FPO7-0210-00 DESCRI PTI ON HYDROREFI NI NG PROCESS Techni cal

specifically it relates to a hydrorefining nethod for oil

Field [0001] The
present invention relates to a hydrorefining nethod, and 5 nore

to

that contains fat and oil conponents derived from ani mal or
Background Art [0002] Increasing interest is being focused on effective
utilization of 10 bionass energy as a strategy for preventing gl obal
warmng. In particular, plant-derived bionmass energy is "carbon neutral™
because it allows effective uti DERCRAIPPIONe hydrocarbons converted from
carbon di oxi de by photosynthesis during the process of plant growth so
that, considering natural HYDRORHENING PRECEBS contribute to increased
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[0002] Increasing interest is being focused on effective utilization of
biomass energy as a strategy for preventing global warming. In
particular, plant-derived biomass energy is "carbon neutral" because it
allows effective utilization of the hydrocarbons converted from carbon
dioxide by photosynthesis during the process of plant growth 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 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 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



1 FPO7-0210-00 nethyl ester oils necessitates treatnment of the glycerin
by-product, or creates cost and energy requirenents for purification of the
product oil. [Patent docunment 1] Japanese Unexam ned Patent gq@hiﬁ%ibgﬂ)hb.
2005- 154647 5 Di sclosure of the invention [Problens to Sol ved by e

| nvention] [0004] The follow ng problens are encountered in addition to
those nentioned above when using animal or vegetabl e-derived fat and oi
conponents or fuels produced using themas starting naterials. 10

Speci fi cal Imethylnesden pilseeosssivaige ttagatmensrof e ghcexind byt prodmepooent s
general |y have oxygen atons in the nol ecul e, the oxygen can adversely

af fect the @RaleSCovhandicacrgnsequirements farquniication pbtke predestyajbn to a

very | ow cgﬁ:aentrag@on. Al s](?rt,)I when an ani mal, or vegetabl e-derived fat and
oi |~ conponddtaterd gesumentcbhblapanesh Unexamined rBatenm Hebligation alNpon
fraction, Cﬂﬁfg% tﬁéhnol ogy has not allowed sufficient reduction of both
oxygen in t -AP48fd oi | conponent and sulfur in the petroleum hydrocarbon

fraction. [Q00 It ig therefore an object of the present invention to
prov?de a ﬁ!ﬁf?‘g‘b‘fq ‘Pﬁsﬂbe WYeMIPR hat can yield a hydrorefined oil with

treat od ¢ nelroBlfuns L SOlyPd U §Bn TRbeREPH g hyar ocar bon conpound and a
0006] 1 - oM ori R6 A5 RS I BRI e criobllersloro el I dhoten 25
provides a budraheh! M WACHsHRPAAA" bf St UerRed PR 254 141 20
components or fuels produced using them as starting materials.
10 Specifically, since animal or vegetable-derived fat and oil components
generally have oxygen atoms in the molecule, the oxygen can adversely
affect the engine material and it is difficult to remove the oxygen to a
very low concentration. Also, when an animal or vegetable-derived fat
and oil component is used in combination with a petroleum
15 hydrbcarbon fraction, current technology has not allowed sufficient
reduction of both oxygen in the fat and oil component and sulfur in the
petroleum hydrocarbon fraction.
[0005] It is therefore an object of the present invention to provide a
hydrorefining method that can yield a hydrorefined oil with sufficiently
20 reduced oxygen and sulfur contents when using an oil to be treated that
comprises an oxygen-containing hydrocarbon compound and a sulfur-
containing hydrocarbon compound.
[Means for Solving the Problems]
[0006] In order to solve the problems described above, the invention
25 provides a hydrorefining method characterized in that by contacting an

oil to be treated comprising an oxygen-containing hydrocarbon



oil to be treated conprising an oxygen-contai ni ng hydrocarbon 2
FPO7-0210-00 conmpound and a sul fur-contai ning hydrocarbon conpound with a
catal yst conprising a porous inorganic oxide conprising two OFEPPI_§210-00

el enents selected fromanong alum num silicon, zirconium boron, titanium
and magnesi um and at | east one netal selected fromanong 5 elenments of G oup
6A and Group 8 of the Periodic Tabl e supported on the porous inorganic

oxi de, in the presence of hydrogen, ,under, conditions with a hydrogen
pressure ofCemMpounpaand gi gullur<eataining| hivdrogagon. qommpound with a
hydrogen/oil ratio of 150-1500 NL/I. and a reaction tenperature of 180-380C.
10 [ 0007] Yt (FQTRRIISIRE %W@P&ﬂﬂ%&@lmxh&@ COMPBIRENENEVER ATOROTEt | s

possi ble to economcally.and very efficiently qQptain a hydrorefined oil
Wi th reduccdlCBIgTEselericd om auimne ANMIBYIY GHISER; 7rcanian), BOBe  treat ed

Ul Tur - cont B AORBEERBUHIE BRY Gtin 1A ORe, MELE-RaPoed JPELAMRRE 15 above
he. Prvent | GATHS SHGB5P 6AcMERTOup § A0 BtiodS Tabie ot bporEdng (he
amount of e RtpPuF o sEeAniel e8] R HEBS Ryderonn ate VAR Egbn BEE of the
possi bl ot LoEERRE! WHE A eiBeba cus BB BR o0 YOS ik 5BA%Ber o
oxygen- cont SRERY Soer ea? fbn toRmebbm L HfE R B ARIGE BN of (e
i nvention afe%cﬁ%ﬁftgﬁﬂ}@ré{tu?gioﬁ'S(ﬁﬁS(\.’fe@.et abl e-derived fat
10 [0007] According to the hydrorefining method of the invention, it is
possible to economically and very efficiently obtain a hydrorefined oil
with reduced oxygen and sulfur contents, by contacting an oil to be
treated comprising an oxygen-containing hydrocarbon compound and a
sulfur-containing hydrocarbon compound with the catalyst specified
15 above under the conditions specified above.
[0008] For the hydrorefining method of the invention, the oxygen
content is preferably 0.1-15 % by mass and the sulfur content is
preferably 1 ppm by mass-2 % by mass based on the total amount of
the oil to be treated. If the oxygen and sulfur contents of the oil to be
20 treated are within the aforementioned ranges, it will be possible to
maintain stable deoxygenation activity for prolonged periods.
[0009] From the viewpoint of effective utilization of biomass energy,
oxygen-containing hydrocarbon compounds in the hydrorefining
method of the invention are preferably animal or vegetable-derived fat
25 and oil components.

[0010] The proportion of compounds with a triglyceride structure



25 and oil conmponents. [0010] The proportion of conpounds with a
triglyceride structure 3 FPO7-0210-00 anong the oxygen-contai ni ng

hydr ocar bon conpounds is preferably at | east 90 % by nol in 0%7—02 Ogtﬂyce
the level of energy required for processing of the starting rraterla}.

