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biomass energy as a strategy for preventing global warming. In
particular, plant-derived biomass energy is "carbon neutral" because it
10 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
15 extensively researched in the field of transportation fuels. For
example, if fuels derived from animal and plant 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
20 fuels utilizing fat and oil components derived from animal or plant oils
include fatty acid methyl esters. Fatty acid methyl ester oils are
produced by basic catalyst-mediated transesterification of methanol on a
triglyceride structure, which is the general structure for fat and oil
components derived from animal and plant oils.
25 [0004] However, as described in Patent document 1 identified below,

the process of producing fatty acid methyl esters necessitates treatment



of the glycerin by-product, or requires cost and energy for purification of
the product oil. [0005] Another problem in addition to those nentioned
above, is also associated with the use of animal and plant-degkﬁgq §§§4ﬁpd
oil 5 components or fuels produced using themas starting materi Ig.
Specifically, since animal and plant-derived fat or oil conponents
general ly have oxygen atons in their nolecules, there is a risk of the
oxygen adversely affecting engine naterials and the oxygen can be difficult
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difficult to remove to minimal concentrations. When an animal or
10 plant-derived fat or oil component is mixed with a petroleum-based
hydrocarbon fraction, it has not been possible in the prior art to
sufficiently reduce both the oxygen content in the fat or oil component
and the sulfur content in the petroleum-based hydrocarbon fraction.
[0006] Research has therefore been carried out on methods of
15 deoxygenation by hydrotreatment (hydrodeoxygenation) of animal and
plant-derived fat and oil components to produce fuel oils composed of
hydrocarbon oils (for example, see Patent documents 2 and 3).
[Patent document 1] Japanese Unexamined Patent Publication No.
2005-154647
20 [Patent document 2] EP1396531A2
[Patent document 3] WO2006/100584A2
Disclosure of the Invention

Problems 1o be Solved by the Invention

[0007] Incidentally, chlorine-containing fuel oils have the potential to
25 adversely affect engine members and flue gas treatment catalysts.

However, the prior art described in Patent documents 2 and 3 mentioned



removal .  [0008] When a feedstock oil contains inmpurities, it is generally
considered preferable to first renove the inpurities before the feedstock 5
oil is supplied for treatnent. However, the addition of such a t pent
step can increase production cost for the fuel oil. [0009] Thefﬁgkﬁégﬁgﬁﬂf
renoving the chlorine fromthe feedstock oil may be water washing or the
|l i ke, but investigation by the present inventors has shown that animal and
pl ant-derived fats and oils contain 10 chlorine that is difficult to renove
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10 chlorine that is difficult to remove by water washing and the like.
Consequently, as the adverse effect of chlorine has come to be
recognized in the prior art it has become necessary to selectively use
fats and oils that contain essentially no chlorine, and this has reduced
the degree of freedom in selection of feedstock oils.

15 [0010] It is therefore an object of the present invention to provide a
process whereby during production of hydrocarbon oil using a feedstock
oil comprising oxygen-containing organic compounds and
water-insoluble chlorine-containing compounds, it is possible to
sufficiently reduce the oxygen content and unsaturated content of the

20 hydrocarbon oil while efficiently and reliably removing the

water-insoluble chlorine-containing compounds in the feedstock oil.

Means for Solving the Problems

[0011] In order to solve the problems described above, the invention

provides a method for manufacturing a hydrocarbon oil characterized by
25 comprising a first step in which a feedstock oil comprising

oxygen-containing  organic compounds and  water-insoluble



at | east one netal selected fromanong netals of Goup VIA and Goup VIII
of the Periodic Table supported on the support, in the presence of 5
hydrogen, to produce a hydrocarbon oil and water by hydrodeox%%ﬁggkg%@ 86
t he oxygen-contai ni ng organi ¢ conpounds and convert the water-i 1-gtit’e
chl ori ne-cont ai ni ng conpounds into water-soluble chlorine-containing
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oil, water and the water-soluble 10 chlorine-containing conpound, and a
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10 chlorine-containing compound, and a second step in which the water

containing the water-soluble chlorine-containing compounds is
separated from the reaction product to obtain a product oil containing
the hydrocarbon oil.
[0012] The term "hydrodeoxygenation" according to the invention
15 means treatment that removes an oxygen atom in an oxygen-containing
organic compound and adds hydrogen to the cleaved portion. For
example, fatty acid triglycerides and fatty acids have oxygen-containing
groups such as ester groups and carboxyl groups, respectively, and
hydrodeoxygenation removes the oxygen atoms from the
20 oxygen-containing groups, converting the oxygen-containing organic
compounds to hydrocarbons. Either of two major reaction pathways
may be taken for hydrodeoxygenation of the oxygen-containing groups
of fatty acid triglycerides and the like. The first reaction pathway is a
hydrogenation pathway wherein reduction occurs via an aldehyde or
25 alcohol while maintaining the number of carbon atoms of the fatty acid

triglyceride, for example. In this case, the oxygen atom is converted to



renoved as carbon dioxide. In the hydrodeoxygenation according to 5 the

I nvention, these reactions proceed in parallel, such that hydrocarbons,

wat er and carbon di oxi de are produced when an oil to be treated édfedstock
oil) containing an aninmal or plant-derived fat or oil is subj&ie
hydrotreatnment. [0013] The reaction schene for hydrodeoxygenation of a
stearic acid 10 alkyl ester, as an exanple, is represented by the foll ow ng
formulas (1) and (2). The reaction schene represented by formula (1)
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const it Uent ol ST & ARl oS, the i ecular formias of (o
accordi ng tfOUB] The reaction scheme for hydrodeoxygenation of a stearic acid
10 alkyl ester, as an example, is represented by the following formulas (1)
and (2). The reaction scheme represented by formula (1) corresponds
to the first reaction pathway described above, and the reaction scheme
represented by formula (2) corresponds to the second reaction pathway.
In both formula (1) and (2), R represents an alkyl group.
15 Cy7H3sCOOR+4H, — CigH3gt2H,0+RH (1)
Cy7H35COOR+H, — Ci7H36tCO+RH (2)
[0014] In the first step according to the invention, hydroisomerization
may take place with the hydrodeoxygenation. The term
"hydroisomerization" used for the purpose of the invention means
20 isomerization from a straight-chain hydrocarbon backbone to a
branched hydrocarbon backbone by hydrotreatment.  Specifically,
"hydroisomerization" according to the invention includes isomerization
from a normal paraffin to an isoparaffin, as well as isomerization
reaction from the straight-chain hydrocarbon chain of an
25 oxygen-containing organic compound with a straight-chain hydrocarbon

chain, to a branched hydrocarbon chain. The hydroisomerization takes



5 the invention produces a hydrocarbon oil through the aforenmentioned first
and second steps even when using a feedstock oil conprising
oxygen-cont ai ni ng organi ¢ conpounds and wat er-i nsol ubl e chlorgg -qﬁgggi i ng
conpounds, so that it is possible to sufficiently reduce the @éé nt'ent
and unsaturated content of the hydrocarbon 10 oil while efficiently and
reliably renoving the water-insoluble chlorine-containing conpounds in the
feedstock oil. That is, a hydrogenation catalyst used according to the
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10 oil while efficiently and reliably removing the water-insoluble

chlorine-containing compounds in the feedstock oil. That is, a
hydrogenation catalyst used according to the invention exhibits high
catalytic activity for hydrodeoxygenation of oxygen-containing organic
compounds and conversion from water-insoluble chlorine-containing
15 compounds to water-soluble chlorine-containing compounds.
Furthermore, since the water-soluble chlorine-containing compounds
migrate into the aqueous phase produced as a by-product in the first
step, the by-product water may be separated in the second step from the
reaction product of the first step to allow sufficient reduction of the
20 oxygen content or unsaturated content of the obtained hydrocarbon oil
and efficient and reliable removal of the water-insoluble
chlorine-containing compounds in the feedstock oil. When the
feedstock oil contains water-soluble chlorine-containing compounds,
the water-soluble chlorine-containing compounds may of course be
25 removed together with the water in the second step.

[0016] As mentioned above, it is the conventional wisdom that



chl ori ne-cont ai ni ng conpounds by the catalytic action of a specific
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10 dominant in order to reduce the amount of hydrogen consumption

during hydrodeoxygenation, but according to the invention the water
by-product of hydrodeoxygenation is essential, and thercfore the first
reaction pathway (formula (1)) is preferably dominant. Therefore, the
effect of the invention, whereby it is possible to obtain a hydrocarbon

15 oil with a sufficiently reduced oxygen content and unsaturated content
from a feedstock oil comprising oxygen-containing organic compounds
and water-insoluble chlorine-containing compounds, and to efficiently
and reliably remove water-insoluble chlorine-containing compounds in
the feedstock oil, may be said to be a very unexpected effect from the

20 viewpoint of the level of the prior art.
[0017] According to the invention, the oxygen content of the feedstock
oil is preferably 1-15 % by mass and the chiorine content of the
feedstock oil is preferably 0.1-50 ppm by mass, based on the total
amount of the feedstock oil.

