1 DESCRI PTI ON HYDROTREATI NG CATALYST, PROCESS FOR PRODUCI NG SAME, AND
PROCESS FOR HYDROTREATI NG HYDROCARBON O L 5 TECHNI CAL FI ELD [ 0001]
The present invention relates to a hydrotreating catal yst for
removing a sulfur content and a nitroggn content froma hydrocarbon
oil in the presence of hydrogen, and a 10process for producing the
hydrotreati ng catal yst. Further, {DESGRIPENONON also relates to a
hydrotreating process for renoving a sulfur content and a nitrogen
content froma hydrocarbon oil in the presence of hydrogen.

Priority is clainmed on Japanese Patent Application No. 2009-070587,

filed March ' i i .

b006 070550, TV REA ARG {2RISAT, PR POk HROBPR N samE, AND

i ncor porated herein refere . 0 recent
years, there have %%@ﬁﬁégévﬁ%Sﬁﬁ@WSﬁggggﬁgggﬁﬂiﬁﬁégéﬁh%{5Hhs in the
20sul fur content in liquid fuels. In response to these demands, fuel
oi | producers have already investigated various processes for
produci ng clean fuels. In particular, the adoption of a limt of not
nore than 10 ppm for the sul fur TOHEITADFIBEBOl i ne has | ead to fuel
oi | producers introduci ng various counterneasures such as inproved

catalystsUgogIexpanded facilities. 25CGenerally, the nmain base for
gasoline Is a cracked gasoline produced in a fluid 2 catalytic

cracker (FCC). ﬁ‘f’eéﬂ‘%%gpglh% ticjnr}eﬁfég% aﬁl%d{oﬁ‘ig%{ﬁfg}ﬁagh‘f%s% %rfr&gogiggta%ﬂffmj n

gasoline, reducin ur content racke oline is

very | npoé(}n%é}}t and a nitrogen content from a hydrocarbon oil in the presence of hydrogen, and a

10 process for producing the hydrotreating catalyst. Further, the invention also relates to a
hydrotreating process for removing a sulfur content and a nitrogen content from a
hydrocarbon oil in the presence of hydrogen.

Priority is claimed on Japanese Patent Application No. 2009-070587, filed
March 23, 2009, and Japanese Patent Application No. 2009-070589, filed March 23,

15 2009, the contents of which are incorporated herein by reference.

BACKGROUND ART

[0002]

In recent years, there have been growing demands for further reductions in the

20  sulfur content in liquid fuels. In response to these demands, fuel oil producers have

already investigated various processes for producing clean fuels. In particular, the
adoption of a limit of not more than 10 ppm for the sulfur content of gasoline has lead to
fuel oil producers introducing various countermeasures such as improved catalysts and
expanded facilities.

25 Generally, the main base for gasoline is a cracked gasoline produced in a fluid



The sul fur content within a cracked gasoline is dependent on the

sul fur content within the vacuumgas oil that functions as the FCC
feedstock, and it is well known that a 5higher sulfur content within
the vacuumgas oil results in a higher,sulfur content within the
cracked gasoline. Accordingly, in order to produce a clean gasoline

having a daeatsedrheler CROC R NtAcchbiBngylih Ufdet eiegtide tht Silfifrichafentia gheymeed
fromthe vacuumgas oil that functions as the FCC feedstock. In a

hydr ot re%ﬂﬂ& InIRGEEE ksl muﬂtﬁﬁ%me aga,an@ls ﬁ;”l%ﬁ%&?aﬁ oi |

(nanely, a prmreanmnt atrem IS us performed in
whi ch the vacu 0|I ected t0 drotreat| a.fixe ed
react or packed”f,&e%ﬁ eSO £ e%%ﬂf@éels RS LMIUBFOH
hydr ogen ga d under d|t|ons of te ure, and

pressure. W}&ﬁled?%wgpmp%aéﬁ R fwﬂgamybﬁlg FhG i ot O“érh%‘ﬁta
as nnéybdenun1or cobalt on a carrier such as alumna is mndely used
as the hykigberselui epgtaphwathinsthe vagium gas didrieswltstin ahighgesulfur content within
desul fiirization activity during hydrotreating is affected by the

type of ctherraekediggdiinaandidchaliigipdan andtr empmﬁtceoaf cleat gagalirechavizigad low
used. For exanpl e, Non-Patent Docunent 1 discloses the effects of the

carrier (altPtoef! theshifGonRASmuEEIrAHd dAbosH MBhahe (ARLxbASBHMAT a

m xture of nolybdenum and cobalt). Further Non-Patent Document 2

descr'besﬁ&aﬁng%§ﬁl}kﬁﬁﬁ&%ﬁb&? activity of catalysts that use

20zirconia or titania as the carrier, and nickel or tungsten as the
activated netal TATI LI ST Non- cunent

25Non- Pat ent D&B&ﬁtyﬂf‘)“f D& BIoCEs “éﬁfﬁﬁrégﬁ RZNESNEF ‘}m gﬁ Bt (remsl By
El sevier, 3 345, 2008, pp. 80.to Non- Pat ent Docunent 2:

Appl i B BEaInyeiTeatmentiza freptaent ﬁuﬁpalmfweﬁ%mca the vegyumzaeail isyp.

157 to 164. 5D SCLOSURE OF | NVENTI ON
subjected to hydrotreating in a fixed bed reactor packed with a hydrotreating catalyst,

under a stream of hydrogen gas and under conditions of high temperature and high
pressure. A catalyst prepared by supporting an activated metal such as molybdenum or
cobalt on a carrier such as alumina 1s widely used as the hydrotreating catalyst.

15 It is known that the desulfurization activity during hydrotreating is affected by
the type of carrier used, and the type and amount of activated metal used. For example,
Non-Patent Document 1 discloses the effects of the carrier (alumina or silica) and the
activated metal (molybdenum or a mixture of molybdenum and cobalt). Further
Non-Patent Document 2 describes the desulfurization activity of catalysts that use

20  zirconia or titania as the carrier, and nickel or tungsten as the activated metal.

CITATION LIST
Non-Patent Document
[0003]

25 Non-Patent Document 1:  Applied Catalysis A: General, published by Elsevier,



Probl enms to be solved by the Invention [0004] However, a
hydrotreati ng catal yst for a vacuumgas oil requires not only high
desul furization activity, but also a high denitrification activity.
This is because the 10catal yst used insthe FCC is poi soned by
conpounds containing nitrogen, resulting in a reduction in the yield
of crackeshsgased, i-pego tosspi te | ong years of research and inprovenents,
there are currently no known hydrotreating catal ysts that exhibit not

only desul furi d Phled a &extzbug eﬁ%ﬁalpglgﬂ %%Hér%f Bﬁm&%&a BY Elsevier,

activity. 15An object o rese Invention is rovid

hydr ot r eaf t al t exhlblts excel | ent Ievels of both
desulfur?%%?ggﬁﬁgetﬁﬁﬁPbggnd denitrification activity, and a process

for producing such a hydrotreat ng catal yst. Further, another object
of the present invention is to provide a process for hydrotreating a
hydrocarbon oil that enables a sulfur content and a nitrogen content
to beSeffectively renoved. MSEQGSHUREEOF ROAMITKEY obj ect of the
present invention is to provide a process for producing a

hydr ot r eapiobniab ak ¥slved bathednaddlties a hydrotreating catal yst having
excel lent levels of both desul furization activity and denitrification
activity RBOQF produced with conparative ease. Means for Solving the
Probl em 4 The present invention adopts the aspects described bel ow

[1] A hydrotregt ngvecfaat d¥o§}ea8n§ ﬁ% ggjt fgly a §;H1%891r%as 39 rgﬂlye@ E{Sp&mf hlgh

cobalt and nickel on’a carrier inn um s
resul fi reat

hor o1 SHHTALHAE A He RY TP BB R BTG gt THRF) SRS Grdiy
greater than 1.0 but not nore than 1.9.

10 catalyst used in the FCC is poisoned by compounds containing nitrogen, resulting in a
reduction in the yield of cracked gasoline.

Despite long years of research and improvements, there are currently no known
hydrotreating catalysts that exhibit not only desulfurization activity, but also a high
denitrification activity.

15 An object of the present invention is to provide a hydrotreating catalyst that
exhibits excellent levels of both desulfurization activity and denitrification activity, and a
process for producing such a hydrotreating catalyst. Further, another object of the
present invention is to provide a process for hydrotreating a hydrocarbon oil that enables
a sulfur content and a nitrogen content to be effectively removed. Moreover, yet

20  another object of the present invention is to provide a process for producing a

hydrotreating catalyst that enables a hydrotreating catalyst having excellent levels of both

desulfurization activity and denitrification activity to be produced with comparative ease.

Means for Solving the Problem

25  [0005]



[2] The hydrotreating catalyst according to [1], wherein the carrier

contains: (a) an alum num content, cal cul ated as al um num oxi de

(Al 203), of not less than 75% by mass, (b) a silicon content,

cal cul ated as silicon oxide (Si02), of40.2 to 10.0% by nass, (c) a 10
phosphorus content, cal cul ated as phosphorus oxide (P205), of 1.0 to

5. 0% by mass, M}(réb)enﬂnb@{tﬁﬂ a6t Bt aspEctd @dsbabaicholsv.bor on oxi de
(B203), of 1.0 to 10.0% by nass (prOV|ded the mass of the overal

|
or a2 Sﬁm F%ﬁtfﬁ%%ﬁ%lyg prdpart By YA AT bl Bore . AU gnd mickel |
| bd
o ot Do %é“ RS R0 Bt SR B Radit ey oo e Y sfoBing a00s

by nmass, and ég a nickel content, cal cul ated as nickel oxide (N O,
i s from oProsuliiding greptmentdiereiny ovi ded the nmss of the overal
hydrotreating catalyst totals 100% by mass). [4] A process for
produdi ng a hydhotvesage staskogtnaimpst fortndylplessessifideslabds grpatenBjaadi( b
a catal yst precursor, prepared by supporting nol ybdenum cobalt and
ni ckel 20@n ndoredranile?. contai ning al um num silicon, phosphorus and
boron, to a presulfiding treatment such that the average stacking

nunmber f qu yRR&jarordting Qﬁal?ét%'@ccfr@inh%\/[ NOwhstefn ek Z@tikPEbntAing (Hamer

thn 1.0 but not nore than 1. A process for hydrotreating a
o cont apin pifif afc&?%?dr %S%%ﬂ%‘l@%?ﬁ? o0 SR INCHRRTSIN B
1] t t
brocess i epaticppeoren, cabuted b Fic Sidk ﬁ@%ﬁa@@&%@m Ram
sal t aqueous solution and a basic alum num salt aqueous _solution in

t he phlesephosplyfrupensigamtanatouiaitsasahgspionisuide (Pode. elol -8 éhp 8vebiamass, ad
6.5 to 9.5, thereby obtaining a hydrate, 5a second step of adding

boron to (tdb]e bhyagirhtent, calonletrdras baramanudeg(B2Ogk of o tord®.6%4 at mass (phoivided
step of nolding and calcining the carrier-foimng material to obtain

a carri erthe mass of the overa chioMF tdalS 1 €4 0F nsd¢ppor t i ng nol ybdenum cobal t
and nickel on the carrier to 10obtain a catal yst precursor, and

a fifth S[g,?p OfTHéQ{Jd%thaﬂﬂ%é‘atﬁ’l?@c%‘dhérlif?ﬂgr!&[f]ro“r?im&eﬁv}’(e?ﬁ& Jiniune
cat al yst ecursor ‘into contac a m xed gas contal ni ng hydrogen

fess | han g el et RS RIN LEEE R £ a‘%é@ﬂ The
Wher e 1 baBspER: PGB bR BUSHIR (CEbbdr oan a0 éﬂ!‘l‘%’maf B @a
carrier is performed in the presence of phosphoric acid and a
car boxyl i gickalicantenrpdeirated as nickel oxide (NiO), is from 0.2 to 3.0% by mass (provided
the mass of the overall hydrotreating catalyst totals 100% by mass).
[4] A process for producing a hydrotreating catalyst, the process including
subjecting a catalyst precursor, prepared by supporting molybdenum, cobalt and nickel
20 on a carrier containing aluminum, silicon, phosphorus and boron, to a presulfiding
treatment such that the average stacking number for molybdenum sulfide slab following
sulfidization is greater than 1.0 but not more than 1.9.
[5] A process for hydrotreating a hydrocarbon oil, the process including bringing the

hydrocarbon oil into contact with the hydrotreating catalyst according to any one of [1] to

25  [3] in the presence of hydrogen.



[ 8] The hydrotreating catal yst according to any one of [1] to [3],
produced using the process according to [6] or [7]. 20 Advant ageous
Effects of the Invention [0006] The hydrotreating catal yst of
the present invention exhibits excelleat |evels of both

desul furization activity and denitrificCation activity 25By using the

process f@] prodysicBg far dénéstéi?g%% _@ﬁ?&rﬂ&eﬁﬁig%béﬁht,%&ﬁ%@és@lgnélﬁiﬁ%!e 6

present invention, a hy i ng catal yst having excellent Tevels

of both desul f ' 1 Vi - i tridi ' ct i Vit n be
ot oduced w th crarar /AR Li@RL ARG ot LBbLE A S HeERY
hydrotreating a hydrocarbopn oil accordi ng t he present .invention,
the. sul { (POBERTLFRT ST HSRaIHOR i JErp S GAE SN PRI P AP on
oil 5can be effectively renoved. BEST MODE FOR CARRYI NG OUT THE

| NVENTI owcfrwe?]pfhrpfeﬁ-#ce%-éntﬂleﬁehveh&au@mgahychét@cri bed bel ow i n detail .
10A hydrotreating catal yst according to a first aspect of the present
i nventd on i s praepgeredstépyoiaddpgriormytortbé piteteuoprepateal danderdformiokel on
a carrier containing alumnum silicon, phosphorus and boron, and

t hen perf@n@risg a presul fiding treatnent. [0008] The al um num cont ent
within the carrier, calculated as al um num oxi de (Al 203), 15is not

't ﬁlsz than 75% bymFBS&p o2Rb1diie RAGEALARIN SO Y rolRES e 83b6n 4 T

carrier,

a fourth step of supporting molybdenum, cobalt and nickel on the carrier to

10 obtain a catalyst precursor, and

a fifth step of performing a presulfiding treatment by bringing the catalyst
precursor into contact with a mixed gas containing hydrogen and hydrogen sulfide under
conditions including a pressure of not less than 2.0 MPa and a maximum temperature of
240 to 380°C.

15 [7] The process for producing a hydrotreating catalyst according to [6], wherein the
supporting of molybdenum, cobalt and nickel on the carrier is performed in the presence
of phosphoric acid and a carboxylic acid compound.

[8] The hydrotreating catalyst according to any one of [1] to [3], produced using the
process according to [6] or [7].

20
Advantageous Effects of the Invention
[0006]

The hydrotreating catalyst of the present invention exhibits excellent levels of

both desulfurization activity and denitrification activity.

25 By using the process for producing a hydrotreating catalyst according to the



oxi de- equi val ent al um num content is | ess than 75% by nmass, then the
catal yst tends to be prone to degradation. The silicon content
within the carrier, calculated as silicon oxide (SIQ), is within a
range fromO0.2 to 10.0% by mass, and ig preferably from0.5 to 6.0%
by mass. 20 If this oxide-equivalent silicon content is |less than

0. 2% by nRegnPhvektRAL & hyddabatddd QAMRY hiASS exdehen 1&he dMoybaenlfinitaeeds
to aggregate, and the desul furization activity and denitrification

 aggr 1e desul furl ation
he caryi SRRy AR ARRELAGA! Snvican be pogTHE REGEIPRE LT o ange
f 1.0to 5.0%b , d i f bl.y f 2.0 to,4.0%.b

25mass. 111 hi SO BGISBEr THOABHn UL e BRTSREOr Sy dedithlo the o,

by mass or greater_ 7 than 5.0% by mass, then the desul furization
activity RrEyasinventi desyHis eontent and the nippgep SpBiENIHIRIR e pideesarbanpil
carrier, calculated as boron oxide (B203), is wthin a range from 1.0
t o 10.50% ¢t beedlectiaahyransovedef erably from 3.0 to 7.0% by nmass. If this
oxi de- equi val ent boron content is |ess than 1.0% by mass, then
satisfactory levels of 5 desulfurization and denitrification activity
are not obtained, whereas if the boron content exceeds 10.0% by nass,
then the catal yst SHERAGUOIERERSARRRHNBOOTAHE aaVERARONCAt i on of
the catal yst problenmatic. Each of the above val ues for the
aluninunlcﬁb?fcon, phosphorus and boron content is reported relative
to a vaIu% of* 100% by mass for the overall carrier. 10[ 0009]

The mol ybdenum content within the hydrotreating. catalyst, cal cul ated
as nol ybdenum oXigReSEREINYPRYADAS ge Eﬁ@‘ﬁ’) IPE R ?@fg]tl'o 23% by nass,
preferably from 12 to 22% by mass, and nore preferably from 15 to 20%
by makk. 1f t hi&hysiotreatingdatedyss according ok Atshrasat dike Presang yyentinis 10%
by mass or greater than 23% by nass, then the 15desul furization
activity pegdardé by supforitas motybdertuny, doialt embinitel deataerimmar abetamand dhmpinum,
maki ng the catal yst inpractical. The cobalt content within

t he hydr okiligat, ixnesphatuslaié borohddilhad pafaminODplebulG¥indercae@d)., 1S
within a range from1.0 to 5.0% by nmass, and preferably from2.0 to
4. 0% by gﬁﬁﬁgllf t hi s oxi de-equi val ent cobalt content is |ess than

1. 0% by Ss,  then the 20desul furization activity tends to

deteriorate signjifi.cantl whereas even | f tre balt content,e S
0% by mmss,  noM UPEHERY PoRPOIERER Y sk At aR R ARl oSS
desul furization activity. The njckel content within the hygé?treating
cat al ¥t , Isdt Lagp g d>Fsdmasse indisipgeferably 80Pppyymass & gipdieh n M Sange
from0.2 to 3.0%by mass. If this oxide-equival ent nickel 25content
i s | ess thaide@qaiyaloyt ahersimunt ¢ratent kdegbshint 71% by andsarhencthp gptalysttendsdot o
deteriorate

be prone to degradation.

