FPO7-0210- 00 DESCRI PTI ON HYDROREFI NI NG PROCESS Techni cal Field [0001]
The present invention relates to a hydrorefining nethod, and 5 nore
specifically it relates to a hydrorefining nethod for oil to_be
treated that contains fat and oil conponents derived from anFREV-Q%10-00
veget abl e oils. Background Art [0002] Increasing interest is being
focused on effective utilization of 10 bionmass energy as a strategy
for preventing global warmng. In particular, plant-derived bi omass
energy is "carbon neutral" becaupESCRIPTIGNeffective utilization of
t he hydrocarbons converted from carbon di oxi de by photosynthesis
during the process of plantHYDRORERINING PROGESSeri ng natural life
cycles, it does not contribute to increased 15carbon dioxide in the
at mospher e. TodosralFigldzation of this type of biomass energy has

al so been e ively researched.,in the field of transportation
fuels. For Qﬁ@i’ﬂ@h eﬁ‘hﬁfpﬁeﬁ%msmd’éﬂﬂ%d'e gteniaRi mdroptiniaganghiod, ginds

coul 8556 Lo e Bl Y g R B e
o U A, A L S AT R b T,

aci d net hyl eiplQihls: Fatty acid nmethyl ester oils are produced by
transesterification of the triglyceride structure as the general
structure ofBaekédiudd Aygoetable oils, with 25nmet hanol using an

al kali or the like. However, as described in Patent document 1

mentioned bel0082]t hecreasingSatepéstois dstigs Facuid! on affedtive RATiZa&dH-8X0
met hyl ester oils necessitates treatnment of the glycerin by-product,

or cifates dusmeassdemargygys reegiiatezyefos prevemtimg fglobti ovarafinghe In
EL 8? :J g ;t ioi) In ' péggaﬁgéplgmgted Ib]iofljrlggsa gggr?gy%gq%gl(goge getllat?;l% nbtecause 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 conftribute to increased
15 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
20 a diesel engine would be expected to confribute 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

25 methanol using an alkali or the like. However, as described in Patent

document 1 mentioned below, the process of producing fatty acid
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5Di scl osure of the invention [Problens to Solved by the Invention]
[ 0004] The follow ng problens are encountered in addition to those
nment i oned above when using ani mal or vegetabl e-derived fat agﬂ(ﬁi{i?—l@ 00
conponents or fuels produced using themas starting material s -
Specifically, since animl or vegetabl e-derived fat and oil

conponents generally have oxygen atons in the nol ecul e, the oxygen

can adversely affect the engine material and it is-difficult to

renove the ongidpyh esteraoileengcedssiiatesieatment ofhe Alpeerimbyrpraduatioral

or vegetabl e-derived faj and oil .conponent is, used in conbipation

with a petr dFeiss cost aLeREEY peniremerisdar putificetion oééhapresdjct vils not

al l onwed sufficient reduct] f bot h .axygen, i he f nd oil
conponent and 3Rt G?c‘?rﬁe’@thgj] P%rﬁ%@‘gﬁ%abgﬁt@?%‘w g deB] |t
is therefor } of the present invention to provide a

hydr oref i ni Wﬁ?ﬁ%@ﬁ hat can yield a hydrorefined oil with

suffigi ent| y%ls ﬁ)sh?glbﬁﬂemﬁﬁ?mfmd sul fur contents when using an oil
to be"treate at conprises an ‘oxygen-contai ni ng hydrocarbon

conpound anq%@oglghj%-g&%@b it THY&HtRiAr bon conpound. [ Means for
Sol vi ng t he Probl ens] [0806] I'n o?%gr to solve the probl ens

described alj00e4] t Thei follomihgprablenty atteensoimdred R nadition® tiaske
characterized in that by contacting an oil to be treated conprising

an oxygen- caneafioned) ahgde vdserbusingFRiifd 2ir0vegetablepdarivedatot and oil
sul fur-contai ni ng hydrocarbon conpound with a catalyst conprising a
por ous i nor guNpORItg eok oitisls gradueadh wsingothene| esrestaging| wetarials.r om

a1 805t oncSnmoiBralke [ Siacaninra) ot vess P lseied o ol GUbCOAPRREIE oL
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very low concentration. Also, when an animal or vegetable-derived fat
and oil component is used i combination with a petroleum
15 hydr'ocarbon fraction, current technology has not allowed sufficient
reduction of both oxygen in the fat and oil component and solfur 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 freated 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



10[ 0007] According to the hydrorefining nethod of the invention, it

I's possible to economically and very efficiently obtain a

hydrorefined oil wth reduced oxygen and sul fur contents, by
contacting an oil to be treated conprising an oxygen-cont ai nfﬁ87-0210-00
hydr ocar bon conpound and a sul fur-contai ni ng hydrocarbon conpound

with the catal yst specified 15above under the conditions specified
above. [0008] For the hydrorefm ng nmethod of the invention, the

oxygen cont eg@mpgung db|spliurcontiging hydeecarhont bemgpotthdr withntaent

is pref erablbéa ijpgm by mass-2 % by ,mass pased on the total anount of
the oi| to bEARIYSRCRMPIISING APVBRYY MROIZARIC OXIdG CUBIISIRESIWE OF HBOKS |

to be 20treat.ed are wthin.the aforenentioned r,anges, it.will be
possi bl e to PRI séletth EroHL S0P AMIIHIWH, SYIGOD, ZCopiupe hosen,

peri ods. [0099L.:Fro ] i f effective ulilization of
bi omass ene?@%l@ﬁgﬁ@# %Wﬂ‘f ﬁ‘ght@d]f’g%ta&g% Hl‘%%ﬁ%%}ﬁﬁ% ﬁﬁm[ ﬁglong
hydr ogef i ni ' | Dl i
Voget bl e derriey of ChghpBA e Lhoan ELF IR PHELE 1298 sWBbabd on
conpounds W h3 pokdid!ineAiante GidECtur ¢he ﬁB@Zexib%lefOanmgﬁ,tﬁﬁder
oxygen- cont ai ni ng hydrocarbon conpounds is preferably”at Teast 90 %
by mol in orewiditions esithea tiyeirbgarel prefsigsen -1 3 MPag da fidguidr spssi ng
of the starting material. [0011] The catal yst used in the
hydr or ef i ni ngeloetthod @i -3.0eh,na drydirogerdpil efatioadf | 566500 DL/E zod e
of 0.30-0.85 m/g, a nean pore di anmet er of 5-11 rim and a proportion
of pore vol weECHOR terapprsiwe afi k8P-p80%Cdi aneters of 3 nm and snal | er
of nq_.greater. than 35 % by vol.u f the total, pore, .volune,, based on
the BET ni tri%lgﬁ NGO fon e BYropigiag TEdod o e BPEHEOMngt Gani ¢
oxi de conposjng.tjhe catal ys 1 referabl.y gontai.ns {he el enent .
hosphor ub. RSRIYE g EoRRals Suf vBHT sRigts ShBuss hofisRrrted oike
Lo possi bl feclbd NSy deHPARY SutdlP ARRAESBF okt ¥h ot % dee
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
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[Effect of the Invention] [0013] According to the invention there is
provi ded a hydrorefining 15 nethod that can economcally and very
effectively yield a hydrorefined oil with sufficiently reduc ﬁ ggﬁﬂ n
and sul fur contents when using an oil to be treated that conﬁ Pz 700
oxygen- cont ai ni ng hydrocarbon conpound and a sul fur-containing