[ 0011] The catalyst used in the hydrorefining nethod of the invention 5
preferably has a pore volune of 0.30-0.85 m /g, a nean pore dianeter of
5-11 nm and a proportion of pore volunme due to pores with pore dianeters
of 3 nm ancBaagItbe aXyges-eeriatingthydrosarbemgompawndsas preferably at pore
vol une, based on the BET pitrogen adsqrption_ method. [0012] Also, the
porous i norlgas 80323ib)é1@@ﬂm9r gr togeducaithe deviel of enevsbrequived dons t he

Tt TS poss THRESFNE A e FATREOPEIR.  dooxygenat | on acti vity of the —
s pr ovi ded 091y or SheFRBEF Uped B Hediate baneIostin LIRS YRRy
Cul Thr con R AShS PoreaHOTiane 6 ED-UBnbe, arimeabitie: demelat
oxygen:con g 8110 LR RECSEIPRYNY, B RULLUroRILS! Nt Ay car bor
oi I to bo. 1o Bmdiers bRkl 0 faalictoh BB BB AR 1 el Yghame0f X T
oxygen- contgi.niag A RIRROBaSOIBRYAE BT Audeh HasbRNigh Mdfod.
[0012] Also, the porous inorganic oxide composing the catalyst
10 preferably contains the element phosphorus. By using a phosphorus-
containing porous inorganic oxide it is possible to further improve the
deoxygenation activity of the catalyst.
[Effect of the Invention]
[0013] According to the invention there is provided a hydrorefining
15 method that can economically and very effectively yield a hydrorefined
oil with sufficiently reduced oxygen and sulfur contents when using an
oil to be treated that comprises an oxygen-containing hydrocarbon
compound and a sulfur-containing hydrocarbon compound.
Best Mode for Carrying Out the Invention
20 [0014] Preferred embodiments of the invention will now be described
in detail.
[0015] The oil to be treated that is used for the invention comprises an
oxygen-containing hydrocarbon compound and a sulfur-containing
hydrocarbon compound. As oxygen-containing hydrocarbon
25 compounds there are preferred animal or vegetable oil-derived fat and

oil components. Fat and oil components according to the invention



hydr ocar bon conpound. As oxygen-cont ai ni ng hydrocarbon 25 conpounds there
are preferred aninmal or vegetable oil-derived fat and oil conponents. Fat
and oil conponents according to the invention 4 FP07-0210-00PTkngb f64ﬂ)
naturally or artificially produced or manufactured ani mal or vegetable oils
and ani mal or vegetable oil conponents and/or conponents produced or

manuf actured fromthese fats and oils and conponents added for the purpose
of maintaining or enhancing the 5 performance of such fat and oil products.
[0016] As eivghilesnapirallyi ot artficielfytproduced ron marfufactnddoanimaloaponent s
there may be nent'ong&ﬁbeef tall ow, rapeseed oil, soybean oil, palmoil and
the |ike. TYeeeiablealoldy osrderabnal deri vegetable apd sompesapneandionccor di ng

to the invention nmay be fromany fatg and oils, 10 and may even be_ waste oil
from use ofcqmﬁonﬁn‘é R lmq?sprﬁnaﬂu?aﬁéur@t @fﬂ!@o&}%eo’ﬁ%t%ﬁlﬁoﬁﬂﬁemd ality,

however, they are preferably vegetable fats and qils, and fromthe
vi ewpoi nt o?glmEPP?B@c?- d%ﬂfkﬁfl"r aPHIRQSEH B8R MAUHARHNG Fipg §he r apeseed
oi |, .soybean

, i | and | m.oi.l, ar re eferred. The aforenentioned fats
and ®i|'s mekCTREIMance gféﬂ%hgf?t E?IHFO Prod {Snat ions of two or nore. [0017]
i 0 tr 1 g1 yB0de &t rekaples G uil el TREOSPISaRGReR e aniing oi1 "
coters.  HonBUBPORERf el BlAY bR IERiChed B SLRIRY orRsd) ol sEEERTS: o1 <
and o 1 o ar SpPalh bR s e e Ay Rt B Rl eri kP8 L SR Ty cer o
structure, LoamGEBARVA MY tThd SRGHh B25PBB from any fats and oils,

10 and may even be waste oil from use of the fats and oils. From the

standpoint of carbon neutrality, however, they are preferably vegetable
fats and oils, and from 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
15 combinations of two or more.
[0017] Animal or vegetable-derived fat and oil components generally
have a fatty acid triglyceride structure, but they may also include other
fat and oil components processed to fatty acids or esters such as fatty
acid methyl esters. However, since production of fatty acids or fatty
20 acid esters from vegetable fats and oils generates carbon dioxide, the
vegetable fats and oils are preferably composed mainly of components
with a triglyceride structure, from the viewpoint of reducing carbon
dioxide emission. According to the invention, the proportion of
compounds with a triglyceride structure among the oxygen-containing
25 hydrocarbon compounds in the oil to be treated is preferably 90 % by

mol or greater, more preferably 92 % by mol and even more preferably



di oxi de em ssion. According to the invention, the proportion of conpounds
with a triglyceride structure anong the oxygen-containi ng 25 hydrocarbon

conpounds in the oil to be treated is preferably 90 % by nol L
nore preferably 92 % by nol and even nore preferably 5 FPO?-E??&Q%%S@%

by nol or greater. [0018] The oil to be treated may al so contain as
oxygen-cont ai ni ng hydrocarbon conmpounds, in addition to the aninmal or
vegetable oil- derived fat and oil conponents nentioned above, al so chem cal
5 corrpound&%%hyagobpégffmi@r-or solvents, or synthetic oils obtained by

hydr ogen. adUDN8] 51 PgidcaREaIed. 8018150 ToeNIaNy denORERERONANMIE o1 | to
even mor 0. REHBFARIGR SOMRSilss;ip, Adilonat (REctnBral oF aMEptabla s by mass
ess than clerived it maad pil \oPIDaRenS ¢ BIBRICIA (aFionee 8150 ADHIRRL nt ai n ¢ he
oxyatn coneRnpexRdt aleh iRty RS NFRe arcanthdtinally Phitaed &yl pnent to
the vat or SHSCRSI AFRIETS LASGGE (IRE! SRR GaS | GORPIE | Eotithg the
catal vet stpehilie JNFISHGED, SOMENLLRRY pggipacur o0 by an ordinary
TonoxT S orgR ! R 624880 coffr o e TP SAANEH € BrdBeBLpIL S o1 0o an
% by mass, more preferably 1-15 % by mass, even more preferably 3-
10 14 % by mass and most preferably 5-13 % by mass based on the total
amount of the oil to be treated. If the oxygen content is less than 0.1
% by mass it will tend to be difficuit to stably maintain the
deoxygenation activity and desulfurization activity. On the other
hand, an oxygen content exceeding 15 % by mass will create a need for
15 equipment to treat the water by-product, and may lead to excessive
interaction between the water and catalyst support, thus lowering
activity and lowering the catalyst strength. The oxygen content may
be measured by an ordinary elemental analyzer, and for example, a
sample may be converted to carbon monoxide on platinum-carbon, or it
20 may be converted to carbon dioxide and then measurement performed
using a thermal conductivity detector.
[0020] The sulfur-containing hydrocarbon compound in the oil to be
treated is not particularly restricted, and specifically there may be
mentioned sulfides, disulfides, polysulfides, thiols, thiophenes,
25 benzothiophenes, dibenzothiophenes and their derivatives.  The

sulfur-containing hydrocarbon compound in the oil to be treated may



[ 0020] The sul fur-containing hydrocarbon conmpound in the oil to be treated
Is not particularly restricted, and specifically there may be nentioned

sul fides, disulfides, polysulfides, thiols, thiophenes, 25 b BEWQ es,
di benzot hi ophenes and their derivatives. The sulfur-contai nieﬁ]g ) sdFbon
compound in the oil to be treated may 6 FPO7-0210-00 be a single conpound,

or it may be a m xture of two or nore. A sulfur-containing petrol eum
hydr ocarbon fraction may al so be blended wth the oil to be treated. [0021]

The petr ol & hyidghc edbhgpoundodd dnnmisebemaymbetuge fafaelbosr ot akned by any

common petroleumrefining step. For exanple, there may be used a fraction
cor r espondisnfur-@ontgingsg petredeurni hydrocarbon fracéiogemalyt slisodst blepidedn

at nospheric pressure distillation apparatus or vacuumdistillation

appar at us, vath shé oddbimntreatedesponding to a prescribed boiling point range
obtained froma hydrodesul furizer, 10 hydrocracker, bottomoil direct

desul furi z¢0031] f Thedpetedlevan dydrocartoradrastionTnsed maayilea factioned from
each of the_aforenentioned apparatuses nmay be used alone or in conbinations
of two or obtained[lpoary commenl fatroleunt eefininig stap. oiHortexamepler ¢latred i s
preferably 1 ppm by nmass-1 % by nmass, nore preferably 15 ppm by nass-0.5 %
by nass 15majd ey asedos draetiore casraspeadingntoya rprescibed dbdtlingapeintased on
the total amount of the oil to be treated. A sulfur content of less than 1
ppm by mas#angg (obtaingdt Gommks atmespherisupressurendistiliation eppheatugauxygenat i on
activity. On the other hand, a sulfur content exceeding 1 % by mass wl|
tend to i ndesaum t distidlalionr apperatis, ofr t Ae fragiiosr egomespamling| foriaski ng

adverse effects, on, engj.ne exhaust gas purification devices .
prescribed ebogﬂmg point ranfge olgtalne om a hydrodesulfurizer,