The silicon content within the carrier, calculated as silicon oxide (S10;), is

within a range from 0.2 to 10.0% by mass, and is preferably from 0.5 to 6.0% by mass.

20  If this oxide-equivalent silicon content is less than 0.2% by mass or greater than 10.0%
by mass, then the molybdenum tends to aggregate, and the desulfurization activity and
denitrification activity tend to deteriorate.

The phosphorus content within the carrier, calculated as phosphorus oxide

(P,05), is within a range from 1.0 to 5.0% by mass, and is preferably from 2.0 to 4.0% by

25 mass. Ifthis oxide-equivalent phosphorus content is less than 1.0% by mass or greater



8 significantly, whereas if the nickel content exceeds 3.0% by nass,
then the desul furization activity deteriorates. Each of the
above val ues for the nol ybdenum cobalt and nickel content is
reported relative to a value of 100% by mass for the overall
hydrotreati ng catal yst. 5[0010] In the hydrotreating catal yst

that has waslengppemake thesslidsuHiuRhtioh @8k VB teadsB ldyedenwn sul fi de
slab is forned in Iayers on the carrier surface. The average

stacki ng numberpfqr.. &0?1‘[%9 W@lﬂ‘?{ﬂ? % c'aﬂﬁlaﬁédaag bofondx§ e&tf 1%1119

but not nore than 1.9, IS prefe n-a rang

1’5 o b DiGREr PRSk %ﬁbyﬁ%ﬁsﬁ%ﬁtgﬁe g &%ifﬁ%"gﬁﬁpw‘ﬁ%m%ﬁ e

activity can be .achi eved sinultaneousl An aver age stackl ng numnber
of 1.0 oro¥idesdyivalebpios soaksmgisl %Sﬁhfﬁbfﬂ%@y mass, then savistagtagy Inyels of
stacki ng nunmber for nol ybdenum sulfide slab is determ ned using the
met hodd dedesnifinichtibe huodwleriSilmatdn actizity agrmtriobkined, whereasribtherbotorosnitine

i mge of the hydrotreating catalyst is captured, and the numnber of
stacked | ayeeds 10L0% by ners hhenhy batalysrsusnthivitakalsalmakisg petcgtatiapplcation
Then, the average stacking nunber is calculated using the fornula

bel ow. Ofthecz(tﬁ 8 RgcRh@cki ng nunber) = E (nunber of stacked |ayers
n x nunber of nolybdenum sul fide slab havi ng n stacked Iayers) /

total number ofg % g Jh sg]\t(_\lh bohS an
integer of 1 or %ﬁ%gp{er%%of Barll%wggﬁﬁ%mrﬁl% ﬁcf @RO ]I%ys o?rofl he
present invention, se a high desul |r|za qn act vity can be
obt ai ned, ‘P&t WPW%J%g‘HyﬁW&ﬁag%ﬁteﬁh; {’3{‘ g’éf% ’r? ARy d*8¢4Ar bon oi |
hydrotreat i ngbZSpr ocess can be increased. Mreover, because the
deni t¥ i ®8PPbn activity is also high, 9 when the hydrotreated
hydr ocarbon oil is subjected to subsequent catalytic cracking,
degradati on of Theanéig&iaatratonsint eathirbihe hyérvanited catdwsoredicnipked ast he
yield of cracked gasoline can be inproved. [0012] 5(Process for
produci ngmByBEStneatideds Gathdl ¥&hge from 10 to 23% by mass, preferably from 12 to
22% by mass, and more preferably from 15 to 20% by mass. If this oxide-equivalent
molybdenum content is less than 10% by mass or greater than 23% by mass, then the
15  desulfurization activity and denitrification activity tend to deteriorate rapidly, making the
catalyst impractical.
The cobalt content within the hydrotreating catalyst, calculated as cobalt oxide
(Co0), is within a range from 1.0 to 5.0% by mass, and preferably from 2.0 to 4.0% by
mass. If this oxide-equivalent cobalt content 1s less than 1.0% by mass, then the
20 desulfurization activity tends to deteriorate significantly, whereas even if the cobalt
content exceeds 5.0% by mass, no further improvement is apparent in the desulfurization
activity.
The nickel content within the hydrotreating catalyst, calculated as nickel oxide

(N10), is within a range from 0.2 to 3.0% by mass. If this oxide-equivalent nickel

25  content is less than 0.2% by mass, then the denitrification activity tends to deteriorate



A process for producing a hydrotreating catal yst according to the
present invention involves subjecting a catalyst precursor, prepared
by supporting nol ybdenum cobalt and nickel on a carrier containing
al um num silicon, phosphorus and borog, to a presulfiding treatnent.
10[ 0013] One exanple of the nethod used for supporting the

act i vat edsi pRtadr$lyORhéBR; i€ Blediflel EéhtEHt RRAI s 8109 B@knaby Blenfliecur sor is
an i npregnation nethod. In this description, an "inpregnation nethod"

descri bes : i, i arrier is inpregnated with a

sol ution % " %ﬁgg ?Qgﬁgﬁﬁﬂ%@§§§¥ and is then dried and cal ci ned.
151 n an inpregnation nmethod, .the three netals, nanel | ybdenum
cobalt and nic c!“ OEFIE P¥$ L3ty o Qﬁﬁ’b@?’lf%e&u@i’ ﬁ‘ﬁ?ﬁ%ﬁéé@%ﬁ Qonfefn%lfshe
netal s are supported individualty then the desul furization activity
or the deifPeied iekiive dna xalne of 190%Hhy mass fondha peralbiwirgtreating catglystol e
if the nol ybdenum and cobalt are first supported sinultaneously by

i npr egnat [00mQ] and t he nickel is subsequently supported by

i npregnation, then the 20denitrification activity may weaken. [0014]
When the suppormhith@hydoetitp ehalsvthat 1as uhteegat basuifdifacathée,

i npregnation is preferably perfornmed in the presence of phosphoric

acid or a L L , 1S o t he
bﬂﬁg)tbgeigsf& tblﬁfeiéé:blﬁl; %%Hﬁm laft®s SR chffi QYi$sve!

di sper si no denum on the carrier, 25further enhancing
t he desul furi zaty on Vit n entl 10 i i YLty : 0

Fosul ting 10 ool st AOSLASRL i B §h, BERUYAY i hegllinan
phosphori¢c acid and from 35 to 75% mass of the carpoxylic_acid .
conpound &P SUbRIFRI AR L cteti % G rahls M et Rt OB b6 /00y BHEEET g
t he nol ybdenum oxi de. Exanpl es of the carbo§¥liq acid compound_

i ncl ube” cihet the asepge stagkingnuehed is nefmpere thandcy, @ gldesuifedstion aghiity and
5[0015] The presulfiding treatnent is, nore specifically, a treatnent
i n whi ch & hizhclehalfisitiopnedeitysan beschieast saultiiicoudy.s ubh averegmypanlng
(such as hydrogen sulfide or dinethyl disulfide) and hydrogen. This

t r eat ment nGAYSRY 11 1ERLFBIIRAnM e BiRekRd. structures of nol ybdenum
sul fide slab, thus generating activity. 10This presul fiding treatnent

i s adj usted SOOT vek tsﬁéﬁ@ggg}@g%k Ry HARR sufFRE staBGs ARLARASIR,

sulfide slab f oW n Ization treatnment is greater than

1.0 but nﬁ%&@%hgi%%ﬁ@g%Tg%%As descri bed above, by ensuring that the

average s 't he nol ybdenum sul fide slab is not nore

than 1.9, both the desulfurization actjvity and the denifriflcati?n
activl} y can beNpmelyehdappmission electron microscope mmage of the hydrotreating catalyst

is captured, and the number of stacked layers within each molybdenum sulfide slab is
determined. Then, the average stacking number is calculated using the formula below.
(Average stacking number) = (number of stacked layers n x number of
molybdenum sulfide slab having n stacked layers) / total number of measured
20  molybdenum sulfide slab
(wherein n is an integer of 1 or greater)
[0011]
With the catalyst of the present invention, because a high desulfurization activity
can be obtained, the volume of hydrocarbon oil treated in a hydrocarbon oil hydrotreating

25  process can be increased. Moreover, because the denitrification activity is also high,



15[ 0016] Because the degree of sulfidization of the

nol ybdenum sul fi de and the stacki ng nunber for the nol ybdenum sul fide
sl ab vary depending on the presulfiding treatnent conditions, the
treatment conditions such as the pressyre (hydrogen partial pressure)
and tenperature are adjusted appropriately so that the average

st acki ng yuxhBE he@birsdteEBydri@rtaf diPRgehjFRBd tonBeqab@\eatalytic cracking,
Specifically, during the presulfiding treatnent, the pressure is

pr ef er abl - n api a
R S S e A T
can be adegﬂatelé sulfidiied, and the desul furization activity and
deni t ri f i@ FRLETUPIVEan be further enhanced. In this
description, the 25term "pressure” refers to the gauge pressure. 11
Further, PPk the viewpoint of the pressure resistance of the

presul fid ng apparatus, the pressure during the presulfiding

t r eat dent(Preepyiof prodbtipg hpdrofroatmgtdatalys50 MPa. Furthernore, during
the presulfiding treatnment, the tenperature is preferably 5 within a
range from 240 A pro3&8Gor godudig £hpirefredtimllcytatysomcdiling © tB&PEsent

Provi ded the tenperature during the presulfiding treatnent is at

| east 240Gyedhg iﬁ%l%&@ﬁﬁj‘é&ﬁ@d‘céﬁﬁyﬁ%&ﬁéhﬁ%%%?Hdm)‘guﬁﬁﬂﬁﬂwmn“ms

provi ded the tenperature i s not nbrée than t he average stacking

number for u | £1de. - . i j

ot or o kel Ead BtdgRoH R pbhiis AlRRlh A8ER MO MAFE 0
for hydrotrﬁ@%&ng a QYdrocarbon oil according to the present

i nvent i onP™F 1PEEeYIRYi ng the hydrocarbon oil into contact with the
above- nenti oned hydrotreating catalyst in the presence of hydrogen.
15Thelthydi08i3leati ng catal yst is usually packed inside a fixed bed
reactor. [0018] Exanples of hydrocarbon oils that can be refined by
t he hydr ot r eat i Que graopéssf thaoletiod wged flr isweportoey ths ecteyategasetalislondhel
vacuumgas oil. O these, vacuumgas oil is preferred in terns of
havi ng a &irgé tﬂ';p}d’p@%ﬁe canlyeire@nebr ihaT iR ghato@bletling. MaxihiBd8scription,
20realization of the effects of the present invention. A

vacuum gag, Qj| régﬁaﬁor{ TBGhi Ofs R RIANEE LS WBich HRALIRR s Rlpr8thated with a

atnospheric residue 1n a vacuumdistillation unit during petrol eum

refining, dc ains _not less th 7Q% f a fraction with a
boi l'i ng p%ﬁﬂFﬁﬁﬁqgﬁﬁﬁ?gwggﬁ%ﬁafﬂg}%gﬁ? n%g%bar?i%%'ar limtations on

the oil subjected to atnopbspheric essure djstillati .. and ex | es
i ncl ube J Inan impregnat?opn method,pt{le ﬁu‘ee metals, namely mo?}%denum, cobaitlang

nickel, are preferably supported simultaneously. If the metals are supported mdividually,
then the desulfurization activity or the denitrification activity may be unsatisfactory.
For example, if the molybdenum and cobalt are first supported simultaneously by
impregnation, and the nickel is subsequently supported by impregnation, then the
20  denitrification activity may weaken.
[0014]
When the supporting is conducted via an impregnation method, the
impregnation is preferably performed in the presence of phosphoric acid or a carboxylic
acid compound, as this improves the dispersibility of the molybdenum on the carrier,

25  further enhancing the desulfurization activity and denitrification activity of the resulting



25petrol eum based crude oils, synthetic crude oils derived from oi
sands, coal liquefaction 12 oils, and bitunen refonnates. [0019] The
reacti on pressure (hydrogen partial pressure) during the
hydrotreatnment is preferably within a ﬂ%nge from3.0 to 15.0 MPa, and
nore preferably from4.0 to 10.0 5MPa. Provided the reaction pressure

is at | eagsfaigstO MRAIs dabe fid@sytd 289, azaﬁz@a oBttdsphdrie RMParderbrh 35fd ¢editaN
activity can be further enhanced, ereas provided the reaction

pressur & s Nnd Bl 180cikSofho Wi DYFIAEED AORFITRLE A GATe B|00%

suppr esse I've I ncreases | perating costs can

avoi ded. .The reaction tenperature i referghly within.a range [from
300 to 470tnasaiar oS RERRs , eBhfs Sh Pt BB sh BB ehe
reaction tenperature_ is at |east 300C, the desul furization activity
and deni tippipfe gitieacidanlif acd. satqrisacid gnd gBcopisitsifeed, wher eas

provi ded the reaction tenperature is not nore than 420C, catal yst
degr adati[®@1&lan be inhibited and the tenperature renmmins | ower than
the heat-resistant tenperature of the reaction unit (typically

approxi mat el y 42&@resulfadihg trbdtaightlishauifel sped featly, ¥ ebagiehtyinivehigh dibeaablsy
within a range fromO0.5 to 4.0111, and nore preferably fromO0.5 to

2.0 W. Pﬁt@(\ﬁjr%qs tdagrel WAt Asuf@y Eédp&&%gﬁxc‘ﬁeals AGdloYen Sulfle bRk o W,
t he process volunme can be i ncreased and productivity can be | nproved,

wher eas pélgﬁﬁh?g)daﬁh?lgﬁ%%gw dTlglgyrEétX-beglp GSes Rl AGbYod ﬁr?egl)cg(faﬁrg{r&ct&%g Ff 4

OAL, the reacti’o ature can owered and cata egradati on
can be supp sed. h hygro en/qQil ratio is preferably within a
range frdﬁ?%%gﬂﬁm%ﬂﬁg;®§6m§'$HgP@?HH%Q?H”%hbiC feet per barrel), and
nore preferably from1,500 to 5,000 scfb. Provided the hydrogen/oil
ratiold s at | eaBtis preggifidigrtipatnadng isrskustad oi thafthomvesraeisiackipganmber for
denitrification activity can be further enhanced, whereas provided
t he hydr othe micdybdenatisalfide shebtfohowmgtihasul BdidQdnsofabmerit icgreaisethan h.0tHune
operating costs can be suppressed. 25[0020]

not more than 1.9. As described above, by ensuring that the average stacking number

for the molybdenum sulfide slab is not more than 1.9, both the desulfurization activity

and the denitrification activity can be increased.

15 [0016]

Because the degree of sulfidization of the molybdenum sulfide and the stacking
number for the molybdenum sulfide slab vary depending on the presulfiding treatment
conditions, the treatment conditions such as the pressure (hydrogen partial pressure) and
temperature are adjusted appropriately so that the average stacking number satisfies the

20  range mentioned above.

Specifically, during the presulfiding treatment, the pressure is preferably set to
not less than 2.0 MPa, and more preferably 3.0 MPa or greater. Provided the pressure 1s
at least 2.0 MPa, the molybdenum can be adequately sulfidized, and the desulfurization

activity and denitrification activity can be further enhanced. In this description, the

25  term "pressure” refers to the gauge pressure.



13 In the process for hydrotreating a hydrocarbon oi
according to the present invention, because the above-nentioned
hydrotreating catal yst having excellent desulfurization activity and
denitrification activity is used, the sulfur content and the nitrogen
content within the hydrocarbon oil can be effectively renoved.

5[ 0021] The pr ase®s:, HidMm heAthiriond o tfHEQhleqadistiteGTkRl predutidiag
represents the second aspect of the present invention is a process

for obtaipj I - ort] I
cobal ¢ artpPAte, PR A g R H Bl Rl ke SHRRAL bl PSRN 150
phosphor us,.and boron, and then perform ng a presulfiding treatnent.
The proc 0includes the first to fifth steps described bel ow.
Nanely, a first step of obtaining a _hydrate, a second step of using
the hydrate to Ipréganeredumethepresdfigingdrepmeat.ths temperahire ¢p rrekepbdy
using the carrier-formng material to obtain a carrier, a fourth step
of usisng whkingarmgeefirorh @40 3807 Caanhinateystiepmbic fiom®S) taAf0E. f iFrovidst ep
of using the catal yst precursor to obtain a hydrotreating catal yst.

15Each ofthb E@%ra&ﬁ&ﬂﬁrih? titemesilREidg hektewnt sQORAt 24BFC She SloBPHetiin thL

first step, an acidic alum num salt aqueous solution and a basic

al umi num adeqif 13 sdpRY Swﬁ&leéétsﬂr%d@d ﬁlg%lﬁﬁéigth it 6t RERIBALRPL, the

L
phosphat e 1 ons an icate ions to 20o0btal ydrate. Specific

exanpl es of thi tep . include (1 nmet hod.. i n i.ch an_.acidi.c
a1t num SsrdesthoRbEBueBEL I B T Bl REnd e e go mot
aqueous solutjon containing silicate ions and phosphate ions, and (2)

a met hod PASHAIERYa basic al umi num salt aqueous solution is added to
an acidic alum num salt aqueous solution containing silicate 25ions

and phbsplfald i ons. 14 [0023]

(Hydrotreating process)

A process for hydrotreating a hydrocarbon oil according to the present invention
involves bringing the hydrocarbon oil into contact with the above-mentioned
hydrotreating catalyst in the presence of hydrogen.