hydr ocar bon conpound. Best Mdde for Carrying Qut the Invention

20[ 0014] Preferred enbodi ments of the invention will now be described
in detail. [®0D0Bf ththexpgen-contséningdytdrdcarban dasnpewntlsfisrpreferably at

I nvention conprise n oxygen-cont ai ni ng hydrocarhon conpound and a
sul f ur - cont alEAS ?ngm aarpré@hﬁb@%@ce@eowgﬁﬁf €8RS Feqwired for
hydr ocar bon 25co oun?a}t%ere are preferred animal or vegetable

oi | -deri ved F&E® 8t e BRI at and oil conponents according
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mai nt ai ni ng Of SENhARCiMG & MRoPRRITOHIPBEE veluris Ghel &) gaf&é ﬁit%i ore

products. [0016] As exanpl és of animal or vegetabl e-derive and
oi | conponendianidi@seofvnbendesntaliurest he efredtet e 35 ebeedhght of

soybean oil, palmoil and the |ike. The ani mal or vegetabl e-derived
fat and oil therptabgoteveluems,diased on thé 8ETninodamadsayptien fuathodny
fats and oils, 10 and may even be waste oil _fromuse of the fats and
oi'l's. From t[8812] addpai ithe oporolsbitergenicr akids, congpesing , theheptalyss

i TRl ky! CHATeaBh; SOMARAEE: SIHRFIH GARSPODTSS: P Jgubd BROSPhOYben
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deoxygenation activity of the catalyst.
[Effect of the Invention]
[0013] According to the invention there is provided a hydrorefining
15 methpd 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
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15conbi nati ons of two or nore. [0017] Animal or vegetabl e-derived fat
and oil conponents generally have a fatty acid triglyceride

structure, but they may al so include other fat and oil corrpolni@@%s
processed to fatty acids or esters such as fatty acid nethyl d}410-00
However, since production of fatty acids or fatty 20 acid esters
fromvegetable fats and oils generates carbon dioxide, the vegetable
fats and oils are preferably conposed nainly of conponents with a

tri gl yceri deinstudec nafugally rasnantiieiallemrodnted br mesmefactiredr dmimadi mxi de
em ssion. Accor diﬂg to the invention, the proportion of conpounds

with a triglyRastahle eilsyendr @nimahgor huegstoblen-aibneampongnts and/or

25hydr ocar bon conpounds i.n the oil to be treated is preferably 90 %
o Cor o R RoRSHS Rrofedd CrpaneBichits Shesc his, aneh eild and
r ef er abl FPO7- 0- 5% | or eat.er . .1 0018 he .0i | ;,to be
Ito r eat ed rr)elty %9‘38012%3&}%%3350&%&8%# a&;fl?’?dn &c Bt {?Hﬁa’&‘&ﬁlﬁo%ds,
in addition i I i.l.- derived fat and oil
conpogents n%ér%ﬁﬁaelg'%a@lecﬁ fg?/%g&éﬂgjrlr‘lsgg#g' 5 conmpounds such as
plastics or 16ENS Saried et 1sigial S ' ikgchar »fgoRgch
@016 : mgﬂ il SoOReeipfle BXrikac har 2iH0B

reaction using synthetic dgas conprising carbon nonoxi de and hydrogen

as the startéoigpoméres tiadre rh&P b8 Imdritbord/ignt teldowve fdpedted BY, Sbybdad be
treated is preferably 0.1-15 % by nass, nore preferably 1- 15 % by

mass, even nalepglnebdraid theslike.10hée antmbl onwsgetabte-derdved ifatf andbily
5-13 % by mass based on the total anount of the oil to be treated. If
the oxygen cesmmperents acearsing 4o the inventipnnmey be fwim any dats angd pids,
difficult to sfably maintain the,deoxygenatiqn activity. an

desullPur i zatath TR eyeR be wrasieneiloHRE! RrRS ﬁ%?%ﬁﬁ%m&n%mm the
exceedi ng 15 ,% by .nass Wyl |l create a need for 15 egul nt t eat
Che vt o byERARRIEE of ghtpong ey hOuR es Bowart SRRt resdablecr
the water a | vt t o1t i j Vi . ri.ng
the oat al yortely AAHR <SHERGH) tie PeSmeBAFOF Biopahid iy 3l 4o
ordinary el eggq é@%ﬁ,g '

converted to capg%%ﬁ%]om %,’ 2%5%1’%29i%%@%ﬁoﬁ{lﬁwﬁ%ﬁa@g&me
converted topreféled dTR iadereanshiicied faeasnd oilthapaef @setesione 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
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using a thermal conductivity detector. [0020] The sul fur-containi ng
hydr ocar bon conpound in the oil to be treated is not particularly
restricted, and specifically there may be nentioned sul fides 7-0210-00
di sul fides, polysuffides, thiols, thiophenes, 25benzot hi opheﬁgg," -
di benzot hi ophenes and their derivatives. The sul fur-containing

hydr ocar bon conpound in the oil to be treated may FP07-0210-00 be a
single conmpound, or it may be a m xture of two or nore. A

sul fur-cont é?%?/mbymlrflﬂ@‘@ﬁﬁeﬁ-ydrocar bon fraction may al so be bl ended

with the oil e treated., [0021], The petrol eum hydrocarbon fraction
used may be (907 8boTheol 50t e BRY 4150 ORI B PRBEGePRITABNG
step. For exanple..there ma e .used..a fract, on_corsrespondi to, a
prescri bed gﬁ&?ﬁng&}i FROPAHRES: ot ﬁ&*ﬁ&%&’o%ﬁ%ﬁ%ﬁ%%k@ﬁe@ﬁ? &ikyre
distillatio r C I St | i p u or .
fraction coﬁegg%gng%yngmt% Oéﬁp%&#%g% %%ﬁhgﬂ%&p%‘faé’r glr? e ng?lé?ar}ed
from hydrqﬂ,@&p{# | 4fdhy b ﬁﬁ@h? i :

desul furizer or %&}'s |zeda%§'!%§ﬁ$$i(&%'aé(§#g% tg’r(..':H;‘Rl‘l e Fgcﬂﬁoﬁg{aé%ef‘dapxed
from each ofFikieeral@ipRokNibation AbYRBEHOR gabC cHARAiSH PN B0n! 1
conbi nati ons of two or nore. [0022] The sul fur ‘content of the oil to
be treated imopoxklerand lyydropemabyhewtastidy fabariatass, nore preferably

