. ; A | _ e
car bon di oxi de Zaap BRRRCHTERER S, et Bt SRIaRE )

obt ai ned in thendckds®ly oftiRingt ® 147 afdudt bY s aGRE RO Butsktdnce W ©Fdir o
anong the plurality of reaction zones, the inlet tenperature of the

25r eacti on zoneohfdisposefdictsnt effectnors supmyessingatheshede geseraboC and ther e
and 250C or 1 esg, &8 of kst TREIALHN Eothe SR ONd oSt upstream
15 [0010] Further, in order to manufacture a hydrocarbon oil by
hydrodeoxygenating a feedstock oil containing an oxygen-containing
hydrocarbon compound derived from an animal or vegetable oil in the
presence of a hydrotreatment catalyst for the purpose of reducing the
emission of carbon dioxide, unless the reaction heat removed can be
20 effectively recovered as energy, the emission of carbon dioxide
corresponding to the energy cannot be reduced.
[0011] On the other hand, if a feedstock oil containing an oxygen-
containing hydrocarbon compound derived from an animal or vegetable
oil is used, it is not preferable from the viewpoint of corrosion

25 protection of the apparatus and unit because a water-soluble lower fatty

acid such as formic acid and propionic acid may be produced during



reaction zone or belowis equal to or higher than the condensation
tenperature of water, the outlet tenperature of the reaction zone

di sposed on the nost downstream side is 260C or nore and 360C or

| ess, and wherein the feedstock oil supplied to the first step
contains: a 5 recycled oil in which a part of the hydrocarbon oi
obtained in the second step is recycled and supplied in an anmount of
0.5- to 5-fold by mass to the oxygen-containi ng hydrocarbon conpound
contained in the feedstock oil; and 1 to 50 ppm by nmass of a

sul fur-contai ni ng hydrocarbon conpound in ternms of the sulfur atomto
the oxygen- 10ckyradrétitmenthydr ocar bon conpound contained in the
feedstock oil. [0014] That is, the nethod for manufacturing the

hydr ocar bon oi | [0812} he prhespmsenit nvesmtion rhas depn insasle inheenkidesationnaf

second steps and if the nber, of t.he reaction zones. in e first
Step 1's' T opr es et @OV PRDIHS EhSRI dagBROIGR 310 BBieE] OLHEPIHERS i et
t enperat ure and: . l.et K-t i one
fromthe nost &Sg?[?éogllr:]fsstls erg‘giflée%;%gﬂrhgglefﬁtpggifngffgtﬁlﬁllﬁgn%h#ﬁr@(:%{bﬁg ogln
integer iy the whibeanfacRieto®alb)pf theesippedsiivrlof thd heat igoherhtidreamest ur e
tl of the reaction zone disposed on the nbst upstreamside is set at
150C or nore ankW 2@@@@@%@@,8@?.@8&1%@@” energyeloat e geduetiop3of the of

to or more t harPae eghehESEheR s SRIEkE s urBR st B eRieRpoae
Tlast) of the rm@gg'ﬁ&uggﬂ@um_ t he nost downstream side is set at

260C or nore and 360C or less. And, to the feedstock oil supplied to
the first step Seoletiende®reblemcycl ed oil in which a part of the

hydr ocar pon oi | ained in the second step i.s 25supplied .and .
recycl oaffn an WREsh "ot ors T s556 A sy Drele B Be gresFniRgention
oxygen- cont ai ni gﬂﬁ{ﬁ . Sr=YRIatCTe WY : ck
oil and 1 to 5 p‘p’%%g%%n%ég(?g?rclg su gPﬁ %n}?”al ni Flﬂg(;ﬁh(g}gfcgéﬁﬁﬁg%%
conpound i n terfisi afept WRersinl & Wualipnmob asedon rohée fillsy geith aoctaklsti ng

hydr ocar bon conpound contained in the feedstock oil. 5[0015] Here, if
the feedstock oVhichscojaipbta Paraud, INOHEANKY AKIGceXYBETIRE | 1H® PEdBdicon of

th - t ai_ni hyd b id_derived f i. mal
e xygem £onLaLaLe DA BB L iy B DR
" hydr odepxygenajidomap@afiinh Qid ods drSArehPERIsNselRAASTrom! Gasilpl OA dnd

whi ch oxygen atons constituting the oxygen- 10 containing

hydr ocar bon confpompd 8aclkemeetsoet dhe opaanhdichatle guippoited . dhee poealis
sites. For exanple, either a fatty . acid triglyceride gr a fatty acid
s an oxygen: oA oG ot it Seten andds SgieeE o ssiteg oy |
group, and the 1] ] ] i = il
oroups are rencyShoty o MoaE, BQRLREH oo lRT B AT RIRE AY St
oxygen- cont ai ni vigehiptl o1t ais bappliiped hgdictreaeivaideedhd bdmdifions of a
hydr ocarbon. There are mainly two reaction pathways for the

hydr odeody genat ixskiogsn RiAssHIS g h- MBa oamIagngess phathi@ MBa faeach ofci d
triglyceride angd the |ike have. ;A first, reaction pathway i,s .a

decar boxyl at i o BeR Forooh e 3 recca, BER SHastPaP RIS oiigfosen he
20 fatty acid tgfide/cAficAedidRMet 4R Wate® ad erflb¥eRCirbi & Pr&AREd0 3R
carbon di oxi de, and the oxygen atons are renoved as carbon dioxide. A
second react i ontrgeitchobigined in thyy tirshgéapatol araipea hydrpcarhomioilc whetean,
oxygen-cont ai ni n roup s reduced through al dehyde and al cohol. while
the carbon nu 0’%‘5‘ t@%@i‘?aalftﬁ’yoéé‘?a&“?‘i‘i@%%e ng}/eg,{ampﬁl@tqrf:%gr fhe

25mai nt ajpned. | .S Q. € t . nt
wator ion t ndsa s P pol Ao A 8o S [MAC F b o o
and carbon di (i€ af Qe@erniiey ahled lemperature of the second most upstream



[ 0016] The reaction schenes of {he hydrodeoxygenation as an exanpl e of
an al kyl ester of stearic acid are shown in the follow ng fornul as
(1) and (2). The reaction schene represented by the fornula 5 (1)
corresponds to the first reaction pathway, and the reaction schene
represented by the fornmula (2) corresponds to the second reaction

pat hway. In addition, Rin the fornulas (1) and (2) represents an

al kyl group. C12H35CO0R + H2 -> Cl12H36 + CO2 RH (1) 10C12H35COOR +
4H2 -> C18H38 +2H20 RH (2) [0017]In the nethod for nmanufacturing the
hydrocarbon oil of the present invention, when a feedstock oil
containing an OxY&RAr z&RNbA LRI 1§‘)éQﬁ:QCt%r &Oﬁlg%@mﬁ%”ﬁledé‘ddd\éﬁﬁtﬁ)ﬁom an
ani mal or vegetable oil is hydrotreated, anong t

hydr odeoxygenattemperageet dforwald, phe hwales, temperaummaf th‘e rduetibn rxmne
reaction pathway in which the reaction heat is |lower can be enl ar ged
by i ncor porati %S@S%@B.tm BOgh SRS IS AMetEh ispto 05 s apeeeddal ) Cki ch

Is a part of a ‘JH&RNH%Pelﬁ)ﬂlc?t fe%&sttﬁcﬁ( Q?E@#h%ﬂ tb thd ﬂf‘st?@ I%En%Pﬁ

and/ or a hydrocarbon ol a su arni ng dro

conpound 3 nto tdeydekddt mclvhivhl a grae emtﬂeﬁhydl@cdrbﬁn Zﬁl smmeﬁuﬁ the
catal yst and reaction conditions. As a result, it is possible to
suppress the hegronfbsiep at feshiclagrondsupplisd| in @yamméltloéé)c’i-ltgrﬁ -fodd bEl | as
to reduce the am)url Hsed of a dil.uent

ey £ HRAG b Geh - nfiinibe Biarg gt boMpSiRleyibdifin the
preferably, thergidds %ﬂcean*aqu%?rsd nPWy Shask espPar %Iﬁfrec&ﬂﬁlmagt he

inlet tenperature is 80C or |less and the sumof the difference
bet ween t he outhyeirodaehpe rampowndaind téde ohitet stlérpaivat v ¢hé pxpgah of
the reaction zones is 2 OC or less. That is, preferably, the
di fferentd ATk s8fateiag hy C@@PP@P“‘P@%@J{@}P@ rFkth%tfﬂ?dﬂH%k ikl et

tenperature tk [:eb ‘ghe K-l {8 ﬁ%tllngt?nﬁécf&e 8&%@9&1‘1 Ert eﬁf}dr%?aglt’)&l{]&l

hydr ot r eat ment erfornmed "un con on

t enper at ur e i ncgfans prae@URvedtiof Tdomprises @ik ﬁllsﬂﬁrﬂ’g&!‘coﬂéﬂ stepé @ndif thehi ch
is the sumof ATk for the whole reaction zone, is 200C or | ess.

[0019] Furt her, numbesef thetsartiongonaninihe Eirsirstengs rapeesayigd dyar (9gs an

integer of 2 or more) and the inlet temperature and the outlet
15 temperature of the k-th reaction zone from the most upstream side are
represented by t, and Ty (k is an integer in the range of 2 to n),
respectively, the inlet temperature t; of the reaction zone disposed on
the most upstream side is set at 150°C or more and 250°C or less, the
inlet temperatures o, ts, ..., t, of the second most upstream reaction zone
20 or below are each set equal to or more than the condensation
temperature of water and T, (= Tj,) of the reaction zone of the most
downstream side is set at 260°C or more and 360°C or less. And, to
the feedstock oil supplied to the first step are added a recycled oil in
which a part of the hydrocarbon oil obtained in the second step is
25 supplied and recycled in an amount of (.5- to 5-fold by mass based on

the oxygen-containing hydrocarbon compound contained in the



oil of the present invention, it is preferable to control the inlet
tenperature of the reaction zone downstream of the supplying position
10 of a quench oil by supplying a part of the hydrocarbon oil as
guench oil between the adjacent reaction zones anong the plurality of
the reaction zones. That is, it is preferable to control the inlet
tenperature tk of the k-th reaction zone by supplying a part of the
hydr ocarbon oil as quench oil between the k- 1-th reaction zone and
k-th reaction zone fromthe 15 upstream side. The supplying position
of the quench oil may be arbitrarily selected and may be between
parts of the repghdi@k ZRN88d01 RE13ERnT N WRRL CoPfa LB &R tALRY
zones. [0020]In the present invention, préferably, the hydrocarbon

oi | obtai ned i nhydrecasslemordnypbend iis fermstifothet edfurnatona basghton the
distillate, a mddle 20 distillate and a heSVy distiJI@%e (fnd t he
cut tenper at ur ePBEENSERaiNRE hydiecargpaompepad shatained inj b feedstock
distillate is s at 100 to 200C and the cut tenperature between the
m ddle distillaté and the heavy distillate is set at 300 to 400C.
[0021] I n :ddi ti@ol5t he mMdrbodiff ohenafustiactr ioilg & hygdrogasteon &kRoi |

of the present 1 nvention preferably further conprises a third step
wher ei n a hydr oexirodaexygenatipn ajeaeitbn of tthe eeEondormmmg hydrogatdwine

distillate f ti ted, f. the hyd b il ds i [ .
Fur ther - pr of or SO Rer B EP SR BhrAplF P PrIeEetT ORI i <

fractionated i nf G Arddatithn, di Bitd librdl ShydrodbSotntlichl kddcAbs aRdugdheavy
distillate, and the cut tenperature bétween the light distillate and

t he m ddl e di sthdrtiatreeans adsetioatin dBAcht ax y260 Gloasdonbtéuting tHeamyeemt ur e
between the mddle distillate and the heavy distillate is set at 300
to 400C. 1§ 0022] ¢antaimaedydrcarhon Gompeand drofemoygpd 1o Add hxdiogenq the

Cecond st op. _FuPiver. Bk i Gl SifeERIaly Shlg ORARCRRE okl R, |

contain a part &fid das @ sk@fhecodtsbing | @bep fsuaeta anataer faup and a
hydrocarbon oil, a part of a product obtained by isonerizing a

hydr ocar bon oi | cashoxyl rérap.eanil she loxagen fatcams iconfained inr dese oxygen-

10020 00N 1 oA O A S AP RS BB GPlr om
distillaj® fracgiRbal8fk{liAM AydleiB6RT QQH)PQhﬁd ol QR 3kEdr thsr 2 an

oxygen- cont ai ni ng "hydr ocar bon tonpound contained in a feedstock oil
is preferably omglrocarbmr.e Ghoawowandsmsmlecwed réactionf aathywagci fis ted
fatty acid esters (?nd nore is preferably a {riglyceride of a f%tty
aci d. hydrodeoxygenation of ‘an oxygen-cOntaining group which a fatty aci
triglyceride and the like have. A first reaction pathway is a
decarboxylation pathway in which the oxygen-containing group of the
20 fatty acid triglyceride and the like are directly released as carbon
dioxide, and the oxygen atoms are removed as carbon dioxide. A
second reaction pathway is a hydrogenation pathway in which the
oxygen-containing group is reduced through aldehyde and alcohol while
the carbon number of the fatty acid wriglyceride and the like 1is

25 maintained. In this case, the oxygen atoms are converted into water.

When these reactions proceed in parallel, a hydrocarbon, water and



[0024] In addition, preferably, a catalyst used for hydrotreatnment 20
has a pore volune of 0.30 to 0.85 nug as neasured by a nitrogen

adsor ption BET net hod and an average pore dianeter of 5to 11 nm and
the ratio of the pore volune derived from pores having a pore
dianeter of 3 nmor less to the total pore volune is 35% by vol une or
| ess. 25[ 0025] Further, the porous inorganic oxide contained in the
catal yst preferably contains the el enent phosphorus. Advantageous

Ef fects of Invention [0026] As descri bed above, the present invention
provi des a nmethod for manufacturing a hydrocarbon oil which can

achieve all of ghersdibRidessd &heftied he heat generation anount by
reaction, the 5suppression of energy | oss, the reduction of the

anount used of [A0d6] uentThanckacthen schpmresssl the bfdrioHeoxygenationoas afi t he

apparatus and unit. Brief cription of Draw n [ 0Q27] FI 1is a
fl ow di agram sHERPRYE &h a@x@?@ estesgofasteatic acid g, ShadE g it & fellawing y

used for a net fact Ur - 10 i Lipt i on
of Enbodi ment s TOBAR] (P @, I Radiol WHERBTESBARA by 1PIBERIR,
present iswvent i@ coirbdponds dederfilettactiond @hthiay Wadd theakadtncehe@et he

drawing. [0029]FIG 1 is a flow diagram showi ng an exanple of a 15
manuf act uri ng frapiesented (byether frrnmlard2hsarresnondniof the t eepid) reaction

hydrocarbon oil_accordi,ng .t.o. t he .present di . In the

U act ur i ng. (LT ALy Sghfiohnif HE B RERE ) pitebil B oo
channel Li in W%Bﬁ@ a pretreatnent apparatus 1, a punp 2, a heat
exchanger 3, a heater 4, a hydrotreatnent reactor 5 and a separator

6a are connect ed i nC2BL{TQORMdHs - CorH sk heCOpsREEanilsi de.

10 C,7H35COOR + 4H, — CjsHs3 +2H,0 + RH (2)
[0017] In the method for manufacturing the hydrocarbon oil of the
present invention, when a feedstock oil containing an oxygen-
containing hydrocarbon compound derived from an animal or vegetable
oil is hydrotreated, among the two hydrodeoxygenation reaction

15 pathways, the ratio of the first reaction pathway in which the reaction
heat is lower can be enlarged by incorporating a specific amount of each
of a recycled oil, which is a part of a product to be treated obtained in
the above steps and/or a hydrocarbon oil, and a sulfur-containing
hydrocarbon compound into the feedstock oil and employing the

20 _  specific catalyst and reaction conditions. As a result, it is possible to
suppress the heat generation amount itself by the reaction as well as to
reduce the amount used of a diluent.
[0018] In each of the plurality of reaction zones according to the
first step, preferably, the difference between the outlet temperature and

25 the inlet temperature is 80°C or less and the sum of the difference

between the outlet temperature and the inlet temperature in each of the



[ 0030] The pretreatnent apparatus 1 is filled with an adsorbent which
enabl es renoval of inpurities such as foreign substances in the
feedstock oil supplied. A feedstock oil fromwhich inpurities are
renoved is drawn to the flow channel Li by the punp 2 and m xed with
25hydrogen froma fl ow channel L2. Thereafter, the m xture is heated
by the heat exchanger 3 and the heater 4 and then transferred to the
hydrotreat ment reactor 5. In addition, a PSA gas separator apparatus
7 is installed in the flow channel L2, which can supply high quality
hydrogen. Further, a part of the hydrogen nay be supplied to the
hydr ot r eat ment d . Q‘gﬁ;] :

hydr ot r eat nent Iieggtg%ngirongs %(?r%?? ?gggeigﬁrgg&ﬁg’ g’?llfe on z’o&r%glfgeé?ncgt? Tz]ind
8c, and each ofbdtiveerr thaouilertempasure  find thednlet temperatatea) githe k-th
described later. As the formof the reactor, a fixed bed system may

]E)F enpl oyed. THEECHOR ZoRG A %%"&1%1&98 4561@abmqiﬁoaraatggﬁnéi&mﬁor@e%amiﬁrer
. . i |
hdat 5 one cwhon B SRAREPR e b Bk BBt ihdfa- SRS ARy =3 4"

counter f4ow sygmtedgt 8Nd t@n¥ GAUER &Nhe fshAVBIWEL oMHBYhEIe rediploR)ete, A

cocurrent gas-liquid downflow system may be enpl oyed as the general
form Further, sRE0Meacless. may be used al one or in conbination of a

plurality of re S, d,a structure in whic he inside of .a
Peactor 1s 15 do9idkd i ARGHEr gh e metpdr i fosbiigo B Hipepion
enpl oyed. The r&fl%ﬂ ‘E}B: ??é&%ﬁtb%enﬁgn,a’ﬁdi@f}ar%}’ab?@ 15 OB&tidi Uingdiridct her
by a single catalyst bed or by a plurality of catalyst beds. In
addition, FIG tknpbeieaf thxssaptien eonendovelstdemar«f the auppiymg posamhi on

zones, but the nunber of _the reaction zones is not particular]y,
linited Hhd t hetler aegpch@ildhy suRplysng ¢ aait ob thediideogaghan ¢ibas qusnel oil
Further, the re i Q S I . I jes in
a single react o&i&%ﬁp%cﬁﬁfal%gﬁrﬁ%?ﬁgmhy rgé’)?#ﬂ gg%/ %ﬂ@hfaglﬁg %thrsé r%%{;flong t wo

or nore reacti 0fbng®NeBhAiiS ROS §lefefhbieiol d%ﬁtraﬁmebﬁledieﬁizmﬁﬂdreitpoﬁﬂki es
or in parallel to performthe hydrotreatnent. 25({ 0032] The feedst ock

oi | transf err edk-tloreapiéorgencdy swphing a pedof dhe Bydracayen ol aeguanthand
th t f d t h t ga. In th FP09- 0462- 00 t
60, a product +8! BENFBAPEAC it dvecyarBhs it e rei L ga B! i o o
gas phases Com%ﬂkﬁxﬁgﬂhél NrHY éﬁﬁgﬁ?ﬁegosiﬁéﬂr&g% ﬁﬂéﬂtchd@il afsly GRr bon

di oxi de and a |iqui ase conpo contal ning a hydrocarbon oil
obt ai ned by hydarbitragidy seladted and may beltetwieon pamaoéthe seaseq@arzatascbrand
5 renmoved fromthe |iquid phase conP_onent. On the downstream si de of
t he separat or 6'%1?‘”531?11“6\70’]@2%%@“?_@ I3mEeMShas a channel introduced

into a fracti on@bgglja tﬂ?rtﬂg%‘este £ ri]{{%gﬁglﬁx ggﬁquoqg, te. gﬁ}o&rﬂ&{“&’ﬂ

channel L4 whi ¢ a fractionato an 1 SONeri ron’reactor
10 in this ordesbtained inhtakdodd stepll GASEInkRR] igasSa RHasEstIR ahealle

separa e(ZjOi nt h((iaist?l(la.'«.lpt)(gJl raié Oar hggryi gistillate, and the cut temperature between the
light distillate and the middle distillate is set at 100 to 200°C and the cut
temperature between the middle distillate and the heavy distillate is set
at 300 to 400°C.
[0021] In addition, the method for manufacturing a hydrocarbon
25 oil of the present invention preferably further comprises a third step

wherein a hydrocarbon oil obtained in the second step or a middle



cool ed by the heat exchanger 3 to liquefy  and then is separated into
a gas phase conponent and a liquid phase conponent (light distillate)
in the fractionator 9a. The gas phase conponent contains unreacted
hydr ogen. However, the hydrogen is returned to the fl ow channel L2

15 through a flow channel L5 and reused after renoving inpurities in
a PSA gas separator apparatus 7. On the other hand, the liquid phase
conponent (substantially, a hydrocarbon oil) is transferred to the
fractionator 9b fromthe fractionator 9a through a fl ow channel LG6.
In addition, the liquid phase conmponent (substantially, a hydrocarbon
oi I) 20from whigliwed BhctichaR@RBSAHRIN ARG BIPYE S isBmBrinkParatBEr, 6a i s
transferred to the fractionator 9b through the flow channel L4.

