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Description CATALYST FOR HYDRODESULFURI ZATI ON
REWAXI NG OF HYDROCARBON O L, PROCESS FOR PRODUCI NG
THE SAMVE, ANDETHOD OF 5 HYDROTREATI NG HYDROCARBON O L
W TH THE CATALYST Technical Field (0001 The present
invention relates to a catalyst for 10

hydr odesul furi zati on/ dewaxi ng of a hydrocarbon oil, a

process for producing 4he. sane,,.and a method of

hydrotreati ng a hydrocarbon oiT with the catal yst.
More specifically, it relates to a catal yst capable
of reducing sulfur concentration in a product oil and

15 simul t anegusl duci %&ﬁggbﬁ qﬂgegi
AT it e T G AAREL I O WnRismaon

for roduci ng the same, and a nethod of hydrotreating
OIly focar RRQDUG NG tTHEE A v AND MEBIER P Bund

Art X0002] In order to inprove air environnment, it
HYQROTHEATRr tTRMR GBI RRAN 1@l dbitite Tk ryBRL 6T des (NO),

suspended particul ate matter (SPM, and the like 25

di scharged from di esel --powered autonobiles. As a

nmethod 1: for reducing these pollutants, it is
Teadonistalerieicktd he effective to nmount an exhaust

gas-treating apparatus on the diesel-powered
[o@utonobi | es. However, since the exhaust gas--treating

apparatus is frequently | ess

The present invention relates to a catalyst for

hydrodesulfurization/dewaxing of a hydrocarbon oil, a
process for producing the same, and a method of
hydrotreating a hydrocarbon oil with the catalyst. More
specifically, it relates to a catalyst capable of
reducing sulfur concentration in a product oil and
simultaneously reducing wax deposit content at
hydrotreatment of a light gas oil fraction, a process for

producing the same, and a method of hydrotreating a

hydrocarbon oil with the catalyst.

Background Art
[0002]

In order to improve air environment, it is an
important object to reduce nitrogen oxides (NOx),
suspended particulate matter (SPM), and the like

discharged from diesel-powered automobiles. As a method
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5 resistant to sulfur, it is desirable to reduce

sul fur content contained in a fuel oil (light gas
oil) to a large degree in order to efficiently
function the apparatus. Thus, in order to cope with
t hese requests, various desulfurization catalyst

t echnol ogi es having an i 0 excellent desul furization

 BURRE IR PTG St
effeqotpjfe\;t I’ct ng.l ese A p%\!/\g/ear@%S qgal f@atgerr\gsﬁgjpgfaﬁlé u&ll

erature fluidit i mport ant factor
thg AR P ard e STt Somcam Tt T SLhes HET g
gas oil fraction where sul fur uction is achleved
extgpsf Mr%%‘gﬂd}%ﬁ%%ﬁﬁsrﬁeﬁh&eq‘f%‘f% i

tendency that wax matter is apt to preC|p|tate at a

regigi e tenhpBibtire Bhdt§ MRS YR tenperaedrest sut Hity

performance decreases. Thus, as one net hod_for
condgrfersantiaieteln deckeak e} t (1 kokbngnder ) t Bataa
kerosene fraction is mnixed with the [ight gas oi

lafgactemred olrentiztee theef b ierhper feneelohutbety
performance and thus practical 25 perfornmance as a

apgaiduct . | i ghis gasn cvtdes secured. wiG0dhe Howesguests,
since demand for the kerosene fraction increases in

vami i erdaer uit irea t Dow t epel wétur ee dhud do gy yes peat ongaace
is nore desired, the use of the kerosene 5 fraction

exdOr1 SeCWid NGl tei 1 ot s enper B tfiendd Uhgiré Ybeen proposed
performance of light gas oil is not preferred in view

(eﬁ&., see Patent Documents 1 and 2).

[0003]

With regard to the properties of the light gas oil
to be used as a fuel oil for the diesel-powered
automobiles, low-temperature fluidity is also an
important factor in addition to the sulfur concentration.
In the light gas oil fraction where sulfur reduction is
achieved by a general hydrotreatment method, there is a
tendency that wax matter is apt to precipitate at a low
temperature and thus low-temperature fluidity performance
decreases. Thus, as one method for compensating the
decrease, it is considered that a kerosene fraction is
mixed with the light gas o0il fraction to enhance the low-

temperature fluidity performance and thus practical

performance as a product light gas oil is secured.
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t he bal ance of supply and demand. Accordingly, there
has been strongly requested a catal yst capabl e of
ultra--deep desulfurization of the |ight gas oi
fraction and al so 10 havi ng dewaxi ng activity which
enabl es enhancenent of the |lowtenperature fluidity
performance so as to be sufficient for reducing the
[0 '5'ng anmount of the kerosene fraction at production
Lroduct light gas oil. [0005] 15 As a nethod for
perform ng dewaxin nd esulfirizati-oat of the,
IightH%‘g%lT'l %%?Qi%‘wa%(g Ifaﬂé%d%?lif?s?lh%r%r%‘é%l%en
~ proposed, a nethod for dewaxi ng and desul furization of
ingreaghe HasvonferrdkerenthasiAyg taBPRrageref fluidity
catal ysts, wherein the light ,,as oil 20 fraction is
re¥fesnapeoughtMpht odedhract Whehugswb thpekesorene
whi ch nmay contain a hydrogenation conponent to
frachievefdewaxtnyging ebhaehowahdmeabsegquentliyidity
desul furization treatnment is performed with a
pecbovemtceonaf . 1 hydt odesabilirisabhobnpreétakydt ifevigw, of
see 25 Patent Docunent 3) [0006; in addition, as a
thé eshbahogyo Al sipgl at ahfpseMenent nAofobat hgol,, dekkere has
| furization performnce and dewaxi ng perfornmance
bedhli §hréRgUet SehQbstbe hi ghtagastothphpast benudthHt deep
mai nly a heavy oil, there has been proposed a
de @1 BhYSEafl ¥hngr ZEM: 51 L yRe 286! bt e apdc-fisneghli G1so
support and contai ni ng oxi des or sulfides of the

[y ; t e pet j , £ $€
ha%%%@h?é?%%%ﬁgg?giﬁéfgy @ﬁlgﬁ éﬁabfegieﬁﬁaﬁcéﬁeﬂt 0¥€€ne

low-temperature fluidity performance so as to be
sufficient for reducing the mixing amount of the kerosene
fraction at production of product light gas oil.

[0005]

As a method for performing dewaxing and
desulfurization of the light gas oil fraction
simultaneously, there has been proposed a method for
dewaxing and desulfurization of a light gas oil fraction
using two kinds of catalysts, wherein the light gas oil
fraction is first brought into contact with ZSM-5 type
zeolite which may contain a hydrogenation component to
achieve dewaxing treatment and subsequently
desulfurization treatment is performed with a
conventional hydrodesulfurization catalyst (e.g., see

Patent Document 3).
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[0007; 10 Patent Docunent 1: W2004/054712 Patent

Docunent 2; W2003/000410 Patent Docunent 3:

JP--A---50-:17401 Patent Document 4: JP-A-59-132942

15 Di sclosure of the Invention Problens that the

Invention is to Solve [0008; However, in any of the

above technol ogies, there has not yet been realized a
[Otﬁcﬁ al yst technol ogy capable 20 of achieving

ra-deep desul furization of a light gas oil fraction

v 1S RN CPCL 211 SO0 1100 PEVET S, SRS RO

reductl on of a wax deposit content. [0009 25, An

of dijtdeto f%fﬁélfWﬁ%?Pl%e?%oﬁF%@?%ea%d TErYSEI it

for hydrodesui'furization/ dewaxi ng of a hydrocarbon

periqrmange HWhkFle it atdey Robpblundsi vt a9®§ dp bt af BRAT 6PT

can be desulfurized to a high degree w thout making

butbperiating heordi téohs Sheake ehandoawin chrspestdameousl y

is extrenely 5 effective in reducing the wax deposit

ca ot sntmiaidy a2 Spr pclegse f oeo bt deluehdga t fieesafiec support

Furthernore, it is to provide a nethod of

andysbrot & Batndan gosai dyslroc agibbhi dé s of t bhe tthet eat ahyStoupyo

whi ch a hydrocarbon oil having a sulfur concentration

an®ftHO nptra Orid esso@nds a(avpy. depesi tatont enbcdent 410C

of 3.0% by nmass or | ess can be obtai ned.
[0007]

Patent Document 1: W02004/054712
Patent Document 2: W02003/000410
Patent Document 3: JP-A-50-17401

Patent Document 4: JP-A-59-132942

Disclosure of the Invention

Problems that the Invention is to Solve

[0008]

However, in any of the above technologies, there

has not yet been realized a catalyst technology capable
of achieving ultra-deep desulfurization of a light gas
0il fraction without making operating conditions severe
and having a high performance sufficiently effective for

reduction of a wax deposit content.

[0009]

An object of the invention is to provide a catalyst
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Means for Solving the Problens [x:;0:10] As a result
of the extensive studies for solving 15 the above
probl ens, the present inventors have found that the
above problens are solved by the use of a catal yst
havi ng a specific constitution and thus have
acconplished the present invention. Nanely, the

for r}yec%%g%slglefow atlon):c%\%%%ﬁq hc?f” leaﬁdfggg%}:%&qt b?f

a process pro

wi G %@P%at%?e@é‘c?gm? %5'%%?%?6‘55@255993”

h drodesulfurlz Jon/ ewaxi n drocarbon oil,

de gkt T toiprised %‘He%o‘ﬁb’ffr‘%%gm 123511%0??136?5%%
oxi de cont ai ni ng at | east one crystal

conit IpmdsTITER e AV %H%ul%@n%%%y nieﬁs?%ﬁé?mﬁéYe
path system and, having provided thereo?,, LOto 35%

effﬁctlﬁa%sl@fr%du¢%ttméﬂ@él eepedl f remmrenhf sahd & oup
6 of the Periodic Table, 1 to 10% by nass of at | east

provesd Sef evtedudiomm et atazné n Gouph8robrehelPeibolipc
Table, and 1.5 to 6% by nass of phosphorus in terns

profidxideane @mpding £ dnydhet bast snofathedcataklysth, cahdw2th
to 14% by mass of carbon derived froman organic acid

thé cd€iIps©f belenedtt anbyditooaribvde dasi savinthe sulfur
catal yst, 10 wherein. the content of the. crystalline

cordd et Fosi b Cat eltb)e%m Srine25%Mhy ABssx08ecbbeibasbsteht
the support. (2) e catal yst for

at h—VPé‘%d%sfm?;f.lﬂJ@ %%/t 'n%.ns’sd%vi’axliékcs can be obtained.

Means for Solving the Problems
[0010]

As a result of the extensive studies for solving
the above problems, the present inventors have found that
the above problems are solved by the use of a catalyst
having a specific constitution and thus have accomplished
the present invention. Namely, the invention provides a
catalyst having a constitution described below, a process
for producing the catalyst, and a method of hydrotreating
a hydrocarbon oil with the catalyst.

[0011]

(1) A catalyst for hydrodesulfurization/dewaxing of

a hydrocarbon o0il, which comprises a support comprising

an inorganic oxide containing at least one crystalline
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of a hydrocarbon oil according to the above (1),
wherein i5 th; Si-02'A-1203 ratio (nc)lf nmol.) of the
crystalline alutmnosilicate having a one- or
two-di nensi.;,onal ;gore path systemis 15 to 200 and
maxi mum pore dianeter is 0.4 to O 72 nm (3) The
catal yst for hydrodesul furization/dewaxing 20 of a
hydr ocar bon oi |l according to the above (1) or.2
L e L et 1ha T SHR et oof | G OBt S R B or e
volune is 0.35 to 0.6 ,cnl/g, and nean pore_ dianeter
pafhy VSt Fn 'n.hit‘ﬂ})n%I?ﬁ%‘éjeg%df%%‘?%uc]r%gt?h 3 by
catal yst for 25 hydrodesul furizati on/ dewaxi ng of a
magfiy tbcalr bt at SackdIT A t Brapyreohel of ik herappve 1)
to (3), which conprises: supporting on a support
the oposedi ©f T2l ¢ nok glehi k0% dxy deagdne i at n§edst 0028% by
mass of at |east one 5 crystalline alumnosilicate
sehavie Graomeretalbs twdGrowp nenst oblaé Pereopat hTalyseem
on the basis of the support wth the use of a
andadl 18 iton €drvpimang af pleasphones tonpeuns cdHndvAidéeng
a metal in Goup 6 of the Periodic Table, at |east
amd@ite: coipenido£01d ab i tge acad Byst ) &iQup 48 848fbyheass
Peri odi c Table, an organic acid, and phosphoric acid

of St ddwei v akrdm L& wipgHn OE dbed Peni pdigs Tabl e

accounts for 10 to 35% by mass, the netal in Goup 8
eldent hendient agh ceables aecoEntge fOLtd1 {9t 10% by mass,

phosphorus accounts for 1.5 to 6% by nass in terns of
wherein the content of the crystalline
aluminosilicate being 3 to 25% by mass on the basis of
the support.

(2) The catalyst for hydrodesulfurization/dewaxing
of a hydrocarbon oil according to the above (1), wherein
the Si0,/A1,0; ratio (mol/mol) of the crystalline
aluminosilicate having a one- or two-dimensional pore
path system is 15 to 200 and maximum pore diameter is 0.4
to 0.72 nm.

(3) The catalyst for hydrodesulfurization/dewaxing
of a hydrocarbon o0il according to the above (1) or (2),
wherein specific surface area is 100 to 350 m?/g, pore
volume is 0.35 to 0.6 ml/g, and mean pore diameter is 6
to 20 nm.

(4) A process for producing the catalyst for

hydrodesulfurization/dewaxing of a hydrocarbon oil
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15 oxi de amount on the basis of the catal yst, and
carbon derived froman organic acid accounts for 2 to
14% by mass in ternms of el ement anmount on the basis
of the catal yst and subsequently; drying at 200C or

| ower without calcination 20 treatnent at higher than
200C. to finish a catalyst. (5) A process for

hydrot reati ng a hydrpcarbon oil, . which nprise
ACEF U ng” aalg%d?%%a?goﬁl%i‘?b%‘é i hty aJCOs&??Urw%%ﬁﬁent
in the product oil of 10 mass ppmor less and a wax

CODLETT’ content at 10C of 3.0% by mass using a 25
hydr ocarbon oil having a boiling point range of 150C
to 450®PE LI LT v BHPUNI SO IR et abRreF&nic
pressure of 3 to 13 MPa, a tenperature_of 300 to 400C
oxpdej erirerplig y3 spated ey oty of ®C3lesst Are, and a
hydrogen/oil ratio of 100 to 1000 NnB/kl in the
cryseskbhiee of luhEneat bl gate hevordi agore—any bwe-of the
above (1) to (3). Advantage of the invention [00:12]
diecoidiay pord heaphesentemnventhenpasher efi shelbupport
provi ded a catal yst for hydrodesul furi. ?ation/dewaxi ng
witth tlee hysk osfirdosobitiomi ¢dbnindlicingubtuteastrpousads in
a hydrocarbon oil can be desulfurized to a high

co €@ covht HDwtngeki Mgt operat chgusondbti ens sevenaiand
ich sinultaneously enables sufficient reduction of

Tatbhe, WaX 15 deposit-eppbent avdthipinyeraenttal in Group
| ow-tenperature fluidity of the hydrocarbon oil as
g Yel{n@sp@ PS@LESPabPE, an organic acid, and phosphoric
acid so that the metal in Group 6 of the Periodic Table
accounts for 10 to 35% by mass, the metal in Group 8 of
the Periodic Table accounts for 1 to 10% by mass,
phosphorus accounts for 1.5 to 6% by mass in terms of
oxide amount on the basis of the catalyst, and carbon
derived from an organic acid accounts for 2 to 14% by
mass in terms of element amount on the basis of the
catalyst and subsequently;

drying at 200°C or lower without calcination

treatment at higher than 200°C to finish a catalyst.