15 ppm by mass-0.5 % by mass 15 and even nore preferably 30 ppm by
mass- 0. 1 % HPOhBEs Thasaygen content efdhe ailtortie weatedas praferablypd.1-15

treated. A sylfur content of _less tha ppm by mass will tend to
make it difffocRy mass, mrmaa@ﬁerﬁqslm-& Qfeﬁa&y@@ﬁm ¢ Bere prefpraldy I-he

"ner dse ¢ he 7% PornESFURoR KRGS iarh s Berd o e gl

o 4y ! AN ! "
S e s
by the ot hd qdsciBnd: | WlLE e ST B8 STRAce 16 shibh) hnahallp ol o
ASTM 5453. 2R{9938hatitte #ctivity adndesulfifzationr aeavitph QAP GtREY be

m xed with the o'l to be treated beforehand and i nttroduced into the
reactor of 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



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 reactor. [0024] The oil to be treated used for_th

i nvention preferably contains a fraction with a boiling poi AP t- 02@)@@0
or higher, and preferably it 5 contains no heavy fractions with
boiling points above 700C. If the oil to be treated does not contain
a fraction with a boiling point of 300C or higher, it will tend to be
difficult tbeobtshglesedrhipoumdt oty itehhydbe 4 enighaessf vwodec amgresi tA on.
On the other hand, if the oil to be treated contains heavy fractions
with boili ngu}fm-nontmgqnemﬂenmdaghscanb@n fractidrmzgr dlso benblehded
catal yst due to heavy conponents will be accelerated, tending to

| ower the aé’ﬂﬂ!/ﬂteyo %befﬁﬁ@ﬁtﬁl%g poi nt accordl ng to t he invention is

e T L e ok o i o e
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f the P
20 006]  Thei,oaries AL eEfupeheficptepie dISAPAN APERFus or

porous i nor %ﬂu@momﬂellammra@amﬁubmoxora rrﬁa@u@ﬁ egtsporiget & 4rom
anong al um num silicon, zirconium  boron, titaniumand magnesi um as

ment i oned apmnblédom)ﬂhg \podmtp ahnge ofbtpired tftdmgaf hydfedeselfindpeaed
deoxygenation activity and desul furization activity, the porous

25i gani ¢ hgdr@m'ac]serprlwté;mb pyl wimschrdemifurizer eont dluitiized aatalytic

al um num sili zi rcgnium bqron, titaniumand nmagnesium .and it
is crac er The %ractlons obtained from each of the aforementioned

FPO7-0210-00 m)r refer n, i nor n| c .axi de co i sing al unm num
and anot her aEP (l‘ﬁa)égﬁﬁg%i COQIE}HPHBM BEF‘H%"& t&not her

const t uent 10824 rTRE SRELEKFpieRf h?iﬁ%ﬁ&nﬁg BEFRBCI IO B £
G by mmse. | RVUBRR b DA AT S R RERBE L5 $E P A S Oh 8 b8 e
| nor gani ¢ O’éhﬂ%vehfrﬁ l%lféiﬁbeHB‘Dg)g gtmh§s -0 8S%, By adhss bk oﬁ“%ﬁé in

terns of alum na opertl es S support dcidity W not be

L, kot 50t o o g 1
alumnum  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-54353.
25 [0023] The sulfur-containing hydrocarbon compound may be mixed

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



content of greater than 97 % by mass in terns of alumina will tend to
- result in inadequate catalyst surface area and +4 educed activity.

[ 0028] There are no particular restrictions on the nethod of

i ntroducing silicon, zirconium boron, titani umand nmagnesi uRPa3-0x 0-00
support constituent el enents other than abi m numonto the support,

and a solution containing the elements may be used as starting
materials. For exanple, silicic acid, water glass, silica sol and the

like may b s b bay i ' : :
e oy, % He@ReEn bRl fenash o ShipHEs P SH deficbaugBor
for phosphoritig re@flot BAng Wtrsdtdticieo e dil beltrRatedlihasr tHeOrehefyrand
their al koxide salts may be used for titanium and zirconiumsulfate

and its al kqeDa4] sThtoihaybd aeateddidedr for ithe omnrempion[ e RFhbIheontaingus
inorgani c oxide also preferably conprises phosphorus as a constituent
el enent. Thet fitactiphowith @ bwiling posut26pB360BCat highet, and yrbferablysit
nore preferably ,0.5-7 % by mass and even nore preferably 2-6 % by
mass Dased @@ntdastnn heavhdiaetiony Wik bonipwwzlte-erbmpo?%l?&i nirthgni c
oxi de. If the, phasphoru ontent is l.ess than 0.1 % Jmass, the
Gooxygenat | Gl 10154 gt ok 60 coRaiars dincaon Wity & dioifiBe: beibka
tend to be i i cient . Wi, a t exceeding 10.% b s, w |
pr onot e exce"g@ié @Logfggﬁﬁ{,dﬁh}ﬂl%a}d ﬁjooﬁ%ﬁfmolm %’Fgﬁgﬂeﬂﬁyﬁa due
hydr or efi ne ' i» . The [ .

starting ma?[ 2 ?E'{}Jg Iegglg% gg?érgﬁéﬁhgﬁu mc?iﬁlu %Péc))étlthg g %%ﬁ’t mgéﬂg‘ﬁﬁ’g@%ﬂ
preferably L AT seal Gl tHmo et

xanpl o, af e By e BB A B e T S e BpitioR Rt

aqueps sol Warbon cantld baBisndutOtcheaex iceeilento Rl b Bgcél&%t?d,

constituent conponents nmay be prepared and the starting materials
added to t heepdipatedosienniheuattivity.oxTe beilingApoertnatdording, to hibhe
starting materials nmuy be added in a step of adding a comercially
avai | abl e alinrention pxihgevalne eraasurest by the tséiod desopibeddn J8 Ku@28d or
an acidic a ‘ue,ou,f gol ution and kneading, 15 but nore preferably they
are i ncl uded Listilption (LegeMsthod tIR8%al umi num hydr oxi de gel .