10 hydrocracker, bottom oil direct desulfurizer or fluidized catalytic
cracker. The fractions obtained from each of the aforementioned
apparatuses may be used alone or in combinations of two or more.
[0022] The sulfur content of the oil to be treated is preferably 1 ppm
by mass-1 % by mass, more preferably 15 ppm by mass-0.5 % by mass

15 and even more preferably 30 ppm by mass-0.1 % by mass based on the
total amount of the oil to be treated. A sulfur content of less than 1
ppm by mass will tend to make it difficult to maintain stable
deoxygenation activity. On the other hand, a sulfur content exceeding
1 % by mass will tend to increase the sulfur content of the hydrorefined

20 oil, risking adverse effects on engine exhaust gas purification devices
when the use is as a fuel in diesel engines and the like. The sulfur
content accbrding to the invention is the mass content of sulfur as
measured by the method described in JIS K 2541 "Sulfur Content Test
Method" or ASTM-5453.

25 [0023] The sulfur-containing hydrocarbon compound may be mixed

with the oil to be treated beforehand and introduced into the reactor of



when the use is as a fuel in diesel engines and the |ike. The sul fur

content according to the invention is the mass content of sulfur as
nmeasured by the nmethod described in JIS K 2541 "Sul fur Content _Test Mt hod"
or ASTM 5453. 25 [0023] The sul fur-containi ng hydrocarbon conﬁ@WdO%Q'QQe
mxed wth the oil to be treated beforehand and introduced into the reactor
of 7 FPO7-0210-00 a hydrorefm ng apparatus, or it may be supplied at an
earlier stage of the reactor during introduction of the oil to be treated
into the r 28 LRaei : : | i on

pr ef er abl y%(f:lggtgi;?rr?s aéf gct | og’ \t,)mr?ﬁng%bgﬁfsﬁfr@ﬂbéﬁﬁfa%gaggg%s%@éﬁ?gher, and
preferably the rea&topidairiy #rdtRR6r 6L 61130 Wel treditlllihftptROtHcRor@bove 700C.

If the oil to be treatéd does not contain a fraction wth a boiling point

of ~ 300C or[pgaRdierThd bilblBe tr@ﬂtédt@séélﬁfdfi thei iavEatibA p??fe%ﬁﬁlfé{rﬁia@ﬁ@nt yield

due to excessiVe deconposition. On the other hand, “if the“oil to be treated
contai ns henfyactiorc Withs boﬂm%poﬁmmfmm o2biRigher 086d plefaably an of 10
carbon on the catalyst due to heavy conponents wll 'be accel erat’ed, tending

to Idver thwmaginsvas meaweﬁboﬂibhmvimbibﬁiliﬁgc}@mi@h@qbeetmO"(I.rWIaﬁ’lth@n is the
val ue neasured by the nethod described in JI'S K 2254 "Distillation Test
Met hod" or ABTM BBGredtod2ddesThet lpdtainedi fracgomenithda dioiling poitgndf on uses a
catalyst 15 conprising a porous inorganic oxide conprising two or nore
el ements sHGRE ed higlen arwily tenidito berdiffscult cwobtainrsudficient ybeldodue t i t ani um
and magnesi um and at |east one netal selected from anong el ements of G oup
6A and G oup &aeksivieed Rempositiofiabl(@n she pohé¢rddand, if hke polr wube tieatedyani c
oxi de.
contains heavy fractions with boiling points above 700°C, deposition of
10 carbon on the catalyst due to heavy components will be accelerated,
tending to lower the activity. The boiling point according to the
invention is the value measured by the method described in JIS K 2254
"Distillation Test Method" or ASTM-Dg6.
[0025] The hydrorefining method of the invention uses a catalyst
15 comprising 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 elements of
Group 6A and Group 8 of the Periodic Table supported on the porous
inorganic oxide.
20 [0026] The support of the catalyst used for the invention is a porous
inorganic oxide comprising two or more elements selected from among
aluminum, silicon, zirconium, boron, titanium and magnesium, as
mentioned above. From the viewpoint of permitting further enhanced
deoxygenation activity and desulfurization activity, the porous
25 inorganic oxide is preferably two or more selected from among

aluminum, silicon, zirconium, boron, titanium and magnesium, and it is



20 [0026] The support of the catalyst used for the invention is a porous

I norgani ¢ oxi de conprising two or nore elenents sel ected from anong

al umi num silicon, zirconium boron, titanium and magnesium as nentioned
above. Fromthe viewpoint of permtting further enhanced deqégaiqﬁ&jon
activity and desul furization activity, the porous 25 inorgani 14 0-0
preferably two or nore selected fromanong alumnum silicon, zirconium
boron, titanium and nagnesium and it is 8 FP07-0210-00 nore preferably an
I nor gani ¢ oxi de conprising alum num and anot her el enent (a conpl ex oxi de of

al um num oxhsle prderady el invrbatic oxidéo&ﬁlpﬁsiﬁg"@hﬁﬁim AP aaBMG Oxi de

contains alum numas a constrtuent el enen the al um num content is

pr ef er abl y elerfignfdbyorapies sxides Laluneineinabikydd 8n@ an¥Yther oigie).and even nore

preferably 20- 95 % by mass in ternms of alum na based on the total amount of
the porou$002ip} glnitheoxiateus! indiendd uskitden eomadn alanhigsent Banal % by
mass in terns of alumna, the properties such as support acidity wll not
be suitabl eonstituche elemeyngetia iadomantiny icontardisdpsefetabslyz at9Drivabyi vity 10
exhibited will tend to be insufficient. On the other hand, an al um num
content of massaneoret prader@blPolByOTdésby massrard efemmoienprefetdbly @0 t o

result in inadequate catal yst surface area and reduced activity. [0028]
There are Q6 Pabyi masarinrtesmsi of iabuming balsed mai tibel tofal ambuntiedithe silicon,
zirconium boron, titaniumand magnesium as 15 support constituent el enents
ot her thanperous menganicooxide. sulfpiet aluamaum sontantas lesnthamilnp bye el enent s
may be used as starting materials. For _exanple, silicon, water glass,
silica sol mass inHermsicd alupnine, theqropeiessudicansuppett actdityl witlyndte used f or
boron, phosphor.i % acid or a . . L .
be suitable and the deoxygenation activity and desulfurization activity
10 exhibited will tend to be insufficient. On the other hand, an aluminum
content of greater than 97 % by mass in terms of alumina will tend to
result in inadequate catalyst surface area and reduced activity.
[0028] There are no particular restrictions on the method of
introducing silicon, zirconium, boron, titanium and magnesium as
15 support constituent elements other than aluminum onto the support, and
a solution containing the elements may be used as starting materials.
For example, silicon, water glass, silica sol and the like may be used
for silicon, boric acid may be used for boron, phosphoric acid or a
phosphoric acid alkali metal salt may be used for phosphorus, titanium
20 sulfide and titanium tetrachloride and their alkoxide salts may be used
for titanium, and zirconium sulfate and its alkoxide salts may be used
for zirconium,
[0029] The porous inorganic oxide also preferably comprises
phosphorus as a constituent element. The phosphorus content is
25 preferably 0.1-10 % by mass, more preferably 0.5-7 % by mass and