(5) A process for hydrotreating a hydrocarbon oil,
which comprises producing a hydrocarbon oil having a
sulfur content in the product o0il of 10 mass ppm or less
and a wax deposit content at -10°C of 3.0% by mass using a

hydrocarbon o0il having a boiling point range of 150°C to
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produci ng the sane. Furthernore, there is provided a
nmet hod of hydrotreating a hydrocarbon oil, by which a
hydrocarbon oil having a sul fur concentration of 10
ppm 20 or | ess and a wax deposit content at -10C. of
3.0% by mass or less can be obtained with the use of
the catalyst. Brief Description of the Draw ngs
001.3] 25 [FIG 1] 8 FIG .1 is a graph show ng

45 Karige 4 Fave Uiy edaterfpBtinesT 612 ottt d?WW%%Iqlﬁr
concentration in a product oil in a long-term

tostapiPat yateemroraicatal 95t 30A tand0CHial ayslcl%wfﬁ dipdiely
in Exanple | and Conparative 5 Exanple 4. [FIG 2]

spaFF@, volealhy gphph- %ngw haﬁ@é Pn 0@@]@0’&3{1 ratio
content at -10C in a product oil in a long-term

of st@bit 13000 m’/dfl Gat dihstoresanECahlthe eriprept ed
in Exanple 1 10 and Conparative Exanple 4. Best Mde

actordCag r yo ngnYuené hef i nventbone [0DD14d THe.fol | owi ng

will explain the catalyst for 15

hy' . rodesul furizati on/ dewaxi ng of a hydrocarbon oil

(herei nafter: sinply referred to as

v &ge oslesthé urhzahtion; dewaxi ng catal yst" or

" cat a?yst ") of the invention and a process for

[o@foduci ng the sane as well as a nethod of
hydrotreatment with the catalyst in

According to the present invention, there is

Ad

provided a catalyst for hydrodesulfurization/dewaxing of
a hydrocarbon o0il, with which sulfur compounds in a
hydrocarbon o0il can be desulfurized to a high degree
without making operating conditions severe and which
simultaneously enables sufficient reduction of the wax
deposit content and improvement of low-temperature
fluidity of the hydrocarbon oil as well as a process for
producing the same. Furthermore, there is provided a
method of hydrotreating a hydrocarbon oil, by which a
hydrocarbon o0il having a sulfur concentration of 10 ppm

or less and a wax deposit content at -10°C of 3.0% by mass

or less can be obtained with the use of the catalyst.

Brief Description of the Drawings
[0013]

[FIG. 1]
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20 detail. [0015) [Catalyst of the Invention] The
catal yst of the invention uses a support conposed of
an inorgani c oxi de containing at |east one 25
crystalline alumnosilicate having a one- or two-

di mensi onal pare path system In the catalyst of the
invention, as the crystalline alum nosilicate having a

one- or two-di nensional pore path systemto he
cont &tfed! i ?h€r§@6p§PPW1890F§§P§%IFﬁerequlred
alum nosilicate having a 5 one-di nensi onal pore, path
tempestedmreat Be APFEE 0l 1T yEHYY FORI I TS 9T cHit 2
havi ng a two-di nensi onal pore path system can be al so
prageed, cdrd itrhes d agyyrsteaint i stebigl i Mosit icat@tahnshet
al so used in conbination. In the case where these
and Qedtadl s tned adnapanosi | dbesn@re lused iGrrarative
conbi nation, the combination ratio of individua
Exafplss &l ine aluminosilicates can be arbitrarily set.
10016] As the inorganic oxide constituting the
[FIRUPROrt, there may be, for exanple, nentioned
;r-alumna, Valentina, 15 g-alumna, 5-alum na

siligag.boriia a igh@nd.sewieQNichanRINES iviax hafgb &t
and the like. They can be used singly or two or nore

c onLtgeOI%t? al . C 1%. d % %a%or%glru%%e g) i3S i g'y )itolﬁrge— t é.ggns S atr aeb ility

nati on. en t nore 1|1 nNorgani ¢ oxi
te%]o)%% dcaLtghdl' ddual i o adi ad s &%ﬁ%@&%{%@mﬁ%m

geneously m xed as a

and Comparative Example 4.

Best Mode for Carrying Out the Invention
[0014]

The following will explain the catalyst for
hydrodesulfurization/dewaxing of a hydrocarbon oil
(hereinafter simply referred to as
“hydrodesulfurization/dewaxing catalyst” or “catalyst”)
of the invention and a process for producing the same as
well as a method of hydrotreatment with the catalyst in
detail.

[0015]
[Catalyst of the Invention]

The catalyst of the invention uses a support
composed of an inorganic oxide containing at least one

crystalline aluminosilicate having a one- or two-
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As the crystalline alum nosilicate having a one- or

t wo- di nensi onal pore path systemto be contained in
the support inorganic oxide, there may be, for
exanpl e, 25 nentioned L-type zeolite, ZSM5, ZSM-11
ZSM 12, ZSM 23, 10 ZSM 38, SAPO-5, SAPO 11, SAPO 34,
nordenite, ferrierite, beta--zeolite, and the |iKke,

.and preferred are, ZSM5, ZSM _11, ZSM 12, ZSM -
01 §Rp 3Ta EAPOr 8 1 e QUATEE - aAd FBFr For ALY SThie the
. preferred are, ZSM -5 and SAPO- 11, and_5 nopst preferred
anén?SRPS.a?hEhﬁoFéyﬁéﬁﬁléﬁ@wﬁlH@FEOﬁééﬁ§at§ having a
tunnel -1i ke space having a specific size fornmed by the
ongrysratVpPnélBrnfiABSILl PeacePathdSYRESEY 6t BiEl icpatained
alum nosilicate has a structure where the pore paths
inatke spppeel, opectivAsAsilonal byundnphieédcditeeheivénal lay
10 dependi ng on the kind of the crystalline
onatdmnansiibneat porér phehesyetemt enat beeuszegl iat e no
Kagaku to Chyo (Science and Application of :eo.lite);
credttedihy Hinnondediihaase havihd, aKtedanshaencione)} @ore
In the crystalline alumnosilicate contained in the
pa€Bt 8¥8emotahhBei AYEBt BB, t RadpehespathykTasysthem has
a one- or two-dinensional structure and a sufficient
al@RVAXENgiagtbYi E¥nCcBBRE2¢%hAI Dkbadihhask®ikatilhe 1In the
structure. The reason is presuned as follows. The wax
calg_@paﬁékeceﬂéget ck?s'ﬂﬁlg'ﬁﬁeoéhﬁiﬂ%%@1fi"c%'1‘£'e's0%&'ec%%'er&i in

I near hydrocarbons and the precipitation of the wax

cofBL6QNIEA LReachydracatban,iliocap be synprassed

roug deco_rrp03| tron o ong-chal n ['i'near
o= DYOLO080ODS 0L g hydLagar Bans Ay ig SRlihey Juyber
[0016]

As the inorganic oxide constituting the support,
there may be, for example, mentioned y-alumina, 6-alumina,
n-alumina, d-alumina, silica, boria, titania, zirconia,
magnesia, hafnia, and the like. They can be used singly
or two or more inorganic oxides can be used as a mixture
in combination. When two or more inorganic oxides are
mixed, individual ingredients are preferably uniformly
and homogeneously mixed as a whole.

[0017]

As the crystalline aluminosilicate having a one- or
two-dimensional pore path system to be contained in the
support inorganic oxide, there may be, for example,

mentioned L-type zeolite, ZSM-5, ZSM-11, ZSM-12, ZSM-23,

10
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deconposition reaction is considered to occur in the
pores of the crystalline alumnosil.icate. The
invention 25 is based on the finding that an efficient
deconposition 11 reaction is obtained in the case
where the pore path systemof the crystalline
alumnosilicate is a one-- or two-di nensiona
st ucture ve e Iljne alumnosilicates
ol b R L B T SRRV ST
I me Y--type zeolite js cont |ned in the
betqmntitey dihent Rt hPEREFET ey ﬁﬁﬁnégM %e GSH=
obt ai ned. d%$0 81 In these crystalline
11,a]Z3Mukd n MT%%Ie%$ﬁ3§$ngS%g%nkl,1mp5¢enlte, and
t wo- - di nensi onal pore path system the Si02/A. 12 ?3
ferpté¢nitg noid ol YreSepred ertdl M55t anQ0PAPADEE, and
preferably 25 to 150. By controlling the Si O7/ Al 203
mostatpioe {emtddnly TIM-Fr onTHS poravpethosRe@noheresyeans
the alum nosilicate can be converted to have a
a tsuntabt Bl laci shaad unavbhyg aa depaxi igec 15i reatbrnadahd, ths
a result, the dewaxi no performance can be further

cry &4 DVEtk AbiROVEE 111 bet Spxanantper erdsaakl enef or med
y the crystalline alumnnosilicate having a one- or

altMPnos di fEst onas Rosernathirsyshenei shergbeeaphyh. 4re
to 0.72 run, 20 By controlling the maxi num pore

cr é@@@t@ﬁel&hﬁkﬂsfgﬁgilynPéethQéé£H§hQﬂsQBnEh§y"near
drocarbons, which isTa nmain cause of the wax

deﬁ%ﬁ@ﬁ% &ﬁnﬁﬁgtklh&thtPﬁe 8£¥§£§hhhﬁ8 ghymingskhiicate

nor e 1 nproved.

(reference literature: Zeolite no Kagaku to Ohyo (Science
and Application of Zeolite); edited by Hiroo Tominaga, p.
17, Kodansha (1996)). 1In the crystalline aluminosilicate
contained in the catalyst of the invention, the pore path
system has a one- or two-dimensional structure and a
sufficient dewaxing activity can be exhibited thanks to
the structure. The reason is presumed as follows. The
wax deposit content is mainly originated from long-chain
linear hydrocarbons and the precipitation of the wax
content in a hydrocarbon oil can be suppressed through
decomposition of the long-chain linear hydrocarbons into
hydrocarbons having smaller number of carbon atoms. The
decomposition reaction is considered to occur in the
pores of the crystalline aluminosilicate. The invention

is based on the finding that an efficient decomposition

11
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ot her hand, the ingredients which are not main causes
of 25 the wax deposit content are preferably not
deconposed but, 12 anong such ingredients, since
particularly a part of aromatic hydrocarbons and the
i ke may be deposited as cokes when reacted in the
pores of the crystalline aluninosilicate and thus
becone a n cause, of activity 5 de ivation in some
reqogst G CHATAE [ e T80 YIE TS e datt et
deposition. Thus, the naX|nun1£ore di anmeter of the
sy%fr%}%toaﬁ |Fhfe @ITENOSTIS cat @ ROB eF et bl 1S 07 7298 Obr
| ess where the diffusion of the hydrocarbons into the
twautideen sl nelr et W erai rECelusel ot @euttd vhton, can
be 10 suppressed. As the crystalline al um nosi | i cat es
alwaitiess i heptde wheens ridrentont paieh neixs hein porehree-
di aneter of the above range, there nmay be nenti oned
didensiompel zeot i tike ZSMie ZeoMEdlis ZSMatl2in@$MiR3the
ZSM 38, SAPO- 11, SAPO- 34, nordenite, ferrierite, and
cattdieydt keupddrf 0 IBjtfidhentrysvakingeactivity cannot
alum nosilicat_e having a one- or two-dinensiona
be 8¥€Es Paddy. system and the inorganic oxide to be used
as a support are preferably honbgeneously m xed and,
[oddh regard to a mxing nethod thereof, a 20 comonly
used nethod, e.g., a physical mxing nethod or the

like ﬂ?%}%&%stﬁﬁﬁfé’%ﬁﬁiﬁ@sﬂf&ﬁ%'ﬂé&?ﬁ@ a one-

having a one--- di mensi onal pore path system

or '&r&%ﬁrﬁ‘éﬁ@ Illg]ltk}P(? %SE%JeréyéQeﬁn @1‘1’8“@1020%13 Ot3 rg(%{%

by mass, pre era
(mol/mol) is preferably 15 to 200, more preferably 25 to

150. By controlling the Si0,/Al,0; ratio (mol/mol) to
from 15 or more to 200 or less, the aluminosilicate can
be converted to have a suitable acid nature by a dewaxing
reaction and, as a result, the dewaxing performance can
be further improved.

Moreover, the maximum pore diameter formed by the

crystalline aluminosilicate having a one- or two-

dimensional pore path system is preferably 0.4 to 0.72 nm.

By controlling the maximum pore diameter to 0.4 nm or
more, diffusion of the linear hydrocarbons, which is a
main cause of the wax deposit content, into the
crystalline aluminosilicate can be more improved. On the

other hand, the ingredients which are not main causes of

the wax deposit content are preferably not decomposed but,
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25 20% by mass, nore preferably 5 to 10% by mass. A
13 sufficient dewaxi ng performance can be exhi bited by
controlling the content of the crystalline
alum nosilicate to 3% by nass or nore, and a
sufficient dew zing performance and al so a high
desul furi ation 5 performance can be nai ntai ned by
controlling the content, to 25a by mass or |ess.
amqrh 2 Chas HHE BtV rﬁdﬁ%i&a%%&%&tp%%t%# ni ng
the crystalline alumnosilicate having a one- or two
aron tdi et ara T ere Pt RS st e R &Rt BRd &Doc
to 700"C for 2 to 5 hours is preferably used. This is
colmstalem cmattat ot e Qa10re i & ol @E et byl S i ng at
200C or | ower w thout high-tenperature calcination
alwafirersildicaot iared meted becaguppormaith orptde shippefivihy
the case 15 where the catal yst of the invention is
dedftoiduceicbrbyi it heomeprashied i osp priocesst des cpibier bed oo
and al so the support itself is preferably calcined
supthess tthe ahgyes corsh § i orsus i ntlos degx touexpdbé tdhameter
sufficient mechanical strength as such a catal yst.

of Wheh dhescal £ atd DinibPEr 2da € 18 2Pe£0P4HDY| @d72 onm
500C or” higher and the calcination time to 2 hours or

or gﬁ;é vazh fiicd e £ €4 By SE £ StRENGydr §8ArB8n s 0bh b NEHe

they are controlled to 700C or lower and 5

n
popeoéj,r S\Nl‘?JI{%ﬂ eﬂzér:% %ﬁsg%éi. eégusgeéjfrﬁéia£’9¥§£€%n, can be

properties tained and also the process is 25

supnemlsal AU LU - £ONPHTT 11de 3l G A8s ENEEQKesSO AL

satisfying the requirement of the maximum pore diameter

of the above range, there may be mentioned L-type zeolite,
7ZSM-5, ZSM-11, ZSM-12, ZSM-23, ZSM-38, SAPO-11, SAPO-34,
mordenite, ferrierite, and the like.

[0019]

The crystalline aluminosilicate having a one- or
two-dimensional pore path system and the inorganic oxide
to be used as a support are preferably homogeneously
mixed and, with regard to a mixing method thereof, a
commonly used method, e.g., a physical mixing method or
the like can be used.