25 [0018] The "oxygen content" according to the invention is the oxygen
content as measured by the method described in UOP-649. The



the first step. [0020] Furthernore, according to the invention, preferably
the oxygen-containing organi c conpounds in the feedstock oil are animal 10
and plant-derived fats and oils, and the proportion of conpoun j y
acid and/or ester structures anong the animal or pIant-derived?ﬁ)é)\[%a:bﬂgi%%}d
oils is preferably at least 90 nmol % [0021] Al so, according to the

i nvention, the porous inorganic oxide of the hydrogenation catal yst
preferably conprises two or nore elenents 15 selected from anong al um num
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oxygen-containing organic compounds in the feedstock oil are animal

10 and plant-derived fats and oils, and the proportion of compounds with
fatty acid and/or ester structures among the animal or plant-derived fats
and oils is preferably at least 90 mol%.

[0021] Also, according to the invention, the porous inorganic oxide of
the hydrogenation catalyst preferably comprises two or more elements

15 selected from among aluminum, silicon, zirconium, boron, titanium and
magnesium.

[0022] In the first step according to the invention, preferably the
feedstock oil and hydrogenation catalyst are contacted under conditions
with a hydrogen pressure of 2-10 MPa, a liquid space velocity of 0.1-3.0

20 h, a hydrogen/oil ratio of 150-1500 NL/L and a reaction temperature of
150-380°C.

[0023] Furthermore, according to the invention, preferably the product
oil has an oxygen content of not greater than 1 % by mass, a chlorine
content of not greater than 0.1 ppm by mass and an iodine value of not

25 greater than 0.1, based on the total amount of the product oil.

[0024] The term "iodine value" used according to the invention refers to



efficiently and reliably renoving the water-insoluble chlorine-containing
conpounds in the feedstock oil, when the 10 hydrocarbon oil is produced

using a feedstock oil conprising oxygen-containing organic coqggﬁgéﬁ q%a
wat er -i nsol ubl e chl ori ne-contai ni ng conpounds. Best Mdes for B '%g“ t
the Invention [0026] Preferred enbodi nents of the invention will now be
described 15 in detail. [0027] The first step according to the invention is
a step in which a feedstock oi | conprising oxygen-contai ning organic
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chlorine-containing compounds in the feedstock oil, when the
10 hydrocarbon oil is produced using a feedstock oil comprising
oxygen-containing  organic compounds and  water-insoluble
chlorine-containing compounds.
Best Modes for Carrying Out the Invention
[0026] Preferred embodiments of the invention will now be described
15 in detail.
[0027] The first stép according to the invention is a step in which a
feedstock oil comprising oxygen-containing organic compounds and
water-insoluble chlorine-containing compounds is contacted with a
hydrogenation  catalyst composed of a porous inorganic
20 oxide-containing support and at least one metal selected from among
metals of Group VIA and Group VIII of the Periodic Table supported on
the support, in the presence of hydrogen, to produce a hydrocarbon oil
and water by hydrodeoxygenation of the oxygen-containing organic
compounds and convert the water-insoluble -chlorine-containing

25 compounds into water-soluble chlorine-containing compounds, to

obtain a reaction product comprising the hydrocarbon oil, water and the



animal or plant-derived fat or oil conmponents, and the fat or oil 10
conponents separated and purified therefromor fat and oil derivatives
produced or manufactured by chem cal conversion using them as ;ﬁ; hgag
materials, and it includes conpositions conprising the foregoi éﬁﬁ #H%r
conponents added for the purpose of supporting or enhancing product
performance. 15 [0029] As exanples of animl and plant-derived fat and oi
conponents there may be nentioned tallow, rapeseed oil, soybean oil, palm
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10 components separated and purified therefrom or fat and oil derivatives
produced or manufactured by chemical conversion using them as
starting materials, and it includes compositions comprising the
foregoing and other components added for the purpose of supporting or
enhancing product performance.

15 [0029] As examples of animal and plant-derived fat and oil components
there may be mentioned tallow, rapeseed oil, soybean oil, palm oil and
the like. The animal or plant-derived fat and oil components according
to the invention may be from any fats or oils, and may even be waste oil
from use of the fats or oils. From the standpoint of carbon neutrality,

20 however, they are preferably plant-derived fats or oils, and from the
viewpoint of fatty acid alkyl chain carbon number and reactivity,
rapeseed oil, soybean oil and palm oil are especially preferred. Any of
the above-mentioned fat or oil components may be used alone, or two or
more thereof may be used in admixture.

25 [0030} Animal and plant-derived fat and oil components have a general
fatty acid triglyceride structure, but they may also include fat and oil

10



10 90 nol % or greater, nore preferably 92 nol % or greater and even nore
preferably 95 nol % or greater. Al so, conpounds with a triglyceride

structure are preferred anbng oxygen-contai ni ng organic conpo%lig}% é&éh O';m
ester structure fromthe viewpoint of reducing carbon dioxide -0428r0 15

[ 00321 The feedstock oil may contain chem cally derived conpounds such as
pl astics or solvents in addition to the aninmal or plant-derived fat or oi
conponent s as oxygen-contai ning organi ¢ conpounds, and may further contain

oy AR el B e FARP SR BE s s TR,
conLent of U SEIReC184kyke AEROBEBHLYE Fek? abion PG el S0 o 20
513 % 0% i PRSI it bR oS, AR ROy n oXygen
Dy P oduct NI iR GO MR BT !
R T S TR RER T S N
stenoth ok BiAesRaRLaRygst ol yot due Lo Inferaction belueen the vater
vater ol thbS) Res Gtk RS e AL R AHHn PEnhGabhe e,

comt et el Y et SRR e RS AR AN SRS s

Sy ems or gl cHRSARY AR oMt JhIAY TBd K ofFid AR o1 v

10 90 mol% or greater, more preferably 92 mol% or greater and even more

preferably 95 mol% or greater. Also, compounds with a triglyceride .
structure are preferred among oxygen-containing organic compounds -
with an ester structure from the viewpoint of reducing carbon dioxide
emissions.

15 [0032] The feedstock oil may contain chemically derived compounds
such as plastics or solvents in addition to the animal or plant-derived fat
or oil components as oxygen-containing organic compounds, and may
further contain synthetic oils obtained by Fischer-Tropsch reaction using
a carbon monoxide/hydrogen synthetic gas as starting gas.

20 [0033] The oxygen content of the feedstock oil is preferably 1-15 % by
mass, more preferably 2-15 % by mass, even more preferably 3-14 %
by mass and most preferably 5-13 % by mass, based on the total amount
of the feedstock oil. An oxygen content of less than 1 % by mass will
tend to result in insufficient water by-product by hydrodeoxygenation,

25 thus reducing the chlorine removal efficiency. On the other hand, an

oxygen content of greater than 15 % by mass may require extra
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[ 0035] The ability to use a feedstock oil containing water-insoluble

chl ori ne-cont ai ni ng conpounds according to the invention is useful fromthe
st andpoi nt of freedomin selection of the feedstock oil supplkﬁgo fﬁ#

hydr odeoxygenati on. The feedstock oil used for the invention §5 %ﬁ%%@r

i ncl ude wat er-sol ubl e chl ori ne-contai ni ng conpounds. The

chl ori ne-cont ai ni ng conpounds may be judged as water-sol uble or

wat er -i nsol ubl e by, for exanple, mxing the sanple with an equival ent

For a prescrTBunSa: I8 Sea ot oF O Ml PRl B TIPS Isl g the

hl ori (104 LR&H f th
Feedst ook ol ety ap SrAfY Bt RaBgSE sur it 18 R BRLRRIGR RS 150
ppm by nass d}?‘%%ﬁlelfeg(}%%@@% beRkén a{g)%tt?gé%% %gﬁwnggngﬁHm . I'f the chl orine

content of the ol I “excee e anmounts of

ncr cased NVVRE TR hadonkyg Skt anidr SRbpHedl 00 SR o dnBR ot or
may Tncl ude Tt a T PRI, DVl B s8e Bl R e B e i ng
ol el s, ahdignae SpOMERE cibodhds FRISRARDEL 1B J3aRE! SmbRABNS val e,