even more preferably 2-6 % by mass based on the total amount of the



phosphoric acid alkali netal salt may be used for phosphorus, titanium 20
sulfide and titaniumtetrachloride and their al koxide salts may be used for
titanium and zirconiumsulfate and its al koxide salts may be_used for

zi rconi um [0029] The porous inorganic oxide also preferably &3f-0268-00
phosphorus as a constituent elenent. The phosphorus content is 25
preferably 0.1-10 % by mass, nore preferably 0.5-7 % by mass and even nore
preferably 2-6 % by nass based on the total amount of the 9 FP07-0210-00

por ous ino;}g@m@ iorshic! dxildae Hmﬁ@mo@,gpgﬁig E0htent ib 9855 ’EHE{'O&( p Y0 by

mass, the deoxygenatton activity and“des urization activity I bited

will tend tigy berdsssulel ddediXygenBiibf ace9myeindeX¢aetitfzatlont adiWifpss Wil |

pronot e excessi ve deconposi fion, potentially lowering 5 the hydraorefined

oi | yield. &GIBRkdWoHI serd 6 thechireifTitiean! Wil toMtet etddddlingai(er4 al s ot her
t han al um num oxi de nenti oned above are preferably added in a step prior to

cal ci ni ng dby trhass wapohrombts excasgive, deddmpodition lﬁft@hﬂll% hl%wéﬁr?ti ng
e

materials to an al um num aqueous sol ution, an al um num 10 hydr oxi gel
cont &i ni ng thiechyadros¢finedoil yiekdionents may be prepared and the starting
materials added to the prepared al um num hydroxide gel. Alternatively, the

starting meft083i0d! STl ysuppoat] dedstituentscempohentddaning matreriaisi gthey

avai | abl e al um num oxi de internedi ate or boehnmte powder to water or an

aci di ¢ aqueihas slominuom oxadel nientacked) aboSe are pmrfa‘a%ﬂyfaddadl W abstgp are

i ncluded at the stage of preparing the alum num hydroxi de gel. Al though the
mechani sm bpriehiteeal¢tisingofdbessupporhe Eopexamplenafter fenst a%ding)th s ot her
than alum né!cg]rting materials to an aluminum aqueous solution, an aluminum

10 hydroxide gel containing the constituent components may be prepared
and the starting materials added to 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,

15 but more preferably they are included at the stage of preparing the
aluminum hydroxide gel. Although the mechanism by which the
effects of the support constituent components other than aluminum
oxide are exhibited is not completely understood, it is believed that
complex oxides are formed with aluminum, and that this affects the

20 activity by increasing the support surface area and causing interaction
with the active metals.

[0031] The porous inorganic oxide used as the support supports one
or more metals selected from among elements of Group 6A and Group
8 of the Periodic Table. Preferred among such metals are
25 combinations of two or more metals selected from among cobalt,

molybdenum, nickel and tungsten. As examples of preferred

10



oxide are exhibited is not conpletely understood, it is believed that
conpl ex oxides are fornmed with alumnum and that this affects the 20

activity by increasing the support surface area and causing inte I.gn
with the active netals. [0031] The porous inorganic oxide useg“lpeéﬁﬁéé&oo

support supports one or nore netals selected fromanong el enents of G oup
6A and G oup 8 of the Periodic Table. Preferred anong such netals are 25
conbi nati ons of two or nore netals selected fromanong cobalt, nolybdenum

ni ckel and écstﬁeﬁiaﬁbnsi\%h@@lméyaSb@fmﬁﬁﬁbﬁéaeéobaiu@-lﬁ!li’%a&%%,o%icﬁanbi nations

there may be nentioned cobal t-"nol ybdenum nickel no denum

ni ckel - cobamblyibdemdanummeokeln¢stiedt-niolvbdeaom Pragider r edclesinbhpstanons anong

t hese are nickel - nol ybdenum ni ckel - cobal t - nol ybdenum and ni cKel -t ungst en.

These net al Brefesredocorbiiestiors hmaong thekes afonidkd-mdlylydsmimaf miclgsl- [ 0032]
The content of active netals based on the catalyst nmass, in terns of the

range for tésbdlohedlybdedingandmiokelefurtgstgst eThasel mevalsy bete vonverted
preferably 12-35 % by nmass and nore preferably 15- 30 % by mass as oxi des.

| f the tot alo suwlfidiesdonuseim hytronefigingn and 10 nol ybdenumis | ess than 12 %
by mass, the nunber of active sites will be reduced and it may not be

possi bl e t o[0f132]i nlkaifdonteninof activei metalenbasede ont ther chtalyst ifasss ims great er
than 35 % by mass the netals will fail to effectively disperse, tending to
prevent suffergisenf tha irange forothdetotyl loadimghemnomnte ofatupgsten amé t ot al

| oadi ng amobunt of cobalt and nickel 15 is preferably 1.0-15 % by nmass and
nore pr ef eraiglybdemimp ispreferally 12:350% daysmass andemose preferabilynd Samount  of

cobalt and nickel is less than .
0 % by mass as oxides. If the total loading amount of tungsten and

10 molybdenum is less than 12 % 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 35 % by mass the metals will fail to
effectively disperse, tending to prevent sufficient activity from being
obtained. The range for the total loading amount of cobalt and nickel

15 is preferably 1.0-15 % by mass and more preferably 1.5-12 % by mass
as oxides. If the total loading amount of cobalt and nickel is less than
1.0 % by mass, a sufficient cocatalyst effect may not be achieved and
the activity will tend to be reduced. On the other hand, if it is greater
than 15 % by mass the metals will fail to effectively disperse, tending

20 to prevent sufficient activity from being obtained.

[0033] There are no particular restrictions on the method of including
the active metals in the catalyst, and any known method that is
commonly applied for production of desulfurization catalysts may be
used. For most cases, the preferred method is one in which the
25 catalyst support is impregnated with a solution containing a salt of the

active metal. Equilibrium adsorption methods, pore-filling methods and
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1.0 % by nmass, a sufficient cocatalyst effect may not be achieved and the
activity will tend to be reduced. On the other hand, if it is greater than
15 % by mass the netals will fail to effectively disperse, teri:gi'@g %866)
prevent sufficient activity from bei ng obtained. [0033] There*ar -R310-
particular restrictions on the nethod of including the active netals in the
catal yst, and any known nethod that is comonly applied for production of
desul furi zation catal ysts may be used. For nost cases, the preferred nethod

i's one in whicihiechbevethesatiabthtidss uppailboi prefbieddnF & exfahible, Sedreti on

containing a salt of the active nmetal. Equilibrium adsorption nethods,
pore-fillinfillieg iods naetiodlin RAGEhOREOpOLe viotaimel efittheedupgsst ietfinds are
al so preferred. For exanple, pore filling is a nethod in which the pore

vol une of timeasugmdoandi s hetadtsalsekuticard efhthea samicalohaht solsgd dorof the
sane volune is used for inpregnation. The inpregnation nmethod is not
parti cul ar | ympeegnationed, The amprégmategnatéthod iayndiepaaticolaplyi sdstdcted, an
appropriate method for the nmetal |oading amount and catal yst support
propdrti es. afddsyiregoattoniimay be adwomplished by, an ppeoprateoneahod dok ar
restriction on the nunber of types of hydrorefining catalysts used. For
exanpl e, a theimgtal logdimgoameuntbnd catalysbsuppmt peopsréiesor a plurality of
catalysts 10 with different active netal species or support constituent
conponent s [G34]beAccerglingdo sheipyention, there ihe pasticulaaresiniction oml tipl e
different catalysts there may, be nentioned using a cobalt-nol ybdenum

cont ai ni ng Wt abdber Af fypestel hxdeggeliving catalxsts-wasdy bdéew axample ai ng

o a o ciel SIHEH (BA Gtk GHADE TRAY EBPGSHIONE, AF Gk BIUMME QL catalysis -
10 with different active metal species or support constituent components
may be used. As examples of suitable combinations of multiple
different catalysts there may be mentioned using a cobalt-molybdenum
containing catalyst at a later stage of a nickel-molybdenum containing
catalyst, a nickel-cobalt-molybdenum containing catalyst at a later
15 stage of a nickel-molybdenum containing catalyst, a nickel-cobalt-
molybdenum containing catalyst at a later stage of a nickel-tungsten
containing catalyst, and a cobalt-molybdenum containing catalyst at a
later stage of a nickel-cobalt-molybdenum containing catalyst. A
nickel-molybdenum catalyst may also be combined before and/or after
20 these combinations.
[0035] When using a combination of catalysts with different support
components, for example, a catalyst with an aluminum oxide content in
the range of 80-99 % by mass may be used after a catalyst with an
aluminum oxide content of 30 % by mass or greater and less than 80 %
25 by mass based on the total support mass.