onsti Cuent [O0AabnaHE: HIEFLEREn TGAN o R IRESHI R €8V not

COMASL el Y, RESRRL ootk SR Bk Bl RSB 8 e Um0
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
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20activity by increasing the support surface area and causing
interaction with the active nmetals. [0031] The porous inorganic oxide
used as the support supports one or nore netals selected from anong
elenments of Group 6A and Group 8 of the Periodic Table. Pref eFP8@-0210-00
anong such netal s are 25conbi nations of two or nore netals sel ected
from anong cobalt, nolybdenum nickel and tungsten. As exanpl es of
preferred FP0O7-0210-00 conbi nations there may be nenti oned

cobal t - nol ybdemms proferkisdly-amincbgeric mxide cdaprisinpallimimin bedninoiand

ni ckel -tungsten. Preferred conpinations anong these are

ni ckel - mol ybd&tesagnt{p crmpdebexideasiapaiwanoside andenetharoxida)en. These
tal 5 |fides for .use in hydrorefining. [0032

The content o0 E HE SecohS oBerginis o, FPlaiis aAlbrlin; a5, 8 of

the range for céigﬁg;?g@tableh%@" SRR boltiO SRR YOI 1S

preferably 12- mass and nore preferably 30 y mass

oxi des.5 1Tt hendssfmbord prefemblya MOOT %oby e ahé Rvaf thortGraRipyigepum i s
| ess than 12 % by mass, the nunber of active sites will be reduced
and it may noP50%6 bypseassiis feomsmizaluming bagtdeon the ttotal aynoudn afithe

ther hand, if it i, ter.than.35 %D the netals wil i |
Lo f ect vel JORRSBPEET GFideng 1f e pERA ki 8 oo Dei %/T,t?'r om
€l ng opbtal ne z > an

kel 15 1 oot IEERRIT A G fhd SloBlr 3o SR pdbieg RO A )
% by mass as biisditableldnd! fhe d et AAIVFOA dedulfebatibn akdvity ckel

is less than 1.0 % by mass, a sufficient cocatal yst effect may not be

achi eddd and exaibited willttondita be insnfificientoe Gr er land, lae. abttenunhand,
if it is greater, thap 15, % the netals wil) fail tq
b feetively. dPGERLe Sieatel Han DU 2 b Svieni L of ahviias trillepd 9 om

bei ng obt ai ne ' ' r | Gi.oNs on the
met hod of inc&&glitﬁ'g%dggaﬁge%\?gﬂﬁ%{%e%t%{et%hl%%crgﬁg%gs%’% d any known
met hod that i F028 " THeye aprd i ggl patichldvsstionosy elestd Wnbdalli OF
catal ysts may_be used. For nost cases, the preferred method i's one in
whi ch the 25chteadpsing spipenn, ZHcaniwme droxord tifdrihma and| magnesivm as

containing a g@ﬁor? bonsifuent elements other than aluminum onto the suppost, and

a solution containing the elements may be used as starting materials.
For example, silicic acid, 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 phosphoru.s,
20 titanium sulfide and titanium tetrachloride and their alkoxide salts may
be used for titanium, and zirconinm 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 confent 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



active metal. Equilibrium adsorption nethods, pore-filling nethods

and FP0O7-0210-00 i nci pi ent-wetness nethods are al so preferred. For
exanpl e, pore-filling is a nethod in which the pore volune of the
support is first nmeasured and a netal salt solution of the sgPg7-0210-00
volune is used for inpregnation. The inpregnation nethod is not
particularly restricted, 5and inpregnation may be acconplished by an
appropriate nethod for the netal |oading anount and catal yst support

Peatri et 1 on BIOHR EnleRic Rl 0 1t dfie pYSMNOS coiBli s S BB B ™
For exanpl e bt 886 by BEoRfechalishy SLivRY BAdUBECINAR o ackvity

plurality of “catal ysts ferent” active netal species o

support consgiHibied wilimpeaderdtise fRxfRcieds ofthilda CXRBAL efcdissinpal e
conbi nations of nultiple different catal'ysts there nay be nentioned

using a cobaby -maEdsy il npronesta texcessige adcalyrisititn, d)t%hﬂ'all?tlag.%ri@hg a
ni ckel - ol ybdenum cont ai ni ng catal yst, a nickel -cobal t-nol ybdenum
cont afni ng cthedlydsoredined dibyield. 15 stage of a ni ckel - nol ybdenum

cont ai ni ng ait al ¥st a ni ckel - cobal t nol ybdenum cont ai ni ng catal yst at

a later stag®03f] aThec Rappart pnstifiica neaNpPRRNtC sieHing tmaterials other
L SRR L SRR o RS
conbi hat | on2prioiofBRICHRER' ACfhe Siptofhorer PefinbfE. 3R 13 addjng the
a1 um nam oxt St AARAARTYT  orl A EHAER, BouoifsBlutn, "d hfihimum

afterga cat aybxiMd Qelaébrﬁhﬂzﬁ%ﬁi@ @6ﬂ1ﬂﬁu€1€?ﬂ‘&&ﬂ?oﬁént§(}n%y ?}J‘: p%%?éreﬁr '

greater and |'ess than 80 % 25by nass based on the tota t mass.

[0036] Furt haid tlee gtaptide aastetikt added tordiallkérrirad afanddygthyadrogite
I nactive FPO7-0210-00

gel. Altematively, 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 activitj 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



filler my be used if necessary in addition to the hydrorefining

catal yst, for the purpose of trapping the sludge portion fdowing in
with the oil to be treated, or supporting the hydrorefm ng catal yst

in separated sections of the catalyst bed. These may be usedF&i07H210-00
al one or in 5conbinations. [0037] The pore volune of the catal yst

used for the invention according to the BET nitrogen adsorption

method is preferably 0.30- 0.85 nug and nore preferably 0.45-0.80

m/g. If th i | i
g. I'f theqabfa¥iohdMhets MaYy B Ihleﬁﬁb?% gtfe?)b'ﬂtiﬂorljﬁlfenu% nickel-

di spersibility of the supported netal w 10 unsati stdctory and

the active sinbbfbdsayinbe rgidkekeobali-mulyBlenith t hendor eidledluiBgsten.
greater than 0.85 m /g, the catalyst strength may be insufficient and
t he cat al ystPrafgrred dengnindtions datong thesef arggniekebiriodpbdemimgnitkel]-
[0038] The nean pore dianeter of the catal yst determned by the 15
nmeasuri ng meetiadt-medybhdansn abdveickel-fmnegstenabl These mmetals azenconnerted

