SPECI F| CATI ON  HYDROTREATI NG CATALYST AND METHOD OF HYDROTREATI NG
HYDRG:ARBO\I O LS USING THE SAME FI ELD OF THE | NVENTI ON The present

i nvention relates to a hydrotreating catalyst and é
hydrotreating hydrocarbon oils using the sane. I\/br&&é?g@gﬁ%c?@g?q/ 1,28@he
present invention relates to a hydrotreating catal yst conprising a silica-
al um na catal yst carrier in whi ol ' I ghly dispersed or a
silica- alumna carrier having %Pg)g%mdgjgglggnuct ure | oaded with at

| east one type of hydrogenation-active nmetal conponent, and in particular,
to one havi pyPROTHEA ‘fﬁb

nmagnetic rei‘ﬁﬁsﬁ? gn CQE%EYSTMDSWT%%W eat1ng ‘E‘ydﬂlocar bon

n
oils such a ﬂ@@tU@ Ie‘lﬂfb“aéMf‘c:rogenat i on, hydrocracking,

hydr odear omat i zati on, hydr oi soneri zat | on, and hydrofining using the sane.
PRI OR ART Tg ate there have been devel oped vari ous hydrotreating
cat al ysts f &l Os: Fal INVKRNIION ar bon oi | s in the process of producing
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sul fides of ofShgdpotYeati® d%akrar&a%&ﬂeﬂe wéid n%tﬂ@%ﬂn% Eﬁﬁgesggesu?p ald ng

cat al ysts have been w dely used, for exa in the Yization,

hydr odeni t r pgesentiionentignl relates ko raghsadmbti‘eaﬂnrgdmly‘satcbﬁqﬁi@ng@f sificat al | at es
and residual .oils fromthe atnmpspherjc. or_vacuumdistillation of, cr ude

oi I's, the hpliBmaraglet cagper sathigh dhe silicacsitaghly dispersed or a silica-
hydr oi soner c ns ve ene b demand in
recent year WQF%“%%&%E‘% sgemgﬁ\ﬂor%vw @3ﬂ§‘er ?Pagﬁe?%ro%?further
i ncrease i npes uf hydrg@ina®idn-active metal component, and in particular, tolone

having a high degree of silica dispersion specified by nuclear magnetic

resonance analysis; and to a method of hydrotreating hydrocarbon oils
such as hydrodesulfurization, hydrodenitrogenation, hydrocracking,
hydrodearomatization, hydroisomerization, and hydrofining using the

same.

PRIOR ART

To date, there have been developed various hydrotreating catalysts for
hydrotreating hydrocarbon oils in the process of producing petroleum
products comprising a refractory inorganic oxide carrier such as alumina,
silica-alumina, magnesia or zirconia loaded with oxides or sulfides of
Group VI metals and Group VIII metals. These hydrotreating catalysts
have been widely used, for examplein the hydrodesulfurization,
hydrodenitrogenation, hydrocracking and hydrodearomatization of
distallates and residual oils from the atmospheric or vacuum disti]latien of
crude oils, the hydrofining of lubricating oil fractions, and the

hydroisomerization of wax fractions.

However, there has been a demand in recent years from the viewpoint of

environmental conservation for a further increase in desulfurization



activigty to nmeet the demand for nore stringent hydrodesul furization of
hydrocarbon oils, together with a further increase in denitrogenation
activity for the renoval of nitrogen conpounds in fL b gg een as a
source of nitrogen oxides which are substances Whi’lrgH& 2862@/ t?@égﬁiri o

pol lution. Furthernore, when hydrocarbon oils which contain nitrogen

conpounds ar ubj ect e 0 gatal wtic cracking or, catal,yti.e rreformng in the
process of af:ﬁﬂst i gn%ﬁelgstfhet ﬁ%’?’@ﬂﬁsﬁé{ PoFe ﬁhllgg‘?netdﬁ%‘iﬁogés\'lﬁ“%%ﬁ%t vity of

the cracki mgdealhya! o, IGIHRSR RAith % Futfler HArbhdld iR A&HeIdeRBtibA Product
yi el d, andm?here as (t)he’re(?éore beenﬁa Z{é%aneé f odrr é|lncreased deni trogenati on

activity tactivitytfer thérempyalbdfatitrogebitompauhisinfudawhich asd sdershs as

di scl osed, for exanple, in Japanese Patent Application Laid-open(Kokai) No.
287446/ 19860uree of Birezan; oxldesrwhight aneaguhistances wsbichtsanse ratmosghrust

resi stance _amnd obt ahn by addi a basi c co und t o a i xed.aqueous

sol ution 011’0@%‘%%‘%‘3%%%‘?5 ’e“’glﬁa h% OSmnnEﬁ?ivé ¢ ch@mﬂﬁi ﬁgnm' xed
aqueous Sol bt It [ &l gm% Y ém' firthigaliaitpat i ng the
gel. In Jagg%igggnggt%ﬁ?uk%%@%g% I on }Ir_%c?écf-aope &(}Pgoeﬁai ) qNg. 242%3}%/%1886,

there i s diprotessesf wefimimg loilshtlereds al steiking redectiomimp the aotiviy sifrthet ur al
| ayer of a sintered ceram c substance and a high surface area carrier |ayer

2 hi g .
of a porousTasiing catelitaregeltrming ratalystideuting paspductioneimpredictoxi de

carrier la of this al ys t 0,.93% b ht, of _al um nd 7 to
50% by wei éﬁ%ldof aﬁly\ i 315&1 S }SP% #&%ﬁ&ggnpkﬁ%t g 48 f‘flhe{()ﬁnr]@,cr%%egr oposal s
concent r at | JaghiRDgtNet BP LOUVILF &b UGhes tRis roBlepat @l yst, there is disclosed,
for exanple, in Japanese Patent Publication (Kokoku) No. 31496/1991 a

hydrotreati ng catal yst conprising a silica- alumna carrier having a
specific pore_volyme and a controlled distriQutjon of pores in both the
m cr opor e Mhrﬁcﬁw&é?féeaﬁggoﬁ%ﬁﬁﬁéa@edmﬁi@ﬁ a oy o 8t ABnJaRanese
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2 catalyst carrier composition having heat resistance and obtained by

adding a basic compound to a mixed aqueous solution of an alumina
hydrate and colloidal silica to convert the mixed aqueous solution into a
viscous gel, followed by drying and calcinating the gel. In Japanese
Patent Application Laid-open (Kokai) No. 242639/1986, there is disclosed a
monolithic catalyst carrier comprising a structural layer of a sintered
ceramic substance and a high surface area carrier layer of a porous oxide
integrated with the structural layer. The porous oxide carrier layer of this
catalyst has 50 to 93% by weight of alumina and 7 to 50% by weight of

silica as its main components.

Furthermore, as proposals concentrating on the porous structure of the
catalyst, there is disclosed, for example, in Japanese Patent Publication
(Kokoku) No. 31496/1991 a hydrotreating catalyst comprising a silica-
alumina carrier having a specific pore volume and a controlled distribution
of pores in both the micropore and macropore regions, loaded with a
hydrogenation-active component. In Japanese Patent Application Laid-

open(Kokai) No.276712/1997, there is disclosed a catalyst comprising a



carrigr,containing alumna, silica and nagnesi a | oaded with G oup VI and/or
Goup VIIl netals, which has an average pore dianeter of 190 to 350
Angstroms. | n Japanese Patent Application Laid-open (Kokai 6/ 1996,
there is disclosed a hydrodesul furizati on-deni troggg@p}%ﬁ%&?@ﬁ@%@?
conprising a carrier |oaded with hydrogenati on-active conponents, said
carrier having a bori.a:silica:alunj.na base, havin avera org. di amet er
of 60 to oBRTIER CORIALING) alymin Hlich A piagpesta iepded Pt Kooyl e

di amet er wt Ri ﬂ?”ﬁ ot q{{g%? ts no

| ess thanVVLél_%}h%}#o?r ewtqgg g’%%%lgf’ gd%/lo 3%%8%%3}0?&6% %g?lrﬁgg@%

above- desc3§bedypaned Iaathipasese NRYdthApplicatiem Taed-opBei (Kokai)
hydrogenation activity is still not sufficient. There is therefore the
desire for NGEOH/EInthere b distigshdon utrbrepulfurivation-denitrogesationr oved

w th respect, tto desul furization act.ivity, ,deni trogepati on activity, and

Wi th respeCRtaNEt pEPRBTIRGe G RETIAF aliRdeT | LR QBYSIPEERARoR-ackley OsURE
OF THE | NVI 18 Sdart tl@n‘ﬁ sl 1% WoTa W0 iﬂgﬁg e s he
above- ment ?@%{é’@ﬁﬁ%%ﬁar eafgro t %?o?l:a%lra %}riﬁé? e‘%%ﬂsgtgge’an tg %’E‘ovi de a
hydr ot r eat iavgragd pbyesdiankéteh of 80i tai 305 Abebtrofistdn &l &xs wHich ithatviolumafi vity
and hi gh denitrogenation activity and which is excellent with respect to

i ts perfor Peneshavingah moxe diamgetdrewithin tti 19 Angstromspoktheoaverageaureof t he
present invegntion is to provi.de hy reating.catal yst which conprises a
BT oo al uiiaeler tepapserts fiiess B & Pi B comaRes viRepd: sed and whi ch
has hi gh desul furization activity and hi gh denitrogenation activity. A
third object of the present invention is to provide a hydrotreating

cat al yst i Howevdr, bxch ofirnabore-desciribed prbpdsedvapalysty lsavy thehpphblom

di spersed on a carrier, and which is excellent with respect to both
3 that their hydrogenation activity is still not sufficient. There is therefore

the desire for the development of a hydrotreating catalyst which is
improved with respect to desulfurization activity, denitrogenation activity,

and with respect its performance at maintaining these activities.

DISCLOSURE OF THE INVENTION

An object of the present invention is to improve the above-mentioned
problem areas of the prior art technology and to provide a hydrotreating
catalyst which exhibits both high desulfurization activity and high
denitrogenation activity and which is excellent with respect to its

performance at maintaining these activities.

A second object of the present invention is to provide a hydrotreating
catalyst which comprises a silica-alumina carrier in which the silica is
highly dispersed and which has high desulfurization activity and high

denitrogenation activity.

A third object of the present invention is to provide a hydrotreating
catalyst in which hydrogenation-active metal components are highly

dispersed on a carrier, and which is excellent with respect to both



desul fyrjzation activity and denitrogenation activity. A fourth object of
the present invention is to provide a nethod of hydrotreating to a high
deyree hydrocarbon oils containing sulfur and nitr . The

i nventors of the present invention have carried ouﬁgg&Péﬁgﬁﬁg&gggggrch
regarding the rel ati onship between the desul furization activity and

denitrogenation,activity of a hydrotreating catalyst and the physical
properties ‘iﬂsui@‘é%qq t%ﬂk%a%msgﬁr?g,e -t hat when silica-al um na

conprising a silica layer formed on an alum na surface is used as the
carrier, the control of the solid acidity of the hydrotreating catalyst is
facilitatedA fygthhelijethafi tled gasseritn isvdritican-ial toriprovidebangsetbod bhe

uni f or m devel opnment of a nunber of solid acid sites having uniformy acidic
properti es hydnoteeasingiteca ihigh addgree diydatocarhan tdile cmtaénimgsaﬂﬂtfubamgt he

sul fur conmpouynds and _nito%ogen conpounds in a hydrocarbon oil can be

el i m nat ed ?Jgr%%‘iﬁliﬂ%{ﬁ e by using a hydrotreating catal yst having as a
structural conponent a silica-alumna carrier which contains a | arge anount
of silica and in which the silica is highly dispersed or a silica-

al um na- t hi The overtoeNdt gy presentidivehtidhtaveidarfiad odlk eRtaidivtesdaidh r d
conponent which _has a high pore volunme in the_relatively small| pore

di anet er r etfigondinghthehselatisnsbindikatween thet desnlfurigatidne cackivityi rand
i fi i s,0f, th findi h he, pr.
e e B an e b F50Eed ST AR SUPBERETS

cat al yst CWe%QQ ofifsariiel. %@fﬁﬁ%ﬂg%@% e %&’t Pl FRcd. gtth a

| east one h ogenat 1 on-active neta ent, aracterised In that: (1)
the silica ecomprsing a sihichHayendigemed on%ah caldGfimhysuag@his besd cisothd he
total weight of the catalyst carrier; and (2) .in_the spectrum gbtained by
nucl ear nagtatier, ﬂbgmﬁmﬁ afnthey spkid (geadity oif- the hydrotreating catalyst is

4 facilitated, and that the increase in silicon-aluminium bonds and the

uniform development of a number of solid acid sites having uniformly
acidic properties on the alumina is facilitated; and that as a result both
the sulfur compounds and nitorogen compounds in a hydrocarbon oil can
be eliminated to a high degree by using a hydrotreating catalyst having as
a structural component a silica-alumina carrier which contains a large
amount of silica and in which the silica is highly dispersed or a silica-
alumina-third component carrier comprising silica, alumina and a third
component which has a high pore volume in the relatively small pore
diameter regions and whose pore diameter distribution lies within a
specific range. It was on the basis of these findings that the present

invention was completed.

The present invention provides a hydrotreating catalyst comprising a
carrier comprising silica and alumina loaded with at least one
hydrogenation-active metal component, characterised in that:

(1) the silica content is in the range of 2% to 40% by weight based on the
total weight of the catalyst carrier; and

(2) in the spectrum obtained by nuclear magnetic resonance analysis (*Si-



NWVR) , , (1) the area of peaks at -80ppmis 10% or nore of the conbined
ar ea of all the peaks, and ~ (ii) the total area of peaks at

-80ppm -86ppm and -92ppmis 20% or nore of _the area of all
the peaks. The present invention also relates toT@Smg&gﬂ’E@?mﬁ@ﬁcat al yst
conprising a carrier conprising silica and alunmina and containing an

al kaline e netal oxide and/or boria as a third conponent, | oaded with
at least o dr ogenati on-active netal conponent, wherein: (1) the silica

e el or ! ")\ thp 3068 oPhodl 40 etk ie Y% W ARANE oMbl LR 0] I O

the carrier; e content o onmponent 1S N e range of 0.1
to 10% by wei ght ﬁhﬂ&ﬂ)@kst hadt ot al wei ght of the carrier; and (3) in the
pore structure; i% t he ratlo(ﬁ@z/(b)) of (a) the vol une of por es
having a por e (i) dhettetal area of peak &ppan,o86ppm and GOZpprysisr 26 ars

measured by the nitro dsor od and (b) the volunme of
pores having a p&@e&%ﬁemmbéﬂ%‘f&eﬁ%%lﬁgh?a of 0 to 150 Angstrons as
nmeasured by the ni trogen adsorption method is 0.5 or greater;

(ii) the ratio (c)/(d) of (c) the volune of pores having a pore dianeter in

t he range JThd pbedent 300ertisilsorelass toeadiydestrbatih eatilysta@aiprising a
adsorption method and, (d) the voI une of pores havi ng a pore d| anet er
in the rand@T8leICOmPBYDEAFYSE rasths alyminm sofdeerigining an alkalmﬁ eatle

sceor 10 AELUCRSIS oo il Pobobld a1 8 e
Angstrons g d@g&ﬂéﬁ&x%n{ré‘&lé%hléé}ﬁﬁanent wherdi@isor ption method and (f) the
vol une of pores having a pore meter of 40 Angstroms or greater as

measur ed by(lréhesilica content 1sand;iuerm1mg¢ af§°/0t<740% lyr weight; busdd on hev) the
specific surf ea.is 200merr]/g or greater. Furthernore, the
pr esent i nvioh Yb’ﬁlgé‘?; &b thrcamigret hod of hydrotreating a hydrocar bon oi |

corbr 10 GAnACRiEns A S5Ot LK SR HETET Pl O
catal yst. weight based on the total weight of the carrier; and
(3) in the pore structure:

@) the ratio ((a)/(b)) of (a) the volume of pores having a pore diameter
in the range of 30 to 100 Angstroms as measured by the nitrogen
adsorption method and (b) the volume of pores having a pore
diameter in the range of 0 to 150 Angstroms as measured by the
nitrogen adsorption method is 0.5 or greater;

(@) the ratio (©)/(d) of (c) the volume of pores having a pore diameter in
the range of 150 to 300 Angstroms as measured by the nitrogen
adsorption method and (d) the volume of pores having a pore
diameter in the range of 0 to 300 Angstroms as measured by the
nitrogen adsorption method is 0.4 or less;

@ii) the ratio (e)/(f) of (¢) the volume of pores having a pore diameter in
the range of 0 to 300 Angstroms as measured by the nitrogen
adsorption method and (f) the volume of pores having a pore
diameter of 40 Angstroms or greater as measured by mercury
porosimetry is 0.7 or greater; and

(@iv) the specific surface area is 200m*/g or greater.