[0036] Further, a guard catalyst, a demetallizing catalyst or an inactive
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nol ybdenum contai ning catalyst at a |later stage of a nickel-tungsten
containing catalyst, and a cobalt-nol ybdenum contai ning catalyst at a |ater
stage of a nickel -cobal t-nol ybdenum containing catal yst. A FPQ7-0210-00

ni ckel - nol ybdenum cat al yst may al so be conbi ned before and/ or 5‘0[ e'p Qtp

t hese conbi nati ons. [0035] Wien using a conbination of catalysts with

di fferent support conponents, for exanple, a catalyst with an al um num

oxi de content in the range of 80-99 % by mass nay be used after a catal yst

with an al filfenmeyoke dsed dfinecessatfy 30 additjonres shohydraefieingedtdlgsts t han 80
% 25 by mass based on the total supﬁfrt mass. [0036] Further, a guard
catal yst, afatdiretpairpose of trappang she studge portidn flewing iERATthOR2WIDG0 fill er
may be used if necessary in addition to the hydrorefining catalyst, for the
purpose of be afipated, t be supptytingprtheohydronefngng n catalystt ha sepatated be
treated, or supporting the hydrorefining catalyst in separated sections of
t he cat al yssedbiwls ghébe aaiglyst beded Ehedeemayt breused ieithes alonbdiomin ons.
[0037] The pore volume of the catalyst used for the invention according to
the BET ni te@gbinattds:pti on method is preferably 0.30- 0.85 m/g and nore
preferably 0.45-0.80 m/g. If the pore volune is not at least 0,30 m/g,
the di spersi®37lt yike poe silpera «of thearcatalyst wsedofomsthei dnventiey and t he

o 1 R R S5 S s BB Tl 58 o, e
i amet or o 0 SRULE &g ROREPEHEY BSrhe0 mUE  H the pore vofume iE
not at least 0.30 ml/g, the dispersibility of the supported metal will be
10 unsatisfactory and the active sites may be reduced in number. If the
pore volume is greater than 0.85 ml/g, the catalyst strength may be
insufficient and the catalyst may undergo degradation or fragmentation
during use.
[0038] The mean pore diameter of the catalyst determined by the
15 measuring method mentioned above is preferably 5-11 nm and more
preferably 6-9 nm. If the mean pore diameter is less than 5 nm, the
reaction substrate may not diffuse sufficiently in the pores, potentially
lowering the reactivity. If the mean pore diameter is greater than 11
nm, the pore surface area may be reduced leading to insufficient
20 activity.
[0039] In order to maintain effective catalyst pores and exhibit
sufficient activity for the catalyst described above, the proportion of the
pore volume of pores with pore diameters of 3 nm and smaller
preferably constitutes no greater than 35 % by volume of the total pore
25 volume.

[0040] According to the invention, any one of the aforementioned
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15 neasuring nethod nentioned above is preferably 5-11 nm and nore
preferably 6-9 nm If the nean pore dianeter is less than 5 nm the

reaction substrate may not diffuse sufficiently in the pores, i &l
|l owering the reactivity. If the mean pore dianeter is greater fﬂﬂ;ﬁ@?i@-@%

the pore surface area may be reduced |leading to insufficient 20 activity.
[0039] In order to maintain effective catal yst pores and exhibit sufficient
activity for the catal yst descri bed. above, the proportion of the pore

vol une of poatabysts mﬁyp%eelsd'daﬂen@,rm atombimaion ofrephralitypof tatakpity
constitutes no greater than 35 % by volune of the total pore 25 volune.

[ 0040] Accowmdth 31ﬁferam eadtivieemeitainspenigs onssupiporh eonsthtuent reonopenents 3
FPO7-0210-00 catalysts may be used al one, or a conbination of a plurality
of catal yst gapi the dgiseder ehs examplesmofasvitaldei cembinstipporof condiple uent
components nay be used. As exanples of suitable conmbinations of nultiple
di fferent ceifigrgst satalpsts theate maynbementienadkisigga cobalttmolyydetemam 5
cont ai ni ng catal yst at | at er  stage of a ni ckel - npl ybdenum cont ai ni ng

cat aPyst, acontemzingceasalyst mbay lndemsitge ok amicke]-mal¥bdenumicontaming st age
of a nickel - nol ybdenum caont ai ni ng catal yst, a njc¢kel-cobalt- nolybdenum
cont ai ni ng c¥PiISsta diickelge t'ﬁ%]ggdéml@ rONtRIIRg nedtabyst abi d#8T ng

LV e S RSB S LA Al
0041} " Furt AYDHeqion: GORIARINGS G2 2Ly YR dpt et HaAgeca & Jiekentaspten
containing catalyst, and a cobalt-molybdenum containing catalyst at a
10 later stage of a nickel-cobalt-molybdenum containing catalyst. A
nickel-molybdenum catalyst may also be combined before and/or after
these combinations.
{0041] Further, a guard catalyst, a demetallizing catalyst or an
inactive filler may be used if necessary in addition to the catalyst
15 (hydrorefining catalyst), for the purpose of trapping the scale portion
flowing in with the oil to be treated, or supporting the hydrorefining
catalyst in separated sections of the catalyst bed. These may be used
either alone or in combinations.
[0042] The conditions for contacting the oil to be treated with
20 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 h™ and a
hydrogen/oil ratio of 150-1500 NL/L, preferably a hydrogen pressure
of 4.5-12 MPa, a liquid space velocity of 0.3-1.5 h' and hydrogen/oil
ratio of 380-1200 NL/L, and more preferably a hydrogen pressure of 6-
25 15 MPa, a space velocity of 0.3-1.5 h™ and a hydrogen/oil ratio of 350-
1000 NL/L. These conditions are all factors affecting the reactivity,
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inactive filler may be used if necessary in addition to the catalyst 15
(hydrorefm ng catalyst), for the purpose of trapping the scale portion

flowwng in with the oil to be treated, or supporting the hydrpg@br_’rﬁ@po_oo
catal yst in separated sections of the catal yst bed. These may be used

ei ther alone or in conbinations. [0042] The conditions for contacting the
oil to be treated with 20 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

h71 and a andiforenasiples i the bydusmem poesshre landohydrogen/sil aatipdareyen
pressure of 4.5-12 MPa, ,a_ liquid space velocity of 0.3-1.5 ha_and_ a
hydr ogen/ oibelowatheoloyrersgmitsapentioned abeyendhe r¢activityaniay be ngduessbn
pressure of 6 25 15 NPa, a space, velocity of 0.3-1.5 h-1 _and a hydrogen/oil
rati o of 350~ theORCtRILY . mabe&epidh dderease.ar O ther gtherr daads adt ihy the
hydr ogen oy dreers BressE B RAI0BRRIOH TARDGATRAPPERdBY AHERE, LEHE
ot et hand PENOREA BRACo e oSt BESTFESHHY 15 NS RIESH o 1 EatEeBbove. t he
Pvest ment (OF b SOBBRRES o OGheto eHUIERTH pnaiso, A S5Veh M SRRl o space
T e I A Sl
e e A AR SR  hehSe TLBER 1R 4,
mentioned 3pa¥eiarbent&Aat \luRY g siBhATEH il eRtikld 58 eGbipREhE -
10 may be necessary, while if the liquid space velocity exceeds the uppér
limit mentioned above, the reaction may not proceed to a sufficient
extent.
[0043] The type of reactor used may be a fixed bed system.
Specifically, the system employed may be in a form with hydrogen in
15 countercurrent or cocurrent flow with respect to the oil to be treated.
Also, a plurality of reactors may be used in a form combining
countercurrent and cocurrent. The most common form is a downflow,
and a gas-liquid cocurrent flow system may be employed. The reactor
may consist of a single one or a combination of two or more, or the
20 interior of a single reactor may have a structure that is partitioned into
multiple catalyst beds.
[0044] The hydrorefined oil which has been hydrorefined in the
reactor is then subjected to a gas-liquid separation or rectification step
for fractionation into hydrorefined oil comprising prescribed fractions.

