FPO7-0211- 00 DESCRI PTI ON HYDROREFI M NG PROCESS Technical Field

[ 0001] -The present invention relates to a hydrorefining nethod.
5Background Art [0002] Increasing interest is being focused on
effective utilization of bionass energy as a strategy for preB@T-402¢1-00
gl obal warm ng. In particular, plant-derived biomss energy is

"carbon neutral” because it allows effective utilization of the

hydr ocar bons converted from carbon 10 di oxi de by photosynthesis

during the process of plant growygSeRIEITQNONsi dering natural life
cycles, it does not contribute to increased carbon dioxide in the

at nosphere. HYDROREFINDIG PROGEESSKi s type of biomass energy has

al so been extensively researched in the field of transportation

fuels. For TXechuioglRield f fuels derived fromanimal or vegetable
oils could be used as diesel fuels, the synergistic effect obtained
with the hi gtl0@Hdr glheprasentinspntion selaiesdola bydponefiniogimethedexpect ed

to contri but ﬁﬁngstan lally to carbon di oxi de em ssion reducti on.
Known2di esel gEownd ALt ng ani mal or vegetable oils include fatty
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cost and enepRywieFRctERRM Bzatidh he ' Hish &
FPO7-0211- 00 [ Pat ent docunentaftl] Japgneys\(gbﬁﬁtgfg%ﬁéﬁgge%g%ent Girbon

Publ [ @at i on BRoxi2® - phebsynibests| dnine ted priees wfesiahdprowth so that,

considering natural life cycles, it does not contribute to increased

carbon dioxide in the atmosphere.
[0003] Utilization of this type of biomass energy has also been
extensively researched in the field of transportation fuels. For
15 example, if fuels derived from animal or vegetable oils could be used
as diesel fuels, the synergistic effect obtained with the high energy
efficiency of a diesel engine would be expected to contribute
substantially to carbon dioxide emission reduction. Known diesel
fuels utilizing animal or vegetable oils include fatty acid methyl ester
20 oils. Fatty acid methyl ester oils are produced by transesterification of
the triglyceride structure as the general structure of animal or vegetable
oils, with methanol using an alkali or the like. However, as described
in Patent document 1 mentioned below, the process of producing fatty
acid methyl ester oils necessitates freatment of the glycerin by-product,
25 | or creates new cost and energy requirements for purification of the

product oil.



[ Problens to Sol ved by the Invention] 5[0004] The follow ng probl ens
are encountered in addition to those nmentioned above when using

ani mal or vegetable oil-derived fat and oil conponents or fuels
produced using themas starting materials. Specifically, singpogoa?Hl-00
or vegetabl e-derived fat and oil components generally have oxygen
atons in the nolecule, the oxygen can adversely 1 0 affect the
structural nenbers of the engine, and it is difficult to renove the
oxygen to a | gw_concentration. Also, whe n, ani .or,.

Vet abl o- ddiri ACERREC D] MsRn dreSatihed PRISHE PBbicHtiom Noe n
petrol eum h éﬁﬁ?ggggvfraction, current technol ogy has not all owed
sufficient reduction of both oxygen in the fat and oil conponent and

15sul fur in Bﬂgld&‘ﬁ%%&"%ﬁﬁ‘iﬂ%‘@ﬂﬁ&ﬁr bon fraction. [0005] It is
of t

t heref ore an obj ect e present invention to provide a

hydr or ef i ni r[@rﬂ@lehﬁ%d%ﬁzeé%tﬂh%@eﬁidmdr orefined oil with a
sufficiently reduced oxygen Content when using an oil to be treated
that gonpri §€804ky Jhe- fodlutwingi moblems acachosustergd inddditk] Mealasse or

Sol ving the Probl ens] [0006! In order to solve the problenms described .
above, the imeriioneh apovei asimgdaminefli oni wegetebleodilateaivad: fatiangd by
obtaining a refined oil through a hydrorefining step in which an oil -
to be treat ¥l coOMpENANGY %xﬁ@iﬁ-p@@dﬂ%ﬁdmmglgnﬁ@mm iseartingnpatersrisi s

contacted with a_catal yst 25conprisin carrier_ contai,ning a porous
i norganic o RF‘é’IﬁGﬁii% % %‘rvﬁﬁﬁ%@al@c%ﬁéﬁisf%@ﬂéﬁl §OMRRER NG
al um num silico FPO7-0211-00 zirgoniu titani umsan
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pressure of - ' bl 1] GhxrD, cit f & 34 O pdifan
hydr ogen/ oi |t¥‘?§’|‘%§e§¢“’1?og’li§g%@m E angxégb?'ea({ﬂsgh v%hee}%)glrlaatltﬁrneado
150- 380C. [ ORfetamlecRRiRiedSat and 6l byrdpeneid Riadrint fpdbidbtibAevith a
invention, it 1s possible to economcally and very efficiently obtain
a lhydr OLefi mraghmy&aﬂmmttMymmm%MOlogy oot tal logveah
oil to be treate

sufficient reduction of both oxygen in the fat and oil component and

15 sulfusr in the petroleum hydrocarbon fraction.
[0005] It is therefore an objéct of the present invention to provide a -
hydrorefining method that can yield a hydrorefined oil with a
sufficiently reduced oxygen content when using an oil to be freated that

" comprises oxygen-containing hydrocarbon compoimds.

20 [Means for Solving the Problems])
[0006] In order to solve the pfoblems described above, the invention
provides a hydrorefining method characterized by obtaining a refined
oil through a hydrorefining step in which an oil to be treated containing
oxygen-containing hydrocarbon compounds is contacted with a catalyst

25 comprising a carrier containing a porous inorganic oxide composed of

two or more eclements selected from among aluminum, silicon,



10conpri si ng an oxygen-cont ai ni ng hydrocarbon conpound with the
catal yst speeified above. [0008] The carrier is preferably one
conprising crystalline nolecular sieves. This will satisfactorily
reduce the oxygen content while allowi ng a hydrorefnmed oil wWEFP07-0211-00
sufficiently practical |ow tenperature 15 performance to be obt ai ned
in an econom cal and highly effective manner. The fatty acids
conposi ng the animal or vegetable fats and oils have straight-chain
paraffins or Welals | Ny fiNs..AS b p [ ;
Bt i 11or onf SORNEA, LERGL" iyt and5mabf il OO lefheTn} ek
paraf fins w kblestddl iR NAYnpr Slekhdin ép@r%ﬂgem_eraﬁaumoﬁ rgopfapee,
I ncl udi ng cl oud point. [0009] For the hydrorefining nmethod of the

,,,,, invention, tReriodygdablostmorisd onrthberartiby 8. thelfre¥ede oRhydPsERy on
the total amount of the oil to be treated. The oil to be treéated
preferably cendainder monditidns with athydeegsn pressaresof 2+ 13 MPhya limuid
sul fur_ content, prefe[ablf\-/I with a sulfur 25content of no (ilreater t han
50 pp@ by masBatsayelocEy ohe.1-3tthh  amobydrogentaib rafio afol ¥e1608NEA. | f
t he oxygen and  sul fur contents of telg% gééc#o be FP0O7-0211-00 treated
are within tRBdSAcHeR ISTBPRIAtYE Rfds O- t | be possible to maintain

L, S L R A A B 2
e e
ri glyceri de onp 2eEhied Bijdn KOMANCNG. cofthclha: AT SbE kit
conpQynds i s cBARrRAEP! ah axygen-containing hydrocarbon compound with the

catalyst specified above.

[0008] The carrier is preferably one comprising crystalline molecular
sieves. This will satisfactorily reduce the oxygen content while
allowing a hydrorefined oil with sufficiently practical low .temperature
15 performance to be obtained in an economical and highly effective
manner. The fatty acids composing the animal or vegetable fats and
oils have straight-chain paraffins or straight-chain olefins as their
hydrocarbon portions, but different conventional hydrorefining
methodes do not yield paraffins with sufficiently practical low
20 temperature perfonnénce, including cloud point.
[0009] For the hydrorefining method of the invention, the oxygen
content is preferably 0.1-15 % by mass based on the total amount of the
oil to be treated. The cil to be treated preferably contains no sulfur or
at least has a sufficiently low sulfur content, preferably with a sulfur
25 content of no greater than 50 ppm by mass based on the total amount of

the oil to be treated. If the oxygen and sulfur contents of the oil to be



| east 90 nmol % in order to reduce the |level of energy required for 1
Oprocessing of the starting=material. [0012] The hydrorefm ng step in
the hydrorefining nethod of the invention is preferably carried out

in such a manner that the ratio of isoparaffins with respect fp97.0211-00
normal paraffins (isoparaffin mass/normal paraffin mass) is at |east
0.2 anong the paraffins in the 150-350C 15 fraction of the refined

oil obtained fromthe oil to be treated. This can nore satisfactorily

[ th t fuel,, i ding.th
cloud ol nt. BRAlecAIRoRTHLR BB AloprRaayonet eegsiy dk oVl s PEIRIENSY of
the i tion,.th talli I L i i he. cat al yst
preferanly i metian SabfrdroeRedin fivin lustolonted BRief ne rat i o of
i ¢ Lt ; Ol b
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deconposi t | ot FEaEouafibg HdRcAbER Bmpdilds Wed i A} Byl FERERR, S
dust i i | 4
e matal of T EAT O R RVent i 28 e R Al BB efyed 1664
FPO7-0211- 00gmidh@ili reatis, pr ef erabl y i ncludes one or nore el enents

selected fromanong Pd, Pt, Rh, Ir, Au, NI and Mb. This wll
accel erat e t {11y drIise pxypertian off corapournds with e atigtycetidevstagetors e

satisfactory inprovenment in |ow tenperature perfornmance by

hydr oi soner i zmpngrths oxygenaontaidinghydiocarbbecommpeundois prederably at
react.i on. [0015%) The carhon nonoxi de adsorption is preferably in the
range of 0.0B3sD0>mel% 1peprdgr 4m rrdusat they lvehi et energyneequiradn for s
reduggd state. Thi,s w H’l all ow sufficient activity to be exhibited in
a st aBl e nmanpracesgng fdhe sgeimgmatedl. 10[0016] The hydrorefi ning
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preferably being carried out in such a nne hat the ratio o
i sopasaf f i nsfrabtibn bf e edfined 6i0 obBlined fidhi ki ollite tRAT&dttdN This can

mass/ normal paraffin mass) is at |east 0.2 anong the paraffins in the
20 150- 350C frore tsatisfaoforilipéngroon the kfw tedpetdiurefherformaanoetasea fuel,
satisfactorily inprove the |ow tenperature perfornmance as a fuel,

i ncl udi ng t hinctuding the)icluud)poinhefttm‘liecﬁ'mdoji{)..

f0013] In the hydrorefining method of the invention, the crystalline

molecular sieves in the catalyst preferably include silicon-containing
20 zeolite, where the ratio of silicon to constituent elements other than

oxygen and silicon (number of silicon atoms/number of atoms of

elements other than oxygen and silicon) in the zeolite is 3 or greater.

This will inhibit excessive decomposition reaction and allow more

satisfactory efficiency of fuel production and improvement in low
25 temperature performance.

[0014] The metal of the catalyst used in the hydrorefining method of



[Ef fect of the Invention] [0017] According to the invention there
is provided a hydrerefm ng 25net hod that can economcally and very
effectively yield a hydrorefnmed oil with a sufficiently reduced

oxygen content when using an oil to be FP07-0211-00 treat edWOZII -00
conpri ses oxygen-contai ni ng hydrocarbon conpounds. Best Mde

Carrying Qut the Invention [0018] Preferred enbodi nents of -the
invention wll now be described in detail. 5[0019] Accordi ng to the

invention, the oil t.o be tre ed oppri ses an oxygen-contai nin

s iiention e B inclien oo gr RaeoL P SoRpRige
mcei;gcgigogr%&gigegdarﬁtn%%%C%%gtlgI :iﬂ-der Vﬁd ; t anije(g#qﬁ; g
conponent s n e catﬂdg eV ude
Y o S SR S
component s pragRRMH: {HRRAT 3k y’eﬁgu}é Berbigascd whﬁﬂx%%%ﬂ%éri?ﬂ%n

conponents a for the purpos ntal ni ng

perfosmance fiactdahrkaiarafth eeéorﬂﬁ@siﬁéﬁemb%?ﬁﬁacﬁ%nexanpl es of

ani mal or vegetabl e-derived fat and oil 1 5 conponents there may be
ment i oned belf0 153! I'thve carbpasaedogide, adsoyitban ivptefepdlyninithe anthd 68

i ke. The animal or vegetabl e-derived fat and oil conponents

accor di ng t 00:008-0.06emmalnpemgrdémoont aatalyshtwithrifheometal imnits megduesdn
be waste oil fromuse of the fats and oils., Fromthe standpoint of
car bon neut r sfiata.y, Thisweilé rallovh syféicienp etivituioy be exxdibibdc in 20stables
and oils, and fromthe viewioint of fatty acid al kyl chain carbon
nunber and r@@@@lﬁl’/f@ryl?r X%ﬁé@dl‘!ﬂsk soybean oil and palmoil are
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content in the oil to be freated to obtain a first refined oil, and a second

hydrogenation step in which the oxygen remaining in the first refined
15 oil is removed to removal of at least 95 % by mass of the initial oxygen

contenf in order to obtain a second refined oil, the second

hydrogenation step preferably being carried out in such a manner that

the ratio of isoparaffins with respect to normal paraffins (isoparaffin

mass/normal paraffin mass) is at least 0.2 among the paraffins in the
20 150-350°C fraction of the second refined oil. This can more

satisfactorily improve the low temperature performance as a fuel,

including the clond point of the refined oil.