BRI, EF-,DESCRI PTI ON OF THE FI GURES Figure 1 shows an exanple of a spectrum
obtai ned by the [err] Si-nuclear nagnetic resonance analysis of a
hydrotreating catal yst according to the present i i ' 2 shows
an exanpl e of a spectrum obtained by the [err]Si -ﬁlﬁ@p@as%w{algg%%g)r esonance
analysis of a carrier of a hydrotreating catal yst according to the present

I nventi on. EVMBODI MENTS OF THE | NVENTI ON The present invention wl|

herei nafter be described in detail. (Hydrotreating Catalyst) The

hydr ot r eat FRgiHRhfrsSthdhrdddft RAFSAIN bPOaAkd QMnSHBR! dfIRRrBLreatinke]
conprising silica and alumna or a carrier conprising silica, alumna and a
t hi rd conphydrdcazben ailhysinpgisigt camtagtingve hyrlratarbonmuihevith hyddogén eat i ng
catalyst (I) .and hydrotreating catalyst (I1) are provided for achieving the
above- descingen hydreizeating ¢ asand inqthepreseneeofthe\ahovedeseribedn

desul furizati cti Vi and hi gh denitrogenation activity. Hydrotreating
Cat al yst (?‘?’%&?%W%&W%%m alyst (1) conprises a silica-alumna carrier
having a structure in which a silica layer is formed on an alum na surface,

| oaded wit r ! kve nmetal conponent. It contains
a large anmc' a,f@rﬁ«gﬁt aiﬂu[ﬁ%ge nunber of silicon-al um nium
bonds gi Vi Rgegreli SR GhSExdRple %a?%éc'ﬂﬁnﬁ' SitafifedOby @hka®SEnhtleher of
solid acid sites having uniformy acidic properties.

6 Tiegretinyeesorah ¢ andlysisd ob g dnalrotreatiogi cadalyst akcardigg beithe
conprises at | east one active conponent selected fromthe group consisting
of the el ePEpientdnverlder, Vi and Group VI of the Periodic Table, and
preferably conprises at | east one active conponent selected fromthe group
consisting _of the elements of Goup VI of the Periaodic Tabigg, and at | east
one acti ve Fagwisodeshows gm examplerab acsprptsamnebtginad, by diheneni-nugieaty oup

VITT of th(?nag'netic resonance analysis of a carrier of a hydrotreating catalyst

according to the present invention.

EMBODIMENTS OF THE INVENTION
The present invention will hereinafter be described in detail.

(Hydrotreating Catalyst)

The hydrotreating catalyst of the present invention comprises a carrier
comprising silica and alumina or a carrier comprising silica, alumina and
a third component and a hydrogenation active metal component.
Hydrotreating catalyst (I) and hydrotreating catalyst (II) are provided for
achieving the above-described object of the present invention to provide

both high desulfurization activity and high denitrogenation activity.

Hydrotreating Catalyst (D)

Hydrotreating catalyst (I) comprises a silica-alumina carrier having a
structure in which a silica layer is formed on an alumina surface, loaded
with at least one hydrogenation active metal component. It contains a
large amount of silica, and it has a large number of silicon-aluminium
bonds giving a uniform distribution on the alumina of a large number of

solid acid sites having uniformly acidic properties.



Periodjc Table. The silica content in the silica-alumna carrier of
hydtotréating catalyst (1) is in the range of 2 to 40% by wei ght,
preferably in the range of 5 to 30% by wei ght base%ﬁg {%ﬁ i ght of
the carrier. If the silica content is |less than 2% &%&% ﬁggggjtzﬁgfactory
solid acid properties cannot be obtained. On the other hand, if it exceeds
40% by wei , eracking. of e, hydrocar bon oi l be pranoted.under
certain rea ?é‘fg?og%'ﬁ‘b?xﬁ?‘iﬂ%f &‘%’i"ﬁ@n?‘ﬂ% af:ﬁv? Hbetgfé%“g?ﬁ%ﬁ PRI i on of
l'i ghter su P emg#{; egdl, | from EHE LABLPOEGhsi S T & | N9
catal yst (I Elgg%g%dg\%g@wt a{%hgx%e?#ggt glélgree %f% gti)l I ca dispersion as a
result of psledisttsof GroupiVl oed Giroap VAT thiedPerindi¢ Table biadp@xablybed

hereinafter. The degree of silica dispersion is_shown by the spectrum
obt ai ned byceraprises ablepstone active pempenemasejented fioap thesgroyprgonsistingr ea of

the peak at 80 s ,10% Qr areat er, ef er ahl 37,129 er gt _the
conbi ned ar %%abﬁo %elftﬁ eOf)p(g]%ﬂ@, Ggﬁﬁ q“ﬁ 3; efb‘ﬁﬁ(f ﬁ‘gﬁlea?é%%%flgﬁgé%ee%%v%t
-80ppm -86 - | edisistf réayo\dnl of ged er, of
t he conbi negmgpgg&g%ﬁéﬁf%igr%%ai@f_m ﬁ%ﬁﬂﬁ%%ﬁ%ﬁ?%ﬁfﬁgt e conbi ned area
of the peakPesibdicSDgldey - 86ppm and -92ppmis less than 20% the silicais
not dispersed in the alum na, whereby satisfactory solid acid properties
and a satisfactory distribution of solid acid sites cannot be obtai ned.

Fur t her nor eThe\stlicd éoritent ju tposilicaralwinin & earrerofigdratreating catadyste@ks at

-80ppm -86ppm and -92ppmis 20% or greater, if_ the area of jhe peak at
-80ppm i s | #sin thepangeef 2ied0% by aweight,jerederably 1hmthe xangg of 8 40 i3§)%/hi ghly

di spersed apd the sired sg@l i | d. . -1 .

7 SPersed OBy RAEE B On e, Rl whiehs of she cqrsier ot dhe sllica somfent i

obtai ned. Apcar ghig! 9% BYCWeirhty HabistR36HNSohAt AdidSproptids n@inndeSHESS
excel l ent desul furization activity and denitrogenation activity, and would
al so exhi bi bbiainbd en®nvihichothes hant, ifdt krededs s by vesdght, Moacking wf thee

silicon (Si)-alum pium(Al) .bonding in silica-alum na carrier can be
repr esent edllﬂaf?fﬁ’ég?% I@o%?ﬁd’efllﬁomﬂ%ﬁé u(q?lﬁrtcgrt@pwe_aactmn conditions EVINg [ err]
rise to the problem of the formation of lighter substances in the

hydrotreated oil.

Furthermore, hydrotreating catalyst (I) is endowed with an excellent
degree of silica dispersion as a result of producing the silica-alumina
carrier by the method described hereinafter. The degree of silica
dispersion is shown by the spectrum obtained by nuclear magnetic
resonance analysis (*Si-NMR); the area of the peak at -80ppm is 10% or
greater, preferably 12% or greater of the combined area of all the peaks,
and the combined area of the peaks at -80ppm, -86ppm and -92ppm is 20%
or greater, preferably 25% or greater, of the combined area of all the peaks.
If the proportion of the combined area of the peaks at -80ppm, -86ppm and
-92ppm is less than 20%, the silica is not dispersed in the alumina,
whereby satisfactory solid acid properties and a satisfactory distribution of
solid acid sites cannot be obtained. Furthermore, even if the proportion of
the combined area of the peaks at -80ppm, -86ppm and -92ppm is 20% or
greater, if the area of the peak at -80ppm is less than 10%, then it cannot
be said that the silica is highly dispersed and the desired solid acid



TNQ80Q18( PCT/ JP99/01288) According to [err]Si-nucl ear nmagnetic resonance
anal ysis, the position of the signal representing the [err]Si-nuclear
magenti c resonance absorption in such a silica-al ygi i { es
dependi ng on the nunber of alum niunms to which thgﬂ%ﬁa¥§ﬂ%éh§%@%?%¥ough
oxygen atons, and shifts by al nost regular intervals towards the high

frequency side as the.n er Qf al ym ni.yuns 1.0 ich it is bopded i,ncreases.
When a sil ﬁﬁ‘g)-egﬁﬁﬁi ﬁ%dc ﬁ%@s@"o@ar‘ﬁ%&#s aﬁ’&bfi@? eﬁ%mnj’ eog&% hetic
resonance A@@éﬂdﬂl?y( [stich] D hydWireatialyy eatalysdSwhelds a8t Yhssess excellent
3-(trinmethylsilyl)propanesulfonate as the reference material, a structure

r epr esent edesylfutisatiovactivityrudmd (dénitrogehatién aactivityl, easd | wouhd i Asbonded to

four al um ni gives a peak position at -80ppm a structure represented by
t he above %ﬁiﬁmﬁﬁwsmmmmcat% 3t ¥esi8iANe®N i s bonded to three -

alum ni uns gives a peak position at - 86ppm a structure represented by the
above formyla (ijfji) .in which a single siligon is.bonded tg, t al.um ni uns
gives a pgﬁ&fﬁéﬁlﬁ:iﬁhﬁ &%ﬂ@zéﬁhﬂm&m&%t@ﬁh %ﬂ*‘egeﬁi‘éﬂy@}% above

formula (i Is | ®Q [ I 1i.C i nde | um ni um gi ves a
peak posi t%%ﬁgﬁ%gﬁﬁ%&ﬂgﬁeﬁﬁ {ﬂeef%ﬁ%’?’égg j’ga%gl)?ﬁgwgbove formula (v)
in which there are no alum ni um substituents gives a peak position at
-104ppmto -110ppm Accordingly, the degree of dispersion of silicain a
silica-alum na carrier ) be represented by the degree of bondi ng between
Si and Al. Nanely, it cgn be defined as follows: the higher the nunber of
al um ni uns bonded AR)sjjﬁgg?d i.e.qthe nore the spectrum obtai ned by

nucl ear magnetic resonance fles to rds the high frequency side, the higher
the degree of silica digpgrsion. Even with the above-described
silica-alum na carrier containing a third conponent, there is observed no
substantial change with respect to retention of the degree of silica

di spersion. The hydrotreating catalyst (1) of the present invention is one
in which the degree of silica dispersion is specified according to the
nunber of al um niuns tdOMbich the silicon is bonded; the proportion of the
area of the peak at -80ppmwi th respect to the area of all peaks (area of

t he conposite specAHﬁn1HkT@Adconbi@%d area of 6 peaks) obtained by [err]Si-

9
0OSi

-

0Al
SiO— Si—0Al (i)

l
OSi

?Al
Si0— ?i —O0Si @v)
OSi

OSi

|
Si10— ISi—OSi )]
0OSi



nucl eax magentic resonance analysis is 10%or greater, and the proportion
of the conbined area of the peaks at -80ppm -86ppm and -92ppm w th respect

to the area of all peaks is 20%or greater. For t ' i1l
preferred that the proportion of the area of the p@ES‘QWC@}dﬁ%@%@h
respect to the area of all peaks obtained by [err]Si-nuclear ITB.?I’]ELI C
resonance a i S, | S20409 I and_t hat t%& roporti.on o e
conbi ned ar@?%@‘%e%%%ﬁ%@%dﬁ?ﬁ%ﬁm%% fshgﬁ%gﬂ ontg"qtlwe area
of all peaksighsl Téfecdentingaties - “Simedesr maRME 28502430P! ShplpBors AGCT F UM
obtained by [err]SI-nucl ear magneti c resonance anal ysis of hydrotreating

catal yst (|yuchf tar silice-aditmina- cainiex nearbesr rdepe:lnﬂiig_ hnentheoaﬂﬂtdbw' tdsfhl
hydr ogenati gn- act.i ve conpopents,. .The hoyi.zontal axis represents _a _val ue
s%ow@ %gl t heglé’i‘?i“F‘t‘_ “W&H}Wriﬁéﬂéﬂeﬁaﬂs _g?ngen{etbfreflgk @ﬁ&@mt@?zaﬁdnﬁﬁ&shh?e .
vertical ax cnt. I . ,
curve 1 i o DS RRETRR R Eld Gyiral BRI BohEntt SR0% Ing R @OA

spect rum of alubginfuingaks whRhkit Ist Borkded ihadenses. f Wit he sisédighinyingeasur ed
spectrum by wavef orm deconvol uti on by | east square adjustnent method using

a Gaussi an ¢afalyst earter iesubjected ® nucléar oragnepionsoman decardlysist@Ses
it 6 cor 1 DR oARAIERY wiRgcradiam SyERdibilshEriRanesy et ABI e vy .
and 8 corr c .
A di ngl y, r-apeLE ito c r (i) to
vy v Yoo ARRHAPY, SprEhisletiEsed SR 157 At SboBY ORRTA 1, i)

havi ng, forwhidialstngle sliédCis Bonded e ﬁﬁ&rdlﬁﬁliﬁﬁﬂn@giv(‘e@é?ﬁéﬂi sitfoa™ t he
proportion of the conbined area of peaks 3 to 6 with respect to the area of
t he conposi #e-&)nmam, amtructyre yepresenteddbyl the above dogmulal (ihin bdseh la ne) .

' IS . | e. | ned by, th Si - nucl
magnet i ¢ 1 cSBRIE SRR, oSt B thiYR AIBRRRREER 19 DPak OO i
hydr ot reat i ggp,aat leifﬁfctug"'fe}fﬁ%%eﬂtﬁd By tﬁgtaﬂG{'% gogggﬁg%{igqg)sv?g@x;aﬁnﬂgg?e“d curve

2 is a conposite spectrum o e SI X~ peaks

10 §ilioon idborddd @l two aRasiessHEH 4 peak PositionsAE2PEM, asdidhe
above-

structure represented by the above formula (iv) in which a single silicon is
bonded to one aluminium gives a peak position at -98ppm. A structure
represented by the above formula (v) in which there are no aluminium
substituents gives a peak position at -104ppm to -110ppm. Accordingly,
the degree of dispersion of silica in a silica-alumina carrier can be
represented by the degree of bonding between Si and Al. Namely, it can be
defined as follows: the higher the number of aluminiums bonded to silicon,
i.e. the more the spectrum obtained by nuclear magnetic resonance lies
towards the high frequency side, the higher the degree of silica dispersion.
Even with the above-described silica-alumina carrier containing a third
component, there is observed no substantial change with respect to
retention of the degree of silica dispersion.