25 For example, it is fractionated into a gas oil fraction and residual

fraction. If necessary it may be further fractionated into the gas,

15



[ 0043] The type of reactor used may be a fixed bed system Specifically,
the systemenpl oyed nay be in a formw th hydrogen in 15 countercurrent or

cocurrent flow with respect to the oil to be treated. Al so, aggt;w_pgi pyoél)_f
reactors nmay be used in a formconbining countercurrent and cur rll . The

nost common formis a downflow, and a gas-liquid cocurrent flow system may
be enpl oyed. The reactor my consist of a single one or a conbination of
two or nore, or the 20 interior of a single reactor nay have a structure
that is parnaphthaefraction amdilkerpbene dradtycat. bAdportiondd thderoddcedef i ned
oi | which has been hydrorefined in the reactor is then subjected to a

gas- | i qui d Eghtbhydresarbenrizaction cazy be mfepmetlowithr astéamataformento
hydrorefined ojl conprising prescribed fractions. 25 For_exanple, it is
fracti onat egradice hydeogesi | Singeithe hysdiagee graduced in sschahmarmetidsessary it
may be further fractionaged into,the gas, 15 FPQ7-021 Q-00_  naphtha
fraction anernbenodewdral, ecawse thepestartisg onatenal ppsedicter 1thghstedmr ocar bon

~ fraction may pe reformed with a steamrefornmer to _produce hydrogen. Since
the Bydr ogeﬂefgmed GORSEG% h @frranlnl&masss-d@av&n Audrpgarhssisausdhene

starting materjal used for. the steam5 reform ng.consists of biopass-derived
hydr ocar bon%r,l"llfﬁ’éme@ﬁ@ji b‘&%n’tsalfedé@?éen R%aqt]éﬁhgfe@he REYECNOH G F oxygen

by gener at DB CapBOREduRotasdil dar Borireated may "y HsGBPIER BE and t he
rempval app@PRTRLOR! GRS T dBertoah dicpidrany e Safideofador i n
the product 4l ef & hd % ggs'-liquid separation apparatus or other by-product gas
10 removal apparatus may be installed between a plurality of reactors or in
the product recovery step.
[0045] Hydrogen gas is .usually introduced through the inlet port of
the first reactor adjoining the oil to be treated either before or after
passing through the heating furnace, but hydrogen gas may also be
15 introduced separately 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
20 hydrogen gas introduced adjoining the oil to be treated is preferably 10-
60 % by volume and more preferably 15-50 % by volume. If the
proportion of quench hydrogen is less than 10 % by volume the
reaction may not proceed sufficiently at the reaction site in the
subsequent steps, and if the proportion of quench hydrogen is greater

25 than 60 % by volume, the reaction may not proceed sufficiently near

the reactor inlet port.
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[ 0045] Hydrogen gas is usually introduced through the inlet port of the
first reactor adjoining the oil to be treated either before or after
passi ng through the heating furnace, but hydrogen gas may alSFP@74¥§E-OO
i ntroduced separately between catal yst beds or between nultiple reactors,
in order to control the tenperature in the reactor while rmaintaining

hydr ogen pressure throughout the entire reactor. Hydrogen introduced in

this manner_is ge ally referred to,_as "quench hydrogen". The proportion
of quench H@@Aéﬁeﬁ%pma hydperedined o mpdusg@mcggﬁngt%mcz;@vmm ning the

oil to be treated is preferably 10- .60, %.by, vol unme_and nore preferably 15-50
% by vol umS Usedi@sea 535 GiiarEan Soek. e yaredasd ol Qs east op by

volume the r.eaction. nat. proceed i.ci.ent | t e reacti site in
(o, e R L BRI el eyt y
et SRR MR bR G SRt AP 1 or e
nyarbr ef | nee BT B £ bt Trasieind infrBRBeti e SUASE e PRt Bt o

mss and L ERpaaneldrh bie” 57 It Eonf A R adtleOReRt P hd8: Biufho: &
Cont ent of 3 ¢ ¥ fAHantt B 108" ARRCO 08 HruBRE, e BHRSeT B, “Cont onts
Fiiter or orafpaiSHEd e IUREE tis Toby ad Wrle B AR R 0l s s

well as 1046 <PLBEd i Wgeddt SMiSE bRhSust gas treatment devices, as well as
10 the other engine materials. '

[0047] The hydrorefined oil produced according to the invention is

particularly suitable for use as a diesel gas oil or heavy oil stock. The

hydrorefined oil may be used alone as a diesel gas oil or heavy oil

stock, but it may instead be used as a diesel gas oil or heavy oil stock

15 blended with other components of stocks or the like. As other stocks

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” composed 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 a synthetic gas may be

any publicly known process and is not particularly restricted.
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[0047] The hydrorefined oil produced according to the invention is
particularly suitable for use as a diesel gas oil or heavy oil stock. The

hydrorefined oil may be used al one as a diesel gas oil or hea i t QG K,
but it may instead be used as a diesel gas oil or heavy oil s;%%@ ?&@MZ@,ded
wi th other conmponents of stocks or the like. As other stocks there may be
used bl ends of the gas oil and/or kerosene fractions obtained from general
petroleumrefining steps and the residual fraction obtained fromthe

hydr or ef mi nf0GdtIhobheresidual fivastionoebtamesbby ghe dyystroeefiningamethod of a

synt hetic kerosene oil, may be m xed therewith, 20 which are obtained by a

Fi scher - Tr ofcivieasion ks @ sulis content of i) geeater thanel). I' 49 byrsass agds”
conposed of hydrogen and carbon nonoxide as ,6 the starting nmaterial. These
synt heti c gaB oxyEenosontpnt REMacgraiersthaa 1o/ by apesss radamast thesefos

Saturat ed hoRISEAaSA SOWEHIHA0AY RIIGHOBS -6.cT B GEAMBLEE TP IS o5 f or
bar t Peul ar| SHitaE SeedsGElE e tos Satalgne Hogking TreY SErIARE § 108t i on
obtained by, e, WALRFIL DL, TRt e of e L vent Lonbas, & eyl fyr content
200 eSS ST DERHRLE JoReaiiee sltotel St ndo R Glbuiiects ™
Cracking, BhSURRLKED Aahth ! Yish Sk Bk oS, Behoble ot kY <.
PL0ck, o i oot B5E mTOSIAESHNS, A A MR 80000 %
10 hydrocracker, it is possible to achieve improved cracking activity and
properties of each fraction of the product oil with higher quality.
[Examples]
[0049] The present invention will now be explained in greater detail
based on examples and comparative examples, with the understanding
15 that these examples are in no way limitative on the invention.
[0050] (Catalyst preparation)
<Catalyst A>
After adding 18.0 g of water glass No.3 to 3000 g of a 5 % by mass
sodium aluminate aqueous solution, the mixture was placed in a vessel
20 that had been heated to 65°C. Separately, a solution was prepared by
adding 6.0 g of phosphoric acid (85% concentration) to 3000 g of a 2.5
% by mass aluminum sulfate aqueous solution in a different vessel
heated to 65°C, and the sodium aluminate-containing aqueous solution
was added as droplet thereto. The end point was defined as the time
25 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.
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10 hydrocracker, it is possible to achieve inproved cracking activity and
properties of each fraction of the product oil with higher quality.