The crystalline aluminosilicate having a one- or
two-dimensional pore path system is contained in the
support in an amount of 3 to 25% by mass, preferably 5 to

20% by mass, more preferably 5 to 10% by mass. A

13
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14 conditions are preferred. [00211 By controlling
the specific surface area, pore volunme, and nean pore
di aneter of the inorganic oxide support containing
the crystalline alumnnosilicate having a one- or

t wo- di nensi onal pore path systemto the ranges shown
in the follow ng, a catalyst having hi gher

desul furi zati on performance dd i ng. f

Su g é%‘ﬂaé%ﬂébgpf oty A 998 Ror THOE BT e oF the
support is_ preferably 200 to 500 n2/g, nore

corgrret e i IR 4 © i QWﬁﬁFQ%ég¥becific sur f ace

area of the support is 200 m/g or nore, the netal in
alugriguys 6L pat @ Heo nkt Y iR S QU pSE Svhi @ af eS'pF Eserheiyt
to forma conplex in an 15 inpregnation solution are
dewsasiny mppomatomihe sipporhigin des el Surirat oo
di spersibility, so that the case is preferred.
pebremmere adrerbé tmasnts0ned /gy orohiess] 1 sngcehe t henpene
di aneter is not extrenely small, a reaction- target
to CXBPAthass emsiles«i ffused into the catal yst 20
pores, so that the case is preferred. In this
[ogpoynection, the above specific surface area is a
val ue determ ned by a nitrogen-adsorption nethod (BET

met hod) .+hd Q@ZRle RWd MM &xitde oMol drer Hfn i@ the
support is 25 preferably 0.5 to 1.Um/g, nore

crPLEl 1 AL V2 Qupbh 49 3 SatdShaving a one- or two-

dimensional pore path system, one calcined at 500°C to
700°C for 2 to 5 hours is preferably used. This is
because catalyst preparation is completed by drying at
200°C or lower without high-temperature calcination after
an active metal is supported on the support in the case
where the catalyst of the invention is produced by the
production process described below and also the support
itself is preferably calcined under the above conditions
in order to exhibit a sufficient mechanical strength as
such a catalyst. When the calcination temperature is
controlled to 500°C or higher and the calcination time to
2 hours or more, a sufficient catalyst strength can be
obtained and when they are controlled to 700°C or lower
and 5 hours or less, respectively, desired physical
properties are obtained and also the process is

economical without consuming an extra energy, so that the

14
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m/g. When the pore volume is 0.5 m/g or nore, in the
case where an active netal is supported by an
i mpregnati on nmethod, a solution anobunt sufficient for
mai ntai ning solubility of an active netal conpound can
be 5 secured and the active netal is easily supported
with high dispersion, so that the case is preferred.
Mor eover, when the pore volune is 1.0 m/g or |ess,
congifclePRheP T PRIGF§ T Ur face area is not extremely
| onered, dispersibility of the active netal is easily
[0GAipported 10 without | owering dispersibility of the
active netal, so that the case is preferred. in this
conn&it icomtne irghdine parec Molurmitfce \alfepp pore
determined by a nercury- intrusion nmethod. The nean
volpore, dirahetesn gforded suppoetr ¢85 fimet heorddniagexofies
to 16 nm preferably 6 to 13 nm nore preferably 6 to
suppomm cditesni 1 treg netan oy et all hived esi LisiBos din oatavheyiag
reaction target conpound is easily diffused in the
a &ad-alysttypdr@dnesoidhal pdee cosenhi syptenhetsethe ranges
Moreover, when the diameter is 16 rm or |ess, extrene
shth decreaserd M élenspesi &d€asysf aggvangancgnebe
prevented and the active netal is easily supported
deé"dfﬂ#‘i A 1 S Sper £b ARan SO M@t adhex £R§CpE S rBEREREE €an
In this connection, the above nean pore dianeter is a
V. e term ned by a nmercury--intrusion nethod. 25
be;%ﬁﬁ%ﬁv "The catal yst of the invention conprises at

IeaStThe specific surface area of the support is
preferably 200 to 500 m?/g, more preferably 200 to 400
m?’/g. When the specific surface area of the support is
200 m?/g or more, the metal in Group 6 and the metal in
Group 8 which are presumed to form a complex in an
impregnation solution are easily supported on the support
with a sufficient dispersibility, so that the case is
preferred. Moreover, when it is 500 nF/g or less, since
the pore diameter is not extremely small, a reaction-

target compound is easily diffused into the catalyst

pores, so that the case is preferred. In this connection,

the above specific surface area is a value determined by
a nitrogen-adsorption method (BET method) .
[0022]

Furthermore, the pore volume of the support is

preferably 0.5 to 1.0 ml/g, more preferably 0.55 to 0.9
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one selected fromnetals in Goup 6 of the el-iodic
Table and at | east one selected fromnetals in G oup
8 of the Periodic Table, as well as phosphorus and
carbon dleri-vei froman organic acid. As the netal
in Goup 6, nolybdenum tungsten, or chromumis used
but nol ybdenum or tungsten is preferred. In addition,

two or nore of the tals i oup, 6 can be used ji.n
L b GRS RS Teao Tttt al s T Gk el e o rihe

Group 6, various conpounds 10 can be used and, as
cassamhedifl @l B Priete et onss, SURRASHRE M 37 i oxi de,
tungsten oxi de, nol ybdophosphoric. acid, and
impaustiopiospHodd atith attel arermnoned. suhkekel eRonbotinds
can be used singly or two or nore thereof can be also
maiusedinime o iwinl by onf an [00207e Al pemReuRG Glbupe
8, nickel or cobalt is preferred. In addition, nicke
seanted ohal ttiearadiel v seetaiseids | e coimbi Nadpont edswi dlw
materials for these netals in Goup 8, various
hidronposmess Can, beoused tanthe asa20 pseberrfed renes, Moreover,
ni ckel carbonate, cobalt carbonate, nickel citrate,

whead ohad te Gidnate id e nenil anest angss assipastiigal arly
preferred ones, nickel citrate and cobalt <citrate

spdtaV NG By ghera decorposh ¢ | Ot + &Rpey at skerad e

nmenti oned. These compounds can be used singly or two

os i 0.3k ool . b oo oo o o
wiéHgE%HEgﬁg%ing dispersibility of the active metal, so
that the case is preferred. In this connection, the
above pore volume is a value determined by a mercury-
intrusion method.

The mean pore diameter of the support is in the
rage of 5 to 16 nm, preferably 6 to 13 nm, more
preferably 6 to 11 nm. When the mean pore diameter is 5
nm or more, a reaction target compound is easily diffused
in the catalyst pores, so that the case is preferred.
Moreover, when the diameter is 16 nm or less, extreme
decrease in the specific surface area can be prevented
and the active metal is easily supported with high
dispersion, so that the case is preferred. 1In this
connection, the above mean pore diameter is a value

determined by a mercury-intrusion method.

[0023]
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conpounds can be used and, as particularly preferred
one, orthophosphoric acid is nentioned. Mreover, in
the case 5 where a phosphate salt of a netal in Goup
6 is used as a raw material for the nmetal in Goup 6
phosphorus contained in the conmpound can be used as a
phosphorus source. These phosphorus raw nmaterials can
be used ingly or two or, nore thereof can be al so
used e TR thatd dite FUrtaTer i CORY 1 #° calsel 9t e
the phosphorus matter in the phosphate salt of the
ongretale¢ped GFowp Befalustd @50 phosphbhasPebupPeechlipble
t he phosphorus anount fromthe raw nmaterial alone is
andidt sigds i @m , se hected herophosphbs usnr @wowat 8r &l the
such as orthophosphoric 15 acid can be further used in
Pexcionddi matalohe, §6026]1 Asstheospganis acddcavhphodsrived
organi c acids can be wused but, as preferred organic
frégi &s, ocqabdxyhétdaci ds tBeemseali bnedrand apre
preferably, polybasic carboxylic 20 acid,
mo PRsdd bt AT tin ps €E€S abtycREbRhaki €s pabéaasuc falboyyhin
acids are nentioned. As the aliphatic polybasic

orC@ﬁ§@§ﬂéﬁCl§cb9§fef9édexaﬂﬁl§dd§t§6hc gfbdor fBkECOf
acid, tartaric acid, oxalic acid, succinic acid,

th QgéfsafﬁdGrégbpbccéﬁ'ge QégﬁoﬂhccéﬁbgnaﬁﬂgntheAE'%ﬁw

nenti on and nost preferred thereof is citric

ma@&lals1§0%’g£ﬁ8¥snﬁetglgh§?ca§8 %re rgsgeoueﬁ of,nAn

Fgani c acl such as n cke

Ca?ag\?rﬁgfe%s Fgl?gtﬂgr{ig_g{l_le.ariy {)ngfer ng he%sed as a

molybdenum trioxide, tungsten oxide, molybdophosphoric
acid, and tungstophosphoric acid are mentioned. These
compounds can be used singly or two or more thereof can
be also used in combination.

[0024]

As the metal in Group 8, nickel or cobalt is
preferred. In addition, nickel and cobalt can be also
used in combination. As raw materials for these metals
in Group 8, various compounds can be used and, as
preferred ones, nickel carbonate, cobalt carbonate,
nickel citrate, and cobalt citrate are mentioned and, as
particularly preferred ones, nickel citrate and cobalt
citrate having a higher decomposition temperature are
mentioned. These compounds can be used singly or two or

more thereof can be also used in combination.
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metal in Goup 8, this conpound can be al so used as an
5 organic acid source. In the case where these organic
acids are used, one acid can be used singly or two or
nore acids can be al so used in conbination. Mreover,
in the case where the organic acid of the conpound of
the organic acid with the metal in Goup 3 is used as
an 10 organi c acid source, when the anmount of the
OQ%%bnlc acid fromthe conpound al one is not
sufficient, the other organic acid raw material can
be f et @M Fe¢@L R LSc w5 RO 2 7 A TR Ufh TS
of the metal in Goup 6 to be supported is 10 to 351
congyouTds, Cq5F eferEif Y At P BERIYL ST LY paFefeurat| gne
preferably 15 to 30% by mass in terns of oxide anount
ortgmnlesiastisc ofcthel s ataysenedhertierrovermuit e 10ase
by mass or nore, it is possible to 20 sufficiently
whexdi bighaspredfectalcaustd byetde imet@roum 6 Goupsédand, a
when the amobunt is 35% by mass or less, the netal in
raamiiipe 6l £anfde efd inodtent | yn disper sed omo shieorssippor t
wi t hout formation of aggregation of the conpound of

corttigi M@ aln i th& @ipSuid ¢de 15¢ epsed sspPophd MEhodhes 25
metal in Goup 6, so that the cases are preferred. 19

sodhe anmpd s Ofpidoimtad +4y Gioter 8219 benswppeséed s
1 to 10% by mass, preferably 2.5 to 8% by nass in

51%ﬁgifb9ftﬁg16¥3ﬁH?%”%héEbéPGCQ@Sbé st hgseat ahyst .
e

the amount is 1% by mass or nore, it is possible
coﬁﬁ&natlon. Furthermore, in the case where the

phosphorus matter in the phosphate salt of the metal in
Group 6 is used as a phosphorus source but the phosphorus
amount from the raw material alone is not sufficient, the
other phosphorus raw material such as orthophosphoric
acid can be further used in combination.

[0026]

As the organic acid, various organic acids can be
used but, as preferred organic acids, carboxylic acids
are mentioned and more preferably, polybasic carboxylic
acid, particularly preferably aliphatic polybasic
carboxylic acids are mentioned. As the aliphatic
polybasic carboxylic acids, for example, citric acid,
malic acid, tartaric acid, oxalic acid, succinic acid,
malonic acid, adipic acid, gluconic acid, and the like

are mentioned and most preferred thereof is citric acid.
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5 sufficiently obtain an active point attributable to
the netal in Goup 8 and, when the anmount is 10% by
mass or less, it is possible to naintain the
di spersibility of the netal in Goup 8 on the support
wi thout formation of aggregate in the step of
supporting the netal in Goup 8, 10 so that the cases
are preferred. Nbreover with re #Lﬂ t he nass. ratlo
MorEayeter g gfe Gdsfe "AIRFID) C&fmpt §I e rPrc&%]pC 65
the netal in Goup 8, the value of the netal in Grotp
witdy (@ e trpdt din iGroum Fup st ashe i lalci iy §yohat
preferably 0.1 to 0.25. 15 Wen the val ue of the netal
citimat@r dup 87q lexamtld, iusedgasup 6raw it evetal or Glrip
8 is 0.1 or nore, formation of an active point
netddeplry Gradwagt ithg ol desumifaurid atdorbe petforased e ealy.
CoMbS phase, N MbS phase, etc,) can be efficiently
orgehtial netdi @b yneryi stic @ffecthafe ttiee2O oegabicn
Goup 6 and the netal in Goup 8 can be further
acild¥raasetedn die pihercdransk whed $hegval oe two G025
or less, formation of inactive species of the netal

morh{I P 4 o DPEesS U ESSEholi®DZBt i 02D TMereover, in
osphorus content is 1.5 to 6% by mass, 20

théjrcegfi%%%%%sél% 1ﬁge/1pr r@é’f’d'@ft@ﬁ@sc&ﬁ oxhdeo anpyat

cat al yst. Phosphorus has an

ordlFEtela, SHIRCHY HULLIBRER0GTo P aft LAl
or i ftiactd SOIRLERTGkd %R Enduit bz deRY’ bYELARL! 201a
from the compound alone is not sufficient, the other
organic acid raw material can be further used in
combination.

[0027]

The amount of the metal in Group 6 to be supported
is 10 to 35% by mass, preferably 12 to 35% by mass,
particularly preferably 15 to 30% by mass in terms of
oxide amount on the basis of the catalyst. When the
amount is 10% by mass or more, it is possible to
sufficiently exhibit an effect caused by the metal in
Group 6 and, when the amount is 35% by mass or less, the
metal in Group 6 can be efficiently dispersed on the
support without formation of aggregation of the compound

of the metal in Group 6 in the step of supporting the

metal in Group 6, so that the cases are preferred.
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In order to sufficiently exhibit such an effect, it is
preferred to control the phosphorus contemt to 1.5%
by mass or nore.. On the other hand, too |arge
phosphorus content may cause occurrence of reduction
of pore size of 10 the catalyst and, as a result,
decrease in diffusivity of ,the target conpound and
excessi ve aggregation of the . B active tal _may occur
and tihfs a&?t%gﬁtyg%af &g"i’ef e”’rré{foud’ec dds PG P g ted
. cases. Therefore, the phosphorus_content is ,
is pk dierbbt B oBTS maREe Hr ks 2 19 sEwt eovermashelMost
suitable nolar ratio of the phosphorus content to the
temwhtehtonide langitial & i theglamis & F stie o7atalpsB, When
preferably 0.09 to 0.25 as the value of P20 /MGC3.
theNmmute ol b buthasdfor heophosphotsispednilehe teo the
content of the metals in Goup 8 is 0.07 or nore, 20
suf fuec et f 1 yesb ts4 Trucdurac whwe ho o sniconst delvetalb be hawetlae
hi gh desul furization activity can be nore efficiently
metfOr ned,cregpe thadnd hevlcaseths atefiet red. 10briepvessswhen
the ratio is 0.3 or less, decrease in pore volune and
lesPecifiLs d{ﬁé’ééﬁ@ﬁe af anDintden catal ¥sépeapibelity of
suppressed and 25 decrease in catal yst performance can

thd G SUPPr 855@hus0s & thatsihsofasei tBoRf etthedion of
[ 00291 The content of carbon derived froman organic

ag %é%tésr@ 119 1408, b fS?%ﬁgoP%?ﬁ%r@@éYmgtéP 10%:b¥up s,

nore 5 preferabl 0 5% Dby mass 1 n terns of

so SLIEN, APUNL . O o the, Pasi s Of the catalyst. The

organi ¢ acl

Moreover, with regard to the mass ratio (in terms
of oxide amount) of the metal in Group 6 to the metal in

Group 8, the value of the metal in Group 8/ (the metal in

Group 6 + the metal in Group 8) is preferably 0.1 to 0.25.