5 Accor di ng 4 aeklBol NPT BlnidRSreliOthAle 1HE) Uiad! LENEHIGRISRtRe IS

preferably ( eks. I'ne value of greater than

| h Fici f ok ix'uli
ower the reantd A {ﬂﬁl@@&ﬁ&)%ﬁ{gé{g %ﬂggﬁf?ﬁ@%@f&b@'ﬁ@%ﬁgﬁls iy e1:)1f~.1r1’t

oxygen- cont al ni-ng  organi ¢ €O ersion from r-insol uble
o o1 e COMBBMAEI Sy ek A sl SIHSLLI SIS
hydﬁﬁgenati?ﬁeH%ﬁﬁﬁﬁf@hhﬁ@ﬁbﬂQﬁﬁﬂaﬂﬁﬁe difficult to
[0035] The ability to use a feedstock oil containing water-insoluble
chlorine-containing compounds according to the invention is useful
from the standpoint of freedom in selection of the feedstock oil supplied
for hydrodeoxygenation. The feedstock oil used for the invention may
15 further include water-soluble chlorine-containing compounds. The
chlorine-containing compounds may be judged as water-soluble or
water-insoluble by, for example, mixing the sample with an equivalent
amount of distilled water at ordinary temperature and shaking the
mixture for a prescribed period of time, and then quantitatively
20 analyzing the chlorine content in the aqueous phase.
[0036] The chlorine content of the feedstock oil is preferably 0.1-50
ppm by mass and more preferably 0.1-20 ppm by mass based on the
total amount of the feedstock oil. If the chlorine content of the
feedstock oil exceeds 50 ppm by mass, the amounts of chlorine,
25 hydrogen chloride and chloride ion by-products will be increased during

the hydrodeoxygenation, risking corrosion of the reactor.
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control the reaction. [0038] The feedstock oil may consist entirely of

animal or plant-derived fat and oil conponents, or these may be in

adm xture with other oil 15 stocks. The other oil stocks may
petrol eum based fractions, fractions obtained by distiIIaticn1¢#h§ﬂQ%&3'%Ql,
or fractions obtained by refining of such fractions by hydrodesul furization
or hydrocracking. The boiling point of another oil stock mxed with the
feedstock oil is preferably in the range of 100-400C and nore preferably in

h 2602771 1PR: i - der | 0t AL

Lhe ranoe Zei71260s 390G W RBANAN PR e AR it spngk!
U T BT R, Bl A
W21 o5 R SRR B O e R TR R

[ ity. ' h d.ni | ' h ' t : j L i nt of
vhscost . o S8 SheqRidhcual bk Orlsrk B SAUP ! RO Bl Ui POl of
or myr e Par ALEHHAhESd Mo HAVERRBRI (HOSBILNE salke oF fiRedoaduaok s g1 |- Lhus

produci ng nore undesirabl'e exhaust gas. Irst step according

to the inve éfé’fhb‘loiiqg@ 6131e$§.?dA§1 iotiRY¥ %ﬁ%&egﬁgl‘éé‘ﬂercﬂfaﬁl 25} \Aﬁﬂ%fl&sl%”g a

por ous i norganic e-contai ning suppor one or nore netals Sel ected
f Vi V 4.0di 6eT
ng?o??gggoW%esgﬁpc%?&%%r oeri‘;ﬁt6 E%lcg g\;\ﬁgroi ?\Lb( Hg(?(ﬁ&%({rj)gfg]e@%ﬁ;’oﬁp'r ggi ﬁgkte he
fal vii o _ .od : L one and . ¢
wator 1 nsol U1 BRialEn oBRET K REaAh, o RN R S Grag ahe! on Trom
chi ori ne- copAliGluHE ARl dhaAlAhENALOROLEAS! | B white sBydsigoenat i on
pre sele

catal yst suppor érably conprises two of -nore cted Trom anong
10 chlorine-containing compounds (dechlorination, etc.), and increase heat

release by olefin hydrogenation reaction, making it more difficult to
control the reaction.
[0038] The feedstock oil may consist entirely of animal or plant-derived
fat and oil components, or these may be in admixture with other oil
15 stocks. The other oil stocks may be petroleum-based fractions,
fractions obtained by distillation of crude oil, or fractions obtained by
refining of such fractions by hydrodesulfurization or hydrocracking.
The boiling point of another oil stock mixed with the feedstock oil is
preferably in the range of 100-400°C and more preferably in the range
20 of 160-390°C. When an animal or plant-derived fat or oil component
is supplied for the method for manufacturing a hydrocarbon oil
according to the invention, a fraction with a boiling point corresponding
to gas oil is obtained as the major fraction, but if the oil stock is lighter
than a boiling point of 100°C, it may not be possible to satisfy quality
25 standards for gas oil stocks, such as flash point and kinematic viscosity.

Also, if the added oil stock is heavier than a boiling point of 400°C, the
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al um num silicon, zirconium boron, titanium nagnesium and zeolite, and
nore preferably is an inorganic OXIde (whi ch includes conplex 15 oxides
conprising al um num oxi de and other oxides). [0040] When the

i norgani c oxide contains alumnumas a constituent el enent, ?ﬁﬁ) ﬁ%%?Aﬁ%1
content is preferably 10 % by mass or greater, nore preferably 15 % by mass
or greater and even nore preferably 20 % by mass or greater as alum na
based on the total 20 anobunt of the porous inorganic oxide. If the al um num

catal yst stranmiy TR Sierar oy PpBuafed b AR A RIAR Y. iy
w il tend tg edugsen Heogﬁlls Highea @raefgé’l Ba" t@ﬁgaﬁf n%'tﬁbi‘é’ns on the
met hod of i ntr uci ng 0, 18 con, zirconium ~boron’ i um arkd ragnesi um

into the s iraBfe SehsRpehit uent el ements of the support in addition to
Llﬁgi%'s ra Ffi
al um num an ution containing the elements may be used as the

starting n‘ﬁ[geg OfIn, 1 {HRP A 2 dind 1o R Rhfentioh e TRY e U2 ed 29

silicic aci ass ica so I"r'ke ron may e used as

bor 12614 b i caBhoSPRAE Yo oagqﬂoggarﬁg%aae itk or as an

al kal i rreta p oric tanium e use I tani um

sul fide, ti hg@bm&&tdlecef Aderial? RO Trahkanbig He ofacggo@rconi um

may be use zirconfum's ate or various alkoxi The

porous ino Vfﬂcegmp’f}l% ggWﬂ%?bd% P&T@ﬁ{c”ﬁ’aﬁl@os@n%dﬁé@ orft ﬂgﬁgﬁr om anong

al um num si Zirconi um boron ani um magnesi um fror e

f bl
G 1 con, | iy DR TE MBSOl OF (IR%S: SATeYkE é%%ﬁ%ﬁ@%? "%}ﬁﬂ“ﬂ} S Bt i on
tal yst t |
mor gani ¢ opjlegRife AR ARt ke SRRRNIBHT R |k "?ﬁfelg@?‘}’s? o
strygture QhhgAte-ddataintfEr cdfbounds to water-soluble chlorine-containing

compounds (dechlorination reaction), the hydrogenation -catalyst

support preferably comprises two or more selected from among
aluminum, silicon, zirconium, boron, titanium, magnesium and zeolite,
and more preferably is an inorganic oxide (which includes complex
15 oxides comprising aluminum oxide and other oxides).
[0040] When the porous inorganic oxide contains aluminum as a
constituent element, the aluminum content is preferably 10 % by mass
or greater, more preferably 15 % by mass or greater and even more
preferably 20 % by mass or greater as alumina based on the total
20 amount of the porous inorganic oxide. If the aluminum content is less
than 10 % by mass as alumina, the catalyst acidity, catalyst strength and
surface area will be insufficient and the activity will tend to be reduced.
[0041] There are no particular restrictions on the method of introducing
silicon, zirconium, boron, titanium and magnesium into the support as
25 constituent elements of the support in addition to aluminum, and a

solution containing the elements may be used as the starting material.
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MEL, MAW TON, AEL or MIT, based on the structural codes 15 established the
International Zeolite Association. [0044] Two or nore netals selected from

anong el ements of Group VIA and Group VIII of the Periodic
supported on the porous inorganic oxide serving as the suppﬁd)g@z%hgge

netals, preferably one or nore netals selected fromanong Ni, Co, Pt,
Ru, Rh, Ir, M and 20 Ware supported, and nore preferably one or nore
netals selected from anong NN, Pt, Pd, Ru and M are supported. As et al

conbi nat | of: eiiifeBYCAS # 9tgegg§§d \%'g}ﬁdﬁl\&ﬁ\%‘l vedlenBlassy siflpao]
are preferges Eﬁs BYRPRENAA A8l Borela gt (8D PHOBAG I 5 may be a

conmbi nation o V\D or nore eren Sts ¢co nt por ous

L WA AT S S i
ﬁ;gfggéna?ﬁgn ca Qﬁ‘ﬁt S maggab\QZE app ”'“51 %ﬁﬁq%%?ﬁlt%!ﬁh&g%%{ﬂragglﬁg{q 1 (}' nary '
cat ?I yst SVQHQ{LE aftdfide s%ﬁk“&@%ﬁ%ﬁhﬁtn%g Be ﬁ?%;]& gisoju CF’ c% lfftemat al s

usual 'y bé appropria her s i nc e equilibrium

adsorptl Onor?&ﬁﬁ ggkd)ag %QHSI nci pi ent wetness nethods. For exanple, the
pore fillin H‘ FRVorvas first neasurlng the pore volume of the support

?RShf ESPﬁ;, (R TherBoigusgtddiealt Sk APLOHHELY oobi Wacﬁﬁh%ay"'bzlt 2
B?gpgrtfegéle#ﬁ?rﬁgl B{al ys ;él};ﬁ)ggﬁﬁﬁ?ﬁ 1889' S %ﬁ l%]@n t}lﬁﬁﬁpﬁgl ?gr m of
ol d aal t 5200 giRpt A ot i ?Sﬂgi‘er%%ﬁéﬁeé%@g Gt g o

aPR{HOP | At Bom among aluminum, silicon, zirconium and titanium.