[ Exanpl es] [0049] The present invention will now be expl ai nedy €
detail based on exanpl es and conparative exanples, with the t}jnfg)e?rlg)?gﬁl)g{?%g

15 that these exanples are in no way limtative on the invention. [0050]
(Catal yst preparation) <Catalyst A> After adding 18.0 g of water glass No.3
to 3000 g of a 5 % Dby nmass, sodium alum nate aqueous sol ution, the m xture
was pl aced (04 }vebkecakedikmslurnawasdsansfemeddato @ vesel spripped svigh a

sol ution was prepared by adding, 6.0 of  phogphgric acid (85% concentration)
to 3000 g of rgtixscongesisernand Ahei ln'%}nnéhp? éil&tlﬁq@éﬁ@t@rsmdnlpog ofnaa

di fferent \\I/\g,zéel heat.ed to 65C, and the sodi al uai rﬁée-cont ai ni ng aqueous
sol ut i on 7o FIBENOIHA AQRAGHS SABHEMD, Wtk addedpanat th BErdewads t he

br oduct. washSHPHASRP A SCTior (U] hoBob( L Stk REas hed meged i 15
caui Sped wi ¢ HHEREF 20 dsalrndey o SUitn "S5 kel €S 1N oNaRer and 10
3nd sti rreawIIeAae LGB R Relter o bR A R Rneafed bnd, " stBR oader
i sture toOBRRR Kierdsy” Hied\cRdsoEstReRabS e iy sl B2 0B bl enc

was - ext rudeg itz ng. AR EXLANIRT bl et BP 1S4k dik&ihe AT0FE Roflkameter of

1.5 mm dri 0
and then calcined at 550°C to obtain a molded support.

10 [0052] After placing 50 g of the molded support into a round-
bottomed flask, an impregnating solution containing 17.3 g of
molybdenum trioxide, 13.2 g of nickel(II) nitrate hexahydrate, 3.9 g of
phosphoric acid (85% concentration) and 4.0 g of malic acid was
poured into the flask while deairing with a rotary evaporator. The

15 impregnated sample was dried at 120°C for 1 hour and then calcined at
550°C to obtain catalyst A. The properties of the prepared catalyst A
are shown in Table 1.

[0053] <Catalyst B>
3000 g of a 5 % by mass concentration sodium aluminate aqueous

20 solution was placed in a vessel that had been heated to 65°C.
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-containing aqueous solution was added as droplet
thereto. The end point was defined as the time at which the pH of the

25 mixture reached 7.0, and the obtained slurry product was filtered
through a filter to obtain a cake-like slurry.
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and then cal cined at 550C to obtain a nol ded support. 10 [0052] After
pl acing 50 g of the nolded support into a round- bottonmed flask, an
i npregnating solution containing 17.3 g of nolybdenum tri oxi 18~ f
nickel (I'1) nitrate hexahydrate, 3.9 g of phosphoric acid (85&?07 627000
concentration) and 4.0 g of malic acid was poured into the flask while
deairing with a rotary evaporator. The 15 i npregnated sanple was dried at
120C for 1 hour _and then cal cined at 550C to obtain catalyst A The
properties [6058he Thepakedikeslumyswaa transderrndvip a wesseblequipped edth
<Catal yst B> 3000 g of a 5 % by mass concentration sodi um al um nate aqueous
20 sol utiord \K&gubl TIS@T, shen l¥amlnal deiicd#eater and 8@ ofseparatel y,
3000 g of .5 % by pass al um nym sul fate aquequs _sqlution was prepared in
S di fer ent? (s aEhmlo AMIESUSSEOIULIN (ere J8dP4maBe (iheh ARECHEh RaR) ng
agueous solutio s added gs,dropl.et. thereto. The end point wag, defined as
the time ath%?@ﬁ\ﬁﬁr?@rfﬂqf%? ?gh(g fgg 1&19@1@,59 ?Q&H@W“@S tgﬁﬁ Fttlﬁ‘ée‘f)ﬁ'% ai ned
slurgy product s filtere hr Qqugh Lidter.to oltain a cake-like slurry.
o Hh7E 0o Jasaden i Berted: IR e 00k r4Pd el rufs G Tmed eosel
equi pped with..a refl ux ndenser, .and then 150 of djstiiled ter and 10
g of a 27%&%Jﬁ@véﬂggﬁﬁén@§ﬁmeit9ng%@%a %‘&{ﬂ&nlﬂl‘?ard@%@are & heated
and stirred,at. 75Cfor ,1 urs. The slunry was then aced in 5.2 kneader
and heated ¢ agbeégé%é?gaﬁge@e‘ga? n?%ge%ep$lggngﬂ e%#q Ty Bﬂﬂvﬂf\% t he
nmoi sture to I Sl key. e I The bt a kne bl end
was extrud e@ﬁﬁi&ﬁéﬁli@%}%éﬁléﬁ{%ﬁ% ﬁglif r111911'1, Hfd 201 29 % eRAEH

and then calcined at 550°C to obtain a molded support.

10 [0055] After placing 50 g of the molded support into a round-

bottomed flask, an impregnating solution containing 17.3 g of

molybdenum trioxide, 13.2 g of nickel(II) nitrate hexahydrate, 3.9 g of

phosphoric acid (85% concentration) and 4.0 g of malic acid was

poured into the flask while deairing with a rotary evaporator. The

15 impregnated sample was dried at 120°C for 1 hour and then fired at
550°C to obtain catalyst B. The properties of the prepared catalyst B

are shown in Table 1.
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cylindrical formwith a dianeter of 1.5 mm dried at 110C for 1 hour and
then calcined at 550C to obtain a nolded support. 10 [0055] After placing 50

g of the nolded support into a round- bottoned flask, an inpregngi ? 0
solution containing 17.3 g of nolybdenumtrioxide, 13.2 g of ni cke ?I IS)
nitrate hexahydrate, 3.9 g of phosphoric acid (85% concentration) and 4.0 g

of malic acid was poured into the flask while deairing with a rotary
evaporator. The 15 |npre?nat ed sanple was dried at 120C for 1 hour and then
fired at 5HYBGlo Pabder]catal yst B. The properties of the prepared catal yst

B are showi—in—Fabte—1—20-FP6+0216-00—Q656]—-[Table—1]—GCatalyst A
Cat al yst B__A1203 cont ent 912 100 (% by qdatﬂg{g:&i n (‘k\%ﬁa ss) Si
content 4. EA@%@S?N%FSS, based on support mags) %C% cortentlolb. 0 -| (% by
mass, baseg(% hysuaspdesednEssippdtd @8sgont ent  24. mass, based on
cat al yst npSK), ddhfehcontent 2.6 2.5 (%b macs 2&36(]' ori catal yst jmass) P206
content 4. D94 59 mds¥oHaVed BiSSippoR edsion cat al yst s) Pare volunme (m /Q)
0.47 Mean B eotile {nat?r anr) 7.0 572 40
(% by mass, based on support mass) ) ]
MoOs content
(% by mass, based on catalyst mass) 240 24.0
NiO content 26 25
(% by mass, based on catalyst mass) ] )
P,0s content 40 40
(% by mass, based on catalyst mass) ) -
Pore volume (ml/g) 0.75 0.47
Mean pore diameter (nm) 7.0 5.2
Proportion of total pore volume due to pores
with pore diameters of 3 nm and smaller 22 39
(% by volume)