("
preferably 6-9 I f the .nean pore.dianeter is less than 5 nm the
react Pon sub@t%‘ﬁg@e W@tllqgmdf@@@ﬂé%-fi ciently in the pores,

ot 0, et AT Atk 0 R o
caral yst porSEiSnbt bk gredcfon chP REAZTod BpEThbih 8 hERASIE and
descr ! bed aigfyddindI18AAERL29,0( 5300 ndl P e iRy fis 0T &

di aneters o nit and s era constitutes greater than

35 % by vol us@ 99fhy Bhsk Olsabxides ST OlotdTeloal 4 AinohaE YTAtAgste dde

i nvention, any oné of the aforenentioned FPO7-0210-00 catal ysts may
be udéd al ongwlydenuse iblessthanl? s dypheasg the ywaiberatfadcyistesitas tvill
different active netal species or support constituent conponents may
be used. As bxrathiced anid it mayahdtcha possitatto absainfsuificienp hetivity.f eQmt
catal ysts there pay. be_nentjoned usjng_a caqbalt-nml ybdenum

contal ni ng. Ciethot hand At Rescarestenghanp s Yoo fas st gkl fail to
Contan 1 09 CoheLiely PP R DER D b o5
Sk B R 05 o g s
COM 367110 BALISHOR ) 5139 19" o AAIRAE Refraiy 15-12 % by s
o) Furt 1o ORRE B 08 Delmgtod o A ald MR RbS don
inactive fil]@ryBy rhassyseshifitiont cessatyst ioffeetdhdy a6t be dchievedt ald/st
the activity will tend to be reduced. On the other hand, if if 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

11



15 (hydrorefm ng catalyst), for the purpose of trapping the scale
portion flowing in with the oil to be treated, or supporting.he
hydrorefm ng catal yst in separated sections of the catal yst bed.

These may be used either alone or in conbinations. [0042] TheFP(7-0210-00
conditions for contacting the oil to be treated with 20 the catal yst
in the presence of hydrogen are a hydrogen pressure of 2- 13 MPa, a

| i qui d space velocity (LHSV) of 0.1-3.0 111 and a hydrogen/oil ratio

of 150- 1500 Nkl ﬁof, effx gtlné y %ﬁag 4. -aﬁ-é L
l'iquid spacem\l;@‘lg%l y ofsgl ) &%‘% gﬁ%gibdqgs y rfagglﬁl?roie% r 1%5?)’81:(@
380- 1200 NI AgJiaididrar eicd & afhivhahbys6rRIeshesFuhe fippdrt 26 HstVPa,
a space velocity of 0.3-1.5 El and a hydrogen/oil ratio 6f 350- 1000

NL/ L. These meastiredonsl armetdll sdlacbhimrabf abeisamd weluraacsi wdddy for
FPO7-0210-00 and for exanple, if the hydrogen pressure and

hydr ogen/ oi | impitegnatior bEheunpregnaticer method & mutmpartoekrhoeetrictethe
reactivity may_be reduced or the activity may rapidly decrease, On
the ofher haatdl impregnationanayde aecemplishednby npappyepriaie methadb for e
above the upper limts, 5 nmentioned above, it may be, necessary to
make si gni fi®&Anes AmOUGE aRd CalasYE SYPPOBPTEPHESequi prrent .

Also, alo i,quid space velocity will,tend to favor the.rgaction,
but 11 it 003w AeRPRERP The et isiBdS mocustiflageiirpERs
necessary t rovi t j i.Dier and
significant Qﬁh%vxg'ﬁlﬁrgrn? f?@?éi; e%?%ﬁn‘éoﬁ?ﬁ‘ﬁf’g ér'(r%t}glsfggseﬁééégés sﬁa@]y?)\{é\%ﬁ# ggai f
the liquid s (o] id 3 ggdc

the reacti onﬁﬁr'rgrgf3 ﬁ?{e gfr‘%%:ﬁeagﬁﬁggg %%?F?tg?gﬁé’eﬁéé t. 18% ] #ﬁ@\éﬁype
of regctor umel dEfereet activexprtdleshedisst MsuSRGEicohsitueit chhpongatsem
enpl oyed may be in a formw th hydrogen in "15 countercurrent or
cocurrent flmaywbehuseslspeds éxampiesoof snitabke tcoedtiratio of, naltiple
plurality of reactors may be used in a form conbining countercurrent
and cocur r endifferert eatalysisdharenmiayrim inendiodednkinga cabalt-molydbdengwi d
cocurrent flow system may be e{rpl oyed. ﬁ%he I gact or ]%y consi st, of a

singl e one ofoTHaRARGCARLYS Rt of lateioStage @8 menickel-malybagmie copfaiging,
hat is part.itio nt,o

Mgl e o e SRRl SRR SRE O el P
ggg;ﬁrgte T 'Ozeg§t'a§%wf a @J;E?{eg—%n@?gggﬁﬂns UBhEHIAS LRafsP2d hicdl-dobalt-
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
aluminim oxide content of 30 % by rhass 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

12
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for fractionation into hydrorefined oil conprising prescribed
fractions. 25For exanple, it is fractionated into a gas oil fraction
and residual fraction. If necessary it may be further fractionated
into the gas, FP07-0210-00 naphtha fraction and kerosene fi HPO7€0210400
portion of the produced Iight hydrocarbon fraction nay be reforned
with a steamrefornmer to produce hydrogen. Since the hydrogen

produced in.such a manner is carbon neutral because the starting

mat eri al us © ’ ] [ [ ived
efli&omaly iR ﬁe@%’f‘neécleis%{ﬁ) gﬂhﬂ@iﬂ%ﬁr{% the hyﬂioﬁé't‘@ﬁ&g% é%tgﬁgéﬁ,e

hydr ocar bons, the énvironnenta en i s reduced.” Reacti

oxygen and sforfthe pposdseastsrgspitgithe dludgetprgtion lfldwingeint withtthe oflege be
acconpani ed by generation of carbon nonoxi de, carbon di oxide,

hydr ogen sul be deeatead, tdre stippestingndhe bydedrefining smpeystt iinn seperatedt us
or other by-product gas 10renoval apparatus nay be installed between
a plurality ssctioeacfothe oatalyst thed. pr tmagcer ased sither qloga sy in
Hydrogen gas is, usually introduced through the inlet port of the
first“react &Olﬁh}ﬂﬁlﬁﬂﬁg the oil to be treated either before or after