[0043] The support of the hydrogenation catalyst used for the invention
may also contain zeolite as the porous inorganic oxide. When zeolite
is used, it preferably has the crystal structure of FAU, BEA, MOR, MFI,
MEL, MWW, TON, AEL or MTT, based on the structural codes
15 established the International Zeolite Association.
[0044] Two or more metals selected from among elements of Group
VIA and Group VIII of the Periodic Table are supported on the porous
inorganic oxide serving as the support. Of these metals, preferably one
or more metals selected from among Ni, Co, Pt, Pd, Ru, Rh, Ir, Mo and
20 W are supported, and more preferably one or more metals selected from
among Ni, Pt, Pd, Ru and Mo are supported. As metal combinations
there may be mentioned Ni-Mo, Ni-W, Co-Mo, Co-W, Ni-Co-Mo,
Pt-Pd, Pt-Ru, Pt-Rh and Pt-Ir, among which Ni-Mo, Co-Mo, Pt-Pd and
Pt-Ru are preferred. The hydrogenation catalyst used for the invention
25 may be a combination of two or more different catalysts comprising

different porous inorganic oxides and/or active metals.
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15 organic solvents. [0046] The first step according to the invention nmay be
satisfactorily <carried out using, for exanple, a fixed bed systemreactor.

The system enployed nay be in a formw th hydrogen in counterc
cocurrent flow with respect to the oil to be treated (feedstockﬁg@%btz%oo

Also, a plurality of reactors may be used for a conbination countercurrent
[cocurrent flow system The nost common formis a downflow, and a
gas-liquid cocurrent flow system may be enpl oyed. The reactor may be a

Singl e one,  QioASICORBENAH ) iithfl SeERlARC R, niBKoH LS horilg

. : i
i nterior of e reactor “may a ave a structure

partitioned jyu ?né”fﬁl tdrPhRe G b}‘ﬁtarﬁlada%g @uBliB%!Mfmggﬁfﬁﬁgatg

hydr ogenati on catal ysts may SO’ be use n comnbi nati on, 0ges 16
oS, 0220, OpRuCHA oIeDAliyany TRyl LIPS Mol oox o
cha oo et gl nee R it phese ey Slagied o,
7 5o el o Rl w0 i B SAsOpFar cpihetbimanferor o
Sechion L TRSARSAL suool el SR okt BOROETIGESIFI BByt oduccd
hoLe ohe fesas pmedd SEOELIE! e rlieANmSO R ©
up et 5 o SR RR IGKENE oy hor S thS) B oI 9 ory
catans PO e ST T ot PSR kNG SEAAOR,
I ncregsed 1 eachbOfarticularly restricted, and may be a method that is suitable for the
metal loading amount and the physical properties of the catalyst
support. The metals may be used in the form of impregnating
solutions obtained by dissolving the metal sources as nitric acid salts,
sulfuric acid salts or complexes in aqueous solutions or appropriate
15 organic solvents.
[0046] The first step according to the invention may be satisfactorily
carried out using, for example, a fixed bed system reactor. The system
employed may be in a form with hydrogen in countercurrent or
cocurrent flow with respect to the oil to be treated (feedstock oil).

20 Also, a plufality of reactors may be used for a combination
countercurrent /cocurrent flow system. The most common form is a
downflow, and a gas-liquid cocurrent flow system may be employed.

The reactor may be a single one, or a combination of different reactors
may be used. The interior of a single reactor may also have a structure

25 that is partitioned into multiple catalyst beds. A plurality of different

hydrogenation catalysts may also be used in combination, and the types
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tenperature. [0048] The reaction conditions for the first step are
preferably a hydrogen pressure of 2-10 MPa, a liquid hourly space velocity

(LHSV) of 0.1-3.0 h-' and a hydrogen/oil ratio of 150-1500 N/l
preferably a hydrogen pressure of 2-8 MPa, a liquid hourly spmg"%{ngﬁfy

of 0.2-2.5 h1' and a hydrogen/oil ratio of 200-1200 NL/L; and even nore
preferably a hydrogen pressure of 3-7 MPa, a liquid hourly space velocity
of 0.3-2.0 h-' and a hydrogen/oil ratio of 250-1000 NL/L. These conditions

are al| 1 aQOnSIRIdARHEAICAUR eV btouRchl LI ARABGn Edifiohfe |

hydr ogen press hydr ogen ratio are not a

rogen 0g e |
FPOB. 0229- 00 oy P o ATy ey nETinBloR UL Ty Mydhbe e Yikion 4.

er ogen

pressure a &M%ﬁ%ﬁidﬂf@é&i‘bﬁ%re above the upper limts nentioned above,

maj or equi prent i nvestnent may be necessary for a conpressor or the like.

Al i oo . ) f . : e 11ke.
ower |i ﬂgpﬁgf %g@@% %a ti’odl.ﬁfé:amﬁ‘f[fo tRY PEadtDF WigRghé Tébdsj?&]t,kl itis

5 less tha ower a reactor with a very large

i nneg vol Urﬁ\lmr‘ﬁil R afl blé_eﬂltr Gl Wduggﬁ%ﬁéﬁ%ﬂéﬂ Bf gﬂh%aﬁgﬁ ?%gfm”t

i nvest ment, e If the ['iqul ourly space velocity 1s above

af orenent i | 4|0 j; K Lolently.
[0049] - The DECHer BRIEh hE fecl NIRRT ciiey FefoRghr T FRsshiE MPUERAY e 10

range of 1%&%&%8 tBr&g’%ﬁg lé:g Cﬂhg cfiBBHere?Etiéﬁftéﬁﬁ%?a%%,e Byt MOr €

preferably 1 n tite range of nost preferably 1'n the " range of

260- 350C. ' H@Hg f I B bet kAR
hydrodeoxyglel}%@g’lt%?%{leéJl ’egctl %%Q%%nr\?lea sion from vva?ter-l ﬁésa(%%ﬁf ‘te)eds

o1 O SRR MO REOIRAC I, Iensthatee femtail 0.
On fdre ot Nk, bRRE, ifof &R ARIMBIPE Ak hyfrogen pressure throughout all
of the reactors. Also, a portion of the product oil, unreacted oil or
reaction intermediate oil, or a blended oil comprising any of the above,
may be introduced through the reactor inlet or between catalyst beds or
reactors. This will permit control of the reaction temperature to avoid
15 over-decomposition or runaway reaction due to increased reaction
temperatﬁre.
[0048] The reaction conditions for the first step are preferably a
hydrogen pressure of 2-10 MPa, a liquid hourly space velocity (LHSV)
of 0.1-3.0 h" and a hydrogen/oil ratio of 150-1500 NL/L; more
20 preferably a hydrogen pressure of 2-§ MPa, a liquid howrly space
velocity of 0.2-2.5 h™! and a hydrogen/oil ratio of 200-1200 NL/L; and
even more preferably a hydrogen pressure of 3-7 MPa, a liquid hourly
space velocity of 0.3-2.0 b and a hydrogen/oil ratio of 250-1000 NL/L.
These conditions are all factors affecting the reactivity, and for example,

25 if the hydrogen pressure and hydrogen/oil ratio are not above the lower

limits mentioned above, the reactivity may be reduced or the activity
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above 380C

may pronote excessive deconposition, polynerization of

feedstock oil or other secondary reactions, while the proportion of
decar boxyl ati on reaction (second reaction pathway of fornula (

respect to

tending to

wat er - sol ubl e chl ori ne-cont ai ni ng conpounds.
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i ncr ease,

[ 0050] The anount of water

! ] . [0 | c
apot opr i at ey AP PSR, o OMAE HS BT ] Lon e BreShFP ol Zoove.