[Effect of the Invention]

[0017] According to the invention thére is provided a hydrorefining
25 method that can economically and very effectively yield a hydrovefined

oil with a sufficiently reduced oxygen content when using an oil to be
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FPO7-0211-00 acid nethyl esters. However, since production of fatty
acids or fatty acid esters fromvegetable fats and oils generates
carbon di oxi de, the vegetable fats and oils are preferably conposed

mai nly of conponents with a triglyceride structure, fromthe

vi ewpoi nt of reducing carbon 5 dioxide enission. According tlEP@HO211-00
i nvention, the proportion of conpounds wth a triglyceride structure
anong the oxygen-contai ni ng hydrocarbon conpounds in the oil to be
treated is preferably 90 nol % or greater, nore preferably 92 nol % and
even nore prgegfedthit SmpEkde ekyGirradainiAl HYd2sdarhbe c@h:hadtﬁd@.e

treated may al so contain as oxygen-contai ning hydrocarbon conpounds,

in addition Best ModeforCaeryingdOudithe Iavéntieni ved fat and oil
conponent s mentioned above, al so chem cal conpounds such as plastics

or sol vents, [@01&yRieftrred embedihentsrafithbyinFesttdre mll s be deseribedn
usi ng synthetic gas conprising carbon 1 5nonoxi de and hydrogen as the
starting natl;‘rﬁaﬂa.ﬂ-[0023] The oil to be treated may al so contain a
petrol_eum hydrocarbon fraction. The petrqgl eum hydrocarhbon fraction:
used Ray be goq]rggctigﬁ’@féﬁ%&t% yen angiﬁrﬁﬁ] tehe Braigsh GnprseRyan

bt oot i bed . DBVEGHPREIHEE Ty AR 0h | SHBALPLomAh SRVESSCHETREIE

fraction cor PeaRaridt] PhuttERt dbbrshte pHerRa BB oSwelbiaBlenpilec

froma hydrodesuybd Yii & qil KT FaPLRd B BrhpGhéi§ hccording ¢
8 ca aﬁ@é er. The Paeg ]bdt‘%n%d

desul furi zer or urdi ze 1 C crac ctirons o

from each of {fdmahabgTREuIIE @ﬁﬁlﬁﬁ?mﬁ%gﬁngy mug@ ﬁggaé@#ﬁeﬁuea in

conbi nati ons of two or nore. The b g ractions
may p@ est abhhihsldoevegdestiie offs andhifal br @Ree@blos casmpdirnexxadorand

sul fur contents of the oil to be treated are within the prescri bed
ranges. Theseompanentsnprotuged| eo mzmulfheinrt for thebe fafsoamdrayils andd
chemi cal | y-derived conpounds or synthetic oils obtained by

Fi scher - Tr opsempossgstsi addedsfoothg pomposzsx pfenaindainarg osf enliencéng the be
treated is preferably 0,1-15 %bty1 ass, nore preferably 1-15 % by
mass, even npeEopmanes absycheiat andeibpradsts.and most preferably 5-13 %
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catal yot st CanpRneficcRidng o fh AhMibedii TR GRgakac

ordinary el egpf alveAnBt YRaite SN10bal 1@%anPlthe Mitsamd ©iRBY H8m the
converted to carbon nonoxide on platinumcarbon, or it may be

converted t ostalpointdifwarben asdtralinn hveasierctieytarp réferaly wepietghla
thermal conductivity detector. t{10025] The oil to be treated may al so
cont 2iln a sulfitsrancboilgi arihfrom the viewpoint of fatty acid alkyl chain carbon
number and reactivity, rapeseed oil, soybean oil and palm oil are more
preferred. The aforementioned fats and oils may be used alone or in
combinations of two or more. |
[0021] Animal or vegetable-derived fat and oil components generally
25 have a fatty acid triglyceride structure, but they may also include fat

and oil components processed to other fatty acids or esters such as fatty



20 hydrocarbon compound in sone cases. There are no particul ar
restrictions on sul fur-centaining hydrocarbon conpounds, and
specifically there may be nentioned sul fides, disulfides,

pol ysul fides, thiols, thiophenes, benzothi ophenes, dibenzot hiFlirNe$1-00
and their derivatives. A sulfur-containing hydrocarbon conpound in

the oil to 25be treated may be a single conpound, or it may be a

m xture of two or nore. A sulfur-containing petroleum hydrocarbon

fracti on may_alss 0720211 b it h .l to,be

treat ed. [Ooa@fi &ﬁtelﬁguqsp%ﬁ' Clo-ﬁq%%ferb%ﬁ}r&%gﬂg\f’fpcﬁ'?ﬁ [92 t‘f)lttga?cé%s PE fatty

preferably ng.gr r &b RER: BR: S e I ter

than 20 ppm %?an’gﬁ&;éﬁaﬁg evegaﬁore %%gggri%ﬁ gB %%agseéﬁégﬂtﬁggﬁfgﬁgm

by mess basegegutableefatPhind pré 9 rh gt ﬁﬁbm ur
content excee nSBSO p%ang%yﬂgnlggbvrm eréélgnﬁ%ééﬁg%g{rﬂgﬁfab e ﬁbﬁéﬂt

mai nt enance wofithdacieigpeaidostrachury, fonHe Wiklvpbiitdof eedutshigasebéhe

sul fur content of the hydrorefi ned oi |, risking adverse effects on

engi né exhaudioxyds gmissidrcat Azoortlingces thbhemvehtionntthedprbpistonsofis a

fuel in diesel engines 1 0 and the |ike. The sulfur content according

to the i nvencompornds vethradsigherise stofictyrd amongstheseyigeascdanjainlive

nmet hod descrjbed in JIS K 2541 " Sg#{ ur, Content Test Met hod" or

ASTM 5453, [ argrEhcompQrngs it dhe allipry Bpated damseterablyumells

compouna 1"sbharobernfiels eRRBR ot b SO0 Bk B S
the m xture {ngﬂ%og % jhto the reactor of a hydrorefm ng apparatus,
e

or it my be an earlier stage of the reactor during

: . e . !
o1 £8 5! o [0422] VTG il © B stE488d Sfiay Wb bOfaLE S HvpckAfithinhle
contains a fhogidcarbom chnfoR@idk] RO 23ditidn 96 BEOmiRa) Mbﬁm@f&dgﬂ-

preferably it” contains no heavy fractions with boiling pornts above

700C. If thedefived ofdteand eslledofponent memticidd abovactdisn ¥hdrhical
boi ling point of 300C or higher, it wll tend to be difficult to

obt ai n suf f i compoundelsdchiws plastiosc s solventie arnpadh¢tionils @btaimeddsher
hand, if 25the oil to be treated contains heavy fractions with

boi | i ng poi nFischemigopahc, redefioni usimg ofynthetiongasn edmapdsingl ysrbaue
to heavy conponent FPO7-0211-00 . w || be accel erated, tending to

| owel 3t he acmomxg«ée m&gﬁérqgengasﬁbmaraagdn@rﬁﬁa to the invention is

the val ue mafﬂ%ﬂﬁd e 188 T treated may also contain a petroleum

hydrocarbon fraction. The petroleum hydrocarbon fraction used may

be a fraction obtained by any common petroleum refining step. For
example, there may be used a fraction corresponding to a prescribed
20 boiling point range obtained from an atmospheric distillation apparatus
or vacuum distillation apparatus, or a fraction corresponding to a
prescribed boiling point range obtained from a hydrodesulfurizer,
hydrocracker, bottom oil direct desulfurizer or fluidized catalytic
cracker. The fractions obtained from each of the aforementioned
25 apparatuses may be used alone or in combinations of two or more.

The blending amounts of these fractions may be established as desired



described in M5 K 2254 "Distillation Test Method" or ASTM D86. [0029]
The hydrorefining nmethod of the inventien uses a catalyst 5
conprising a carrier containing a porous inorganic oxide conposed of
two or nore elenents selected fromanong al umi num silicon, FP07-0211-00
zirconium boron, titanium and magnesi um and at | east one netal

sel ected from anong el enents of G oup 6A and G oup 8 of the Periodic
Tabl e supported on the carrier. 1 0[0030] The carrier of the catal yst
used for e NYEatIOMhd SxfdPhodSul AN RRfis Rf dlE GPIIREHeRfod' 8 O
nore el ements sel@cted Tr anong “al um nuny Silicon, Zirconrum
boron, titani an i Nt . [ i nt
of porm 111 no Puey fsy PAARACHY pofel RN HENE mpy A Ve Hléied
desul furi zat ivgith aht i Mfotementiéhed! cheP@éANs démvsd abhfpoutidieot Synthetic
preferably that of two or nore sel ected from anong "al um num “silicon,
zi rconi um beirobthintd biyiRiseinet- Tegpsehiroaoticand it is nore preferably
an inorgani c oxide conprising alum num and another elenment (a conpl ex
oxi de %of al uf0624) oXheexygen annteméof dlxé dd)to beafeded js prefexsdly Oek-16n
the catal yst used for the invention is preferably one conprising
crystal line mass, mpey prefembly dri/2 alhy wassoiveaumgre prefeeably 3-

Ibse
et s R T SR B0
SR EE TR S TR R SN
phosphor us a%C%SrStrh%#ée'H ﬁl?.”?éﬂtds tf}t REr dﬁlﬂ%ﬂps'tb' S %angﬂil%{f the

FPO7-0211-00 ‘preferabl’y contai n at Teast one Trom ano um num

zircqm um  bofaR gélhét?dﬂ B BRASBBQII AR Mbat abﬁmg. "Ehg CHeAlother
si eves cont ai ni ng these el ements can sinultaneously pronote

hydr odeoxy gernaind9Bn lo&gkh eontnd ekyesdiaaiboy shmiars witingreatead hest for
reaction, while also Sufficiently inproving the | ow tenperature

per f or mance afquiipveentete riezht ahe. wier tbywspyedudt) anéd may deald a0 sxenssivear e
preferably zeolite, and nore preferably zeolite containing silicon
and al um numinterecticri Urdtween | theatwater [ 0B Natalyst cxpawicls Erusndaweriogher
t han oxygen anmpng the el enents, 1 Oaj_onposi ng the crystalline

mol ecul ar si caebiyitytand fowenngthe catalpst siang -esgbetowgmtﬁmhw

el ements other than o en and.silicon (n er.of silicon

ot o hurer 6% TREGHRE By cae AERRET e e AR s Lo xaaRlp s
preferably 3 or_ greate noy. e ferably r1.0L€ ven e
ot of o abl 3 ao gl ey b cORr &L & SrntudpoRide g hufRtatr o i
Sdeconposi ti c}ﬂag‘:hg:oﬁcéﬁ)fefrfeﬁsto"‘éa{rboﬁediBﬁﬂé"Dén‘%P'ﬂ)%ﬁ%%Eéﬁr\éh{eht B¥tdfed

reduced due to
using a thermal conductivity detector.