When the value of the metal in Group 8/ (the metal in
Group 6 + the metal in Group 8) is 0.1 or more, formation
of an active point deeply relating to desulfurization
performance (e.g., CoMoS phase, NiMoS phase, etc.) can be
efficiently obtained and a synergistic effect of the
metal in Group 6 and the metal in Group 8 can be further
increased. On the other hand, when the wvalue is 0.25 or
less, formation of inactive species of the metal in Group
8 can be suppressed.

[0028]

The phosphorus content is 1.5 to 6% by mass,
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conpl ex conpound with the nmetal of Group 8 on the
support at the production of the catal yst and, when
supported in this state, has an effect of forming an
active point 10 structure which is considered to have
a higher activity through successive activation
treatnment (sulfiding treatnent). In order to
sufficiently exhibit such an effect, it |s necessar
prefenael ¥ He origanitc RCi®RTH Hh tefoul T opxhte | ¥Rt ogn
by mass in terns of carbon el enment 1s anmount. On the
theotleeri hanl, tivh erp t ey 9 ganfosh e v haxca’sefbegt of
used, the carbon matter derived fromthe organic acid
e f eyt depast 11 et hen caf atlystaanive eeeal saad fear of
decrease in activity owng to coverage of the
acEatatyistoacs f veopmattomwrof he $ukeiddhesefoceurehehich
anmount 20 of the organic acid is preferably 14% by
1 s MBSSs et €8St b MatE€r &5h Ofh cas bonfet eprbioamuontvity.
Moreover, the ampunt of the organic acid to be added
In '@ @i Ve, t QL £ Pe- AERUDY Ofhilber netah 4R EFouptd is is
preferably 0.2 to 1.2, nore preferably 0.6 to 1 as a

pr%?épg%@5&5aééé?f%lt@ﬁeoﬁﬂé§ﬁﬁoﬁﬁédé&ﬂ@eﬂﬁt@b iLN5&r BYP

en the organic acid/the netal in Goup 8 is

e SETHT KA, 0 chespHpE v e, 8881 YEr 8. Bhcoprorys

s ud | T'n G oup S nore easily
cof AL SR PERA e B b BUECET P R et
engSpAEOLet L8, 2e0L Letsy . TALIBLLOR, oF, BUBSTELAL Ly or
thgetggggéeggﬁgéuégeag gg 22&&82 aggregation of the
active metal may occur and thus catalyst performance may
decrease in some cases. Therefore, the phosphorus
content is preferably 6% by mass or less.

Moreover, the most suitable molar ratio of the
phosphorus content to the content of the metals in Group
8 is 0.07 to 0.3, preferably 0.09 to 0.25 as the value of
P,0s/Mo0Os. When the molar ratio of the phosphorus content
to the content of the metals in Group 8 is 0.07 or more,
the sulfided structure which is considered to have a high
desulfurization activity can be more efficiently formed,
so that the case is preferred. Moreover, when the ratio
is 0.3 or less, decrease in pore volume and specific

surface area of the catalyst can be suppressed and

decrease in catalyst performance can be suppressed, soO
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solution easily penetrates into the inside of the
support, and the active netal is easily supported
with high 10 dispersion, so that the case is
preferred. Furthernore, with regard to the anmount of
the organic acid to be added relative to the total
anount of the netals in Goup 6 and the netals in
0 8 €. o of the organic acid/(the
th%%ta S ?%E%;%ﬁgBtéieﬁgééhe metals in Goup 8) is
[Oﬁégierably 0.35 or less, nore preferably 0.28 or
ess, particularly preferably 0.25 or |ess, Wen the
organj,.c acid/(the petals in Goup 6_+ the netals in
Gouﬁ%%?%ﬁ%%ﬁr |G RY 95 brd | Bdn Fpkerganic acid

. deactivation owing to the netal and the excess organic
1526 SRi I WHPEN a08s REELPERATS €ohpl bROchK Bass, more

suppressed, so that the case is preferred. [0030] As
Profordebds?fbp prodvichagsSt ke earmfysf eiempet amount on
invention, there is preferred a process for producing
the HeasDs ehtbhyseabyglustng Bheobuvpbhcconidi APhysae
| east one 23 selected fromnetals in Goup 6, at |east
comgmkes et eupednd f wohh nehal setal G dupr8upphosphbhecsappdrt
and an organic acid, supporting the conponents on the
at abiowv eprcogstal bhnef ahancavsilstaberdconhahnsugported in
i norgani c oxi de support so as 5 to attain a
thpg ecledes mined gonéenéct and subseqyenh! yctivai pbiing the
product through only drying treatnent and drying it

st hdhokd ith Obh - 1 eNPeh Mt WE L8t 61 RALEOR hiGALPERLLiAStY
supporting nmethod of the above conponents on

through successive activation treatment (sulfiding
treatment). In order to sufficiently exhibit such an
effect, it is necessary to use the organic acid in an
amount of at least 2% by mass in terms of carbon element
amount. On the other hand, when the organic acid is
excessively used, the carbon matter derived from the
organic acid may deposit on the catalyst and there is a
fear of decrease in activity owing to coverage of the
catalyst active point or the like. Therefore, the amount
of the organic acid is preferably 14% by mass or less in
terms of carbon element amount.

Moreover, the amount of the organic acid to be
added relative to the amount of the metal in Group 8 is

preferably 0.2 to 1.2, more preferably 0.6 to 1 as a

molar ratio of the organic acid/the metal in Group 8.
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the support, a conmmon nethod can be used and the
met hod 10 may be anyone so far as a predeterm ned
anmount of the active netal can be honbgeneously
supported. As such a nethod, an inpregnation nethod
is nmentioned, for exanple. The drying nmethod is not
particularly limted but there is preferred a nethod
of drying at a drying 15 tenperature of 200C or Iomer
Whest effle? abF§2N00 161440 FoFal 100 fFFeRs8 t &S 29°RbhPE1ed
nore preferably 100 to 150C. for 5 to 24 hours in an
toe@rZSQIGQMIGAnt@en$¢¢b@%npgtmbaﬂ¥t6¥bﬂﬁab%acﬁgnFB?ter
air-dried at roomtenperature. Wien the dryin
mett&hpean abuoep i & Tomont | edst by 200G bretlonep, thae 2he
active netal and the organic acid which are consi dered
cad® ifopmeBecoepl exOganhbeonbent aanéd whenheheababgstc
and, as a result, a highly active catal yst can be
acDbtahoedebyl peréesapng ast byatiobledeabnenk. oHoheser,
in the case where drying is perforned in 25 vacuum
folhyt N8ni SePreenably pepfesnrdisn asiteibe hheingdtoo
above tenperature range in terns of a pre.ssure of 760

Ihe; pressirse abughybogehs g8BCIAbLYyAA0ibA 900
oS re ety 590 pEbYRRse unHg, ot preferably 730

0 t f I t
s R S e b o NG

en o8 2 P bl ot FEEaB (S0LTERCIR, MeLyPaler t hr
asdbite 11, FeLAL,fogR ol gasily sbipggted, =o Cha 2
aCtlvqﬁéggggéé¥gfmwgth regard to the amount of the

organic acid to be added relative to the total amount of
the metals in Group 6 and the metals in Group 8, the
molar ratio of the organic acid/(the metals in Group 6 +
the metals in Group 8) is preferably 0.35 or less, more
preferably 0.28 or less, particularly preferably 0.25 or
less. When the organic acid/ (the metals in Group 6 + the
metals in Group 8) is controlled to 0.35 or less, coke
deactivation owing to the metal and the excess organic
acid which does not form a complex can be suppressed, so
that the case is preferred.
[0030]

As a process for producing the catalyst of the

invention, there is preferred a process for producing the

catalyst by using a solution containing at least one
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10 [0031] The _:ecifyc surface area in the catal yst of
the invention is preferably 100 to 350 m/g, nore
preferably 120 to 300 n2/g. Wen the specific surface
area is 100 nR/g or nore, the active netal is easily
hi ghly di spersed, 15 so .::hat the case is preferred.
When the area is 350 m/g or less, since the

catal yst. pore dianeter is not extrenely decreased

seliart b dctdmomatarlgetin @ity iat leaTt ORI g ey y
di ffused, so that the case is preferred. 20 The pore
frayplmeate lis.in Kerom & ysthafphdiel ¢ et odjan organic
preferably 0.35 to 0.6 m,/g, nore prefer:bl.y 0.35 to
acili,55upddm: indherha heongorreenviod wre tilse RIBVer ¢y ofa hbkre
the reaction target conmpound is easily diffused in
alurhiehqporleissat sacdrhat it ihey caserdan jor eferdedsumbent the as
pore volune is 25 0.6 m;g or |ess, since the
to SPedfi G Sredacermited scdotent), exid enmbye dnoset ed,
di spersibi-lity of the active netal is easily

£1 Bt nath psfutdattiheu@asenis oFefeg reseafiien freand
pore diameter in the catalyst of the i nvention is pre

dréﬁgg’fﬁLﬁ%éﬁgﬁ%:%ﬁ&Hntéﬁﬁékiﬁﬁg@ré@d&iﬂgti@n erd&tment.

r preferably B to 15 nm. Wen the nean

por eASdi(?ai 1 %éoé'lnjstﬁln% grlf%’cfkgisde &nd N JRAG LM G€ton

conpoln in the catal yst pores, so
end P 5,0 g 1R B0 L8 BAATELS sl 20
s SRl 05 AEEC 08 118020 L 3P SBLL L YroLnb e
active metal can be homogeneously supported. As such a
method, an impregnation method is mentioned, for example.

The drying method is not particularly limited but

there is preferred a method of drying at a drying
temperature of 200°C or lower, preferably 100 to 180°C for
10 minutes to 24 hours, more preferably 100 to 150°C for 5
to 24 hours in an air stream, in a nitrogen stream, or in
vacuum after air-dried at room temperature. When the
drying temperature is controlled to 200°C oxr lower, the
active metal and the organic acid which are considered to
form a complex can be maintained on the catalyst and, as
a result, a highly active catalyst can be obtained by
performing activation treatment.

However, in the case where drying is performed in

vacuum, drying is preferably performed so as to be the
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so that the case is preferred. The volune of the pores
havi ng a nean pore dianeter ranging t:1.5 nm neasured
by the nercury-intrusion nmethod in the catalyst of
the invention accounts for preferably 15 40% by vol une
or nore, nore preferably 45% by vol une or nore based
on the total pore volune. Wen the volune of the

Vj . ' t i 5.araz4s
iRt A, PRk e AR BT Do,
he ores _which ar ._usef ul I izat
o Yeaxi Snugreofafh%o\élenaitll%ng rg%rg%ffg o‘f’r%(g u%% %gﬁ be
uppr essed .and cat st _performance can be f her
e S L Dt Ll il B s e FRRRipFy P30 NS
connection, the above ecific surface area is a
80Gh JHetg cat unHl tle RIS &9TR BYQRFRIBETC Rt RoTEF t er"NO%
the catalyst is degassed under._vacuum at 400C for_1
thehqures Per vtle dWier 109 Hes pth @ WHUM: Jielr fear popelling
di ameter are nunerical values determ ned by the
poimer cur yeemis ust 0he0 metthpdi after hhehent bhyst206°C and
degassed under vacuum at 400C for 1 hour. 5 [0032]
thd Ravgavhteraald Gihiclo hes Teoget@da byor@at ek yeitlof thae
i nvention] As the hydrocarbon oils to be raw oils at
metdle doe®e naheradiydy celesuifatredat sontlamd hydiodewaxchgve
are perfornmed 10 sinultaneously with the catal yst of
cattdieystvenhi bR, obardiousd hyiek @eqh boheoiadct icart en usedatment.

and are not |imted
[0031]

The specific surface area in the catalyst of the
invention is preferably 100 to 350 m’/g, more preferably
120 to 300 m?/g. When the specific surface area is 100
m’/g or more, the active metal is easily highly dispersed,
so that the case is preferred. When the area is 350 m?/g
or less, since the catalyst pore diameter is not
extremely decreased, the reaction target compound is
easily sufficiently diffused, so that the case is
preferred.

The pore volume in the catalyst of the invention is
preferably 0.35 to 0.6 ml/g, more preferably 0.35 to 0.55
ml/g. When the pore volume is 0.35 ml/g or more, the
reaction target compound is easily diffused in the pores,

so that the case is preferred. When the pore volume is

0.6 ml/g or less, since the specific surface area is not
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but hydrocarbon oils having a boiling point range of
150 to 450C, preferably 150 to 400C. are suitable and

straight--run light gas oil is preferably mentioned.
15 Moreover, hydrocarbon oils having a wax deposit
content at ---1.0C of 10% by mass or |ess, further 6%

by mass or |ess can be also preferably used.
Furthernore, cracked light gas oil,. reduced pressure
X TG A TE0 nyflt RGBT O Mt 18 288 BE ol ah
the |ike can be 20 also used sing!g or iLn
ea bRt o e 17 sthahnee? i Gice 1S tREFOEFEREme] t of
| ubricating base oils can be preformed with the
cat alfst msfan enenvERNIGEr [10033E JaakoiertiBre with
Catal yst of the invention] 25 At the hydrotreatnent of
inentaiwmat erpee féyae by ab bom 2@ Mwi | ek e herpéetabayydt to
of the invention, it is necessary to activate the
15 catb al sttiodr three feawant v oh by Bl fimdi nghenr ehempagnwpohe
a sul fiding agent beforehand. The sulfiding treatnent

didmegener al & ynipes £ atioed, atha bedenpenatargeof c@8potind is
400' C, preferably 250 to 350C under a hydrogen

caft TPsPheresé® convestcapstyof pheesppportedt gReatase
conponents into sulfides. As the sulfiding agent at

is U BUbfddi NOGhLK eah 8Ot amd hEr SULT b AR ber 16B8st henkaw
mat eri al hydrocarbon oil can be utilized or an

Sp@ggf%éOQ@%?&?%:§£éédiggnéﬁegitféﬂepﬁ @é%?eﬂ%@g-aﬁaehigh

catalyst o Invention Is used in the
a1 PELOILEA LB ol n L L 2¥e MBLELT 2L BYQ1962h00Rihe,
so that the case is preferred.

The volume of the pores having a mean pore diameter
ranging +1.5 nm measured by the mercury-intrusion method
in the catalyst of the invention accounts for preferably
40% by volume or more, more preferably 45% by volume or
more based on the total pore volume. When the volume of
the pores having a mean pore diameter ranging *1.5 nm is
40% by volume or more based on the total pore volume, the
pores which are not useful for desulfurization and
dewaxing of the reaction target compound can be
suppressed and the catalyst performance can be further
improved, so that the case is preferred.