[ 0034] Furt her, pFeferably, sdmoissmarizak aifpbeined ishihehthirl estdpermt fratiohatadger 3
is installed on the_downstream side of the separator 6a, but the heat

exchanger 3 maynioe? fight distilaie.chmigde disiillateatndsy heavar distilatea g he at or

6a, or the heat j ]:Ln the
fracti onator 9_bc,u?;f ?@fﬁ getgﬁ%{é Zl%cga%oénlgé{ma%%ﬁ%ﬁ’@%glsg ﬁgt%slfk erred
from the §ractisepat oro09@ t200ewgihd e thoveripanmed befivedidehiddigui d
phase conponent fromthe separator 6a are separated into a gas phase

conponent, a | idg#illagh and the htey dstiiatdlisseit30PItd 408°Gind a heavy
distillate. A hese . components, th iddl e, distillate i

Csomer i ved i n Al oot PATTER HEserded o1 A iienrom BhEr g
phase conponent.ghfid 2 78l r it BHeO OW
channel L7 and C;(O%lerl] issgrfégéér g?edﬂr%%bg?%glsa% élggblgng{ea%iagﬁi%épghase
(aqueous phase)Fur{hef)3hg Fasrtlbéd oil anbifr Huewhodibpreédrablsg costalr apahefla
between the 10 separator 6a and the fractionator 9b and between the

fractionkt or opmigdte dindlate Faetiqnatedifem adudiesarbpy. oilfA@ag i érpreditst of
12 oranched CHARNRly oy hudd DS HIARGRGH b1 6. b RyGdaT Sl g e

branch is connecte han _ ween e punp
the heat exchargftioBatedTEbraOhh@OcAbAN L, ioy £ PARES £dnidaleadistillate
predeterm ned position between the 15reaction zone 8a and 8b and

bet ween 8b and f8astionated drany drmsedusaohinedrisaisomeriging Phiaydepsarbarmeil

hydr ocarbon oil separated.in the. sepgrator 6a and the fractionator 9b
can be used as % B GEFIAT BIRGBA O MYSOBERO FR- addi ti on. FI G
1 shows g exanphes)i N WeiGfled Ny 68/3khR0RRlin® DhjdiodimROSRehiRlind he
upstream si de gﬁd t]he isome?i’zati o’ﬂ%ZOreact é?ggld}i% dl?dglgose oﬁ t he

downst r eam si decontatiriedt re adfegpsisclt ioilnisoprefdrebliyr awt oonader c@hpamdst he

i sonerization reactaor. 10 may he reversed, ,
selected from fatty acids and fatty acid esters, and more is preferably a

triglyceride of a fatty acid.
[0024] In addition, preferably, a catalyst used for hydrotreatment
20 has a pore volume of 0.30 to 0.85 ml/g as measured by a nitrogen
adsorption BET method and an average pore diameter of 5 to 11 nm,
and the ratio of the pore volume derived from pores having a pore
diameter of 3 nm or less to the total pore volume is 35% by volume or
less.
25 [0025] Further, the porous inorganic oxide contained in the

catalyst preferably contains the element phosphorus.



[0038] Herei nafter, a method for manufacturing a hydrocarhon oil wll
be described in detail using a manufacturing facility shown in FIG
1. 25[0039] (Feedstock oil) In the present invention, there are used
an oxygen-contai ni ng conpound derived froman animal or vegetable
oil, a specific recycled oil and quench oil as well as a feedstock
oil containing a sul fur-containing hydrocarbon conpound. |In addition,
at the tine of the start-up of the hydrotreatnent, a fatty acid

hydr ocar bon conpound corresponding to 5 the recycled oil and quench
oil is prepared in advance and a product obtained by incorporating

t he hydrocarbon i ock oil may be subjected to
hydrotreatnent.A§§%ﬁ8¥%§mt éggigggﬁ?ﬁgn ai ni ng conpound derived from
an ani mal or vegebapl e d desddibell! atve, -thetpre@mponesitione prosedksf aom an
10 animal or vegetable oil or a product derived fromthe conponent
are preferred beethoddort tranulckringeyhydrpeabere ad twhinh icgn lackievs all of
occur. Here, the oil and fat _.conppnent contains an i mal or

veget abl e oi | dffl ?&P“§ﬁﬁnaﬁfdﬁ?nﬁ#“ong%@éFhﬁwﬁn%4?Q%dﬁﬁaﬁﬁhtﬂﬁhich

are natural | LEd ol
fally Oéfuggfezs)%lgﬁ 6f 8hdr Y %@Sﬁ?%@u@ioﬂ@wé afbiheske@BfA Afludht

conponent produc 15 e y deriving these oils and
fats and a conpaxaht swipresionsof alctdedrdsmn dfhlke gppaposeaaf untii nt ai ni ng or
i nproving the performance of these oils and fats. In addition, the
derivative of tHdebPescaiplionef RigydBgent conprises a conponent whi ch

i s produced as -pro t Jin.t e f tyri il and
fat product or @O%rrponceiﬁﬁ' foa%i%ﬁloﬁ)és cﬁ'ﬁé}gnn?gﬁ&é H%r%%g{sﬂggﬁ hto a
derived productmafiiddi afﬂéllﬁ? afedt er 0h | n2fehdf abr CoRREMERtingeni ved

froman animal or vegetable oil include beef fat, corn oil, rapeseed
oi |, soydkan oiliydsomirpmien.oi|. In the present invention, as the oi

and fat conponent derjve r .an _animal or vegetable oil, any of
oils and fats ?FS?SCB’@“?&PSJE&“&%‘W%e oi | obtained after using these
oils and fats rgyrde USqflreiiNEY KeRat ehbBaihhi2Re Bkl plefent
preferable frog?tﬁg carborllre]heut?arle @?empoint, 5h rapeseedpoi?%
soybean oi | andnpaitivnovill rdesenived ipdetadneatl efdremoa tohiee duaewwgpi nt  of

t he carbon nunber of the fatty acid alkyl chain and the reactivity.
In addition, tHE02] s addGr ak ds mayflaye diagany sBewing, apa§Xap®le <dd2py

m xing tyo or %E&fla(étﬂlqﬁg OI’achH? Mysed for a method for manufacturing a

hydrocarbon oil according to the present embodiment. In the
manufacturing facility shown in FIG. 1, there is installed a flow channel
L1 in which a pretreatment apparatus 1, a pump 2, a heat exchanger 3, a
heater 4, a hydrotreatment reactor 5 and a separator 6a are connected in
20 this order from the upstream side.
[0030] The pretreatment apparatus 1 is filled with an adsorbent
which enables removal of impurities such as foreign substances in the
feedstock oil supplied. A feedstock oil from which impurities are
removed is drawn to the flow channel L1 by the pump 2 and mixed with
25 hydrogen from a flow channel L2. Thereafter, the mixture is heated by

the heat exchanger 3 and the heater 4 and then transferred to the

10



5 [0042] The derivative of the oil and fat conpgnent derived from an
animal or vegetable oil may contain a conmponent which is processed
into an ester such as a fatty acid constituting a fatty acid
triglyceride of the oil and fat conponent or a methyl ester thereof
Typi cal exanples of the fatty acid constituting these fatty acid
triglycerides include 10 butyric aci d(C3H7COOH), caproic acid (CoHL

| COOH), caprylic acid (C71115COCH), capric acid (C91-119COCH), lauric
acid (CIH23C00H), nyristic acid (C13H27CO0H), palmtic acid
(C15H31C00H) and stearic acid (C1L7H35C00H), which are called

Structure:  and e SeBE e Ul o PRk ok B BB AU &
(CL7H3I COOH) , |isniakehéd imahe (ool EHRAREBDALY), , whicki caal gipplydigh quality

(C17H32(OH) COOH) and the |ike, which are unsaturated fatty acids
havi ng one or aysiregeat i Fyrther, @npart i athe dhydeeges. mpp dr3puppbicd deyide ed

oil and quench il pl the role of s ressing 20 the tenperature
i ncrease due tph}fdﬁ%tPeraglﬁ%qtirS%t%ei?s ﬁ%nﬁﬁﬁyﬁe{%?"ot reatnment. In the
present iwventippzips dener hi@diralfees rékidis E&ﬁ?ﬂ?&e@dttﬁéé rédiofguench

oil, a part of the hydrocarbon oil (distillate oi which is

obt ai ned by remmnen@ah§orandelr, angdmolyerd thelrtictien maebonfitedwwiteaand
water fromthe prqduct tg¢ treate bt ai ped fromthe

hydr ot r eat ment ,Ca@ag)'% dﬁ%fé@’eg if&eran@%'gsg@%ap ths reardon égagii beg systgm

[ 0044] The recy i uepgh oi e I My} of

t he hydrocar borc11]no Ib.% +nﬁﬁl§g%ﬁﬂti on, lg’hiéydr}égéncﬁza& %ff %Rﬁ%dqhgﬁgﬁé%ﬁ
preferably contauhted fRar bystdmarrd csiuredli Sbiv dy8tetn Bt dak estislyck oil.
fractionating a hydrocarbon oil, a part of a product obtained by

i soneri zithg a hydedslitierh owhesi & phiralityneiderastons & psedanecombinationnek ad
froma hydrocarbon Qil. or a part of mddle distillate
fractonat ed fronier Beduserufud fimay fadhlieS ity sp@blid vdn o
or a mddle di Sédch}réitegagllﬁ]]ﬁid 6k esly UMt Agy HY dhPrRERAR aRi tenciiien

t hese conponents are recycled and supplied to the féedstock oil, the
conponent s ar e lormef eFatthgr, deateactor maydheansed. aldd OO#G§Shieinatiet eht  of
the recycled oil iaﬂ\ thfg feedstock oil is, 0.5 t 5-f_§ql]d by mass to an
oxygen- cont ai ni HEHPUPLESAFI95 3O RpBHRHIE &t P dRsich OhA TR
veget abl g oi |, t L0118, d 1 g, t.hl h r e
dependi n% on t hcgeﬁl%%l( ﬁﬁbgm%u?g]r%lgr\;‘pgé g% @P@nglp }%a l{rﬁégcbtteofgmﬁ%%}ré&t h?@g
reason, if it igaa@kauicdstdatsbbaid 8eihsy haveonstirtsiashed I8Chafdifgle 15
heat, the reaction heat mag be sufficiently reduced if the content of
both oils is wiealystthed ebbver phyigiy ofeetialset badspolm addifignaFEK i xed
at aratio of 1,to 1, the tIe ] ergt%][&'gi ncregase becgmes hal f ttht%t of

t he case where Sgogﬁb@t SRR Vel Hi 2 SHFmarac Pn\/?é)agﬁ’al?ﬂ eBil is

reacted singly.piibadtihé Bctibd z6MR i§ AR Eéltticﬁ’lfarﬁ;hﬁm’t&lcé&fd ﬁl@reoiﬂay' S

hi gher than 5-fold by nmass 20 of the oxygen-contai ning hydrocarbon
conpound?0 t he deneenirfati amaofe redntionxzpgen - dunther, thengadticrzones imap
conpound decreases and the rﬁactivity decreases, and in %gditi n, the
flow rate of pﬂ%?e%epé%elb’HBStP'%lq RIS alded SR fHEroalh PYEHRsEE. On
t he ot her hand, f ecy. [

0.5-fold by nashjdg?t}%ﬁg&g%gégé{-s glgﬁltﬂ ﬁﬁ’iron(gr r@éﬁsrgg%iggr 8‘;}?@% O%ﬁﬁg, t he
t enper at ur e i nogeias emARYbe QlisgaRed Uhf sedeaniot Yins pagiies 36dperfo@9 4Gk The
met hod of m xing of the feedstock oil and recycled oil 1s not
particul arly | ilmdrefteatipent. f or exanpl e, both oils are mixed in advance

and the Jg xtur e[OH?é/] be I'I‘Pl%rfgg s?o%ﬂ oilfrinsPerted 18 R h%ro‘irggtment reactor

5 1s hydrotreated and then transferred to the separator 6a. In the
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hydrotreatment reactor 5, or when a feedstock oil is introduced into
the 5 reactor, the feedstock oil may be supplied at the previous
stage of the reactor. Further, it is possible that a pluralit f
reactors are connected in series and then the feedstock oil iﬁP%Q%ﬁkﬂbOO
i ntroduced between the reactors, or the catalyst layer is divided in
a single reactor and then the feedstock oil is introduced between the
catal yst layers. 10[0047]1n addition, the sulfur-containing

hydr ocar bon I 0 i i i
aetivity in ORRORoch iollR KEbE Mt dBERY B ae RO Sopkaf
conmpound is i Il ; b d } :

T de. g sifo ,arsdﬁé §§‘Ef’¥‘}ﬂ Eht ﬁ‘?%ﬁa%}ﬁ%ﬁiigpahE%%%r?q{Bjéﬂn%ﬁ%%gﬁgn%{d

di benzot hi ophgmeo@dibddd adard Nghidvshdse onehb @oftdlihing-£RYdcAIHtE
hydr ocar bon conpound contained in the feedstock oil may be a single
conpound or aihobtdined bl Hyerotreatnmene, &nddis adtlittonpeatod$s séparhtedranda
petrol eum hydrocarbon fraction containing a sulfur content may be
added %o the esmdstddedandhe liquid pBisescarmpopettr ol thengoiwnsizedi side of
fraction containing a sulfur 20 content, a fraction obtained by a

. ¢ y.
typi cal petrdheggpiatorfisag Hewchaanebk3 yeltigh bpsa eheamgl mtradveed intgy
be used a fraction corresponding to a predetern.ned bolling poi
range obt ai n@d{’lﬁytlaﬁataf ?as%ﬁ@%a the beati¢ BEefgépé?%@uéo‘HrgE‘WEMn
distillation a rnatus.or..a distjllate corresponding.to.a. .
br edet ey ned BETIsG: Fartghatr b A RheEyR0n resbedr 1 n dhis order

25hydr odesul f yr i i appar atus, a hydrocracki ng apparatus, a
resi dual oil agﬁlé%%lﬂ‘gde?sul furization apparatus, a fluid catalytic

cracki a or i I I [ i

from gggh gP qtb?gggbove@g%arsmggs&r@%égtﬁgg#agﬁ%ﬂ% 'S%QE%%{%

by m xing tWeodled®yahkitas eREhikRN3 E@@ig%}:irﬁﬁné(méﬁ‘fiﬁ s@parhttd into a
n

sul fur-cont ai ni ng hydrocarbon 5 Tconpou is required to be 1 to 50
pp by mass i rgaseplinse @ontfunchvlahidra Hyoid phadeheorapygart-@ight distilkge) in
hydr ocar bon conpound derived froman ani mal or vegetable oil, and
preferably ighs frectééngipmsy nibe gand plwse qumpencdl gort@insouftagmd by
mass. |If the content of the sul fur-containing hydrocarbon conmpound is
| ess than 1 pgpregenvasEomevesrthige hydyogen iheetaineduio theoftpwi ehansghid2 o

b difficult bl [ ' he d ti tivity. . On
the olfier hatBrough 8 rAOWoABAEl &P ERS TSI AL EORERPHINE TRYBFBER B oh

d 50 b i t | t .ih
oo e LR, £ ke 0 72 e dhet B b g Rbid Bhase
hydr ot t ' dt t ] ip.th
L oo e s SARSRATaRE o, bt B TR 1EERERIE o} Pt
the sul fur Comi@RinaBoRAGeH A HaBlibffibr 99 (BRAIAC FNRLAINAALE. Tn
purification apparatus en t efaractlon I'sS us as a ueq or a

di esel engi nagoi el lidiad pifaseddhidient (bseulialy, GO FOLaibbnt 69

present invention nmeans e ‘mass content of the sulfur content as
nmeasup@d accdrainngviich JWatdf 2b4dpaQtddtaidnirambved ff aSseparatdoBheiy "
or the method described in ASTM 5453. [0050]1n the present

i nvention, tHeamsdelired tntheffradtiomasmy? guoogh tlntlow charnel 14.

sul fur-contai ni ng}lhydrocar bon compound to the feedstock oil may

performed si M@084heousFyrtber,sEfar ak sthpwshan sramplebny which ethet Ihggt
exchanger 3 is installed on the downstream side of the separator 6a, but
the heat exchanger 3 may be installed on the upstream side of the

25 separator 6a, or the heat exchanger 3 per se may not be installed.