[0057}] (Example 1)
A first reaction tube (inner diameter: 20 mm) packed with catalyst A
5 (50 ml) and a second reaction tube (inner diameter: 20 mm) packed
with the same catalyst A (50 ml) were installed in series in a fixed bed
circulating reactor. Next, straight-run gas oil including dimethyl
disuifide added (sulfur content: 3 % by mass) was used for
presulfurizing of the catalyst for 4 hours under conditions with a
10 catalyst layer mean temperature of 300°C, a hydrogen partial pressure
of 6 MPa, a liquid space velocity of 1 h'' and a hydrogen/oil ratio of
200 NL/L.
[0058] After the presulfurizing, dimethyl sulfide was added to palm
oil to prepare an oil to be treated with a sulfur content of 51 ppm by
15 mass, and it was hydrorefined. The 15°C density of the oil to be treated
was 0.916 g/ml, and the oxygen content was 11.4 % by mass. The
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Proportion of total pore volune due to pores with pore dianeters of 3 nm and
smal ler 22 39 (% by volune) [0057] (Exanple 1) A first reaction tube (inner

dianeter: 20 mm) packed with catalyst A 5 (50 nl) and a seco A6 O
TR

tube (inner dianeter: 20 mm packed wth the sanme catal yst A

installed in series in a fixed bed circulating reactor. Next, straight-run
gas oil including dinethyl disulfide added (sulfur content: 3 % by mass)
was used for presulfurizing of the catalyst for 4 hours under conditions
with a 10 ceondiyions| foyehydneaefinmgperexe i eeafti®@0 @nparatyre ad2RGFAT tinal
pressure of 6 MPa, a liquid space velocity of 1 h7' and a hydrogen/oil
ratio of 20® frstLand cesend aApaetion Hebey a ressirezohd) MPaandi a diguidde was
added to palm oil to prepare an;oil_to be treated with a sulfur content of
51 ppm by 3macgaseloeity Pt Ofs Ihydr oFle | velnmeheatis o greansht yhyskrogee oil to
be treated was 0.916 m , and the oxygen content was _11.4 %by nmass. The
21 FPO7- ozlprcmprtl@am%{h)aifggﬁarg%ymfgwdi brywesnethe fiscenetiondnper at ure of

T ausd spadad VEraRipacion. lbe-was Pk sdnivelinae of Lo eeieh TPEgen
Cecond r eaciitomiassl SaadBE Fodtoe R s peiermined by HpdptldydrPBeR oduced.
T S5 A OB NELE TR e SBbn AR, 0 Eocced yas
[0059] (Comparative Example 1)
Hydrorefining was carried out in the same manner as Example 1,
10 except that catalyst B was used instead of catalyst A. The results are
shown in Table 2.
[0060] (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
15 and second reaction tube was 160°C. The results are shown in Table
2.
[0061] 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 tube was 410°C. The results are shown in Table

20 2.
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Hydrorefining was carried out in the same manner as Exanple 1, 10 except
that catalyst B was used instead of catalyst A The results are shown in
Tabl e 2. [0060] (Conparative Exanple 2) Hydrorefining was car I[ppggy ggqﬂlg‘othe
same manner as Exanple 1, except that the reaction tenperature for t
hydrorefining in the fi rst 15 and second reaction tube was 160C. The
results are shown in Table 2. [0061] Hydrorefining was carried out in the
same nanner_as Exaﬂe 1, except that the reaction tenperature for the
hydrorefi nil@962} tHabl¢ 25t and second reaction tube was 410C. The results
are shown—na—Fabl-e—20-2—22-FP67+-0210-0 00621 [ Table 2 —Exapple np.
Conp. Conp. 1 Ex.1 Ex.2 Ex.3 Catal yst CE"’ @E Iysﬁ:_m&%tal @C@tal yst
ABAA vagen-content <02 0 8 1.6 <0 U,X- ”%evxo% fo 3
drorefi neocaé‘igrsf Sul fur content <1 <1 8 6 C@Tﬂfﬂﬁ thyCatadist | Gasdvst | Srataiist by
hydr or ef i d O -C4 (%by mass| (#raclioPwitth B <308 2/2 1.9
1.7 3.0 |f&Seen etmapht ha 0.0 0.0 0.0 7.5 Joeged%toglg oil)lgfr%ctgocyﬁ pMth b..
80- 135C % by mass, based on fotal hydrorefined oil) ) ' ) )
Suifur content <1 <1 g 6
{ppm by mass, based on total hydrorefined oil)
Yield C1-C4
(%6 by mass, (fraction with b.p. £80°C) 2.2 L9 L7 3.0
based on Naphtha
foedstock oif) | (fraction with b.p. 80-135°C) 0.0 0.0 0.0 73
Kerosene
(fraction with bp. 135-250°C) | OO 0.0 0.0 9.0
Gas oil
(fraction with b.p. 250-350°C) | 52 802 | T2 | 653
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Kerosene 0.0 0.0 0.0 9.0 (fraction with b.. 135-250C) Gas oil 82.6 80.2
79.2 65.3 (fraction with b.. 250-350C) 23 FP0O7-0210-00 CLAIMS 1. A
hydrorefining method characterized by contacting an oil to begrpieab¢d.g0
conpri sing an oxygen-containi ng hydrocarbon conpound and a

sul f ur - cont ai ni ng hydrocarbon conpound with a catal yst conprising a 5 porous
I norgani ¢ oxide conprising two or nore elenents selected from anong

al um num silicon, zirconium boron, titanium and magnesi um and at | east
one metal sel ected from among el eneGlABISy oup 6A and Group 8 of the

Peri odi ¢ Tapl upported on the porous inorganic oxide 1in the presence of
hydr ogen an zsnzlé’&@ﬁf&lﬂgoﬁlﬁ?hﬁ)gW}@rﬁ%ﬂéﬁgngﬁ[@%@@BﬂgealbeIb-tg?SbWPa, a
liquid space velocity.of 0.1-3.0 h-', a .hydragen/oil ratio of 150-1500 NL/L
and a reactireed aﬁmgea%f)xyggaz%@ﬁ@m@é%ﬁﬁw B GOPRGUAL @SR accor di ng

e SR P o B SR A Sebo S B
TR % B8l S S e R S e RS Lo
conpounds are animal _.or veget abl e-derived fat d.oil ¢ onent.s. 4. A
yar or ef | ni HGORE HOREEYL, HHRGR: GEAPTHe boroty dfmitn pfdhagsgsium
e ot e o SO e IR APOBE et BTGP
Group 8 of the Periodic Table supported on the porous inorganic oxide
in the presence of hydrogen and under conditions with a hydrogen
10 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
180-380°C.
2. A hydrorefining method according to claim 1, characterized in that
the oxygen content is 0.1-15 % by mass and the sulfur content is 1 ppm
15 by mass-1 % by mass based on the total amount of the oil to be treated.
3. A hydrorefining method according to claim 1 or 2, characterized in
that the oxygen-containing hydrocarbon compounds are animal or
vegetable-derived fat and oil components.
4. A hydrorefining method according to any one of claims 1 to 3,
20 characterized in that the proportion of compounds with a triglyceride
structure among the oxygen-containing hydrocarbon compounds is 90
% by mol or greater.
5. A hydrorefining method according to any one of claims 1 to 4,
characterized in that the pore volume of the catalyst is 0.30-0.85 ml/g,

25 the mean pore diameter is 5-11 nm, and the proportion of pore volume

due to pores with pore diameters of 3 nm and smaller is no greater than
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% by nol or greater. 5. A hydrorefining nmethod according to any one of
claims 1 to 4, characterized in that the pore volune of the catalyst is
0.30-0.85 nl/g, 25 the nmean pore diameter is 5-11 rim and teP@YQ2IT-00N
of pore volune due to pores with pore dianeters of 3 nmand smaller is no
greater than 24 FP0O7-0210-00 35 % by volune of the total pore vol une,
according to the BET nitrogen adsorption method. 6. A hydrorefining nethod
according t one cl ai 1 to.5 characterized. n that, t or ous
nor gani ¢ owddde et erietal pere Hlpmes accopding to the f:i53)

nitrogen adsorption method.
6. A hydrorefining method according to any one of claims 1 to 5,
characterized in that the porous inorganic oxide contains the element

5 phosphorus.
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