In this connection, the above specific surface area

is a numerical value determined by the BET method after

the catalyst is degassed under vacuum at 400°C for 1 hour.
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treatnment beforehand. [0034] i5 Wth regard to the
reaction conditions for the hydrotreatnent of the raw
mat eri al hydrocarbon oil with the catalyst of the
invention, generally, hydrogen partial pressure is 3
to 13 MrPa, preferably 4 to 11 MPa. The reaction
tenperature is :300 to 400C, preferably 310 20 to
385C, S e velocity

M%?%Y%]ﬁabf{}e F5rS D8 SRAEH PEbanAb RS 2 8rEs

000 , . preterab 0 to 800 Nni 3/KI . The
nmﬁ%m?f chthnt OptBHE Ran Wi BRPaFSoEREN LREFHEL O
cataly of the invention i s preferably perforned
meﬁ%ﬂ%raﬁﬁ%raE%@ecaﬁélﬁéﬁdiﬁ|GﬁgaSQSd[EG§SF Rgcyym at
enbodi nent of perform ng the hydrotreatnment of the
40p@riovarbdrwwil, a fixed bed flow reaction nethod is
preferred. In this connection, as a catalyst to be 5
[Opa2ked into a hydrotreatnent apparatus, it is possible
to wuse the catalyst of the invention singly or it is
[Rposdibéerisdb Qse thebealakystedfbyh€ainignti ol ithe
conmbi nation with the other ultra.--deep
Indesuldwri zation catalyst or the like in order to
obtain desired 10 properties of a product oil. [0036]

As e i aneth peyearisdn thel hyels ot epdledt 1 6f at hehe time

hydrocarbon oil, by the use of the catal yst of the
when hydrodesulfurization and hydrodewaxing are performed
simultaneously with the catalyst of the invention,
various hydrocarbon oils can be used and are not limited
but hydrocarbon o0ils having a boiling point range of 150
to 450°C, preferably 150 to 400°C are suitable and
straight-run light gas o0il is preferably mentioned.
Moreover, hydrocarbon oils having a wax deposit content
at -10°C of 10% by mass or less, further 6% by mass or
less can be also preferably used. Furthermore, cracked
light gas o0il, reduced pressure light gas oil,
hydrotreated o0il, desulfurized oil, and the like can be
also used singly or in combination. In this connection,
hydrotreatment of lubricating base oils can be preformed
with the catalyst of the invention.
[0033]

[Hydrogenation with Catalyst of the Invention]

At the hydrotreatment of a raw material hydrocarbon
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i nvention, sulfur conmpounds in the hydrocarbon oil can
be 15 desul furized to a high degree and
simultaneously, it is possible to reduce wax content
wi t hout making the operating conditions severe.
Furthernore, the use of the catalyst enables
production of a hydrocarbon oil having a sulfur

.content ., of 10 m.or |e and_a_wax_depogsi.t 20 content
o1 f ML R oG S3tE0YBY RbsZS LOUSRf Pehardcte PEEEESSY
Product . oi |, Produced wt talyst of the Inventj.on
topaCbTHrRG FBE| RECOAUSTySE CRor HETPARAAET OF, B TR A
hydr ot reat ment of _various hydrocarbon oils, the sulfur

trogtReipotinbs RnSHhELAYRF0EARBENPEIPEeEaRdhe The
desul furized to a high degree and sinultaneously, it
suisigssgi breatpentedscacfaxaddit At fairmreuetmaki ng t he
operating conditions severe. 5 By the use of the
temptabysreobft B80T hweADDDD, ptrtefsralpbgskbbetbo3pbtriuceier
a hydrocarbon oil having a sulfur concentration of 10
a ppdrogehestmapdharwaxodeposetrtconsénbf &he FOCpofr t8d0%
by mass. The hydrocarbon oil. having a. sulfur

metahceofpaheonsoflnt® ppinfardekessnrandha waX fdeposi ageht
content at 1i)C of .0% by mass satisfies the sul fur

at CoReepul 8t d0ngr eguhtrentor thhesdiesel mhtelerane ahe0 raw
| ow tenperature fluidity performance is remarkably

nat8PiQYEHydRSc6ORBAr 86 1WehA paNUent i @Bal ogener aldditional
desul f-u.-ized. light gas oil base Imat:erials. Such

sully 9506881 QBN eI Laf@Be also used. The catalyst of the

invention is used in the hydrotreatment of the raw

material hydrocarbon oil after subjected to the sulfiding

treatment beforehand.

[0034]

With regard to the reaction conditions for the
hydrotreatment of the raw material hydrocarbon o0il with
the catalyst of the invention, generally, hydrogen
partial pressure is 3 to 13 MPa, preferably 4 to 11 MPa.
The reaction temperature is 300 to 400°C, preferably 310
to 385°C; the liquid hourly space velocity is 0.3 to 5 h7,
preferably 0.5 3.5 h™; and the hydrogen/oil ratio is 100
to 1000 Nm’/kl, preferably 150 to 800 Nm®/kl. The
hydrotreatment of the raw material oil with the catalyst

of the invention is preferably performed under the above

conditions.
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15 remarkably reduce the m xi ng anount of the kerosene
fraction which has been frequently necessarily m xed
in the conventional general desulfur.zed |ight gas
oil base material for the purpose of securing
| ow - -tenperature performance such as
| ow-tenperat.ur-e fluidity as a diesel 20 fuel.
@%ﬁeover, by the use of the catalyst of the
[0G3¥/ention, the wax deposit content ,:t -10C. can be
further reduced to 2.4% by mass or [l ess. Thereb [
the P&pphi CAPPERATEGINGT PEiritghinigds T Tygrptgeatnent
standard light gas oil where | ow-tenperature
of fihg divdros@rsmngride ia D5gshiet uf B yE $Gut PR e Fiypd
exanple, lowtenperature 30 perfornmance required for
is Ngeferdgght das @iis caprretisBourasd ai thoit Y3 xihgPe he
kerosene fraction which has been conventionally m xed
padkad iingrood rigydree it epemdrepay ta el per for hariees s 1pl € hieo
hydrocarbon oil to be 5 used as the diesel fuel, it is
usea tSignidtialadt refuitementent orm seowgingoa sufisci ent
| owt enperature perfornmance of the hydrocarbon oil as
possidileselo fuksd e contd0)st hef wete depastiowonhent at
-10r to a certain level or less. 0038] 10 The above
comheh LfeRasivti ontehto ey hel el -edddmede Hy1 rani anal yzi ng
nmet hod using a. filter-filtration nmethod or by an

ca%a]%}sv@i&g tTRL hod isi g, Ba g TESreptiah 86anpbag

allorimeter (also referred to as "DSC' in sort) but,
ar... .d el x, deposit content, analysis by
¢ ecg)im 1 ¢ .
pré?%ff@cq%: ﬁgﬁﬂ%ﬁﬁgﬁ%a?ﬁg a high repeat accuracy can
[O&g%Preferably

As mentioned above, at the hydrotreatment of the

hydrocarbon o0il, by the use of the catalyst of the
invention, sulfur compounds in the hydrocarbon oil can be
desulfurized to a high degree and simultaneously, it is
possible to reduce wax content without making the
operating conditions severe. Furthermore, the use of the
catalyst enables production of a hydrocarbon oil having a
sulfur content of 10 ppm or less and a wax deposit
content at -10°C of 3.0% by mass.
[0037]
[Characteristics of Product oil Produced with Catalyst of
the Invention]

According to the catalyst of the invention, at the

hydrotreatment of various hydrocarbon oils, the sulfur
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used. DSC is an instrunent for analyzing heat budget
of a sanple at the tine when the sanple tenperature
is continuously changed but the precipitated anmount
of wax matter precipitated in the hydrocarbon oil can
be 20 determ ned by neasuring heat budget in
association wwth the wax matter precipitation

Exanpl es [003 25 The follow n i1l . nore. .
COMBSRETR o I5PIuE TR e S GBnid A B 17 o
reference to Exanpl es and Conparative Exanp| es but

a higd dagemg aid Sl ianAqEd Yo 1% HeS RATOW My t°
Exanpl es. [0040] 5 [Preparation of Catal yst] Exanple

rediad 28 -Briesit el thewde matavichd-Teh ROANPD3 ol ar
ratio of 35 (pore path system two-dinensional one,

conmeXiimura porvexd aneter: 0.54 nn) was kneaded into
alumna 10 gel and, after extrusion nolding, the whole
was 63l theedseab f6@0eCdadral¥ stowfs the preparte cn,Z3 N5
zeolite-containing alum na support (H ZSM5

posZAQlid e/alpHidiacdras hydid a drdhilsfecving sustihber
area: 317 nl; g, pore volume: 0.72 nm/g, nean pore

corfHeBlATiorB.& NN .ppkb 3 1des afera hednd, d@bdef t 1dodegt
of cobalt citrate and 3.73 g of orthophosphoric acid

at f—%%%#%%gﬁé}t@é%@ Wergh%?ﬂ%rbea%ogl i1 having a

on- éxchange 29.35
sulfur concentration of 10 ppm or less and a wax deposit
content at -10°C of 3.0% by mass satisfies the sulfur
concentration required for the diesel fuel and also low-
temperature fluidity performance is remarkably improved
as compared with conventional general desulfurized light
gas oil base materials. Such hydrocarbon oil can
remarkably reduce the mixing amount of the kerosene
fraction which has been frequently necessarily mixed in
the conventional general desulfurized light gas oil base
material for the purpose of securing low-temperature
performance such as low-temperature fluidity as a diesel
fuel. Moreover, by the use of the catalyst of the
invention, the wax deposit content at -10°C can be further
reduced to 2.4% by mass or less. Thereby, in the
application to No. 2 light gas oil as JIS standard light
gas oil where low-temperature fluidity performance is

particularly required, for example, low-temperature
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nol ybdophosphori c acid was charged and conpl etely
di ssol ved therein to prepare an aqueous netal
solution. 20 The whol e amount of the aqueous sol ution
was added dropwi se to 50 g of the above ZSti7--5
zeolite-containing alum na support, followed by
i npregnation at room tenperature for 3 hours.
Thereafter, the whole was air- dried in a nitraqgen
persiora@amcand aver odt ifed A0 12de¢FYr 96 55 -hoit's T an
air stream at atnospheric pressure in a 32 nuffle
sedunatacd the ugbmaixd nCattaley stera s e raqt isanpt e hes
ZSM5 zeolite-corita.ining alum na support having a 5
bedt Z8Mveh tzi apla L 1tve meilxed o megep reatiing ofhel 5/ @5
(specific surface area: 320 nR/g, pore volune: 0.71
t e d1gy t ureAmedicermadicanet dm 815 hyr v pre pak edtd e he
same manner as in Exanple 1 except that HZSM5
us&EQd tnpaidaie lhatidlg airt 1S Q2/Algri?0B e farre@iioemodnt
45 (pore path system two 10 di nensional one, maxi num
ForP Y& 3PtLersufE o4 a1 VRS- useskratiird hee of drerahands £
after 15.41 g of cobalt citrate and 3.45 g of
thdr igiacid { 8blhaquenus: sed WMol W€ wax
added to 38.5 of ion-exchanged water., 27.18 g of
noi ybdophosphor.i c ac GO t 15
deR{ YY) er{} efrﬁcer‘_ieti n %cgrt \éﬁj‘i‘r ceé%gﬁ%gg)ug%ﬂ]selne@alele%&
[0(?‘?2! ution. The ,whol e anpbunt of the aqueous sol ution
vvas] added dropwi se to 50 g of the above ZSM 5

izfrglr ié['éfre‘?éc' g%rae;{&; noéir%%ousrgtnacosﬁl{p&og tCarI %é od@lgelbrXined by
an analyzing method using a filter-filtration method or
by an analyzing method using a differential scanning
calorimeter (also referred to as “DSC” in short) but, for
determining the wax deposit content, analysis by a DSC
method showing a high repeat accuracy can be preferably
used. DSC is an instrument for analyzing heat budget of
a sample at the time when the sample temperature is
continuously changed but the precipitated amount of wax
matter precipitated in the hydrocarbon oil can be

determined by measuring heat budget in association with

the wax matter precipitation.

Examples
[0039]

The following will more specifically describe the

31



10

15

20

25

tenperature for 3 hours. Thereafter, the whole was air
20 dried in a nitrogen streamand then dried at 120C
for 16 hour<s in an air stream at atnospheric
pressure in a muffle furnace to obtain Catal yst B.
[0042] Exanple 3 25 A ZSM5 zeolite-containing
al um na support having a 33 HZSM5 zeolite/al um na
nass ratio of 25/ 7 éﬁ( CIfIC sur rea: 325 n2/g,
PTGRRE VoI (ARE LGt 681 T 1 - SR T ﬁ%@%@n 3
was prepared |n the sane manner as in anpl e 1. on
Conprr Hrhed Theaeplad tt 1@%6‘-%V%thc‘?}ba3r§ %‘P?rja%%lt%ﬁdto
3;26 g of orthophosphoric acid (851 aqueous sol ution)
thevefel Luytieed tBXB@ ke Df | on- exchanged water, 22.91 g of
nol ybdophosphori c acid was charged and conpletely
[0 &lsol ved therein to prepare an aqgueous neta
solution. 10 The whol e anmount of the aqueous sol ution
[ Prvegsadddieth @f dpwiskydto] 50 g of the above ZSM 5
zeolite-containing alum na support, followed by
Exdnglregnati on at room tenperature for 3 hours,
Thereafter, the whole was air- dried in a nitrogen

st r eamzang 3 hew 1driealdek20G o1y Hh 15 BoWISoi ek
air stream at atnospheric pressure in a nuffle

raff i N@€e3d o bt aihh Gat &b ysdm C. D04 Blen Ex8ARL €ode Sl | i Ca
and alunlna hydrate and H ZSM5 zeolite

maximum pore diameter: 0.54 nm) was kneaded into alumina
gel and, after extrusion molding, the whole was calcined
at 600°C for 2 hours to prepare a ZSM-5 zeolite-containing
alumina support (H-ZSM-5 zeolite/alumina mass ratio =
10/90, specific surface area: 317 m?/g, pore volume: 0.72
ml/g, mean pore diameter: 8.5 nm).

On the other hand, after 17.12 g of cobalt citrate
and 3.73 g of orthophosphoric acid (85% aqueous solution)
were added to 39 g of ion-exchanged water, 29.35 g of
molybdophosphoric acid was charged and completely
dissolved therein to prepare an aqueous metal solution.
The whole amount of the adqueous solution was added
dropwise to 50 g of the above ZSM-5 zeolite-containing
alumina support, followed by impregnation at room
temperature for 3 hours. Thereafter, the whole was air-

dried in a nitrogen stream and then dried at 120°C for 16

hours in an air stream at atmospheric pressure in a
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20 powder the sane as used in Exanple i were kneaded

and, after extrusion nolding, the whole was cal cined

at 600C for 2 hours to prepare a GUM5

zeolite-containing silica- alumna support (H ZSM5

zeolite/s.lica/alumna mass ratio = 10/2/88, specific

surface area: 310 m/g, pore 25 volune: 0.71 nm /g,

an pore dianeter: 8.7.nn,). 4 on the other hand,

mufanf%teerP‘irfalcf gcoofoq%toaolarf tc%ﬁa%]?r%ﬁtes‘q'and 3.73 g of

or.t.hophosphoric acid (85% aqueous sol ution) were
[Ooa{l]oued to 38.5 g of ion-exchanged water, 29.35 g of

nol ybdophosphor: 1 c acid was charged and conpletely 5
Exaislsol4/ed therein to prepare an aqueous met al

solution. The whole anpbunt of the aqueous sol ution,

was Adde¥- dizspdiide 1@ SE g igH EHaTHRGY SR E- having a

zeolite-containing alumna support, followed by |
H-7S¥preegren i ore /Al wobm hasperatin ©F ok5A8holsrecific

Thereafter, the whole was air 10 dried in a nitrogen
surstaeamerd: t3Heh nfi/iged patrel 20Cuiter: D6 7heur/sy i mesn aiqre

stream at nospheric pressure in a nuffle furnace to
dizokdtadn: Gatalnsit viis [R04da redExanpties Ssdibe Jhonharaad in

alum na hydrate and HZSM5 zeolite powder the sane
Exagoused drcdpangher - xen-es knesteee anslvde af heving an

extrusi on nol di ng, the whole was cal cined at 600C for
S1G%/RAYDS L HF eRB B 2o ZSM 5280l | $ £L1e 08y 8t BlnNJLPEF i a-

al um na support (HZSM5 zeolitel hiorial/a.lumna nmass

diféd Poed =oR8; 3tB%inRREGHSH & SHEREEErar 8a:543%31 ) vdls used.
pore vol une.