The anmount
nore prefer

by- pr oduct

presgnt in

chl ori ne-contai ning conpounds mgrate to

the reacti oyl Yfhymbenk %ezlfé‘lﬁl]lﬁliﬁ%ds'iﬁﬂcht\pﬁl ﬂ@é@afsitaf@gféﬁﬁ’ii)%ihgﬁnltr st

wat er - sol ubl'e chl ori ne-cont

product oil

o, B R B IS RS g0
o AT ol B SRR IR,
Of gani ¢_CoMRONS: 1l b Vetbetts SelIvabe S0 AnecCcRnLALA! By sofpgunds

converted from wa

ting from goxygenation o

SO | ori ne-contalni ng conpou

€ aqueous

roduct in

feRE thhARHS %rfehﬁ:in@io%ﬂaidlﬁgr 11’13[{%& ne bhidh %v%tgng 2 {%%bgﬁgér -sol ubl e

ng c¢onpounds I's tenove

| e “eomotinds 1577 ¢ _ |
Gl o) - [ oosarexRbat, Cuhils PEAES Bl AR e e i AR e e 1

applied for
gas-liquid

10

15

20

25

aﬁ?@ﬁfe?fribﬁ@dqplﬁge? Tinift efié ﬁ]&eﬁcﬁﬂiﬁ H‘?dé{ @ﬁ%@%g&'sﬂ?ﬂd ngﬂgbt exanpl e,

after the conponent runni

fr e rea een s

FRPAS|2ThE YeWbtiBn el ah FEPE! Al st step is preferably in the
range of 150-380°C, more preferably in the range of 180-370°C, even
more preferably in the range of 220-360°C and most preferably in the
range of 260-350°C. A reaction temperature of below 150°C may
hamper the hydrodeoxygenation reaction and conversion from
water-insoluble chlorine-containing compounds to water-soluble
chlorine-containing compounds (dechlorination reaction), or the olefin
hydrogenation. reaction. On the other hand, a reaction temperature of
above 380°C may promote excessive decomposition, polymerization of
the feedstock oil or other secondary reactions, while the proportion of
decarboxylation reaction (second reaction pathway of formula (2)) with
respect to reaction accompanying the production of water by-product in
hydrodeoxygenation (first reaction pathway of formulé (1)) will
increase, tending to result in insufficient water by-product to contain the
water-soluble chlorine-containing compounds.

[0050] The amount of water by-product accompanying
hydrodeoxygenation in the first step may be appropriately adjusted by

varying the reaction conditions mentioned above. The amount of
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hi gh- pressure separator, the gas phase nmay be introduced into a separator
either directly or after passing through a cooler, and the 20 floccul ated
aqueous phase separated and col |l ected. [0053] The water contahﬂ% %{%gg_oo
wat er - sol ubl e chl ori ne-contai ning conpounds such as chlorine, @ r n
chloride or chloride ion is acidic and thus poses a risk of corrosion of
the instrunments. Fromthe viewpoint of preventing such corrosion, it is
preferred to acconplish 25 dilution with water or neutralization with a

basi hem i j [ I tlet
of the reac o usbORg TR e BEEG AN R o ROPRELEAS, UL RE T °
dechl ori nat ' t ' t QP L i bt ai ned
ac o i st 11 I ERS EbR TIRSONRE) RRR R oL AIRHRE b, oot e ne

chl orine anféegtsﬁﬂk&grrponents usual | y passes 5 through various nenbers
i ncluding conduits, a heat exchanger, gas-liquid separation colum, cooler,

valves, ar j1fi i a LKE, bz,nﬁr_ Wola] L QS| resi st ant
materi al s nglgl}ﬂblg rg@ eg?gg%dg?ant %glseéﬂrargrggﬁ a e@é%?a?%@?%gS%I so, the
reacgi on flwH i } - ; L ucts such
as cg_r bon &%@bgg@ﬁ%@??@%&é#fﬁ gélﬁﬂﬁéﬁmﬁy%ggggér 88%&&‘??&553%_ and
chi o ne- Copedl %f&-s‘iﬂﬁﬁlé‘m&florﬁiédcdﬂtﬁiniﬁg' RIHPG RIS UESnPertéd BRfindi OXi de

y be t e

and LPG ma separated while separatin he ter int second step, or
o L0 YEBSCTRLTRIS RO TR bl S B o el 1
Loy FAEUSRECAE | Vet ogaencand qlher| eagon Rt soiily £ om L1
preferably gofor@etddiRhidiig" dopBYndBSSmigRie RbET HblayuBBhs I RRR"
10 by-product in the reaction fluid. In the second step, the water
containing the water-soluble chlorine-containing compounds is removed
from the first product oil to obtain a product oil containing the
hydrocarbon oil (second step).
[0052] A method commonly used for petroleum refining steps may be
15 applied for separation of the water from the reaction fluid. For
example, after the component running off from the reactor has been
subjected to gas-liquid separation with a high-temperature,
high-pressure separator, the gas phase may be introduced into a
separator either directly or after passing through a cooler, and the
20 flocculated aqueous phase separated and collected.
[0053] The water containing the water-soluble chlorine-containing
compounds such as chlorine, hydrogen chloride or chloride ion is acidic
and thus poses a risk of corrosion of the nstruments. From the
viewpoint of preventing such corrosion, it is preferred to accomplish

25 dilution with water or neutralization with a basic chemical such as

ammonia at any location downstream from the outlet of the reactor used
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than 0.8 % by mass, even nore preferably not greater than 0.6 % by 20 nass,
yet nore preferably not greater than 0.4 % by mass and nost preferably not
greater than 0.2 % by mass, based on the total anmount of the pi;?q)tgc_bng_loo
[ 0057] Moreover, fromthe viewpoint of elimnating adverse effecC

engi ne menbers and flue gas treatnment catal ysts when the product oil is 25
used as a fuel oil, the chlorine content of the product oil is preferably
not greater than 0.1 ppm by nmass based on the total anount of the 20

FP08- 0229- 00 fopesl et 5%% [0058] The product oil has an acid val ue increase
anount of not greater an 0.25 ng-KOH g and nore preferably not greater
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an acid val ue increase anount of greater than 0.25 ngKOH ten

i mpair the stlgr(ﬁ«geaxmlgl Iwaﬁérofchld}?n@raqml%thet 'corﬁ?@néﬁ%nhs@él{?ﬂ gﬁ? “used

for the purpose of the |nvention neans the acid ue as mneas 0 by t he

acid vl ue t%’ﬁi‘m}_ﬁi hoghifas CmdifBets iefudind? tondufel r al ez BkeH
Testing Methods For Aviation Fuels". [0059] From thé vi ewpoint of XI dat| on

stabi |ity, thesiiaghiesarattoR Colien, RBICVaRcs, hepfiALAoRlblL Aicat er

than 0.1. An T odine value exceeding 0.1 wWill tend to resu In a

drastical l'y itRerigieseshddii Iﬁﬁb@ﬂosi}fﬁl Tegstaet rfhaté?ﬁil@%n 'B{?se}é‘éﬁéﬂ geeor di ng

h

to the invention refers t% the value nmeasured by the nZthod described in
JI'S K 0070, "theidméahbars asSaResidcation Val ue, Ester Value, |odine Value,
Hydr oxyl Val ue and Unsaponifiabl& Matter Test Methods For Chem cal

Products”. [Q0085] TARopid iedctioid fiakd 8biffed TFthdhRIifs® stdiemiavesthtanh Wil |

10 by-products such as carbon dioxide and LPG in addition to the
hydrocarbon oil, water and chlorine-containing compounds, and the
by-products such as carbon dioxide and LPG may be separated while
separating the water in the second step, or a distinct separating step may
be provided apart from the water separating step.

15 [0056] The product oil obtained from the first and second steps will
have satisfactorily reduced oxygen and chlorine contents, but from the
viewpoint of oxidation stability, the oxygen content of the product oil is
preferably not greater than 1 % by mass, more preferably not greater
than 0.8 % by mass, even more preferably not greater than 0.6 % by

20 mass, yet more preferably not greater than 0.4 % by mass and most
preferably not greater than 0.2 % by mass, based on the total amount of
the product oil.