[0025] The oil to be treated may also contain a sulfur-containing
20 hydrocarbon compound in some cases. There are no particular
restrictions on sulfur-containing hydrocarbon compounds, and
specifically there may bé mentioned sulfides, disnifides, polysulfides,
thiols, thiophenes, benzothiophenes, dibenzothiophenes and their
derivatives. A sulfur-containing hydrocarbon compound in the oil to
25 be treated may be a single compound, or it may be a mixture of two or

more. A sulfur-containing petroleum hydrocarbon fraction may also



[ 0033] The pore diameters of the crystalline nolecular sieves are
preferably no greater than 0 8-nra and even nore preferably no

greater than 0.65 rim |If the pore dianeters are greater than 0.8

rim paraffin 20deconposition reaction may occur. The crystalFPg7-0211-00
structure of the crystalline nolecular sieves is not particularly
restricted, and there may be nentioned PAW AEL, M-I, MW TON, MW
*BEA and MOR as structures established by the International Zeolite

Associ ati on. esizing the crystalline

nol ecul ar sigégg%p%ﬁé Qgsgﬁffst?g#g‘d for the invention is not
articul arl ri t thesis
et hods. onp! Sreg  RisoT B SopBRi ol e ol 5 3 Weateel R piferabiy A

~material s angreaférhaf FPppdby a8ass! fHhBISCHG. 2tHaty 20pph$ -
known in theggri or art. As ex%lrrpl esh%)?béi{)rﬁfs‘t |l?1§g%’ @g%%pgﬁgig%[Zg?gP?i ng
material s thbyenasyabhé event mone grefesalslyl he Qiregtentthamiliy Eﬁﬁb?uﬂms
sodiumsilicate, colloidal silica and 5 silicic acid alkoxi des, and
as al Gni num basedaomithg totadponouts, ofitheroduto bgdreatedie Anshlfadcomtent
alum nate. Tetrapropylamoni umsalts nmay be nmentioned as,

struct ur e- di xeseding afamm by opsswithisndrtpshampenstahls swintgnanceots
may have thei,r properties npdified,, if gecessary, %é rlﬁ r ot her nal
treat ment usflFRFYECOEHPBACLVEY and Wiflen bip eReass; B8 THBHT sRmientapf h
an al kaline gr acidic-agueous .spl utiqgn, by i.on exchange or,by surface
treat nent ustifg gdlboggfigg r01§CF1§?J§gg§§V§1{§8he§§&E h?%rqqgﬁlegwﬁﬁ“ gas
ammoni a, and : I i | < Ol i .

o 20 R 5 TR SRS A e A BRPPIM engipey
catahpst useghd gie fike. | MHERLIMP cohfent %céoﬁg]&gg td Bk fehfiy G2t AGss

nol ecul ar sieves, there may be nentioned | gani ¢ oxl des conpri sing

el ement s sel gsiitedlt bf enlfarapmaedsied by thel Mgl deddribed nTISPRr 2541
titani um and magnesi um Since these inorganic oxides are used as

bi nders for h®lldunGonfent Mest Mdthod" opASIMaf453.eves and al so function
as active conponents to pronote 20 hydrodeoxygenation and

hydr oi somner i E&iﬂdn,“&hﬁéya puldnecaniainiogrinadracathonocompeend iz ieeiuded

sel ected from anong al um num _si.licon, zirconiu oron, titanium and
magnesi um I %he oil to %e treated, the sulrtlu.r-contmnmg rﬂyc@ocar on compound

15 may be mixed with the oil to be treated beforehand and the mixture
introduced into the reactor of a hydrorefining apparatus, or it may be
supplied at an earlier stage of the reactor during introduction of the oil
to be treated into the reactor.

‘ [0028] The oil to be treated which is used for the invention preferably

20 contains a fraction with a boiling point of 300°C or higher, and

~ preferably it contains no heavy fractions with boiling points above
700°C. If the oil to be treated does not contain a fraction with a
boiling point of 300°C or higher, it will tend to be difficult to obtain
sufficient yield due to excessive decomposition. On the other hand, if
25 the oil to be treated contains heavy fractions with boiling points above

700°C, deposition of carbon on the catalyst due to heavy compenents



[0037] "The cont’ént "of crystalline nolecular sieves in the total

catalyst is preferably 2-90 % by mass, nore preferably 5-85 % by mass
and 25even nore preferably 10-80 % by nmass based on the total anount

of the catalyst.If the content is less than 2 % by mass, the Fpn7-0211-00
1P07-0211- 00 hydr odeoxygenation activity and hydroi sonerization
activity of the catalyst will tend to be reduced, while if it is
greater than 90 % by mass the catal yst noklability may be reduced,

CreaL im0 0 OB he o bR Pl Ge R OR e e R B iy
o P R . S ORI Rt e B
217 Com U DL ALY Neod IRONSRATYES MEd AN RGeS |

1 0 el ement syqung] beries i dadrefiniig IiohBR! BF 1AL SinveRfiof *aBY 8 cathlyse i C
acid, water glass, siliCa sol and the |ike may be used for silicon,
bori c5aci d maymbeisied chfretbestnining aspiious dnégiadi®bxilepberapbsed 6f
acid alkali netal salt nay be used for phosphorus, titanium sulfide
and titani untwet oachiovei dienaentst belected! Koomdensalg saluminbm, usintobor
titanium and 1 5zirconiumsulfate and its al koxide salts may be used
for zirconi ugircwiogy] boresn, cifaniun aat smaguesitme engoafe heast t eina imetal
material s other than al um num oxi de are %efer Rly added in_a step
prior to cal s¢lasied &om rameng rslements olelanpp OAapnd, p\ABtSataﬁﬂh@
the starting i to an .a ug‘i um aqueous sol ution, an al um num

hydr oxi ge ggpgg% {Cgfﬁl”l?slﬁg?uPH%”e SRCBRSAHdent conponent s gay be

pepRfed arirsonetal Lig el sesiedch o i el
a step of adﬂid\,i\‘gaﬁi(:cB% Ebﬁig’oﬁe@\’@f ltﬁB' 8r 3hofE 'él’éHl?ﬁ'ﬂsqﬁlelb@ttegr fediate
or boehnite powder to waté&r or an aci di c aqueous sol uti on an

kneadi ng, buby{gy edd) &¥rcdhRum Shofdn) dRanidin bRE HhAEGI
preparing the al g?nalgggnﬁﬁ%%xﬁ dé%rel : i3'1Arlﬁt hough the1 mechani s%ﬂ%s;&\%\lﬁi ch

the effects gf featiopedi ghowansThrbnerthe FRWpdlAf lof Geraininge nfugthet her
t han al umi num oxi de are exhibited is not conpletely understood, it is

bel i eved t hatnhamadedeoxiydemsatiore dobiviyd anidt dealfntization aadtivitat théi s
affects the activity by increasing the carrier surface area and
causildg i nt epemauscinorgarmic xéderis predemablynthat of[teauor mare|sslasted from

netal selected from anong el enments of, Grogp 6A . . )
among aluminum, silicon, zirconium, boron, titanium and magnesium,
and it is more preferably an inorganic oxide comprising aluminum and

another element (a complex oxide of aluminum oxide and another

oxide).
20 [0031] The carrier in the catalyst used for the invention is preferably
one comprising crystalline molecular sieves. The crystalline

molecular sieves preferably include at least silicon in order to impart’
sufficient hydrodeoxygenation activity and hydroisomerization activity.
The crystalline molecular sieves also preferably contain at least one
25 from among aluminum, zirconium, boron, titanium, gallium, zinc and

phosphorus as constituent elements other than silicon, and more
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and G oup 8 of the Periodic Table is supported on the carrier
containing crystalline nolecul ar sieves. Anong these netals it is
preferred to use at |east one netal selected fromanong Pd, Pt, Rh,
Ti, Au, Ni and Mo, and it is nore preferred to use a conbi nation of
two or 1 0 nore netals selected fromanong the above. As exdHf17e82b}-00
preferred conbinations there may be nentioned Pd-Pt, Pd-b, Pd-Rh,

Pd- Au, Pd-Ni, Pt-Rh, Pt-Tr, Pt-Au, Pt-N, Rh-b, Rh-Au, Rh-N, Ir-Au,
Au-Ni, N -M, Pd-Pt-Rh, Pd-Pt-h and Pd-Pt-Ni. More preferred are the
conbi nat i onspfifefably Rebrithin Bt -1dhst &8 |fromPlaniing Rluminum,l Zifdenidm,
Pd-Pt-Rh, Pd-Pt-Jr and Pt-Pd-Ni, and even nore preferred are the
conbi nat i onsbexbrRt fitEiun , amd - Nhosphbrbs. Pt (hystailin - holendaPt siBsds .
[0041] The total,gontent of active metals based on the catalyst mass
i s preferabl §ORAIURZ, pihERRs s, CleBEBiSr ef8Rab| §imudtapesuslyby pRemOid

20 ven o o Bt B, T S S e

oct Y8, 5 Splep OB, bl PR GEL 1o, R o,
rese, L1 eLg othbled b BB, S T BSIER R gPgh PR
par 1 cula TGRS 988ten e oSk Al Dy R S50

applied for phsewetd qre. afurdeeudlidatdszat i on catal ysts may be used. For
nost cases, the preferred nethod is one in which the catal yst carrier

i s inpregnat EI038]t PAs regdrds i dementst ether than caldenodmbhg the eletients
metal . Equilibrium adsorption methods, pore-filling nmethods and

i nci pPent - wecompsosing: hederyatadling suolecularr siedes, Rbe ratianpf ejlicon with
pore-filling is a nmethod, in mﬁich the_pore volune of the carrier is
first measurefpasidtoaconstitmeniglemenisiethen than oxpgemaad silieon (umbsed

for i .on. The i [ h [ icularl

rost i Gt e, 8t GHiRe™ ROMDURIRPEH ORAyoIS Glcelsmamts AL UiaR gsnopd at e
t hod f t he. | 1 oadi t ent d catal yst [ ties.

[0043] The atrieoD) feparerad: 8% ipbiefoinch aleldpobnlo i et and <°
43] The att! . ) .

Phe react] ont bl RefsEaily, 30ToL SRMIET (PR FRPATPIoSt QRS ca

1 5 grd redugbdsipsBiioRCoR GHRadsS WAHl_BY¥ bfRbRANAn@Ladkivi tpe e
of 200-400C u%lderpa hydrog?r??st ream The ?educti on traecg;t %@ﬂ?ﬁ"ﬁi be
preferably cagduced duettoicokéng.ange of 240-380C. If the reduction
tenperature i s bel ow 200C, reduction of the active nmetals will not

proceed adeq{@03]y, Tl ¢pord alibyeterd eoik yige ey stalirendnol@bular sieves are
hydr oi someri zation activity may not be satisfactorily exhibited. If
t he reduct i opraferabdy apgreates thir 08 noomd syen everei pretariblytmo gredter
netals will bhe praonoted, ich may, al so prevent sufficient activyit
from bei ng emﬁr&)@d}m. va'wt]he pore ghameterspare greater than 0.8 nm, para Y

20 decomposition reaction may occur. The crystal structure of the
crystalline molecular sieves is not particularly restricted, and there may
be mentioned FAU, AEL, MFI, MMW, TON, MTW, *BEA and MOR
as structures established by the International Zeolite Association.