On the other hand, after 15.41 g of cobalt citrate
and 3.45 g of orthophosphoric acid (85% aqueous solution)
were added to 38.5 g of ion-exchanged water, 27.18 g of
molybdophosphoric acid was charged and completely
dissolved therein to prepare an aqueous metal solution.
The whole amount of the aqueous solution was added
dropwise to 50 g of the above ZSM-5 zeolite-containing
alumina support, followed by impregnation at room
temperature for 3 hours. Thereafter, the whole was air-
dried in a nitrogen stream and then dried at 120°C for 16
hours in an air stream at atmospheric pressure in a
muffle furnace to obtain Catalyst B.

[0042]

Example 3

A ZSM-5 zeolite-containing alumina support having a
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0.73 m /g, nean pore dianeter: 8.9 nm. On the other
hand, after 17.12 g of cobalt citrate and 3.73 g of
ort hophosphori c acid (85% aqueous sol ution) were
added to 39 g of ion-exchanged water, 29.35 g of 25
nmol ybdophosphoric acid was charged and conpletely 35
di ssol ved therein to prepare an aqueous net al

i on. whol e amount_of. t he S solut
-0l b U oS (5D 5&%%%%%5'%%5@’% (SR Lo
zeolite- contalnlqg al um na ort
SRR dHidtd omat 1 ¢6m ptoé‘ﬁpéijt‘%Fee foor lﬁfs.meyan POTE
Thereafter, the whole was air- dried in a nitrogen |,
diagmetetm ghd tHBh WS eF 24D R oFna 65aMPUPINTFL aR® af P
stream at atnospheric pressure in a nuffle furnace to

Exaghitled nl Catal yst E. C) 0451 10 Exanple 6 A ZSM 5
zeol ite-contai ning alum na support having a H ZSM5
zeol iOre/taleunitieemrasnd ata i eof 5 I8 (Spekidéealsueitecete
area: 312 nR/g, pore volune: 0.72 m /g, mean pore

andli et er (oB. Grtmdphmspipveparadidn(§he saneonansetugson)
in 15 Exanple 1. On the other hand, after 17.12 q of

werdhaldeLits at@ ganfl Bor3egclodnged hophesphdeielagi df
(85% aqueous solution) were added to 39 g of

mo 1PN anNasei wad&ld Wds %hﬂr?éd and ybeephesphori c
aci d was charged and conpl etely 20 di ssolved therein

d1§§bfVéﬁmﬁﬁéfghﬁQH§Q§§e§§f@Ja§0£&ué8ﬂs mdbg1WBeLk8tion.
anount of the aqueous ‘sol ution was added

The whole amount of the aqueous solution was added
dropwise to 50 g of the above ZSM-5 zeolite-containing
alumina support, followed by impregnation at room
temperature for 3 hours. Thereafter, the whole was air-
dried in a nitrogen stream and then dried at 120°C for 16
hours in an air stream at atmospheric pressure in a
muffle furnace to obtain Catalyst C.
[0043]
Example 4

Silica and alumina hydrate and H-ZSM-5 zeolite
powder the same as used in Example 1 were kneaded and,
after extrusion molding, the whole was calcined at 600°C
for 2 hours to prepare a ZSM-5 zeolite-containing silica-
alumina support (H-ZSM-5 zeolite/silica/alumina mass

ratio = 10/2/88, specific surface area: 310 m’/g, pore

volume: 0.71 ml/g, mean pore diameter: 8.7 nm).
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df ropwi se to 50 g of the above ZSM 5
zeolite---contai.ning alumna support, foll owed by
i npregnation at room tenperature for 3 hours.
Thereafter, the whole was air-.. 25 dried in a
nitrogen streamand then dried at :120C for 16 36
hours in an air stream at atnospheric pressure in a.

muf fl e furnace to.obtain t al.yst F. 46 aml e .7
5 sABB T, Boiote "Boe b iy dF & &2 RES0T noTdE e
ratio of 35 (pqre _path system, one-dj nensional one,.
and e T (o & T RGN G 6 T W ks gL St don)
alumna gel and., after extrusion_ nolding, the whole
wergaPddaditedt at BOUC - HKHRAREL ' Prepare’ a3 9 of
SAPO--11 zeolite- 10 containing_alum na support
mo J(y&mephsptentic é@ldifia haelmssed rand oo brioply
speci fic surface area: 301 nR/g, pore volune: 0.65
disndlgd ndwr gior £ dimmmare & Adgmeouie el othient hand,
after 17.12 g of cobalt citrate and 3.73 q of

Thd mHdicplamesphorofi stleci ab859% aspieotsorsohas | @mdled 15
were added to 35.5 g of ion-exchanged water, 29.35 ¢

drdwid®lyddphpspharic @ik iesM-chat gelli aadccotpl et ey y
di ssolved therein to prepare an agueous net al

a1 g0l | Qibporihe M0l Gvadosnt 1 @ r & diea BOME04IS BObMt i on
was addeé) dropwi se to 50 g of the above SAPO 11

t erd RO ther L O Al NI 2D, al M e SUPPOT the fohd D¥CHa BYair-
I'mpregnation at room tenperature for 3 hours.

arJPE R S AL B ol % 56080 16
hours in an air stream at atmospheric pressure in a
muffle furnace to obtain Catalyst D.
[0044]
Example 5

Boria and alumina hydrate and H-ZSM-5 zeolite
powder the same as used in Example 1 were kneaded and,
after extrusion molding, the whole was calcined at 600°C -
for 2 hours to prepare a ZSM-5 zeolite-containing boria-
alumina support (H-ZSM-5 zeolite/boria/alumina mass ratio
= 10/3/87, specific surface area: 313 m®’/g, pore volume:
0.73 ml/g, mean pore diameter: 8.9 nm).

On the other hand, after 17.12 g of cobalt citrate
and 3.73 g of orthophosphoric acid (85% aqueous solution)

were added to 39 g of ion-exchanged water, 29.35 g of

molybdophosphoric acid was charged and completely
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hours in an air stream at atnospheric pressure in a
muffl e furnace to obtain Catalyst G 25 [0' 0477 : 37
Exanple 8 H beta zeolite powder having an Si Q2/ Al O3
nolar ratio of 25 (pore path system two-di nensi onal
one, maxinmum pore dianmeter: 0,76 nm was kneaded into
alumna 5 gel and, after extrusion nolding, the whole
. was cal cined ., at. 600C for 2 hours to pre-are bet a
01 ST A P HH ™S SBTAST S n SO LUE6R
zeolite/alum na mass ratio 10/90, specific rface
They M L S AGHY g O oo ABISRIS TPt I}gya%re%iéj re
diameter: 8.7 nm. 10 On the other hand, after 17,12 g
dragwicshdla X9t fe th PP VB 4515 oFehbbhosphvFd £ Hed d
(85% aqueous solution) were added to 39.5 q of
alumimaexairaged vl erQwexd 135 iguefe gl byl ophospdiori r
acid was charged and conpl etely dissolved therein to
tempregpraner anf @guedusamet al Tisoteaforr, dite Thizo Wholes air-
anmount of the aqueous solution was added dropw se to

dri grofa thiecahpe dthetn zeol tien conted ndihgl2edainda 16
support, followed by inpregnation at r-oom

hodreTpel alrirel f ot B0 ts . a thhes@ad £ BF , ptbesuhol £nvas
air- dried in a nitrogen streamand then dried at 120C

mufiffe X ZhdOWs di & atdtSiyeam at at nospheric
pressure in a muffle furnace to obtain Catal yst H.

[od£p48] Conparative Exanple |

Example 6

A ZSM-5 zeolite-containing alumina support having a
H-ZSM-5 zeolite/alumina mass ratio of 5/95 (specific
surface area: 312 m®?/g, pore volume: 0.72 ml/g, mean pore
diameter: 8.5 nm) was prepared in the same manner as in
Example 1.

On the other hand, after 17.12 g of cobalt citrate
and 3.73 g of orthophosphoric acid (85% aqueous solution)
were added to 39 g of ion-exchanged water, 29.35 g of
molybdophosphoric acid was charged and completely
dissolved therein to prepare an aqueous metal solution.
The whole amount of the aqueous solution was added
dropwise to 50 g of the above ZSM-5 zeolite-containing
alumina support, followed by impregnation at room

temperature for 3 hours. Thereafter, the whole was air-

dried in a nitrogen stream and then dried at 120°C for 16
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Catalyst a was prepared in the same nmanner as in 25
Exanpl e 1 except that the whol e anpbunt of the aqueous
38 solution was added dropwi se to the ZSM5 zeolite-
cont ai ni ng al um na support, inpregnation was then
performed at roomtenperature for 3 hours, and the
whol e was air-dried in a nitrogen stream and then

nowlld 89, Ay 3000 o 3 LAY 4t ISR ATk A ssédﬁﬁﬁg%i‘g?

nmospher i pressure i n nace.

ative aml.e .2 ter 17. g of cobalt citrate
mu%%%%%?ﬁ%&ﬁ%g%%%sﬁ (]:Ez‘aci d (85% aqueous
solution) were added to 41 g of ion--exchanged water,
(0045135 g of nol ybdophosphoric acid was charged and
conpletely dissolved therein to prepare an aqueous
Exaiitld sol uti on. The whol e anbunt of the aqueous
sol ution was added dropwi se to 50 g of an 15 al um na
supp&RPOdpeciebild tsupPace rafed i R @ meyigz/péees molar
volume: 0.77 m /g, nean pore dianeter: 8.3 nm,
ratfigl loveth (poderadgnayorerat qoomiksiperenat eoter. 3
hours. Thereafter, the whole was air-dried in a
naxlinfurogerrstdisamtand ¢ en )i edhatkri@ded ointd® dbunsna
in an air streamat 20 atnospheric pressure in a

gelmufifd e fFitranacetrmbiraintldGaig) yidie bwhd O50ds calcined
Conparative Exanple 3 Catalyst ¢ was prepared in the

at SAPRCMBBREL BSulrR to prepare a SAPO-11 zeolite-
containing alumina support (SAPO-11 zeolite/alumina mass
ratio = 10/90, specific surface area: 301 m?/qg, pore
volume: 0.65 ml/g, mean pore diameter: 8.7 nm).

On the other hand, after 17.12 g of cobalt citrate
and 3.73 g of orthophosphoric acid (85% aqueous solution)
were added to 35.5 g of ion—-exchanged water, 29.35 g of
molybdophosphoric acid was charged and completely
dissolved therein to prepare an aqueous metal solution.
The whole amount of the aqueous solution was added
dropwise to 50 g of the above SAPO-11 zeolite-containing
alumina support, followed by impregnation at room
temperature for 3 hours. Thereafter, the whole was air-
dried in a nitrogen stream and then dried at 120°C for 16
hours in an air stream at atmospheric pressure in a
muffle furnace to obtain Catalyst G.

[0047]
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25 Exanple 1 except that 7.58 g of cobalt carbonate is

used 39 instead of 17.12 g of cobalt citrate. [0051]

Conparative Exanple 4 SHY zeolite powder having an

Si 02JA" nolar ratio 5 of 6 (pore path system

t hree- di nensi onal one, maxi num pore dianeter: 0.74

nm was kneaded into al mna gel and, after extrusion
Ex§%$f%”9 t he whol e was cal ci ned at 600C for 2 hours

prepare a SHY zeolite-containing alumna support

( SHY ollte/a na na S rati.o 5/95, c 10
surf dEHrba oo i i S gB780F ¢ han
ore g ter 8.9 nra% éher hand, after
ra #Ol%fgé RobalPatR 7% Eeman W% ymgngtonal one,
ort hophosphori c acid (85% aqueous sol uti qn)
maxHyEy Rorasisanetebn. ¢ ekt etz fatepaded. seta aiurfsna
nol ybdophosphori.c acid was charged and conpletely
gebl%@@lv@ﬁt¢he¢étﬁu$bp%r%®b¢én§n Blagevbelaeraf calcined
solution. The whol e anmount of the aqueous sol ution
atwad0@ded Adriapwised prapag ofa tHréaioveeGHYte-
zeolite-containing alum na support, followed by
conpiegnat & bumaha r voppot t Eipeebb ureol dbta/hdumsna mass
Ther-eafte':, the whole was air- drieed in a nitrogen
rasiseamandot hepedt fed atriR0€ foeal634honf sy, noare ai r
stream at atnospheric pressure in a mffle furnace to
voDlh@] no Cat ahysE, dne 40052 e Abakenpar agi venkxanpl e 5
On the other hand, after 17.12 g of cobalt citrate
and 3.73 g of orthophosphoric acid (85% aqueous solution)
were added to 39.5 g of ion-exchanged water, 29.35 g of
molybdophosphoric acid was charged and completely
dissolved therein to prepare an aqueous metal solution.
The whole amount of the aqueous solution was added
dropwise to 50 g of the above H-beta zeolite-containing
alumina support, followed by impregnation at room
temperature for 3 hours. Thereafter, the whole was air-
dried in a nitrogen stream and then dried at 120°C for 16
hours in an air stream at atmospheric pressure in a
muffle furnace to obtain Catalyst H.
[0048]
Comparative Example 1

Catalyst a was prepared in the same manner as in

Example 1 except that the whole amount of the adqueous
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40 A ZSM -5 zeolite-containing alum na support having
a ZSM5 zeolite/aliunina mass ratio of 35/65
(specific surface area: 35.3 mz ,'g, pore vol une:
0,57 m; g, nean pore dianeter: 0.8 nn) was prepared
in the sane manner as in 5 Exanple 1. on the other
:land, after 10.78 g of cobalt citrate and 2.33 g of

ort hophosphorj c. acid (854 aqueous lution), were
SO TR 6 DO G AR ST It br 20 8 g o
nol ybdophosphori c acid was, charged and conpletely 10
cordiasigbink ¢ HEE FURP Y lepar i afuetius et el
solution. The whol e amount of the aqueous sol ution
penfs et hUbi YR By BT thdibove #8M Bhe whole
zeolite-contain.ing alumna support, followed by
wad ngireghatddnirata rodmodanperedam eafdrtiBemodr sed at 500°C
Thereafter, the whole was air 15 dried in a ritro:gen
forstd éwnurandit hen ally isteccat dt CC:mdswhdBic Houessinean a
air stream at atnospheric pressure in a ruffle
nuffirg ntiaeead®. obtai n Catal yst e ' 00531 Conparative
"Exanple 6 20 Alumina gel and H-ZSM -5 zeolite powder
[odwyving an Sio02/Al.203 nolar ratio of 35 were kneaded
and, after extrusion nolding, the whole was cal cined

cora P0G d FxdnpOW s to prepare a ZSM5 zeolite nol ded
body (H ZSM5 " zeolite/alumna nass ratio 85/15),

ther ey Gatal yist  for 2228 tesS Qkf@l ngth 4113 g of

orthophosphoric acid (85% aqueous solution) were added to
41 g of ion-exchanged water, 29.35 g of molybdophosphoric
acid was charged and completely dissolved therein to
prepare an aqueous metal solution. The whole amount of
the aqueous solution was added dropwise to 50 g of an
alumina support (specific surface area: 328 m’/g, pore
volume: 0.77 ml/g, mean pore diameter: 8.3 nm), followed
by impregnation at room temperature for 3 hours.
Thereafter, the whole was air-dried in a nitrogen stream
and then dried at 120°C for 16 hours in an air stream at
atmospheric pressure in a muffle furnace to obtain
Catalyst b.
[0050]
Comparative Example 3

Catalyst ¢ was prepared in the same manner as in

Example 1 except that 7.58 g of cobalt carbonate is used
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0054] 'Properties of Prepared Catal yst] Chem cal
properties and physical properties of the catalysts
obtained in Exanples | to 8 and Conparative 5 Exanpl es
1to S are shown in Table 1. In this connection, the
specific surface area (SA) was neasured by the BET
nmet hod using a surface arezc neasuring apparatus
. (BEL ) nuf act ur by. Be.1 Japan, Inc. after
lnéqﬁafgl i_gt%r%go%‘%é%eﬁ%o&u%t?e 10 vacuum at. 400C
for 1 hour. Moreover, the pore volune (PV and nean
[OQJ%]r]e di aneter (MPD) were neasured under conditions of
contact angle: 130 and surface tension: 470 dvneicm
Comrsal’r@tﬂ(\mnﬂ%@@d@g@zo) manuf act ured by Shinadzu Cor p.
after the catalysts were degassed under vacuumat jr .
400C S 2ecHdire HRVART askifg Bre SiHe/pdres vishlawpe ratio
having a nmean pore dianmeter ranging 1.5 nm (MPD1.5
of nim (wase abatth sy oeh at ear¢eoindes resal t snef nhsimbove
measur enent. The carbon anount was determ ned by
poreadidmaigea: Combust) omapriadededasntor abdmihaoggh and,
pul veri zation of 20 the catalysts in a nortar and

afSabseguand i SOMRIBA1 08, athe AME diSiiAg aa Chhapakyzeno°c
(Mr-5) manufactured by Yanagi noto Mg. Co., Ltd.

foPPFodes to Téhd®atel a-SHY zeolite-containing alumina
suppert - (SN SR + OF PRt hesmALe PY:118SS) 5/95, specific
surface area: 320 m?/g, pore volume: 0.79 ml/g, mean pore
diameter: 8.9 nm).