15 The hydrotreating catalyst 1s usually packed inside a fixed bed reactor.
[0018]

Examples of hydrocarbon oils that can be refined by the hydrotreating process
include gasoline, kerosene, gas oil and vacuum gas oil. Of these, vacuum gas oil is
preferred in terms of having a high mtrogen content and therefore enabling maximum

20  realization of the effects of the present invention.

Avacuum gas oil is a fraction obtained during treatment of an atmospheric
residue in a vacuum distillation unit during petroleum refining, and contains not less than
70% by mass of a fraction with a boiling point of 340 to 550°C. There are no particular
limitations on the oil subjected to atmospheric pressure distillation, and examples include

25  petroleum-based crude oils, synthetic crude oils derived from oil sands, coal liquefaction



Exanpl es of salts that can be used favorably as the basic al um num
salt include sodium al um nate and potassi um al um nat e.
Furt her, exanples of aqueous solutions that can be used favorably as
the acidic 5alum num salt aqueous sol uij on include aqueous sol utions
of alum num sul fate, alum num chloride and alum numnitrate. [0024]
The sili c@itseanPmEndddeR@sRbate ions included in the basic al um num
salt aqueous solution nmay be either alkaline or neutral. 10Exanples
of conpou?g§9that can be used as alkaline silicate ion sources
i ncl ude s'Ilé%te conpounds that generate silicate ions within water,
such as sodium.silicate. anpl es.of co unds, that can be.
dsed as i kal | nEgREOER Frssss AT e T Al e TRt e fRlurias
t hat generate phosphate ions or phosphite ions within ter, such as
armoni um PRESHEVEhnRaES from Hi b%@%‘@’aa%d WGEA 1 %&%ﬂ@t%@ to Krfhe
silicate ions and phosphate ions included in the acidic alum num salt
aqueolfs shiPat i Bmvtrgzyl thereattidnepressoiedp ot loast AdUlvIPal the desulfurizdgtioarpplivty afd
conpounds that can be used as acidic silicate ion sources include
silicate ¢mimpifiumis dchigity ganley AikResénhbo@t ewhearnss pyotidedtheatrtion presturass
silicic acid. Exanples of conpounds that can be used as acidic
phosphat endtQhore QA8 MiPal ksl BRASANIRIE af BEBQINESed, RAd cRBEVAL e
phosphat e 1 ons or phosphite ions withi'n water, such as phosphoric
acid and QER%&QQﬁﬁgﬁﬁ%ﬁﬁggcﬁgg beaquaL M xi ng the acidic al um num
I'on and~t’he ba

salt aqueous solu si ¢ alum num salt aqueous sol ution

yields a pHth is typically wwthin a range from6. 5 9.

! of erabl y 251§ Bif g apesitalis P Rph g RN ardtes imn § 00 FsfOaCsmd,

7.5. If the pHis less than 6.5, then 15 the mxture is aoverly

aci di 1) amarepreferably fipmids0Hy ¢l AiG i Brovidedihgitrrabivs terppratassss af lopst 2004,

exceeds 9.5, then the mxture is overly alkaline, and a slurry-Ilike

hydr at e i icdesbfuaizatad tivitp@@bfenitrification activitheambfunhendnham@dawheticas

al um num sal t aqueous sol ution and the basic 5al um num salt aqueous

sol ution pypideakiereydi®hdemperstuttd i Yot ke thidnzi°e, c{tQ9=& degradation can be
inhibited and the temperature remains lower than the heat-resistant temperature of the
reaction unit (typically approximately 425°C).

15 The liquid hourly space velocity is preferably within a range from 0.5 to 4.0 h,
and more preferably from 0.5 to 2.0 ™. Provided the liquid hourly space velocity is at
least 0.5 hi”', the process volume can be increased and productivity can be improved,
whereas provided the liquid hourly space velocity is not more than 4.0 h'', the reaction
temperature can be lowered and catalyst degradation can be suppressed.

20 The hydrogen/oil ratio is preferably within a range from 1,000 to 8,000 sctb
(standard cubic feet per barrel), and more preferably from 1,500 to 5,000 scib.

Provided the hydrogen/oil ratio is at least 1,000 sctb, the desulfurization activity and
denitrification activity can be further enhanced, whereas provided the hydrogen/oil ratio

is not more than 8,000 scfb, increases in the operating costs can be suppressed.

25  [0020]



One exanple of the first step is described below. In this exanple, a
predet erm ned anmount of a basic alum num salt aqueous sol ution
containing silicate ions and phosphate ions is placed in a tank
fitted with a stirrer, 10and is then hgated and held at 40 to 90C. An
acidic alum num salt aqueous solution i's then added continuously to

the heated basijg tidd ptBbdRY RrIBUfot RAMSOMBYEetabd] adcBRITEPY HEPREE:I Ng a
hydrate precipitate. During this period, the acidic alum num salt

aqueous s; j i ( : i Wi t hin
50 ror e VAo B B G RDRIEH L R BB ARERAY |
tenperature af .the basi.c al.um. alt 15aqueous..sol.ution urt her,
e ac i SvuftiAeanA S B dER L elPhor RO Sd5s i Pusnbiid B e
is sufficient to achieve a final pH for the m xed solution of 6.5 to
9.5. In tEFpgCngFonisnEyER th@hi'dfew@g%%ﬁ%bﬁ fechivelessmaste crystal s of
pseudo- boehm te and bayerite, the addition tinme period for the acidic
al umi rfum [#8P1] aqueous solution is preferably not |onger than 15

m nut es. 20Subsequently, if necessary, the m xed solution may be aged

and then washedriepré@Roite phydupingadusidsotredtieg ctalgstahdiyehradedissheisdoynd
[ 0028] (Second step) In the second step, boron is added

to the hydnalieraRiRtReCinbthiiol8s & bfoRbssIbePbthiRing A RRRFAtiAg catalyst by
carrier-formng material. 16 Exanpl es of conpounds fhat can

nmp
amron; um SBPaTaS HeRrbsBAHh Sa shdhRet i kARl it Witen
hydrate ohtained in .the first step is .erably kneaded under
heat i ng tRMCSRRERTAHEoR 780 DiembeyOreng e R ar dregebiten:
[ 002990 mi?lcl?l)c(lgs tll: %rs?tto %fbdel stsf:[e)sc ggsgﬂgédel?elcl)\asﬁ described bel ow
Namely, a first step of obtaining a hydrate, a second step of using the hydrate to
prepare a carrier-forming material, a third step of using the carmier-forming material to
obtain a carrier, a fourth step of using the carrier to obtain a catalyst precursor, and a fifth
step of using the catalyst precursor to obtain a hydrotreating catalyst.
15 Each of these steps 1s described below.
[0022]
(First step)
In the first step, an acidic aluminum salt aqueous solution and a basic aluminum
salt aqueous solution are mixed in the presence of phosphate ions and silicate ions to
20  obtain a hydrate.
Specific examples of this step include (1) a method in which an acidic aluminum
salt agueous solution 1s added to a basic aluminum salt aqueous solution containing
silicate ions and phosphate ions, and (2) a method in which a basic aluminum salt

aqueous solution is added to an acidic aluminum salt aqueous solution containing silicate

25  ions and phosphate ions.



In this exanple, the hydrate slurry obtained in the first step is
heated and aged, and is then subjected to kneading or the |ike under
heating to concentrate the slurry to a 10 predeterm ned water
content. Subsequently, boric acid is agded to the concentrated
hydrate slurry, and the resulting m xture is once again kneaded under
heating, fpbesieby concentrating the mxture to a predetern ned water
content and obtaining a noldable carrier-formng material. [0030]

15(Third step) gyamples an Raitdadddh b uSdEBvorhtg o6 }d blcahhiliRGalfehQhdeal
obtained in the seé%n step I's nolded and calcined to obtain a

carrier containin | um n . si licon, phosphorus and boron.

Exampl es ¥ 1L?1hguﬁﬂ?aﬁ%a{qgog%ls1fug} ANHG the carrier-forning material
i ncl ude 20extrusi on nol ding pethods and c ressi on | di t hads.
The cal ci ni ng tBWHER 5%%@6%%@4%&?%@0%%% &@np?aél%&%?‘%gagﬁ’fa;l?naﬂstt ‘F?\Clgw
range from 400 to 800C. Provided the calcining tenperature is at

| east 400dmanunesaltdgueousabbitina indleagreds salbipesellummynprditeded t he
tenperature is not nore than 800C, the resulting carrier is suitable
for use idluaituydelobriésdrdndumaina pvighte. 25The calcination tine is
preferably within a range from0.5 to 10 hours. 17 Provided the

calcinati@gotime is at least 0.5 hours, satisfactory calcination can
be achi eved, ‘and provided the tinme is not |onger than 10 hours,

productivity c . |_opr (o . ] L : ded
itemis prefer :{hess?la!raligégﬁ%?&ap@g 1%(%? %@ﬁ%@ﬁg%agggl@%h%%lgb@?g@!ﬁ ded
this drying te rature for. th | ded itemis at |east 70C, rapid
drying caﬂﬁﬁgmggﬁﬁEWéﬂaﬂﬁﬁﬂﬂﬁ?gbgggﬂxfﬁghqenperature is not nore than
150C, the resulting carrier is suitable for use in a hydrotreatin

cat al Y&t . [ 0031Fxaumberafirompepndstbatisar he uses s ahcaling HlicHs I3p@RFrGH{nclude
cobalt and nickel are supported on the carrier obtained in the third
step to ofitieitecampandb et gpretesiborte ifn@@8iin water, such as sodium silicate.

Examples of compounds that can be used as alkaline phosphate ion sources
include phosphate compounds that generate phosphate ions or phosphite ions within
water, such as ammonium phosphate, potassium phosphate and sodium phosphate.

15 The silicate ions and phosphate ions included in the acidic aluminum salt
aqueous solution may be either acidic or neutral.

Examples of compounds that can be used as acidic silicate ion sources include
silicate compounds that generate silicate ions within water, such as silicic acid.

Examples of compounds that can be used as acidic phosphate ion sources

20  include phosphate compounds that generate phosphate ions or phosphite ions within
water, such as phosphoric acid and phosphorous acid.
[0025]

Mixing the acidic aluminum salt aqueous solution and the basic aluminum salt

aqueous solution yields a pH that is typically within a range from 6.5 to 9.5, preferably

25  from 6.5 to 8.5, and still more preferably from 6.5 to 7.5.  If the pH is less than 6.5, then



An exanpl e of the nmethod used for supporting the activated netals on
t he carrier is the inpregnation nethod. In this description, an

i npregnation nethod refers 15to a nethod in which the can-ier is
inpregnated with a solution of the actjsvated nmetals, and is then
dried and cal ci ned. In the inpregnation nethod, the three

metal s, nagRlivurnk ¥oEeNiMic colal slurdNHkdh ek is @lodtadiadies alteys if the pH
supported sinultaneously. If the netals are supported individually,

t hen the fouy Lon - iV j b ' b W d y
be- unsat | SFaer ory e R bt MG, dE Qi) HEEhl GRAF biothdtee
first su&m éed si mul t aneously by inpregnation, and the nickel is
subseque % ]supported by i npregnation, then the denitrification
activity may weaken. [0033] When the supporting is.conducted, via an

i npr egnat i on netseHXing thasgagie éljﬁ‘ia’f“i“ﬁﬁalgéq%‘a%? %)rhétml’sﬂ“gélﬂ? Basifed i n

t he presence of phosphoric acid or a carboxylic 18 acid conpound, as
t hi s iSnprawesuthsltdiqgepassoltipn typiatlytiddnpslypbpdiva hydnate he carri er,
further enhancing the desul furization activity and denitrification
activity j@b21lhe resulting catalyst. In this case, from3 to 25% by
mass of phosphoric acid (P205-equivalent) and from35 to 75% by mass

of the carboxyldg aahhCAROHRTsRp & RE&iRHMRIMv.added relative 5 to a
val ue of 100% by nmass for the nol ybdenum oxi de (Mb03). Exanpl es of

t he carboxylic I Encl udes citri j J i

tartaric acid alﬁgll“gf’%%g‘ﬁ.&c gélié&m [ J%@ﬁﬁ“‘t’%???ﬁésg% a&g?‘l‘*‘%“ t?ﬁ{e&ule?l%sh
step, a presulfiding treatnment i erforned .by brjngin e, cat al yst
Opr ecur SO RIS HIEHE o ard REGPaRerTeds FBRrLE Gt i Ftha A
cont ai ni ng hydrogen and hydrogen sul fide. The presul fiding treatnent
caused t h@dflé)ﬂWﬁ%'ﬁ'dﬁd ard Beldak&UtostF et dnesids alppigysy sHiaavseyssobion is
sl ab, thus generating activity. [0035] During the presulfiding

t r eat ment thet hddedreessmroasltiy tredgeted pasit aimipme ssltagleonssolution, thereby

s

generating a hydrate precipitate. During this peﬁod, the acidic aluminum salt aqueous
solution is heated to a temperature that is preferably within £5°C, more preferably within
+2°C, and still more preferably ::1°C, of the temperature of the basic aluminum salt

15 aqueous solution. Further, the acidic aluminum salt aqueous solution is added in an
amount that is sufficient to achieve a final pH for the mixed solution 0f 6.5t0 9.5. In
terms of preventing the generation of undesirable crystals of pseudo-boehmite and
bayerite, the addition time period for the acidic aluminum salt aqueous solution is
preferably not longer than 15 minutes.

20 Subsequently, if necessary, the mixed solution may be aged and then washed to
remove by-products, yielding a hydrate shury.
[0028]
(Second step)

In the second step, boron is added to the hydrate obtained in the first step to

25  prepare a carrier-forming material.



15preferably set to not less than 2.0 MPa, and nore preferably 3.0
MPa or greater. Provided the pressure is at |least 2.0 MPa, the

nol ybdenum can be adequately sul fidized, and the desul furization
activity and denitrification activity gan be further enhanced. In
this description, the term"pressure” refers to the gauge pressure.

Further, from tthampl@webmbogidstie ci BS6det Qs BiRSIosédettecedh thibStep include
presul fidi ng 20apparatus, the pressure during the presulfiding

treat ment, | r.abl y_.naot Le than 150 MP a. Furthernore, during
t he presdr#?ﬁﬁﬁgﬁﬁf@g?%%ﬁﬁﬁo € tenperature is preferably within a

range from 240 1o 380(C,. .and e preferably fram 250 to.350C, :
rov ded - der o th B8 boRr e EhEVHe dRR Erahes EPRER o s
| east 240C, the nol ybdenum can 25be adequately sul fidized, whereas
provi ded RrRErabbploesaged yuder fealing t%w@emﬁ@gﬁ thpgdiiery forpepredajermined water
desul furization activity and denitrification activity can be nore
reliably entabhced. [ 0036] In the resulting hydrotreating

catal yst, the alum numcontent within the carrier, calculated as

al um numog2ele (Al 203), is preferably not |Iess than 75% by mass, and
nore Spreferably 80% by nmass or greater. If this oxide-equival ent

al um num cont enbyd é;ahﬁ:‘ﬁéofttﬂélé‘ecgﬁﬁ/%@?i%&b&%fb\ﬁ?.he catal yst tends to
be prone to degradati on. Further, the silicon content within

the carrier, calculate S5kl I ( SI I I Lt hin
a range from 0.615 18%%9%‘%6%?/%%@%@%# ﬁrlaf%lgd lglrzaé? gisgﬁq%{}?%k?%%la@% gwg%(h
6.0% by mass. If this oxide-equivaglent silicon content is |less than
0. 2% by s gjon pebjpeia Bt KieGHE b Tisodiks OARLEAN B Pope il %a@%’g? a
tends to aggregate, and the desul furization activity and

deni t¥0 f i pradetermingd woter onteid Pebsganaatly.drosicacid is added tergherqepeensiated ¢ he
phosphorus content within the earner, cal cul ated as phosphorus oxi de
(P205), ilsydpateSkergbdnd the tdshiting nriatugeisfonoernghifkdad&d Gdebieatmgsthemhy
nore preferably from2.0 to 4.0% by mass. If this oxide-equival ent

phosphor ugoneatitkAinE theSmixeee té hafediimRA MutdressteR an@lobalighg b Aaddld%
by mass, then the desul furization activity tends to deteriorate.

carrier-forming material.

[0030]
15 (Third step)

In the third step, the carrier-forming material obtained in the second step is
molded and calcined to obtain a carrier containing aluminum, silicon, phosphorus and
boron.

Examples of the method used for molding the carrier-forming material include

20  extrusion molding methods and compression molding methods.

The calcining temperature following molding is preferably within a range from
400 to 800°C. Provided the calcining temperature is at least 400°C, a reliable
calcination can be achieved, and provided the temperature is not more than §00°C, the
resulting carrier is suitable for use in a hydrotreating catalyst.