[0035] In the {ractionator 9b, the liquid phase component
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25recycled oil is added to the feedstock oil, the sulfur-containing
compound i s further added.ln addition, the sulfur-containing

hydr ocarbon conpound is mxed with a m xture of the feedstock .gtiﬂ%ZOO
the recycled oil in advance and then the resulting m xture na§%p - -
introduced into the reactor of the hydrotreatnent reactor, or the

sul fur-cont ai ni ng hydrocarbon conpound may be supplied at the

previ ous 5stage of the reactor when the m xture oil of the feedstock

oi | and the riegkgéeed @ﬂdmitﬁeflﬁ&ﬁ@ﬁ'étéﬁgaitlﬁh*cﬁtghhﬁe FRAE tRAnnel L6 and the
[ 0051] (Hydrotreatnment) In the hydrotreatnent reactor 5, each of the

reaction zondgqfid, ptiise aoanifisnens fforhlthd sephtnter 6atadd ¥eparatedt Aitdiangas
porous inorganic oxide conprising 10 two or nore elenents sel ected

f rom al um nurphas¢| ¢@mponenty cohighn dikollate, at middleudisaiithtereegdeai beavand
one or nore netals selected from Goup 6A and G oup 8 elenents of the
peri odi c t abldsélggor t eimg htheger ompansnifanithe oxnigdle [ dositlars &
supporg of the catal %st Esed in.the present_jinvention, 15 as
descriPed abdVRMCHZEGAB ei‘W%ﬁ?ﬁ@‘bgﬁaﬁ@%%r 15 pehéitione thi gappBase

T R L i S Tl
al um'gnum Si Iagl?ogl?é}lz?gr ggﬁfg&%\l&)%@{%g%agi ﬁhﬁﬁﬁ@@ﬁ@é@@fﬁ% @%ﬁ%%e

20 vi ewpoi nt lﬂ'ﬁis i ng capabl e of further inproving the deoxygenation
activity and ‘the desul furization activity, and is nore preferably an

i nor gani ¢ oxi[dg36F0MPOoFhiBeX e fRfw ahaAineIN I Ms Okt ARhad dbaben the
oxi des) containing alum num’and other elenents. [0053]If the porous

i norgai c oxisdpacont 64 AAd ah¢ fiaotohasr §b2heldnatvebtehé felcasiiior Sbhmd
content of alumnumis preferably 1 to 97% by mass, nore preferably
10 to 97% by thedsomerizatioh remster fOef Ahebbthe? @ndt of Sebinncird schiannel
terns of alumina, based on the total anount of the porous inorganic
oxi de. If thd-chin Buthestbranchedinte two chasnelpanOng pneldscomectad® of
al um na, physjc properties such as the acjd properties of the
support are ﬁb@ e aamlehﬁhat\ﬁ%ﬁq therpwnprs and Hic hed,gxsbangsioh ans

ot her  hand. iAPOMS BIAREBrS STGEIR I A BECETGHdRsTHRTe CoMPe i
of 214512, 0Eial te s S SuE RE RS TR Bl R UL b0y
on a method f@hetor 5. Thereby, the hydrocarbon oil separated in the separator 6a
and the fractionator 9b can be used as a recycled oil or quench oil.
[0037] In addition, FIG. 1 shows an example in which the
fractionator 9b is disposed on the upstream side and the isomerization
20 reactor 10 is disposed on the downstream side, but the disposition of the
fractionator 9b and the isomerization reactor 10 may be reversed.
[0038] Hereinafter, a method for manufacturing a hydrocarbon oil
will be described in detail using a manufacturing facility shown in FIG.
1.
25 [0039] (Feedstock oil}

In the present invention, there are used an oxygen-containing compound
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10 i ntroducing silicon, zirconium boron, titanium and magnesium .
whi ch are constituent elenents of a support other than alum num into
a support, and a solution containing these elenents or the |ike may
be used as a raw material. For exanple, there may be used silicon,
sodiumsilicate solution and silica sol and the like as silicon;
boric acid 15and the |ike as boron; phosphoric acid or an al kal i

netal salt of phosphoric acid or the |ike as phosphorus; titanium
sulfide, titaniumtetrachloride, various al koxide salts or the |ike
as titanium and zirconiumsulfate or various al koxide salts or the
i ke as zirconi ] : e L OMS ) i jdes
preferably contﬁggqg%ﬁpﬁgé% olri l?sr %gelgg%oﬁzt%? %c?]?@é cg%ﬁ@ﬁ?&ll_laﬁg
content of phospleacuil as pretlf 8y abfegdfock bl &DYibyigmSelfur@En@ining
preferably 0.5 to 7% by mass and nuch nore preferably 2 to 6% by nass
based on the tdusrocirtineomapoude bHibadditonré it Hme Qfﬂ%@létmrﬁp ohiie
content of pho orus_is less. than, 1% b ss, nether sufficient
deoxygenati on aberoteyir EoRity ik AYa R RpuPp bl coReebppEy « end
to be exhy bi t edheaBelcldd bi1ana QLR oRfis PRGPRADIVIAIRKESAAS a0
mass, excessive cracking proceeds and the desired yield of the

hydr ocar bon oi |olitainéd kg incotporalery tha hedroc@d66 cdmponmhintmtterfeaiseockf t he
consti tuent coggi)nen s of, a éuq[gﬁg{t ot her than al um num oxi de are
preferably added! TRY ResPRCEE IO WIPHREAtRENE hati on of the support. For

exanple, the r teri I A ] e
solution in ad a%@ andq%ietﬁé ?ﬁgﬁggﬁlﬁ%&%@&g}é@;&gﬁggnﬁgﬁlniaﬁg
these constit uedlimgboporgethblen®y, fe oflr epBf&dc@fipdreer deMveaBfiem ahs nmay

be added to the al um num hydroxi de gel prepared. Alternatively, the
raw mat efd al s maympleocnyegaiable od en epreduciedtedifiosr thercompogenidare

aqueous solution is ded tg a,10.co rcial l.y avail apl e al und.num
ol de. 1 nt or medi PTG CRGRH O ORRT BT et PaDiety G X HPE | s
kneaded, but thge ro@l"‘éﬂ@fa@rcbﬁ{p%n@t{t%oﬂfa‘?ﬁse_ﬁlﬁlﬁﬁﬁha@'drQ)é?&aBl@ &Paxd $4t at
the step of preparing an al um num hydroxi de gel. Al Though the

mechani sm of t hndeful enimal or heegemhkt piluemhpaenpoviech sairofnagurslip por t

ot her than al um ngm ﬁxi de, has not 15 nec ssglfily been el uci dated, it
is inferred thattihfally prequced onmanyHsoHEH ARY/PH A FOMPOBRR RIRAUEA &

oL i LU i, SO SRECo ATl L Rt VBSGERSE

t he support sur I'n on w e active netal s,
t her eby exer ci siddgd @6r thefpueste efanaiht@ife bi Uhpioving0he Pertbihigndeatous

i norgani c oxi de as a_support is sgg{gqrted with one or nore netals
sel ected from GhewgpoBA aaddiag: ouly tion,hdepderivative afaBieeoil pnshéatt hese
nmetals, it is pcrefer%rtl)l e to.use a conbi n‘%gi Er} of two.or H)Dre getal S
sel ected from OO %‘i‘%fa%ﬁ&ﬁo O0RRY Wil ?@ﬁ%f’[é]f:%?s‘? é"lf)fP F&r r ed
combi nati on i nGhuessierf Bf nfhaMRLRIngCARAT af®IPMDFIBAHE or a comrgaonent
25ni ckel - nol ybdenum ni ckel - cobal t - nol ybdenum and ni ckel -t ungst en.
Anpong t hdse, nowkichieintntiedallyspmcessabint@b demnveadf produdtel - mol ybdenum

[0041] Examples of the oil and fat component derived from an

animal or vegetable oil include beef fat, corn oil, rapeseed oil, soybean

oil and palm oil. In the present invention, as the oil and fat component

derived from an animal or vegetable oil, any of oils and fats may be

25 used and waste oil obtained after using these oils and fats may be used.

However, a vegetable fat and oil is preferable from the carbon neutral
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ni ckel - cobal t - ol ybdenum and ni ckel -tungsten. At the tinme of
hydrotreatnment, these netals are converted into a sulfide state to
use. [0058]As the content of the active netal based on the catal yst
mass, the range of the total supported anount of tungsten and 5

nol ybdenumis preferably 12 to 35% by mass and nore preferably 15 to
30% by mass in terns of the oxide. If the total supported anmount of
tungsten and nol ybdenumis | ess than 12% by nass, the active sites
decrease and sufficient activity does not tend to be obtained. On the
other hand, if the total supported anount of tungsten and nol ybdenum
10 exceeds 35% , -ar o i I She and
sufficient act R%/i?? ggegﬁdqng?ﬁgﬁid%tﬂg ﬁ)gﬂgibq[ g)lhngga q’ﬁtlyrogngl% (%I?d%tghe
total support ecbreferablt fioin debalktvpaind ofithk elrbbs runedee oébhy faktyOadid 15%
by mass and nore preferably 1.5 to 12% by nass in terns of the

oxi de. 1 f ithe tdk¥ chaimped thsroagdvint dn addbian theailhpeed dptsimay beg

than 1. 0% by hCl I ffegt .l t obtained
and the acti virrt?@sg?gfr%) é%?%jﬁa&eb%ruggig.ﬁg@ﬁkgﬁ%g%f ﬁn&re glélﬂ%j,gf?‘grq he total
suppor t eds amourpoef] cobatht dfiftalvCkPiheeiE afd $at I ¥apeB&sivel HRomet al s
are not effectively dispersed and sufficient activity does not tend

t o be obt ai ned.an00H8l diagetable bmpa contewl acorhpanenbwhivh ip prosessed hod
for 20 incorparating a catalyst into these, active netals, and

wel 1 - known met HBEP YFELH SEEh ApBIHEHACIR RIS gities Bl TR A b

catal yst is prqfueadngay: %a@é’aghtgm&fﬁmgmgggﬁéﬂ th¥reoft o ek aFCh a

catal yst support is Inpregn ution contal'ning a t of
an active netalofi thepfafyeneidl yonssianing| thesd datty aieid amiglecptides bintlude
adsorpti on 25nethod, a pore-filling nethod, an_incipient-wetness
met hod afll t he ButwE apid(GHECQOQM) yCapraie e (CdnC |capryligeacid

Bbport 15 veadsr BtCP Ry, AREE i CHECIOEDBEE SOl TR LOMY o
with the same vpugr id @cgﬂwo@ﬁ?,tpa&ﬁhw_téc@m (ClsH, @) Ad stehfc

i npregnation nethod is not particularly Ilimted, and a support may be
i mpregnat ed by agid (CHHBCOOH), habich dep ealttidsptanatedhfatty ugoplsrhavithganount

of the netal and physica operties of the catal yst s ort.
P00601 11t e onsBiEed St SR tne St ML ot SRR easidner
of types)of th%d}%ﬂg@%gﬁ?&gﬂﬂﬂ&@t aéd&ts(dl%l}r?é ,6fﬁ%exﬁéa"%ﬂi§1 one

type of catal yst nay singly or a pluralit catal ysts
di fferent in aqCpHR,O00&), dpiaciegsacid (SyHpOOH)COMH) dndtthe tike,onfioiment s
may be used. Exanples of a suitable conbination when using a
plurality of did¢ansuratet Mtsacds havingeons ehtaapipsality gt wisairyed
cobal t - nol ybde t the subsequent stage of a catal yst containing
ni ckel - nol ybdenum 'a cat al yst cont ai ni ng ni ckel - cobal t - nol ybdenum at

15 the subsequqpb4st age TOE récyeREDINSH queRdPbiNpRY the REbE fippiRdpaum a
cat al yst contai ni ng ni ckel -cobal t - mol ybdenum at "t he subsequent Stage
of a catZll yst dbatemperaigrenincicese dusnigghe ngactionl heatanitlad redrogentmanti ng

iy SRR s o SRS O
quench oil, a part of the hydrocarbon oil (distillate oil), which is
obtained by removing hydrogen, hydrogen sulfide, carbon dioxide and
water from the product to be treated obtained from the hydrotreatment,

25 is recycled and supplied to the feedstock oil.
[0044] The recycled oil and quench oil preferably contain a part of

15



20f urther conbined at the previous and/or subsequent stage of the
conbi nati ons thereof [0061] When conbining a plurality of catalysts
different in support conponents, there may be used, for exanple, a
catal yst having a content of alum num oxide of 80 to 99% by nass at
t he subsequent 25stage of a catal yst having a content of al um num
oxi de of 30% by mass or nore and | ess than 80% by mass based on the
total mass of the support. [0062] Each catal yst used in the present
invention may be used after it is presulfided in the sane manner as
that of a general hydrodesul furization catalyst. For exanple, by

s 2 pr ot SRS Y JPUARA, T TR BB B

conpound to a h on ol al ne present

invention or a li[it@fd’réﬂl?@ﬂhtbﬁhszﬁﬁarhﬁﬂﬁ A adle@nstidiate, ottgiakd bY fRGAGhAhgMOT €
is given under the condition of hydrogen pressure according to a

pr edet er m ned px dydcheathonBeilt hi parprodce dupéyct t ¢hiaiaed i hye i9psesizingn at he
catal yst becones , 10 a sulfurized state and exhibits th ctivity.
The sul fur-contl?a)fdﬁ?%bqwﬁﬁ&élr’ﬁ{gﬁuecé%ﬁﬂﬁ rcho%?c!l t@m?%ﬁ?rc on
limted, but spgeidfi ] ; i [ [ Pebysiehf i de,
t hi ol , th?ophen‘g,g i ot?ﬁ%Sﬁ%ﬁg?‘%&%ﬁééhﬂé%‘%tﬁﬁﬁtsﬁéﬁtﬁé AieuchBbMRT | o
t hereof The sul hyisemeritiainiydrdentbonadl drenmitiiipdistiliise fraytidetel fsomgl e

conmpound 15o0r a m xture of two or_nore kinds of conpounds. Further, a
pet r ol eum hydr obar byrosarhen i oh coVhesi Ahesg soraPeHaBEs @ghtiemiclerange

react or”asthat“BOGE fo e eETrh ShaBe B maReat kRt iR
addi tion, theresfapcde used a catal yst which is subjected to
presul fiding or a catalyst which 20is subjected to activation
t r eat ment0 usi ng[08451l f urfleaenenhoiihs resyyplgd il indhe feeditogk @i is 0.5- to
nitrogen-contal ?—if&g b())/rrgezlisrs] itg ag 8:'»{3\1/g%rz]1'£dontaining hydrocarbon compound derived
from an animal or vegetable oil, and the ratio is determined within the
above range depending on the maximum use temperature of a reactor.
For this reason, if it is assumed that both oils have the same specific
15 heat, the reaction heat may be sufficiently reduced if the content of both
oils is within the above range, because if both oils are mixed at a ratio of
1 to 1, the temperature increase becomes half that of the case where a
substance derived from an animal or vegetable oil is reacted singly. In
addition, if the content of the recycled oil is higher than 5-fold by mass
20 of the oxygen-containing hydrocarbon compound, the concentration of
the oxygen-containing hydrocarbon compound decreases and the
reactivity decreases, and in addition, the flow rate of pipes and the like
increases and the load increases. On the other hand, if the content of
the recycled oil is lower than 0.5-fold by mass of the oxygen-containing

25 hydrocarbon compound, the temperature increase may not be

sufficiently suppressed.
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[ 0064] Furt her, other than the hydrotreatnent catal yst, a guard R
catal yst, a denetallization catalyst and an inactive filler may be
used, where necessary, for the purpose of trapping the scale content
whi ch 25f1l ows in acconpani ed by a feedstock oil and supporting the
hydrotreat ment catal yst at the partition part of the catalyst bed. In
addition, these may be used al one or in conbination thereof [0065] The
pore volune of the catalyst used in the present invention, which is
measured by a nitrogen adsorption BET nethod, is preferably 0.30 to
0.85 nmug and nore preferably 0.45 to 0.80 m/g. If 5 the pore vol une

is less than 0.330441 /9, mqnahé@sfﬁﬁ:ah}% bl heObedRG& LRI Ald SRR bR
becones insufficient and the active sites may decrease. In addition,

t he pore vol unesenatepuiSciladb limitegl, Hubdor akahplst bstlr eilgtare heizedss
insufficient and, the catal yst. may be powlered and broken when in use.
10[ 0066] Fur t heradvanee ea@ &L?s‘%“xlﬁua@ DAY Rre ifERelupest dnigi anisaepr of the

f bly 5t f 1 E t: kped b
Phe above mot hai oy ferpRait GRS B IR H declybk i WnaBBydBfLThE"c, 1Y

reacti on 3ubst r@hqot, Shé) ededstotlf iofli i@y by sepplRddatithe bheriRI efzeadtdhe he
reactivity may decrease. In addition, if the average pore dianeter
15exceeds 11 nrieactple Jgovidies ayis poesible shat dadvrebityesf raaionsiaee emedtedy may

b i fficient., [0067]]I ddi ti dn th | yst, . | der t
mai ntain the o BrpsaRt nls SrpkbeR B ek bR aed Bedlt |
activity, the rgithocablysii8yhas aiMed e Qg%lie Yeridr QMR BS fEAER 2

pore dianmeter of 3 nmor |ess 20to the total pore volune is
pref erably 35%dilis\untredueed bethvess the] @@dBL ldyarseach of the reaction

zones, 8 8b an c, which are filled with the catalyst, the

f eedst ock oi | ﬁ@gﬁfﬁdr ot B AddHionn th@naﬂgw@awwyﬂwﬁ%ga FommPEPd t he
condi ti ons of dr pge espur . o] ' I .1 h 10
MPa. 25[ 0069] A:plg%lssc?‘?b&é’%b%@e,lﬁpﬁjewr?%/dwﬁ%ge{lled&gggnsa&rgg iagﬁﬁletguiqqued to
be 1 MPa or nortgdasiebatiass. t e shfuMhtaining Bided @i Yormpouhdti@ bt MPa

and particularly limited, but specifically includes a sulfide, disulfide,
polysulfide, thiol, thiophene, benzothiophene, dibenzothiophene and a
15 derivative thereof. The sulfur-containing hydrocarbon compound
contained in the feedstock oil may be a single compound or a mixture of
two or more kinds of compounds. Further, a petroleum hydrocarbon

fraction containing a sulfur content may be added to the feedstock oil.
[0048] As the petroleum hydrocarbon fraction containing a sulfur
20 content, a fraction obtained by a typical petroleum refining step may be
used. For example, there may be used a fraction corresponding to a
predetermined boiling point range obtained by an atmospheric
distillation apparatus or a vacuum distillation apparatus or a distillate
corresponding to a predetermined boiling point range obtained by a