The hydrotreating catalyst (I) of the present invention is one in which the
degree of silica dispersion is specified according to the number of
aluminiums to which the silicon is bonded; the proportion of the area of
the peak at -80ppm with respect to the area of all peaks (area of the

composite spectrum, ie. combined area of 6 peaks) obtained by *Si-



descri.bed catal yst spectrum Peaks 3 to 6 correspond to the structures
represented by the above formulae (i) to (iv), respectively, and peaks 7
and 8 correspond to the above formula (v). The pr ' ures
represented by fornulae (i) to (iv) with respect ?@%Ohieamgﬁggé@%%tures of
the silica-alumna carrier can be calculated fromthe proportion of the

conbi ned ar . ' S o re t Site
spectrum %e%eﬁggﬁﬁﬁ%%g%%gﬁgsf%ﬁﬁos% ﬁﬁ%ggatgﬁaq%fgfhse @lg?l? %g{e{&gar ried
out under AghbQlohiingd cedidfi dSpeaks! ht NIGHRA! -26HPIE ldnd [IDFPRRAREEH
apparatus: DSX-400 made by Bruker. (2) Measurenent Nucleus: [err]Si (3)
Measur ementredfebd to Khe hrdzoofall peaksiid 200§ /ovipgeateAngl e Spi nni ng Met hod (4)
Excitation Pulse Slip Angle: 30 to 45 degrees (5) Waiting Tinme: 40 seconds
or longer (6) Sanple Revolutions: 7KHz (7) Wndow Processing: Exponenti al
Functi on ( (exfthectaerier 58Hs prefrrahtvatethe praportionwfitthe Mre@ o? the Beakr ence

Material : Sodiym 3- (tri met hyl silyl | te e
[ ( cﬁi{ Ie?r] ) [agr**ﬁgpa %@?rli nmf?@e%f %'@[%Pa*}n%raf 5’fﬁ§$?” gr@ég}ﬁeﬁ&g’u t isRuglear 46ppm

10) Peak X f ' ' from
the act ual 1epaelt FaqRnte BRRRRNS SICU AT Het HER b 6F BRARAHORTE,
deconvol ut ithe coimbin 8k aksa b8pdLasdt -80PHME SSEYHM SI0ZpPin Wethhe@pe&itogha Gausi an
function curve. The peak position and full width at half maxi nrum of each

peak i s shaweaiof alllpeakahs §1%etrogreatére full w dth at hal f maxi num of the
peaks at - 80.0ppm and -110.O0ppmis the optinum val ue when the conposite
spectrum determ ned fromthe 6 peaks best fits the actually neasured
spectrum Figure 1 shows anPexianfdei of on spepiim obtained byl %Si’mdm:leaat Hal f

Maxi mum ) -80.00, . ) ti val ue atined b
cal cul at i ofagnetic resonance anglysi of hydrotreating cata%st {Bj gher the s?.gc_:qm y

;99(2)600 alumina cargi%kaé (})een loaded witi? hydrogenation-active'@ﬁ&éﬂxents.

The horizontal axis represents a value showing the shift from the signal of
the reference material, and the vertical axis represents the relative
absorption strength. In Figure 1, curve 1 is the actually measured
spectrum, and curve 2 is a composite spectrum of the 6 peaks (peaks 3 to
8) obtained from the actually measured spectrum by waveform
deconvolution by least square adjustment method using a Gaussian
function curve. Peaks 3 to 6 correspond to the structures represented by
the above formulae (i) to (iv), respectively; and peaks 7 and 8 correspond to
the structure represented by the above formula (v). Accordingly, the
proportion of structures represented by formulae (i) to (iv) with respect to
the total structures of a hydrotreating catalyst having, for example, a
silica-alumina carrier can be calculated from the proportion of the
combined area of peaks 3 to 6 with respect to the area of the composite

spectrum (region surrounded by curve 2 and the base line).

Figure 2 is an example of a spectrum obtained by the *Si-nuclear
magnetic resonance analysis of a silica-alumina carrier composing a
hydrotreating catalyst. Curve 1 is an actually measured spectrum, and

curve 2 is a composite spectrum of the six peaks (peaks 3 to 8) obtained
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-110. 00 . ~Opti mum val ue obtai ned by
calculation In the silica-alumna carrier of the hydrotreating catal yst

(1), solid acid sites are generated as a result of gili |l ni um
nSaliE R AR A,

bondi ng through an oxygen atom and it is hypothesi's ee of
this bonding between silicon and alum nium (i.e. the degree of silica

g ; ; ; \ £ &
o s b nrO® (B0 RS ABabiBt° o f BRERAHE SFaPas Bt boven,i e 1o
hi ghly di sphdsesilel adalyst @pedthem)y Pealk8N3ith @ cavabspthd B The GORRPRRAARL S 1N

the hydrotreating catal yst giving highly active sites. The silica-al um na
carrier of Iepdessmiedbyrtheahoue fomwlap (Hetp (&) srespectivdly, amd pelaks 7 andt o
silica and @l um na a,t irﬂ colm)ongﬁt uch .as _gn al kaline earth netal oxide,
boria, titahiQrresPPREnt, theAbave Tranylgofa. PEORAIEOB gk isbxcburesych

B e A (A R e L

obtain a catal yst car rac tent of

the third cthepsitieataluming ddieiet aagebefcdlevllated Hih Re WiopbBitiod 'off leabl y 0.5
to 7% by weight in terns of the oxide and based on the total weight of the
carrier af teombinedargai fipeaksThdo f withnrespect ta thararea rof dhehyodimdsiteat i ng
catalyst (1) can be prepared using the followi ng nethods. It can be

prepar ed bygp(efﬁruén'net hod in which a silica hydrate gel and an al unm na
hydrate gel are each prepared in advance and then m xed together; (2) a

met hod i n vmé:F?s%u@m%%aw&mﬁmuaﬁc@hﬁﬁzdgﬁsﬁofgﬁg#@ﬂnf& d dic

substance is added to a uniformy a wat er-sol ubl e
al um ni um dollpwagdoaditiensnat er - sol ubl e silicon conpound to co-precipitate
both; (3) a nmethod in which a silica hydrate gel is inmmersed in a solution

of an al um@m\glcggr}'pound foll owed by addition of an appropriate anmount of a
basi ¢ subst arjpagpetas resopguce appaxaiupr R XA00madg by Bwkena hydrat e

gel on the &S hj r . @q:(4) a nethod in which an alum na hydrate
gel is i m*re@ge | h@éﬂg@%&{uﬁ:gé#so% silicon conpound foll owed by addition of

an appropr i) eMasBuieindit BodRS HighUPskas Bedu ﬁﬁﬁm' fcC RES
preci pitat eMat}fidl I ca hydrate gel gon t he al ?Jm' r11)a yd?gﬂtceAgglgsS% ntgo
etho

(4) Excitation Pulse Slip Angle: 30 to 45 degrees
(5) Waiting Time: 40 seconds or longer
(6) Sample Revolutions; 7KHz
- (7) Window Processing: Exponential Function (Coefficient 50Hz)
(8) Sample Pre-treatment: None
(9) Reference Material: Sodium 3-(trimethylsilyl) propanesulfonate
[(CHg)3SiC3HgSO3gNa] having a peak position at 1.46ppm.
(10) Peak Area: Area of the peak obtained by waveform deconvolution
from the actually measured spectrum.

(11) Waveform deconvolution: waveform deconvolution of 6 peaks by least

squares adjustment method using a Gausian function curve.

The peak position and full width at half maximum of each peak is shown
in the table below. The full width at half maximum of the peaks at -
80.0ppm and -110.0ppm is the optimum value when the composite
spectrum determined from the 6 peaks best fits the actually measured

spectrum.
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In ,the case that a third conponent is incorporated into the silica and
alum na, this can be done, for exanple, by adding in advance the desired
anount of a hydrate gel of the third conponent to J b e gel or
the alum na hydrate gel or by inpregnating the si Iﬁ%@%%@?ﬁ?&%ﬁhhe
desired anmpunt of a water-soluble conpound of the third conponent.

Silicon CO”pofndSPé‘élE!ﬁ’pQﬁiﬁ éi)iﬁﬂ) rrp:t al sil iFﬁ&fﬁﬁdﬂMﬁraﬂﬁa%ﬁ{r] =1:2

to 1:4 is jpreferred)y, tetraat kKoxXysttanegs,—StHrcom tetrachtorroe, —am
orthosiliclate esters ca®0.88 used as st afti ngphimunivalue pbatinedbyi | i da.
Al um ni umiconpounds such as sul fates, chlorides apgicaidtigd es of al uri ni um
al kal i metar—atum mates, _atum i unm ar KoRT des—and ot Her_Tr nor garni ¢ _an
s can be us#808s the starti g material {900t he al uni na As a

organic s

starting naterial for tggophird conponent, water-solgpphe conpounds duch as
nitrates, ' , , ' he case
of alkaling earth netalr9%90des. and borfic acid and t$0Paboric acid ds wel |
as boron aj koxi des suchygaspgpor on tri methoxi de, borongppi et hoxi de carn be

used in thectase of pborfa T the case pf titanta, starting erTar|s
i ncl ude er-sol ubl e dd¥Mnds such as t heOpEimumvalue gbtgined dye, and
titani um aj koxi des such as titaniumtetyaethoxi decaltldtidr@ni um
triisopropoxrde. T3
TN980018( PCT/ JP99/ 01288) In the preparation of the above-descri bed
silica-al UThngheCallichllimihh dariefRATtha Ty didteafingotathlydt (®RFolidl 4didof the
alumna and the silica by adjusting the rate at which the silica hydrate
gel is presitestartginerated ahe rabultiafsiligo and abhehivindg bhedingt thorought he

t of al uni d silica. B I ling t i pifati te, th
bond! ng_ be@ReGR ORGSR @Rdoi s IAthPIRed S fve WekEed b Plechondingy | he
o f | e : S NN . 0 A
cont rol | eceatee bitlchni4d Mo BERECY o B, Holchr Bt sl B BE SO0
Wl vary dffeddnntheBolid MRid peasdrtiel foh@l diliesalukia cArfifie aadsthadf an

aqueous sol ution of an_al um ni um conpound of about 0.1 noles to about 4
mol es, and theseagolad arid giropémiesofordribute dorhigblypdispdrseid kiadimg @f theol es to

about 10 les, it is preferable to set the,addition rate.to 10 er
m nute or %?éggmn-gﬁve metai components 1n the hygrotreatmg catglys%

giving highly active sites.

The silica-alumina carrier of hydrotreating catalyst (I) may also contain in
addition to silica and alumina a third component such as an alkaline earth
metal oxide, boria, titania, zirconia, hafnia and thoria. The incorporation
of such third components makes it easy to increase and control the acidity
and obtain a catalyst carrier of yet higher activity. Typically, the content
of the third component is in the range of 0.1 to 10% by weight, preferably
0.5 to 7% by weight in terms of the oxide and based on the total weight of

the carrier after calcination.

The silica-alumina carrier of hydrotreating catalyst (I) can be prepared
using the following methods. It can be prepared by (1) a method in which a
siica hydrate gel and an alumina hydrate gel are each prepared in
advance and then mixed together; (2) a method in which an appropriate

amount of a basic substance or an acidic substance is added to a uniformly

12



contralled conditions, there is no bonding between the silica and al um na
resulting in a silica polyner corresponding to the above formula (v), and a
satisfactory alunina-silica carrier cannot be obtqhgﬁguﬁﬁﬂJﬁgg%ﬁg%ﬁ, by
adjusting the ratio of the amount of silica and al um na, |{ IS possible to
incorporate silica in large anmounts. In nore specific detail, the carrier
can be pr eﬂﬁkgg %ﬁhﬁ ! Q¥ H0sHakte 'élﬁrﬁim'rlﬁ{‘.cﬂiﬂp%pﬁd%p&' %(%hfber- agueous
sol ution is added gradual I'y 10 an aqueous solution of "a starting al um ni um
conmpound t goladilel silidoRecadibdiind be cbipteéigitatx boile @GP abpiethed id whidhld,
preferably 8 and 10, over a period of about 5 to about 30 minutes. This is
f ol | oned byilicgi hydrate gel dapomensed iof a siobutiory of [aar ajumingwmOcempeund 5 hour s
to produce al ym na hydrate gel. Next, an aqueous sol ution of a silicon
compound 1+ £olinredibk RNGR OF GRoARROpELRte RO GL PRSICSTDSEGAT #Br af 1 or
calcinatioR.if.I a . % e | L rr].
Where neceggié?(f/,é%b%?%ﬁres@g rl(réli:1 tat(})cgtéﬂvxlm st co%?pgf‘t{éi ?@e%ﬁ%’%ﬁtm n
about 7 tohydrate gdlcon()id methed irwhich dncalafiing bsrdeateugdlds itinedrsed nitric
acid. It is then nmaintained at a tenperature of abpout 50 to about 80[err]C
for at |eadn apsalutionrof « siliten compoupdrfoBowed bycadditiontof aal apprepriaer at e gel
core by precipitation of a.silica hydrat .. .

14 it Gl DA HRSEHRFe-on P A0kDg sphptaRce P AeriPiie @ BHER aqueous
solution o | JUi A ' r exanpl e, an aqueous sol ution of
sodi um al uk@g?%,@ﬁg%?n%gﬁ?ggp %&gh%egl d be in the range of about 0.1

nol es to about 4.0 noles. Wien the aqueous solution of a silicon conmpound
is, for exanple, an alkali netal silicate (Na[err]QSiJerr] = 1:2 to 1:4

i s pref err da)the pasec thateat third mempaneny iseincorporatedainfe thie siicar and1 nol es
t bout 10 l.es..,. Next, h I pitat .aini th il - ]
corrior i s SRR s PRD o A B Sxbnhie, Joosddife dn Shviadte the Bt

solution t Ve ' ' | B o ok ' a

cake: shaped ST d EPRECE ol B thd thibtCoplpBRER KPR, olr By e o " e
desi red shahe alainiga chydrutd geloon byainmpregnatingafheysilichalumingevdtlprthduct is
subjected to dréing and calcination treatnents. The drying is carried out
by heat i ng desiredameuricfsewaterapdablecontpowndydthe thirdicommongntir e bet ween

nor nal

Silicon compounds such as alkali metal silicates (Na,0:510, = 1:2 to 1:4 is
preferred), tetraalkoxysilanes, silicon tetrachloride, and orthosilicate
esters can be used as starting materials for the silica. Aluminium
compounds such as sulfates, chlorides and nitrates of aluminium, alkali
metal aluminates, aluminium alkoxides and other inorganic and organic

salts can be used as the starting material for the alumina.