25 The calcination time is preferably within a range from 0.5 to 10 hours.



Mor eover, the boron content within the carrier, calculated as boron
oxi de (B203), is preferably within a range from1.0 to 10.0% by nass,
and preferably from3.0 to 7.0% by mass. |f this oxide-equival ent
boron content is less than 1.0% by mass, then the 20desul furization
and denitrification activity nmay weaken, whereas if the boron content

exceeds IfoPiHedihcBRfatibA Gfhelifgt 162k 8l5HRlurd, SiiSactcdy BEe@ARODEAn el €,
maki ng practical application of the catal yst problenmatic. Each of the

above val r , ., - Si i - bar
cont ent ﬁ%ﬁﬁg%ﬁﬁ?%ﬁﬁ?§#§?P€§&%g§%*$a gﬂ%?9§§g%§b oﬁ@%g@?g?@?%e fina
overal | carriea. 25The content values for the alum num silicon,
phosphor U¥PARE boron can be 20 adjusted by altering the anounts of
phosphate ions and silicate  ions, and the amounts of, the acidic
al um num sal t &g@sbutbesaicterem thinerotded 1saids predpabhy diicd 463 tempgirdys of
solution added in the first step, and by altering the anmount of boron
added 5i n T0e 1$8¥ondProvisped tHiadditlg Empetahwe fortthematsied biderio st leest 7874,
wi thin the hydrotreating catal yst, cal cul ated as nol ybdenum oxi de, is
pr ef er ablyipididriing can baungesvied amd i0otide PBYadypormas: is noraofetkirel @B Cythe
from1l2 to 22% by nmass, and still nore preferably from15 to 20% by
mass. | f &hiignPxdrH6 18 Jtabd ﬁ%sé‘iﬁ'a&lﬁ@?dﬁéﬁliﬁ@éﬁtﬁ?ét. is less than 10% by
mass or greater than 23% by mass, then the desulfurization activity
and denit '%jcation activity tend to 10deteriorate rapidly, making
the catal'yst i npracti cal . The cobalt content within the
hydrotreating catal yst, cal cul ated as cobalt oxide (Co0), is
pr ef er abl Oﬂﬁ?ﬁ W a range from1.0 to 5.0% by nmass, and rore
preferably from2.0 to 4.0% by mass. |If this oxide-equival ent cobalt
cont &t is | esdnthaivuth otzpppolyhdenum, sebalt #nd gkl presappartaden the eargipt y
tends to deteriorate significantly, whereas even if the 15cobalt
cont ent eott@aebin3hO&idd\stapete 9btamoa taialykigredungpr.ovenent i s apparent in
t he desul furization activity. The nickel content within the
hydr ot r eaopsg catal yst, cal cul ated as nickel oxide (NNO, is
preferably within a range fromO0.2 to 3.0% by nass. If this
oxi de- equi val eng, Q)Ea%{f}ﬁé o£@RLEMod el %uﬁ&ﬂn?t&%@at%@b&léﬁq{kt he
denitrification activity tends to 20deteriorate significantly,
whereas if _the pickel content, exceeds. 3. 0% mass I
desul T ur | PPN TEgE eI ST oPals desir i Priles S ot Rtrad s
t he nol ybdenu coba{l nd ni.cke] content js i ,

15 7 to a method in which the carrier 1s impregnated with a solution of the activated metals,

and is then dried and calcined.

In the impregnation method, the three metals, namely molybdenum, cobalt and
nickel, are preferably supported simultaneously. If the metals are supported individually,
then the desulfurization activity or the denitrification activity may be unsatisfactory.

20 For example, if the molybdenum and cobalt are first supported simultaneously by
impregnation, and the nickel is subsequently supported by impregnation, then the
denitrification activity may weaken.

[0033]
When the supporting is conducted via an impregnation method, the

25  impregnation is preferably performed in the presence of phosphoric acid or a carboxylic



reported relative to a value of 100% by nass for the overal
hydrotreating catal yst. The content values for the nolybdenum cobalt
and ni ckel can be adjusted by 25altering the anmounts of nol ybdenum
cobalt and nickel supported in the fo h step. 21 [0038]

Further, in the resulting hydrotreating catal yst, nolybdenum sulfide

slab is fou B8fpdudal AR SMBRVE NG GRIEl Bl SWIHRCA0lybdRY 8 A@Rarrier,
st acki ng nunber for this nbl ybdenum sul fide slab i's greater than 51.0

ut not ni%hﬁ?lf %Q%#a? thte%@g.ﬂfu%z%cﬁlf ﬂl@ﬁk %{rﬁ%\ﬁéﬁﬁig%nﬁm%@ BP{He}esﬂ]lgﬁ%

1.6. By ensu € average stac I's not"nore t

activity V. Iohisoe SORaia SabNary: bt LEADRERy A

of 1.0 or less is unobtainable in practice. The aver age
st acki ng fiemizérto 7% hiongssed thmsashaxyiie acid camppandyae areferaly addedyglatige
t he net hod descri bed bel ow. Nanely, a transm ssion el ectron

m cr osscop® a vahgeofdf0Vhey ingsbriot theatdlplgdeonmadxydst (MaO.apExamaples afrttie t he
nunber of stacked |ayers within each nol ybdenum sulfide slab is

det er m neghrb k@8 acidempyaiEaeludt atke Bgd Hmhelicid, saredic abidaing glutshizgicidne
formul a bel ow. (Average stacking nunber) = E (nunber of stacked

| ayers n P08 er of 15nol ybdenum sul fide slab having n stacked

| ayers) /- total nunber of neasured nol ybdenum sul fide slab (wherein n
is an int@gﬁ% %B 1 or greater) [0039] The degree of sulfidization of
t he nol yb F°RUI fi de and the stacki ng nunmber 20of the nol ybdenum

sul fide slab vary, dependi ng on the conditions used during the
presul fiding t rlééb?rgﬁb Fteérﬂjprfﬁ%%‘@m&t’@a?%t RsrqFRedhy I?S%@)g Hersekstan
be altered by appropriate selection of conditions such as the

pressul e prsgarsergdtainekinithd foprtbstepriatp canpidct widh o erpre gas gprtainjigpngiogen

and hydrogen sulfide. The presulfiding treatment causes the formation of stacked
structures of molybdenum sulfide slab, thus generating activity.
[0035]
During the presulfiding treatment, the pressure (hydrogen partial pressure) is
15  preferably set to not less than 2.0 MPa, and more preferably 3.0 MPa or greater.
Provided the pressure is at least 2.0 MPa, the molybdenum can be adequately sulfidized,
and the desulfurization activity and denitrification activity can be further enhanced. In
this description, the term "pressure” refers to the gauge pressure.
Further, from the viewpoint of the pressure resistance of the presulfiding
20  apparatus, the pressure during the presulfiding treatment is preferably not more than 150
MPa.
Furthermore, during the presulfiding treatment, the temperature is preferably
within a range from 240 to 380°C, and more preferably from 250 to 350°C. Provided
the temperature during the presulfiding treatment is at least 240°C, the molybdenum can

25  be adequately sulfidized, whereas provided the temperature is not more than 380°C, the



25The process for producing a hydrotreating catal yst of the present
invention 22 described above enables a hydrotreating catalyst with
excel l ent desul furization activity to be produced with conparative
ease. Accordingly, by using the obtai hydrotreati ng catal yst for
hydrotreati ng a hydrocarbon oil, the volume of hydrocarbon oi

treated CaRulGiJaf6h 8ARRY anYRCEBYEatioR BEAMS ah BE nfteB dliablly hRAdRA.
activity of the hydrotréating catal yst 50btained fromthe above

producti 09€€cess is also high, when the hydrotreated hydrocarbon
oil is subjected to subsequent catal ytic cracking, degradation of the

FCC cat al yst can be prevented. Accordingly, .the yiel f .cracked .
gasol i ne f rom ORANCEPAIGE FadtaireORe dgrabah sl pwl, chptert iy the Carrier,
10( Process for using hydrotreatin% catal yst) The hydrotreating

cat al yst ehadaiedbescalapape pxdeetdOfols pasfaiablymoatasnilian 7aYdrb@arsh il Bpre
by bringing the hydrocarbon oil into contact with the catalyst in the
preserice tfembdy 8@fdrby ildss ohgonet.r ditlingkiderahiysent dunsual doptopasked
inside a fixed bed reactor. 15[0042] Exanples of hydrocarbon oils

that can faen 78%ibyadaddythehtheyaiyet fefad fong RowcoRglbgidde gasol i ne,
ker osene, gas oil and vacuumgas oil. O these, vacuumagas oil is

preferred in t eﬂ‘dﬁepfther@i‘féo'ﬁgzoﬂ%em[ ‘ﬁghfg:ct £ QRRE: gaqt&ga@a 288l etigd g{iez),

enabl i ng maxi numredlization o ects 0 e present | nventi on.
20A vacuum il i.s a fractio bt,ai-p E during,treat nent o? a
2t nospheresgeblyeiin A RIR A8 B PEPy B AR HBEMRE Al Feflhine
refining, and contains not |ess than 70% by nmass of a érgction wth a
boi | i ng p®Pitbiomas4o l Bissxirts-caphi@icat siHgohermsetit 15 16t than V2 DAPAsiE on
the oil subjected to atnospheric pressure distillation, and exanpl es
i ncl ude pgettet baml DA%y messd theoithesnokPderen teadsiordaregpliesardidhe ved from
oil sands, coal |iquefaction 250ils, and bitunen refonnates. 23
[ 0043] ThéesuHadiation aptivdssudeletinylicatige actpatsttead topteesimwate) during the
hydrotreatment is
Furthermore, the phosphorus content within the carrier, calculated as phosphorus
oxide (P20s), is preferably within a range from 1.0 to 5.0% by mass, and more preferably
from 2.0 to 4.0% by mass. If this oxide-equivalent phosphorus content is less than
15  1.0% by mass or greater than 5.0% by mass, then the desulfurization activity tends to
deteriorate.
Moreover, the boron content within the carrier, calculated as boron oxide (B20O;),
is preferably within a range from 1.0 to 10.0% by mass, and preferably from 3.0 to 7.0%
by mass. If this oxide-equivalent boron content is less than 1.0% by mass, then the
20 desulfurization and denitrification activity may weaken, whereas if the boron content
exceeds 10.0% by mass, then the catalyst tends to become brittle, making practical
application of the catalyst problematic.
Each of the above values for the aluminum, silicon, phosphorus and boron

content is reported relative to a value of 100% by mass for the final overall carrier.

25 The content values for the aluminum, silicon, phosphorus and boron can be



preferably within a range from3.0 to 15.0 MPa, and nore preferably
from4.0 to 10.0 MPa. Provided the reaction pressure is at least 3.0
MPa, the desul furization activity and 5denitrification activity can
be further enhanced, whereas provided:ﬂpe reaction pressure i s not
nore than 15 0 MPa, hydrogen consunpti®©n can be suppressed, and

excessi v eadiﬁ%?éd Rrih tﬁéﬁl&ﬂ%@@ﬂ)bﬁféﬁ&ﬁs SfiRGtA%RE, 488 the amounts of

The react10n ternfperattre 1s pre ably within a range from 300 to

420C, and,nor.e. preferably from 330.t0_ 4 b ' QN
Cenper at dPEorgieRpHERRY el SabhatlinF bef ATt s o G toffion
denitrification activity can he further enhanced, ereas proyvi ded
the react3ddad P’e%g‘l"%ts[‘fpeal}diy tering the ot abbreon added) iy fe sgEoRdseR i on
can be inhibited and the tenperature remains | ower than the

heat -resi[¥03ft tenperature of the reaction unit (typically
approximately 425C). The liquid hourly space velocity is preferably
wi t hi s a range Hutihst, hémblgbderimhégntehd antttirmthe dyduoataimgratal fst,amiclafed a3
2.0111. Provided the liquid hourly space velocity is at least 0.5 hA,

t he procegglyyeédtRoEias i9BrefddeiIe Kalsh ARchgP HOAUDS io13Ly b alasdendrpr oved,
whereas provided the liquid hourly space velocity is not nore than

4.0111, '
t %feﬁ-fo?f Ejgﬂlglu% t% ;még/gsg%ﬂﬁ%ﬁ gﬁ(ﬂ s;}ﬁ?mbf%ﬁ%ﬁ?ab@ﬁo&aﬁatb 32%*7% by %‘BT’Sy

degr adati'on can roge ratio is prefrer

within a nge from.Jdl, 000 t 000 scfb.20(standard cubic feet ner
parrel) - GG Rk S arERaBp R ot i8S B0 ey b6k Tehe
hydrogen/oil ratio is at |east, 1,000 scfb,_ the desul furizatiqgn
activity &6 byarassrthen hedepaniuagation aciividnanddengtaficaign acHKbn kg to

wher eas provided the hydrogen/oil ratio is not nore than 8,000 scfb,
i ncr eds esdéteridrite rapélyanpkige testatal yshmpracteaappr essed. [ 0044] 251 n the
process for hydrotreating a hydrocarbon oil described above, because

the 24 above- e dodbaledoktycinatiiie ald gdraahahy sitalhaycaglaxc ad dodalt oxide
desul furization activity and denitrification activity is used, the

Su b, CoPLE) apcld DUSSHBRTAA iR b s o
2.0 to 4.0% by mass. If this oxide-equivalent cobalt content is less than 1.0% by mass,
then the desulfurization activity tends to deteriorate significantly, whereas even if the

15  cobalt content exceeds 5.0% by mass, no further improvement is apparent in the
desulfurization activity.
The nickel content within the hydrotreating catalyst, calculated as nickel oxide
(NiO), is preferably within a range from 0.2 to 3.0% by mass. If this oxide-equivalent
nickel content is less than 0.2% by mass, then the denitrification activity tends to
20  deteriorate significantly, whereas if the nickel content exceeds 3.0% by mass, then the
desulfurization activity deteriorates.
Each of the above values for the molybdenum, cobalt and nickel content 1s
reported relative to a value of 100% by mass for the overall hydrotreating catalyst.

The content values for the molybdenum, cobalt and nickel can be adjusted by

25  altering the amounts of molybdenum, cobalt and nickel supported in the fourth step.



The present invention is described in nore detail bel ow based on a
series of exanples and conparative exanples, but the present
invention is in no way limted by the exanples presented bel ow

10[ 0046] Elydrotreating catal yst of t first aspect of the present
invention [Preparation of catal yst precursors] (Catalyst precursor 1)
A 100 L tgpigfitted with a steamjacket was charged with 8.55 kg of a
sodi um 15al ur:!i nat e aqueous sol ution having an Al 203- equi val ent

concentration 2% by nms n .ag i :
diluted with 2?“%5‘%%“ %)58ﬁ‘?sélﬁi%ﬁgﬁgre%‘%\%%‘?%%%@b@%ﬁ&eérﬁ%%qﬁ@‘.‘eéﬁ%sof a
trisodi um phosphate sol ution with a P205-equi val ent concentrati on of
2. 5% by nREBehIRJACIEOR feFRITEr SHEEm si | i cate solution with a

5i 02- equi val ent _concentration of 5.0% by mass were added to the tank
under const ant Hestvergs Agckinpgumbe foelid mplyhdenuges! 8ét dab wreregdes than
heated to 60C to obtain a carrier preparation solution.

Furt her, B0 sepataice Bnll.&and & preferavbswithiaragadgenroth 1113t04136.k gBpEnsanng
al um num sul f at e aqueous sol ution having an Al 203-equi val ent

concent r ahhQhe erd b BYkITBSTmIRRt AR e1RSHRRAYD, 8 DldH d QR ABStbM8Rivity and
diluted with 24 kg of ion-exchanged water. Subsequently, 25 using a

rol | er pumﬁ@@ﬁu 'Aauaﬁgctﬂhegr@aﬂuwyweats SIPIUbRD RS Added Qi ge

25 above-neftioned carrrer preparation solution at a constant ra
until a pHaaf 7 was reached,. us preparing a hydrate slurry. The

t hus obt af'i rgfﬁprcﬁ%ﬁéswg’gﬂ‘?%?m rpga '6tir at 60C under const ant
stirring, was subsequently dewatered usi n% a flat filter, and was,
then washed wi tHicEygrage siecking gumbsnfor rasdderne suide glpbi{s dsterpined using
ammoni a. The washed cake-like slurry was diluted with ion-exchanged
wat eri® o the methosl dencrlie@®8lovoncentrati on of 10% by nmass, and the pH
was then adjusted to 10.5 by addi ng 15% by mass ammoni a water. The
resul ting pH adjiaséiecth Sirsigiotasedioansitescad inagant tgayhgtreanlg ciaysed

with a
is captured, and the number of stacked layers within each molybdenum sulfide slab is
determined. Then, the average stacking number is calculated using the formula below.
(Average stacking number) = 3 (number of stacked layers n x number of
15  molybdenum sulfide slab having n stacked layers) / total number of measured
molybdenum sulfide slab
(wherein n is an integer of 1 or greater)
[0039]
The degree of sulfidization of the molybdenum sulfide and the stacking number
20 of the molybdenum sulfide slab vary depending on the conditions used during the
presulfiding treatment, and therefore the average stacking number can be altered by
appropriate selection of conditions such as the pressure (hydrogen partial pressure) and
the temperature.

[0040]

25 The process for producing a hydrotreating catalyst of the present invention



refl ux condenser, and the slurry was then heated at 95C for 10 hours
under constant 10stirring. Follow ng conpl etion of ageing, the slurry
was dewat ered, and a double arm kneader fitted wth a steamjacket
was then used to knead the slurry whilg the water content was
concentrated down to a predeterm ned |'ével. Subsequently, 280 g of

bori c aci f\Wasda8dedena8Rd atll?ﬂroﬁt%ﬁﬁﬂé ¢y withxRel R dQNEBriAdRN Activity to
kneaded whil e the water confent was concentrated down to a

0o o WA IR RSN SRR IR
o ot S BB TRL PRI R S PR o

was cal cined for 3 hours at a ter‘g)e_rature of 550C in an electric

furnace, inpigssedi eMiiremyen beeguse dic derfiaficsition agloribeafithabydnteatingicatahk
carrier was 2.8% by mass, the P205 concentration was 2.8% by 20nass,
and t Ife Bifdnebfro@rhe sidveprodstion Pitctsg in@sshigh, when thibydrotreged g of
nol ybdenum tri oxi de, 24 g of basic nickel carbonate and 75 g of basic

cobal t cagRRORAHDIVEY 8 satisRetembidubRQatil ytieferddirge dehanged ofeiee?CC and
the resulting suspension was heated under reflux for 5 hours at 95C

ensuring r : : ;
Subseque néﬂt%ﬁsl[ tf%gg gp 0 é%t?(%) ri %ggggélggg’nt g@ ytlemgaof*odfr Qd%g ﬁ%ésa;l)l ng‘f)gl tg(e: iCE(ljtalvyvgrq e
added to, _and di ssbol.ved in, the heated suspension to prepare an 26

i npr egnat P87 G0 T, "RAY Fhi s i npregnation liquid was then sprayed
onto and i npregnated into 1,000 g of the above-nentioned carrier. The
resul ti ng[opfﬁ)}egnat ed carrier was dried, and then cal cined for one
hour at 550C in an electric furnace, yielding a catal yst precursor 1.
The aldl i vilrewtsnior abing brifrotresttng asialyith t he catal yst precursor 1 were 5
18. 0% by nmass of M03, 3.5% by mass of CoO and 1.0% by mass of Ni O
[0047] (Cat al ysThetiyeeatreating 2gtalvéttdesdrited ekoent uanl fof hydrbmeptihdd g of
italic acid instead of the citric acid during preparation of the

| mpr egnat {RRAcdAB0H &1 b PbISRSiAL WSthyRFREWOS Of1 it \WBStaORy i MREatdfishEh thoie
10sane preparation nethod as that descri bed above for the catal yst

or ccur sorP5HE & AU B Eor e AIRIAET PR FE AR bt

by mass O;ea('ylmp'

15 [0042]

Examples of hydrocarbon oils that can be refined by the hydrotreating process
include gasoline, kerosene, gas oil and vacuum gas oil.  Of these, vacuum gas o1l is
preferred in terms of having a high nitrogen content and therefore enabling maximum
realization of the effects of the present invention.