[0034] The method of synthesizing the crystalline molecular sieves

25 for the catalyst used for the invention is not particularly restricted, and
there may be used hydrothermal synthesis methods employing

11



[ 0044] When the active netals of the catal yst used for the invention
25are in the reduced state, the carbon nonoxi de adsorption per gram

of catalyst is preferably 0.003-0.05 mmvol, nore preferably 0.005-0.04
FPO7-0211-00 nmol and even nore preferably 0.009-0.03 muol. |f the :
adsorption is less than 0.003 mol the netals will becone agdiRdyab2t]-00
tending to reduce the nunber of active sites. On the other hand, if

the adsorption is greater than 0.05 mmol, the activity wll tend to

be progressively 5 reduced as the reaction proceeds. The carbon

nmonoxi de ads itQéht BBA S ek oD Y A6y 1 816 JARAT Y IFRAT B t hod
wi th the cat g?%%t@%ggg?’??ﬁg t he rglgu%:hed rlregga?ll.i@Speci fi%ggjf y,ﬂalgt Qé)may

be det er m negiristuidrdirpetis agem?dsqs keionat Bnthe pridiernet A exakipies

reducing a fixed anount of catal yst at 350C under a hydrogen stream
and cool i ng tHcdidittent] @Mpdneit ctartinggnaterialsethieny ey bnmentipmeddas
catal yst, demetallizing catalyst or inactive filler may be used if
necessary i nsidigehtdontaining reempaidss t sodinmir siliate)i ngllowiahl sikicy , andr

t he purpose of, trappi.ng. the sludge, portion flowing {n with the ojl to
be tréated, SHickupaad: iakkoxIHes,1 FNfHr & cAlUmIRYM-aeBiRYYNg FompRIised
sections of the .cat aﬁ%at bﬁd. T, es&. may be.uaied ﬁl her allone or. in
conbi nat i ons*WHEUE} TYREOHGHRANG SR fu alugigate, | §EREORY AT M
treated with e I :] A en are a hydrogen
pr eesare of PIRTIRBER MEidlbd AR GRREARE g YRS F 0. 1370 1)
and a hydrog il L1 Qf 5 : L :0gen
pressure of EGUP?]IVI;;A}?EO&' |%¥31|n% g%éag%lﬁ\gllg%éécﬁeisy '('@H@%?égtpg%; ?1-‘%)/ 1%1
and a hydr oggdRfibd #tddefarg> By 1ok ollierinal TRIEEmBHE LSTaDYtkam BY @hogen
pressure of 2.5-10 MPa, a liquid space velocity of 0.5-2.011' and a .
hydr p@en/ oi | lika} iby Ginndéidiol? Qbeaneht witH enealkabine preddddablaguaous

hydr ogen pressure of 3-8 MPa, a 25space velocity of 0.8-1.8 If' and a |
hydr ogen/ oi | solation, by RED-exohangdd ok . byTsusface dnetitenn susing aalbasicaot or s
affecting the reactivity, and for )
acidic gas such as chlorine gas or ammonia, and such treatments may
be carried out alone or in combinations of more than one.
[0036] As structural materials of the catalyst used for the invention, in
15 addition to crystalline molecular sieves, there may be mentioned
inorganic oxides comprising elements selected from among aluminum,
silicon, zirconium, boron, titanitim and magnesium. Since these
inorganic oxides are used as binders for molding of crystalline
molecular sieves and also function as active components to promote
20 . hydrodeoxygenation and hydroisomerization, they preferably contain
two or more elements selected from among aluminum, silicon,
zirconium, boron, titanium and magnesium.
[0037] The content of crystalline molecular sieves in the total catalyst
is preferably 2-90 % by mass, more preferably 5-85 % by mass and
25 even more preferably 10-80 % by mass based on the total amount of

the catalyst. If the content is less than 2 % by mass, the

12



FPO7-0211-00 exanple, if the hydrogen pressure and hydrogen/oil ratio
are below the lower limts nentioned above; the reactivity may be
reduced or the activity nmay rapidly decrease. On the other hand, if

t he hydrogen pressure and hydrogen/oil ratio exceed the uppeFPO7+02El-00

mentioned 5 above, it may be necessary to nmake a significant
investnent for a conpressor or other equipnent. Also, a lower |iquid
space velocity will tend to favor the reaction, but if it is bel ow

the lower |iw gé]fa(fl] b } i | ar Meits jde a
reactor wt hﬁz&ﬁeﬁy rge oiintggg‘r;l%* z\Y/i%ci &ﬁ@?@iﬁ%ﬁg{@%ﬁﬁﬁﬁé&&ﬁﬁzﬂ\%ﬁ? n%nt
for equi prengatallysp wititehid taBe esdiedad, wiild i€ if Ts drBgtel it 90 99 ®§8nass

vel ocity exceeds the upper limt nentioned above, the reactidn may

_ not_proceed the aatlfsti meldabilityrmey beOdtucttie dremiper aarrsbstavielito ons

for contacting the oil to be treated and catalyst in the presence of
hydr ogen ar eintisstrgd @oodmttion obthectatalyst ure is preferably 170-360C and
nore pref era&)l(égﬁzo- 350C. lithe tenperature_is_bel ow 150C, the
deoxy@enati o i \Ag Tegards theoslaugtyral anatesials ot thaeatalyst meed foy the s
above 380C the oi.l to be treated wll . .tend to yndergo excessive
decommosi t1 oHveptigneRy A0t 1§ eRSETa duolequlaic SRS, dageqrd g0

production of lJquid fusel .(for ex | e, fractd Qn Ow th bai.l i ng
poi nt terrperngvqraﬁa%%?‘&é%og%Sgg.mF%’(%;ig]o THBtsrPéP?‘}PSf tﬁ%a%lbﬁpnused
may be a fix y tﬁgﬁﬁ{ i I y e e
inaform w%ﬂcﬁ%@g@ﬁ?ﬁ coun nfér%ﬁdr rn}éa %@o%@%@%@%w&%&?ﬁmb
espect 10 { hhepithah rlhitiAARY thél Gried Rd!5BitiohsOLoftERRAL BedBY
be used in a formconbining 25countercurrent and cocurrent. The npst
compQ form glenengowrfy savus@hgs gt mageitiglsc o Rorrexaingle oslisiesdgd) may
be enpl oyed. The reactor FP07-0211-00 nmay consi st of "a single one or
a conbi nat i owatdr ghass siliem soihand die like may dei wsedoforasilicony) onieacidr
may have a structure that is partitioned into nultiple catal yst beds.

Serr RISl svtdationtbolbbint i dhitorichibol e gt verks ot
stcp for ramesdal s eosafdrbebonsians Hisier sy prcsianise
and st dual t%ﬁfq% apd thewalkrids F o B e o Kt

t he odugedZ”{f&@m‘P%#&étﬁ%?g%a@Egﬁ@rs%ﬁ?‘g# h@@%‘i ??re%%% ith a

t f '
rmnnor 1S cop ko Inou S Egh 8RRt RNl SRR MANEEE S HER O
st eam r ef or MhRgninARE biide eﬁ‘lta preRTEElS- diRfedvint E‘ﬂéﬂggg?{tﬁoéh%in of the

therefore the environnental "burden”i s reduced. i on of the oxygen

and sul fur  3arbiepor Foenskaaiplehafter Ifirkp aliding das ethrtiny Matepidonpan ed
by generation of carbon nonoxi de, carbon dioxide, hydrogen sulfide

and the |ikealuminua gaseduiscpalaticmpar aluiminuaphpdmixide gel corteming the
by- product gas renoval apparatus maé be installed between a plurality
£

of rafctors oenstifuenie cpmpenentsr v oeypreperd whe thes sfioiing anateriai
whi ch by-pr OgH&éd 15 the prepared aluminum hydroxide gel. Alternatively, the

starting materials may be added in a step of adding a commercially
available aluminum oxide intermediate or boehmite powder to water or
an acidic aqueous solution and kneading, but more preferably they are
25 included at the stage of preparing the aluminum hydroxide gel
Although the mechanism by which the effects of the carrier constituent
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. 20 has been renpoved by a by-product gas renoval apparatus may be
conbined with the oil to be treated and recycled for use.-1t may al so
be used after increasing the hydrogen purity of the gas using a
menbrane separation apparatus or pressure sw ng adsorption agiReAa0as1-00
at an early stage of blending with the oil to be treated. The
25concentrati on of carbon nonoxide in the recycled gas is preferably

no greater than 0.5 vol % and nore preferably no greater than 0.1 vol %

FPO7-0211-00 ' ' . i ntai.ni . i A

[0050] Py dr o SEoREAR LERBRTAnin I i N PARiR s e Eritely

the first reapfefst@st,oini8IbENGed thho éa%a@%ﬁab & ta@@rfd%ﬁ{ewav
but hyd may al so be

after the heating furnace, rogen ¢ I ntroduce

separately albgineenasattdhy fis kffietothdeLHORY BplihéRhsingete! Odrgieri N
order to control the tenperature in the reactor while maintaining

hydr ogen pr esatfaee brwncugheausinghmtenattion widatieoactivdygetsden i nt r oduced
inthis manner is generally referred to as "quench hydrogen". The
proporx i on ofO0GAENCcAL Inast one matal selected doam tamongi elegeants e Grotipdhiced
adjoining the Qil_to 1 O be treated is preferably 10-60 vol % and
more preferaBhg Groyp $ood the Hexwodie orﬁég i &% Spnpstedc ponyihe ogtikier s

| ess than 10 vo{%.t he resga Jon w !l often fail, to ad&[%uatel r.oceed
at the react FOREERNG PRYSLAUNG BORARNAT SEVEDs, AMANES hoRe BEGDAL iisn

o oeed aacqiF B BB he o A ol PR PR R
o T Pt et i on Db NPERENES rfE 3K HAHY Prlekii (WY LORbIRHRERE R0 BrOaS
boi I ijqp poi nixgk %&E%O%Qec@é@fﬁéﬁblawﬁg hid sBbiEr cARSt edm Ieersn%ZfO

greater than 10 ppm by nass and an oxygen content of no grea

than 0.3 % byréfesed combinitidherible/ niysbé fentomsd Pd-Bf, bl b Rér,
than 7 ppm by mass and an oxygen content of no greater than 0.3 % by
mass, and ev@d-Amy @deNef B-Rhbl Ytbr, tPt-Aus Bt-INiy Rinht, dth-Aof, RinNjr diaider,
than 3 ppm b\]/gmass and an oxygen content of no greater than 0.2 % by

mass. |f the ledis uAvalNe, INi: dihPeihs RdePibovand hBdHtdNbrenMasned
n G esel  ongFHETEAEGHe GEE nahgwoRI-He Pt Puby i By ir,
sUugural  SR0% L0, Egtene o SLanee 005 MR Atred an
the combinations Pd-Pt, Pd-Ni, Pt-Ni, Pd-Ir, Pt-Ir, Pd-Pt-Ir and Pt-Pd-
Ni.
[0041] The total content of active metals based on the catalyst mass is
preferably 0.1-2 % by mass, more preferably 0.2-1.5 % by mass and
20 even more preferably 0.5-1.3 % by mass as metals. If the total
loading content of metals is less than 0.1 % by mass, the number of
active sites will be reduced and it may not be possible to obtain
sufficient activity. On the other hand, if it is greater than 2 % by mass
the metals will fail to effectively disperse, tending to prevent sufficient
25 activity from being obtained.
[0042] There are no particular restrictions on the method of including
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is used as a gas oil fraction stock, the ratio of isoparaffins with
respect to normal paraffins (isoparaffin mass/normal paraffin nass)
anong the 5 paraffins in the fraction is preferably at |east 0.2,

nmore preferably at |east 0.5 and even nore preferably at |easFPQ7-@©211-00
If the ratio is less than 0.2, the fraction my not naintain a
sufficient flow property in |ow tenperature environnents, or crystals
precipitating in low tenperature environnents nay | ead to problens as

It of ' icesel thaOgngine HLugl afd ! ' i :
[0053] The hil crefie, etdlsehf b CAaIG ol any Ao 185t is
particul arly catirhehlyeapslicd §6r poductioasef deasfigizativn baawstPiayshbeck.

The hydrorefined oil' nmay be used al one as a diesel gas oi'l or heavy
oi | stock, busedt oy most eased)ethespeeforred dietlswl igasn®iih ohidleahy

oil stock 1 5 blended with other conponents of stocks or the Iike.
As ot her stochialysievasrienis bopregmatas whithsa solution gastabiingamezloof the
ker osene fractions obtained fromgeneral petroleumrefining steps and

the ré&si dual aFhetmsilopEquHEdTHRRISORBLPY dnetiers pgrariillegl roethods
B e T R e T
har ogen andaRBoR huRBRRg T ik b plen R AT e RS 1s st
synthetic gaﬁa%g\élf?@ranﬁy%{i&ta! GalteSARABA hﬁbg{uﬁgc@élhi?é % hed

containing vir y Nno aronmati ¢ conponents conposed mal nly of

saturated hygrosasbaish. ank ﬂﬁﬁfégggﬂgg ne&hegtid it pafiailsrly FogriefRL ess

t
for production of”synthetic gas any publicly known” process and
i's nqtp parti edlaimhprepastion eiadbe dcbomplizhéd Oy 410 @ppropiivte ethodefori ng
step in which the oil to be treated is subjected to hydrorefining
accor di ng t othémetaMeatingcantentatescatalyist sarriey gropgtiasi on st ep

wherei n oxygen is renoved to renoval of at |east 70 % by nmass of the
initial oxygéd04dhtThe achivenmetals incthgecatalyst aged ofor shebmaention farest

e mi ng | hPRHETEbIY TR o GECHon BRsEat S e BOE BIOVRe das:
95 % b f the.initial tent . i. der .t t ai
second ref i néd® JeRCtiote LBRIRAURIRR JERRITRL S BRI Tty

! L t ¥ _ f _
Copdet 3 o BN GO RRE e A orh DRI RehBBP B B (b of
mss) 1s at bepshohc Oa! BRdoBeA ktkdiin! N THRE réacti Grddiaht 48 Of

the second refined oil. If the oxygen renoval rate in the first

hydr ogenat i Ogaréfe@ﬁ’olys chgiedlout €ash rdhg® bf 2HE380tMe If the reduction
hydr odeoxygenati on and hydroi soneri zati on reactions may not proceed
satisfactori kkymiperdthe: $=behnw IB00°Qardtictdon WEsthepacti D hidtalsi whig motr
both the first hydrogenation step and second hydrogenation step in

t he hydr or ef ipmboeedret hesitquételyie | mudnt i de nayhysodeoxyganabion by and
contacting the aforenmentioned oil to be %eat_e conpri si_ng an
oxygéf} cont aihydngisaysrzetion setivdypoandot wersatisfactarilyaxdipiged. If the
conprising a carrier contajinin rystal.line nol ecul ar. si eves and .at

| east one net'§ Hg@%&%ﬂrﬁﬁmlgﬂgﬁé‘i éﬁbn@nf‘%grgga@%l‘j’}f tﬁﬁaﬁﬁﬁe@ a5 s
of the Peri odi abl e r 0 arri i p

hydr ogen. Thé’Yﬁ] -sB,e Efcfrﬁg%%)h‘&ﬁ&hr g?éwh;%}fg) oé”é%‘g‘{”i‘to%&ﬁ 2%‘ toé&gg o%rdﬂ‘Il
hydr ogenati o e carried out using a catnlyst other than the
25cat al yst dg)se??ggeg atg'gi/e.