[0057]1 Moreover, from the viewpoint of eliminating adverse effects on
engine members and flue gas treatment catalysts when the product oil is

25 used as a fuel oil, the chlorine content of the product oil is preferably

not greater than 0.1 ppm by mass based on the total amount of the

20



20 normal |y be conposed mainly of fractions in a boiling point range
corresponding to gas oil, but it will also often contain other fractions

i ncl udi ng gas, naphtha and kerosene fractions. |If necessary, a -~
Separation step or rectification step nmay be provided in a |at eﬁﬁegidg&@gga

t he second step for fractionation of these fractions. 25 [0061] Wen the
product oil or its fraction consists of essentially hydrocarbon oil, it

will be particularly suitable as a diesel gas oil or 21 FP08-0229-00 heavy
oi | stock. Ig.dRis cgpse, the product oil or its fraction may be used al one
as a di esel gas ol |~ or heavy oil stock, but it may instead be used as a

diesel g3 oldos] T2 Yoflbt 5196 4 STRSAIVE HoRATDARRILS GHEH Spasdl her Of

stocks. Qther o e co ne i'nc a gas oi raction

Zfﬂé’f h T oot 027 HRACOLPL AR, Mg, HECRIADK ARl EaRL oI T8, EEEE;
(r)mnf)x?d;nggﬁwggmeﬂg%?gﬁﬁd@g%gf%ﬁsf%, angmgfgglét%éé)% g%%dgﬂ 8?
SYLISLL C, KCIPRRNGCR! \aRRBLBRE Hibuind SnOSERR dl oPPaR 4cAaT/HI00 ikl e | ke

m xed therewt ese synthetic "gas-orl th C Kerosene oils are
charac o2 AL SR s Ly SRICCOMIG P RN SOl
e et hod 1 ocRESHIRPLUFAR B BELIE 009y R be B M Sbighgoln
ovent on v g he SALBLIBRNR OTFRSSrodil,  ImBAMiEIPTRLge NS
way |imtatiygePhod fife piik AthedAvERABAImESR Bley 8LidPYARR R B dured
10 by the acid value test method described in JIS K 2276, "Petroleum
Products - Testing Methods For Aviation Fuels". |
[0059] From the viewpoint of oxidation stability, the iodine value of the
product oil is preferably not greater than 0.1. An iodine value
exceeding 0.1 will tend to result in a drastically increased acid value.
15 The term "iodine value" used according to the invention refers to the
value measured by the method described in JIS K 0070, "Acid Value,
Saponification Value, Ester Value, lodine Value, Hydroxyl Value and
Unsaponifiable Matter Test Methods For Chemical Products”.
[0060] The product oil obtained according to the invention will
20 normally be composed mainly of fractions in a boiling point range
corresponding to gas oil, but it will also often contain other fractions
including gas, naphtha and kerosene fractions. If necessary, a
gas-liquid separation step or rectification step may be provided in a later
stage of the second step for fractionation of these fractions.

25 [0061] When the product oil or its fraction consists of essentially

hydrocarbon oil, it will be particularly suitable as a diesel gas oil or

21



<Catal yst A> Water glass No. 3 was added to a 5 % by mass sodi um al um nate
aqueous solution, and the m xture was placed in a vessel that had been
heated to 65C. Separately, there was prepared a solution contai Fggg @9 00
phosphoric acid (85% concentration) added to a 2.5 % by nass n B
sul fate aqueous solution in a different vessel heated to 65C 2

FP08- 0229-00 and the aforenentioned sodi um al um nat e- cont ai ni ng aqueous
sol uti on was added dropwi se thereto. The end point was defined as the tine

t which th ' al
b oduct vas ToRTGee PRCugh B REE I Broser Sl S RKEIRGY RIS, | 5064
Th ke-1ik ; j ' I
condenser . i ihant B BL ey DICSER B RO RARCA Y, el & 2

wat er sol uti %”d%@%é? dase #de w{}go'ﬂ' std¥keb s gge%ﬂfi cgﬁﬂaeoa{feg%é seith3ts 75C for

20 hours. The slurry was then plraced 1n a er an t'o above 80C,
o7 e 19t PELAIERC Oy o SR 1 PRGN SRCIREREIE, | ¢
T 0 et FUARA Sl BCRchLDBSACSBIAGE il S g g 100
AL, P e s b 8 SR SRR AAS, B R UINAO! om
T 2, et o BROSRES s RS A O o
P At e, TR o imoHE i Pt HOSRhSHIRAL 5300
The conposi tipg of syhfeth! SRR &AL Cot Adptihetic | BerRBNE bil TARAGed: by a
10 Fischer-Tropsch reaction or the like mixed therewith. 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 cetane numbers. The method for
manufacturing a synthetic gas may be any publicly known process and
15 is not particularly restricted.
Examples
[0062] 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.
20 [0063] (Catalyst preparation)
<Catalyst A>
Water glass No. 3 was added to a 5 % by mass sodium aluminate
aqueous solution, and the mixture was placed in a vessel that had been
heated to 65°C. Separately, there was prepared a solution containing

25 phosphoric acid (85% concentration) added to a 2.5 % by mass

aluminum sulfate aqueous solution in a different vessel heated to 65°C,

22



[ 0066] <Catalyst B> After placing 50 g of the aforenenti oned nol ded support
into a round-bottoned flask, an inpregnating solution containing 25

nol ybdenum tri oxi de, cobalt(1l) nitrate hexahydrate, phosphoric acid (85%
concentration) and malic acid was poured into the flask whil eFP23-0229-00
FP08-0229-00 deairing with a rotary evaporator. The inpregnated sanple was
dried at 120C for 1 hour. and then fired at 550C to obtain the target
catalyst (hereinafter referred to as "catalyst B"). The conposition of the
prepared catal yst B is also shown in Table 1. 5 [0067] [Table 1] Constituent
Units Cat alajgt %@a@ﬁlr

92 su ortSi
3 support Wah

b

omentignedesndipmBalpinatercontainim apgonnseluticsed on 92
mass, (based on 5 5 support) P25 % by mass (based on 3
Byopaiss theseied chheendpoiphasydained & thotimmet (based

on 4 0 catalyst) CoO.% by nmass (based on 0_4 <catalyst) P20 % by nass

(based on whichcthepHt 9f [theeslixirRargached) 7.0, and the obtained slurfy

10

15

20

25

product was filtered through a filter to obtain a cake-like slurry.
[0064] The cake-like slurry was transferred to a vessel equipped with a

- reflux condenser, and then 150 ml of distilled water and 10 g of a 27%

ammonia water solution were added and the mixture was heated and
stirred at 75°C for 20 hours. The slurry was then placed in a kneader
and heated to above 80°C, and kneading was performed while removing
the moisture to obtain a clay-like kneaded blend. The obtained
kneaded blend was extruded into 2 1.5 mm diameter cylindrical form
using an extruder, and after drying at 110°C for 1 hour, it was calcined
at 550°C to obtain a molded support.

[0065] After placing 50 g of the obtained molded support into a
round-bottomed  flask, an impregnating solution containing
molybdenum trioxide, nickel(Il) nitrate hexahydrate, phosphoric acid
(85% concentration) and malic acid was poured into the flask while
deairing with a rotary evaporator. The impregnated sample was dried
at 120°C for 1 hour and then calcined at 550°C to obtain the target
catalyst (hereinafter referred to as "catalyst A"). The composition of
the prepared catalyst A is shown in Table 1.

[0066] <Catalyst B>

After placing 50 g of the aforementioned molded support into a
round-bottomed  flask, an impregnating solution containing
molybdenum trioxide, cobalt(Il) nitrate hexahydrate, phosphoric acid

(85% concentration) and malic acid was poured into the flask while

23



A reaction tube (20 mminner dianeter) packed with 50 ml of catalyst A was

installed in a fixed bed circulating reactor.
(3 % by mass sul fur content) containing added di net hyl

Next ,

strai ght-run gas
di sul fide was used

for pre-sulfurization of catalyst A for 4 hours under conditi

cat al yst

24 FP08-0229- 00
11.4 % by nass,

pr opor ti on defiris@npikngdsotty
or gani ¢ conpounds:

| ayer

chl ori ne

99.6

[ 0069] Pal m oi l

no

content:

ke
19

R e oae

was passed throu

mean tenperature of 300C, a hydrogen parti al
MPa, a liquid space velocity of 1 h-1 and a hydrogen/oil

(15C density: 0.916 g/ m,
4.1 ppm by mass,

viapbgdtye.er THe gk

r at

10 oil

g‘}?sgs_ grngb(?o 6

io of 200 NL/L.

oxygen content:
i odi ne value 51.1,

fk Wes0@RegONt ai ni ng
tor as 5 feedstock

oi I, and hygrigg €aterhthotasrgbitionefiraliat 8908C 16Qtthin HistaMtcatalyseact i on

tenperature of 310C, an LHSV of 1.0 h-1,

hydr ogen/ oi(hetdhifteofref@@edLtd-. ag 00ZQIyAf B, hyThet ¢
separated fromthe reaction

anount of

a hydrogen

fluid to obtain the targe

pressure

of '5 MPa and a

fiion tdfe that er was

product oil.