20 A vacuum gas oil is a fraction obtained during treatment of an atmospheric
residue in a vacuum distillation unit during petroleum refining, and contains not less than
70% by mass of a fraction with a boiling point of 340 to 550°C. There are no particular
limitations on the oil subjected to atmospheric pressure distillation, and examples include
petroleum-based crude oils, synthetic crude oils derived from oil sands, coal liquefaction

25  oils, and bitumen reformates.



[ 0048] (Catal yst precursor 3) 15235 g of nol ybdenumtri oxide, 12 g of
basi ¢ nickel carbonate and 86 g of basic cobalt carbonate were
suspended in 500 mM of ion-exchanged water, and the resulting
suspensi on was heat ed under reflux for,,5 hours at 95C, ensuring that
t here was no reduction in the liquid \/703I ume. Subsequently, 147 g of
citric ac %nd 21 g of phosphoric acid were added to, and dissol ved
in, the heat d suspensi on to prepare an 20i rrpregnati on liquid, and

hi
17000 o of t ne ik skhoigh prefite IR0 SR BNRT PR R ik yst>9<f‘ L8039,
CaIC|nat|on was then perforned in the same ri ner a sC

ot e ey ORI e SO o (k-5 Moy POt Preteg @aéd@

precursor 3. The activated nmetal conponents wi thin the cat aI

pr ecur sor MBanePwvid s lsgctinaguesstireNd @id east 3 GobIBg, thaé%ﬁuﬁﬂﬂm@naln@\’lw Bh
by 25 mass of NNO 27 [0049] (Catalyst precursor 4) A 100 L
t ank f5 tt@&shitvifitdtion stieidyntdraakfatthyvesmhed@d geblervdsttod ddBthk geaefiom pesdireiin
al um nat e agqueous sol ution having an Al 203-equi val ent concentrati on

of 22% byndiesse R@ANG (¢ @2 AGMBSIEA c§@§1ﬁﬁ;ﬂti@>ﬂ MASe Eﬁ@%s@éd dh@ekaskdife 28 kg

of ion-exchanged wat er. Subsequently, 4.8 kg of trisodi um phosphat e

sol ution gegseal ﬁ,@%ﬁ%ﬂé%?&ﬁttan%%r}%ﬁ%aat| on of 2 5% by mass and 3.6

kg of a sodi dm si I on w 5i 02- equi val ent concentration
of 5.0% by mass_were added to the tank under. constant ri-ng d
the Fesul ting ﬁt@?eraa@&rlatlwamwﬁ Ity D&t g 5 40 ﬁét'ﬁ
10preparation sol uti a separate 50 L caontainer

char ged WneFe mzfesa@bk@omﬁ 380 éﬂ@ﬁﬁ n@ﬁpglépd Bedeartion ISP éﬂ%ﬁéé%&
an Al 203- equi val ent concentration of 7% by nmass, and the aqueous

sol utiton thaslegutfmizatidnectdityindd@@rikigatai ac:timitxexmwlam@lethelwaﬂlemced, whereas
Subsequently, using a roller punp, the diluted al um num sul fate

sol uti on pR%ideddedcidiohhempdahnyie ndEnbicahfd4TRCY tadlyfrdepatatinodn be

solution at a constant rate until a pH of 7.2 was reached, thus
prepar i ng;gidikd LAl theStHpé¥ure remains lower than the heat-resistant temperature of the
reaction unit {typically approximately 425°C).
The liguid hourly space velocity is preferably within a range from 0.5 to 4.0 h',
15  and more preferably from 0.5 to 2.0 h'.  Provided the liquid hourly space velocity is at
least 0.5 ™!, the process volume can be increased and productivity can be improved,
whereas provided the liquid hourly space velocity is not more than 4.0 b, the reaction
temperature can be lowered and catalyst degradation can be suppressed.
The hydrogen/oil ratio is preferably within a range from 1,000 to 8,000 scfb
20 (standard cubic feet per barrel), and more preferably from 1,500 to 5,000 sctb.
Provided the hydrogen/oil ratio is at least 1,000 scfb, the desulfurization activity and
denitrification activity can be further enhanced, whereas provided the hydrogen/oil ratio
is not more than 8,000 sctb, increases in the operating costs can be suppressed.

[0044]

25 In the process for hydrotreating a hydrocarbon o1l described above, because the



The thus obtained slurry was aged for one hour at 60C under constant
stirring, was subsequently dewatered using a flat filter, and was
then washed with 150 L of a 0.3% by mass aqueous sol ution of anmoni a.
The washed cake-like slurry was dil ut 20wi t h i on-exchanged water to
achi eve an Al 203 concentration of 10%’by mass, and the pH was then
adj ust ed 1vdOhentiBYedAdiSitbaR R ANy SBBSin3 BB Bt HRLBArizaliDR ab®AH! dniNg
pH adjusted slurry was transferred to an ageing tank fitted with a
refl ux copden th r e 9 . urs
nder con SRl SuBe ol iRl sl g el Bl teine Pk 1
was dewatered, and.a dqubl e arm 25kneader fitted with a steam jacket
was then @%@ﬁmﬁEmKﬁﬂﬁﬁﬁFﬁéggqﬁ#%Vm%ﬂ?ie the water 28 content was
concentrated down to a predeterm ned | evel. Subsequently, 340 g of
boric acid was added, and the resulting m xture was once again
kneaded while the water content was concentrated down to a
predeterm ned | evel. The obtai ned Exead@dERSr oduct was nol ded into
circular cylindrical pellets having a dianeter of 1 8 nmand a | ength
of 5 2 tojgd4sm usi ng an extrusion nolding apparatus, and the nol ded
pellets were dried at 110C. Subsequently, the dried nol ded product
was cal ci ned f - I f j :
Furnace. thus yiS g Bvakidh it SERGRE gy e e RS ST
carrier was 5]6@6gy mass,. t he P%OS cqﬁcentr tionf“as‘B'g%%bi'5§§%
and the 13559 CAMESATPARHERS B> 085 By PIrSEl RO B ) S2Y pPEY or
4 was then prepared using the sane subsequent steps as those

descr i bedthesramples presgdedbhslon of the catal yst precursor 1. [0050]
(Catal yst precursor 5) Wth the exception of not using the boric acid
in the cal00#el preparation, a 15catal yst precursor 5 was obtai ned
using the sanme preparation nethod as that described above for the

cat al yst Hyéouesttly ctal¢sCaf thk)fiét appeecof theprésgnt invention

is

[Preparation of catalyst precursors]
(Catalyst precursor 1)
A 100 L tank fitted with a steam jacket was charged with 8.55 kg of a sodium
15 aluminate aqueous solution having an Al,Os-equivalent concentration of 22% by mass,
and the aqueous solution was then diluted with 29 kg of ion-exchanged water.
Subsequently, 3.6 kg of a trisodium phosphate solution with a P,Os-equivalent
concentration of 2.5% by mass and 1.8 kg of a sodium silicate solution with a
Si0,-equivalent concentration of 5.0% by mass were added to the tank under constant
20  stirring, and the resulting mixed solution was heated to 60°C to obtain a carrier
preparation solution.
Further, a separate 50 L container was charged with 13.43 kg of an aluminum
sulfate aqueous solution having an Al,Os-equivalent concentration of 7% by mass, and
the aqueous solution was then diluted with 24 kg of ion-exchanged water. Subsequently,

25  using a roller pump, the diluted aluminum sulfate solution was added to the



Wth the exception of not using the trisodi um phosphate in the
carrier preparation, a catalyst precursor 6 was obtained using the
sane preparation nethod as 20t hat descri bed above for the catal yst
precursor 2. (Catalyst precursor 7) 5 Wth the exception of not
using the sodiumsilicate in the candetr” preparation, a catalyst

Pr €CUr SOT ;0 Wafen Pgﬁ&f (ﬁi?ﬁier L0t R Qo RAOE aPL ERALAL fa%rﬁﬁ%?t L8 Lhat

descri bed above for t yst precursor 2. 25(Cataly pr ecur sor
8) 29 i,on. of not using the basi ¢ ni ckel
carbonatee@ﬂwpwéuﬁgFgwngﬁbﬁﬁﬁﬁeﬁgngtep, a catal yst precursor 8 was
obt ai ned usi ng the sane preparation hod as that described above
for the catal ystheghuceliaed sury @e ag%{o T BReR S6PUE) vl Efwsmésﬂmﬂga
exception of not using the basic cobalt carbonate in the netal

suppor t i ngassubpsquanitadenaiercd psiog aiflebhilte, sndswaithen weghedsiilgl Snleokane
preparation nethod as that described above for the catal yst precursor
2. [ 0G51] 0.pPresmbdsi aduagsreluion st ahthphial f Tile masineitdaketiky slurry was dButed
recirculating fixed bed reactor was packed with 100 m of the

catal yst RitRGiH-&QhanRAdvAerTh %8e@am ADBHEQBERratioR e 0Ty B z!lrﬁiﬁhe' pH
97:3 volume % was passed through the reactor at a flowrate of 30

L/ hour, wald g8 Q?uét?&rpoe @Slg{sﬁdéiﬁ%ﬁ ﬁgﬁ%‘s%{ntﬁﬁ?fﬁ?{}vﬂ eped fromroom

tenperature at pressure of 6 Mra.
15 Subsequently the te tur s held a égc for.4 h
the tonper at ur TS HHERP IR S/ Hor BN L5 PS40 SHRife PORBErTIPE
was then held at 340C for 24 hours to conplete the Eresulfidig%
t r eat ment reflusgpideaaigandehe slgrry was then heated at 95%y fon 19 Heurs yedtcopyiagf
increasing the final tenperature to 400C, a presulfiding 20treat nent
was pHY f ostirriegl | Folidweng emepletomef agasigt the sbutyf wah degvateeedyadd 4 dofill@ 5@h
[ Met hod of determ ning average stacking nunber]
kneader fitted with a steam jacket was then used to knead the slurry while the water
content was concentrated down to a predetermined level. Subsequently, 280 g of boric
acid was added, and the resulting mixture was once again kneaded while the water
content was concentrated down to a predetermined level. The obtained kneaded product
15  was molded into circular cylindrical pellets having a diameter of 1.8 mm and a length of
2 to 3 mm using an extrusion molding apparatus, and the molded pellets were dried at
110°C. Subsequently, the dried molded product was calcined for 3 hours at a
temperature of 550°C in an electric furnace, thus yielding a carrier. The Si0,
concentration within the carrier was 2.8% by mass, the P,Os concentration was 2.8% by
20  mass, and the B,O5; concentration was 5.0% by mass.
Next, 235 g of molybdenum trioxide, 24 g of basic nickel carbonate and 75 g of
basic cobalt carbonate were suspended in 500 ml of ion-exchanged water, and the
resulting suspension was heated under reflux for 5 hours at 95°C, ensuring that there was

no reduction in the liquid volume. Subsequently, 147 g of citric acid and 21 g of

25  phosphoric acid were added to, and dissolved in, the heated suspension to prepare an



Fol I owi ng conpl etion of the presulfiding treatnent, the reactor was
cooled to roomtenperature, and the circul ati ng gas was changed from
the m xed gas to nitrogen. 25The pressure was | owered to atnospheric
pressure, and foll ow ng closing of th926val ves at 30 the inlet and
outlet of the reactor, the reactor was renoved. The presul fidized

cat al yst e SO AgiL A SnbRAGLH IR 98 Aelbiri AR bid Adrakave

box, and approxi nat the catal yst was pulverized to a size

of not nor 20 mesh. The. il t . r d
"nsi de a CaPD e SRR R ALl CieF o R e AR R R B,
nunber of the ybdenum sul fi de sl Within the sulfidized cat t
was neas Lﬁrl-f‘& ngo t&’lﬁ% EOFOIToPe go‘t‘rraégg%&’é‘i 2Grplesit eﬁ?éﬁ%@ocﬁgall%%
(TEM image. The average stacking nunber was determ ned using the

f or nul a hwkawsor(1Av dha getivtedoretabcampanernty vathin the gaisbist precwsclkuere

| ayers n x nunber of 10 nol ybdenum sul fide sl ab having n stacked

| ayer $) /18 @haly nasslo€Madd;, 3d%shy mdssnflGaganuhD%uiyf meks o MNaB. (wherei n n
is an integer of 1 or greater) [0053] [Hydrotreating of hydrocarbon

oi I] 15( @m’qle 1) The catal yst precursor 1 (100 m) was packed in a
fi xed bed reactor and subjected to a presulfiding treatnent using the

sul fiding nmeth tly, a vacuumgas oil (boiling point
range: 343 to gg&%}“éﬁ%ﬁﬁ?&?&ntent: 2.44% by nmass, nitrogen content:
0. 085% by mass) supplied to. t fixed,bed. reactor..at .a.rat f
200 201 | hour (BB RICEEeRA o ke 2kt s T BRRLYt B etid BiEodting
during the hydrotreatnent included a hydrogen partial pressure of 6
MPa, a | ipfapdakned the appregnaiien haridya gatalysiprgeprsoy Zmrq?gaélﬁﬁddﬁimgr Fio
of 2,500 scfb, and a reaction tenperature of either 340C or 360C.
The r¥sul sasnefpeparatondesthbd ay thabddsombadabevafed thbesatalyst pieshuspoh r'Bliie at

each of the reaction tenperatures are shown in Table 1. 25The
desul f ur i zailvated nictdl eoM@sn@nd withiattee catsliysigpréduesot arwaut 8.0t fass of MoOs,

cont ent
3.5% by mass of CoO and 1.0% by mass of NiO.
[0048]
(Catalyst precursor 3)

15 235 g of molybdenum trioxide, 12 g of basic nickel carbonate and 86 g of basic
cobalt carbonate were suspended in 500 ml of ion-exchanged water, and the resulting
suspension was heated under reflux for 5 hours at 95°C, ensuring that there was no
reduction in the liquid volume. Subsequently, 147 g of citric acid and 21 g of
phosphoric acid were added to, and dissolved in, the heated suspension to prepare an

20  impregnation liquid, and this impregnation liquid was then sprayed onto and impregnated
into 1,000 g of the same carrier as that used in the catalyst precursor 1.  Calcination was
then performed in the same manner as that described for the preparation of the catalyst
precursor 1, yielding a catalyst precursor 3. The activated metal components within the

catalyst precursor 3 were 18.0% by mass of MoO3, 4.0% by mass of CoO and 0.5% by

25 mass of NiO.