On the other hand, after 17.12 g of cobalt citrate
and 3.73 g of orthophosphoric acid (85% aqueous solution)
were added to 45 g of ion-exchanged water, 29.35 g of
molybdophosphoric acid was charged and completely
dissolved therein to prepare an aqueous metal solution.
The whole amount of the agueous solution was added
dropwise to 50 g of the above SHY zeolite-containing
alumina support, followed by impregnation at room
temperature for 3 hours. Thereafter, the whole was air-
dried in a nitrogen stream and then dried at 120°C for 16
hours in an air stream at atmospheric pressure in a
muffle furnace to obtain Catalyst d.

[0052]

Comparative Example 5
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Catal yst ZSM5 SHY SAPO Hbeta G 11 M)03 Coo P205

(organic zeolite zeolite zeolite zeolite --- acnd)
Exanple 1 A 10,,,,_ 6.95 9 4.11 3,8 Exanple 2 B 15
| 25 15.4. 37 3.6 Exanple 3 C25 21 7ti 3336
Exanple 4 10 26 7 5.7 4.3 3.9 Exanmple 5 .:._ 10 .M 1
-- ----275.74.3.. 3 ---- Examle 6 F5 -------- =

L 3B e Rt STl p PSR B
ZSI%E—?%?(—:!OGI i]tea/ a qlmzi?rias 1r§as4si 1ra?tioooor?a§§}é§/e( sbpezc?Ew')L(P:}ﬁél g' %

_____________________________________ a
Conparative ¢ 10 .27 5.8 4.1 Exil e
surfar{:pe area: 333 mZ%gCoﬁ’}S’greatVi Amg g OE)?inﬁ]le(% Fead Poge

3.9 3.8 Conparative e 35 19.3 4.2 2.9 3.1 Exanple, 5
diameter: 9.8 nn). was prepared_in _the _same manner _as in

Comparative f 8
Example 1.

On the other hand, after 10.78 g of cobalt citrate
and 2.33 g of orthophosphoric acid (85% agqueous solution)
were added to 30.5 g of ion-exchanged water, 18.55 g of
molybdophosphoric acid was charged and completely
dissolved therein to prepare an aqueous metal solution.
The whole amount of the agueous solution was added
dropwise to 50 g of the above ZSM-5 zeolite-containing
alumina support, followed by impregnation at room
temperature for 3 hours. Thereafter, the whole was air-
dried in a nitrogen stream and then dried at 120°C for 16
hours in an air stream at atmospheric pressure in a
muffle furnace to obtain Catalyst e.

[0053]
Comparative Example 6

Alumina gel and H-ZSM-5 zeolite powder having an
Si0,/Al1,03 molar ratio of 35 were kneaded and, after
extrusion molding, the whole was calcined at 600°C for 2
hours to prepare a ZSM-5 zeolite molded body (H-ZSM-5

zeolite/alumina mass ratio = 85/15), thereby Catalyst £

being obtained.
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------------------------------- i Physi cal
properties W Cat al yst SA PV MPD MPD+1.5 Jalgm | i 2
nmnm Exanple 1 [ A) 158 0.41 12.1 57 Exanple 2 B 175
0.42 12 60 -------mmme s - ~; Exanpie 3 202
[0®PYUl 11 7 66 Exanple 4 D 153 ° 0.41 12.2 55 Exanple
5 E a" 155 0°4212.3 53 Exa 6 F 145 0.41 x..... 12
[Prongg t BS@am T £ erened Qﬁﬁ%lrg th 57 Exanple 8 H 183

0.55 12.1 55 Conparative a 150 0.43 14.1 52 Exarrtp
1] Chemical properties and physical prqepexties the

Conparative b 166 0.45 12.3 55 Exanple 2 -- -
catGohpsir a1t dlvien Bxern e BxampUss Ol 440 19 ang3Comparative

Conparative d 159 0.43 12.3 53 Examl|l e ~.

5 Examnples.l to.5.are.shown.in.Table Cbnparative Exanol e 5
e 211 0.42 11.8 67 Conparative
In this connection, the specific surface area (SA)

was measured by the BET method using a surface area-
measuring apparatus (BELSORP 28) manufactured by Bel
Japan, Inc. after the catalysts were degassed under

10 vacuum at 400°C for 1 hour. Moreover, the pore volume

(PV) and mean pore diameter (MPD) were measured under
conditions of contact angle: 130° and surface tension: 470
dyne/cm using (AUTOPORE-9220) manufactured by Shimadzu
Corp. after the catalysts were degassed under vacuum at

15 400°C for 1 hour. Furthermore, the pore volume having a
mean pore diameter ranging #1.5 nm (MPD*l1.5 nm) was also
calculated from the results of the above measurement.

The carbon amount was determined by measuring a

combustion product gas formed through pulverization of

20 the catalysts in a mortar and subsequent combustion at
950°C using a CHN analyzer (MT-5) manufactured by
Yanagimoto Mfg. Co., Ltd.

[0055]
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f 349 Examle 6 0.50 43 [0056]

of Prepared Catalyst] A fixed bed flowtype
m croreactor was packed with 100 m of each of the
catal ysts obtained in Exanples and 5 Conparative

[Activity Eval uation

43

Exanpl es. Presul fiding was carried out by maintaining
the catalyst at a reaction tenperature of 320C for 24
[Tal?ﬁ rs .under the follow ng conditions. hydrogen
par al pressure = 4.9 MPa, LHSV = 1.5 If"’ H2/ Q1 =
200 Nm/kl Chéricslamaep 'a#r(@icwmm)oil was used 10 for
presul e SlAlE’ﬁll catal yst aqgtivity. C
Ca{F gt eval ua fi“r’f&g ggﬂo% allydt aCtieXﬁtf y| Me@s ¢&rOi gdP20ut | (organic
under f our act|V|%v evakeelité an condi ti ons of Condi t | asid)
Exdmpled CoAditii®n 4 shown in Table 2.| @A.5 hi 8-9qcdst on, 3.8
Exarhgle 2r eaBt on150r( duet o0il -was subj ec28d {o5drapekty| 36
Examplepsi 5C16 & pioduct |oi - aflter-in s2tul st dpiddy. [ 1 0.6
Exarhple 4 cbBnectidon] densilty-was cal cul @6dd|f BIm |t He3 3.9
Exanapled of Et he 10densi ty of the |t arget| s2bst afide |at4.35C 3.8
Exaroplelfe dEnsit§ of distilled water [a68C| [®0F 7# G 18.8
Examplg Tabl 6 2] €ondi t on|Cot®i tli on- Con@bifi on5&@ordi41oh 38
Example 83 4H - - - 10 26.9 5.7 4 3.8
Comparative | , | 49 = — - | 215 | 8 | 41 0
Example 1 ) )
Comparative | _ 3 B B 27 5.8 4.1 38
Example 2 ’ ) '
Comparative | ;| 44 - - - 27 | 58 | 4.4 0
Example 3
Comparative | 4 | _ 5 - ~ | 25| 59 | 39 | 38
Example 4 ' ) ' )
Comparative
Example 5 e 35 - - - 19.3 42 2.9 3.1
Comparative _ _ _ _
Example 6 f 83 - - B
Physical properties
Catalyst SA PV MPD MPD+1.5
(m?/g) | (ml/g) [ (nm) | nm (%)
Example 1 A 1568 0.41 12.1 57
Example 2 B 175 0.42 12 60
Exampie 3 C 202 0.42 11.7 66
Example 4 D 153 0.41 12.2 55
Example 5 E 155 0.42 12.3 53
Example 6 F 145 0.41 12.1 56
Example 7 G 142 0.43 12.1 57
Example 8 H 183 0.55 12.1 55
Comparative | , | 450 | 043 | 14.1 52
Example 1
Comparative | |, | 455 | 045 | 12.3 55
Example 2
Comparative | . | 445 | 044 | 129 53
Example 3
Comparative
Example 4 d 159 043 12.3 53
Comparative | o | 511 | 042 | 118 67
Example 5
Comparative | . 349 0.50 _ _
Example 6
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20

Properties of raw material hydrocarbon oil Density
(1514C) (glcnB) 0.8528 0.8528 0.8623 0.8528 Sul fur
content (%by nmass) 1 21 121 1.74 11 21 i Nitrogen
(% by mass) 0.0095 0.0095 ; 0.012 0.0095 ..------ :

005Gy """~ - " TtTTTtes mmmmmmemese-o-e- Distillation
[ pro]pertles IBP ~j (O ---------------- 1 241 241 186

392 375ixesl bed, F100-tope T it eactor way p(aC kSt %ith

Condi tions for_activity eval
100 ml of each of é%e caeglyékq_obtq1ngq in Examples and

------ ------------------- { Reaction tenperature (C

Comphy a5V ST MBI -  tEresul iR ey @r7sled 10WE 1Y
Hydrogen partial pressure (MPa) 6.4 55 6.4 - ----- -

maintaining .the catalyst .at .a reaction_temperature._.af.

? 230 H2/G 1 (NnB/kl) 1230 230 1200
320°C for 24 hours under the following conditions:

hydrogen partial pressure = 4.9 MPa, LHSV = 1.5 h™,
H,/0il = 200 Nm’/kl. The same hydrocarbon oil was used
for the presulfiding and evaluation of catalyst activity.
The evaluation of catalyst activity was carried out
under four activity evaluation conditions of Condition 1
to Condition 4 shown in Table 2. On this occasion, the
reaction-product oil was subjected to property analysis
of product oil after in situ stripping. 1In this
connection, density was calculated from the ratio of the
density of the target substance at 15°C to the density of

distilled water at 4°C.

[0057]
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(Note) Stability performa ce of catal yst

activity was eval uated by adjusting the reaction

tenperature so that the sul fur concentration in the
5 [0058] Wth the use of
Catalysts Ato E and Catalysts G and H and Catal ysts
a to c prepared by Exanples 1 to 5

product oil

Ta%l

n%{forrpar ative
eva

is 8 mass ppm

Exanpl es

tion was carri ed out.

_to 3,

and Exanples 7 and

the 10 activity

under Condition 1 in t

he

above Table 2. Table 3 shows dfsiioh$ cohdiiBRE8bhdifien | Condition
sul fur concentration and wax ,deposi 2contem ;,’fat 10 C‘4
-n—t-he product—oil—on—the30th—dayo6f—operation—45
Propartiehio&rapoatefiahydragarbon elgarld to the wax deposit
Démwfswcio ng of |qg/cmANpl e \Wesb2800!| @B5p8 om 08628 | 0.8528
sfprcaniny’t o & 2 ¥ty thagsy 1128 L TA A 2 1174 [1.21
Nisegem: at e as » DOEYOVENATS [1H09Gm |08 wh2012 | 0.0095
t oi nt of -1
e ke SRk of B o S v |7
DisARE POPETES O Wi | ueay deaoer . contont 2 by | vase) o
IBENpl e at test 1Q (t@nperat UurA1Cs: gRMorie (IB%g) of | 241
'@é?t herm c peak of scgrrpl e on ;;agc cyr3ge Q/\r 8% Ori el 306
_l_\gdl g) of —wax prT eCi chl:)dl.e of Ié6%m 96%69” a 356 362
FBP (°C) 392 392 372 392
Conditions for activity evaluation
Reaction temperature (°C) 340 350 350 — (Note)
LHSV (" 0.75 1 1.5 1
Hydrogen partial pressure | (MPa) 6.4 5 5 6.4
H,/Oil (Nmalkl) 230 230 200 230

(Note)

Stability performance of catalyst activity was

evaluated by adjusting the reaction temperature so that

the sulfur concentration in the product oil is 8 mass ppm.

[0058]

With the use of Catalysts A to E and Catalysts G

and H and Catalysts a to c prepared by Examples 1 to 5

and Examples 7 and 8 and Comparative Examples 1 to 3,

the

activity evaluation was carried out under Condition 1 in

the above Table 2.

Table 3 shows results of measuring

sulfur concentration and wax deposit content at 10°C in

the product oil on the 30th day of operation.
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15

OC 15 .: ca l.crie correction coefficient > ~ <¢c) E
46 [Table 3] - - ------ R
Sul fur concentration Wax deposit (mass ppm content (%
by Catalyst mass) A7 1.8 ..................
------------------------------------------ B81.4 C
10 0.2 1.6 E8 1.7 G10 2.3 H10 3.0 a 22 1.8 b

13 4. - i me = moamme - s- R SN N S S P
- [0 ]t %rzé%c\?ga rs,loéla{t al lyt-sht rI—E(':{aanrcijI (ga% ati ki/estwaofi p%eé)poasrled

5 I ' 4
Corglyﬁol}tdctﬁ‘)égr{?%eoécain%?W e%?%g(?%ﬁé%nn%e?mcg%? ion 2 in

the above Table 2. Table 4 shows results of neasuring
tempp%affure at a rate of -3 C/minute by a differential

scanning calorimeter (hereinafter abbreviated as “DSC”)
and the amount of wax precipitate at a point of -10°C was
calculated from the calorie of an exothermic peak on a
DSC curve in accordance with the following equation.