25 hydrodesulfurization apparatus, a hydrocracking apparatus, a residual

oil direct desulfurization apparatus, a fluid catalytic cracking apparatus
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nore preferably 3 to 6 MPa. If the hydrogen pressure is 10 MPa or
nore, the ratio between the decarboxylation reaction and the
dehydration reaction is constant. But if the hydrogen pressure is

| ess than 10 MPa, the decarboxylation ratio increases according to
the 5 reduction of the pressure and the effect of suppressing the
heat generation amount by the reaction appears. However, if the
hydr ogen pressure is less than 1 MPa, there is a tendency that the
reactivity decreases or the activity rapidly decreases. In addition,
if the ratio of the decarboxylation reaction is excessively
increased, the yi@bdikel {MeddifbY,the FRALHEN oBlained iR TRENGF Ak dvvehe
anmount of the produced as a by- product carbon dioxide is inpaired.
Therefore, it isppacttussintayiiiceused aloerarassy bhasdebpninoxg ltabicomorat i o
until less than the ééwer limt. [0070]1n addition, the hydrogen oil
rati o (hydrogenfBf§ o4 HeWo) in the hydrotreatnment is in the range of

preferably 100 00 L, ef | o] L and
especially pref rg y ZE%{et OC%% I\ﬁL&{el fﬁ{lﬂlg Cé?%%g%éenhﬁrlaﬁgraﬁo?o
exceeds the uppsimpduiidtis rédigreineeab e 80 fppchy alasd heteras o ted sulhe

decar boxyl ation reaction in the above hydrogen pressure is inpaired,
and if the hydr#dgeriodghe oxygensontiniag Sydiesarbonompaend derpied from an

suf ficient hydrogenation not proceed. .20[0Q71] Further, the inlet
tenperature t1 "B'gmfiﬂ%r ‘{egg{éﬁleoqjlf%(ﬁgre%g%@ly%g&%gaghmt SIS APd PUE e am
side is 150C Orgr@éﬁr;@ol?”ﬁ) 28050 Ppord B9S nlapd. ef BY ARl YorkdiR CoP lihd™uFuaNd

240C or less), the inlet tenperaturés t2 and t3 of reaction zones 8b

and 8c of the seswaidingrhydsicesboarcenpguad it lesothahilghpen by maass tith éerms

condensatjon te rature of water, and the oQutl et 25tenperature T3 of
t he reaciq on zo@t Séugéléﬁ%’édt &ids Ha %‘Pedjé&)r%‘ﬁrt@asﬂﬁ JERE@EHEEC or

nore and 360C o : -abl ¢ r: 5) .
100721 1n addit SRR RSEEY Ot ouh bl e uRPnEAPS] B L35
suf fi ci ent hydragedaindydaeadon @bmpbotd etteedN50 ppmiiyhasssianemsidft t he

inlet tenperature t1l exceeds 250C, the anmount of the recycled oil or
5quench oil is thegulfpeatons the sylfyreaseyrasinn inke bekl gpp dsghaegedray
decreases. the hydrotreatment step increases and the sulfur content contained in the
15 oil to be treated or hydrocarbon oil tends to increase, and thus the sulfur
content may adversely affect an engine exhaust gas purification
apparatus when the fraction is used as a fuel for a diesel engine and the
like. In addition, the sulfur content in the present invention means the

mass content of the sulfur content as measured according to JIS K 2541

20 "Determination of Sulfur Content" or the method described in ASTM-
5453.
[0050] In the present invention, the addition of the recycled oil and

the sulfur-containing hydrocarbon compound to the feedstock oil may
be performed simultaneously or separately, but preferably, after the
25 recycled oil is added to the feedstock oil, the sulfur-containing

compound is further added. In addition, the sulfur-containing
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[0073] Further, if the inlet tenperatures t2 and t3 are set at a
tenperature equal to or higher than the condensation tenperature of
water, it nmeans that water produced as a by-product by the 10
hydrotreatnment is maintained in a vapor state between the reaction
zones 8a and 8b and between the reaction zones 8b and 8c. That is,
the inlet tenperatures t2 and t3 are | ess than the condensation
tenperature of water, water produced as a by-product by the reaction
forms an aqueous phase and nmay contain a water-soluble |lower fatty
acid such as formc 15 acid and propionic acid or further a

wat er - sol ubl e alyldesdaRSoCQMFRNAH AOSRARAMNS nftktutd6r the k&dstobk i1 A4S ng
the corrosion of the apparatus and unit. On the other hand, if the

i nl et tenperatuhesetRlandiltd adwnsetandt then tthependting enigtpualmayo bof

hi gher than the condensation tenperajure of water, the corrosjon of
the apparatus dRtodied 189 e st ¢ B BYHOHRI MIBbELAiarf rdie ARl

suppressed. [ Ooc%ﬂalilﬁaggﬂdl}élc(ﬁpoorf Qorﬂfagnﬁglt gﬁyfﬁ% @@@hﬂedt gieth\@af;%gifuge

produced as a by-pro a vapor nper at ure

controlled so t dtheerehcbdi Wheb eiovaetuicheil parid fledfbels sirmdRné (MPa)
of the water produced as a by-product and the tenperature T (C) at
that tine 255atf|e€3|'q1@b011ﬁéﬂﬁ@%@ﬁﬁﬂmﬁﬁhq’@m@‘sent ed by the foll ow ng
formula (3), bagg on Tglt_lens eqtuat' on: PW<6.11 x 101\{7.5 x T
(T+237.3)} x 1 ?5] ThattWEOUERMERE i 1 et tenperature (t" (n is an

integer of n 2)p (R n{diSrtfaehi RActéPH a0k of 1 r8RE8R%0REs ,tksewna 8c

control |l ed so that t%e formula (1) 1s satisfied, the inle

t emper at ur e mayis hkled etithad catalyshpeEntahince goroed inbtganar odide hemptitiag t he
condensation tenperature of water. [0075]Here, if it _is assumed that
the feed¥t ock dMo ShdneReclRpgRist & fism aBrpialEe SRS FHICORYBY | ze

at all, the parﬁdr@ﬂ, tthfam A fnﬁgr?esium and one or more metals selected from

Group 6A and Group 8 elements of the periodic table supported on the
porous inorganic oxide.
[0052] As a support of the catalyst used in the present invention,
15 as described above, a porous inorganic oxide comprising two or more
elements selected from aluminum, silicon, zirconium, boron, titanium
and magnesium is used. Such a porous inorganic oxide is preferably
an inorganic oxide containing two or more elements selected from
aluminum, silicon, zirconium, boron, titanium and magnesium from the
20 viewpoint of being capable of further improving the deoxygenation
activity and the desulfurization activity, and is more preferably an
inorganic oxide (composite oxide of an aluminum oxide and other
oxides) containing aluminum and other elements,
[0053] If the porous inorganic oxide contains aluminum as a
25 constituent element, the content of aluminum is preferably 1 to 97% by

mass, more preferably 10 to 97% by mass and much more preferably 20
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MPa, and the decarboxyl ation reacti on does not occur (assum ng the
case where the maxi mum anount of the by-product water is generated),
10 and if the partial pressure is represented by P (MPa), the nolar
concentration of water is represented by MV (nol/ 1), the nolar
concentration of hydrogen is represented by MH (nol/1) and the nol ar
concentration of propane is represented by MP (nol/1), PWis
represented by the following fornmula (4): 15PW=P x MN+ (MN+ IVH +
MP) (4) [0076] For exanple, if it is assuned that the ideal :

hydr odeoxygenati on reaction occurs for a triglyceride of stearic acid

havi fatt ' : | f 500
NT L and at o (Gt o8 REadD IR o o ohb W AT SR BIRLR 0B The

20 initial reaglbdrem; ysdaaI0 dade2 3. 10 thieddgenpef alblifumfis 13 tHahi 1gb poer i de
of stearic acid because the hydrogen anount per L (865 g (0.97,

mol es)) of the mﬂ$sgny@miﬁ@1mmﬂgilga’ﬁicél properticsswbas thy 22d prapsriees)
assum ng that t triglyceride of .stearic acid has .a | ecul ar. wei ght
of 890 and a defloiey uBPOS A BOPEfEbIGand abfth g g RO s Rt 12
mol es of $ydroggmivies nop ABRHMIRARLACHTRY Sef tof Bieerhibitddy Cei B8 d¥ier
stearic acid at 100% reaction, and 6 nbles of water and 1 nole of
propane are geniemat édthePWnitent ofejinmsemb edcdeys th76 byl inessi imgtehms mil a
(5) if the reaction rate is represented by C (9% PW:(? X (6, x O

6 x C + (23.0 xalumna, ﬂPZC%Ea]@t sprfpcg arep b(eS‘?m%E’é‘Fféic%@F o thfedctivity
condensati on oftebgsetob&é-c{érageqluct water generated may 5 be prevented by
controlling the Tenperature according to the reaction rate of the

formula (5) depgoding omrhehe Rr eberhitRslef liietibeedat ackn@hdd for
hydrogen oil ratio and reaction pressure. [0077]In addition, if the
out | et t Ehper at redmdng siliconveriraohavn, 280, Watipmcinshmagyesiwaewhichon
does not proceed. On

i s higher than ggoc@nsé&ggtgé{é%ngfggﬁ h&ﬁgfﬁea&%gﬁgﬁ %@{ﬁﬁg@ggﬁéf °r
eroct, o Sbgehl iy A Ry uep e o AOTRL AP D o
the outl et tenpesedtay @ @nd maderialn| Eor eeappleatthare, may be used silicon,
sodium silicate solution and silica sol and the like as silicon; boric acid
15 and the like as boron; phosphoric acid or an alkali metal salt of
phosphoric acid or the like as phosphorus; titanium sulfide, titanium
tetrachloride, various alkoxide salts or the like as titanium; and
zirconium sulfate or various alkoxide salts or the like as zirconium.
[0055] Further, the porous inorganic oxide preferably contains
20 phosphorus as a constituent element. The content of phosphorus is
preferably 0.1 to 10% by mass, more preferably 0.5 to 7% by mass and
much more preferably 2 to 6% by mass based on the total amount of the
porous inorganic oxide. If the content of phosphorus is less than 1%
by mass, nether sufficient deoxygenation activity nor sufficient

25 desulfurization activity tend to be exhibited, and if the content of

phosphorus exceeds 10% by mass, excessive cracking proceeds and the
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15 ATI (=Ti - tl1), AT2 (= T2 - t2) and AT3 (= T3 - t3), are 80C or

| ess and the total tenperature increase anmount EAT" (= ATl + AT2 +
AT3), which is the sumof the difference between the outl et
tenperature and the inlet tenperature in each reaction zone, is 200C
or less. If ATI, AT2 and AT3 exceed 80C, it is not preferable because
the difference in 20 coefficient of thermal expansion between the
upper and | ower portions of the reactor becones |large and as a
result, metal fatigue is likely to occur. Further, if the total
tenperature increase anmount AT exceeds 200C, it is not preferable
because the dif ' el o T nsi on between

t he upper and l%&g?&‘g@ﬁ&ﬁgﬁ%&b%ﬁg&é8%23,{1?)1%?%@%@8&8% | arge and the
reaction tenper[gosgle colTheotawbennamds diff fheC bbristiteB0 ¢8dpoacms et of the
tenperature control nethod of the reaction zones, for tl1, include a
met hod of adj ustippeft other Hiaalginpergreda g heciofablyhadded éna sisplbefire by

t he heat exchar{ger gﬁiart]d thﬁ heater 4. For t2 ]%ni}rjt 37 it ti S
preferable to CBREBINARE s, SYPRRFer EPT SRETPLS: Mg T3vs mpleply are
reaction gones fGhe@nd/ @i Amunt NRUEBIE sSANHS theaasté Siddhaknt b
supplying 5 position of quench oil by supplying a part of the

hydr ocar bon oi lalsejpanahgdiobide tgdeb compiaing thesdeomstititchecdmpmtentnatpr 9b
as the quench il between the reaction zones 8a and 8b_and/ or between
the reaction z?megreg’sreénar > TEY %Eﬁfﬂ%ﬁ}%%@é@gﬂ t0 r G AUHBIRYR

channel L2 may o h o0 be
treated, which %r%%ﬁ??’é%g%ﬂ ﬁah }’qﬁ%ﬁﬁé@rf (t)lile (r)llgg/?rﬁ n%%%ﬁrgggfgg%%?&i S
fractionated inha sepydnoticleaiss & hn acidicdhdiiedds solnfiedled addédneda

fraction through the gas-liquid separation step in the separator 6 or
t he frackd onat icommereilly nayailabler glumisnayr exidegntemeedise Qs boglgmie n

addi tion, since by-products such as _ wat.e ar hon nonoxi de,. carbon

i oxi deand hydreoelt Stk detiFg ARebRHT broRRLaR S BS bRE AR by
the reaction ofprbfapbdx%U6HeE AVt @RkisPat M kith SOPipRting ARt ALRGhAH N the
feedstock oil, these by-products are required to be renoved by
installing a gawydroxyde dgedepahbibough fthei nethantm osthehe bsffect 26f pheduct
gas renovi ng apparatuses between_a plurality of (eactors r in the

product recoversPPEEHI CPRPORFYS PLR SURROTE efher (AR glumynyy ox It
prefera i ncl i ghopr separat n .
hydroca?llbyon oi Iﬂéggsﬁgﬁll&e%egogtﬁ]g%geg’a téé?l lefemlrdgorr@%% \r?ggbé%ﬁ%u lﬂltt:ts i's
fractionated i nohfpenént@cioranat @ompldre otide RRY beit Sflimgtuinenatiedsi nt o
a plurality of distillates, where necessary. For exanple, the

hydr ocar bon oi [copgiglense thatais eansasean ingressaln thgHuppers spiface @rea soéh as
a gas and a naphtha fracti a mddle.distillate.such as.kerosene, a
Fet Tracti on ante HiesaERG) vAE el ety s BloReifite P FRUEREEER e
residue fracti qua&tﬂ,i(ghi s case, the cut tenperature between the |ight
distillate and the mddle distillate is preferably 100 to 200C, nore
5 preferbly 170034 180CThampdronschorgenie quide & aklippoit4id stppdredGyith n

addition, the cut tenperatyre betyween the nmddle distil]ate and the
heavy distill at®ei% W@ﬁ&lﬁﬁ%ﬁ%}e whiros é@@efgw}de%l@f@%ﬁwer °to

380C and h .0- 1 b
anag mic 1€, pﬁ%o%r gfr?«%s)é ﬁ&@ﬁ,&?}sﬁg%raﬁf@{otﬂgﬁ CcO ﬁ{aglgﬁ s gy Pe

produced by nodifying a ydrocar bon ction "10 to

be produced i n ot méreanetale fseleoic Gronp petsald kt&}lyb'ﬂéﬁmhyﬂibﬁaeiﬁdtthn?ten.
produced has a property which is the so-called carbon neutrality and
can reduce t he devpretaniednombinaiion ineludess don prammley cobalémiclyledenyad f or

steam reform ng. 4l e YA RS aR O AL bYE AT O TR Shickel-tungsten.

Among these, more preferred is a combination of nickel-molybdenum,
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[ 0083] General ly, the hydrogen gas is introduced fromthe inlet of 15
the first reactor together with the feedstock oil before or after
passi ng through the heater 4 (heating furnace). However, apart from
this, the hydrogen gas nmay be introduced from between the catal yst
beds or from between a plurality of reactors for the purpose of
controlling the tenperature within the reactor and nmaintaining the
hydr ogen pressure 20 over the whole inside of the reactor. The
hydrogen thus introduced is generally called quench hydrogen. The
rati o of quench hydrogen to the hydrogen gas introduced together with

the feedstock oj.l, ;s fen 0 9 me .
preferably 15 trgc%%b%ogél?-\l}gqlﬂﬁe%uﬁ .#ﬁe%%aﬁ% ?%mg&lguen%ﬂdtﬁgg?@been?fi S
I ess than 10% byyd¢gfraiient MRsé Beld 48 calivedel o ALDERRBUSNAE td @RCE | ON
site does not tend to suffici ently proceed, and if the ratio of the

quench hydr ogen[08%8keds AD%ebgonterituofethetdetive eaatali based iom theecapdlpstni ty
of the reactor inlet_does not,tend tag sufficientl prgceed.
[ 0084] Wien t he W9t obSr B8 off haniofdhc THRPEHCH ARt o Pl JBRESSTH A8 i on

Is used as a gaﬁofygh?ﬁrlgr@t(fslt gﬁ@?{gﬁ?elfio b&hﬁaﬂyﬂﬁ%@feb@‘gfe%ﬂly 15

contains at | east ving a boilrng polnt of 0 to” 300C,

and 5 the hydrwocis%hbnngist ihesmpoetteroxidey af swltdtar suppottedhmobfintldi ppm
by mass or | ess and an oxygen content of 0.5% by mass or |ess and
nore pref er abl ytuagsen fod nedipdanunpis tess tham 1A% Myswasgy the getivngitesn

oxygen content of 0.3% ss.or..lesg. |f the su cont e d
oxvgen cont ent Sseeis R R SoinnEF Spesior ORL Y b el £ O B8
influence on a Jfkd hdr@l ifothe otaP&RIpYELd HSHBHnt oF t@RgRAD AME mol@ERlenum
treatment apparatus of a diesel éngine and further the material s of

the engi h@ or otiveeds. 35 BOBH|Mdssother imcsals are Wet hifdytiviely aispersed and

i sonerization reggtor 10, .the isonmerization js caryied out

br i g1 gt he i TAESG SENIt 406" SORRARLEE PHAFRE: T THE g Jhe S5 nt o
15 contact Wit NoBBohSPHROMAIBBaIF MAhitRELis MRELaA199 UL ARO!
manuf act ured by e present 1 nvention i s us as gas oll fraction

base stock, theaidmors przéiitdn 1000 1206 gasasstinaemondéfethe oaidea [if dieched

hydr ocar bon conpound and inprove |owtenperature fluidity as a gas
oi | fraction ba®tlseprekted amoyaept ¢ahalt apd aickekisdassithanl 8 bhmass,

fractionator 20.9b and t IS i.zat | . eac 0.LS.: r and
a hydrocar bon o?qugﬁ?ataf%céqgﬁ%l teiﬁe%éééélpg%%ﬁaéfﬁyé'?%gt%en ,aE.V&f geglélrg]et_g

sul fide, carbonjgtiaxsé deoanne Ve hahd, if MR &RBHPHOIed ambind SOFEaltzed,
and then the isonerized oil may be fractionated in the fractionator

9b. [0086] The rauvikmiadel zanesisolS%s byemassat thonmets laee owhseifactively by

25a single cat

cat al yst beds. a‘liil S%B‘?%leat‘d‘#gﬁgﬁ?}\n%ﬁggﬂg’o‘iﬁ%}é%?%ﬁgi‘gﬁ%gbtgfrngagl)lng%/l 1(:) Lt ed
by a [0059] There is no particular limitation on a method for
20 incorporating a catalyst into these active metals, and a well-known
method which is applied when a general desulfurization catalyst is
produced may be employed. Generally, a method in which a catalyst
support is impregnated with a solution containing a salt of an active
metal is preferably used. In addition, an equilibrium adsorption