31 renoved by hydrotreating / sulfur content within vacuumgas oil) X
100 (%9 . The denitrification rate was cal cul ated using the fornula:
(nitrogen content renoved by hydrotreating / nitrogen content within
vacuumgas oil) x 100 (% . [0054] 5¢( le 2) Wth the
exception of using the catalyst precursor 2 instead of the catalyst
precursoWOé a hydrotreatnent was perforned in the sane manner as
Exanple 1 éﬂe results for the desulfurization rate and
denitrification rate at each.of the reaction tenperatures are shown
in Table I. 10?%?? f Rregysor 4) Wth the exception of using the
catal yst precursor 3 instead of the catal yst precursor a ,

hydr ot r eat ment A0 bégokditiadviting staan dagke! washaree é“%x%hék%oﬁ’?‘ sofjigm
results for the desulfurization rate and denitrification rate at each
of the redunimte }qeapsrsatutioedaving ag Adafh-gquivikest eontentiaiomea ApYbymass,
Wth the exception of using the catal yst precursor 4 instead of the
cat al yst gdaeBeagRbuslsol@idhywisaheediluteewith B &kgpidoervhangded vdier. sanme
manner as Exanple 1. The results for the desul furizat on rate and
deni trifiealbannfials Q?&?ﬁﬁo@iﬁuﬂﬁ]%s?l?a@@ﬁdl&[bnt\_@ﬁﬁ)ﬁﬁ’g@yé(ﬁﬁvaﬁrﬁ shown
in Table 1. 20(Conparative Exanple 1 Wth the exception of

usi ng the_cat al vst o r.o i . I : sor 1, a
nycr ot r oot HeHT R0 oB2rre PR B e R FE £ ol FRARHRLRMBN °0)
results for the desul furization_r and denitrificatjon rate at each
of the reSobIgHFERpRGERIADEN &F é-O?ﬁﬁmﬂwﬁ%W%fﬁﬁri%e‘ﬂtﬁ@%{%gHﬁﬂierfgf’?%}@?
Exanple 2) 32 Wth the exception of usi ng the catal yst

pr ecur sorsterihgend s rssul ipgmiradsoipdion pras bgatedio 40°CHo Rhdibe fFaHEENt Was
performed in the same manner as Exanple |I. The results for the

desul fQur i graparetiorr s wicand denitrification rate at each of the reaction
tenperatures are shown in Table I. 5(Conparative Exanple 3)

Wth the exceptigheRh sUsirig shEcEdimdr Wads cRirged! bR 2 Roikpsifeadhdhintie
catal yst precursor 1, a hydrotreatnent was perforned in the sanme

manner  asq Rl eols sollH nrlﬁﬁi‘dg%ﬁt fl%3-§qtaﬂﬁ/a%§ otk ARLI 274 B¢ ﬁxaé’sﬁ dhd

denitrification rate at eac e rTeaction tenperatures are shown

in Table tjh'e aqueous solution was then diluted with 23 kg of ion-exchanged water. Subsequently,
using a roller pump, the diluted aluminum sulfate solution was added to the
15  above-mentioned carrier preparation solution at a constant rate until a pH of 7.2 was
reached, thus preparing a hydrate sluiry.
The thus obtained slurry was aged for one hour at 60°C under constant stirring,
was subsequently dewatered using a flat filter, and was then washed with 150 Lofa
0.3% by mass aqueous solution of ammonia. The washed cake-like slurry was diluted
20  with ion-exchanged water to achieve an Al,O3 concentration of 10% by mass, and the pH
was then adjusted to 10.5 by adding 22% by mass ammeonia water.
The resulting pH-adjusted slurry was transferred to an ageing tank fitted with a
reflux condenser, and the slurry was then heated at 95°C for 10 hours under constant
stirring.  Following completion of ageing, the slurry was dewatered, and a double arm

25  kneader fitted with a steam jacket was then used to knead the slurry while the water



10( Conpar ati ve Exanpl e 4) Wth the exception of using the
catal yst precursor 8 instead of the catalyst precursor 1, a
hydr ot reat ment was perfornmed in the sanme manner as Exanple 1. The
results for the desul furization rate aikd denitrification rate at each
of the reaction tenperatures are shown in Table 1. 15(Conparative

Exanpl € Syntent was chcEﬁ%re&&?dcﬁ%ﬁ:ﬁ)pé 151@5‘&61%114&1 l@gelt heuSRLANIS! 34 EE-H RS
9 instead of the cata yst precursor 1, a hydrotreatnment was performed

in the >aify I”?S a%%dllz'l?l(@ R Iﬁn% nnya Aﬂ %%.gzilﬂ ﬁm%eﬁ%d %ﬁg ltﬁe%%ltélat I on

rate anda&en Ton ra each e“reaction tenperatures
are shown in Table 1. 20 aratlv

except i oﬁoﬁfenhg’?ﬁﬁoﬁcﬁ’étr%éﬂc&? H’gaWﬁ 8‘3‘19 chffg‘fq aEhBPb?nggﬁ?qquPWéluCt
method 1 for the presulfiding treatnent, hydr ot r eat ment was

per f or nedvasmelded suereirerarratindicatrel s ]éaVlﬂg argiametes of .8 mugang gdength of
desul furization rate and denitrificat on rate at each of the reaction
t enpersat ut @s3 mreushpaneitrusibabhadihg apB&afusOme]thd haklee pillets Aewrdagd at

st acki ng nunmber Desul furization rate (% by mass) Denitrification rate
(% by maspleC, 34@sed@PEy IR0 EridbRclded product was calcined for 3 hours at a

temperature of 550°C in an electric furnace, thus yielding a carrier. The SiO-
concentration within this carrier was 5.6% by mass, the P,Os concentration was 3.8% by
mass, and the B,Os concentration was 6.0% by mass.
10 A catalyst precursor 4 was then prepared using the same subsequent steps as
those described for the preparation of the catalyst precursor 1.
[0050]
(Catalyst precursor 5)
With the exception of not using the boric acid in the carrier preparation, a
15  catalyst precursor 5 was obtained using the same preparation method as that described
above for the catalyst precursor 2.
(Catalyst precursor 6)
With the exception of not using the trisodium phosphate in the carrier
preparation, a catalyst precursor 6 was obtained using the same preparation method as
20 that described above for the catalyst precursor 2.
(Catalyst precursor 7)
With the exception of not using the sodium silicate in the carrier preparation, a
catalyst precursor 7 was obtained using the same preparation method as that described
above for the catalyst precursor 2.

25 (Catalyst precursor 8)



Exanple 1 1.2 79 91 25 43 Exanple 2 1.4 76 89 24 42 Exanple 3 1.3 77
90 23 41 Exanple 4 1.3

10

15

20

25

29

With the exception of not using the basic nickel carbonate in the metal
supporting step, a catalyst precursor 8 was obtained using the same preparation method
as that described above for the catalyst precursor 2.

(Catalyst precursor 9)

With the exception of not using the basic cobalt carbonate in the metal
supporting step, a catalyst precursor 9 was obtained using the same preparation method
as that described above for the catalyst precursor 2.

[0051]
[Presulfiding methods]

(Sulfiding method 1)

A recirculating fixed bed reactor was packed with 100 ml of the catalyst
precursor, and a mixed gas (hydrogen : hydrogen sulfide = 97:3 volume %) was passed
through the reactor at a flow rate of 30 L/hour, while the temperature of the reactor was
raised from room temperature at a rate of 10°C/minute under a total pressure of 6 MPa.
Subsequently, the temperature was held at 240°C for 4 hours, and the temperature was
then further increased to 340°C. The temperature was then held at 340°C for 24 hours
to complete the presulfiding treatment.

(Sulfiding method 2)

With the exception of increasing the final temperature to 400°C, a presulfiding
treatment was performed in the same manner as the sulfiding method 1.

[0052]
[Method of determining average stacking number]

Following completion of the presulfiding treatment, the reactor was cooled to
room temperature, and the circulating gas was changed from the mixed gas to nitrogen.

The pressure was lowered to atmospheric pressure, and following closing of the valves at
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the inlet and outlet of the reactor, the reactor was removed. The presulfidized catalyst
was removed from the reactor inside a nitrogen-filled glove box, and approximately 10 g
of the catalyst was pulverized to a size of not more than 20 mesh. The resulting catalyst
powder was stored inside a sample container under a nitrogen atmosphere.

The stacking number of the molybdenum sulfide slab within the sulfidized
catalyst was measured by inspection of a transmission electron microscope (TEM)
image.

The average stacking number was determined using the formula below.

(Average stacking number) =} (number of stacked layers n x number of
molybdenum sulfide slab having n stacked layers) / total number of measured
molybdenum sulfide slab

(wherein n is an integer of 1 or greater)

[0053]
[Hydrotreating of hydrocarbon oil]

(Example 1)

The catalyst precursor 1 (100 ml) was packed in a fixed bed reactor and
subjected to a presulfiding treatment using the sulfiding method 1. Subsequently, a
vacuum gas oil (boiling point range: 343 to 550°C, sulfur content: 2.44% by mass,
nitrogen content: 0.085% by mass) was supplied to the fixed bed reactor at a rate of 200
ml/hour to effect hydrotreatment. The reaction conditions during the hydrotreatment
included a hydrogen partial pressure of 6 MPa, a liquid hourly space velocity of 2.0 hla
hydrogen/oil ratio of 2,500 scfb, and a reaction temperature of either 340°C or 360°C.

The results for the desulfurization rate and denitrification rate at each of the
reaction temperatures are shown in Table 1.

The desulfurization rate was calculated using the formula: (sulfur content
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removed by hydrotreating / sulfur content within vacuum gas oil) x 100 (%). The
denitrification rate was calculated using the formula: (nitrogen content removed by
hydrotreating / nitrogen content within vacuum gas oil) x 100 (%).
[0054]
5 (Example 2)

With the exception of using the catalyst precursor 2 instead of the catalyst
precursor 1, a hydrotreatment was performed in the same manner as Example 1. The
results for the desulfurization rate and denitrification rate at each of the reaction
temperatures are shown in Table 1.

10 (Example 3)

With the exception of using the catalyst precursor 3 instead of the catalyst
precursor 1, a hydrotreatment was performed in the same manner as Example 1. The
results for the desulfurization rate and denitrification rate at each of the reaction
temperatures are shown in Table 1.

15 (Example 4)

With the exception of using the catalyst precursor 4 instead of the catalyst
precursor 1, a hydrotreatment was performed in the same manner as Example 1. The
results for the desulfurization rate and denitrification rate at each of the reaction
temperatures are shown in Table 1.

20 (Comparative Example 1)

With the exception of using the catalyst precursor 5 instead of the catalyst
precursor 1, a hydrotreatment was performed in the same manner as Example 1. The
results for the desulfurization rate and denitrification rate at each of the reaction
temperatures are shown in Table 1.

25 (Comparative Example 2)



[ 0056] 5By enploying the hydrotreating catal ysts of Exanples 1 to 4,
each of which was prepared by presulfiding a catal yst precursor
obt ai ned by supporting nol ybdenum cobalt and nickel on a carrier
contai ning alum num silicon and boro and had an average stacking
nunber for nol ybdenum sulfide slab that” was greater than 1.0 but not

nmore than 1.9, WieusWxbeptich@rusing (NGt e pRichis8e thskad beile cWialRt N the
vacuumgas oil were able to be 10effectively renoved. In the

case of t .o ' ' t:hatrdi d
ot 1 nol REeR dnt BBk ARl bR oBhed BB Gh MEiof BBl
of Conparativ anple. 2 that did not. incl.ude phosphorus as_.a carrier
conponenﬂ?mﬂﬁgbgﬁﬁﬂﬁ?@@ﬁ?ﬂ&%ﬁ@ﬁ&“é@@& E?LB?l ﬁﬁ?ﬁ%?f@@r%§HW%le 3
that did not include silicon as a carrier conponent, the 34

deni t ri f i te@peghresaire shogy nokable k-han that observed in the exanpl es.
Further, the desulfinization rate was also | ower for the catal yst of
Conparsat i ve Exdfiptpaitive Example3hn t he case of the hydrotreating

catal yst of Conparative Exanple 4 that did not include nickel as an
activated net alwgpmROXeHtiondTdsinB ehdatl it heRhisBO7 aasteall ¥ thehtabyst
Conparative Exanple 5 that did not include cobalt as an activated

nmetal co , A i t t
observedqﬁﬁaﬁﬂgléig éﬁggﬁh%h{$ﬁiﬁ#9?ﬁgg§eggﬁéﬁéﬁggé?gﬁ@?g%gﬁvgsT%Fso
| ower for t at al yst.of Co ratiyve. E e 5, l.n.the case
of "he hyardRBaEE SRl RIRA AL g AL fudu copt oo b
prepared by presul fiding a . atal yst precursor obtained by supporting
mol ybdenu§inPeigBues arg 8aven #1406 L-on a carrier containing al um num
silicon and boron, but had an average stacki ng nunber for nolybdenum
sul filde sl ab t H&omprudsdEdammpe)both the desul fiirization rate and
the denitrification rate were |ower than those observed in the
exanpl es. [ 0057AYith the dcestessoffueingpliochtdin @rdeychoos iessdal g theatallysst  of
t he second aspect of the present invention 15[ Exanple 5: Preparation

of hydr ot §eai:tdiq, G al@lowshtnieht i porsk@m the same manﬁer%@@th?ym fTHet ed
wth a steamjacket "was charged with 8.55 kg of a sodium alum nate

agueous Sl BRHBAL G ARG ARAUbNAhERLn FABGENLE B RTeRi0R2% DY
mass, an e aqueous solution was then diluted wtl kg o
;grhfﬁggan eﬁnﬁﬁ%§%s§§8§§?§§ﬁﬁﬁ?t'y’ 3.6 kg of a trisodium phosphate

15 (Comparative Example 5)

With the exception of using the catalyst precursor 9 instead of the catalyst
precursor 1, a hydrotreatment was performed in the same manner as Example 1. The
results for the desulfurization rate and denitrification rate at each of the reaction
temperatures are shown in Table 1.

20 (Comparative Example 6)

With the exception of using the sulfiding method 2 instead of the sulfiding
method 1 for the presulfiding treatment, a hydrotreatment was performed in the same
manner as Example 1. The results for the desulfurization rate and denitrification rate at

each of the reaction temperatures are shown in Table 1.



concentration of 2.5%by nass and 1.8 kg of a sodiumsilicate
solution with a Si 02-equival ent concentration of 5.0% by mass were

added to the tank under

constant stirring,

sol ution was heated to 60C to obtaln

and the resulting m xed
carrier preparation solution.

25Furt her, a separate 50 L contai ner mé% charged with 13.43 kg of an
al um numrggbsisul fat e aqueous sol ution having an Al 203- equi val ent
concentr&t A of 7% by mass, and the aqueous sol ution was then
dlluted 1& %4 kg of on- exchanged wat er. Subsequently, using a
roller e di luted al umi num sul fate sol ution was added to the
above- ne j | _ i i
a pHof 7.2 was 51 ﬁ@&&g@gackﬁl% I DeIf@Ratoh Rg (% By¥YAssRY e ehlrifcinsn ake (%[00 2B8]
(Second st ep) g obfaimed hydrate sIurry al_was aged for —one
hour at 60C under [constant stirr¥f§, w£§_§iﬁékiuuiui§@ﬂbma er etf%1fsi ng
a flat fil and was,;then yashed with 150,L 10|of a0.3%b S
aqueous X%Iﬁ?l l oan—nf 5 Thao waehad nnlog | Lo b 250 N y rT%S

5-o+—ut1+-o6h—§t anbhit—=a: mMe—wWasSret—CaxKe= ||r\. alu“y W
wi th i oniexafianged wat es to achi ee an|A 208 cong¢entrati onjof 18% by
mass, angd_the pH was then adjusted to 10.5 by addi ng 15@6bi masgs
ammoni a WEFEPES The restPt| ngl pH aﬁj usted slifrr y Was..tr Jansf
agei ng ta@gmbggted W thsa re1|ux'gondenser,mand fhe sjun-y|was ihen
heat ed at—95€C o to—hours—under-constanmt—i5stiring. Fot fowngy
conpl eti 6P B YGeilng, the slyrry wmas dewat eged, and ajgoublle ar g
kneader {¥emelelwith a steam jacket wasl|then usedito knead tthe slurry
whi | e t heCoavpbretivecont ent was c¢oncentrated down to|a predeterm ned
level . Slbsgguentlly, 288 g of borfc aci{d wa¥ added, affd the resdfting
m xt ure ngg qgai n kneaded while the water cgntent was
concentra 3 to aopredeternlmed Ievel g8t hus |yielthng a 36
carrier- Wpﬁl ’)rnrnfnruol 1 [ ON5EQ] -rnl ot an)

=R~ T OT T A L\J\J\l\l IIIIIU \JLL:'..}

Comparanve - 20 37

Example 4 14 73

Comparative 79 12 16

Example 5 L3 63

Comparative 69 %6 20 37

Example 6 28

[0056]

5 By employing the hydrotreating catalysts of Examples 1 to 4, each of which was
prepared by presulfiding a catalyst precursor obtained by supporting molybdenum, cobalt
and nickel on a carrier containing aluminum, silicon and boron, and had an average
stacking number for molybdenum sulfide slab that was greater than 1.0 but not more than
1.9, the sulfur content and the nitrogen content within the vacuum gas oil were able to be

10 effectively removed.

In the case of the hydrotreating catalyst of Comparative Example 1 that did not

include boron as a carrier component, the hydrotreating catalyst of Comparative Example

2 that did not include phosphorus as a carrier component, and the hydrotreating catalyst

of Comparative Example 3 that did not include silicon as a carrier component, the



The obtained carrier-formng nmaterial a2 was nolded into circular
cylindrical pellets having a dianeter of 1.8 mmand a length of 2 to
3 mmusing an extrusion 25nol di ng apparatus, and the nol ded pellets
were then dried at 110C. Subsequently, the 36 dried nolded product
was cal cined for 3 hours at a terrperat3&re of 550C in an electric

the car 1P R0 BRI RAAE o fiesaBs TR SRS oTHHEE Y ot by
mass, and, t B20Q3 concentrati on s 5.0%b ss. 5[ 0060], (Fourth
st ep) des‘ﬁgnﬂé&?l} raé%%a@alﬁc?foefﬁr ﬁgg}éﬁﬁ#i’%{i‘%g&g@ﬁmﬂ‘L gxemLWC kel

carbonate and 75 g of cobalt carbonate were suspended in 500 nl_ of

i on- exchanged Wathgrcasaefthe hedrpwsatingicaglsbishepspyativiaBxanee é dhal diftot
reflux for 5 hours at 95C, ensuring that there was no 10reduction in
t he | i quiidcludd nivkel aSab satpaedirhgtal chépogeraf arc the hedratedingndtabikt gf of
phosphoric acid were added to, and dissolved in, the heated

suspensi belﬁ%rm@%{aﬁlp@@s ¥R BRIG TR IricAlel doBiAlL £ arAelvAtBl SetdIB6 @ FARNE, B
| iquid was then sprayed onto and inpregnated into 1,000 g of the
carrier 3a.: i i i i hen

cal ci ned i AGRTe bl S JRAHORGI RRTAN 1 BE MBREE afi R s
catal yst precursor a4. 15[ 0061 Fifth step recircul ati fixed
bed react‘%?gl&ﬁbza QIR %lﬁo %r&qrt § © tagﬁéﬁté)ﬂp atlb’?ﬁéﬁwg%%'a& and
a m xed gas (hﬁdrogen . _hydrogen sulfide =.97:3 vol une % was pﬁssed
through the redethsreagg ofthe hydyoirgatngartabyist pf heuparatiys Feanuple 6, which was
tenperature of the 20reactor was raised fromroomtenperature at a
rate of IlfGaredby presuifidinga catlyst preseuritaiogd By paortBghedsodentiny coltalfe
tenperature was held at 240C for 4 hours, and the tenperature was

t hen fiour th@midketoeasadict condAie alheint@FiReaT andebonas bubhles dnelveragt 340C
for 24 hours to conplete the presulfiding treatnent. This treatnent

yi el ded astMﬂfgﬁﬁﬁrﬁ%? FR I Q3 RS suBidedPOhat A@eddel i FeQ?Bgtg tAe§@blfurization

conmponents wthin the hydrotreating catalyst a, th

rate and the denitrification rate were lower than those observed in the examples.
[0057]
Process for producing hydrotreating catalyst of the second aspect of the present invention

15  [Example 5: Preparation of hydrotreating catalyst a]

(First step)

A 100 L tank fitted with a steam jacket was charged with 8.55 kg of a sodium
aluminate aqueous solution having an Al,O;-equivalent concentration of 22% by mass,
and the aqueous solution was then diluted with 29 kg of ion-exchanged water.