W = (Cs/ (CwxF))x100

W: wax deposit content (% by mass) of sample at test
temperature

Cs: calorie (J/g) of exothermic peak of sample on DSC
curve

Cw: calorie (J/g) of wax precipitate of light gas oil at
-10°C

F: calorie correction coefficient

[0059]
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concentration and wax deposit content at 10C in the
product oil on the 10th day of operation. 10 [0061]
[ Tabl e 4] Catal yst Sul fur concentrati on Wax deposit
content ! (mass pPm - To by mass) F 10 2.1 4.2
d 10 [0062] Furthernore, Catalyst C and Catal yst e
prepared by 47 Exanple 3 and Conparative Exanple 5
[qup a%fatalyst system which is a conbination forned
%y Ta nating Catal yst d and Catal yst f prepared by

Conpar ati ve| Bypiflofcéntititn Covbadsddsife Exanple 6 were
eval uated. The conbi.nation ' %tl 0, the ¢onbi ned
Wthmasé)qard t 0_ead

cat al yst sys r%?ﬁ )cat al ysl ¥st f/catal yst d
= G#aBsl 35 (% by nmss). h cat al yst
systam act|vity evaluation|was cagried out under
Cond Elon;d in the gbovre;lanle Z. hable 5

shows
resufts—eof 0 and wax
depoSit content at W00C in
ati on. ;9063; |

on the 7th
day Df oper
8

E

10
10
22
13
32

rat
UllUbllL 1 ul. l Ull

he proB@dct oil
Table 516

1.7
2.3
3.0
1.8
4.3
1.8

oo T|®

[0060]

Moreover, Catalyst F and Catalyst d prepared by

Example 6 and Comparative Example 4 were subjected to
activity evaluation under Condition 2 in the above Table

2. Table 4 shows results of measuring sulfur

concentration and wax deposit content at 10°C in the
product o0il on the 10th day of operation.
10 [0061]

[Table 4]

Sulfur concentration | Wax deposit content

Catalyst

(mass ppm)

(% by mass)

F

10

2.1

d

10

4.2

[0062]

Furthermore,

4

7

Catalyst C and Catalyst e prepared by
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20

Catal yst Sul fur concentrati on Wax deposit content --_
Aass Ppm (fa by nmass) 0.2 0.2 e 23 d/fid 21 0,2

------------------- 15 [0064] Wth regard to Catal yst
A and Catalyst d prepared by Exanple 1 and

Conpar ative Exanple 4, long-ter:im stability test was
CCha”Ih'ed out under Condition 4 in the above Table 2.
this qc ion,_s |1 for C t
EX 1T y e R Lot o B e P 1o 7 sact | oreysBem
temperature so that the sulfur conc [ j h
wmfﬁbmad G s opi e i PSRN SRse et

required tenperature for adjusti t roduc '
and, ALY Horb B SERT &7 5 SoMBSEs paE e BBBT YL oRrd ays
and FIG 2 shows change in wax_deposjt: content, at
Conpay tive e protect BeFe egaf'BEB%;'AST%ﬁpSP 2 FORT
Table 3 to Table 5 and FIG | and FIG 2, the
ratciat ad §stlse acenpiineg cotehBsEngBptrBNVaexARrbALEET
excel I ent desul furization performance and dew=axing
d/ @erd bysantécabalyhbsdi £ Bag3Bésh shor wh&s) 10 YhFPur

conmpounds i n hydrocarbon oils can be desulfurized to
redaid gho degeieecandlgsirubyahenushytinétyacabyyesignewas

carried out under Condition 3 in the above Table 2.

Table 5 shows results of measuring sulfur concentration

and wax deposit content at 10°C in the product oil on the

7th day of operation.

[0063]
[Table 5]
Sulfur concentration | Wax deposit content
Catalyst
(mass ppm) (% by mass)
C 9 0.2
e 23 0.2
d/fid 21 0.2
[0064]

With regard to Catalyst A and Catalyst d prepared
by Example 1 and Comparative Example 4, long-term
stability test was carried out under Condition 4 in the
above Table 2. On this occasion, stability performance
of catalyst activity was evaluated by adjusting the
reaction temperature so that the sulfur concentration in

the product oil is 8 mass ppm. FIG. 1 shows change in
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sufficiently effective for reduction of wax deposit
content and have a stable catal yst performance over a
| ong period of time. Furthernore, it has been shown
that 15 hydrocarbon oils having a sulfur concentration
of 10 ppm or less and a wax deposit content at --10"C
of 3.0% by mass or |ess can be produced with the use

recﬁ{,id:t 4 ttceg%praelfvlé%éreofﬁ%%thag%ﬂ. Lg%/@gﬁ. Ofhe [Mct 20i A sulfur

s col i me point on the

100t h day of_ operation and [ cti 150~ C.
Cown%%%?ﬂ 'S aRbTecPRD TSRO Lo A0R Sla Pt o

apparatus (the renoved ratio corres onﬂ Q%tn out
shoWsAmhaIaess WX t HePPdt bl CambERt ?ﬁ T @ dse ©Of° t he

produce. 25 oil with Catalyst A and corresponded to
pradi8% i hmss of 49 the total amount in the case of

the product oil with Catalyst d). Thereafter, 10% by
[0} June of kerosene based on the amount of |ight ga.s

oil after mxing was mxed wth the product oi

pr od dce chpma trerGat B grs t T badB 3006 PP 52 vol amee biG- 1 and

kerosene based on the anmount of |ight gas oil after
FI@ X2 hotwascatxedstst Actbedpngdtiot tbel iprvedteed with

Catal yst d, thereby mxed light gas oils A and d being
exPlsPRE€dex £ €5 PEELI Meby]l W hatégar detrdotrhenmexedd! i ght

gas oils A and d, 10 after a fluidity-inproving agent
deWsi Rddsdr epgREntBeasamehueondi haendeea ebbunf ichaér

puggi ng point and a pour point as indices of
sul A¥% teomSoahuEe i hl HydirbyavBbe BBasuced. bAsdesulfurized
to a high degree and simultaneously the catalysts are
sufficiently effective for reduction of wax deposit
content and have a stable catalyst performance over a
long period of time. Furthermore, it has been shown that
hydrocarbon oils having a sulfur concentration of 10 ppm
or less and a wax deposit content at -10°C of 3.0% by mass
or less can be produced with the use of the catalysts of
the invention.
fCO66]

A product oil was collected at a time point on the
100th day of operation and a light fraction of 150°C or
higher was removed by means of a fine distillation
apparatus (the removed ratio corresponded to about 1.4%

by mass of the total amount in the case of the product

0il with Catalyst A and corresponded to 1.2% by mass of
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a. result, the pour point of the m xed Light gas oils
A and d was -15C and the cold filter pugging point
thereof 15 was --12C, thus they show ng the sane

val ues, which respectively satisfied the pour point
of -7.5°C. or lower and the cold filter puggi ng point
of --5CC or |ower which are indices of

théoﬁ%tgﬁqmﬁogw & f 'ﬂﬂ;je_diéa/sé eqpied fsalNe: 41 0hti@as

st andar Accordingly, 1t 1s 20 found out
t li || base gaterd duceds
Catcag%}aﬁ%/gﬁ ‘of g#R1eerqalaa;':;fvtgén]%’i on %awr‘g%iu%%et ]g m Xxi n%lpé/ B
unt of kerosene require for securi .
2 %g\nﬁ-taé[}%‘g}tatﬁél%ef?%i t yolgly azﬁteEr byﬂ%/iol{]%n%a%smlxed
,.conpared with the |igh as oi,l S terial o
ot QiR G By 4 e Horraticaim v ok ara i Vet & B30y
As above, according to the catalysts of the ,
voliymse ity dierq e dumRd pisstibt ealil%‘ﬂmp%vlelght gas oll
| ow--tenmperature fluidity performance with satisfyin
aftiate Hegidis et SULFARD WoHe cHte RTOMGE &l HiREefuse@|wit
so that the kerosene fraction, which has been
Cathrltdr tb x@efelry impboeyi hiohbvwgaenpekathrand | dikeing
performance, can be remarkably reduced. [00688 Wil e
praderady et smacthiase been described in detail 10 and
with reference to specific enbodi nents thereof, it
wi | | Wiehappeayant tico tdree nsikidd edight tdwss aritld Hatand d,
various changes and, nodifications can be nade
afdierLi fm wi d hopt i mstepar td nggéiomrd Headped i in@ad skopeame

;.. hereof. The present
conditions, a cold filter pugging point and a pour point
as indices of low-temperature fluidity were measured. As
a result, the pour point of the mixed light gas oils A
and d was -15°C and the cold filter pugging point thereof
was -12°C, thus they showing the same values, which

respectively satisfied the pour point of -7.5°C or lower

and the cold filter pugging point of -5°C or lower which

are indices of low-temperature fluidity required for No.
2 light gas oil of JIS standard. Accordingly, it is
found out that the light gas oil base material produced
by the catalyst of the invention can reduce the mixing
amount of kerosene required for securing low-temperature
fluidity by 20% by volume as compared with the light gas
0il base material produced by the conventional catalyst.

[0067]
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application is based on Japanese Patent Application
No. 15 2006-249445 filed on Septenber. 14, 2006, and
the contents are incorporated herein by reference. 5l
Clains 1. A catalyst for
hydr odesul furi . ati on/ dewaxi ng of a hydrocarbon oil
whi ch conprises a support 5 conprising an- nor gani c
oxi d contalnln Last,_ o stal i ne
al uRnadi 9% |dateché§#ﬁ§1a oﬁll[:g}e §30.° G fensitha
th, system and haV| rovi ded t hereo to
nBgIG R vstem ands haxg gt on deg, Lher eon, 1016
Goup 6 of '--the Perlodlc Table, |.to 10% mass _of
f l%i‘tdllf(}} DREEPIHHRCR eV Lk e3P F 1 DRY HRY ab RS ﬁe@bﬁ%d gStfur
the Periodic Table, and 1.5 to 6% by mass_of
constrIstRr LN | 3 tardbeetl B¢ He afrobReC oRDEhkChRagERe of
the catalyst, and 2 to 14% by mass of carb:n derived
frdgtoimran vdiugcalm kaacheen nhidhesto ohizxeentpr HWPUAY 106
the basis of the catalyst, 1.5 wherein the content of
1ow+ﬁempgmatwt¢néluadUhyﬂpsrf®EmaECés ¢an ape aneuat kah 1 g
to 25% by nass on the basis of the support. 2. The
redaded yst '.or hydrodessu.lfu.ri.zaticn./dewaxinc 20
of a hydrocarbon oil according to claim1, wherein an
[od®dR2/ A120: 3 ratio (nolof the crystalli.n.e
alum nosil.icate having a one- or two-di nensional pore
pat hygyisteemres Hhrdor 200 e W nake Pefe-di aired&fai s
0.4 to 0.72 nm 52

and with reference to specific embodiments thereof, it
will be apparent to one skilled in the art that various
changes and modifications can be made therein without
departing from the spirit and scope thereof. The present
application is based on Japanese Patent Application No.

2006-249445 filed on September 14, 2006, and the contents

are incorporated herein by reference.
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3. The catal yst for

hyd, --,)desu-,-fu.-izatio-1,ldewaxirig of a
hydrocarbon oil according to claim1l or 2, wherein
specific surface area is 100 to 350 m 1g, pore vol une
is 0.35to 0.6 mM/g, and nmean pore dianeter is 6 to
20 nm 5 4. A process for producing the catalyst for
hydr odesul fur _i zati.on/d @%ﬁﬁgg of a hydrocarbon oi
according to any one of claims 1 to 3, which conprises
supporting on a support conprising an inorganic 10
oxi de containing 3 to 25, by nass of at |east one

crystall|ne alumi nosilic. a a one-,

G rortoi ondt GO 1 Sy ST S T et b A ing

support with the use of a solutlon cont ai ni ng at | east
of FhdlY TR cOht ai Wi-heh PR el S¢H @%%P%r‘gf t he

Periodic 15 Table, at |east one c¢c npound containing a
commitat ing @ obprBIDR1E hex e | eantaimabre, aknlerganeee

acid, and phosphoric acid so that the nmetal in Goup
crigsiofl t hree Rehimthes Thbt et e atavimy sa f ore100t 0t 86% by

mass, the nmetal in Goup 8 of +,-'.,he Periodic Table

dimecoinhs]f pore toati0% byt emssnd 20 hphdsghgmesv iabodunlisreon,

for 1.11. to 6% by mass in terns of oxide anmount on
10 tthe besilsy afaddeotadal ysist atde cas bontedeftyrdmét @bt abn
organic acid accounts for 2 to 1.4%by :Hass in.

crd&s s of ehenedtiadodntaldef he basiss obythgsscatabyst,

and subsequently; dry ,Cc. inr; at 200, _~ ~. or |ower
lei NOW . s £AL &f 8@t £ 86 ﬁet§ls in Group 8 of the Periodic
Table, and 1.5 to 6% by mass of phosphorus in terms of
oxide amount on the basis of the catalyst, and 2 to 14%
by mass of carbon derived from an organic acid in terms
of element amount on the basis of the catalyst,

wherein the content of the crystalline

aluminosilicate is in an amount of 3 to 25% by mass on

the basis of the support.

2. The catalyst for hydrodesulfurization/dewaxing
of a hydrocarbon o0il according to claim 1, wherein an
$i0,/Al,05 ratio (mol/mol) of the crystalline
aluminosilicate having a one- or two-dimensional pore
path system is 15 to 200 and maximum pore diameter is 0.4

to 0.72 nm.

52



10

15

20

25

53 treatnent at higher than 200C to finish a catal yst.
5. A process for hyd.rotreating a hydrocarbon oil

whi ch conprises produci ng a hydrocarbon oil having a 5
sul fur content in the product oil of 10 mass ppm or

| ess and a wax deposit content at -10C of 3.0% by
nmass using a hydrocarbon oil having a boiling point

range RAC . 1La %OCEO%S {%c{]}%\@ﬂe(gdl fﬂlqezraiﬁdywef%%%d‘lg

partlal pressure o/ tenperature o

ot & d" b hy i bgery A T T T s Aodu e TR
spe6:f1 %efe({]%eagggqtgsesﬁﬁ atcystSO aCZC/or di ngce vo?[%eonles

0.35 to 0.6 ml/g, and mean pore diameter is 6 to 20 nm.

4. A process for producing the catalyst for
hydrodesulfurization/dewaxing of a hydrocarbon oil
according to any one of claims 1 to 3, which comprises:

supporting on a support comprising an inorganic
oxide containing 3 to 25% by mass of at least one
crystalline aluminosilicate having a one- or two-
dimensional pore path system on the basis of the support
with the use of a solution containing at least one
compound containing a metal in Group 6 of the Periodic
Table, at least one compound containing a metal in Group
8 of the Periodic Table, an organic acid, and phosphoric
acid so that the metal in Group 6 of the Periodic Table
accounts for 10 to 35% by mass, the metal in Group 8 of
the Periodic Table accounts for 1 to 10% by mass,
phosphorus accounts for 1.5 to 6% by mass in terms of
oxide amount on the basis of the catalyst, and carbon
derived from an organic acid accounts for 2 to 14% by
mass in terms of element amount on the basis of the

catalyst, and subsequently;

drying at 200°C or lower without calcination
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treatment at higher than 200°C to finish a catalyst.

5. A process for hydrotreating a hydrocarbon oil,
which comprises producing a hydrocarbon oil having a
sulfur content in the product oil of 10 mass ppm or less
and a wax deposit content at -10°C of 3.0% by mass using a
hydrocarbon oil having a boiling point range of 150°C to
450°C as a raw oil under a hydrogen partial pressure of 3
to 13 MPa, a temperature of 300 to 400°C, a liquid hourly
space velocity of 0.3 to 5 h™, and a hydrogen/oil ratio
of 100 to 1000 Nm’/kl in the presence of the catalyst

according to any one of claims 1 to 3.
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