passing thro he. heating f.urnac ut rogen .g al so be 15
Pt T oduced Sia7he i Borheunttts drty £be Leddivsr Eldnden T fryancton
reactors, in t n . LAt ile
mai nt ai ni ng %ygggiélénﬁpﬁ%sgﬁ e D@‘E‘?%é&g %ggérﬁlﬁ{ele%hﬁor&;%r égeggl%ﬂy \Iggjo[i'ogen
i ntroduced i ¥R j I I I t " :
hydr ogen". T?}gggklggortlgfr?r%?rgﬁgﬁgﬁ ')S%g_r(ggg%?'t hH;g% %;ée%hﬂbeols
hydrogen gasptnit ledsic®d0adi/el tHeishmibility of the shippaited m&alPkell deabl v
10- 60 % by volunme and nore preferably 15-50 % by volune. |If the
propdoti on ofnsusfachotyyashid denactive eites hieanbd @edaded kohunmbet.helf the
reaction may not proceed suffici entlgl at the reaction site in the
subsequent spegsyolame ii§ reatepithgoiomidg, theenatalysydtepeth insayteat er
25t han 60 % by vol une, &he reacti on may_not dDrocee,d sufficiently near
the reactor ingpHicigaland thepeptalyst mayoundsyge degradationrgigagBentasionoi |
produced accordi ng to the invention is used as a gas oil fraction
stock, the h§¥#28f%ned oil contains at least a fraction with a

o109 2ot Moy 249906 BeLSEARLI S IR BT g aphens B2

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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5 greater than 0.5 % by nmass, and nore preferably a sul fur content of
no greater than 12 ppm by mass and an oxygen content of no greater .
than 0.3 % by nmass. If the sulfur and oxygen contents are above the

af orementioned upper linmts, this may adversely affect the fiFP0dr0210-00
catal yst used in diesel engi ne exhaust gas treatnent devices, as well
as 10the other engine materials. [0047] The hydrorefined oil produced
according to the invention is particularly suitable for use as a

di esel gas otataBisteRYYbeOhdedsdlBRE, or T CotbiiAicef bNe dhahlighel chalysaed
al one as a diesel gas oil or heavy oil stock, but it may instead be

used as a di esth different hctive hm.'svlyspadlessbnskppdﬂ donetitimct woldporichey
conponents of stocks or the like. As other stocks there may be used
bl ends of t hmayabeousecandAsr examplesnef fswiableo rondtinations ¢fr omltipker al
petrol eum refJ ning steps and the residual fraction obtained fromthe
hydr or ef mi ngdifaraslicasa Fsethefﬁ/w mmentioned asgyme kebpb-makybdenuer a

oy a B Schor 4 Sﬁﬁeﬁ'%ﬂq S et ot | ng:@ﬁbnyﬁfe“@'lﬁﬁa%re By [ o
mater fSFpOSegitﬁfyg?%@Lﬁ%?@l faiF @9'596 U kBl Badlht e Lﬁi%r
Comosed mai AERY ot St g O g B Pk abf )
number s. Thenﬂlﬂ%ﬁrﬁcﬁoxﬂéﬂ Eéﬂ% ?fate %M@F Q%gecoﬂ%snf&ﬁl ﬁﬁg@f%

publicly known process and 1I's articularly restricted

FPO7-0210- Oocé&@ﬂﬁh%ﬂamlygs laﬂdad cébai@-ﬁmdlpb@ém&nﬂﬂﬁlt@hﬁlﬁgleatal stat a

hydr oref t ni ng nmet hod of the invention has a sul fur content of no
gr eatldy t hanladerl stagey ofes snigkel-evbadtcygdybdamine n¢onthimng geatalyst. t Ahan 1
% by mass, and nmay therefore be used as a | ow sul fur heavy o0il stock.

The resi dual nmkabmqiﬁbd@ntans‘@talsstgmayaﬁimba@omblg@@éﬂeﬁm agid/ox after

catal ytic cragckin By supplying a | owsul fur residual fraction to
the catal yti 8l%€¢ & RbinEtioRS, 5 rranner it is possible to produce a

i?é&f?LL“hi@f@z Tt Seelc calaltti i ITFOATIGEE CCraBRr ot By
possi bl ot o TlefiebeBlISe el (REHRE i oberi %"éfi@% Opertll Byt ac
fl'[]g(:tplrsggegz llé}\e/dérntl on %‘ﬁw?{gw &%l neéldftﬁl Pgﬁased

o SAATH o5 EURIBETRSHT 02 e b Pﬁ%%ﬁ%ﬁgﬂf%s%‘ﬁ?t
(Catal yst pregatyat iinrparated 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 a 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 1™ and a hydrogen/oil ratio of 350~

1000 NL/L. These conditions are all factors affecting the reactivity,
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<Cat al yst A> After adding 18.0 g of water glass No.3 to 3000 g of a 5
% by mass sodi um al um nate aqueous solution, the m xture was placed -
in a vessel 20 that had been heated to 65C. Separately, a solutian
was prepared by adding 6.0 g of phosphoric acid (85% concentFB@?'&g}lo“OO
to 3000 g of a 2.5 % by nass al um num sul f ate aqueous solution in a
different vessel heated to 65C, and the sodi um al um nat e- cont ai ni ng
aqueous solution was added as droplet thereto. The end point was
defined as tdmd fomexabple, Whitled hyiroger peskine and hydeogeddsihadtid. 4e and
the obtained slurry product was filtered through a filter to obtain a
cake-1i ke slhelow. thedeorr dixits a@nfionsd pbdve, thekeattikity slayrbey radared
transferred to a vessel equipped with a reflux condenser, and_then

150 n of di%t the astixgdyemayhaapiely dacreaseyo, Qanthe #thejubend, 4bithei on
wer e added and, the m xture s, heated, and stirre atd;ZlSCfor 20,

hours. The dPErPEERARECIHER 2p OBRI/OE Fatith @56 ADOXR dhR MR HBitabove

2 cl oyl EEeIﬁ%%@%a%ﬂaﬁbﬁﬁrTig%a”@’b%%cﬁﬁ{ﬁfﬁééﬁ%%iBf@a”ﬁkéféfé‘l%%;%° B
a1 e actoh 1o @OPO e oo B ehBmet AL £ LB T el
ol ded SUPPQdiocihOLANTEN 5 FiorRhaShdioR0L g it LIBIRR) R onpBEt

into a round- bottone an [ npregnating sol ution contal ni ng

17.3 g of nuhyhdemedbovest Wil beorehatesfirg el irbliddk tréadter with a
hexahydrate, 3.9 g of phosphoric acid (85% concentration) and 4.0 g

of malic aciveryelsrgeimtechdl ntalutieeand asgniffcaht itlestmeng fov tfuipmaitar y
evaporator. The 15 inpregnated sanple was dried at 120C for 1 hour

and {Ben calmayde nacessuy, whilenf dhe liguidispace velotiiy eycogds theaippst t he
prepared catal yst A.,are_shown in Table 1. [0053] <Catal yst B> 3000 g
of a 5 % by lHaismentionad rahoven the deagtion madhaeE Preersdul axenidigianti on
was placed in,a vessel that had been heated to 65C. Separately, 3000
g of a 2.5 %%9“%53 al um num sul f at e aqueous sol uti on was prepared