As a starting material for the third component, water-soluble compounds
such as nitrates, halides, halates, sulfates and carbonates can be used in
the case of alkaline earth metal oxides, and boric acid and tetraboric acid
as well as boron alkoxides such as boron trimethoxide, boron triethoxide
can be used in the case of boria. In the case of titania, starting materials
include water-soluble compounds such as the sulfide, the chloride, and
titanium alkoxides such as titanium tetraethoxide and titanium

triisopropoxide.
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tenperature and about 200 [err]C. The calcination is carried out by heating
I n the presence of Oxygen to a tenperature in the range of about 200 to
about 800 [err]C, preferably about 600 to about 7q,9

' treating
catalyst (I1) Next, hydrotreating catalyst (I1I) sha?%og{)sréﬁégpg?)id%%gf

Hydrotreating catalyst (11) conprises a catalyst carrier consisting of
silica, alympa and a t.hir npQenent, cont ai ni,n speci fic.anmount. of an
al kal i ne e_g’?t B oﬂegfa% @?Jogg-rd[eﬁgn %‘%\(fé]ﬁ"g‘\/\ﬁl[ 1R FRELT ik T ype of
hydr ogenat j@goaahk V6 ¥ehertbl GREPARMity2 3 MRS afuRRRL drd tRe" filish bFt Ure.
The third coirponent preferably conprises an al kaline earth netal oxide and
bori a, but adjustmgatlsorgte sdiwhieht theasibcahydestet gabie pregipitateden 46 thei de
selected fromthe_ group cqnsistjng of alkali netal oxides, zircqnia,

titania, t ma;%hadm@s%oa%&gm. of thyeh amonnti ofr alyming and sda; g
Chetirr o' By adtledimePieo Sl e k2R, 183 phoding BRrAe RS sHiRAadd W ©
15 ahighiidn@Ad hbmly i feSREBRRN by R dbsRETSeuIR @) t¢! @iy, na core,
and it includes structure 1n which at |l eaSt two or nore of Silicon,

al um ni um srcbrebye thaisilitacempbedighlyrdispersddd Aoccerrdlledt tete ofisalditigmen

atons. Siligaon conpounds such_as_ alkali netal sjilicates (Na[err]O Sierr]
= 1:2 to 10 gh%ag%m wf)l?np’étarsalaquoe@nmwé]@@i}vmﬂ%w Ero8cHhEFEi de and

compounds. SoARC ARGARG PRt 5 e ahBh b o CRBPhECS Ao BRI i ace,
alkal i et ghudidiiind 8b@poudl 6ThBOWD 4! Elsi6 b 4GhbRk, ai@bHAlfuesly O gani C

salts can be used as the alumna starting material. These al um ni um
conpounds aoliitin of arsibampompeumdipf about 6dl mwlex) treabouts b0 molessitasd wat er -

sol ubl e sol o | mxtures. There are no particular limtagions with
r espect topFPérg@ﬁJ@rﬂeltg{l? ditien Eake %i%i)ﬁﬁflnﬁé‘“ﬁ%f’é eSsnémdes Ny i at el y .
Exanpl es of | ri f.ar ] t . |.de he third
Exanpl eo bobAlbANBuTH G, Betel g bTbINEER 8 ik Mol Sy o
chlori des, rasdltialgeiny a 6BIcAGIBSr akteBYSHAINEAB The BHRIV fQEnWa @) ald ae earth
nmetal elenents include magnesi um cal cium strontium and
satisfactory alumina-silica carrier cannot be obtained. Furthermore, by
adjusting the ratio of the amount of silica and alumina, it is possible to

incorporate silica in large amounts.

In more specific detail, the carrier can be prepared in the following way.
First, an acidic or alkaline aqueous solution is added gradually to an
aqueous solution of a starting aluminium compound to adjust the pH of
the liquid mixture to between 7 and 11, preferably 8 and 10, over a period
of about 5 to about 30 minutes. This is followed by aging at a
temperature of about 70 °C for 0.2 to 1.5 hours to produce an alumina
hydrate gel. Next, an aqueous solution of a silicon compound is added such
that the silica content in the silica-carrier after calcination is in the range
of 2 to 40% by weight in terms of SiO,. Where necessary, this is carried out
whilst controlling the pH to within about 7 to 11 by the addition of an
acidic agueous solution such as nitric acid. It is then maintained at a
temperature of about 50 to about 80°C for at least 0.2 hours to form a layer

of silica on the alumina hydrate gel core by precipitation of a silica hydrate
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bari:um w'th magnesium being preferred. Exanpl es of starting materials
for boria as the third conponent include boric acid, anmmoni um borate and
boron al koxi des. The sanme starting materials for p ' i er as
used for the above-described hydrotreating catal ys?@@bg&o}\ﬁﬁé@%@ey do
not create probl ens. In the silica-alum na carrier, the incorporation of
silica int Nehwd Qﬂ“% i NS Elerieg! W stron ,d siges, and
the solid g%(lgalﬁ%y 0 d_t e é%?lll%:ir1§lls prae_ gpae&yhg})ﬁ{l%oaﬂuee “gégﬁ%%“n_ to the
silica contamtalumidiainh RenfRuNd el eRXMPRS 4 8HEENLE SolBHDA STTSsdIATMC
properties hut by formng a m xed conposition with the silica-alumna, they
can exhi bi talzapinate, dhemoppentration should bednithe range nfiabeut 611 miolesnig aci d
sites posse%ze(%ég% t@]e si{nh%a- | um na conpositipgn ¢an be reduced whil st at
the same ti#4ntt &8y Th L RIURHUS FORIGRE Pha s1licon emprind Isafofel y
reduc ng ! \exaipR] bt Alkaliifet sihicie (VAORD, B2 Tk JL pfilrid) PR/ 00
TN980018 ( RShcéireratioh2hduld bath ¢he rarggbfaliciR®. U o\eto alsdud)10 mbldsher nor e,
in the case of a silica- alumna-boria carrier, the boria conponent

I ncreases the nunber of weak acid sites whilst reducing the nunber of

strong aci i possessed by .the silicas.alumna carrier, c ongn

wher eby tthé’éé’ﬁigrp?ﬁ}plga:tep?%W‘H’éﬂg ' hsaih -ajuEIg Ea%‘?rdlssgﬂgF@f H}f Thi s
can thus cofid vadhed! Rithvw honids L VALY, |\ ty of
the carrier as well das tﬁfagg ?g‘ra‘{r%%?:%ﬂlat mai n %éﬁ/nd't%gso?‘}[‘:‘gmggbie\%ﬁ%xe The
content of impurity iiong in tiey precipitaté, nthwe prépwien®fa Z2ake-shapedysikea-ght
preferably tao 20% hy vvei,g{llt. based on the total weight of the carrier. |If
the silica 2YRIBACRETICE sthichdsdthoreaieymouldeddrtnthedesited syareousinigon oi |

I S pronoted, w he problem.@f forpation, of. 1ighter syhstances in the
hydr ot r eat e%%%oﬁﬁdﬁmﬁhae&c & 18‘?'{"? h etWiOP%ffeéloWﬁ Hehts sihuerted te 8ne earth
nmet al oxi deg@Rdl iéh ithed 9 | : ferably
0.5 10 19 by mer ehpaan tipdthenté. TROAfvile o Falifed 4t BY HEAGRE iR,

content of piesende rat cahspnoentf eoxygens at0% hymyeisthire bbB¥éen Sndragalpr obl em
of a reduction in the h d{)otreati,ng activity.
temperature and about 200 C.” The calcination is carried out by heating

in the presence of oxygen to a temperature in the range of about 200 to

about 800 °C, preferably about 600 to about 700 °C.

Hydrotreating catalyst (II)

Next, hydrotreating catalyst (II) shall be described. Hydrotreating
catalyst (II) comprises a catalyst carrier consisting of silica, alumina and a
third component containing a specific amount of an alkaline earth metal
oxide and/or boria, loaded with at least one type of hydrogenation-active
metal component, and has a specific pore structure. The third component
preferably comprises an alkaline earth metal oxide and boria, but it is also
possible to add at least one type of metal oxide selected from the group
consisting of alkali metal oxides, zirconia, titania, thoria and phosphorous

oxide.

The carrier of hydrotreating catalyst (II) of the present invention has a

silica-alumina base in which the third component is incorporated. N amely,
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I't .is.ipportant that the hydrotreating catalyst (I1) of the present
i nvention has a specific pore structure in addition to the above-descri bed

conposition. It has the foll ow ng pore characteri
Firstly, (i) the ratio (a)/(b) of (a) the vol ume zﬁbgﬁ?tgghﬁg@?%dlh@

dianeter in the range of 30 to 100 Angstrons as rreasured by the nltrogen

d ti f . t th
ange ot 0 Shite Bfd AR iita LORpYRLHE R it O o A bt BB AT 1"
is 0.5 or Gﬁ@l&ﬁ@é strubbhfe @whad 8f leabt fwb or m@@ﬁ‘%ﬂi@ﬂ BluhbEubhohhaw ng
equatlon(l PVierr]/PV[ierr] [err] 0.5 ......... (1) Secondly, (i) the

ratio (c)/ @ )3 third compbmentohxenporude eachhaihien yia oppgen daiemet ebilicont he
17
TN980018( PEIToYds 1 sach as alialL metal spilicatesoNaYSiPp s 112 Wealé‘ﬁr‘éd by the

it

i aneter ad ol b IRGT Gita00Y sififort ReriTBHIE S or NI RER A RERC
adsor pti on heajdeddad thdsific staRify mfabéﬁal &nﬂ@ﬂﬁﬁﬁﬁfmﬁ@ohﬁpohhas fsath e ng
equation (2): PVierr]/PVierr] [err] 0.4 ......... (2) The first and second

pore char a(alemmlumsmﬂfeée,l alumindiin bb]lomd@e alumirivns eifrate, r@kphrmef/ail une

occupi ed by,por.es, havj I n .t range of 3Q to 100 troms as
measur ed b)?lﬁﬁ’énﬂﬁsr “‘é’dg’o‘i‘a]gf‘?’ Sr?é’id‘rfg er eaRe ap6OLEIYLF Bupl ed by

N L Ly

(PV[ err]/ Pt fsilicoandonipbind§empgrise et mas rajueous Rdeticds RBvlderwdtex- t hen X
is 0.5 or greater, preferably 0.6 to 0.8, and Y is 0.4 or_ |ess, preferably

0.3 or | essolublet salsor gepavixturag o'Fhergpares nohpayinwday dimitetigns upithd b

h dj,anet er bet d th
o o vor urdestetto 9 F pemssniaiong heBet Hhik: %?f‘x”ﬁt?héfe}’%%@eé}%o Lo
100 Angstr egﬁa%%l : E!:&frgpn 18t Qza?uﬁé thafe? 818 Wor OatkalihB Ce A4H Unletll zat i on

activity an I'trogenat | actiVvi
oxides as the third component are water-soluble salts of alkaline earth

L€

metals such as chlorides, nitrates, carbonates and hydroxides. Examples of
alkaline earth metal elements include magnesium, calcium, strontium and
barium, with magnesium being preferred. = Examples of starting
materials for boria as the third component include boric acid, ammonium
borate and boron alkoxides. The same starting materials for producing
the carrier as used for the above-described hydrotreating catalyst (I)

provided they do not create problems.

In the silica-alumina carrier, the incorporation of silica into the alumina
gives the carrier relatively strong acid sites, and the solid acidity of the
carrier is preferably controlled according to the silica content. Alkaline
earth metal oxides themselves possess basic properties but by forming a
mixed composition with the silica-alumina, they can exhibit acid-base
properties. As a result, the number of strong acid sites possessed by the
silica-alumina composition can be reduced whilst at the same time
increasing the number of weak acid sites without largely reducing the

acidity of the carrier, wheréby the carrier can be provided with a specific
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are, reduced. Thirdly, the ratio (e)/(f) of (e) the volune of pores having
a pore dianeter is in the range of 0 to 300 Angstrons neasured by the

ni trogen adsorption nethod, and (f) the vol une of j Ry €

di aneter of 40 Angstrons or greater as neasured byﬂ%g@g%’ﬂ%@g@gﬁ@”y 0.7
or greater. This is represented by fornmula (3): PV[err](nitrogen

adsor ption [ U Y ' rh, O . cailinal3) It
is prefer abﬁagé.l gé%ﬁﬁgﬁéé%ﬁelr. T i?(ﬁ{ﬁs' %@Eﬁ%rné’ 357&6[ ﬁ%sed(e)% & ?ﬂulF?zat i on
activity angluieitialbeg® eatrier) the bovia! coniyhent dieRdses the number of weak

18 Furthernmore, the specific surface area is 200nferr]/g or
greater. |fa¢id sites|whilst: tedncixgoihesruber of sizong acidysites passessedi hyetheet al
conponents cannot be | oaded on the carrier with a high degtee of .dispersion
Shereby it FOCAGIUEERE GrBer GORRoH b AN D8 GATFIE: 4281 DL 5rovidehe

Si 11 ca-al Ui i LleGARPARRNstf@idthe’  Ofnily 4afl! AALI Renfidhdley $o d ) can
be prepared by producing a silica-alum na carrier conponent and then addi ng
a wat er - sol iihpfovealdntoin the akkadty nnd selebtitity adf thenpauid &8 welbas dfs
conmpound as the third conponent. The silica-alumna carrier conponent is
typi cal | y ppexfosaanes sbmainipinimgdhe astivitye af or e- nenti oned met hods (1) to
(4), but in order to realise the above-described peculiar pore structure,

it is required, when setting the pH by adding an acidic or al kaline aqueous
sol ution togg, g{@[ﬁugf th 1BLiSHakhd B b at the
time of prepargi(ﬁg t he a%l&lr"r%ﬂnact fl %ﬁt EFE;SZf rtt% glcl)%% ngrﬂoﬁ%n%mgtgt r?’g and
requi red tiprefecalip@ctiof30% bglwiedght basqdood tlheitatal weightofghetantdd. e TH
control the addjtion rate of the aqueous solution of the silicon conpound

to 10m perths sikica contenteenceeds 4P% by Fpisbt cragkingof therhydrecanberiail um

conpound of. about 0.,1 nyl to qut mol es n_agyeous soal ug,i on of

Che oi Tt contsCBRBRRE BFh B erablpthof doPation Gofigffer Shbehitieed n'the
hydrotreated oil. The content of the third component such as alkaline

earth metal oxides and boria is in the range of 0.1 to 10% by weight,
preferably 0.5 to 7% by weight based on the total weight of the carrier.
If the content of the third component exceeds 10% by weight, there is the
problem of a reduction in the hydrotreating activity.

It is important that the hydrotreating catalyst (IT) of the present invention
has a specific pore structure in addition to the above-described
composition. It has the following pore characteristics (i) to (iii):

Firstly,

() the ratio (a)/(b) of (a) the volume of pores having a pore diameter in the
range of 30 to 100 Angstroms as measured by the nitrogen adsorption
method and (b) the volume of pores having a pore diameter in the range of
0 to 150 Angstroms as measured by the nitrogen adsorption method is 0.5

or greater.