25 method, a pore-filling method, an incipient-wetness method and the like

are preferably employed. For example, the pore-filling method is a

22



plurality of catalyst beds, the catal yst beds nmay be separately
installed in a single reactor, or a plurality of reactors are

di sposed in series or in parallel and the catal yst beds may be
installed in each of the reactors. [0087]As the form of the reactor
in the reaction zones of 5 isonerization, a fixed bed system may be
enpl oyed. That is, hydrogen may be supplied by either a counter flow
systemor a cocurrent flow systemfor the oil to be treated. In
addition, when a plurality of reactors is used, a conbination of a
counter flow systemand a cocurrent flow system may be enpl oyed. A
cocurrent gas-|jeubg id G rhme! e %ﬂﬁrﬁznéfn@é{ L@%ﬂqm&)ﬁﬁ‘gdfﬁ? alivhce
general form Further, the reactors my al one or

conbi nati on of adpthem ahe suppoft is hﬂmegamﬂdtmm ehensmynebeolemp | ofyaethetal
structure in which the inside of a reactor is divided into a
plurality of cafHlsp t“ﬁed§1a@@b@@ﬁ?ﬁ@npﬁﬂﬁﬁﬂﬁkgﬁﬂ@ﬁ1&&?5P@§%“¢§Ynot

larly | 5
Betivity. but (RahEr BT %, euiR By be IABoMORR RP T RaRs ot

i nor gani cs oxi dedependiag 6h lig: dupPoRéd mbmealf@lﬁemta@l 51@1 FiefsRAl propBities
al um num silicon, zirconium boron, titanium and nmagnesi um and one

or more netal edfdheentalysteuppered from Goup VIl elenents of the
periodic table orte the rous 20i ani c gxi.de. [008

Phe suppor ¢ of PHE sonh | Da FEHALARATYER, Lrerar i dmatonob, Thor

el ements sel ect,gghidrogp & g&é“&“fﬂe &rbﬁ@a{lmeﬁl &AM Eagrlg’s%d. tigoani um

and nagnesi um and nore eferred 1s an 1 norgani'c oxi conposite
oxi de of an al wxampha, cxiedgypandd atidlest may des psedSciagtyadma ngualityriofium
and other_elenents fromthe viewoint of being capable of further
i nprovi ntf t he HEABILS gHEReRBtINOACtR iMGtaly SPeqierogu] THRPOPmopSEtuting

| nor gani ¢ oxi de, H%Bgﬁté%é’ Bé’ﬁpefd S?E’E(ag‘ltp ésec?fs& sﬁlYﬁ%ﬁEorﬂ%Snéﬁ SNt S

am)ng al um num SIFl1 con I’COI’] um an rous I nor ganl C

oxi de may be eidshgy al plusilicgBBrdiffetest %h@lﬁtsofnc!dmeaa Gabsdsel dohidénifg at e,
and a zeolite rs(rl(uagJ be used. Wen a zeolite is used, a 5zeolite having

a crystalline &bﬂmlbbcbnt}m als tIRARbSBIUENt I9ERe OfFR ,caNiiyst COMMAINITON,

AEL and Mh, anbn ucture ¢ eC| fi. b ternatl onal

ool e Mosont dhtkslMSdentin ' CaGREE St A e gl Vnil ol BoE iRt 1 o
on the i mer i i I r,e

sel ect edﬁ?‘)rom éﬁgﬁgﬁﬁega%? §Clts'rﬁbeué))fa’\e/l Eﬁélg?dcgrg th g{g%{%l&ggtg%ﬂ e’, anong
whi ch nore prefcfataiﬁﬂ caneimong nitkehootaltredybdernmt ac tledsibisequeRt staBel, Ru,

Rh, Au, Ir, %n ,, and especially preferred are Pt, Rd, Ru and
Ni. In additi orP Ph@é@yﬁcﬁ‘i’ﬂ}@nﬁ& &%‘%‘e‘r‘r&%ﬁ@n udrdl 3 §aiabihiceRIAIHAL of

Lo or more et gl o Al RAARPLE e Lubibat QDR dallck NShHAAREY - PO

Pt - Ru, Pt-Rh,
nickel-cobalt-molybdenum. A nickel-molybdenum catalyst may be

20 further combined at the previous and/or subsequent stage of the
combinations thereof.
[0061] When combining a plurality of catalysts different in
support components, there may be used, for example, a catalyst having a
content of aluminum oxide of 80 to 99% by mass at the subsequent
25 stage of a catalyst having a content of aluminum oxide of 30% by mass

or more and less than 80% by mass based on the total mass of the

23



15[ 0092] A nmet hod for incorporating these active netals into a
catalyst is not particularly limted, and a well-known nmethod which
is applied when produci ng a usual hydrotreatnent catalyst nay be

enpl oyed. In general, a nmethod of inpregnating a solution containing
a salt of an active nmetal into a catal yst support is preferably
enployed. 20 In addition, an equilibrium adsorption nethod, a
pore-filling nethod, an incipient-wetness nethod and the |ike are
preferably enpl oyed. For exanple, the pore-filling nethod is a nethod
in which the pore volunme of a support is nmeasured in advance and then
t he support is inBr%gnated with the sane volunme of a netal salt
solution. In addiPPPon, the 25i mpregnation nmethod is not particularly
limted, and a goeport ma¥hkatdlvReesNat ek Piesént SHLERPInemAPHROked
dependi ng on the supported amobunt of the nmetal and physi cal
properties of tdfercat sl psisulidegont .thelhemeemmhnsroas chat udhaagensidlr at e
and sulfate salts of these netals or canpl ex s?lt formof the

e
metal s are di ssiidjedpspiiunization edalystsol 05 GraBPley BY)j Psing @ o?rﬁa?ﬁtc
sol vent d the ty] ti i s opr [x@N

5sol uti oﬁf [ 009 @ﬁg‘{‘mda? Eg(lkgfr?\étél %ﬁ?%e&fl%ﬁg'?g %@dﬁﬁg ]{Hgag(%? ndngotr?eaf or
i someri zation, Rydreedssmok obthintd inethesaserofzid frasenad ifudion eoat ent
of preferably 1 ppmby mass or |ess and nore preferably 0.5 ppm by
mass. | f the supdtplevsarhasedthydreredwn al, hpsh B\20RES or maie Ipgiyeft Bader of
the 10 hydroi soperi at i.ton i lglh(% first step rrcuraoé.be prevenet%%. Iré
addition to that tHEIQR o NYEREEh P HEATEIPEN o PHESFERIE o
gas contai ni ng hydrpeen ppifiogesdirt aehife Hethod e chReAsh&omeli | to
be isonerized is required to be sufficiently |low, and the )
concentrddi on is spifefiesdalstaye hngpenhibyitsv dleuaetivoty. | éBse anldumemgaining

preferably 0.5 ppm by volune or | ess. 15 [Q094].. The reactio
conditions in tWEPEERIy comprERd db e‘ﬁ’taPaé“%‘ﬁ%‘?%rlHB%tW’agmaPW%‘fﬂy

pressure of 1t {Qui dy; y el ogis ( f 0.1
to 3.0 Il and %C%;a/égr\/ggaen%gmdaf aﬁlgﬂﬁﬁéfdrgglgﬁgpﬁ rg%llb%) %@%ﬁgt o]
1500 NL/L; norebanzefhesphbhy, dibaygbihigphener @gad usi ed@fvalivé oth8rebPa, The

liquid hourly space vel p(;iti:l LHSV) of 0.2 to 2.5 h-1 and a 20
hydr ogen oi |~ r a3vllyr-cayt@indeg hydiorarbar icomperndsomay de1 6oL ¢ampoyid nuch

nore preferably a hydro ressure.of 2.5 10 VP |1 qui urly
space veigci ty ((rﬁ_@ésqmg%%gwg ()trglcg?glrﬁiﬁ\ogﬁ%mgo dr og\Sﬁﬁ%r%’%%@Fo
(hydrogen/oi |l r@idr8dariin #aichQohndNk stifurohtent nfa?%‘é‘i‘lix%@t’[bdhsteﬂpns are
factors having an influence on the reaction activity of the catalyst,
for 25exanpl e, [0068he hykhegyesulfidisg suayebe perfomednindhe game atdctarassi o
are less than the above lower limts, the reactivit .ends. to
decrease and t hi@at E%?flafoylﬂ?e\é\ﬁ%f’fl?ﬂxﬂ’ﬁeqaé‘ﬁasre?cﬁloflath%?AlH%rt@%ec.anm

t he ot her hand, | e : j tio
exceed the abovl?aé Esﬁggrcz{?%igﬁrtﬁg? Qlégsglﬁégfsegit@@g?shﬁéﬁg{l?g?ﬁbggm%ﬁent

such as 20 conprisablectedndsactivatigh tregithenedsing A adifdr-conmining)oxlygewer t he
| i quid hourly space velocity 5 is, the nore advantageous it tends to
be for the reactdnsninEeREEEenicoNtaHENg PEggig sBBGRly space vel ocity is

| ess than the a | o imt, a.reagto vin n_extrenel ar ge
i nternal vol urrem%}é%r eqﬁué@eﬁn%th% t@cg‘gshfgo r%%lg‘gﬁtnﬁﬁ?fyls%nagéﬁﬁqnent
tends to be reqeutélgg; a @Rl AT caltdpd ank fant iAGctvedillel MRy HEYissd@ace
vel ocity exceeds the above upper limts,

where necessary, for the purpose of trapping the scale content which

25 flows in accompanied by a feedstock oil and supporting the

hydrotreatment catalyst at the partition part of the catalyst bed. In
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10t he reaction does not tend to sufficiently proceed. [0095] The
reaction tenperature in the isonerization step is in the range of
preferably 220 to 390C, nore preferably 240 to 380C and especially
preferably 250 to 365C. If the reaction tenperature is | ower than
220C, a sufficient hydroisonerization reaction does not 15proceed,
and if the reaction tenperature is higher than 390C, excessive
cracking or other side reactions may proceed. [0096]In the

i sonerization step, generally, the hydrogen gas, which is introduced
into the reaction zone together with the feedstock oil to be

[ ized, is ] d A | t th 20
w th 1o T bedat oo S el BPbALbEAG i R Roh Mol 122 g

furnace for indqoeesii ng Mheppsdt uslAnico ol the eghedlgstmuseld in aBet progent
tenperature. However, apart fromthis, the hydrogen gas may be
i ntroduced frornpatiggewhichds ceaagurpd bytreritropen pdsonptivat REEmetherd,usal ity

of reactors for_the.pu e controllin he e wthin the
reaction zone a&xe{%@bfy 9%@309%’5@33ﬁPﬁ&’%ﬁﬁV&P@&gﬁgﬁfﬁ-géaﬂgog r the
whol e reagtion tﬁ@'ﬁ%_re( aenehs hé’s@rtﬁgﬁﬂb{ﬂnllgf ﬂétdiyﬁérs}ibili BRfHe Rbakny Of
or plural conbinations of a product oil, "an unreacted oil, a

reaction inter magpate bidonmedndutigcibntkandnthy abtve mitesomiay ddcrbasem et ween

the reaction zone . jnlet and the catal yst d or, from between a
plurality of resgitions t@@ RO VoluiRe expRpds €§§5 Ry they gatalyslc Rirgngth

{omper ature car Batey ArALS e RSN Bl O BERRA i oS EET "

[ 0097] The produghendhnlus@fter the isonerization nay be fractionated
into a pl uralite/ of fractions in a fractionator, where necessary. For
exanpl e, 1G4 he priB@edt oi Furthsr, Hbe feagadystohast @d averagea ppiegdiangitest of | at e

such preferably 5 to 11 nm and more preferably 6 to 9 nm, as determined by

the above method. If the average pore diameter is less than 5 nm, the
reaction substrate is not sufficiently spread in the pores and the
reactivity may decrease. In addition, if the average pore diameter

15 exceeds 11 nm, the pore surface area decreases and the activity may
become insufficient.
[0067] In addition, in the catalyst, in order to maintain the
effective catalyst pore and exhibit sufficient activity, the ratio of the
pore volume derived from pores having a pore diameter of 3 nm or less

20 to the total pore volume is preferably 35% by volume or less.
[0068] In each of the reaction zones, 8a, 8b and 8c, which are
filled with the catalyst, the feedstock oil is hydrotreated in the presence
of hydrogen under the conditions of a hydrogen pressure of 1 MPa or
more and less than 10 MPa.

25 [0069] As described above, the hydrogen pressure is required to be
1 MPa or more and less than 10 MPa, and preferably is 2 to 8 MPa and
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10 as a gas and a naphtha fraction, a mddle distillate such as
*kerosene, a jet fraction and a gas oil fraction, and a heavy
distillate such as a residue fraction. In this case, the cut
tenperature between the light distillate and the mddle distillate is
preferably 100 to 200C, nore preferably 120 to 180C and nmuch nore
preferably 140 to 160C. In addition, 15 the cut tenperature between
the mddle distillate and the heavy distillate i's preferably 300 to
400C, nore preferably 300 to 380C and nmuch nore preferably 300 to
360C. Further, hydrogen may be produced by nodifying a part of the

l'i ght hydrocarbon fractign t ro d.in a steam ref '

apparat bs. The Myt BEGHTR b b AAlkedHES PS5ER PERRIE® AR VAT ¢ he
so-cal | ed carbopopeutfal by BAGEAN HL ML HhRMaRBY | FABIEN Ald | @ad
because the raw materials used for steamreformng are hydrocarbons
derived from bi dgelgdmtiohGeaBWierondtanti sBoeifi thathiydrogefi prdssurkyiddessar bon

oil is carried out, the product oil obtained in the isonerization
step contains ahespkhhdRedtheydecatborpiaHos oRfie umareasss aqsrrdipgda thepe

content of the br e r ono i S.ep. y 90%
nore pr e$ er abl I%d@%fotblo%gg%g a %@élg%ghé]lﬁ aﬁ%y Légfrg (étlf E’Ff a%'ﬁ)%%fg% othgobo E|ltn
wei ght ratio b re@ion taienun b thermasiin ffpchiRe Blowbves, iDihk-hytfodehe
content of the branched hydrocarbon conpound is |ower than the above

lower limit, theessifeeds lesh thaprloMBag therar is eanpendgney éhat|the deacpvity | ow,
and if the 5content of the br.anched,hydrocarbon c ound i s _hi gher
than the above ‘iFﬁf)"é‘PeSI PIthe actpLy Eaé’é‘?lyé]gcﬂfﬁﬁsd a‘?‘ﬁgoﬁa}g e Wanf’g)gct i on
s decreased. [ QIQRLIBE NP FALRON iObLcIBMI ALERE, Y JibR B et
invention and its 1sonmerized ol nmay be suitably used especially as a
di esel ga® oi |, hahoavbat bidrofresponbiageaoshoamoont af the pryduskd abasey-

stock. The hydrocarbon 10 oil according to the present invention my
be used al one aRFOgUe; @sieen gipxids; §s inmppited alhesiargeitl A0k HHRRR Br a
heavy oil base s . . i 1. an

avi ation fuel blélélgegg‘dt %’?: Lkdk%afﬂ?é;;q@%g\&}?%@? ﬁﬁ%@%% t@%ﬁg‘ﬁq@@?‘ﬁi‘%’u ch
conponents such[oagopt hermhaaRion! @&kByddgerTbHl adtio ABydrbgerdbib eatid)adse
stocks, there nay be m xed a gas oil fraction and/or a 15 kerosene
fracti on obt ai ntbd hydrotrea@remd s ipdhe wngenf pisfarablyd 08 te pSUhYLA. merdue

fraction_pbtai ned,.by .t man ctyri ng ,net had. of the. pr t

i nventi ofr FurtW@f‘c{erflﬁgr%Q ??aﬁ@ewﬂd(eagldae%ﬂflﬂ%tﬂr%@&gg’ 2$¢Q8r1090
syntheti c kerOSﬁﬂ@ VR b @ro@8it 811G BREQMEthd BpdTiIRHie! thd iRReSR
reaction and the |1 ke using a“so-called synthetic gas conprising 20
hydr ogen and cagfiieen ofrtirauiicef te decarboxkylati@r reattionlinghs yhdvedtydooggas oi |

or synthetic kerosene is characterized in that it _cgﬁgt i ns, al nbst no
aromati c cont enPresSwg il ipnpaBRd; aeddl tre hydrogearalratipds sen g ke L(?YEPrhas a

hi gh cetane nu : addi § 4 - he manuf acturing the
synt hetic gas @%b%dfg(él?gﬂ%df%?&% Png?égplgrﬁé%i'wel | - known net hod may
25be enppeyed. [0BI0P] Therur@st due ihletcémpstanbs & BEGhd Yedchén zone 8a

manuf acturing method of the present invention has a sulfur content
of 0. 1% by massdisposedos thethostrupskyaresideanl0C of moee ind HHEE aedsess,

d b d fur h tock Ln additi h
osi dub 11 act | oGl L LomEnaE a ARC ok e e ERPRI L

bRl TRPR&EHod E@eg 8B aHE 8c Bf IHACELR oYW dreduaiosdt! T ur

cracking. In th{i
content is supp led to a cata ytic cracking apparatus, thereby
enabl i ng produchigher dfanatigasotdeneations engiepatreonf otdter, dndetheoibhtldtase

stocks having a | ow sulfur content. Further, the residue fraction my
be used &% a feEaperkeols PhrihpyERasiemcIANgy 8c| dispasad 1y dag Jpast

fraction is SUpﬁ)(l)\;vr?s e s‘fildehi’éc%ag(rl A lr(r{o? ARt BESRE §pesst @?efglragﬁ}(iébgc
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10activity may be inproved or the high quality of the properties of
each fraction of the product oil may be attai ned. Exanpl es

[0101] Hereinafter, the present invention will be further
specifically described based on Exanpl es and Conparative Exanpl es,
15but the present invention is not limted to the follow ng Exanpl es.
[0102] (Preparation of Catalyst) <Catalyst A> A m xture was prepared
by adding 18.0 g of sodiumsilicate solution No. 3 to 3000 g of an
aqueous sol ution of 5% by mass of sodium al um nate, 20 and the

m xture was placed in a vessel kept at a tenperature of 65C. On the
ot her hand, in t kept at a tenperature of 65C a
sol ution was pﬁgﬁgﬁgﬁhgﬁggﬁg§§§$%:o g of phosphoric acid

(concentration:[08%) toI3Q8ditignoff e uenperat®d utit Wweftha D90y mass
of alum num sulfate, and to the resulting solution was added dropw se
25t he sol uti on suéhtientlidgogeaaiemagsupstigeeced ThOnathdicthesrhasfl, HfHbe

| uti t.opped when t i . t] d 7.Q. Th
Fesul ting sl urR BrBBERAE s AoeCotE EPtubia e eBLled & of ry.
The cake sl urrygueash tinAsfeqEiRd itd B YRSSREd ofidi H‘Fée@n%?fhei@icfe%f:} ux

condenser and to the vessel were added 150 ml of distilTed water and
10 g of a 27% alwmmases. aqueous sol ution. The m xture was then heated

5 and sti d Cf 20 ho ! | I di knead

andkneatied whi P8 Heat | F4FHE SbcherinRT GHEPTYG ol OB TGt &
t her eby obt ai ni -l LK : | ded
product vas ext VURGANES CARED, BEARAEE ORI o b e R o

di aneter of 1. 5yvamk, Tthend=msukiat ngratey!| iphsdfucedl aprodvicprodast diyi able at
10110C for one hour and then cal cined at 550C to obtain a nol ded
support .10 Ihydeotegatraepis ameintaiped 0 ds Kapgsr Batp| ketweers they resctione
resul ting nol ded support..and. then injected an inpre ti sol ytion
contai ni ng 17, 295000 s DAk trH P BP0 Tons IGEARE  atiR e
nitrate hexahydppt fmpetiuds 291d_0c|f; afRNESARAT 1he cBRIASARANERPEFRIrE O
85% and 4.0 g of malic acid while deaerating wth a rotary

evapor at or. Thewatepvetprgiredhcsdaph dywasdudt by theatcadR@Gofros ad adpeens and

then cal cined at 550C to obtain Catal yst A The physical pragperties
of Catalyst A ﬁﬁ@%?%ﬂ&wéogmaiwer- uble lowses arty) agid Syel pg Sgrpe.