The

VreparedycataB@ud is dl6o ehoteinVablet.eat ment, the chlorine content
of the water and the chlorine and oxygen contents and i odi ne val ue of the

nner-—as—Exanpl e 1,

re of 330C. The
ne content of
| ue of the

prodsict oi IJ0Q6F] JHakte ih Table 2. [0071] (Exanple 2) Hydrotreatnent and
wat er separati-ep—were—cafrri-ed—out—i-n—-the-same—15 s
except for| Genstifueat al yst UBIBSS0 m) and a rehatakyst tEapalyst u
anount of véemienpy- product of the hydrotreatyrent, tpg chlori
t he water a&ﬂltéﬁ]@ chl ori pe and oxygen conténts and | odi ne va
product oif—gEre—Sshewnr+nrTable—2—201002 - (EBxanpte—3) :
ALO; % by mass (based on | 92 9
support)
S10, % by mass (based on |5 5
support)
P,0s % by mass (based on | 3 3
support) |
MoO, % by mass (based on | 22 22
catalyst)
NiO % by mass (based on |4 0
I catalyst)
CoO % by mass (based on |0 4
catalyst)
P20 % by mass (based on |2 2

10

catalyst)

[0068] (Example 1)

A reaction tube (20 mm inner diameter) packed with 50 ml of catalyst A

was installed in a fixed bed circulating reactor.

Next, straight-run gas

oil (3 % by mass sulfur content) containing added dimethy! disulfide

was used for pre-sulfurization of catalyst A for 4 hours under conditions

with a 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.
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Hydrotreatment and water separation were carried out in the sane nmanner as
Exanpl e 1, except that soybean oil (15C density: 0.923 g/m, oxygen
content: 11.5 % by mass, chlorine content: 1.8 ppmby nmass, ioﬁipa%_ﬁfﬁg_q)o
136, proportion of conpounds with triglyceride 25 structure anong
oxygen-cont ai ni ng organi ¢ conpounds: 99.5 nol %9 was passed through the
reactor as feedstock oil. The anmpbunt of water 25 FP08-0229-00 by- product
of the hydrotreatnment, the chlorine content of the water and the chlorine

and oxygen c i1qdisn -qi. BL10 i - 1§h k0 Tabl e
L0073l (e L el D O P RS cf ol 1388, 0 ne

same manner afadmAMPbnd coBXGRPY. 1 Eﬁﬁ bgﬁ@%é@,%dﬂﬁé meg.gr}?r%%%rt 1920

g/ m, oxygen content: 11.3 % by nm | ori'ne content: . y mass

bel ow the dejfeebiRfburds With Ay e8ida! 4te; ihagelst ock
(below the dejfeebhafnndsl With kil eaida! dicthid)amBhguoey a%cbhgay@gfgs oc

oil instead of the pal moi in anple 1. The amountU of ter duct of

the hydr ot reajganie. cbhidindah|oy ENMGIoN: ohls phsddd® NRAEh Y rEliBIcRNher | ne

and oxygen con s and iodine value of the product o are shown 1 n Table

2. [0074] (Coupddtatk\sl, RrdRydroReatthibat wilsagirfigd AR WHde@Tcdudssadvigal m oi |

as in Exanple 1 and 100 m of distilled water in a screw tube, the mxture
was shaken fqr rdfetim ubRfperdfrsi ¢h 38 000N SaRNLHISVDES at o1k wat Ay én heat ed

to 35C. The shaken oil was recovered and another 100 mi of’ disfill2d water

vas added, afgressurelifchMIeaf Shydroses/ciNARNCABOONGE/D | recovered. The

chlorine content, oxygen content” and iodine value of the recovered oil are

shown in Tat[097@£0ﬁiﬁel[ H?&ﬁitrééﬁﬂe%ﬂlféﬂw@t@b&/bé S¥paa®dd g (RE 28401 | S Of
Exanpl es 1-3 and nparative Exanpl'es 1 and 2

fluid to obtain the target product oil. The amount of water by-product

10 of the hydrotreatment, the chlorine content of the water and the chlorine
and oxygen contents and iodine value of the product oil are shown in
Table 2.
[0071] (Example 2)
Hydrotreatment and water separation were carried out in the same
15 manner as Example 1, except for using catalyst B (50 ml) and a reaction
temperature of 330°C. The amount of water by-product of the
hydrotreatment, the chlorine content of the water and the chlorine and
oxygen contents and iodine value of the product oil are shown in Table
2.
20 [0072] (Example 3)
Hydrotreatment and water separation were carried out in the same
manner as Example 1, except that soybean oil (15°C density: 0.923
g/ml, oxygen content: 11.5 % by mass, chlorine content: 1.8 ppm by
mass, iodine value 136, proportion of compounds with triglyceride
25  structure among oxygen-containing organic compounds: 99.5 mol%)

was passed through the reactor as feedstock oil. The amount of water

25



(and the recovered oil in Conparative Exanple 3) were subjected to an

oxi dation acceleration test and evaluated in terns of acid value stability
based on the increase anbunt in acid value. The acid val ue increase 25
amount as the index of oxidation stability was neasured by the Fggghgg%ﬁgg
met hod. The acid val ues before and after the oxidation 26 FP08- 9-
acceleration test were neasured by the acid value test nmethod described in
JIS K 2276 "Petrol eum Products - Testing Methods For Aviation Fuels", and
the increase amobunt was determ ned by subtracting the acid value of the

product oil byoprddiet afitHe WBldeetrabteent! flee @t abhhttofSthe Wwaleh dride

oxi dati on acceleration test, the product oil was kept at 115C while bl ow ng

i n oxygen gashé ehlokfeand 9xyERA dozsenth sindl ®dievalielof flabpodhict [304&] [ Tabl e
2] Exanpl Exanpl Exanpi Conp.” Conp. el e2 e3 Exanpi Exanpl el e2 Catalyst

Cat al yst Cat ghyein a4yt Catalyst - A B A A Feedstock Chlorine ppm4.1
4.1 1.8 <0.1 4.1 oil content by mass Oxygen %by 11.4 11.4 11.5 11.3 11.4

content nass[@Y7P] eCGuaipatativeExdanplé 35 56 - - water produced per gram of
ener I5ne " Hydrorefining was carried out in the same manner as Example 1, except

that rapeseed oil (15°C density: 0.920 g/ml, oxygen content: 11.3 % by
mass, chlorine content: <0.1 ppm by mass (below the detection limit),
iodine value: 117) was used as the feedstock oil instead of the palm oil
in Example 1. The amount of water by-product of the hydrotreatment,

10 the chlorine content of the water and the chlorine and oxygen contents
and iodine value of the product oil are shown in Table 2.
[0074] (Comparative Example 2)
After placing 100 ml of the same palm oil as in Example 1 and 100 ml
of distilled water in a screw tube, the mixture was shaken for 10 minutes

15 with a constant-temperature water bath heated to 35°C. The shaken oil
was recovered and another 100 ml of distilled water was added, after
which the mixture was shaken and the oil recovered. The chlorine
content, oxygen content and iodine value of the recovered oil are shown
in Table 2.

20 [0075] (Oxidation stability test)
The product oils of Examples 1-3 and Comparative Examples 1 and 2
(and the recovered oil in Comparative Example 3) were subjected to an
oxidation acceleration test and evaluated in terms of acid value stability
based on the increase amount in acid value. The acid value increase

25 amount as the index of oxidation stability was measured by the

following method. The acid values before and after the oxidation

26



f eedst ock

oi |

oi |

<0.1 <0.2 <0.1 <0.1 (11.4)
val ue Acid val ue increase ngKO 0.02 0.04 0.04 0.03 (10.2)
[0077] As shown in Table 2,

content of the oi
Conparative Exanple 2. This indicates that the pal moi
f eedst ock o}
wat er - i nsol
f eedst ock Ohi
were used in

oxygen cont FP?ISMQH&'@E@

while also e
conmpounds i fafiReof gRd
contents and iodine v
obt akned in 1%

el etabRre

iciently an

AekEwvele %Téias%lr@d‘

rine-contal ni ng C

EXS ot 22?? ”'?é%l%ﬁrri T8

pehed Fl.f%'ﬁii‘l‘yt
gf ues 1(%! g?o

HH@%Se B

possi bl e

s Bbtchitn

removing t

m fhal adl vaIle.

the pro uct oi

while blowing in oxygen gas for 16 hours.