20 Subsequently, 3.6 kg of a trisodium phosphate solution with a P,Os-equivalent
concentration of 2.5% by mass and 1.8 kg of a sodium silicate solution with a
Si0,-equivalent concentration of 5.0% by mass were added to the tank under constant
stirring, and the resulting mixed solution was heated to 60°C to obtain a carrier
preparation solution.

25 Further, a separate 50 L container was charged with 13.43 kg of an aluminum



nol ybdenum had a Mb03- equi val ent concentration of 18.0% by nass, the
cobalt had a CoO-equival ent concentration of 3.5% by mass, and the

ni ckel had a Ni 0-equival ent concentration of 1.0% by nass.
Furthernore, the average stacking nunber for nol ybdenum sul fide sl ab,
5det ermi ned using the nethod descri bedbel ow, was 1. 2. [0062] <Met hod

of determ avera ckin WI o et|

of the. prubafhadih Hhudh REbE % AL stent oo bRt P o Gl b8
tenperature, and the circulating was changed fro the m

to ni trogdhagueyuyFRiufieyayhen lSte! 30 ek I9RTBEEIRET] Wk e F"él“e‘é%

following closing of the valves at the inlet and outlet of the

react or, udhg 7 mdler pempvthe didyted elamimise splfase salptien wadaddad & st was
renoved fromthe reactor inside a nitrogen-filled gl ove box, and
appr oxi medtely-niditignal cakdier peeaddtivatsoltsion ptd versianechtd enta aspl—k@f i waet
nore than 20 nesh. The resulting catal yst powder was stored inside a

sanpl & conb@{caefhuspd gn Ep %;cﬁ@tggmr@tzm)sphere 15 The stacki ng nunber
of the nol ybdenum su f| ab within the sulfidized catal yst was

measur ed Vlgspectl on of a transm ssion el ectron mcroscope (TEM

i mage. Th rage stackl ng nunber was determ ned using the formula
bel ow. (Average S‘fﬂﬁé nunber) (number of stacked |l ayers n x
nunber of 20 nt®Y sul fi de sI ab having n stacked |ayers) / total
nunber of rreasured nmol ybdenum sul fi de slab _(wherein n is an integer
of 1 or greaterfheanEngd Ipkiapleyel saged B iogn hewr W@r%w@étcpwnt
catal yst b] 25Wth the exception of using 147 g of malic acid instead
of the ci ttirfing,acdisdubkeniiagly B8 aprebasiag 4 Oat fdfertdnd wasghagmashedwithil§Qild
in the fourth step, a hydrotreating catalyst b was prepared in the

same TRNNETa @3y FbsanseqReous@6lutiBe ofthindaiae d Tive takheiuaRe RO Elayividdi n
the hydrotreating catalyst b, the nol ybdenum had a MO03-equi val ent

concent r ag;i g inth 15 Qx/ 1%%%572&& th %@hl@@éﬁ AL, R P11 v l?f'ltnass and

concentration o t he 5ni ckel had a N 0-equi'val ent

concentr a@lg m%%#’g%%g%‘}?ggsﬁ)%g{a 'u?g 15‘%'?3?/ 1%as%ra%19nonﬁ %ﬁt‘é'.ng nurber

for nolyb

The resulting pH-adjusted slurry was transferred to an ageing tank fitted with a
reflux condenser, and the slurry was then heated at 95°C for 10 hours under constant
15  stirring. Following completion of ageing, the slurry was dewatered, and a double arm
kneader fitted with a steam jacket was then used to knead the slurry while the water
content was concentrated down to a predetermined level. Subsequently, 280 g of boric
acid was added, and the resulting mixture was once again kneaded while the water
content was concentrated down to a predetermined level, thus yielding a carrier-forming
20  material a2.
[0059]
(Third step)
The obtained carrier-forming material a2 was molded into circular cylindrical
pellets having a diameter of 1.8 mm and a length of 2 to 3 mm using an extrusion

25  molding apparatus, and the molded pellets were then dried at 110°C.  Subsequently, the



[0064] [Exanple 7: Preparation of hydrotreating catalyst c] Wth the
exceptions of altering the amount of basic nickel carbonate to 12 g
and l1l0Oaltering the anobunt of basic cobalt carbonate to 86 g in the
fourth step, a hydrotreating catalyst ¢ was prepared in the sane
manner as Exanple 5. For the activat edOret al conponents within the

hydr ot r eat | . = jo :
concent r ot SRb SRy st R Al M e B cotric
concentration of 4.0% by mass, ,ang, t ni ckel had Ni 0- equi val ent
concent r aPTBRe:dRusyigeing? Gaies a3 15?5?)%%2 PR g/?fhﬁrtgf)ggyf{ ?a);nwasf
hydrotreati ng catal )r/lst d] (First step) A 100 L tank fitted
with a stedimbyaess: hafsOctmaeguentian s 3.8/8 bk gnass, agd SsdBdncanermabe
aqueous sol ution having an Al 203- equi val ent concentrati on of 22% by
mass, 20amas 3.0% tyquesus sol ution was then diluted with 28 kg of

i on- exchanged water. Subsequently, 4.8 kg of a trisodi um phosphate
sol utison popgdn a P205-equi val ent concentration of 2.5% by mass and 3.6
kg of a sodiumsilicate solution with a 5i 02-equi val ent concentration

of 5.0% by ”BS%FM\E‘%)%': ded to the tank under constant stirring, and
the resulting xed sol’'ution was heated to 60C to obtain a carrier

25 i | yti.en. .3 F . i

ron ohar ged wi SRt B oty bdcnum tibribnrLe PP ER R bSu g tad 7R RE RO

havi ng an Al 203- equi val ent ,conﬁentrati on . of 7% b%/ rr%gﬁ and. t he
Y roddRe S

aqueous sBFRATRISHY GG SusPRRdEddn PP s ahiqmeshangsd gya g water.

Subsequently, using a roller punp, the diluted alum num sul fate

sol uti on wapenaidterhstheatef andrabellux top Athourad 9847, cneningrtba hese iweh no

solution at a constant rate until a pH of 7.2 was reached, thus

pr epald ngredudivdriaties 1&juid volume 0086 sefiSadgnidt 79t @fxjtric acid and 21 g of
phosphoric acid were added to, and dissclved in, the heated suspension to prepare an
impregnation liquid, and this impregnation liquid was then sprayed onto and impregnated
into 1,000 g of the carrier 3a. The resulting impregnated carrier was dried, and then
calcined for one hour at 550°C in an electric furnace, yielding a catalyst precursor a4.

15 [0061]

(Fifth step)

A recirculating fixed bed reactor was packed with 100 ml of the catalyst
precursor a4, and a mixed gas (hydrogen : hydrogen sulfide = 97:3 volume %) was
passed through the reactor at a flow rate of 30 L/hour, while the temperature of the

20  reactor was raised from room temperature at a rate of 10°C/minute under a total pressure
of 6 MPa. Subsequently, the temperature was held at 240°C for 4 hours, and the
temperature was then further increased to 340°C.  The temperature was then held at
340°C for 24 hours to complete the presulfiding treatment. This treatment yielded a

hydrotreating catalyst a.

25 For the activated metal components within the hydrotreating catalyst a, the



The obtai ned hydrate slurry was aged for one hour at 60C under
constant 10stirring, was subsequently dewatered using a flat filter,
and was then washed with 150 L of a 0.3% by mass aqueous sol ution of
anmoni a. The washed cake-like slurry diluted with ion-exchanged
water to achi eve an Al 203 concentration of 10% by mass, and the pH

was t hen ﬁgwg‘%ﬁn h Q100 uRARKI bR et Mn TRT8 00 WPRLG, WRIBhal iy

resulting p sted urry was transtferred to an -agei hg tan

with a 15refl ux. condenser,, .and | urr t hen heat at .95C for
10 hour s e BRal eetaBRoag T By M AT et ig! ML L Shviy s
dewat ered, and a doubl e arm kneader fitted with a steamjacket was

t hen usedSaseNFERl of hd%sPY M- whil e the water content was
concentrated down to a predetem | ned | evel. Subsequently, 340 g of
boric acid was Tadtheunoranidie mheragestadkingmynmhex femmeolyhdenomessl fadgedlab,
kneaded while the water content was 20concentrated down to a

pr edeter nigi@ehih&@Maling thBusethoddaledéritgd deoar, wiaen 2 orm ng material . [0067]
(Third step) The obtained carrier-formng material was nol ded
into circuogsy cylindrical pellets having a diameter of 1 8 nmand a
|l ength of 2 to 3 mmusing an extrusion 25nol di ng apparatus, and the

nol ded peé%&%d%hgteﬁﬁﬁ& dayefag?%clﬁ%ggum%{gsequent ly, the 40 dried

nol ded pro was cal Ci rs at a tenperature of 550C in

an electric furﬁ%ée,. t hus yi el di Hg a cl?rri er. The Si02 concentrg&i on
within this carfdHoMiRReoBPIBERTY! e BEsUllifRessasneb eR HEFSE FEH WAL B 8%
by mass, and the B203 concentration was 6. 0% bf\{_ mass. 5[ 0068]

The f our t PoENE@mPRattie. e e Giequiatinggas pey ehongediirpy themixcsrdss fapiffeEeas

Exanple 5, yielding a hydrotreating catalyst d. For the activated

met al 1(c onplongesssiravivihionetdieo hymosphereapressgra; atdfollewing clodieg nbihg vdsnsian

had a Mb03-equi val ent concentration of 18% by mass, the cobalt had a

Co0- equi véakelkt £AuERE sahé RAcRE, 1d RY%bYwiBSmovand THSrBdthdbedliiiagkta
Ni 0- equi val ent concentration of 1.0% by mass. Further, the average

2 et SRR A {8 S Gl ek 0

hydrotr ea{gti e cgtgltygtl %gstpuﬂerized to a size of not more than 20 mesh. The resulting catalyst
powder was stored inside a sample container under a nitrogen atmosphere.

15 The stacking number of the molybdenum sulfide slab within the sulfidized
catalyst was measured by inspection of a transmission electron microscope (TEM)
image.

The average stacking number was determined using the formula below.
(Average stacking number) = 3 (number of stacked layers n x number of

20  molybdenum sulfide slab having n stacked layers) / total number of measured

molybdenum sulfide slab
(wherein n is an integer of 1 or greater)
[0063]

[Example 6: Preparation of hydrotreating catalyst b]

25 With the exception of using 147 g of malic acid instead of the citric acid during



Wth the exception of not using the boric acid in the second step, a

hydrotreati ng 15catal yst e was prepared in the same manner as Exanple
5. For the activated netal conponents within the hydrotreating

catal yst e, the nolybdenum had a Mb03-gqui val ent concentration of 18%
by mass, the cobalt had a CoO-equi val concentration of 3.5% by

mass, and I C : | O i: '

maas. FurHepedtpl the ARealb R R i Be3Bhnt BR5 o A Lardy Vet
slab in the hydrotireating catalyst e 20was_.1.8. [0070 Conpar at i.ye
canpl o Prst Ut FOHE Ry oy BYPBRE g LonE Lol EoRPEhE i
exception of not using the trisodium phosphate in the preparation of
t he car rithe hydrotrepdingicaigtystb.pe melyprlansn Fﬂéfgfl MRPcatuayala concgptgation of
prepared in the sane manner as 25Exanple 5. For the activated netal
conponent 8. & thiyinmast,Hke bytehttdtad edtdrgquindlatyencdniratipreot 331 %rol masdeamdrthe
had a M03-equi val ent concentration of 18% by mass, the cobalt had a
Co0- egui viatigNhad o NEOHGuRalcaNc@icerdrfin Y 1 1S By niass] tHuether, teelvefgd a
Ni 0- equi val ent concentration of 1.0% by mass. Further, the average

st acki ng gf@%@rnufng;er %@ﬁ@mﬁﬁd%ﬁg@_h_n the hydrotreating

cat al yst 1.5. 5 Conpar ati ve Exanple 9: Preparation of
hydr ot reaﬁo'b@gLt catal yst g] Wth the exception of not using the
sodi um si 1 e solution in the preparation of the carrier in the
first ste

a hydrotreating, catal yst S prepared in the sanme
manner as&Eﬁ@ﬁJ;ﬂ7éP5‘?PaFﬁﬂ°nt°%§Y‘§8frPéH’t tarz@faf conponents within the
hydrotreating catal yst g, the 10 nol ybdenum had a M03-equi val ent
concentration o¥ith 8% dxgentions of altsingdbatmond @f hatpuicke] saspapaiato 12 g and
concentration of 3.5% by nmass, and the nickel had a N 0-equival ent
concent r ailiedifg te dndQfit bbasbsebaFeibheate td $teg avide dgethsdters; kihydrotmeatney
for nol ybdenum sul fide slab in the hydrotreating catal yst g was 2. 2.

[0072] 15&&@W%r\ﬁ§sip¥/§pa@ﬁqmﬂl@saﬁg miiRPad Bkdiple 8f Rydihehew@atddngetal

cat al yst h] th the exception of not using the nickel

car bonat e o?xﬂﬁn@ﬁ]tg gl]@g?&%%(g%ﬂ%?@%éragagyﬁ e tfhg GBRgb defurh B84 LM J%ifgﬁr'r%@%ma

hydrotrea% g ca I'n"the sanme nmanner as
5. For the activate [ al conpgnen i hi.n the. hydrotreatin o
Catalyst TPRCCHEBO)BROHUR Hat Sonpos: b GaPerialRESHEFRHCSH o5t O%aos
by nmass, and the cobalt 20 had a Co0O-equival ent concentration of 3.5%
by mass. Fumesrernd thaickgbhadgeNKP-gawv gt foReRYration ohdPYddenath sul fi de
slab in the hydrotreating catalyst h was 1. 4.
15  [0065]
[Example 8: Preparation of hydrotreating catalyst d]
(First step)
A 100 L tank fitted with a steam jacket was charged with 8.18 kg of a sodium
aluminate aqueous solution having an Al,Os-equivalent concentration of 22% by mass,

20  and the aqueous solution was then diluted with 28 kg of ion-exchanged water.
Subsequently, 4.8 kg of a trisodium phosphate solution with a P,Os-equivalent
concentration of 2.5% by mass and 3.6 kg of a sodium silicate solution with a
Si0;-equivalent concentration of 5.0% by mass were added to the tank under constant

stirring, and the resulting mixed solution was heated to 60°C to obtain a carrier

25  preparation solution.



[0073] [Conparative Exanple 11: Preparation of hydrotreating catalyst
i] Wth the exception of not using the cobalt carbonate
during the netal supporting 25perfornmed in the fourth step, a
hydrotreati ng catal yst i was prepared jn the same manner 42 as
Exanpl e 5. For the activated netal coﬁ%ﬂnents wi thin the

hydrotreating Wgﬁgf}:}iwa& ke Lgﬂ%hﬁé?ﬁ? %_gkﬂzﬁgeclawh@ 9336 %Yio¥ ah SRninum

concentration nass, e nickelr had a N O-equi val ent

concentrat | 1.0% Db ss. .Furth t he aver age .st.acki r r
ol ybden i St PERe S R Rovibe oh dhDsehlSeRIEC AR BF o P IHIRE ol
5[ 0074] [Conparative Exanple 12: Preparation of drofreati

cat al yst i aqueous solyfiqrwangen ddeigd W Or<&y 1@91%%]%’&9%{ Yitgh) ‘Slibsequently
tenperature to 400C in the fifth step, a hydrotreating catalyst j was
pr epar ed usmg hwllsapmnprdhadiluted alEmampn sulfate fiutiahsasasdided it &g et al
conponents wthin the hydrotreating catalyst j, the nol ybdenum had a
10 MoG3- efhsivy-ad sdribn&ionesstiprqiat ionebluli8aby comsst ratdentit alpdl 6f h2adas
Co0- equi val ent concentration of 3.5% by nass, and the nickel had a

Ni 0- equi vahapl &ROsePidARLd BAL s by mass. Further, the average
stacki ng nunber for nol ybdenum sul fide slab in the hydrotreating

cat al yst %mgef 2.8. [0075] 15[ Hydrotreating of hydrocarbon oil]

Usi ng each "of" t he above-nenti oned hydrotreating catalysts a to j, a
vacuum gas oildﬁas gydr treated in the manner described bel ow, and
the desul furi zdPFERYEE vity was eval uated. Each of the hydrotreating
catalysts (100 m) was packed in a fixed bed reactor, 20and a vacuum
gas oi | (boili nbhepdiained kifge slory was agsdir ogg heyrrat 881{t Brder constand, py
mass, nitrogen content: 0.085% by nmass) was supplied to the fixed bed
reactdr attirdngatas sobscgd0ntlyl dehatered wiref 4 Batt filkey.dmdtwas dhanemashedwith 150 L
reaction conditions during the hydrotreatnent included a hydrogen
partial psRsGa%shad dReousdohitiahofatigionlay Thaoastl @ré-like oitirrd wsh- 1,
a hydrogen/oil ratio of 2,500 scfb, and a reaction tenperature of
either 348u0f wif W Xl Rl b AckitVe RLOESIck ARl A0 B Radllihd
denitrification rate at each of the 43 reaction tenperatures are

Sl U ;L%%&-ngs' then adjusted to 10.5 by adding 22% by mass ammonia water.