15 acid and propionic acid or further a water-soluble chlorine-containing
compound or the like, thus causing the corrosion of the apparatus and
unit. On the other hand, if the inlet temperatures t, and t; are set at a
temperature equal to of higher than the condensation temperature of
water, the corrosion of the apparatus and unit as described above may

20 be sufficiently suppressed.
[0074] In addition, in order to maintain the water produced as a
by-product in a vapor state, the temperature may be controlled so that
the relation between the partial pressure PW (MPa) of the water
produced as a by-product and the temperature T (°C) at that time

25 satisfies the conditions represented by the following formula (3), based

on Tetens equation:
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Into an eggpl ant-type flask were placed 50 g of a commercially
avai | bl e silica-alumna catal yst support (N632HN, produced by Ni kKi
Chem cal Co., Ltd.) and then injected an aqueous sol ution of
tetraanm ne platinum (l1) chloride while deaerating with a rotary
evaporator. 25The inpregnated sanple was dried at 110C and then
calcined at 350C to obtain Catal yst B. The supported anount of
platinumin Catalyst B was 0.5% by mass based on the total anpbunt of
the catalyst. [0104] [Table 1] Catalyst A Catalyst B Al 203 content
(% by mass, based on mass of support) 91.2 100 Si 02 content (% by

s Do on B2 6d HIAS 1 T B iy s, based
catal yst) 24.0 That is, if the inlet temperature (t, (n is an integer of n > 2)) of the
reaction zone of the second or below is controlled so that the formula
(1) is satisfied, the inlet temperature may be set at a temperature equal
5 to or higher than the condensation temperature of water.
[0075] Here, if it is assumed that the feedstock oil and the
hydrotreated oil produced do not vaporize at all, the partial pressure is 0
MPa, and the decarboxylation reaction does not occur (assuming the
case where the maximum amount of the by-product water is generated),
10 and if the partial pressure is represented by P (MPa), the molar
concentration of water is represented by MW (mol/l), the molar
concentration of hydrogen is represented by MH (mol/1) and the molar
concentration of propane is represented by MP (mol/l), PW is
represented by the following formula (4):
15 PW =P x MW + (MW + MH + MP) 4)
[0076] For example, if it is assumed that the ideal
hydrodeoxygenation reaction occurs for a triglyceride of stearic acid
having a fatty acid carbon number of 18 with a hydrogen amount of 500
NL/L and at a reaction pressure of 5 MPa, the hydrogen present in the
20 initial reaction system is 23.0 moles per mole of the triglyceride of
stearic acid because the hydrogen amount per L (865 g (0.97 moles)) of
the triglyceride of stearic acid is 500 L (22.3 moles) assuming that the
triglyceride of stearic acid has a molecular weight of 890 and a density
of 0.865 g/cmS. Since from the formula (2), 12 moles of hydrogen is
25 consumed per mole of the triglyceride of stearic acid at 100% reaction,

and 6 moles of water and 1 mole of propane are generated, PW is
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O Ni O content (% by mass, based on mass of catalyst) 2.6 0 P205
content (% by nmass, based on mass of catalyst) 4.0 0.5 Pore volu
(mM/g) 0.75 0.47 Average pore dianmeter (nm 7.0 5.2 Ratio of por
vol une derived frompores with a pore dianeter of 3 nmor less b
on the total pore volunme (nn) 22 39 5[0105] (Exanple 1) Three
reaction tubes (having an inner dianeter of 20 mm filled with
Catalyst A (100 M) were fitted in a fixed-bed flow reactor in a
countercurrent fashion. Thereafter, the presulfiding of the cata
was carried out for 4 hours under the conditions of an average

tenperature
6 MPa, a I|qU|

Geflafir S Y Sophey SnaIOE) £ Py

rati o of 200 Nuépreuaitftgbﬁcq%)al ght run gas oil (sulfur content
mass) w th di nethyl sul fide.

10

15

20

25

PW=5x(6xC)+{6XC+(23.0x100-12xC)+ 1 xC} (5)
Accordingly, the condensation of the by-product water generated may
be prevented by controlling the temperature according to the reaction
rate of the formula (5) depending on the properties of the feedstock oil,
hydrogen oil ratio and reaction pressure.

[0077] In addition, if the outlet temperature T; is lower than 260°C,
sufficient hydrogenation does not proceed. On the other hand, if the
outlet temperature Ty is higher than 360°C, excessive cracking or
polymerization of the feedstock oil and other side reactions may
proceed.

[0078] In each of the reaction zones 8a, 8b and 8c, preferably, the
differences between the outlet temperature and the inlet temperature,
AT, (=T, - ty), AT, (=T, - t;) and AT; (= Ts - t3), are 80°C or less and
the total temperature increase amount AT, (= AT, + AT, + AT3), which
is the sum of the difference between the outlet temperature and the inlet
temperature in each reaction zone, is 200°C or less. If AT,, AT, and
AT; exceed 80°C, it is not preferable because the difference in
coefficient of thermal expansion between the upper and lower portions
of the reactor becomes large and as a result, metal fatigue is likely to
occur. Further, if the total temperature increase amount AT, exceeds
200°C, it is not preferable because the difference in coefficient of
thermal expansion between the upper and lower portions of the reactor
becomes large and the reaction temperature control becomes difficult.

[0079] Examples of the temperature control method of the reaction
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After the presulfiding, a part of the mddle distillate of 15
fractionated in the fractionator described |ater was recycled to palm
oil (the ratio of a conpound having a triglyceride structure to an
oxygen- cont ai ni ng hydrocar bon conpound: 98% by nol e) having the
properties shown in Table 2 in an amount of 1-fold by mass based on
the palmoil (feedstock oil), and then the oil to be treated was
prepared by adding dinethylsulfide so that the sulfur content (in.
terms of the sulfur aton) is 10 ppm by nmass based on the palmoil.
Then, hydrorefining was carried out using the oil to be treated. The

oil to be treated h densjty at 15C of 0.9 / nd an.oxygen
content of 11. 4%“8?/%??5@5 .mc?‘giel%“&h}ﬂ%?&o@u@ﬂg%ﬁ?g?%& FRPRgIIe of
condi ti ons wer &g ¢feddfocR ofi by the h&REkiHARgéiPed Rk BbatbLIPEFSHYIER G 1)

of 180C, a hydrogen pressuré of 6 MPa, a liquid hourly space velocity
of 0.5 h-1 and iaihpdfogdatoidntrdtthoinddt tsPemluids. t, land &dofi the seactianpar t
of the mddle distill|late, which was fractionated, jn the fracti,onator

so that the inl%mes Shyandir feen dhe myxe dowgsigean side; han (i supPlyngnd
the thi ti . {2:= = i ,
vvag i nlt ; gsdtrjggg %ﬂboﬁlgﬁgﬁ%%le%#r %%t% g@ﬂglﬂ% g?ifaé’tr %t? &ge h%?%‘rae d|n\r/1|81r% was

i ntroduced i nt oseph@iddl g tHer &parak@ Gepatat Rictionatoeova thy djuegenoil
hydr ogen sul fide, carbon dioxide and water fromthe treated oil. The

ef fluent after hatweemihe gehstion aanastlatand Fh apd/phetuepndhe egsgtion aPnofas

15 introduced ipto e fractionator, and fractiqpated in a_light
distillate havi ﬂba%& i |‘1E“h©‘5 B hydrogea Omhthﬁ?%%e?%ehﬁadw o
distillate havingiasBeidchigdrRept of 150 to 350C and a heavy
distillate having 3s el R e hi ghor than 350C. A part of the

m ddl e diGtill a0880ks cdleeprodiitthtoc boltreagdwarthéch fio hadiGCtmadd riecthel ed
to the palmoil which is a 20 feedstqck oil as descliﬁ‘ié(ged abqve, and
the residue wash¥bBpireamey seactprgas i6i fragiuated; dpte. aThadiigrEfepilni ng

conditions are Sheifinb™ MARLENTined WhdiBf GARAEE Wal Ll QBB (AT)

bet ween each reacti on e ou and 1 nlet, “the et tenperature

(tn) and out! etgté i EHeadephidr oo theehadtionaaed ktep ih ulke frangbridigs 9a
resulting results are shown in Table 4. In 25addition, in Table 4 and
Table 6, the tem®C15 to C18 quantity in the hydrocarbon oil after

the separator s the. ratio.of the drocarbhon .conmpound haying 15
to 18 ca.i on at@ﬁgﬁ(m dc}fea‘!(lfﬁg?lf’l F’Qf%?gb('ﬁf‘{%ﬁgtseflfﬁhuéﬁtw %{,?Fa%ﬁﬁg
hydrorefining agofofigh alakbtd ekide afd hyakdeen isiftide tdhe pYRinI¢ gefereanpl e
1 is 100. If the value becones smaller, it means that the yield of

the m ddl e di stadcbatpenicd hyothe readicaxcietei exygen aokieng opsulferedentditn t he
hydr or ef i ni ng. Furt_h%[,, if the v AL is larger, it neans that
gt

ue, o

heat gener at i oncqméaip the, feaqatog d?lbrtg?ﬁenpﬁﬁrthué t #&rfequired to be
[ 0106] ( Exanpl e L Nj NG YRS ROl ShSuRanE.
manner as in Exlge}rppqxggl‘ypégésg%ﬁfl% hrﬂa{ég f E@ﬁ]ﬁ;gérﬂé%%ﬁmp%gggr% was set at 3
MPa. The2Mydr or glodiéings towowd) tappaatdeebavern aiplurdhtyl ¢ Bactort drhia
resulting results are shown in Table 4. [0107]%Exarrp| e 3%

the product recovery step. The apparatuses for removing by-products

preferably include a high-pressure separator.

[0082] When the hydrocarbon oil (effluent) obtained after

removing by-products is fractionated in the fractionator, the oil may be

25 fractionated into a plurality of distillates, where necessary. For

example, the hydrocarbon oil may be fractionated into a light distillate
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The hydrorefining was carried out in the same manner as in Exanple 1
except that a part of the treated oil fromwhich by-products are
renoved 15 with the high-pressure separator was cooled with cooling
water to 40C and then recycled in an amount of 1-fold by nass based
on the palmoil, instead of recycling the mddle distillate after
fractionation. The hydrorefining conditions are showm in Table 3 and
the resulting results are shown in Table 4. 20[0108] (Exanpl e 4) The
fourth reaction tube (having an inner dianeter of 20 mm filled with
Catal yst B (150 nlL) was connected to the subsequent stage of the

fixed bed f1ow %eAGL Qlal X AAE dactbAl o FAAL HRfiBe sLAMOAGene,

treatnent was carried~out un e conditions of an aver age

25t enper at ur e of jettfeacdan ainydsd ghayarfrafioB2ttd ashdaydrdegiiatepsiehsay & of 5
MPa and a hydrogen gas flow rate of 83 m/mn for 6 hours. ) The
step until obt aekAvR) (mcEHdlla Bisseasp) Heecutdsmpeanatire debyren thetlight same

Tt oduced 1 nt oitHiat atd AR LRl BRUHEAs cRdGihE PO AP G Brnt er o
20 mm figdled wibfrdons abysd 18024 Mukh 3ste PbRBELHG @ 160°C. In

i somerization. © 5 Firstly, for Catalyst B, reduction treatnent was
carried out undelditidne thort tt¢roperawie detveccar bigemiddipalisiillatee and thére

catal yst layer of 320C,. a hydraqgen pressur 5 MPa and a hydrogen
gas flow rate d¥ags ditilaeis Breteganlg s Q) t%ﬁ@@%&]u@ﬁﬁ 9&;@%56%% on

was carried outqgaader. .t %thtt f \Y; e f the
catal yst |ayer 3o g3%‘8 H@CH yﬂéfg%g%% gfégstgurﬁeoagf gﬁ'l[\}ﬁ%,[ %gH{o%aui d
hourly space veh®gbt profucdd Bt moailirg Hpsit 0§ @/ 14ht hiydiocarboh fRHAomNUL.

The oil after the isomerization was further introduced into the
second f¥hcti orfathsr peddcsd He fistrvan rfatmaing anpgratusdi dihiel hydregemaliinpg a

boiling point |ess than 150C .a m.ddl e distill.ate having.a bqiling
poi nt ot 150 « SaRse Be? B i L istns T b0l ea o ncheb Bt s cny

poi nt exceedi NGedR@Ghe dMBron@seRd 16ddsHCBu@ithé Faw Hariafs we@dod @ar@ 0as
oi | base stock. The hydrorefining conditions are shown in Table 3 and

the resul ting rrefouing ae dydivogwbonnderived drom bjocdkd9] ( Conpar ati ve
Exanmpl e 1) The orefiping was carried out .in the same manper .as in
el e T 20 dOSEHC" ¢ ey e d50iagEt e ts inBaM e T MIEnDIEL 4 e
(tl) wasjset at ot 0§ r i :

by- prod ulcjitS S we rtgg ?@%Dr\%éhgoﬁogﬁﬂ%ﬁ gjnlllji (gﬁf%)%dg?scg %é%%g%r %%V@ES Iﬁ%t
quenched bet weahrdulgk thehedtar 4 (hebhiag iyaacs)ef Howegers apst fiopn shigrtge Shown

in Table 5 and the resulti ng) results are shown in Table 6,
25[ 0110] ( Conpartiidregsn gea msy deintradised flgppbatween the catatystbedsiasdrasut i n

t he sanme manner,_as_in_Exanpl ept. that di nethyd sul fide S not
added to palm p?e?W?ﬁeahB@?%ng‘?fnfeﬁé&’é%ﬁaﬁ { %r%lrpg)gg hS%rqlﬁna'\gﬁ?e_ 5
and the resul ti@@péaakt bt the RAwRdr iald TARhRIRng HRY Bydr¥b&@N peldRar i ng
catal yst |ives assum ng
20 over the whole inside of the reactor. The hydrogen thus introduced is

generally called quench hydrogen. The ratio of quench hydrogen to

the hydrogen gas introduced together with the feedstock oil is preferably

10 to 60% by volume and more preferably 15 to 50% by volume. If

the ratio of quench hydrogen is less than 10% by volume, the reaction at

25 the subsequent reaction site does not tend to sufficiently proceed, and if

the ratio of the quench hydrogen exceeds 60% by volume, the reaction
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that the catalyst life of Exanple 1 is 100, the catalyst life of 5
Conpar ative Exanpfe 2 was 80 and shortening of catalyst life was
observed due to no addition of a sul fur-containing hydrocarbon
conmpound. The term "catalyst life" as used here is defined as the
time until the hydrocarbon quantity of Cl5 to C18 in a hydrocarbon
oil is decreased to 90 assumng that the initial state of Exanple 1
is 100. 10[0111] (Conparative Exanple 3) The hydrorefining was carried
out in the same nmanner as in Exanple 1 except that the inlet
tenperature (t3) of the third reaction tube was set at 210C by

adj usting the amunt. of. nch and. hydr.ogen, pressure was set at
17 Vea, The hydPareriemingtaBn PO dosY SHatR RO BRI LSRR ¢ he
resul ts_obtai neg@ofi | tWReURE hiyARRAbWASoiP NERRERNAES BINHNpieBentabl e
6 The experinent was stopped because the effluent "'was col ored

when 1000 hour sinetmipmeid dsedms heasstibfractan base stapkc theohydrdtreb pid
(material: SUS 316) at the downstream of the reacti og tubs oﬁs

20i nspect ed i n YEHERY aldaept adractippdarng abpilpg peint wh30@ &P e qnd

[ 0112] ( Cogrpar at § I Pl rri in

t he sane grrrgnnerﬁl}égly:@r%)%@’grﬁrpﬁ])eh%ﬁﬁfé}é%w% ﬁglfmag%éérﬁ?%cf)? %t@g? Eﬁ P' ggésgd oi |

from whi ch by- psode tasd T exyeioveslem bh 0139 By efasproesissy end epdeat or
was not recycled to palmoil. 25The hédrorefi ning conditions are

shown i n Tabl e metenably hesulfus gpriengofr &2 Ppis by menss Ko Wess i and Tabprygsn
[0113] (Conparative Ex The hydrorefini ng.was carried out in
the same manner%&ent r&@%ﬁb% niaséx%%‘g‘ S-t Hadhg ﬁ'gﬁfre% Pt %o?xxgﬁg
mddie distill sfeQlfhePYmi ey RASE x @PaP #fheftd oA a
part of the trgéa@éﬁﬁgf&?rtgéma%iecﬁgy- 5’prgdu?(§:fs vvearle rer?nve(c)i W th
t he hi ghi{pr essufikerseparaet yut ueeadbsinrot extaest @ghe dedieienegppatdies oleadiessls.