12 1T ersapasrseal hosl sk YanBoe yang HhE SRR Ticd et sysem.
The, o1, POl Dpasca Edysend TR Sl 3 o PEnpiE i OBREn
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,
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through a filter to obtain a cake-like slurry. FP07-0210-00 [00541

The cake-like slurry was transferred to a vessel equipped with a -
refl ux condenser, and then 150 ml of distilled water and 10 of a

27% ammoni a aqueous sol ution were added and the nixture was %@@ﬂé@lﬂ}Oo
and stirred at 75C for 10 hours. The slurry was then placed in 5 a
kneader and heated to above 80C, and kneadi ng was perforned while
renmoving the noisture to obtain a clay-Ilike kneaded bl end. The

obt ai ned kneagisitthb| Raction andxkéreget dclionan /x8drtear of Hhe 1\p&‘lﬂ&uced
cylindrical formwith a dianeter of 1.5 mm dried at 110C for 1 hour

and then cal ightehydtocafing fractibh anay demefoteaed witloatsteafi[ 1@faTherAfat er
placing 50 g of the nplded support into a round- bottoned flask, an
i npr egnat i ngpEsiugehyidregan. ai bineg the hydgogen pesidased nnrsuchizomiasper 3. 2
g of nickel (Il1) nitrate tlleé(cahydr te, 3.9 g of pqosph&ric acid (85%
concent r at i ofgtoeRd ngutaly hecants | thea stagtingsmagerialegised: &on ke steam

was i ed atioBEr SSHGHY ar ¢ HORTIS STl s 0 rCgRoaen e
catel VSt Zu5rhaReat 588 i RAnRERCOGIRal Atk Bofeh ARPHIAS
content (% by,fRR: cORIRRICH THPRAT to B Beaftl fay be accompanied by
generation of carbon monoxide, carbon dioxide, hydrogen sulfide and
the like, and a gas-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 infroduced 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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100 Si 02 cont ent (% by mass, based on support nass) 4.8 - P§05
content (% by nmased on support ..1 4.0 . MO3 content (% by nass,

based on catal yst mass) 24.0 24.0 Ni O content (% by nmass, b
catal yst mass) 2.6 aﬁ1§87-%510-00

[0046] When a hydrorefined oil produced according to the invention
is used as a gas oil fraction sfock, the hydrorefined oil contains at least
a fraction with a boiling point of 260-300°C, preferably with a sulfur
content of no greater than 15 ppm by mass and an oxygen content of no
5 greater than 0.5 % by mass, and more preferably a sulfur content of no
greater than 12 ppm by mass and an oxygen content of no greater than
0.3 % by mass. If the sulfur and oxygen contents are above the
aforementioned upper limits, this may adversely affect the filter or
catalyst used in diesel engine exhaust 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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2.5 P205 coFltent J% 12y mass, based on catal yst nmass) 4.0 4.0 Pore
vol une (nug) 0.75'0.47 Mean pore dianmeter (nu) 7.0 5.2 Proportion of

t ot al

smal ler (% by volune) 22 39 [0057] (Exanple 1)

10

15

20

25

pore volunme due to pores with pore dianeters of 3 nmu a

M807-0210-00

[0048] The residual fraction obtained by the hydrorefining method of
the invention has a sulfur content of no greater than 0.1 % by mass and
an oxygen content of no greater than 1 % by mass, and may therefore
be used as a low-sulfur heavy oil stock . The residual fraction is also
suitable as a feedstock oil for catalytic cracking. By supplying a low-
sulfur residual fraction to the catalytic cracker in this manner, it is
possible to produce a low-sulfur gasoline stock or other fuel oil stock.
The residual fraction may also be used as a feedstock oil for
hydrocracking. By supplying such a residual fraction to a
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
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
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 suifate aqueous solution in al 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 mixture reached 7.0, and the obtained slurry
product was filtered through a filter to obtain a cake-like slurry.
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A first reaction tube (inner dianeter: 20 mm packed with catalyst A

5 (50 mM) and a second reaction tube (inner dianeter: 20 nmm) packed
with the sane catalyst A (50 m) were installed in series in %fi&ed
bed circulating reactor. Next, straight-run gas oil includi ng 07-0210-00
di ret hyl disulfide added (sul fur content: 3 % by nass) was used for
presul furizing of the catalyst for 4 hours under conditions with a

10 catal yst |ayer nean tenperature of 300C, a hydrogen parti al

pressure of WOSLE &heacdkieslike shprpcway etamsidryedto 4 vedselampipped with
hydrogen/oil ratio of 200 NL/L. [0058] After the presulfurizing,

di met hyl sul 2 ireBu¥ieeonglgnsar, ead ghem 160 ml ohdispilled wateviandt b0 ke of a

treated with sul fur content of 51, ppm by 15nmass, and it, was
hydr or ef ed. 2% Y RORAN §AHSORY Spﬁmﬂ Wer aaded dade thayaaixgues) avay m |

o MRS e A e v,
e 1555 oo SRR g OEHLAER LBy sBEs e Bl G LA
poport, o) Shibidaetes: eenipssais el R ertigal st
hydrogen i nt slo@ieeld knebded Nslehd divag etthded fﬁsﬁﬁ%dﬁ{ %dihﬂl%ﬁ ot AR

total hydrogen introduced was 500 NL/L. The restlts are shown in

Table 2. [00&58ind{&iidenatwitk ardiampter 4f 1.5 mnhlydried af 10070 ford kaur i ed
out in the sanme manner as Exanple 1, 10except that catal yst B was -

used i nst eadand theat calgined At 530 te sbtdis aaneldedampport. Tabl e 2. [ 0060]
(Comi%r al Ve[O%%%Tpllfﬁezr) 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(TX) 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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Hydrorefufing was carried out in the same manner as Exanple 1, except
that the reaction tenperature for the hydrorefining in the first

15and second reaction tube was 160C. The results are shown iE @3#;

2. [0061] Hydrorefining was carried out in the sane manner a PR{A12]1000
1, except that the reaction tenperature for the hydrorefmng in the
first and second reaction tube was 410C. The results are shown in

Tabl e 202. FP07-0210-00 [0062] [Table 2] Exanple 1 Conp. Ex. 1

Conp. Ex. 2 [0054] The cake-like slurry was transferred to a vessel equipped with

a reflix condenser, and then 150 ml of distilled water and 10 gofa
27% ammonia aqueous solution were added and the mixture was
heated and stirred at 75°C for 10 hours. The slurry was then placed in

5 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 support.