The resulting pH-adjusted slurry was transferred to an ageing tank fitted with a
15  reflux condenser, and the slurry was then heated at 95°C for 10 hours under constant
stitring. Following ageing, the slurry was dewatered, and a double arm kneader fitted
with a steam jacket was then used to knead the slurry while the water content was
concentrated down to a predetermined level. Subsequently, 340 g of boric acid was
added, and the resulting mixture was once again kneaded while the water content was
20  concentrated down to a predetermined level, thus yielding a carrier-forming material.
[0067]
(Third step)
The obtained carrier-forming material was molded into circular cylindrical
pellets having a diameter of 1.8 mm and a length of 2 to 3 mm using an extrusion

25  molding apparatus, and the molded pellets were then dried at 110°C.  Subsequently, the



The desul furization rate was cal cul ated using the formula: (sulfur
content renoved by hydrotreating / sulfur content w thin vacuum gas
oil) x 100 (%9. The denitrification rate was cal cul ated using the fo
iula: (nitrogen content renoved by 5hydrotreating / nitrogen content
Wi thin vacuumgas oil) x 100 (% . [0O0 [ Tabl e 2] Hydrotreating

cat 2; yst %gq%%gg @@g%qgvggga n(ec{ (Pfys @%éa,tgﬁg@bg@hﬁé 68540PR ih ah Bleb DY

furnace, thus vielding a carrier.  The SiO, concentration within this carrier was 5.6% by
mass, the P,Os concentration was 3.8% by mass, and the B,Os; concentration was 6.0%
by mass.
5 [0068]
The fourth and fifth steps were then performed in the same manner as Example
5, yielding a hydrotreating catalyst d.  For the activated metal components within the
hydrotreating catalyst d, the molybdenum had a MoOs-equivalent concentration of 18%
by mass, the cobalt had a CoO-equivalent concentration of 3.5% by mass, and the nickel
10 had a NiO-equivalent concentration of 1.0% by mass. Further, the average stacking
number for molybdenum sulfide slab in the hydrotreating catalyst d was 1.3.
[0069]
[Comparative Example 7: Preparation of hydrotreating catalyst ¢]
With the exception of not using the boric acid in the second step, a hydrotreating
15  catalyst e was prepared in the same manner as Example 5. For the activated metal
components within the hydrotreating catalyst e, the molybdenum had a MoOs-equivalent
concentration of 18% by mass, the cobalt had a CoO-equivalent concentration of 3.5%
by mass, and the nickel had a NiO-equivalent concentration of 1.0% by mass. Further,
the average stacking number for molybdenum sulfide slab in the hydrotreating catalyst e
20 was 1.8,
[0070]
[Comparative Example 8: Preparation of hydrotreating catalyst f]
With the exception of not using the trisodium phosphate in the preparation of the
carrier in the first step, a hydrotreating catalyst f was prepared in the same manner as

25 Example 5. TFor the activated metal components within the hydrotreating catalyst f, the



43 Exanple 6 b 76 89 24 42 Exanple 7 ¢ 77 90 23 41 Exanple 8 d 78 91
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molybdenum had a MoQ;-equivalent concentration of 18% by mass, the cobalt had a
CoO-equivalent concentration of 3.5% by mass, and the nickel had a NiO-equivalent
concentration of 1.0% by mass. Further, the average stacking number for molybdenum
sulfide slab in the hydrotreating catalyst f was 1.5.

[0071]

[Comparative Example 9: Preparation of hydrotreating catalyst g]

With the exception of not using the sodium silicate solution in the preparation of
the carrier in the first step, a hydrotreating catalyst g was prepared in the same manner as
Example 5. For the activated metal components within the hydrotreating catalyst g, the
molybdenum had a MoOj-equivalent concentration of 18% by mass, the cobalt had a
CoO-equivalent concentration of 3.5% by mass, and the nickel had a NiO-equivalent
concentration of 1.0% by mass. Further, the average stacking number for molybdenum
sulfide slab in the hydrotreating catalyst g was 2.2.

[0072]
[Comparative Example 10: Preparation of hydrotreating catalyst h]

With the exception of not using the nickel carbonate during the metal supporting
performed in the fourth step, a hydrotreating catalyst h was prepared in the same manner
as Example 5. For the activated metal components within the hiydrotreating catalyst h,
the molybdenum had a MoO;-equivalent concentration of 18% by mass, and the cobalt
had a CoO-equivalent concentration of 3.5% by mass. Further, the average stacking
number for molybdenum sulfide slab in the hydrotreating catalyst h was 1.4.

[0073]
[Comparative Example 11: Preparation of hydrotreating catalyst i]
With the exception of not using the cobalt carbonate during the metal supporting

performed in the fourth step, a hydrotreating catalyst i was prepared in the same manner
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as Example 5. For the activated metal components within the hydrotreating catalyst 1,
the molybdenum had a MoOs-equivalent concentration of 18% by mass, and the nickel
had a NiO-equivalent concentration 1.0% by mass. Further, the average stacking
number for molybdenum sulfide slab in the hydrotreating catalyst 1 was 1.5.

[6074]

[Comparative Example 12: Preparation of hydrotreating catalyst j]

With the exception of altering the final temperature to 400°C in the fifth step, a
hydrotreating catalyst j was prepared in the same manner as Example 5. For the
activated metal components within the hydrotreating catalyst j, the molybdenum had a
MoQ;-equivalent concentration of 18% by mass, the cobalt had a CoO-equivalent
concentration of 3.5% by mass, and the nickel had a NiO-equivalent concentration of
1.0% by mass. Further, the average stacking number for molybdenum sulfide slab in
the hydrotreating catalyst j was 2.8.

[0075]
[Hydrotreating of hydrocarbon oil]

Using each of the above-mentioned hydrotreating catalysts a to j, a vacuum gas
oil was hydrotreated in the manner described below, and the desulfurization activity was
evaluated.

Each of the hydrotreating catalysts (100 ml) was packed in a fixed bed reactor,
and a vacuum gas oil (boiling point range: 343 to 550°C, sulfur content: 2.44% by mass,
nitrogen content: 0.085% by mass) was supplied to the fixed bed reactor at a rate of 200
ml/hour to effect hydrotreatment. The reaction conditions during the hydrotreatment
included a hydrogen partial pressure of 6 MPa, a liquid hourly space velocity of 2.0 h' a
hydrogen/oil ratio of 2,500 scfb, and a reaction temperature of either 340°C or 360°C.

The results for the desulfurization rate and denitrification rate at each of the



88 20 37 Conparative Exanple 11 65 79 18 36 Conparative Exanple 12 J
69 86 20 37 [0077] 10The hydrotreating catalysts a to d of Exanples
5 to 8, each of which was produced via the first to fifth steps of
aspect [6] of the present invention, h an average stacki ng nunber
for mol ybdenum sul fide slab of not nore than 1.9. By performng

hydr ot r egbh (iPnishp@aiisee 4Rkl M IkBle 2t he sul fur content and the

ni trogen content W thin the vacuumgas oil were able to be

effectively r e%\éecf&ulfurization rate was calculated using the formula: (sulfur content
removed by hydrotreating / sulfur content within vacuum gas oil) x 100 (%). The

denitrification rate was calculated using the formula: (nitrogen content removed by

S hydrotreating / nitrogen content within vacuum gas oil) x 100 (%).

(0076]
[Table 2]
Hydrotreating | Desulfurization rate (% by mass) | Denitrification rate (% by mass)
catalyst 340°C 360°C 340°C 360°C
Example 5 a 79 a1 25 43
Example 6 b 76 g9 24 42
Example 7 c 77 90 23 41
Example 8 d 78 01 24 43
Comparative o 16
Example 7 © [ 87
Comparative )
Example 8 f 73 87 20 37
Comparative 6 .
Example 9 £ 85 19 3
Comparative 5 3
Example 10 b & 88 0 7
Comparative )
Example 11 ! 63 7 18 36
Comparative . 6 . 3
Example 12 ] 8 20 7
[0077]
10 The hydrotreating catalysts a to d of Examples 5 to 8, each of which was

produced via the first to fifth steps of aspect [6] of the present invention, had an average
stacking number for molybdenum sulfide slab of not more than 1.9. By performing
hydrotreating using these catalysts, the sulfur content and the nitrogen content within the

vacuum gas oil were able to be effectively removed.



44 In the case of the hydrotreating catal yst e of Conparative
Exanple 7 that was produced w thout adding boric acid in the second
step, the hydrotreating catalyst f that was produced w t hout addi ng
trisodi um phosphate in the first step,z@nd the hydrotreating catalyst
g that was produced wi thout adding sodiumsilicate in the first step,

the Sdenitrifi gathedhse af ﬁile\H?éroh@Wﬁ{g dabyst thaCophpaetive dximplelvehat was
exanpl es. Further, the desulfurization rate was al so | ower for the

hydr oh- eat i . ; r.at. d I . :

case of ta%rg&%fg%%@ro ie‘i%c}dﬁl%go%oat a ystEl q&é %eﬁogﬁtpg@rtg% ?S\I/déogagﬁ%lcaéﬂa@(s){%gtt
was produced wit hqut. addi nickel carbgnate jn.t f ourt.h. st

the Do oF b PuRREs e RS AR § ehotsh S Wl ufh BdFllrcaiRE
produced wi t hout addi ng cobalt_ carbgnate in tﬂ%ﬁ%&%%g step,  both the

desul f ur | YOS thaimes Preruchd wibontaddmg sgdiugysi st 8igRrthe han

t hose observed in the exanpl es. In the case of the

hydr oty eademyfrifigatainyrgte yasddpwaohpaihat dhservEsd anflieexaplehat Furder,ghoduced
with the final tenperature in the presulfiding treatnment of the fifth
st ep 15i ndggsedcethtivn rae hasgpleeo &iwerdohthg hedrotrh@img3R00;st £ bECavipiraige:
stacki ng nunber for nol ybdenum sul fide slab exceeded 1.9, and both
the desul fuhfagion rate and the denitrification rate were |ower than
t hose observed in the exanpl es. | NDUSTRI AL APPLI CABI LI TY 20[ 0078]

oy r ot eat | DGR Y Sk o bR SEGRI & AR Ak A ERE SR oA

| evel s of both aesu?Afsurl Zatron actis Icatron activity.
Further, a process for. producing. a drotreat,i cat al yst, accordi ng
Co the. prBoBE Rt rofh ke e bRnalyar G aan -l BefSerAgonng
excel lent levels of both desul furization activity and denitrification
activity easnlpe i 26Companatize Eximnpled b il mas ipiadused withs adding cobadt gbpnates
for hydrotreating a hydrocarbon 45 oil according to the present
i nvent i oninghabijveth steps bdthuhe desntfermtatian date amd theolgeitri Tative mte terdlewer
effectively renpved. Accordingly, the present invention is extrenely
usef ul i ngds tHds@bbsbrved in the examples.

In the case of the hydrotreating catalyst j of Comparative Example 12 that was

produced with the final temperature in the presulfiding treatment of the fifth step
15 increased to a temperature higher than 380°C, the average stacking number for

molybdenum sulfide slab exceeded 1.9, and both the desulfurization rate and the

denitritication rate were lower than those observed in the examples.

INDUSTRIAL APPLICABILITY
20 [0078]

A hydrotreating catalyst of the present invention exhibits excellent levels of both
desulfurization activity and denitrification activity. Further, a process for producing a
hydrotreating catalyst according to the present invention enables a hydrotreating catalyst
having excellent levels of both desulfurization activity and denitrification activity to be

25  produced with comparative case. Moreover, a process for hydrotreating a hydrocarbon



46 CLAI M5 1. A hydrotreating catal yst prepared by supporting

nmol ybdenum cobalt and nickel on a carrier conprising alum num
silicon, phosphorus and boron, and then perform ng a 5presul fiding
treatment, wherein an aver age g&gcklng nunber for nol ybdenum
sul fide slab is greater than 1.0 but no6t nore than 1.09. 2. The

hydr ot r egij J&oﬁ%gatlc)%ﬁé prREGR iflieort &aﬁie@'&'ﬂlﬁur AT 5 hierog&! Edrfdnt to
conprlses 10(a an al um num cont ent, cal cul ated as al umi num oxi de

(Al'203), t han

cal cul at e ’2 {Wfil c%%o‘%'gl de§{%8é§wi fpr ét 1?1 éﬂf{?hg%%%?r&aiggef?lc)
phosphorus ,content, cal cul ated as phosphorus oxi de (P205), of 1.0 to
5. 0% by ﬂﬁ@§ ialyy (d) a boron content, cal cul ated as boron oxide
(B203), of 1.0 to 10.0% by nass, prOV|ded that the carrier nass
totals 100% by mass. 15 3. The hydrotreating catal yst according to
claiml or 2 wherein (e) a nol ybdenum content, cal cul ated as

nol ybdenum oxi de (Mb03), is within a range from 10 to 23% by nass,
(f) a cobalt content, cal culated as cobalt oxide (Co0O), is within a
range from1.0 to 5.0% by mass, and (g) a nickel content, calcul ated
as nickel oxide (NO, is wthin a 20range fromO0.2 to 3.0% by nmass,
provi ded that the hydrotreating catal yst mass totals 100% by nass.

4. A process for producing a hydrotreating catal yst, the process
conprising subjecting a catal yst precursor, prepared by supporting
nmol ybdenum cobalt and nickel 25on a carrier conprising alum num
silicon, phosphorus and boron, to a presulfiding 47 treatnment such
that an average stacki ng nunber for nolybdenum sul fide slab foll ow ng
sulfidization is greater than 1.0 but not nore than 1.9. 5. A
process for hydrotreating a hydrocarbon oil, the process conprising
bringi ng



5t he hydrocarbon oil into contact with the hydrotreating catal yst
according to any one of claims 1 to 3 in presence of hydrogen. 6. A
process for producing a hydrotreating catal yst, the process
conprising: a first step of mXxing an‘ﬁ§idic al um num salt aqueous
solution and a basic 10al um num salt aqueous solution in presence of
phosphate ions and silicate ions to@chivgye a pH of 6.5 to 9.5,

t hereby obtaining a hydrate, a second step of adding boron to the
hydrate to prepare a carrier-formng material, a third step of

nmol ding and calcining the carrier-formng material to obtain a

15carrier fourth step of s orting nol enum alt .an
i okel onlthe chnrderiinedsRlFhoabust B jutrophp bR oGP i il
step of performing a presulfiding treatment by bringing the catalyst
pr ecur sorofl fEATieogPmHEIsing awmua, fidigoyphoadnps s hgrany arbiden Paiferming a
hydr ogen sul fide under 20conditions including a pressure of not |ess
t han 2. 0 WemulAdidg aeamentywhetedmper at ure of 240 to 380C. 7. The

process for producing a hydrotreating catal yst according to claim®,

wherein the suppaivkiige s@EkARhiRBeemos®dahim anddekiak &l gredert then Gatder
is perfornmed in presence 25 of phosphoric acid and a carboxylic acid

conpound. . r§ﬂ£§qﬂmydrotreating catal yst according to any one of
claims Ito 3, produced using the process according to claim®6 or 7.
2. The hydrotreating catalyst according to claim 1, wherein the carrier comprises:

10  (a) an aluminum content, calculated as aluminum oxide (Al,O3), of not less than 75% by
mass, (b) a silicon content, calculated as silicon oxide {S10,), 0f 0.2 to 10.0% by mass,
(c) a phosphorus content, calculated as phosphorus oxide (P05}, of 1.0 to 5.0% by mass,
and (d) a boron content, calculated as boron oxide (B20s), of 1.0 to 10.0% by mass,
provided that the carrier mass totals 100% by mass.

15
3. The hydrotreating catalyst according to claim 1 or 2 wherein (e} a molybdenum
content, calculated as molybdenum oxide (MoOs3), 1s within a range from 10 to 23% by
mass, (f) a cobalt content, calculated as cobalt oxide (CoO), is within a range from 1.0 to
5.0% by mass, and (g) a nickel content, calculated as nickel oxide (N10), is within a

20  range from 0.2 to 3.0% by mass, provided that the hydrotreating catalyst mass totals

100% by mass.

4. A process for producing a hydrotreating catalyst, the process comprising
subjecting a catalyst precursor, prepared by supporting molybdenum, cobalt and nickel

25  ona carrier comprising aluminum, silicon, phosphorus and boron, to a presulfiding
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treatment such that an average stacking number for molybdenum sulfide slab following

sulfidization is greater than 1.0 but not more than 1.9.

5. A process for hydrotreating a hydrocarbon oil, the process comprising bringing
the hydrocarbon oil into contact with the hydrotreating catalyst according to any one of

claims 1 to 3 in presence of hydrogen.

6. A process for producing a hydrotreating catalyst, the process comprising:

a first step of mixing an acidic aluminum salt aqueous solution and a basic
aluminum salt aqueous solution in presence of phosphate ions and silicate ions to achieve
a pH of 6.5 to 9.5, thereby obtaining a hydrate,

a second step of adding boron to the hydrate to prepare a carrier-forming
material,

a third step of molding and calcining the carrier-forming material to obtain a
carrier,

a fourth step of supporting molybdenum, cobalt and nickel on the carrier to
obtain a catalyst precursor, and

a fifth step of performing a presulfiding treatment by bringing the catalyst
precursor into contact with a mixed gas comprising hydregen and hydrogen sulfide under
conditions including a pressure of not less than 2.0 MPa and a maximum temperature of

240 to 380°C.

7. The process for producing a hydrotreating catalyst according to claim 6, wherein
the supporting of molybdenum, cobalt and nickel on the carrier is performed in presence

of phosphoric acid and a carboxylic acid compound.
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8. The hydrotreating catalyst according to any one of claims 1 to 3, produced using

the process according to claim 6 or 7.