The product oil contained unreacted raw materials and the
hydr odeoxygenat $ugne @dpriBer the matratalsefithe engng P5OPFSceed. The

rychor el g, coRdkt | o158 Meloll © S and the resulting
In an isomerization reactor 10, the isomerization is carried out by
bringing the middle distillate separated in the fractionator 9b into
15 contact with an isomerization catalyst. When the hydrocarbon oil
manufactured by the present invention is used as a gas oil fraction base
stock, the isomerization may increase the content of a branched
hydrocarbon compound and improve low-temperature fluidity as a gas
oil fraction base stock. In addition, the disposition of the fractionator
20 9b and the isomerization reactor 10 is reversed and a hydrocarbon oil
obtained after separating hydrogen, hydrogen sulfide, carbon dioxide
and water in the separator 6a is isomerized, and then the isomerized oil

may be fractionated in the fractionator 9b.
[0086] The reaction zones of isomerization may be constituted by

25 a single catalyst bed and may be constituted by a plurality of catalyst

beds. In addition, when the reaction zones are constituted by a
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[0114] [Table 2] Vegetableoil and fat (Palmoil) Density at 15C
(kg/ mB) 916 Kinetic viscosity at 30C (nm2/S) - Elenental analysis C
(% by mass) 77.3 H (% by mass) 12.0 Nitrogen content (ppm by mass)
10. 6 Sul fur content (% by mass) <1

plurality of catalyst beds, the catalyst beds may be separately installed
in a single reactor, or a plurality of reactors are disposed in series or in
parallel and the catalyst beds may be installed in each of the reactors.
[0087] As the form of the reactor in the reaction zones of
5 isomerization, a fixed bed system may be employed. That is,
hydrogen may be supplied by either a counter flow system or a
cocurrent flow system for the oil to be treated. In addition, when a
plurality of reactors is used, a combination of a counter flow system and
a cocurrent flow system may be employed. A cocurrent gas-liquid
10 downflow system may be employed as the general form. Further, the
reactors may be used alone or in combination of a plurality of them, and
there may be employed a structure in which the inside of a reactor is
divided into a plurality of catalyst beds.
[0088] The isomerization catalyst is not particularly limited as
15 long as it has hydroisomerization activity, but preferably used is a
catalyst which contains a porous inorganic oxide containing two or
more elements selected from aluminum, silicon, zirconium, boron,
titanium and magnesium and one or more metal elements selected from
Group VIII elements of the periodic table supported on the porous
20 inorganic oxide.
[0089] As the support of the isomerization catalyst, preferred is
two or more elements selected from aluminum, silicon, zirconium,
boron, titanium and magnesium, and more preferred is an inorganic
oxide (composite oxide of an aluminum oxide and other oxides)
25 containing aluminum and other elements from the viewpoint of being

capable of further improving the hydroisomerization activity.
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Acid value (nmg KOH g) 0,07 Conponent ratio of fatty acid group in oil
and fat (% by mass) Butyric acid group O Caproic acid group O
Caprylic acid group O Capric acid group O Lauric acid group O
Myristic acid group 1

[0090] The porous inorganic oxide preferably comprises at least
two or more elements among aluminum, silicon, zirconium and titanium.
The porous inorganic oxide may be either in an amorphous state or in a
crystalline state, and a zeolite may be used. When a zeolite is used, a
5 zeolite having a crystalline structure such as FAU, BEA, MOR, MFI,
MEL, MWW, TON, AEL and MTT, among the structure codes
specified by the International Zeolite Association is preferably used.
[0091] As the metal supported on the isomerization catalyst,
preferred is one or more metals selected from elements of Group VIII of

10 the periodic table, among which more preferred are one or more metals
selected from Pt, Pd, Ru, Rh, Au, Ir, Ni and Co, and especially preferred
are Pt, Rd, Ru and Ni. In addition, these active metals may be used in
combination of two or more metals, and examples of such a
combination include Pt-Pd, Pt-Ru, Pt-Rh, Pt-Au, and Pt-Ir.

15 [0092] A method for incorporating these active metals into a
catalyst is not particularly limited, and a well-known method which is
applied when producing a usual hydrotreatment catalyst may be
employed. In general, a method of impregnating a solution containing
a salt of an active metal into a catalyst support is preferably employed.

20 In addition, an equilibrium adsorption method, a pore-filling method, an
incipient-wetness method and the like are preferably employed. For
example, the pore-filling method is a method in which the pore volume
of a support is measured in advance and then the support is impregnated
with the same volume of a metal salt solution. In addition, the

25 impregnation method is not particularly limited, and a support may be

impregnated by a suitable method depending on the supported amount

34



Palmtic acid group 44 Stearic acid group 5 QOeic acid group 39
Linoleic acid group 10 Linolenic acid group O [0115] [Table 3]
Exanple 1

of the metal and physical properties of the catalyst support. The metal
source such as nitrate and sulfate salts of these metals or complex salt
' form of these metals are dissolved in an aqueous solution or a suitable
organic solvent and the resulting solution is used as an impregnation
5 solution.

[0093] In addition, in the inlet of the reaction zone for
isomerization, a feedstock oil to be isomerized has a sulfur content of
preferably 1 ppm by mass or less and more preferably 0.5 ppm by mass.
If the sulfur content exceeds 1 ppm by mass, the progress of the
10 hydroisomeriation in the first step may be prevented. In addition to
that, the sulfur content concentration of the reaction gas containing
hydrogen introduced together with the feedstock oil to be isomerized is

required to be sufficiently low, and the concentration is preferably 1

ppm by volume or less and more preferably 0.5 ppm by volume or less.
15 [0094] The reaction conditions in the isomerization step are
preferably a hydrogen pressure of 1 to 10 MPa, a liquid hourly space
velocity (LHSV) of 0.1 to 3.0 h™' and a hydrogen oil ratio (hydrogen/oil
ratio) of 100 to 1500 NL/L; more preferably a hydrogen pressure of 2 to
8 MPa, a liquid hourly space velocity (LHSV) of 0.2 to 2.5 h™ and a
20 hydrogen oil ratio (hydrogen/oil ratio) of 200 to 1200 NL/L; and much
more preferably a hydrogen pressure of 2.5 to 8 MPa, a liquid hourly
space velocity (LHSV) of 0.2 to 2.0 h' and a hydrogen oil ratio
(hydrogen/oil ratio) of 250 to 1000 NL/L. All of these conditions are
factors having an influence on the reaction activity of the catalyst, for
25 example, if the hydrogen pressure and the hydrogen oil ratio are less

than the above lower limits, the reactivity tends to decrease and the
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Exanpl e 2 Exanpl e 3 Exanpl e 4 Recycl edanobunt (Based on palmoil) Fold
by mass 1 1 1 1 Hydrogen pressure MPa 6 3 6 6 LHSV W

catalytic activity tends to rapidly decrease. On the other hand, if the
hydrogen pressure and the hydrogen oil ratio exceed the above upper
limits, an excessive investment in equipment such as a compressor tends
to be required. In addition, the lower the liquid hourly space velocity
5 is, the more advantageous it tends to be for the reaction. However, if
the liquid hourly space velocity is less than the above lower limit, a
reactor having an extremely large internal volume is required and an
excessive investment in equipment tends to be required. On the other
hand, if the liquid hourly space velocity exceeds the above upper limits, '
10 the reaction does not tend to sufficiently proceed.
[0095] The reaction temperature in the isomerization step is in the
range of preferably 220 to 390°C, more preferably 240 to 380°C and
especially preferably 250 to 365°C. If the reaction temperature is
lower than 220°C, a sufficient hydroisomerization reaction does not
15 proceed, and if the reaction temperature is higher than 390°C, excessive
cracking or other side reactions may proceed.
[0096] In the isomerization step, generally, the hydrogen gas,
which is introduced into the reaction zone together with the feedstock
oil to be isomerized, is introduced from the reaction zone inlet together
20 with the feedstock oil on upstream or downstream of the heating furnace
for increasing temperature to a predetermined reaction temperature.
However, apart from this, the hydrogen gas may be introduced from
between the catalyst beds or from between a plurality of reactors for the
purpose of controlling the temperature within the reaction zone as well
25 as maintaining the hydrogen pressure over the whole reaction zone

(quench hydrogen).  Alternatively, a part of any of or plural
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1.0 1.0 1.0 1.0 Wthorw thout quench Wth Wth Wth Wth Addition
anount of sul fur-containing hydrocarbon compound(Wth respect to palm
oil) PPmby mass 10 10 10 10

combinations of a product oil, an unreacted oil, a reaction intermediate
oil and the like may be introduced from between the reaction zone inlet
and the catalyst bed or from between a plurality of reactors or the like.
Thus, an excessive cracking reaction or a runaway reaction caused by an
5 increase in the reaction temperature can be avoided by controlling the
reaction temperature,
[0097] The product oil after the isomerization may be fractionated
into a plurality of fractions in a fractionator, where necessary. For
example, the product oil may be fractionated into a light distillate such
10 as a gas and a naphtha fraction, a middle distillate such as kerosene, a
jet fraction and a gas oil fraction, and a heavy distillate such as a residue
fraction. In this case, the cut temperature between the light distillate
and the middle distillate is preferably 100 to 200°C, more preferably
120 to 180°C and much more preferably 140 to 160°C. In addition,
15 the cut temperature between the middle distillate and the heavy distillate
is preferably 300 to 400°C, more preferably 300 to 380°C and much
more preferably 300 to 360°C. Further, hydrogen may be produced by
modifying a part of the light hydrocarbon fraction to be produced in a
steam reforming apparatus. The hydrogen thus produced has a
20 property which is the so-called carbon neutrality and can reduce the
environmental load because the raw materials used for steam reforming
are hydrocarbons derived from biomass.
[0098] When the isomerization of the hydrocarbon oil is carried
out, the product oil obtained in the isomerization step contains a
25 branched hydrocarbon compound. In this case, the content of the

branched hydrocarbon compound is preferably 5 to 90%, more
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[0116] [ Table 4] Exanpl e 1 Exanple 2 Exanple 3 Exanple 4 ATl of
first reaction tube oc 37 35 37 37 AT2of second reacti on tube oc 53 52
53 53

preferably 10 to 80% and especially preferably 20 to 60% in weight
ratio based on the total amount of the product oil. If the content of the
branched hydrocarbon compound is lower than the above lower limit,
the effect of improving low-temperature fluidity is low, and if the
5 content of the branched hydrocarbon compound is higher than the above
upper limit, the desired yield of the gas oil fraction is decreased.
[0099] The hydrocarbon oil manufactured by the present invention
and its isomerized oil may be suitably used especially as a diesel gas oil,
an aviation fuel base stock or a heavy oil base stock. The hydrocarbon
10 oil according to the present invention may be used alone as a diesel gas
oil, an aviation fuel base stock or a heavy oil base stock, but can be used
as a diesel gas oil, an aviation fuel base stock or a heavy oil base stock
with which components such as other base stocks are mixed. As the
other base stocks, there may be mixed a gas oil fraction and/or a
15 kerosene fraction obtained in a common petroleum refining step and a
residue fraction obtained by the manufacturing method of the present
invention. Further, there may be mixed a synthetic gas oil or a
synthetic kerosene, which is obtained through the Fisher-Tropsch
reaction and the like using a so-called synthetic gas comprising
20 hydrogen and carbon monoxide as a raw material. The synthetic gas
oil or synthetic kerosene is characterized in that it contains almost no
aromatic content, mainly consists of saturated hydrocarbons and has a
high cetane number. In addition, the method for manufacturing the
synthetic gas is not particularly limited and a well-known method may
25 be employed.

[0100] The residue fraction obtained by the manufacturing method
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AT3 of third reaction tube ,oc 73 71 73 73 Total tenperature
I ncreaseanount (EAT) C 163 158 163 163 Inlettenperatureof first
reaction tube (t1) oc 180 180 180

10

15

20

25

of the present invention has a sulfur content of 0.1% by mass or less and
an oxygen content of 1% by mass or less, and may be used as a low-
sulfur heavy base stock. In addition, the residue fraction is preferable
as a feedstock oil for catalytic cracking. In this manner, the residue
fraction having a low sulfur content is supplied to a catalytic cracking
apparatus, thereby enabling production of a gasoline base stock or other
fuel oil base stocks having a low sulfur content. Further, the residue
fraction may be used as a feedstock oil for hydrocracking. If such a
residue fraction is supplied to a hydrocracking apparatus, the cracking
activity may be improved or the high quality of the properties of each
fraction of the product oil may be attained.

Examples

[0101] Hereinafter, the present invention will be further
specifically described based on Examples and Comparative Examples,
but the present invention is not limited to the following Examples.
[0102] (Preparation of Catalyst)

<Catalyst A>

A mixture was prepared by adding 18.0 g of sodium silicate solution No.
3 to 3000 g of an aqueous solution of 5% by mass of sodium aluminate,
and the mixture was placed in a vessel kept at a temperature of 65°C,
On the other hand, in a separate vessel kept at a temperature of 65°C, a
solution was prepared by adding 6.0 g of phosphoric acid
(concentration: 85%) to 3000 g of an aqueous solution of 2.5% by mass
of aluminum sulfate, and to the resulting solution was added dropwise
the solution containing sodium aluminate. The addition of the solution

was stopped when the mixture solution reached pH 7.0. The resulting
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180 Inlettenperature of second reaction tube (t2) C 190 190 190 190
Inlettenperature of third reaction tube (t3) oc 230 230 230 230
Qutl et tenperature of first reaction tube (TO oc 217 215 217

slurry product was filtered out to obtain a cake slurry.
The cake slurry was transferred in a vessel equipped with a reflux
condenser and to the vessel were added 150 ml of distilled water and 10
g of a 27% ammonia aqueous solution. The mixture was then heated
5 and stirred at 75°C for 20 hours. The slurry was placed in a kneader
and kneaded while heating at 80°C or higher to remove moisture,
thereby obtaining a clay-like kneaded product. The resulting kneaded
product was extruded by an extruder into a cylindrical shape having a
_ diameter of 1.5 mm. The resulting cylindrical product was dried at
10 110°C for one hour and then calcined at 550°C to obtain a molded
support.
Into an eggplant-type flask were placed 50 g of the resulting
molded support and then injected an impregnation solution containing
17.3 g of molybdenum trioxide, 13.2 g of cobalt (II) nitrate hexahydrate,
15 3.9 g of phosphoric acid (concentration: 85%) and 4.0 g of malic acid
while deaerating with a rotary evaporator. The impregnated sample
was dried at 120°C for 1 hour and then calcined at 550°C to obtain
Catalyst A. The physical properties of Catalyst A prepared are sown
in Table 1.
20 [0103] <Catalyst B>
Into an eggplant-type flask were placed 50 g of a commercially
available silica-alumina catalyst support (N632HN, produced by Nikki
Chemical Co., Ltd.) and then injected an aqueous solution of tetra-
ammine platinum (II) chloride while deaerating with a rotary evaporator.
25 The impregnated sample was dried at 110°C and then calcined at 350°C
to obtain Catalyst B. The supported amount of platinum in Catalyst B
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217 CQutlet tenperature of second, reaction tube (T2) C 243 242 243 243
Qutl et tenperature of third reaction tube (T3 = Tlast) C 303 301 303

303 Condensation tenperature of water below outlet of first reaction

tube oc 189 160 189

was 0.5% by mass based on the total amount of the catalyst.

[0104]
[Table 1}
Catalyst A |Catalyst B

AlO; content (% by mass, based on mass of support)  |91.2 100
Si0; content (% by mass, based on mass of support) 4.8 0
P05 content (% by mass, based on mass of support) 4.0 0
MoO; content (% by mass, based on mass of catalyst) 24.0 0
NiO content (% by mass, based on mass of catalyst) 2.6 0
P,Os content (% by mass, based on mass of catalyst) 4.0 0.5
Pore volume (ml/g) 0.75 0.47
Average pore diameter (nm) 7.0 5.2
Ratio of pore volume derived from pores with a pore
diameter of 3 nm or less based on the total pore volume|22 39
(nm)

5 [0105] (Example 1)

Three reaction tubes (having an inner diameter of 20 mm) filled with

Catalyst A (100 ml) were fitted in a fixed-bed flow reactor in a

countercurrent fashion. Thereafter, the presulfiding of the catalyst was

carried out for 4 hours under the conditions of an average temperature

10 of the catalyst layer of 300°C, a hydrogen pressure of 6 MPa, a liquid

hourly space velocity of 1 h™ and a hydrogen/oil ratio of 200 NL/L

using a straight run gas oil (sulfur content: 3% by mass) with
dimethylsulfide.

After the presulfiding, a part of the middle distillate of

15 fractionated in the fractionator described later was recycled to palm oil

(the ratio of a compound having a triglyceride structure to an oxygen-

containing hydrocarbon compound: 98% by mole) having the properties

shown in Table 2 in an amount of 1-fold by mass based on the palm oil

(feedstock oil), and then the oil to be treated was prepared by adding
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189 Sul furconcentration in hydrocarbon oil ppmby mass <1 <1 <1 <1
Cl5 to C18 quantity in hydrocarbon oil after separator %, nmass y 100
100 100 100 [0117] [Tabl e 5] Conparative Exanple 1

dimethylsulfide so that the sulfur content (in terms of the sulfur atom) is

10 ppm by mass based on the palm oil. Then, hydrorefining was

carried out using the oil to be treated. The oil to be treated had a

density at 15°C of 0.916 g/ml and an oxygen content of 11.4% by mass.

5 In addition, the hydrorefining conditions were set at a first reaction tube
inlet temperature (t;) of 180°C, a hydrogen pressure of 6 MPa, a liquid

hourly space velocity of 0.5 h™' and a hydrogen/oil ratio of 500 NL/L.

In addition, a part of the middle distillate, which was fractionated in the
fractionator so that the inlet temperatures of the second reaction tube

10 and the third reaction tube are t, = 190°C and t; = 230°C, respectively,
was introduced as quench. The treated oil after the hydrorefining was
introduced into the high-pressure separator to remove hydrogen,
hydrogen sulfide, carbon dioxide and water from the treated oil. The

effluent after the introduction of the high-pressure separator was

i5 introduced into the fractionator and fractionated into a light distillate
having a boiling point of less than 150°C, a middle distillate having a

boiling point of 150 to 350°C and a heavy distillate having a boiling

point higher than 350°C. A part of the middle distillate was cooled

with cooling water to 40°C and recycled to the palm oil which is a

20 feedstock oil as described above, and the residue was collected as a gas
oil base stock. The hydrorefining conditions are shown in Table 3, and

the temperature difference (AT,) between each reaction tube outlet and

inlet, the inlet temperature (t,) and outlet temperature (T,) of each

reaction tube and the resulting results are shown in Table 4. In

25 addition, in Table 4 and Table 6, the term "C15 to C18 quantity in the

hydrocarbon oil after the separator" shows the ratio of the hydrocarbon
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Conpar ative Exanple 2 Conparative Exanple 3 Conparative Exanple 4
Conpar ati ve Exanple 5 Recycl edanobunt (Wt hrespectto palmoil) Fold by
mass 1 1 1 O 7 Hydrogen pressure MPa 6 6 11 6

compound having 15 to 18 carbon atoms (middle distillate) in the
effluent after the hydrorefining as a relative value assuming that the
value in Example 1 is 100. If the value becomes smaller, it means that
the yield of the middle distillate is poor and excessive cracking proceeds
5 in the hydrorefining. Further, if the value of AT, is larger, it means
that heat generation is large in the hydrorefining treatment.
[0106] (Example 2)
The hydrorefining was carried out in the same manner as in Example 1
except that the hydrogen pressure was set at 3 MPa. The hydrorefining
10 conditions are shown in Table 3 and the resulting results are shown in
Table 4.
[01071 (Example 3)
The hydrorefining was carried out in the same manner as in Example 1
except that a part of the treated oil from which by-products are removed
15 with the high-pressure separator was cooled with cooling water to 40°C
and then recycled in an amount of 1-fold by mass based on the palm oil,
instead of recycling the middle distillate after fractionation. The
hydrorefining conditions are shown in Table 3 and the resulting results
are shown in Table 4.
20 [0108] (Example 4)
The fourth reaction tube (having an inner diameter of 20 mm) filled
with Catalyst B (150 mL) was connected to the subsequent stage of the
fixed bed flow reactor in Example 1. For Catalyst B, reducing
treatment was carried out under the conditions of an average
25 temperature of the catalyst layer of 320°C, a hydrogen pressure of 5
MPa and a hydrogen gas flow rate of 83 mi/min for 6 hours.
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6 LHSV h-i 1.0 1.0 1.0 1.0 1.0 Wthorw thout quench Wthout Wth
Wth Wth Wthout Addition anount of sul fur-containing hydrocarbon
conpound(Wth respect to palmoil) ppm by mass

The step until obtaining a middle distillate was carried out in the
same manner as in Example 1, and the residual fraction recycled was
introduced into the fourth reaction tube (having an inner diameter of 20
mm) filled with Catalyst B (150 mL) and subjected to isomerization.