[0044] When the active metals of the catalyst used for the invention

25 are in the reduced state, the carbon monoxide adsorption per gram of

catalyst is preferably 0.003-0.05 mmol, more preferably 0.005-0.04
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[0056] In the first hydrogenation step there are preferably used a
FPO7-0211-00 porous inorganic oxide conprising two or nore el ements

sel ected from anong alum num silicon, zirconium boron, titanium and
magnesi um and a catal yst conprising one or nore netals (actikR07-0211-00
netal s) selected fromanong el enents of G oup 6A and Group 8 of the
Periodic Table 5 supported on the porous inorganic oxide. Preferred
active netals are one or nore elenents selected fromanong Pd, Pt,

Rh, Ir, Au, 'mﬁf‘ggh’bevehoz%ﬂ pk&e%mxﬁﬁgegg)yg%’ gﬁhl%ﬁ.“aif 5(}1%&pti6ﬁer €

are preferably used a carrier “contal e nolecu

sieves, and & abkahx$0.008 AukCNbi Bkl QAH Kicomy Qgg'ﬂé?aie'il %ﬁi(ﬁﬁ%@@
fromanong el enents of Goup 6A and G oup 8 (preferably el enent s of

G oup 8) of tdiudeaheedingberadfl sextisgpitert e OQmthe dtherhand,df thelhdsorptiohy st
used for the second hydrogenation step may consi st of a single type
or a conbi naid greatér thum Gc0rmmpl,athe activdtyatwidlt tenidt to g dprogeessivein
activity 1 Smaé‘ al so be packed at a | ater stage of the second

hydr o§enat i ore@icsd as the geaction prasesds. t Hhesearbpni mpnexidenadsasptinad
oi | . [Exanpl es] [0058] The present, i nvention will no b&%(‘%lcai Ted in
great er det af1a}hESHCHNIE ahib%@r HECY SREARUAHIS, BL1C 1gy theyca

et an T BeBeh e ISRRuRIE TRED. “S5eBeRly R bl BBl b°
é”C:tsgl ﬁt 3p{ gﬁ?%{?g%geg P%qtﬁ@?%%st@iolume hidbaadgl it OhixLat e
amount of catalyst at 350°C under a hydrogen stream and cooling to
10 50°C.
[0045] According to the invention, a guard catalyst, demetallizing
catalyst or inactive filler may be used if necessary in addition to the
catalyst (hydrdreﬁning catalyst), for the purpose of trapping the sludge
portion flowing in with the oil to be treated, or supporting the
15 hydrorefining catalyst in separated sections of the catalyst bed. These
may be used either alone or in combinations.
[0046] The conditions for contacting the oil to be treated with the
catalyst in the presence of hydrogen are a hydrogen pressure of 2-13
MPa, a liquid space velocity (LHSV) of 0.1-3.0 b and a hydrogen/oil
20 ratio of 150-1500 NL/L, preferably a hydrogen pressure of 2-13 MPa, a
| liquid space velocity (LHSV) of 0.1-3.0 h™ and a hydrogen/oil ratio of
250-1500 NL/L, more preferably a hydrogen pressure of 2.5-10 MPa, a
liquid space velocity of 0.5-2.0 h! and a hydrogen/oil ratio of 300-1200
NL/L, and even more preferably a hydrogen pressure of 3-8 MPa, a
25 space velocity of 0.8-1.8 h! and a hydrogen/oil ratio of 350-1000

NL/L. These conditions are all factors affecting the reactivity, and for
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25sodi um al um nat e aqueous solution, the mxture was placed in a

vessel that had been heated to 65C. Separately, 3000 g-of a 2.5 % by
mass FPO7-0211-00 al um num sul f at e aqueous sol ution was prepared in

a different vessel heated to 65C, and the sodi um al um nat e- c&R0F-02 hig00
aqueous sol ution was added ciropwi se thereto. The end point was

defnmed as the thne at which the pH of the m xture reached 7.0, and

the obtained slurry 5product was filtered through a filter to obtain

a cake-like 3 Q{}G}Q# ' n\p@ﬁ a
vessel equi p%g%ﬁe\nbéf fgfa re qr-ég@% n eﬁg%%ﬁdzlh@h%%een g%ﬁ%%%&%ﬁgﬁfl ed
wat er and 10lcgveaf limifs/ Macniivhet aalisike e Rattifitemip iR astirddand tide
m xture was heated and stirred at 75C for 20 Hours. The slurry was
~then pl aced agctivily @nay kapailgrdaneasecaiQm the ther haBdCif ahel Hydeeghmg
was performed while renoving the noisture to obtain a clay-Iike
kneaded bl enpresSire ahd ahydrogknaleatio| extedathee yppen diinits i mgntioned
extruder intg the cylindrical formwth_ a dianmeter of 1.5 mm dried
at 118C for abovsuritanaytbemesassryide mekssacigaitventiinvestmsndor a

carrier. 15[0061] After aci ng, 50 of, .t he | ded. carrier in{o.a
r ound- botton%%FnP]}eﬁRl,' o Glags of at 5 & HOWEL lcﬂndsﬁm&eé@&?ﬁlﬁbf a

T red et Rificlent ' APOP IS ekt Bl AFRL AL BHEL e R AP
) 0 i i 20
ot B000 1o oMeRHRE B9R0L B xANBEdNERLeschl & prafitie MkaERCHART
contents forv&??&r &lin 'r%ai""%ﬁnﬁc A t AeSntento BY é&iﬁ"@nent
ase e cata of “ the

respectively, on t yst nmas’s. e properties

prepaped cat maySie Aedesaiy, Wioite)if theTadliel shack FRERlity<Gatealiy he Bpper 25A
3000 g portion“of a 5 % by mass concentraftion sodi um al um nate
aqueous sol ulifrih maEsiqledcebove) theveastibntay tutdplreesd Heas etifficief6C.
FPO7-0211-00 Separately, 3000 g of a 2.5 % by nmass al um num sul fate
aqueous sol udégmewas prepared in a different vessel heated to 65C,
and the sodi um al um nate aqueous sql uti OP was added dropw se thereto.

The end poi ntO04Hd didia tesaparaturp eonditionst fopoataating the @it te ke traaiedir e
5 hed 7.0, and t taj ned sl dyct fil h h
reached 7.0, nGuhlet O haeBraence Yof S Len Pare 1502586b¢. M oM 2

15 temperature is preferably 170-360°C and more preferably 220-350°C.

If the temperature is below 150°C, the deoxygenation activity will tend
to be insufficient, while if it is above 380°C the oil to be treated will
tend to undergo excessive decomposition, thereby lowering the yield of
fractions useful for production of liquid fuel (for example, fractions
20 with a boiling point temperature range of 250-350°C).
[0048] The form of reactor used may be a fixed bed system.
| Specifically, the system employed may be in a form with hydrogen in
countercurrent or cocurrent flow with respect to the oil to be treated.
Also, a plurality of reactors may be used in a form combining
25 countercurrent and cocurrent. The most common form is a downflow,

and a gas-liquid cocurrent flow system may be employed. The reactor
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filter to obtain a cake-like slurry. [0063] The cake-like slurry was
transferred to a vessel equipped with a reflux condenser, and then -
150 mM of distilled water and 10 g of a 27% anmoni a aqueous sol uti on
were added and the nmixture was 1 0 heated and stirred at 75GP@7-0201-00
hours. The slurry was then placed in a kneader and heated to above

80C, and kneadi ng was perfornmed while renoving the noisture to obtain

a clay-like kneaded bl end. The obtai ned kneaded bl end was extruded

using an ext %&ohﬁ%@of R&isalk idMd bCA lcohBifkibh %fanéfeggga%%n@for%é

mm dried at C for 1 hour-1 5and then cal ci ned at to obtain a

nol ded carri giterio@Q@F4H sifiplecreaptanig et ofruétdee taitde gaetitionet irtot o
a round-bottoned flask, 1t was inpregnated with netal s using 35 m of

a m xed aquenusitipbt catiabyst bedpr i si ng di ni troam nepl atinun(ll) and
di nitroam nepal |l adium(l]) while deairing with a rotary evaporator.

20 The i mor oGM4S Thsphpdrasefinhd el avhiehobas ebar by dbetefinedd mithes0C

to obtain catalyst,B-1. The plati num apd pal | adi ym | oadi pg contents
for catalyst IERCIOn theg Sslr']%osfﬁ ﬁ%sg%snﬁq@@s&ﬁas@n%eg regt i €Dy,

R T e

A-1 Catalyst o L QA0R, 9075 Chertofatda TRES 888 Ot Wadtiid 84 FRSddal
fraction. If necessary it may be further fractionated into the gas,

naphtha fraction and kerosene fraction. A portion of the produced

10 light hydrocarbon fraction may be reformed with a steam reformer to
produce hydrogen. The hydrogen produced in such a manner is

carbon neutral because the starting material used for the steam

reforming consists of biomass-derived hydrocarbons, and therefore the

environmental burden is reduced. Reaction of the oxygen and sulfur

15 portions of the oil to be treated may be accompanied by generation of
carbon monoxide, carbon dioxide, hydrogen sulfide and the like, but a

gas-liquid separation apparatus or other by-product gas removal

apparatus may be installed between a plurality of reactors or in the

product recovery step. The gas portion from which by-product gas

20 has been removed by a by-product gas removal apparatus may be
combined with the oil to be treated and recycled for use. It may also

be used after increasing the hydrogen purity of the gas using a

membrane separation apparatus or pressure swing adsorption apparatus

at an early stage of blending with the oil to be treated. The

25 concentration of carbon monoxide in the recycled gas is preferably no

greater than 0.5 vol% and more preferably no greater than 0.1 vol%
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64.9 100. Si02 content (% by mass, based on carrier nass) 35.1 - Pt
content (% by nmass, based on catalyst nmass) 0.5 0.5 Pd content (% by
mass, based on catalyst nass) 0.7 0.7 Carbon nonoxi de adsorption