10 [0055) Afier 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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Comp. Ex. 3 Catal yst Cat al yst A Catalyst B Catalyst A Catalyst A

Oxygen content (% by nass,

<0. 2

1.6

10

15

based on t ot al

[0056] [Table 1]

hydrorefined oil) <0.2 0.8
¥P07-0210-00

Catalyst A Catalyst B

Al,Os content

{% by mass, based on support mass) o1.2 100
Si0; content 4.8

(% by mass, based on support mass) ' -
P,05 content 40

(% by mass, based on support mass) ) )
MoOj3 content
(% by mass, based on catalyst mass) 240 24.0
NiO content 26 25
{% by mass, based on catalyst mass) ) )
P»05 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

{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
disulfide added (sulfur content: 3 % by mass) was used for
presulfurizing of the catalyst for 4 hours under conditions with a
catalyst layef 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
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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Sul fur content (ppm by ﬁass, based on total hydroreftned oil) <1 <1 8
6 Yield (% by mass, basedon feedstock oil) CL-C4 (fraction with

b.p..<,80C) 2.2 1.9 1.7 3.0
FP07-0210-00

conditions for hydrorefining were a reaction temperature of 280°C in

the first and second reaction tube, a pressure of 10 MPa and a liquid

space velocity of 0.6 h. The volume ratio (quench hydrogen

proportion) of hydrogen gas introduced between the first reaction tube

5 and second reaction tube was 20 % by volume of the total hydrogen

introduced, and the hydrogen/oil ratio determined by the total hydrogen

introduced was 500 NL/L. The results are shown in Table 2.

[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)

Bydrorefining 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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Napht ha (fraction with b.p. 80-135C) 0.0 0.0 0.0 7.5 Kerosene
(fraction with b.p. 135-250C) 0.0 0.0 0.0 9.0 Gas oil (fraction with
b. p. 250-350C) 82.6 FP07-0210-00

[0062] [Table 2]

Example | Comp. Comp. Comyp.
1 Ex. 1 EBx.2 Ex.3
Catalyst Catalyst | Catalyst | Cafalyst | Catalyst
A B A A
Oxygen content
% by mass, based on total hydrorefined oil) <0.2 0.8 1.6 <02
Sulfur content
(ppm by mass, based on total hydrorefined oil) <1 <1 8 6
Yield Cl1-Cc4
(% bymass, | (fraction with b.p. <80°C) 22 1.9 1.7 3.0
based on | Naphtha
feedstock oil) | (fraction with b.p. 80-135°C) 0.0 0.0 0.0 75
Kerosene
(fraction with b.p. 135-250°C) | 0 0.0 0.0 9.0
Gas oil
(fraction with b.p, 250-350°C) | 526 802 | 792 | 653
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80.2 79.2 65.3 CLAIMS: 1. A hydrorefining method characterized by
contacting an oil to be treated conprising an oxygen-contai ni ng -
hydr ocar bon conpound and a sul fur-containi ng hydrocarbon conpound

W th a‘éﬁéﬂ¢§§t conprising a porous inorganic oxide conprising two or
nore el *sel ected fromanong al um num silicon, zirconium

boron, titanium and magnesi um and further containing the el enent
phosphorus, and two or nore netals selected from anong cobalt,

mol ybdéhum Ani leicspredining arefbodncharppierized by eandagindo@s pioioghei treated

yar oot iR, 2R 8RS sOHRIARG e BB e aRRRkAL i 8 SUrd-congeining
hydr ogeydeddarbahi eo@ipolh@- B0 aNldatalgstd cariRMid oA permper aoiganiel oxide

180- 380C, . wherein the hydrogen gas conprises a first hydrogen

gas i ntGOGRRIER0 BMp 67 AaTg aleraedis salectsd fiane amancalymingrac siteohyzircogim,
i nt _ . .

Sas. LR S BREReUA 808 Byney copu LR A ARAIHERGS

10- 60%tivp oromone metals selpoted fvarhuamond cobeltcmichtbdehuing rickd)-dhdBfungsten
m /g, a nmean gore dianeter is 5-11 nm and a lprogortion of the pore

vol une SYRROHEd o dke \Rarpus dnqraanisnexide snahespieselre A nhidregen angdounder
gr eat ercfomﬁfam%%%ﬁrﬁ% gvg{;dggﬁa@%s%ﬁe%fai-1ﬁwﬁvgli 8-spafe v-érb%ityiogo.1-3.0

hydrorefl ni ng net erein the oxygen content
0. 1- 15% hya mesegamil raio ofil 501500 Mightanidsa fegntion bympesatuklebiBiva8e°C;

based on the total t of the oil to be treated 3. The .
nyar or o i ni B dASaBUeRy GRS CPATRISSSoP STtaben s introduced

0XY gen-AhthRigihedoin ¥H HaaRs A M Asedad HyarédiBhs Hitroduced as a quench
veget abl e-derived fat and oil conponents. = 4.7 The hydrorefining

met hod hwegegeti:ng to anyone of clainms 1 to 3, wherein a proportion of
conpounds wi.t triglyceride structure anmng th gen- co i Ni.Ng.
hydr ocar bon "E'E‘?{%tht%p %0056%] 6’)?/ tﬁ%lsegpnaﬁ'gg{ en %ag)%ﬂ-. ?espe'gt 76 th8%irst
hydrogen gas is 10-60% by volume; and
a pore volume of the catalyst is 0.30-0.85 ml/g, a mean pore diameter is 5-11 nm,
and a proportion of the pore velume due to pores with pore diameters of 3 nm and

smailler is no greater than 35% by volume of a total pore volume.

2. The hydrorefining method of claim 1, wherein the oxygen content is 0.1-15%
by mass and the sulfur content is 1 ppm by mass-1% by mass based on the total

amount of the oil to be treated.

3. The hydrorefining method according to claim 1 or 2, wherein the oxygen-
containing hydrocarbon compounds are animal or vegetable-derived fat and oil

components.
4. The hydrorefining method according to anyone of claims 1 to 3, wherein a

proportion of compounds with a triglyceride structure among the oxygen-containing

hydrocarbon compounds is 90% by mol or greater.
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