Chlorine ppm41 39 18 <0.1 - concentrati
Chlorine ppm<0.1 <0.1 <0.1 <0.1 (4.0)

e M
BN e
o R R ey

Hgm ?aﬁbﬁ a1 EratiBAUSE! B phOERTBAT b et @R So¢ whi ch

used a feedst ocC

by on mass Product
xygen % by

%P8 azgglg&)

chl ori ne
27 FP08-0229-00

content by mass
content mass | odine 0.06 0.09 O.

there was al nost no reduction in the
recovered after water washing in

used as the

oﬂ@{‘?é&

I en

%&Va}’%%?%tﬁoﬁ defs% tb%li”ed

auaﬁrmounds
ce t he

nt al n| ng

The results are shown in

pxygen
€p,

Table 2.
[0076] [Table 2]
Exampl | Exampl | Exampl | Comp. | Comp.
el e e3 Exampl | Exampl
el g2
Catalyst Catalyst | Catalyst | Catalyst | Catalyst -
A B A A
Feedstock Chlorine ppm 4.1 4.1 1.8 <0.1 4.1
oil content by
mass
Oxygen % by| 114 11.4 11.5 11.3 114
content mass
By-product | Amount kg 24 25 56 - -
water produced
per gram of
chlorine in
feedstock
oil
Chlorine ppm 41 39 18 <0.1 -
concentrati | by
on mass
Product 0il | Chlorine PpPm <0.1 <0.1 <0.1 <0.1 (4.0)
content by
mass
Oxygen % by! <0.1 <0.2 <0.1 <0.1 (11.4)
content mass
Todine 0.06 0.09 0.09 0.05 (51.1)
value
Acid  value  increase | mgKO 0.02 0.04 0.04 0.03 (10.2)
amount H/g
10 [0077] As shown in Table 2, there was almost no reduction in the

chlorine content of the oil recovered after water washing in
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contai ning essentially no chlorine-containing conpounds. Industrial
Applicability [0079] The nethod for manufacturing a hydrocarbon oi
according to 15 the invention allows sufficient reduction in Egg @ ;@
content and wunsaturated content of hydrocarbon oil while effF n ?%g‘ d
reliably renoving the water-insoluble chlorine-containing conmpounds in the
feedstock oil, when the hydrocarbon oil is produced using a feedstock oi
conpri si ng oxygen-contai ni ng organi c conpounds and 20 wat er-i nsol ubl e

28 Fros. 0236 DRt Rl RERRBISD, T8I idienenna i pelif SHMRAMINY o7
conpri sing fgeddthek 8f1€Ry Ex‘éﬁiﬁﬂ@s ap f SQO%do'dmﬁgﬁPdav%' r%:ﬁﬁple 2

Oxygen contal ning organic co ound a a water-ins

chl ori ne- C%h@élﬁbﬂgw&@mﬁ%ﬂ]ﬁblesclﬂ% tRct&GHaMik gg gg%%%%enatl on cat al yst

conposed of a porous |norgan| Cc oxXl e cont al ni and at |east one

retal sel eqhads{ oM aTaONERS! feAkiGBOUBIY AR TR theAlpIbe

Periodic T uppotte the support, 1 n the pres nce o rogen,
produce a hydy B ﬁ@ﬁngds A0 Rydr g t i
oxygi;n cont ai nlﬁﬁgro?lghalﬁi‘ﬂ corrp un aﬁ‘)dﬁe convgrt F%r ??fsgq ubiFSe

chl ori ne- Cgﬂk@gﬂk“ﬂ) GRFReidndy Rtdu& et gf(%%@ﬂl U%ﬁeﬁ eaﬁ{]d Hﬁ'is% fi ng

conpound, tain a reaction product risi ng t rocarbon oil, the

wat erand (gt 8F 5! HBlined hAroRRrSA Gl vl %oré}ﬁgf @ second

step in wh wat'er contai ning t he water cont ai ni ng

ggrrﬁ)g:]ﬂ?nlgsft ﬁﬁﬁﬁ{/ drrgggfrr%ﬂ‘lé '&fildﬁ‘f@bbﬁfhlﬁfr%d%fnﬁcﬁmcﬁbﬁlatﬂé fedishotyet ofl
oils. That is, the chlorine contents, oxygen contents and iodine values
10 of the product oils of the second step, obtained in Examples 1-3, were
equivalent to Comparative Example 1 which used a feedstock oil
containing essentially no chlorine-containing compounds.
Industrial Applicability
[0079] The method for manufacturing a hydrocarbon oil according to
15 the invention allows sufficient reduction in the oxygen content and
unsaturated content of hydrocarbon oil while efficiently and reliably
removing the water-insoluble chlorine-containing compounds in the
feedstock oil, when the hydrocarbon oil is produced using a feedstock
oil comprising oxygen-containing organic compounds and
20 water-insoluble chlorine-containing compounds, and the process is

therefore highly useful.
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2. A nethod for manufacturing a hydrocarbon oil according to claiml1,
wherei n the oxygen content of the feedstock oil is 1-15 % by 20 mass and
the chlorine content of the feedstock oil is 0.1-50 ppm by 8_§9§§qxpn
the total amount of the feedstock oil. 3. A method for manufacturing a
hydrocarbon oil according to claim1 or 2, wherein 2-1,200 kg of water is
produced as a by-product per gramof chlorine in the feedstock oil in the
first step. 25 4. A nethod for manufacturing a hydrocarbon oil according to
any one of clainms 1 to 3, wherein qbgdgmwgpn-containing organic 29
FP08-0229-00 conpound is an aninmal or plant-derived fat and oil, and the

proportion of cormwmbmbaffofﬁiénnfa@tuﬁli@n@h?ar@@érsbnsﬁr,%wﬁsgﬁ ng the

animal or plant-derived fat and oil is™at least 90 nol' % 5. t hod for

manufacturing a hydrpearbep ol 9dferding f&éﬂstécl@r‘)bipn%oﬁipﬁéiﬁgﬁsaﬂ to 4,
wherein the porous inorganic oxide conprises two or nore eleneEnts sel ected

from among (ﬁiygéhnekﬁﬂtaﬁﬁhgco%r%aﬂiicr c%rﬂga)m@@r ORndt i bani wheifsom@nesi um 6.

A et hod for "manuf acturi g a hydrocarboh oil according to any one of clains

1t 5, whet@bfinelddrtdiging r 86 d tige conestabdchyith | aamdrdfehditon

hydr ogenati on catal yst are contacted under conditions w th a hydrogen

pressure ofcaZaldQt %’ﬁlpo@;eﬂidi“ilg)o‘%@ﬁ@ﬁnﬁ it okidé-dnlaidinh @uﬁagoﬁ and
hydrogen/oil ratio of 150-1500 NL/L and a reaction tenperature of 150-380C.

7. A met hochtﬂ@astrmfwmﬁwenéaﬁe@fmfﬁre@ﬁ@ﬁgc?ﬂetald ofCHEBLEIVIEA bdd GRn@hny one of

claims 1 to 6, wherein the product oil has an oxygen ctontent of not greater
than 1 % by the RP&iedicTeatsieny ridd Bﬁtlthggs%??gh,tiﬁatﬁe edefRHPY nass
, ba on

and an iodi ne value of not greater 'than O. the total anmount of
the producthyirbgen, to produce a hydrocarbon oil and water by
10 hydrodeoxygenation of the oxygen-containing organic compound and
convert the water-insoluble chlorine-containing compound into a
water-soluble chlorine-containing compound, to obtain a reaction
product comprising the hydrocarbon oil, the water and the water-soluble
chlorine-containing compound, and
15 a second step in which the water containing the water-soluble
chlorine-containing compound is 'separated from the reaction product to
obtain a product oil containing the hydrocarbon oil.
2. A method for manufacturing a hydrocarbon oil according to
claim 1, wherein the oxygen content of the feedstock oil is 1-15 % by
20 mass and the chlorine content of the feedstock oil is 0.1-50 ppm by
mass, based on the total amount of the feedstock oil.
3. A method for manufacturing a hydrocarbon oil according to
claim 1 or 2, wherein 2-1,200 kg of water is produced as a by-product
per gram of chlorine in the feedstock oil in the first step.

25 4. A method for manufacturing a hydrocarbon oil according to

any one of claims 1 to 3, wherein the oxygen-containing organic

29



30

10

15

FP08-0229-00

compound is an animal or plant-derived fat and oil, and the proportion
of compound with fatty acid and/or ester structure among the animal or
plant-derived fat and oil is at least 90 mol%.

5. A method for manufacturing a hydrocarbon oil according to
any one of claims 1 to 4, wherein the porous inorganic oxide comprises
two or more elements selected from among aluminum, silicon,
zirconium, boron, titanium and magnesium.

6. A method for manufacturing a hydrocarbon oil accofding to
any one of claims 1 to 5, wherein, in the first step, the feedstock oil and
the hydrogenation catalyst are contacted under conditions with a
hydrogen pressure of 2-10 MPa, a liquid space velocity of 0.1-3.0 h™”, a
hydrogen/oil ratio of 150-1500 NL/L and a reaction temperature of
150-380°C.

7. A method for manufacturing a hydrocarbon oil according to
any one of claims 1 to 6, wherein the product oil has an oxygen content
of not greater than 1 % by mass, a chlorine content of not greater than
0.1 ppm by mass and an iodine value of not greater than 0.1, based on

the total amount of the product oil.
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