(mmol fg-catal yst) 0.026 0.055 [0066] (Exanple 1) A first reaéPPé0211-00
tube (inner dianeter: 20 mm) packed with catalyst A-1 5 (50 nl) and

a second reaction tube (inner dianmeter: 20 nm packed with the sane
catalyst A-1 (50 mM) were installed in series in a fixed bed

circul ating Eﬁﬁﬁttﬁéviewﬁ)iﬁabﬂmmamﬁgtda@ﬂxﬁwbﬁﬁ d to reduction
treatment for 6 hours under conditions with a catalyst |ayer nean

tenperat ure (0@3Q} i Hydregarepad is apuaily 32@6iucedhitdoogkthpdnistajort of
the first reactor adjoining the oil to be treated either before or after the

heating fumace, but hydrogen gas may also be introduced separately
5 between catalyst beds or between multiple reactors, in order to control
the temperature in the reactor while maintaining hydrogen pressure
throughout the entire reactor. Hydrogen introduced in this manner is
generally referred to as "quench hydrogen". The proportion of quench
hydrogen with respect to hydrogen gas introduced adjoining the oil to
10 be treated is preferably 10-60 vol% and more _preferably 15-50 vol%.
If the proportion of quench hydrogen is less than 10 vol% the reaction
will often fail to adequately proceed at the reaction site in the
subsequent steps, and if the proportion of quench hydrogen is greater
than 60 vol%, the reaction may no.t proceed adequately near the reactor
15 inlet port.
[0051] When a hydrorefined oil produced according to the invention
is used as a gas oil fraction stock, the oil contains at least a fraction
with a boiling point of 260-300°C, preferably with a sulfur content of
no greater than 10 ppm by mass and an oxygen content of no greater
20 than 0.3 % by mass, more preferably a sulfur content of no greater than
7 ppm by mass and an oxygen content of no greater than 0.3 % by
mass, and even more preferably with a sulfur content of no greater than
3 ppm by mass and an oxygen content of no greater than 0.2 % by
mass. If the sulfur and oxygen contents are above the aforementioned
25 upper limits, this may adversely afiect the filter or catalyst used in

diesel engine exhaust gas treatment devices, as well as other structural
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10pressure of 5 MPa and a hydrogen gas volunme of 83 m/mn. [0067]
After reduction treatnent of the catalyst, palmoil (proportion of
conpounds with triglyceride structure anong oxygen-contai ni ngF :
hydr ocar bon conpounds = 98 nol % was used as an oil for P07-0211-00
hydrorefi ning. The 15C density of the oil was 0.916 g/m, and the 1
5 oxygen content was 11.4 % by mass. The conditions for hydrorefining
were a reaction tenperature of 250C in the first and second reaction
tubes, a prepsmilserefofengindsa and a |iquid space velocity of 0.8 I11.
The volune rati o (quench hydrogen proportion) of hydrogen gas

i ntroduced bé@@fii’éanﬂnenfa hydrorefined @il praskicaddicserding to2herieseniion
tube was 20 vol % of the total hydrogen introduced, and the

hydrogen’ of | s atdconcie ges minsuctiyn stesks tharetinyof Beperainsouiib guspest
Fe0r- 021 O OAEFH By Uadaali ol e S wonadhe
70 parts by DerbHEs o thhdradine i PtErbifaedess Tlamite bl o
part s by vol ey s o DBk UETRERESbIS TR A 11 9B Bl 100 S

260C. The 15§ xlapsi fyciftin W, RSt rrﬁéi%%ﬁﬁp;?%}% frcleat oW ' FBHedg i ldw s

0.838 g/m, thé Sulfur content was y mass and
boi I'ing and gigp@ehitt eni@iofniehts Gner3tspré@sRasid Velldw Efhedenstty
of the oil to g% treated was 0. 893 817’%1 tphe&%xygegn con‘gven?ﬂ)was 8.2 %

by mass and theirsniinkits hafcleatieot pretderhs Zasppresult wfsclog 8 diesel
(Conparative Exanple 1) Hydrorefining was carried out in the same

mannéf as Exengine fiel Bkeatpm déwitexat al yst B-1 was used i nstead of
catalyst A-1. The results are shown in Table 2. 1 5[0070]

( Conpar at i vel@&HpIBhehydsarebnedioil pyoduesd aeeardingie the inventiomds
v or ef i ni ngaRivkHLY FEIC £AE o0 20 AckiFee] e ON PLBES WAL stodc.  The
ydror of | nt ngYtige ey ik Bt bRnRee clomreat B FiErlaER PR Ry et
second react Vit CHETRFRL Gl Hrnife A P BEE] oy R AT HEAR Bl SheR ™

25[ 0952] ( Coppay, gin\gﬁlé%‘zéﬁé’%cﬁnﬁbné*ﬁ‘@rd}* SO HOtheaRkEar Misesther ktocRst he

sanme manner as _
there may be used blends of the gas oil and/or kerosene fractions

obtained from general petroleum refining steps and the residual fraction
obtained from the hydrorefining method of the invention. Also, a
synthetic gas oil or a synthetic kerosene oil may be mixed therewith,
20 which are obtained by a Fischer-Tropsch reaction or the like using so-
called ”synthetic gas” compbsed of hydrogen and carbon monoxide as
the starting material. These synthetic gas oils or synthetic kerosene
oils are characterized by containing virtually no aromatic components,
being composed mainly of saturated hydrocarbons, and having high
25 cetane numbers. The process for production of synthetic gas may be

any publicly known process and is not particularly restricted.
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FPO7-0211-00 except that catal yst B-1 was used inétead of catal yst
A-1. The results are shown in Table 2. [0073] [Table 2] Exanple %
Exanple 2 Conp. Ex. 1 Conp. Ex. 2 Conp. Ex. 3 Conp. Ex. 4 :

FP07-0211-00

{0054} The hydrorefining step in which the oil to be treated is
subjected to hydrorefining according to the invention includes a first
hydrogenation step wherein oxygen is temoved to removal of at Jeast
70 % by mass of the initial oxygen content in the oil to be treated to
5 obtain a first refined oil, and a second hydrogenation step in which the
oxygen remaining in the first refined oil is removed to removal of at
least 95 % by mass of the initial oxygen content in order to obtain a
second refined oil, the second hydrogenation step preferably being
carried out in such a manner that the ratio of isoparaffins with respect
10 to normal paraffins (isoparaffin mass/normal paraffin mass) is at least
0.2 among the paraffins in the 150-350°C fraction of the second refined
oil. Ifthe oxygen removal rate in the first hydrogenation step is not at
least 70 % by mass, the hydrodeoxygenation and hydroisomerization
reactions may not proceed satisfactorily in the second hydrogenation
15 step.

[0055] Either or both the first hydrogenation step and second
hydrogenation step in the hydrorefining method of the invention may
be carried out by contacting the aforementioned oil to be treated
comprising an oxygen-containing hydrocarbon compound, with a
20 catalyst comprising a carrier containing crystalline molecular sieves
and at least one metal selected from among elements of Group 6A and
Group 8 of the Periodic Table supported on the carriet, in the presence
of hydrogen. That is, either the first hydrogenation step or second
hydrogenation step may be carried out using a catalyst other-than the

25 catalyst described above.
[0056] In the first hydrogenation step there are preferably used a
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Cat al'yst Cat al yst A1 Catal'yst A4 Catalyst B-1 Catalyst A-l Cat al yst
A-1 Catalyst B-1 Treated oil Palmoil Blended oil Pal moil

FpP07-0211-00

porous inorganic oxide comprising two or more elements selected from
among aluminum, silicon, zirconium, boron, titanium and magnesium,
- and a catalyst comprising one or more metals (active metals) selected
from among elements of Group 6A and Group 8 of the Periodic Table
5 supported on the porous inorganic oxide. Preferred active metals are
one or more elements selected from among Pd, Pt, Rh, Ir, Au, Ni and
Mo.
[0057] In the second hydrogenation step, there are preferably used a
carrier containing crystalline molecular sieves, and a catalyst
10 comprising one or more metals selected from among elements of
Group 6A and Group 8 (preferably elements of Group 8) of the
Periodic Table supported on the carrier. The catalyst used for the
second hydrogenation step may consist of a single type or a
combination of two or more, and a catalyst with hydrogenation activity
15 may also be packed at a later stage of the second hydrogenation step in
order to improve the stability of the refined oil.
[Examples]
[0058] The present invention will now be explained in greater detail
based on examples and comparative examples, with the understanding
20 that these examples are in no way limitative on the invention.
[0059] [Examples 1 and 2, Comparative Examples 1-4]
(Catalyst preparation)
<Catalyst A-1>
After adding 185 g of water glass No.3 to 3000 g of a 5 % by mass
25 éodium aluminate aqueous solution, the mixture was placed in a vessel

that had been heated to 65°C. Separately, 3000 g of a 2.5 % by mass
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Pal m oi| Pal moil Blended oil Reaction tenperature, C 250 260 250 120

400 260 Oxygen content % by nmass (based on total hydrorefined oil)
<02 <0.2 0.4 2.2 <0.2 3.1 .

10

15

20

25

FP07-0211-00

aluminum sulfate aqueous solution was prepared in a different vessel

heated to 65°C, and the sodium aluminate-containing aqueous solution

~ was added dropwise thereto. The end point was defined as the time at

which the pH of the mixture reached 7.0, and the obtained slurry
product was filtered through a filter to obtain a cake-like slurry.

[0060] The cake-like slurry was transferred to a vessel equipped with
a reflux condenser, and then 150 ml of distilled water and 10 g of a
27% ammonia aqueous solution were added and the mixture was
heated and stirred at 75°C for 20 hours. The slurry was then placed in
a kneader and heated to above 80°C, and kneading was performed
while removing the moisture to obtain a clay-like kneaded blend. The
obtained kneaded blend was extruded using an extruder into the
cylindrical form with a diameter of 1.5 mm, dried at 110°C for 1 hour
and then calcined at 550°C to obtain a molded carrier.

[0061] After placing 50 g of the molded carrier into a round-bottomed
flask, it was impregnated with metals using 35 ml of a mixed aqueous
solution  comprising  tetramineplatinum(II) chloride and
tetraminepalladium(Il) chloride while deairing with a rotary
evaporator. The impregnated sample was dried at 110°C and calcined
at 350°C to obtain catalyst A-1. The platinum and palladinm loading
contents for catalyst A-1 were 0.5 % by mass and 0.7 % by mass,
respectively, based on the catalyst mass. The properties of the
prepared catalyst A-1 are shown Ain Table 1.

[0062] <Catalyst B-1>

A 3000 g portion of a 5 % by mass concentration sodium aluminate

aqueous solution was placed in a vessel that had been heated to 65°C.

23
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<0.2 <0.2 <0.2 <0.2 3.4 Yield, %by nass (based on oil to be treated)
Cl-C4 (fraction with b.p. S80C) 3.1 2.9 3.95.95.91.5

FP07-0211-00

Separately, 3000 g of a 2.5 % by mass aluminum sulfate aqueous
solution was prepared in a different vessel heated to 65°C, and the
sodium aluminate aqueous solution was added dropwise thereto. The
end point was defined as the time at which the pH of the mixture
5 reached 7.0, and the obtained slurry product was filtered through a
filter to obtain a cake-like shuty.
[0063] The cake-like slurry was transferred to a vessel equipped with
a reflux condenser, and then 150 mi of distilled water and 10 g of a
27% ammonia aqueous solution were added and the mixture was
10 heated and stirred at 75°C for 20 hours. The slurry was then placed in
a kneader and heated to above 80°C, and kneading was performed
while removing the moisture to obtain a clay-like kneaded blend. The
obtained kneaded blend was extruded using an extruder into the
cylindrical form with a diameter of 1.5 mm, dried at 110°C for 1 hour
15 and then caicined at 550°C to obtain a molded carrier.
[0064] After placing 50 g of the molded carrier into a round-bottomed
flask, it was impregnated with metals using 35 ml of a mixed aqueous
solution comprising dinitroamineplatinum(II) and
dinitroaminepaliadium(Il) while deairing with a rotary evaporator.
20 The impregnated sample was dried at 110°C and then- calcined at
350°C to obtain catalyst B-1. The platinum and palladium loading
contents for catalyst B-1 were 0.5 % by mass and 0.7 % by mass,
respectively, based on the catalyst mass. The properties of the
prepared catalyst B-1 are shown in Table 1.
25 [0065]
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Napht ha (fraction with bp. 8 80-135C) 0.0 0.0 1.1 0.0
Kerosene (fraction with bp. 135-250C) 0.0 0.0 0.5 0.0

FP07-0211-00

{Table 1]

Catalyst | Catalyst
AlOs content (% by mass, based on carrier mass) | 64.9 100
Si0; content (% by mass, based on carrier mass) 35.1 -
Pt content (% by mass, based on catalyst mass) 0.5 0.5
Pd content (% by mass, based on catalyst mass) 0.7 0.7
Carbon monoxide adsorption (mmol/g-catalyst) 0.026 | 0.055

[0066] (Example 1)
A first reaction tube (inner diameter: 20 mm) packed with catalyst A-1
5 (50 ml) and a second reaction tube (inner diameter: 20 mm) packed
with the same catalyst A-1 (50 ml) were installed in series in a fixed
bed circulating reactor. The catalyst was then subjected to reduction
treatment for 6 hours under conditions with a catalyst layer mean
| temperatﬁre (reaction temperature) of 320°C, a hydrogen partial
10 pressure of 5 MPa and a hydrogen gas volume of 83 m}/min.
[0067] After reduction treatment of the catalyst, palm oil (proportion
of compounds with triglyceride structure among oxygen-containing
hydrocarbon compounds = 98 mol%) was used as an ofl for
hydrorefining. The 15°C density of the oil was 0.916 g/ml, and the
15 oxygen content was 11.4 % by mass. The conditions for
hydrorefining were a reaction temperature of 250°C in the first and
second reaction tubes, a pressure of 5.5 MPa and a liquid space
velocity of 0.8 h™'. The volume ratio (quench hydrogen proportion) of
hydrogen gas introduced between the first reaction tube and second
20 reaction tube was 20 vol% of the total hydrogen introduced, and the
hydrogen/oil ratio determined by the total hydrogen introduced was
600 NL/L. The results are shown in Table 2,
[0068] (Example 2)
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115 0.0 Gas oil (fraction wth b.p. 250-350C) 82.8 88.2 78.9 612

53.1 51.2 5 [0074] [Exanples 3-5, Conparative Exanple 5] (Catalyst
preparation) <Catalyst A-2> In a polytetrafl uoroethylerie beaker

there were conbined a _ FP07-0211-00

Hydrorefining was carried out in the same manner as Example 1,
except that the oil treated was a blended oil bomprising 70 parts by
volume of the same palm oil used in Example 1 and 30 parts by volume
of a petroleum-based desulfurized gas oil, and the reaction temperature
5 in the first and second reaction tubes was 260°C. The 15°C density of

the petroleum-based desulfurized gas oil was 0.838 g/ml, the sulfur
content was 15 ppm by mass and the initial boiling and end points were
211°C and 365°C, respectively. The density of the oil to be treated
was 0.893 g/ml, the oxygen content was 8.2 % by mass and the sulfur

10 content was 4.2 ppm by mass. -
[0069] (Comparative Example 1)
Hydrorefining was carried out in the same manner as Example I,
except that catalyst B-1 was used instead of catalyst A-1. The results
are shown in Table 2.