This characteristic is represented by the following equation (1):

PV(30-100)/PV(0-150) 2 0.5 ........ (1)

Secondly,
(@) the ratio (c)/(d) of (c) the volume of pores having a pore diameter in the
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An, exanple of a specific method of preparing a silica-alum na-alkaline
earth netal oxide carrier is as follows. An acidic or alkaline aqueous

solution is added gradually to an aqueous sol uti OQN@Ofgr@mﬁp@g/fOiM)
al um ni um conpound to adjust the pH of the m xed solution to between 7 and

11, preferably between 8 and 10, over a period of about 5 mnutes to about

L RS TR ML e g

t hus precipi S al ni ng nmenti'oned set

val ue is t htsthodesdad) thé eolpeiablyreshavbinih pobe dlaméiet @6 i tRetr@nge 5 hours.
An aqueous solution of the silicon conpound was then added at _the

af or e- ment pbAde 30 Angstzpmsiraeasured iy theaniregennadsorREon meethadtip Oxdt al

oxi de carrier aft.er .cal ci nat contaj,ns.2 to 40% wei ght of Siderr]. It
i s or iess; his is representea%y &e t%homxig)equguon E%'t hengmai nt ai ngj at] a
tenperature of about 50 [err]C to about 80 [err]C for 0.2 hours or nore to

forma sili ;ﬁf%/@rv 1 kodna.hy@ate gel core by precipitation of a
silica hydrzg?éhge ,)V\he(fr)te%ggyt he silica-alum na carrier conponent is

produced. \Were necessary, the ﬁH is adjusted at this tine to within the
range of afhetfifsttandagesand poregharactenistics beinh well-halaticed dgerease imol ut i on.-

Next, the eci pi ate contai ni &&t he ove-descri bed.si hi ca- al Ef%@a carrier
conponent € PPre ¥P ‘E)P‘Fc“é’ﬂﬁi{ PREF JAYIREG ¢ier i tagranes #Bonat e
solution t e | i ' 200 Dt r

cake-s hapegog [ ﬁ?%%-r gﬁﬁsﬁ%eggﬁﬁd&r& Qﬁ%q{‘ﬁlfbgg% aaggspﬁggfe%ﬁg% %%fggcl)ﬁs

sol ution ofpopévaldseé bécipeéd b peBdshaviakla dizeNetehaiedstied bylthe arifropsn na-
al kaline earth nmetal oxide carrier contains 0.1 to 10% by V\BI%[T of the

al kal i ne eadsorptiammethodido behinghesange bkl toyldhAagsirgmsnif Koaitheng into
t he desired sha sing a | di n aratus. ,Einal)y, the npul ded product
0 sub) cot 80 JOTR ratie PVLED ORI Vb K0P R 15 thd,pot Foligte £58ar! [og

t by h ' in th
o esonce: o TRV A0 Bed, XTRPD S BBt ittordly 0644 68,0 11C
bet ween 20Qn@¥ i8QM belesksCpreferidy AR vr lesshbbh thidrespért| Pm(ﬁ%lﬁlﬂﬁaEQO[ err]C,

in the presence of oxygen. By_producing the silica-alum na-alkaline earth
net al oxi déhepore yplume eecunied Mydares having smore idiameterdentmern it 8ndbtai n a

m. For example, PV(30-100) is the pore volume occupied by pores having a
pore diameter in the range of 30 to 100 Angstroms. If X is less than 0.5
or Y exceeds 0.4, the desulfurization activity and denitrogenation activity

are reduced.

Thirdly, the ratio (e)/(f) of (¢) the volume of pores having a pore diameter
is in the range of 0 to 300 Angstroms measured by the nitrogen adsorption
method, and (f) the volume of pores having a pore diameter of 40
Angstroms or greater as measured by mercury porosimetry 0.7 or greater.
This is represented by formula (3):

PV(30-100)(nitrogen adsorption method)/PV(>4g)(mercury porosimetry) =
0.7 coecene 3)

It is preferably 0.8 or greater. If it is less than 0.7, the desulfurization

activity and denitrogenation activity are reduced.
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carrier, with a controlled pore distribution, whilst at the sane tine

form ng satisfactory bonds between the al kaline earth netal oxide, silica
ahd alumna. A silica-alumna-boria carrier can lﬂgsoﬁfﬁﬁﬁr@gg}ﬂ#s@f epari ng
a silica- alumna carrier conponent in the sane manner as r-'thé
silica-alum na- alkaline earth nmetal oxide carrier, and then adding a

wat er-sol u f horop compound. M specifically, he.

ol cas ol ubeniigsiod e BphRRe SRR Mres IF 2RORAE i b& . I s Tene

si | i ca- al ughga- 206@P/g &hRA hiydr kioPXAdReC Mt confildiends Sédrrfod- Be UM na
carrier conponent identical 'to the one

20 losded om thleecgrried uwith cn high degreebof/ dispersion vdiereby it is not
silica-alum na,-fll kal.i ne eﬁ{étg net al. oxi.de, except that boron conpound is
used i nst eR@s8blete ehtrin phish sptalyiieaelivitinpound.  The hydrotreating
catalysts (1) and (I1) of the present invention are both prepared by

| oading onto a silica-alum na based catal yst carrier respectively produced
in the nmanmessiliescdlihifadRdecthpbit! cavRr WAESHRMtIAR- atblyse (Bt al
conponent, specifically at |east one hydrogenation-active netal conponent
sel ect ed fcambetprepagedby prodrsiing iarsilicd-aluming eareier comipoGentipni¥ithemd G oup

VIIl of the Reriodic Table, These glenepts, are prefergbly | oaded as their
oxi des. andAJOIRE i FRer-seluble dal ef,An -satthometalocdmpeind @5 8 ¢ he

catal yst a L] | rj.o l.ater . . |l e f s L el s of the
Per i o)éi C T?g&hc&%eﬂéﬁﬁy&gr g%leena ﬁ)rﬁ:?%lgltglé\%gp‘rre?gg %’gﬁgﬁ%ﬁngnc u Sé
chrom um ( @bmporehy ksl eppicnll¥prodacsdl hedeadingntd Yhe oFthy RdeRiimeatiohedgst en

are preferred. Exanples of Goup VIII elenents of the Periodic Table

i ncl ude i r amethdp (1:tebél) bytGn) grdet tke¢alise the ahovhdescmbédpculiarqrtiram ( Rh) ,

| | adi Pd) , ' Gs)., |ridi | | at.i Pt). Cohalt, nickel,
B e kel Weh bt Phe, AR ST b R s
el enent s C%Tk&ﬁné‘sﬁﬁuééxfbg W thdidn Ofo | Qnma)&h%\?sg SA6HERT of the starting

aluminium compound at the time of preparing the alumina hydrate gel, to

control the pH setting and required time to specific values. In particular,
it is preferable to control the addition rate of the aqueous solution of the
silicon compound to 10ml per minute or greater for an aqueous solution of
the aluminium compound of about 0.1 moles to about 4 moles, and an

aqueous solution of the silicon compound of about 0.1 moles to 10 moles.

An example of a specific method of preparing a silica-alumina-alkaline
earth metal oxide carrier is as follows. An acidic or alkaline aqueous
solution is added gradually to an aqueous solution of the starting
aluminium compound to adjust the pH of the mixed solution to between 7
and 11, preferably between 8 and 10, over a period of about 5 minutes to
about 30 minutes to precipitate an alumina hydrate gel. The alumina
hydrate gel thus precipitated whilst maintaining the pH at the above-
mentioned set value is then aged at a temperature of about 70°C for 0.2 to
1.5 hours. An aqueous solution of the silicon compound was then added at
the afore-mentioned rate such that the silica-alumina-alkaline earth metal

oxide carrier after calcination contains 2 to 40% by weight of SiO,. It is
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The, hydr.otreati ng catal yst of the present invention is prepared by | oading
t he above-descri bed hydrogenati on-active netal conponents on to a silica-
al’'um na based carrier. In particular, conbinati oNnsy, @F}O(ﬁ% E@ nts and
Goup VIII elenents are preferred such as, for exanple %F/J c%nunégecobalt
nmol ybdenum ni ckel , tungsten-ni ckel, nolybdenum cobalt-ni ckel

t ungst en- c I e
Mol ybdenum co aﬁ&ﬁgﬁbygaﬁnué}enlpc ‘} d"g%q e%%;cao%(ég?tgon@cﬁ bazre
part i cul ar | yowpisedie iiore - toHfoirinh &1 STREL 1aye? cﬁd(ﬂhé 'a@tﬁhﬁ&a h@aﬁﬁeegarm% it

I's al so possible to add elenents of Goup VII of the Perlodlc
Tabl e such mclmtﬁgfmﬁ a eilineehydrate g@lpwhersbyfthe eeli®ealwina Faier such as

0s boron. " SOMRETRLA SHoRRRe W BeEe BEetReRRs the R e oste s Rbis-ameod o

Tabl e such as { r nce of

t he hydr ot r%aﬁtn}gﬁcg%eaf:éé% §¥ta§ E‘tét g?@s%‘%‘{’]‘?ﬁ rlﬂi/igo ?l%%gﬁ egg%glu%@dﬂ?

above- descrga ussolption. el enents | oaded on the carrier is in the range of
desh

10 to 40% by weight, preferably 12 to 30% by weight in terns of the oxide.
If the | oaded anount is |ess than 10% by wei ght, the nunber of active sites

and_deni t 1 QYERB RGP RERRGH POARNRE D AMe Vet e s PO RAI PR, et
such as hyd@%&g RS 2R by %H%g})%d%ﬂgﬁ{iﬁw erb8r Sl Ak {%%ﬁe o

real i sed e anpunt excee econes i rrp055|

| oad the hyeirbgaats somnaﬁttb\temmbamp@@awbeﬁi theOpretijtaib) adpadpatena
carrier with_a high degree of dispersion, and at _the sane tlne there is no

exhi bi tion Qﬁketafbanmlg k@luhunefweruerw o tlfesp@&e isoadded (anoagumus

|
desutturi o caifioncet Gt gliline, eatthi ahetal ot suio, ek fhs: STisarAli@ing: ai ned,
with the pr&?&aﬁ?ﬂ&&%’g rﬂ@tajiyd;ﬁ(?é E&ﬁ&éﬁe@ Eshoﬁstloﬂiﬁ%%? ef?gi“tﬁig%ﬁé)“ or

hydr of i ni ng cannot equately carri
above- descralkedinereauth ¥idthl exiderThis ik delitwsedby kheading and moulding into

the desired shape using a moulding apparatus. Finally, the moulded

product is subjected to drying and calcination treatments. The drying is
carried out by heating to between normal temperature and about 200 °C in
the presence or absence of oxygen, and calcination is carried out by
heating to between 200 and 800 °C, preferably to between 600 °C and 700°C,
in the presence of oxygen. By producing the silica-alumina-alkaline earth
metal oxide carrier under the above conditions, it is possible to obtain a
carrier with a controlled pore distribution, whilst at the same time
forming satisfactory bonds between the alkaline earth meta! oxide, silica

and alumina.

A silica-alumina-boria carrier can be prepared by preparing a silica-
alumina carrier component in the same manner as for the silica-alumina-
alkaline earth metal oxide carrier, and then adding a water-soluble salt of
a boron compound. More specifically, the silica-alumina-boria carrier can
be prepared in the same way as the silica-alumina-alkaline earth metal

oxide carrier using a silica-alumina carrier component identical to the one
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carrier,is in the range of 0.05 to 15% by weight , preferably in the range
of 0.1 to 10% by weight in terns of the oxide. If the | oaded anobunt is |ess
than 0.05% by wei ght , an adequate desul furizatio vy

deni trogenation activity cannot be achieved, \/\hergg&%@ S\e(#’d:erﬁpgg}talz(%g) t he
hydr ot reat ment such as hydrodearomati zati on or hydrofining cannot be

adequatel y | e r_yhan | £y tihey. nt:.e %Dy

wei ght , th‘elrggtfl%%ﬁ;%pf'%}cﬁge&?tﬁ%ﬁ?gvﬁgﬁ%%}be&S%ngézg ¥ :'onrf%onen & Je%n{%lgh do not
bond with whgab bidd‘ea-ea;b%m fRatCBofonCEoHPOIEPYs hidad lih¥RadosPas idIRaRNé des
22 are generated with the Goup VI elements. As a result, there is
t he probl epacth metadovoipoomd.n t he degree of di spersion of the Goup VI
nmetal s causing a reduction in the catalytic activity. It is thus inpossible
to obtain a high desulfurization activity and denitrogenation activity

whi ch hi nd dr u | Zak | R

hydr of i ni ng‘.h% ﬁﬁ%@r eeaa.r ég’rﬁo faér%% i@u%iahr @ %y?gé)gg%%g?g%gﬁh&é{g%{%goﬁ}ét hod of
| oadi ng t heréyshedoanat loadimet oMt CONBRAMIGnGRat ®abb® 8adalgst- aavfepa based
catal yst carrier which conposes the hydrotreating catal yst of the present

i nvent i on, respectinglyk mreducert hind thanmaaneny| daseribedoabaveargtl deasthepecan be

| oaded in the foll owm ng way. An jnpregnating solutiqn i s, prepared by

di ssol vi ngi’é’gﬁﬁﬁmlémo cH¥fe Wi)géﬁﬁmoﬁﬁnﬁctmﬁ_é‘%ﬁ‘i@g}éﬂ EBnﬂSg%tnt 80€ych as

ni trates, Joatalan SALAAA Shral OLIRD&Rn  MUNAEP RS RROSRABLES. O
a’solvent. uc ,

oxides in An~organi c acl as cItric aci tartarrc acid,

mal i ¢ aci dcoRgigting ¢fctlte elerdilsi 6f Gebép IVl hAENGASIHE VIID of Rhe Pemédignat i ng
solution, and amobniumwater is used to adjust the pH to about 9. The

i npr egnat i Agblel ullhese wientents sareapréferably hafedt asl theirabsidesoand/orhen
added dr opwi to I licasal um na catal yst rrier, whi] st stirring to
pr egnat & SHEIGs SUUROES Cph b TEPRRedbY RFY-PLUaRE of e Setalke 2L Bl ng t he
sol vent . V"l')re'o%léﬁrﬁe)?tﬁfétef.an be used such as, for exanple, water, anmonium

wat er, al cohol's ers, ketones and aromatics. Preferred solvents are
wat er, ammoni um wat er, acetone, nethanol, n-propanol, i-propanol,
n-butanol, _i-butanol, hexanol, benzene, toluene, xylene, diethylether,

t et r ahydr offaaeplead ofi Geone, VI t plemenss (o€ e pAleriodin alableprisrerthed.

hydrogenation-active metal component include chromium (Cr),
molybdenum (Mo), and tungsten (W). Molybdenum or tungsten are
preferred. Examples of Group VIII elements of the Periodic Table include
iron (Fe), cobalt (Co), nickel (Ni), ruthenium (Ru), rhodium (Rh),
palladium (Pd), osmium (Os), iridium (Ir) or platinum (Pt). Cobalt, nickel,
ruthenium, rhodium, palladium, iridium or platinum are preferred.

These elements can be used singularly or in mixtures thereof.