5 Firstly, for Catalyst B, reduction treatment was carried out under the
conditions of an average temperature of the catalyst layer of 320°C, a
hydrogen pressure of 5 MPa and a hydrogen gas flow rate of 83 ml/min
for 6 hours. Subsequently, isomerization was carried out under the
conditions of an average temperature of the catalyst layer of 330°C, a

10 hydrogen pressure of 3 MPa, a liquid hourly space velocity of 1 h' and
a hydrogen/oil ratio of 500 NL/L. The oil after the isomerization was
further introduced into the second fractionator and fractioned into a light
distillate having a boiling point less than 150°C, a middle distillate
having a boiling point of 150 to 350°C and a heavy distillate having a

15 boiling point exceeding 350°C. The second middle distillate is used
for a gas oil base stock. The hydrorefining conditions are shown in
Table 3 and the resulting results are shown in Table 4.
[0109] (Comparative Example 1)
The hydrorefining was carried out in the same manner as in Example 1

20 except that the first reaction tube inlet temperature (t;) was set at 200°C
and a part of the treated oil from which by-products were removed with
the high-pressure separator was not quenched between the reactors.
The hydrorefining conditions are shown in Table 5 and the resulting
results are shown in Table 6.

25 [0110] (Comparative Example 2)

The hydrorefining was carried out in the same manner as in Example 1
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10 0 10 10 10 [0118] [Table 6] Conpar ative Exanple 1 Conparative
Exanpl e 2 Conparative Exanple 3 Conparative Exanple 4 Conparative
Exanple 5 ATloffirst reaction tube oc 37 37 39

except that dimethylsulfide was not added to palm oil. The
hydrorefining conditions are shown in Table 5 and the resulting results
are shown in Table 6. Here, when comparing catalyst lives assuming
that the catalyst life of Example 1 is 100, the catalyst life of
5 Comparative Example 2 was 80 and shortening of catalyst life was

observed due to no addition of a sulfur-containing hydrocarbon
compound. The term “catalyst life" as used here is defined as the time
until the hydrocarbon quantity of C15 to C18 in a hydrocarbon oil is
decreased to 90 assuming that the initial state of Example 1 is 100.

10 [0111] (Comparative Example 3)
The hydrorefining was carried out in the same manner as in Example 1
except that the inlet temperature (t3) of the third reaction tube was set at
210°C by adjusting the amount of quench and the hydrogen pressure
was set at 11 MPa. The hydrorefining conditions are shown in Table 5

15 and the results obtained until the experiment was stopped are shown in
Table 6.

The experiment was stopped because the effluent was colored
when 1000 hours elapsed from the start of the reaction. The pipe
(material: SUS 316) at the downstream of the reaction tube was

20 inspected in detail and as a result, corrosion was confirmed.
[0112] (Comparative Example 4)
The hydrorefining was carried out in the same manner as in Example 1
except that a part of the treated oil from which by-products were
removed with the high-pressure separator was not recycled to palm oil.
25 The hydrorefining conditions are shown in Table 5 and the resulting

results are shown in Table 6.
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70 9 AT2of second reaction tube C 53 53 56 104 13 AT3ofthi rd reaction
tube .0 73 73 53 142 18 Total tenperature increaseanount

[0113] (Comparative Example 5)
The hydrorefining was carried out in the same manner as in Example 1
except that the recycling of the middle distillate was set at 7-fold by
mass based on palm oil and a part of the treated oil from which by-
5 products were removed with the high-pressure separator was not
quenched between the reactors. The product oil contained unreacted
raw materials and the hydrodeoxygenation reaction did not sufficiently
proceed. The hydrorefining conditions are shown in Table 5 and the

resulting results are shown in Table 6.
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[0114]
[Table 2]
Vegetable  oil
and fat
(Palm oil)
Density at 15°C (kg/m’) 916
Kinetic viscosity at 30°C (mm?*/s) -
Elemental analysis |C (% by mass) 77.3
H (% by mass) 12.0
Nitrogen content (ppm by mass) 10.6
Sulfur content (% by mass) <1
Acid value (mg KOH/g) 0.07
) Butyric acid group 0
Caproic acid group 0
Caprylic acid group 0
Component ratio of Capr}c ac'1d group 0
¢ . . {Lauric acid group 0
atty acid group in -
. Moyristic acid group 1
oil and fat (% by —
Palmitic acid group 44
mass) —
Stearic acid group 5
Oleic acid group 39
Linoleic acid group 10
Linolenic acid group 0

47




190 190 190 189 Inlettenperature ofthirdreaction tube (t3) C 290 230
210 230 202 Qutlet tenperature of first reaction tube (TO C 237 217

219 250 189

[0115]
[Table 3]
Example |Example |[Example |[Example
1 2 3 4
Recycled amount |Fold by 1 1 1 1
(Based on palm oil) [mass
Hydrogen pressure  |[MPa |6 3 6 6
LHSV h' 1.0 1.0 1.0 1.0
With —or  without With  |With  |With  |With
quench
Addition amount of
sulfur-containing mb
hydrocarbon ffass Y110 10 10 10
compound (With
respect to palm oil)
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CQutlet tenperature of second reaction tube (T2) C 290 243 246 294 202
Qutl et tenperature of third reaction tube (T3 .r. Tiact) C 363 303
263 372 220 Condensation tenperatureof water bel ow outl et
offirstreaction tube C 189

[0116]
[Table 4]
Example |Example |Example [Example
1 2 3 4
AT, of first reaction oC 37 35 37 37
tube
AT, —of —secondior |53 52 53 53
reaction tube
AT; of third reaction oC 73 71 73 73
tube
Total temperature
increase amount|°C 163 158 163 163
(ZAT,) '

Inlet temperature of
first reaction tube (t;)
Inlet temperature of
second reaction tube|°C 190 190 190 190
(t2)

Inlet temperature of
third reaction tube (t3)
Outlet temperature of
first reaction tube (T))
Outlet temperature of
second reaction tube|°C 243 242 243 243
(T2)

Outlet temperature of
third reaction tube (T3|°C 303 301 303 303
= Thag)

Condensation
temperature of water
below outlet of first
reaction tube

Sulfur concentration|ppm by
in hydrocarbon oil mass
FZIS to C18 quantity % by
in hydrocarbon oil

after separator s

°C 180 180 180 180

°C 230 230 230 230

°C 217 215 217 217

°C 189 160 189 189

100 100 100 100
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189 218 189 112 Sul fur concentrationin hydrocarbon oil
<l <1 <1 C15t0C18 quantityin hydrocarbonoil

96

ppm by mass <1
after separator %y nass

[0117]
[Table 5]

Comparative | Comparative | Comparative | Comparative | Comparative
Example 1 |Example2 |Example3 |Example4 |Example$

Recycled amount|Fold

{(With respect to|by 1 1 1 0 7

palm oil} mass

Hydrogen pressure [MPa_ |6 6 11 6 6

LHSV h' 110 1.0 1.0 1.0 1.0

With or without Without | With With With Without

quench

Addition amount of

sulfur-containing | ppm

hydrocarbon by 10 0 ‘(10 10 10

compound (With|mass

respect to palm oil)
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Examples 1 to

f eedst ock oil

hydr ogen pressure,

pr et reat nent

hydr ot r eat ment
8a,
i sonerization 1

appar at us;

[0119] As shown in the above Table 4, according {o

4,

there may be realized a hydrorefining nmethod of a

in which the reaction heat can be suppressed and the
condensati on of byproduct water can be prevented by controlling the

appar at us;
reactor;

reactor.

2 ponp,
6a, 6b separator;
Cc reaction zone;

hydr ocar bon oi |[[Tablerqiri si ng:

t he recycl ed anount,
tenperatures of the reaction 5zones in a suitable range,
desired mddle distillate is obtained in high yield.
3 heat exchanger;

9a, 9b fractionator;
CLAIMS 1. A nethod for

the inlet and outl et

and the
[0120] 1
4 heater; 5
7 PSA gas separator
10
manuf acturing a

a first step wherein a plurality of

_reactl O_I’l ZOI’l_t > T eu_ W! tir a E‘G\‘h;ﬁ?ﬂlaﬂv%l Co‘ﬂqﬂb:ﬁtf\’c Wﬂn‘ﬁaﬁi’ti&é:’Cdﬁ]pH&iv%mparative
i norgani c oxijde conprisiing tvexable 10 [BRhfe £! |efBRES $8kLaat £d Bdmiivs
al um num si l[AgON,of Z1 FeANL UM|, boron, [LiTan um and nmagnesi um and ong
or nore netal|saxseleet ed [fTom oup 6/ and C?&%p 8 el ®nents 8f the
peri odi ¢ tabli&r,sugpagkioad,on t por o i nor gani ¢ oxi IS dh§posed
series and a|fkm#dstbeck qil cdntaini ng an oxygen-confai ni ng
hydrocar bon ¢&hpowhd detlived |y om anfani mal |gf 10 yggetablggoil i3
suppl i ed and [H¥eHedeeeat ed” under the conditiodns of alhydrogen pressi
of 1 MPa or nbi® KWEFI¥Ys thdn 10 MPa jn each of the reactipn zones;
and 'mﬁ“%oﬁﬁm?féb wHéPei n hy'§? ogen, |'Hydr oget®sul 11 |d8, carbon
di oxi de and Atsgnoveq fromaproduct to betreatedpbtatned
in the first |,r13$t Gheib-@bt dbdy @ hydggcar bopgi |, |150  Whefngi n
anmong the pl ukeldty of rleactijon zoneg, the ijnlet temperature of the
reacti on zonemdi spesedirdn thd nost upstreamiside 1s|150C or| nore and
250C or | ess,|oftsa@nd rehaibn|t@npeeAt ure 90t he s@®ond np®d upst [1&am
reacti on zongtbsrtbhel ow ils equal to of higher| than tlhe

Inlet temperature

of third reaction|°C 290 230 210 230 202

tube (t3)

Qutlet temperature

of first reaction|°C 237 217 219 250 189

tube (T))

Qutlet temperature

of second reaction [°C 290 243 246 204 202

tube (T,)

Outlet temperature

of third reaction|°C 363 303 263 372 220

tube (TS = Tlnst)

Condensation

temperature of

water below outlet [°C 189 189 218 189 112

of first reaction

tube

Sulfur ppm by

concentration  in <1 <1 <l <l -

. mass

hydrocarbon oil

Cl15 to CI8

duandity in]% by|gq 100 99 ) 24

ydrocarbon oil |mass

after separator

[0119]
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As shown in the above Table 4, according to Examples 1 to
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20 condensation tenperature of water, the outlet tenperature of the
reacti on zone di sposed on the nost downstream side is 260C or nore
and 360C or |ess, and wherein the feedstock oil contains: a
recycled oil in which a part of the hydrocarbon oil obtained in the
second step is recycled and 25supplied in an amount of 0.5- to 5-fold
by mass to the oxygen- containing hydrocarbon conpound contained in
the feedstock oil; and 1 to 50 ppm by mass of a sul fur-containing
hydr ocar bon conpound in ternms of the sulfur atomto the
oxygen-cont ai ni ng hydrocar bon conpound contained in the feedstock

oil. 2.The neth for _manuf act urin hyv.dr ocar i i to 5
claim1, wherei ‘%dtpﬁreelg% %Sfrezﬁhzgd& @%Pfeﬁ?ngf %F@ggtoﬁognfeé%g%gélg Op %3

di ff erence bet WQgRhtthe redblibe hedt AR VeuppRs@AhntNBe tohRinsARIMNGR RE-Ur e
is 80C or less and the sumof the difference between the outl et

t enper at ur e andprbbiecti witet carebhpereenred hncedoiling thehlaydregant prsssuranes

is 200C or less, 103. The net ho pr manuf cturin% a hy Iﬁ_)lcarbon oi |
accordi ng to cl®efpaycld amoHe W%‘iaﬁgr uiis IGRETHUEES RENEIRAEIOP i s

suppl 1 ed as auepas fi 4 sHEbIERAe! MR BGERE ifdei ikl ehuAng the
plurality of the reaction Zones "and 't ereby the inlet tenperature of
the reaction zofighgiss@osed on the downstream side of the supplying

position of the 15quench oil is controlled. 4. The nethod for
manuf act uri ng al0AgAr ocarlbdretispiment cappaiafity; t2o Pamp: onBedfexchangss; £ to

3, wherein the hydrocarhon oil is frackiagnated jnt | i ght

Gttt ate, a oo gvditenest Bl b S0 Gmeld 2R B roporc e
tenperature bet ﬂ}ﬁgﬁfbrﬁ§“‘3a,l S BE r&icBbh Lbid, ©a airhdiRnbloddiriseingtizdtoat € 1S
set at 20 100 to 200C and the cut tenperature between the m ddle
distill at@®@ and tehetoheavy distillate is set at 300 to 400C. 5. The
nmet hod for manufacturing a hydrocarbon oil according to any one of
claims 1 to 3, further conprising a third step wherein the
hydrocarbon oil or a mddle distillate fractionated fromthe
hydrocarbon 250il is isonerized. 6. The nmethod for manufacturing a
hydr ocarbon oil according to claim5, wherein an isonerized oi
obtained in the third step is fractionated into a light distillate,
an mddle distillate and a heavy distillate, the cut tenperature
between the light distillate and the mddle distillate is set at 100
to 200C and the cut tenperature between the Smddle distillate and
the heavy distillate is set at 300 to 400C. 7. The nethod for

manuf acturi ng a hydrocarbon oil according to any one of clains 1 to
6, wherein the recycled oil and/or the quench oil contain a part of
t he hydrocarbon oil.
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8. The nethod for manufacturing a hydrocarbon oil according to any 10
one of clains 1 to 7, wherein the recycled oil and/or the quench oi
contain a part of a product obtained by isonerizing the hydrocarbon
oil or a mddle distillate fractioned fromthe hydrocarbon oil. 9.
The met hod for manufacturing a hydrocarbon oil according to any one
of claims 1 to 8, wherein the oxygen-containing hydrocarbon 15
conpound is one or nore conpounds selected froma fatty acid and a
fatty acid ester. 10. The method for manufacturing a hydrocarbon oi
according to any one of clainms 1 to 9, wherein the catal yst has a
pore volune of 0.30 to 0.85 m.g as gpagned by a nitrogen adsorption
BET net hod and an 20 average pore dianeter of 5 to 11 nm and the
rati o of the pol.e vAlmgthod Grimenfionangrohwkotmbomeil,azopprivingt amet er  of
3 nmor less to the total pore volune is 35% by volune gr |ess.

11. The nmethod for #dHefr #ep wrhiaginan MHrldyaebheacim zarssofiiehgittoaany
one of CLalms LASudQuntReloRlah BooRBICHRLAR! B2 cotiilin R0 3
5 more elements selected from aluminum, silicon, zirconium, boron,
titanium and magnesium and one or more metals selected from Group
6A and Group 8 elements of the periodic table supported on the porous
inorganic oxide is disposed in series and a feedstock oil containing an
oxygen-containing hydrocarbon compound derived from an animal or
10 vegetable oil is supplied and hydrotreated under the conditions of a
hydrogen pressure of 1 MPa or more and less than 10 MPa in each of
the reaction zones; and
a second step wherein hydrogen, hydrogen sulfide, carbon dioxide
and water are removed from a product to be treated obtained in the first
15 step to obtain a hydrocarbon oil,
wherein, among the plurality of reaction zones, the inlet
temperature of the reaction zone disposed on the most upstream side is
150°C or more and 250°C or less, the inlet temperature of the second
most upstream reaction zone or below is equal to or higher than the
20 condensation temperature of water, the outlet temperature of the
reaction zone disposed on the most downstream side is 260°C or more
and 360°C or less,
and wherein the feedstock oil contains: a recycled oil in which a
part of the hydrocarbon oil obtained in the second step is recycled and
25 supplied in an amount of (.5- to S-fold by mass to the oxygen-

containing hydrocarbon compound contained in the feedstock oil; and 1
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to 50 ppm by mass of a sulfur-containing hydrocarbon compound in
terms of the sulfur atom to the oxygen-containing hydrocarbon
compound contained in the feedstock oil.

2. The method for manufacturing a hydrocarbon oil according to
claim 1, wherein in each of the plurality of reaction zonmes, the
difference between the outlet temperature and the inlet temperature is
80°C or less and the sum of the difference between the outlet
temperature and the inlet temperature in each of the reaction zones is
200°C or less. .

3.  The method for manufacturing a hydrocarbon oil according to
claim 1 or 2, wherein a part of the hydrocarbon oil is supplied as quench
oil between the adjacent reaction zones among the plurality of the
reaction zones and thereby the inlet temperature of the reaction zone
disposed on the downstream side of the supplying position of the
quench oil is controlled.

4. The method for manufacturing a hydrocarbon oil according to any
one of claims 1 to 3, wherein the hydrocarbon oil is fractionated into a
light distillate, a middle distillate and a heavy distillate, and the cut
temperature between the light distillate and the middle distillate is set at
100 to 200°C and the cut temperature between the middle distillate and
the heavy distillate is set at 300 to 400°C.

5.  The method for manufacturing a hydrocarbon oil according to any
one of claims 1 to 3, further comprising a third step wherein the
hydrocarbon oil or a middie distillate fractionated from the hydrocarbon
oil is isomerized.

6.  The method for manufacturing a hydrocarbon oil according to
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claim 5, wherein an isomerized oil obtained in the third step is
fractionated into a light distillate, an middle distillate and a heavy
distillate, the cut temperature between the light distillate and the middle
distillate is set at 100 to 200°C and the cut temperature between the
middle distillate and the heavy distillate is set at 300 to 400°C.

7. The method for manufacturing a hydrocarbon oil according to any
one of claims 1 to 6, wherein the recycled oil and/or the quench oil
contain a part of the hydrocarbon oil.

8. The method for manufacturing a hydroqarbon oil according to any
one of claims 1 to 7, wherein the recycled oil and/or the quench oil
contain a part of a product obtained by isomerizing the hydrocarbon oil
or a middle distillate fractioned from the hydrocarbon oil.

9. The method for manufacturing a hydrocarbon oil according to any
one of claims 1 to 8, wherein the oxygen-containing hydrocarbon
compound is one or more compounds selected from a fatty acid and a
fatty acid ester.

10. The method for manufacturing a hydrocarbon oil according to any
one of claims 1 to 9, wherein the catalyst has a pore volume of 0.30 to
0.85 ml/g as measured by a nitrogen adsorption BET method and an
average pore diameter of 5 to 11 nm, and the ratio of the pore volume
derived from pores having a pore diameter of 3 nm or less to the total
pore volume is 35% by volume or less.

11.  The method for manufacturing a hydrocarbon oil according to any
one of claims 1 to 10, wherein the porous inorganic oxide contains the

element phosphorus.
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