15 j0070] (Comparative Example 2)
Hydrorefining was carried out in the same manner as Example 1,
except that the reaction temperature for the hydrorefining in the first
and second reaction tubes was 120°C. The results are shown in Table
2.

20 [0071] (Comparative Example 3)
Hydrorefining was carried out in the same manner as Example 1,
except that the reaction temperature for the hydrorefining in the first
and second reaction tubes was 400°C. The results are shown in Table
2. |

25 [0072] (Comparative Example 4)

Hydrorefining was carried out in the same manner as Example 2,
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1 0 comercially avail able boehm te powder (product of Catalysts &
Chem cals Industrial Co., Ltd.) and silica-alum na powder (product of
Catal ysts & Chem cals Industrial Co., Ltd.) in a silicon/alumnum
atomic ratio of 15, distilled water was added, and concentratFB&7-432d1-00
kneadi ng were perfornmed while heating to obtain a clay-like kneaded 1
5bl end. To the kneaded bl end there was added synt hesi zed proton-
FPO7-0211-00 form ZSM5 (silicon/alum numatomc ratio: 40) as

zeolite to 6%xweplythabsstabfsttBrd was abed iisatatbof baabrbt 00 10Xi s resaltd

t he bl end was further kneaded. The obtai ned kneaded bl end was

ext ruded usi rage showrtin(gdle 2nto the cylindrical formwith a dianeter

of 1.5 mm dried at 110C for 51 hour and then cal cined at 500C to
obtain a nol ci@g7%131rr| er. [0075] After placing 10 g of the nol ded.
carrier into iéﬁ?\uﬂg bottoned flask, a nixed aqueous sol ution

conpri sing te£ plati num(l I) chI or| de and tetram nepal | adi un(I1)

chl ori de wagpoured—imtothe . d } h—a—f-otara
evapor at or flor inpregnation 01&&“‘3%dx ﬁ%ﬁnﬂ ﬁgdlf OL ﬁch Idee gcar r%ié‘i
and after drgg at 110C it |wasyscalceiped adaysSPCatiiat GDCalyA |Cakafsy $t
A-2. The | oading contents of pIA:h‘i nutrlandg pBril | adi drh i céd al ySB-1A- ]
were 0.5 % byremmiss of pl ati njipssed @le’?d“b/o bI}é]nfEBSSPQ:fwzpcﬂﬂamnme édeg

on the total R&H}dm er‘a’(&re, ‘bdle cat ggloybl : 25000- U] zsﬁk,ajit allyo:)[ B 4./00’ i . \..v:l;l
pol ytetrafl mem—fm WET g Conbijed a gonmerciat 1y
avai | abl e boéiaxd deajjedveldned ( pr odlict| oke.Catlal y6t s| & 2Chem caks 3.1
| ndustri al (WMIM nalpowder} (prodict of ICatalysts
& Chenical s , Lt sill i cgn/fal upg ngim cratlo
of 15, disti Ic, )e%%%mthg;o’?%;; ad gﬂoﬁ ana corceér? rapi (%Jr? a* 3%0 kné4di ng
wer e perforied whill@-cheatingjfto oI:[ aln afclay-T[ ke Kn¢gaded end.— Jo

t he kneaded |bl end [|t(freticewifidhs addéd syr®hegi za®l pr ots@n- | or s Z9wt 22
(Si|icon/a|lmcmymdﬁsgﬁcgir~ r.at 4 as zéolite to 65 (nhv mass of { he
total cat al3§?chbasq§,fct&mﬁ§_ oand the Bl epd was Sfurt helr kneaged.
The obt ai ned i g 15 extruc?ed gsing ahn extrtuder 5!| nto tlhe
cylindrical |£5Fn vmeiasea di angt er o‘r T-5 1m drlaEd at JI0C for 1 holr

and then cal edbeed dfBoR@bpo| ofai n &0l deds cay ri%ér. | APO7-(0222-0
Pl at i num and tp&idl % ﬁ%ﬂ re—toadedon—10-1g-of the obt
carrier in the samgslRRReh,25 2t al Vi A2 49 optain catglys
The | oadi ng |cont entzse-wécpl at i num and pal ljadi um | n cat al yst
0.5 %4y mass of platinumand 0.7 % by mass of palladi um based on the
t ot al

F

A\1”4

[0074] [Examples 3-5, Comparative Example 5]

(Catalyst preparation)

<Catalyst A-2>

In a polytetrafluoroethylene beaker there were combined a
10 commercially available boehmite powder (product of Catalysts &

Chemicals Industrial Co., Ltd.) and silica-alumina powder (product of

Catalysts & Chemicals Industrial Co., Ltd.) in a silicon/aluminum

atomic ratio of 15, distilled water was added, and concentration and

kneading were performed while heating to obtain a clay-like kneaded
15 blend. To the kneaded blend there was added synthesized proton-
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5anmount of the catalyst. [0077] <Catalyst C-2> After adding 18.0 g of
water glass No.3 to 3000 g of a 5 % by mass sodi um al um nat e aqueous
solution, the m xture was added dropwise to a 2.5 % by mass al um num
sul f at e aqueous solution that had been 1 Oheated to 65C, untihll: 6%1% ;Ill-i
reached 7.0. The obtained slurry product was filtered throug R07-0211-00
filter to obtain a cake-like slurry. [0078] The cake-like slurry was
transferred to a vessel equipped with a reflux condenser, and then
150 M of distilled water and 10 g of a 27% ammoni a aqueous sol ution
were added aiform ESMi-kt(silisonfduminiimteteméel ratict 40)i asx seblie %S $oby 20
hours. The slurry ﬁﬁg}then pl aced in_a kneader and heated to above
80C, and kne#fiS§g0 otk éﬁtﬁ&#t pe& onepridemgandh sherblend, mest Brdst ai n

st g an ext KAGRRST.( BA¢ Rbtaingd Raralest bleat van oYl USRS an QHTudes
ol ded car iTreybindrdal WA diataftef i 1o Fiton criad avdn Bofdog, )
ey oo e 11 d S AR Sinale: SOTC 10 bl HARGER Bier 10 00V e
Lot ram nepl aty o st pfkng 30 SEBARURRE AL D SRAAbed
was poured i filagk} he hixark agibes deitibhOcoinpRishg GeREMIRMFRERBKEI T Or

i mpregnation of the nmetal in FP0O7-0211-00 the nol ded carrier, and
af ter dryi ngchloridedend it¢tramamepalladivedTBt cldofl e twapbaded imss they $taslc- 2.
The | oadi ng contents of platinumand palladiumin catalyst C2 were
0.5 % by massvlidle geairingowithadotry evaporatesordmpregnatiinuef thesmdtadint he
total amount of t atal yst.

10 the moqgeg carr%cg{', and after drying at 110°C, it was calcined at 350°C .

to obtain catalyst A-2. The loading contents of platinum and
palladium in catalyst A-2 were 0.5 % by mass of platinum and 0.7 %
by mass of palladium based on the total amount of the catalyst.
[0076] <Catalyst B-2>

15 In a polytetrafluoroethylene beaker there were combined a
commercially available boehmite powder (product of Catalysts &
Chemicals Industrial Co., Ltd.) and silica-alumina powder (product of
Catalysts & Chemicals Industrial Co., Ltd.) in a silicon/aluminum
atomic ratio of 15, distilled water was added, and concentration and

20 kneading were performed while heating to obtain a clay-like kneaded
blend. To the kneaded blend there was added synthesized proton-
form ZSM-22 (silicon/aluminum atomic ratio: 45) as zeolite to 65 % by
mass of the total catalyst based on oxides, and the blend was further
kneaded. The obtained kneaded blend was extruded vsing an extruder

25 into the eylindrical form with a diameter of 1.5 mm, dried at 110°C for
1 hour and then calcined at 500°C to obtain a molded carrier.
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5[ 0080] (Exanple 3) A first reaction tube (inner dianeter: 20 nmm
packed with catalyst A-2 (50 nml) and a second reaction tube (inner

di aneter: 20 mm) packed with the sane catalyst A-2 (50 ml)
installed in series in a fixed bed circulating reactor. Thevﬁzrape% 9%11'00

was then subjected to reduction 1 O treatnment for 6 hours under
conditions with a catalyst |ayer nmean tenperature of 320C, a hydrogen
partial pressure of 5 IVIPa and a hydrogen gas volunme of 83 m/mn.
The carbon nBtesiive aadspalpadiom wese dodRd andl0 gesf threaobiainddhmoaldetliced
catal yst A-2. [0081] After the catalyst reduction, palmoil
(proportion éanlexsnéb%ﬁ@nﬁdnmqmaat@wfoérz ﬂéobtadnwt&liéstdiﬁ:g The

Ty Sy or ef IoHchge CHRRESe Bl 25 :naﬂé ;dmm% Tausat aéy@@”?é%%ré‘%fsﬁ%% o
.%

than 0. Z"Béﬁﬁﬁﬁ“%%so?pl%ﬂaue%ﬁ@% o0 3R oS e B oS! ol S

react |50n teng&lrﬁ%bybfﬂg,ja % !n the first apd second reaction tube, a

pressure of Iqui d space velocity of 0.7 111. The vol une

ratio (quenc d‘wﬁrqg%l erortion) of hydrogen gas introduced between
the first !’P n tubég. and second reaction tube was 20 vol % of the

total hydfogﬁ!ﬁelrrlid ded) oo vidier gmdﬁ o&eB/181 3000k 6f 4€¥ o Byn@ds@Sby
the total hydrogen i roduced was 600 NL/L. The results are Shown in

Tabl e 3. FP@ﬂdiﬁﬁiLahﬁmafms@]edLﬁmimim 4he hyidtwreafanaddeddopedse ted
out in the same _manner as Exanple 3, except that catalyst B-2 was

used i nst eadac?.5cHt diyy stasa-alnmitamy eslfamsarw@whmhﬁon thablhad3bedthe
catalfst B 2 ezpe%%%fé P sl ShpHeseahgy. (6 SRS GbHIehABPABIRAESt nt o
b e o el b RS PR it SR liaBgcked Mo the
e 2 ORI oo S5 oI oL B SO
. G2 a reflux condenser, and then 150 ml of distilled water and 10 g of a
27% ammonia aqueous solution were added and the mixture was
15 heated and stirred at 75°C for 20 hours. The slurry was then placed in
a kneader and heated to above 80°C, and kneading was performed
while removing the moisture to obtain a clay-like kneaded blend. The
obtained kneaded blend was extruded using an extruder into the
cylindrical form with a diameter of 1.5 mm, dried at 110°C for 1 hour
20 and then calcined at 550°C to obtain a molded carrier. The aluminum
content of the molded carrier was 90.1 % by mass as aluminum oxide,
and the silicon content was 9.9 % by mass as silicic acid.
[0079] After placing 50 g of the molded carrier into a round-bottomed
flask, a mixed aqueous solution comprising tetramineplatinum(Il)
25 chloride and tetraminepalladium(}I) chloride was poured into the flask

while deairing with a rotary evaporator for impregnation of the metal in
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[ 0084] (Conparative Exanple 5) Hydrorefining was carried out in the
sane manner as Exanple 3, except that catal yst G2 was used instead

of catalyst A-2, the reaction 1 5 tenperature in the first reaction
tube was 200C and the reaction tenperature in the second r eackY@A-0211-00
tube was 310C. The results are shown in Table 3. [0085] (Evaluation

of |ow tenperature performance) The refined oils obtained by
hydrorefining i n Exanples 3-5 and 20 Conparative Exanple 5 had the

fractions |i gh¢ edoltibdrasridroahd adtepdryingodt LHIPC, it edldided at 350°C
distillation, and the residues (kerosene gas oil fractions) were

subj ect ed t otel obthiporatalyska€u?.eneThe aboachuig ngontentdS of2 phtitifas aindg
Met hod for Pour, Point, and C oud Point of Crude G| _and Petrol eum
Products". Trallgdiumafncagalstektd vmeths Yoday meass ofcpletinBucand ©.78@ by