The hydrotreating catalyst of the present invention is prepared by loading
the above-described hydrogenation-active metal components on to a silica-
alumina based carrier. In particular, combinations of Group VI elements
and Group VIII elements are preferred such as, for example, molybdenum-
cobalt, molybdenum-nickel, tungsten-nickel, molybdenum-cobalt-nickel,
tungsten-cobalt-nickel or molybdenum-tungsten-cobalt-nickel.
Molybdenum-cobalt, molybdenum-nickel and molybdenum-cobalt-nickel

are particularly preferred. Furthermore, in addition to these elements, it
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There.are no particular limtations regarding the mxing ratio of the
sol vent” and the hydrogenation-active netal conponents in the inpregnating

solution, or the anount of inpregnating solution V\tb{ggoo\i\@épgpﬁdg?ngs
silica-alumna carrier is inpregnated. In view of e sinplicity of the

23 | npregnati on operation and drying-cal cination operations. it is

Pyar ogenat 18R ppertBtedRagiioipineBly Br oGl S of thy PeHBaie Tt mB 8™ 1
nmet hod of |padbatedeNcelanttinis bRt GBsupCIV Vef el PGOsHEONTAbERe isuchS adescri bed
above. In nore detail, it is possible to adopt, for exanple, an

i npr egnat i germetio, itin, winddiead halevwnts of Greup Mimfdbhed DemiodicThblkei suchof a

sol uble salt of the hydrogenation-actiye. netal C(go(gponef% itgl [ gcqr&prate t he
hydr ogenat i #nPerom; Peanding} apgbenun: and elemends of Grroup Iisef the Feriodic
precipitati [ ' t VA, ' Y onent is
si mul taneou@@%&%%ﬁi%ﬂé%gﬁgg%ﬁo ggﬁ’ﬁgyt&i‘hgﬁ%g@%%& éﬁ%r%%@f nmet hod

may be usedtheligyirdfreating@atlst of fHednekait Rivefiiof. of operation, it is
preferred to use the inpregnati on nethod which is good for stabilising and

mai nt ai ni ng the physical properties of the catal yst. The i npregnation
operation i:pvol ves i rsed the siliga-alumn ased cat al carrier in an
i rrgr egnat Ljnﬁb%cﬁ%?‘i‘%ﬂr‘r’gtt%&ra B EeEAPR| @%%:Yﬁt%?%?n%g’%ﬁénoﬁe% ng it
under condi -unge C S : Qge c

conponent s ésahr?% cllgg%t{hf% egf;;?cetgt%de%ghiﬂgﬁ’ %?éfeggbﬁeé%t*ﬁrge%ﬁg anmount

of inpregnagbiphtsal tdridnofcthe BRideCTf 3RL16dR b/l dint Ui Nebd Thah NO% &5yl 1 ed
anount of hydrogenation-active nmetal conponent is |oaded onto the carrier.

Al so, the aweight, thfe namberof activesitesvis small imaking it imppesgiblei tocachidvet i on can
be determ ned.accordjng tq the desire mount of . hydrogenatjon-active netal
conponent t%%&l%ﬁ%ﬂ&ﬁ??%@%e@mrm%u Y’ig’hﬁ’f%b@ %’d’ssi bl e
to |oad othgpegaial §f SEh RyadolfeatRiene- T6RLT ABehyd08erYiatBAtioH o 'V

net al s.
hydrofining can not be sufficiently realised. If the amount exceeds 40%

by weight, it beco_mes impossible to load the hydrogenation-active metal
components on the silica-alumina carrier with a high degree of dispersion,
and at the same time there is no exhibition of the co-catalytic effect with
respect to the Group VIII elements causing a reduction in the number of
active sites. High desulfurization activity and high denitrogenation cannot
then be obtained, with the problem that the hydrotreatment such as
hydrodearomatization or hydrofining cannot be adequately carried out.

The amount of the above-described Group VIII elements loaded on the
carrier is in the range of 0.05 to 15% by weight , preferably in the range of
0.1 to 10% by weight in terms of the oxide. If the loaded amount is less
than 0.05% by weight , an adequate desulfurization activity and
denitrogenation activity cannot be achieved, whereby the effect of the
hydrotreatment such as hydrodearomatization or hydrofining cannot be
adequately realised. On the other hand, if the amount exceeds 15% by
weight, there is an increase in the number of metal components which do

not bond with the silica-alumina carrier whereby inactive composite oxides
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When i-npregnating two or nore types of hydrogenation-active netal
conponents on to the carrier, either of the follow ng nethods (1) and (2)

can be arbitrarily adopted: (1) advance m xi ng of ﬁ‘moﬁt@éﬁ%ﬁ%&)‘ﬁgé of

hydrogenation-active metal conponents followed by sinu
24 . inpregnation froma solution of such a m xture (one step

' ti : p ' p olaut | O f Qr re types
of " hyar ogeraty segtsked AP IR RS, VIPGeticheS A b Ful e o Y
i npregnat i owrdbleva dfteepeduspioadinefheofdegret b8 disprsion frthet Ry VI HetgRd | Ng

catalyst of the present invention is preferably produced by first |oading a
Group VI || causiega reduction i the catadytic beldvitpr Hiiethas impossiblertp dbohinowed by

o boen | roPOEh PSRITEAENY AP Eh oA e YRR ARV BB RBAPE oul ded
by, f ' | . t anul ati on,
fgl I o%deﬁy r%%fgﬁ?gﬁﬁsﬁggﬁgtgﬁ%§§§é%®a§%hgévﬁé§f#%§%%%& ir drying, heat

drying or freeze drying, and calcination. There are no particul ar _
limtations regarding the calcination, but it is desirable to carry it out
at a t enperBaemecare npipantignlar Bmitipnsoregeding theniathodnflbadingotte hour s.

If the calcination temper.ature is too high, crystals of the oxides of the
I oadeg hydflﬂé‘grr?g?f‘%ﬁgré'éf’{lvg HEAPACBEH BB AN SHARRIF B ARPeM éF{llSV t he

f ar . . :
201 Vi Ty actReis SR RISE, SR RME LRk B OREMRSEAR LIS, |,
amoni um  cared ahg lirmwn etethod oah derdsipiofed Eot eamdeple) YREPeRD BEle4adadCt | Ve

metal conponents _are not released whereby sufficient active sites do not
appear on tiRethq fallovangiwanAr imaregnating sohyion iseprapared byndissaliingt y. |t

nydr ot reat | AR/ eiake Ry e b tingctive GofalRupaetty ik adaitrrgee
hydr ocar bonaQichtedS taibohAfes) YonPiteS 2hinMonium salts, phosphates, or oxides in
a solvent. An organic acid such as citric acid, tartaric acid, malic acid,
acetic acid or oxalic acid is then added to this impregnating solution, and
ammonium water is used to adjust the pH to about 9. The impregnating
solution which has had its pH adjusted to about 9 is then added dropwise
to the silica-alumina catalyst carrier whilst stirring to impregnate the

carrier,

There are no particular limitations regarding the solvent. Various types
can be used such as, for example, water, ammonium water, alcohols,
ethers, ketones and aromatics. Preferred solvents are water, ammonium
water, acetone, methanol, n-propanol, i-propanocl, n-butanol, i-butanol,
hexanol, benzene, toluene, xylene, diethylether, tetrahydrofuran and

dioxane, with water being particularly preferred.

There are no particular limitations regarding the mixing ratio of the
solvent and the hydrogenation-active metal components in the
impregnating solution, or the amount of impregnating solution with which

the silica-alumina carrier is impregnated. In view of the simplicity of the
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catal yst of the present invention shall be described. There are no
particular limtations regarding the hydrocarbon oil which is subjected to

hydrotreatment. For exanple, distillates and resi dT@bOdiMPETﬁml%ﬁ from

t he atnospheric or vacuumdistillation of crude oi cracked gas or'l
25 fractions or mxtures thereof can be used. Particularly suitable

are vacuums; | ’§|L g 1Al :un. gas oils for which
si mul taneouls ggh%ﬁﬁ?%?ggﬁ% gﬁ‘g nl%t@g‘glg%aolﬁéﬁg%asﬁ%f icult. Vacuum gas
oi | s are olitas pessible tdselbstr ¥dlaes width givt fid HesitddVakle foethewmowit! s from
atnmospheric distillation and are distillates having a boiling point in the

range of alfihydzvgenatiomeaciivesgompenerits onshexatdyshaftencdlanatianount of
sul fur, nitrogen and netals (for exanple, sulfur content of 2.0% by wei ght
and a nitrogen content of 800 weight ppm). The sulfur content includes

sul fur conpppd . | | C_)&]t%ﬁ;% 65 .
di met hyl di benzgﬁ%ﬁﬁgghhoeﬁ%? a%%wnél/?l ?gg@%%%{r%th ent | ﬁ%’]eu%}e%m%%%rlleél t?\ilfe' raggen
conpounds sdesbribed mbovd] nbs mae detail, anigpessible. toaadbpse iy exdmples ani t r ogen

conpounds such as Eiyr oles etc.. The nmetal content includes nic el
vanadi um iimpregnationnethodsin whichy the carmeniistiminersageimai solution phese ki nds

f a il s,ca e carried out st effectivel carding to the
byar ot r eat Siobule: S35 ¥ B E b eEEaRon AGRe sl comtmnrah i ARCHROEERncl wae

as oil fr ' ' s b o) b C.ar _hi.gher

gb;5 ai Ined bﬁkhgl%g?é#aﬁmgf%%%éngﬂ %?P r%d&%@g ﬁo% V%\Ilﬂ héa?g?g’r ogr aah&
vi sbr eaker ;preoipitdtigt nwthod igashich | the(Wfdvolemativiactive aysthEcaapowédts ( HCGO)

obtained froma catal ytjc crackin aggar atus.  There are no particul ar
|i mi tati ondSreBudtAnRguslyeprecipitated wheni produsings theneavjen; orrany other. They

can be sel ectgd accordin o] ch fagtors,as,the type.of hydrocar.bon oil
ool e GeapBip EEGRIEE Bfed,o IpFeres Do ha Staniaat of Steel diperafios

fol | ow b 8} 88hat; 6R G4 | f
200 10 500 2 prRRRAB-AHRIRHEEnatE] BdthEd WATEE 1 bl for BABSHAN 0, D)
range of 1 dmd GGWtdiniigethd physich] gaepertinatafithe rgtadpst.

The impregnation operation involves immersed the silica-alumina based
catalyst carrier in an impregnating solution at or above normal
temperature, and then keeping it under conditions under which the
desired hydrogenation-active metal components sufficiently impregnate
the carrier. The temperature and amount of impregnating solution can
be set appropriately such that the desired amount of hydrogenation-active
metal component is loaded onto the carrier. Also, the amount of carrier to
be immersed in the impregnating solution can be determined according to
~ the desired amount of hydrogenation-active metal component to be loaded.
Furthermore, where necessary, it is also possible to load other metals such

as the above-mentioned Group VII and Group IV metals.

When impregnating two or more types of hydrogenation-active metal
components on to the carrier, either of the following methods (1) and (2)
can be arbitrarily adopted: (1) advance mixing of two or more types of

hydrogenation-active metal components followed by simultaneous
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rate in.the range of 100 to 2701/1; and a liquid hourly space velocity in
the range of 0.05 to 5.0V/HV, preferably 0.5 to 4VVH V. Preferred
conditions include for exanple a reaction tenperat eaction
pressure 26 Wd%ﬁ%(%f%g&/gﬁg@{ err], a
hydr ogen-contai ni ng gas rate of 2141/1 (1200SCF/ B) and a liquid hourly

space vel oGy £ Vﬁldgnv. ' e L.op.1n the
range of 60 '_tlty)r Og%ogan e%é%l%ﬁég@ée&%ygrxg}é@n?gg%fgf% %i)g%@&g}nnc_e t he
desul furi zamietmod)ct {2)i pyepdrieg dssparateg eohiticy €t twotox @b ipedchf Vity
mai nt enance, of the hydrotreating catal yst of the present invention are

hi gh, hi gh kediesenatipatacsiveanmetahi wcomponentson follewed arbype coviseatit over a
| ong peri od. time. even, under, highly severe reacti cqnditions, .in
particul ar ,ml?é)wgpglg'@?i oRt‘ﬁ? es&§Pes Mupregnatign HBeQE’%SVi £°W%Y%’vi othgion is
high.  WeRyditroltit ealal irf\fenfiolVid %] |
hydrotreatﬂ% cat al% cany%g&ﬁés}{ee Int gR;eg?lr%Holg %g@gg gié(gi,ucgﬁfqyui di zed
bed, a boi |firsy loading aaGrowp NIIDefeménpont the ubevrdeseribell PRk st and
operation, it |? typically preferred to adopt a fixed bed. High

desul f uri za¥teBhicliawvedshy 1 ef 2 Gronnt\Hselemenb (segond stepd. by carryi ng out
the hydrotreatnent wth a conbination of a plurality of two or nore
reactors. It is particularly preferred to use a nulti-stage reactor when
the hydr ocarpemyOi thd Safride Ri r i gd‘g’?‘ f the
pr esent inventig(rjl, It ??pre eFre ast g)e%grirlgﬁ%%qg%rvgﬁslu [ m%gg?gt he

hydr ot r eat i aufiventnaétad t cdmepenents his modldéd dni, nfort eimple tablstoasdiiag, oi | .
The pre-sulfiding is carrjied_out by packing the calcined catalyst Into a

reactor; suPBHrYSIAR or otatignal sranulationy fellewed by dryime: neingeacmethod

tacti tial ith,the.distill at d ti diti
compri si ng i B8 Ha¥s Rofish” hob %if ' Frsng, et dvihe, dbeed drots ambasur o)
of 20 to 108HehaHoA! I IThede akd b habftklay I3RRERONEL QN hcateibBtign OV H

and a hydrogen-containing gas rate of 50 to 1 uri ze tﬂé active
conponent s.butfitassldsirable dotcarryi itgouti st & ltemiperathire g rthewangbead 400r td he

starting hydrocarbon-oil, the operation conditions for desulfurization and
deni t rogena'?dQ)réi or aheutsd 4p§ hgurs,df $harosdpnation spmperaturg g topdrighhe

hydrotreat r@%’caﬂg of HTBRAEE of Bd'Bladed hydrogenation-active metal components

start to form, whereby the surface area and pore volume are reduced

causing a reduction in its activity as a catalyst. On the other hand, if the
temperature is too low, ammonium, acetate ions etc. contained in the
loaded hydrogenation-active metal components are not released whereby
sufficient active sites do not appear on the surface of the catalyst causing a
reduction in activity. It is therefore desirable to carry out the calcination

gradually.

(Method of hydrotreating a hydrocarbon oil)

Next, a method of hydrotreating a hydrocarbon il using the hydrotreating
catalyst of the present invention shall be described. There are no
particular limitations regarding the hydrocarbon oil which is subjected to
hydrotreatment. For example, distillates and residual oils obtained from

the atmospheric or vacuum distillation of crude oil, cracked gas oil



27 ., ., net hods than the one descri bed above can be used for the

sul fiding treatnent such as directly contactig the catal yst with hydrogen
sul fide or other sulfur conpounds, or adding an ap ' 1859 of
hydr ogen sul fide or other sulfur conpounds to a hy@igg%?gggﬁ/ mlblf;?l%} t hen
contacting it with the catal yst. EXAMLES The present invention shall now
be describ ' tall e i f hnv hV . rative
exanpl es. #g&ﬂg?xgsgeoﬁd[ nllﬁn@‘é{n% 3ﬁgfe§§no il%t gl%é%’dﬁagé%{em#ﬁﬁ ﬁ%ggabﬁgng%y way by
the exanpl egacuund NeasTBil§0Gacked FHRAGIN aRd $HhighRIrC ghs ilP&rt | RRidhspeci fic
surface area, pore volune) of the catalysts prepared in the inventive and
conpar at i vesisndhaensis dasulfurizatish-andedepdtrogenatien s diBadtnce anal ysi s

met hod, and the nethod of evaluating the activity of the catalysts are as
fol | ows: (1) Specific surface area: neasured according to the nitrogen

adsorption 1@@9 T a2t had)y, ( OhH.‘%ﬁ' . -dingeto the
nitrogen adggép IO%@E&%&&W%%{%% e%%d ner%ru;@a%%g?lggqlgn@'pfgegﬁne hod; the
ni trogen adeeididlopilsdidiadatnesphRrildistdiaten BB dreTeistillhtes G Eld bed in
P.H Emrett et al, "Catalysis”, Vol. 1, p.123 (1959) (Rheinhold Publishing

Co.) and Shewlibgipaint ik thgkaange wflabout 37060- snut BIIC. ( [Sohé somtaimbya Chijin
Shokan) . ari ous tho have been proposed. for correcting the nifrogen
adsor p% i on ‘?\éé’f A8 rOfrr:ﬁ)&ﬁ*\rA pyfressn énﬁatygf@i%g“%ﬁﬁﬁmi% %lﬁf}vgmte%ef dat a
relating t oL ¢ V. g the. ' t g I d rdi ng
to the %JHOzrr'gtﬁg’g us% %@%ﬁ&iﬁéﬁ&ﬁ&é@@%ﬁ@%%@ﬂ ?%hetcgéfshg'r g?ltao%‘ﬁ?lglgt her m
The BJH netdndentint®aded fdfud condpoitidsNiRh. as@ aisthPdbenzéthiophéne, 4,673

(1951), E. P Barrett, L.G Joyner and P.P.Hal enda. o
dlmethyldﬂ)enzothmp ene; the nitrogen content includes basic nitrogen

compounds such as pyridines, amines, amides etc. and weakly basic
nitrogen compounds such as pyroles etc.. The metal content includes
nickel, vanadium, iron etc.. The desulfurization and denitrogenation of
these kinds of vacuum gas oils can be carried out most effectively

according to the hydrotreating method of the present invention.