(i sopar art i n OvBesnof Bl urLbsRe Geeytotah R Gt he saglyst.
F1307-§)211--0?06@8]\’\“(]%)?31{51%'3% 3. [0086] [Table 3] Exanple 3 Exanple 4
A first reaction tube (inner diameter; 20 mm) packed with catalyst A-2
(50 ml) and a second reaction tube (inner diameter: 20 mm) packed
with the same catalyst A-2 (50 ml) were installed in series in a fixed
bed circulating reactor. The catalyst was then subjected to reduction
10 treatment for 6 hours under conditions with a catalyst layer mean
temperature of 320°C, a hydrogen partial pressure of 5 MPa and a
hydrogen gas volume of 83 ml/min. The carbon monoxide adsorption
was 0.037 mmol per gram of the reduced catalyst A-2.
[0081] After the -catalyst reduction, palm oil (proportion of
i5 compounds with {friglyceride structure among oxygen-containing
hydrocarbon compounds = 98 mol%) was used as an oil for
hydrorefining. The 15°C density of the oil was 0.916 g/ml, the
oxygen content was 11.4 % by mass, and the sulfur content was less
-than 0.2 ppm by mass. The conditions for hydrorefining were a
20 reaction temperature of 310°C in the first and second reaction tube, a
pressure of 5 MPa and a liquid space velocity of 0.7 h'. The volume
ratio (quench hydrogen proportion) of hydrogen gas introduced
between the first reaction tube and second reaction tube was 20 vol%
of the total hydrogen introduced, and the hydrogen/oil ratio determined
25 by the total hydrogen introduced was 600 NL/L. The results are

shown in Table 3.
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Exanple 5 Conp. Ex. 5 Catalyst in first reaction tube Catal yst A-2
Catalyst B-2 Catalyst C2 Catalyst C2 Catalyst in second reaction
tube Catal yst A-2 Catalyst B-2

FPO7-0211-00

[0082] (Example 4)

Hydrorefining was carried out in the same manner as Example 3,

except that catalyst B-2 was used instead of catalyst A-2. The results

are shown in Table 3. The carbon monoxide adsorption was 0.035

5 mmol per gram of the reduced catalyst B-2.

[0083] (Example 5)

Catalyst C-2 (50 ml) was packed into the first reaction tube, catalyst A-

2 (50 ml) was packed into the second reaction tube, and hydrorefining

was carried out in the same manner as Example 3. The results are
10 shown in Table 3. The carbon monoxide adsorption was 0.038 mmol

per gram of the reduced catalyst C-2.

[0084] (Comparative Example 5)

Hydrorefining was carried out in the same manner as Example 3,

except that catalyst C-2 was used instead of catalyst A-2, the reaction
15 temperature in the first reaction tube was 200°C and the reaction

temperature in the second reaction tube was 310°C. The results are

shown in Table 3.

[0085] (Evaluation of low temperature performance)

The refined oils obtained by hydrorefining in Examples 3-5 and
20 Comparative Example 5 had the fractions lighter than a boiling point of

150°C removed by distillation, and the residues (kerosene gas oil

fractions) were subjected to cloud point measurement according to JIS

K2269 "Testing Method for Pour Point and Cloud Point of Crude Oil

and Petroleum Products". The paraffin contents of the residues were
25 determined by measuring the mass ratio of isoparaffins to normal

paraffins (isoparaffin mass/normal paraffin mass). The results are
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reaction tube (% by mass,

by mass,

poi nt of hydrorefined oil

Catal yst A-2 Catal yst C2 Oxygen content of product oil fromfirst
based on total hydrorefined oil) 0.9 1.6
6.6 2.3 Oxygen content of product oil from second reaction tube (%
based on total hydrorefned oil) <0.2 <0.2 <0.2 3.8 GPOPE0211-00
(O _
shown in Table 3.
[0086]
{Table 3]
Example | Example | Example | Comp.
3 4 5 Ex. 5
. . Catalyst | Catalyst | Catalyst | Catalyst
Catalyst in ﬁrst reaction tube AD B2 C.o Co
. . Catalyst | Catalyst | Catalyst | Catalyst
Catalyst in second reaction tube A2 B3 AD Co
Oxygen content of product oil
from first reaction tube
(% by mass, based on total 0.9 1.6 23 6.6
hydrorefined oil)
Oxygen content of product oil
from second reaction tube
(% by mass, based on total <02 <02 <02 38
hydrorefined oil)
?g;ld point of hydrorefined oil 4 0 1 »
Isoparafﬁnslnonnal paraffins 163 138 1.56 0.03
(mass ratio)
Yield of kerosene and gas oil
fraction (fraction with b.p. 150~
350°C) 72.5 76.5 70.1 69.8
(% by mass, based on feedstock
oil)
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-1 0 -1 22 Isoparaffins/normal paraffins (mass ratio) 1.63 1.38 1.56
0.03 Yield of kerosene and gas oil fraction (fraction wth b.p. 150-
3500 (% by mass, based on feedstock oil) 72.5 76.5 70.1 69.8
CLAIMS: 1. A hydrorefining nmethod characterized by obtaining a
refined oil through a hydrorefm ng step in which an oil to be treated
conpri sing an oxygen-contai ni ng hydrocarbon conpound is contacted
wth a catét¥ﬁﬂd§pnprising a carrier containing a porous inorganic
oxi de conpri'sing two or nore elenents selected from anong al um num
silicon, zirconium boron, titaniumand nmagnesi um and at | east one

metal selegted Arp f’d’f‘%@ﬂliﬁgmprtho@rbha}éeteu'z ﬂ”ggl\@bl%' E\;eﬁtﬁfba& I%1

carrier, in the presence_o] hygr ogen, and under tondi ti o1Ts )
hydr ogen piheeugh @ sydmorefinmgsstep 1 gulighspa @l o) beifrsated epmprising | amy
a_hydr ogens gy ¢er-@bh@aidfingd 30 dhoRarhbA lcoaifodnd daCéditActRIRar Rt catdl st
150- 380C, comprising a carrier containing a porous inorganic oxide comprising two or
more elements selected from among aluminum, silicon, zirconium, boron,
titanium and magnesium and at least one metal selected from among Pd,
Pt, Rh, 1r, Ni and Mo supported on the carrier, in the presence of hydrogen,
and under conditions with a hydrogen pressure of 2-13 MPa, a liquid space
velocity of 0.1-3.0 h”', a hydrogen/oil ratio of 150-1500 NL/L and a reaction
temperature of 150-380°C,

wherein the carbon monoxide adsorption is in the range of 0.003-
0.05 mmol per gram of catalyst with the metal in the reduced state,

wherein the hydrogen gas comprises a first hydrogen gas introduced
adjoining the oil to be treated and a second hydrogen has introduced as a
quench hydrogen, and

wherein the proportion of the second hydrogen gas with respect to the
first hydrogen gas is 10-60 % by volume.

2. A hydrorefining method according to claim 1, characterized in that the
carrier contains crystalline molecular sieves.

3. A hydrorefining method according to claim 1 or 2, characterized in
that the oxygen content is 0.1-15% by mass and the sulfur content is no
greater than 50 ppm by mass based on. the total amount of the oil to be
treated.

4. A hydrorefining method according to anyone of claims 1 to 3,
characterized in that the oxygen-containing hydrocarbon compound is an
animal or vegetable-derived fat or and oil component.
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wherein the carbon nonoxi de adsorption is in the range of 0.003- 0.05
mmol per gram of catalyst with the netal in the reduced state, -
wherei n the hydrogen gas conprises a first hydrogen gas introduced
adjoining the oil to be treated and a second hydrogen has introduced
as a quench hydrogen, and wherein the proportion of the second
hydrogen gas with respect to the first hydrogen gas is 10-60 % by
volunme. 2. A hydrorefining nmethod according to claim1,
characteriged iA hydroréfiring ametitdd castiording ¢ yatydlrld nd erlimguliato 4,
sieves. 3., AN droretin'ng ﬁethod ﬂﬁcord#qga%o g%ginl%ﬁgr g .
char act er i F¥aPETZRYE M HBahge RTRRAMTIA: O SCYNROYRIE Hyithmg s triglvearitie
sul fur constemtiuresamongrtbateygehaoni@inignmydrocadkenEsepownds ished i %l
anount of 6n&e%; to be treated. 4. A hydrorefining nethod according
to anyone of“claiims 1 to 3, characterized in that the
oxygen-cont ai ni ng hydrocarbon conpound is an ani mal or

veget abl e-ger | ved{dibrlinidd drittod URMGRG to Srydhd il Blafhisning

met hod according to anyone® of clalns ) racterized In that5’
t he propor&hayacerizedipdhattheshydrozefining sjereis aarriedr ol ifr UGB iGanmRy
oxygen- confhat th8 IraidbP PR A RS MANNESpbSt 89 ¥ iﬁargﬁiﬂat G&opargffinA
hydrorefinin t hod accordi ng .to anyone_of cl ai to. b, .

char act er | PESSIRTTALPAAEN KYESY)r BranPAS: QLeRMPagdAerRaAiiR in ihestidr a
manner t hags50Qdradionofdheirefed afif i ns with respect to nornal
paraffins (isoparaffin mass/normal paraffin nmass) is at least 0.2
anong the paraffins in the 150- 350t fraction of the refined oil. 7.
A hydr or ef7.ni ndA nieydrockfaning rmiethpd cacooyding & adyaines of tlairés 1 to 6,
characteri L RAt s ny st ' ' S LSE:
silicon- coﬁ?ﬁ%ﬁ%ggegj quiaef tﬁ%de'lty%g'&a%S%# bgalrr.l ??gg}ﬁégwc§rﬁngﬁé§ pg'g':'?”% 0
const i t uen@ordpidifthtzeaditthe nghitie ojigenf agilica |wibbrespech 4oz eonstiteent

(nunber  of ggidrk® HtREC WA ggéno‘indits‘ﬂfsiﬁ_%ngfn %f'i@ﬂﬁt% ﬁﬁlﬁbei %gﬁlicon

oxygen and silicon) 1s,3 or eater. h orefining ne C
accor di ng ¥8MAYeRBen P! @tenaof 1elements okharlbRRPYEEN; %”‘?ﬁéltcof’hég 3 or
hydr or ef i ngre@itet ep i ncl udes a first hydrogenation step wherein
oxygen is renoved to renoval of at least 70 % by nmass of the initial
oxygen content in the oil to be treated to obtain a first refined
oil, and 8. Ao setrorefiniyylr gt i amcosdiag to ayorke tdieckawpgen to 7,

remai ni ng | il fined oil is renoved to renoval of at | east
95 % by na‘l"sﬂshr%&%tr%gaﬁélﬁﬁal oxygen content in order to obtain a

second refi ned tae hydeatefining Stel%/ ledesond hydrogenation step is
Ceuoes! o or ARLTATERAIIP s MErERG05Eh L rabpial iAo
is at | easfast 20 ey mass phaiher initid axygeneconsendisio ther oihéq ibentredatedy
second refatram @fitst refined oil, and
a second hydrogenation step in which the oxygen remaining in the
first refined oil is removed to removal of at least 95 % by mass of the initial
oxygen content in order to obtain a second refined oil, and
the second hydrogenation step is carried out in such a manner that
the ratio of isoparaffins with respect to normal paraffins (isoparaffin
mass/normal paraffin mass) is at least 0.2 among the paraffins in the 150-
350C fraction of the second refined oil.
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