Cracked gas oils include gas oil fractions having a boiling point of about
200 °C or higher obtained by the thermal cracking of residual oils with
coker or a visbreaker; and light cycle gas oils (LCGO) and heavy cycle gas
oils (HCGO) obtained from a catalytic cracking apparatus.

There are no particular limitations regarding the reaction conditions of
the hydrotreatment. They can be selected according to such factors as
the type of hydrocarbon oil and the desired degree of desulfurization and
denitrogenation. The following conditions can be adopted: reaction
temperature in the range of 200 to 500 °C, preferably 280 to 420 °C;
reaction pressure in the range of 1 to 200kg/cm?; hydrogen-containing gas
rate in the range of 100 to 2701/]; and a liquid hourly space velocity in the
range of 0.05 to 5.0V/H/V, preferably 0.5 to 4V/H/V. Preferred conditions

include for example a reaction temperature of 370 °C, a reaction pressure

26



28

t énsion was set to 485 Dyne/cm and it was assuned

cylindri cal

Tabl e 1.
type

(ppm
800

370

Sul fur cont

) Wth respect to the nmercury polosinetry, the contact angle of
the mercury with respect to the catalyst was set to 130[err], the surface

es were

i n shape. (3) [err]Si-nuclear masurgﬁﬁﬁqwgﬂﬁy@@gﬁgéccor di ng

to the nmethod descri bed above. (4) Catalytic Activity Evaluation: a

leed as ¢ neosaMERS: T kel soniinde G LB AN oRISGR I hdle

vacuum
wer e
in

el oot . BL havi h %eqpleoil
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(g/ M @5 [ ecoricEhtration in the range of 6(01®2AD0% can beDubdd as thel hiydrogent ent

20000 18500 Ni trogen cont ent

contgming agas- ofincenthe idesylfurivatipar agtivity,(the denitrogenation

60 Hydr og%%t%ég%/ %g"}ﬁ%gé‘?ﬁf? g’é%‘?’%&;‘eé}f the hyfiiBB:eating cat@x&%‘)f &% qui d
Hourl'y SpacgradehPshdontiod ¥evhigh, high HeQulfuriz

a
ent (ppm 500- 2500

content (ppedgn be achieved over a long2périSd®f time 20¢h iitler highly )severe
Hydrotreat nent test ngthod The hydrotreatnent test was carried out using a

fixed bed f
t he reactor

resstiopeonditions,oin Fakags low; yegction Heressiresy 8t whichpthe

tion anfd &’éﬂ%génﬁﬁbn RaQperties
3 500-2500 N trogen

ed into
ume of

.ora-. sul fi. Ll, prepared by incorporating 3% by vol
carbon di su??tﬁ'&g%?eg%apf?}lgﬁgﬁ?’bé}ﬁ sanple oil was then flowed through the

reactor for

40 hours to

When carrying out hydrotreatment of a hydrocarbon oil, the hydrotreating
catalyst can be used in the form of a fixed bed, a fluidized bed, a boiling
bed or a moving bed. From the viewpoint of apparatus and operation, it is
typically preferred to adopt a fixed bed. High desulfurization and
denitrogenation rates can be achieved by carrying out the hydrotreatment
with a combination of a plurality of two or more reactors. It is particularly

preferred to use a multi-stage reactor when the hydrocarbon oil is a heavy
oil.

In the hydrotreating method of the present invention, it is preferred to
carry out a pre-sulfiding of the hydrotreating catalyst before the
hydrofreatment of the hydrocarbon oil. The pre-sulfiding is carried out
by packing the calcined catalyst into a reactor; supplying a sulfur-
containing distillate to the reactor; contacting the catalyst with the
disﬁ]late under reaction conditions comprising a temperature of 150 to
400°C, a pressure (total pressure) of 20 to 100kg/cm?, a liquid hourly space
velocity of 0.3 to 2.0V/H/V and a hydrogen-containing gas rate of 50 to
1500111 to sulfurize the active components. The. sulfur-containing
distillate is then switched for the starting hydrocarbon oil, the operation
conditions for desulfurization and denitrogenation of the starting

hydrocarbon oil are set, and then the hydrotreatment is commenced. Other
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presul.fize the catal yst. Next, the sanple oil was flowed through the

reactor for about 24 hours to obtain a product oil in a state of reaction
29 | cTABS00 8

L . . . TN980018 (F
(PCT/ JP99/ 01288) equi librium The desul furization act |8$/| ty ané)il )

denitrogenation activity of the catalyst were determ ned fromthe

measur nent s e far I n Sp egsa &L and
product oi |‘9“8£1h&e‘i_%r ggﬁ&:ﬁi%ﬁ %gﬁ%ﬁgaaﬁg%g%uﬁ Hj?stegnf n??é g%‘giril contents
of the prodygehtRbht Nich 85 Aivectly chbabadigl the cataly¥¥RiiEh hyddogdd seHidefoxpur e
water were heated to 70 [err]C, and 220g of sodi um alum nate were dissol ved

therein to qthepasudfunceaop ,soi atldng ah asppiiopmai¢ wmnmteohhydregen pH of
about 12. Next.,. a so] uti of nitrig¢ aci s added.,over,.25 mputes to
adj ust the ﬁﬁﬂ%éﬁoerw@%w To$PTRROY %%gyﬁgo%ﬁb%%an hon coptaclng t hen
aged at a tﬁ%‘?ﬁ%@%ﬁtﬂ&stm [err]C for 0.5 hours to prepare an aqueous
solution containing a precipitate (gel) of alum na hydrate. Next, an

aqueous solution of sodiumsilicate (No. 3 water glass 49g, pure water
200g) was added over 21 minutes, where necessary adding nitric acid
sol ution t cEXAMBILES\d mai ntain the pH of the obtai ned aqueous solution to

bout 9. Thj th d at t t .,0f, ab {0 Cf 0.5
Pour's to pr EpaNBeson BrVaRaanyShall O e OHEEtiiee: Hb GPLL Pafls RS Favi ng a
il hyd ﬁ%@ j ”g;ié B | P . 9851 is Thi

:: ulr ?3 I ?/q[ll \?&?@%@ﬁﬂlﬂ??gpﬁ Jfawashéé{?lﬁvéltgﬁ’aan agg%%égrl@gﬁjtl O%\s ofI >

ammoni um cahépimbidedtd be likdtedii aﬂy@%wwth@éﬁmlies. the filtrate was no
nore than S5ppmto prepare a cake-shaped silica-alumna carrier. This

cake-shaped silica-alumna carrier was then kneaded in a kneader at 80

[err] C whil dryin til the. angunt, of. water reached | evel where

oul i ng. beChan bt P measiFint i Rhpriodl Toperg (Raertin SafioedtiBaor 1 5m
di amet er usj "ﬁﬁ I 45t u t bepygried at
120 [err]C *]J(;)i% ?@ oar S a%gc#ﬁgjr?g%?fr%ggn%gr% @8%%2%@%@6§phour séjt o]
prepare t heegsnpled! thd MSimasdédrs mgnetib) Rebhacet Healgsisrmethdd) and the

[err] Si-nucl ear magnetic resonance anal ysis are shown in Table 2. "Next,

the silica- methodaf evalnating\the activitypfahe ¢atalysts sap asfelows:pr epar ed aqueous
solutions of cobalt nitrate (cobalt solution) and nickel

(1) Specific surface area: measured according to the nitrogen adsorption
method (BET method);

(2) Pore volume: measured according to the nitrogen adsorption method
(BJH method) and mercury porosimetry method; the nitrogen adsorption
method and mercury porosimetry method are described in P.H.Emmett et
al, "Catalysis", Vol. 1, p.123 (1959) (Rheinhold Publishing Co.) and
Shokubai Kogaku Koza, Vol. 4, p.69-78 (1964) (published by Chijin
Shokan).

Various methods have been proposed for correcting the nitrogen
adsorption method for multi-molecule layer adsorption. However, the data
relating to pore volume in the present invention was calculated according
to the BJH method using adsorption measurments of the adsorption
isotherm. The BJH method is described in J. of Amer. Chem. Soc., Vol.
73, p.373 (1951), E.P.Barrett, L.G.Joyner and P.P.Halenda.
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30, .. nitrate (nickel solution) to give CoO and N O contents of 4% by
wei ght and 1% by weight , respectively. The inpregnated carrier was then
dried at 120[err]C and then cal cined at 450[err] C

silica-alumna carrier |oaded with cobalt and ni ckg‘fi@oﬁgwh?%%mczg?)ri er
thus prepared in advance (i.e. the carrier |oaded with nickel and cobalt)
was i npregnated with a separately prepared aqueous sol ution of amoni um
par anol ybdat e (nol ybdenum sol ution) to give a MoG3 content of 16% by

wei ght. |1t Wish desprdt 86 tHe Blatiulycpolosirhdted, thel conbadd igldePtles fdechmy pr epar e
catalyst A The silica content in catalyst A was 12.2% by wei ght . Next ,
a hydr ot r eaWiihrespeet: tothieratalysp veasoset to, 1368, deet surface tangion was sektb out to

determne th sul,furization activit n i trogenati on acti.vity of
catal yst A 4%$Wcépaﬁo‘§%§@§§%’n€éﬁgﬁg@gf%ﬂﬁ 'WP%,Cyﬁﬁé’éF?li sur f ace
area, pore ypisdre, [err]Si-nuclear nagnetic resonance anal ysis) of catalyst
A and the results of the hydrotreatnent test are shown in Table 2.

(3) *Si-nuclear measurement analysis: according to the method described
above.

(4) Catalytic Activity Evaluation: a vacuum gas oil A and a vacuum gas oil
B obtained from Middle-East crude oil were used as the sample oil. The

properties of each sample oil are shown in Table 1.

TABLE 1
Sample oil type A B

Sample oil properties

Density (g/ml@15°C) 0.922 0.918

Sulfur content (ppm) 20000 18500

Nitrogen content (ppm) 800 785
Reaction Conditions

Temperature (C) 370 370

Pressure (kg/cm?) 60 60

Hydrogen gas/Sample oil ratio (SCF/B) 1200 1405

Liquid Hourly Space Velocity (V/H/V) 1.0 1.0
Product oil properties

Sulfur content (ppm) 500-2500 500-2500

Nitrogen content (ppm) 200-500 200-500

(ii) Hydrotreatment test method
The hydrotreatment test was carried out using a fixed bed flow-type

reaction apparatus. First, the catalyst was packed into the reactor. A pre-
sulfided oil prepared by incorporating 3% by volume of carbon disulfide
(CS,) into a sample oil was then flowed through the reactor for 40 hours to
presulfize the catalyst. Next, the sample oil was flowed through the

reactor for about 24 hours to obtain a product oil in a state of reaction
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31, _ Table 2

EXAMPLES 2 3 4
Cat al yst _ _ A TﬁQSOOl éﬁ%T/Jng/mé%si 1)
Silica content in carrier (Ww.% 12.2 16.4 16.5 2) |err]Si-NWR

analysis [err] area proportion of-80ppmpeak (%9 *1 21.6 14 2 13. 1 27.0

4.5 o5, 5 AR, PRI Darian oquifty abl ElifspcalbB ISR B oo

proportiontled cabdlgptnwaaakddtt@mived fidn The2fedsurderts dBtHe [salfuy sodbi ned

area proportion of -80, -86 and -92 ppm peaks (%9 *1 86.4 57.2 76.7
87.7 (3) pwfapggermntmt%em the rﬁ@!@lecoﬁpenénpl@d(ﬂm 0. éI‘l{@rne]actwq err]

16 16 &e&l \ﬁ?u £ ]13 3.9
38 4.2 F%q e sulfur and nitrogen contents of thegproducy oil grg ;7
(4) Pore S rr]PVierr] (m/Q) *3 0. 47 0.48
0.44 %ﬁ 5%) glp‘)aébclléﬁl c surface area (nferr]/qg) 263 255 252

280 Hydrot reat ment test (1) HDS/HDN (%9 *4 133/ 130

123/ 132 119h%AQBLE/ 06

3 litres of pure water were heated to 70 °C, and 220g of sodium aluminate
were dissolved therein to prepare an aqueous solution of sodium
aluminate having a pH of about 12. Next, a solution of nitric acid was
added over 25 minutes to adjust the pH of the solution to the desired pH
(8.8 - 9.2). It was then aged at a temperature of 70 °C for 0.5 hours to
prepare an aqueous solution containing a precipitate (gel) of alumina
hydrate. Next, an aqueous solution of sodium silicate (No. 3 water glass
49g, pure water 200g) was added over 21 minutes, where necessary adding
nitric acid solution to adjust and maintain the pH of the obtained aqueous
solution to about 9. This was then aged at a temperature of about 70 °C
for 0.5 hours to prepare a slurry liquid containing precipitate particles
having a silica hydrate deposited on the surface of the alumina hydrate gel.
This slurry liquid was then filtered and washed with an aqueous solution
of ammonium carbonate until the sodium concentration in the filtrate was
no more than 5ppm to prepare a cake-shaped silica-alumina carrier. This
cake-shaped silica-alumina carrier was then kneaded in a kneader at 80°C
whilst drying until the amount of water reached a level where moulding
became possible, and then shaped into cylindrical pellets of 1.5mm
diameter using an extrusion moulder. The moulded pellets were then
dried at 120 °C for 16 hours and then calcined at 700 °C for 3 hours to
prepare the carrier. The results of subjecting the carrier to *Si-nuclear

magnetic resonance analysis are shown in Table 2.

Next, the silica-alumina carrier was impregnated with separately

prepared aqueous solutions of cobalt nitrate (cobalt solution) and nickel
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*1: Proportion with respect to area of all peaks *2: Content of active
conponent in catalyst in terns of oxide *3: Pore volunme occupi ed by pores

having a pore dianeter in the range of 0 to 300 AnggkdR c{;ﬁ,ggr(@@% _
adsorption nmethod) *4: Relative value with respect to HDS(desul furization

rate)/HDN (denitrogenation rate) of Conparative Exanple 3 (Table 3). v oth
i : () ct e
32 HitrdYE eY'%oﬁi%@-ﬁ;a %'}veACGQt Zhd NiP c¥RfenkS %? 34; /g gals)u %eggiﬂ y

sane way as Exanple 1 except 't an aqueous sol ution of _ icate
(49g No. 3 awd d% dd;amig}?ﬂ()g:eppec&i\x@y.er)'l,‘h@s‘n@ddgqhﬂ?ﬂtdsunﬂie& Wia@tl?ﬁg | th ead
of the step,of ~adding the sodiumsilicate sglution (No.3 water gl ass g,
pure wat er %%)ato@/%&%aﬂér thep eplcimed pt 458C tvhprepare @ stlita-alvmina t he

catal yst a . () el ght.,, . X1 rotreat nent of A sanple .oil was
carri ed outc\%_%glle%ét’%g?(g%vﬁ c%&% ﬂngg?lq{ﬁt\ ultﬁ% CRZAEN glﬁusan‘_?Rr;rDrFa Bnd
deni t r ogenaddwihcaql.bY the cafriéaloalded twith rilRelPdNE okl B%Mﬂrégnfc’gdc atal yst
A(chem cal conposition, specific surface area, pore volune, [err]|Si-nucl ear
magnet i ¢ r estthamsep anattlypreparsbaquesuseslition off iy paraeeslybditet est are
in Tapl

shown in aé)mﬁygdenum solution) to give a MoO, content of 16% by weight . It was

dried at 120°C and then calcined at 500°C to prepare catalyst A. The

silica content in catalyst A was 12.2% by weight .

Next, a hydrotreatment test using sample oil A and catalyst A was carried
out to determine the desulfurization activity and denitrogenation activity
of catalyst A. The physical properties (chemical composition, specific
surface area, pore volume, *Si-nuclear magnetic resonance analysis) of

catalyst A and the results of the hydrotreatment test are shown in Table 2.
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COVPARATI VE

1 2 3 Catal yst
(1) Silica content in carrier (W.% 12.5
[err] Si-NVR analysis [err] area proportion

4.6
(%9 *1
[err]
conbi n
41.0

12

ar ea
ed a
50

.2 [err] conbined area prwn of

Tabl e 3
EXAVPLES
TN980018RPCT/ JP99/01288)
16. 8 8Jf 2 (2)

of -80ppm peak (%9 *1 7.4

—38—9 2+ 80— —Ferr+S—NvRearalysts—of—eqrri er
proportion of -80ppmpeak (9 *12 8.9 EXAMPLES?25.8 [érr]
ea proportion of -80, -86 and -92 ppmypepksy (% %l

—-6—(3)—Hydrogerattor—act+veretat

Catalyst A B C D
(1) Silica content in carrier (wt.%) 122 | 164 | 165 | 8.3
(2) *Si-NMR analysis

+ area proportion of -80ppm peak (%) *1| 216 | 142 | 13.1 | 27.0
+ combined area proportion of

-80, -86 and -92ppm peaks (%) *1 483 | 285 | 39.1 | 50.7
(2)’ ®Si-NMR analysis of carrier

« area proportion of -80ppm peak (%) *1 | 349 | 26.1 | 249 | 384

- combined area proportion of

-80, -86 and -92 ppm peaks (%) *1 864 | 572 | 76.7 | 87.7
(3) Hydrogenation-active metal
components (wt.%) *2
- MoO, 16 16 16 16

« CoO 3.9 3.9 3.8 4.2
+ NiO 0.9 1.1 0.9 1.0
(4) Pore structure

* PVig.300) (ml/g)  *3 0.47 | 0.48 | 0.44 | 0.47
(5) Specific surface area (m?%g) 263 | 255 | 252 | 280

Hydrotreatment test
(1) HDS/HDN (%) *4 138/130(123/132(119/140|116/106

*1: Proportion with respect to area of all peaks
*2: Content of active component in catalyst in terms of oxide
*3: Pore volume occupied by pores having a pore diameter in the range of 0
to 300 Angstroms (nitrogen adsorption method)
*4: Relative value with respect to HDS(desulfurization rate)/HDN
(denitrogenation rate) of Comparative Example 3 (Table 3).
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-80, -86 and -92ppm peaks
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conponents (w.% *2 [err] Md{Jerr] 16.1

16.0 16.0 [err] CoO 4.0 4.2

4.1 [err] NO 1. 0TN98001§(P%T/JP99/012§880 (4)
Pore structure [err] PV[err] (m/Q) *3 0.44 .41
0.47 (5) Specific surface area (nferr]/Q) 253 250 282
Hydr ot r eat WUOMP%ERA@WE*WE%P *4 80/ 108

90/ 106 100/100 *1: Proportion with respect to area of all peaks *2:

Cont ent of Actitalystanwas@reparedciat ekyctly the semoswaf aeXExtemplR 1 Rxteptvol une
occupi ed by _pores having %Hp_ore dianeter_in the range of 0 to 300 Angstrons
(nitrogen dran AGHeoRs Relutionsof sedinm silicats (A92WNoh3rwatesglasy 200g

HDS( desul f;ﬁﬁlzea&'ia%}) rwaa:[segédi%\lwgtﬁﬂig ﬁﬁﬂg%%tiingt%aa%@tj e%q:epcgfg% A \f% Exanpl e

3 (Table 3)% 2)
Cat al yst B ysdui SBRAHS sbl@lﬁoiegﬂ@._gew%éf g‘%sgﬁ@@)?ﬁré v@%?pzoo?g%bef' gt 1'i €

acid solution was added over 24 m nutes adjust the pHto e desired pH
(8.8-9.2) iperiehdf @1 mivuteseThef sitiddi coptentt in thacathlpst atwasn 12)686 b3

m nutes to adjyst t Fl—ht&the desired pH (8;8-9.2), and that an aqueous
sol ution of Welghtm Sexl.chydrotrentment: ofy Agsamples o was rearnigdesutousing was

odi um si 1 creleRd S ThEWetlnntifydh iR SouiR OURR A e,
The silica sfutalyst A) TBiepNpdicdd ﬂﬁ?eﬂt@es“@f’&!al‘ﬁ@ﬁ AlchemiEHCERp 'gig,”t of

sanple A was carried out using catalyst B undef thé above-descri
hydr ot r eat nspecifiorsfirfacensarea, tppae volmes #Sivmiciedy anagmeticlaristnagenat i on

activity of catal yst The .physi.cal properties of catalyst B (chem cal
conposi t i on?nglﬁﬁléyPPé%gﬁF?ﬂg éf@%?,ahlﬁ&o&rea&ma%ﬁeswm FQ?WHGEI edagnet i c
resonance analysis) and the results of the hydrotreatnent test are shown in
Tabl e 2.
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(EXAMPLE 3) Catal yst C was prepared in the sanme way as Exanple 2 except
that an aqueous solution of sodiumsilicate (No.3 water glass 69g, pure
wat er 200g) was added over 33 minutes instead of tiResosisgpcT?frogaaissy t he
aqueous solution of sodiumsilicate (No. 3 water glass 69g,

200g) over
wei ght .

Next ,

The silica content
hydr ot reat ment of a sanple oil

20 m nut es.

pure water

in catalyst C was 16.5% by

was carried out using catalyst
C under the above descrl bed hydrotreat ment conditions to test the

desul furiz deni nation ty of catal yst C_The physi cal
properties|of cat aI yst C (chem' cal conpositiqgn, N@ce afea, pore
vol unme, [efr] Si-nuclear magnetic resonance aral yS| S N i_:é results of the
hydrotreat rent test are shown in Table 2. (cave, LE 2
Cat al yst bjwas prepared in the sane way as anpje exgept|thag an
35 Bwus Solation of sodirumsriicate (NO. 3 wafer prass o69g, pure
wat er 200g $tdded within 10 minutes instdad &f tlhe 8tep|of Cdding the
aqueous sol(@) Stlica0dontenl Mhediier (At 2)( No. 3 wqt e12.§! 4ss1689, | puge water
200g) over |20 mnutes. The silica content inj{catalyst b was|16.8% bhy wei ght
. Next, hydrotreatnent of a sanple oil was cdrried dut usi ng catal yst b
under the §BpPSi-NMR amadgisisydr ot r eat ment conditions Jto test|the
desul furi zatigp.4 Qgg@% wirty jof taly b. | Thg physi cal
properties ofgc% fhﬂgﬂgﬁ{)gh caPe gggs:ltl n, é%ecifisz%Gsu fralge anjea, pore
vol une, [e r]Sﬁ’m aﬁgﬁ@‘ﬁ@iafesonance anal ysis)| and the resultis of the
hydr ot r eat Tentg(j e§b aRdesg daks (9 l=q 3. (IEXAVBLE 4)2Gat al yygtg D{was
prepared in the sane way as anple”1l except |that niftric acjd sol utji on was
added over |20 mnutes to adjust the pHto thg desired pH (8;8-9.2) {i nstead
of the ste%(ﬁ;iﬁ"&ctdi\mahagrsm éfdaeriagi d sol uti on over 25 mnules to 4dj ust
the pHto te at uejou ol uti off sodi um
silicate (fo égggkroﬁo%gﬁgn@ﬁoyr‘%@eeﬁ&% o dogfdag 387 'A%k
- combined area proportion of
-80, -86 and -92 ppm peaks (%) *1 48.4 41.0 50.6
(3) Hydrogenation-active metal
components (wt.%) *2
* MoO, 16.1 16.0 16.0
« CoO 4.0 4.2 4.1
* NiO 1.0 1.2 1.0
(4) Pore structure
* PV(o_goo) (ml/g) *3 0.44 0.41 0.47
(5) Specific surface area (m?*/g) 253 250 282
Hydrotreatment test
(1) HDS/HDN (%) *4 80/108 | 90/106 | 100/100

*1: Proportion with respect to area of all peaks
*2: Content of active component in catalyst in terms of oxide

*3: Pore volume occupied by pores having a pore diameter in the range of 0

to 300 Angstroms (nitrogen adsorption method)

*4. Relative value with respect to HDS(desulfurization rate)/HDN

(denitrogenation rate) of Comparative Example 3 (Table 3).
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added over 20 minutes instead of the step of adding the aqueous sol ution of
sodiumsilcate (No. 3 water glass 49g, pure water 200g) over 21 m nutes.

The silica content in catalyst D was 8.3% by wei gh 800@%9}@@/35% t of a
sanple oil was carried out using catalyst D under the above-descri bed

hydrotreatment conditions to test the desul furization and denitrogenation

activity OKEMZEZ D. The physical properties of catalyst D (chem cal
conposition, specifi (,) surface area, pore volune, [err]Si-nuclear magnetic

resonance @ahlst P wasPréperadeinfhessadhe Wiy AyBkoinpdal rexabpt £t itdc shown in
Tabl e 2. ( COMPARATI VE EXAMPLE 3) Catalyst ¢ was prepared in the sane way

as Exanpl eagideselupiont was addedqven 24 minutesdn agjusiothantkte thadesired. 3 wat er
O o a0 PR @ 4B 55 B of TR W L hdhg i uiE LTSSy e St eP
sol ution ogm-% ' i w@éF Ha@s , I over
20 m nut es. ngéésjlﬁ} ?g%isggiﬁtgg@?? F}ﬁ%at a %/ds? C \/\%21%’ aﬁ/gg'?ay\/\\g%lg{ﬁ‘%gg%xt ,
hydr ot r eat gohiticd oft sedivmh siliddte \P®.3 ardter ¢lasst 6945 i oreCwatdyy 3008 wader the
above-described hydrotreatnment conditions to test the desul furization and
deni t r ogengdided oxer 20 mjnwies dnstgadf the step o addingthe)aapecus spduen cat al yst
¢ (chem cal ,composi t.ion,,spgcifjic surface area 0, olu .

[err] S - nudf SRR stleate (NoD 3 skaneE elass 4. pise Waten $00e) oyer 21 minugery

hydr ot r eat 1F : ' - 4% EWE ﬁh%{' havi ng

t he proper%sﬁgmﬁfﬁltﬁgﬁ%ﬂﬁ ?Naﬁzwgrgol t]%/e(}{ in the 'flg% owen?égt%ﬁﬁgr. 3

litres of pufplechewaveaarfiedt @at ucingd chtalydtCBandded Ty eohb@eddastribedm nat e
was di ssolved therein to prepare an agueous_sol ution of sodium al um nate

having a physrosatmentconditions to testghadegulfprization anssdenitrogenationi s
2 st the agEvEy ohRflyaloR o Rl BhveBa Rl Y FriefiB Bemd' 1o
then composition, specific surface area, pore volume, ®Si-nuclear magnetic
resonance analysis) and the results of the hydrotreatment test are shown
in Table 2.

(EXAMPLE 3)

Catalyst C was prepared in the same way as Example 2 except that an
aqueous solution of sodium silicate (No.3 water glass 69¢g, pure water
200g) was added over 33 minutes instead of the step of adding the agueous
solution of sodium silicate (No. 3 water glass 69g, pure water 200g) over
20 minutes. The silica content in catalyst C was 16.5% by weight . Next,
hydrotreatment of a sample o0il was carried out using catalyst C under the
above-described hydrotreatment conditions to test the desulfurization and
denitrogenation activity of catalyst C. The physical properties of catalyst
C (chemical composition, specific surface area, pore volume, ®Si-nuclear
magnetic resonance analysis) and the results of the hydrotreatment test

are shown in Table 2.

(COMPARATIVE EXAMPLE 2)

Catalyst b was prepared in the same way as Example 2 except that an
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aged far 0.5 hours at 70 Cto prepare an aqueous solution conprising an
al um na hydrate gel precipitate. To this aqueous sol ution was added

within 10 minutes an aqueous sol ution of sodium sithdse@iserde) BEHOERSPY
di ssolving 32g of No. 3 water glass in 200g of pure water. It was then aged

for 0.5 hours at a tenperature of 70 [err]C, where necessary adding nitric

aci d sol ut hgneds !éﬁﬁﬂi&m%f@ddﬁ.{maéiﬁb‘étegmb.@ Water PBiks 698! pife) watg!! d

containing precipitate particles conprising sillca hydra%s’e precipitate
(gel) depo200gdwas alded uwithire 10f midreteal instewd lof dhat stepr eft addingt ¢he gel ) was
prepared. This slurry liquid was filtered and the resulting cake was washed
with an aq@@Beeus splytiom, ob sodivmp Flicate AN hiveatan glass A8e.spare Water

concentr at | f theafil.ter liguid.after filtrat o_1or n_Sppm
57 ' 206 ot 20 iptess | eCsilieh Fonbent. o oRataS. B AR A% "5 b0
[err] C whi lyeighlf Yi Ne Hydrbhi@atiBbSY oﬁ%fsﬁﬂlg)lé%ﬂc&% arrfAe buftusivg ch
nmoul di ng becane possible.” It was then shaped into cylindrical pellets of
1. 5mm di anestalystsh nnpden tlee tbors-describet diydgotrpatmen tuonditiensrtntese dheel | et s

were dried for, 16 hqurs at 120 [err].C, and.thep cal cined for hours at 700
C to prepafésylferizaiion gnd danidragenabign Activiiya ohsatadest lbodl;hmgxm&ai egnat ed

with an aq |t | ' ' .e t e O,cqan in the
ragneat um DFTE e dhdtels P RERER otagolich, Rl RGO R 11 Lo
then dri edvglunie0*BehultleartHagdtid A¥nhAte anABIH Ald RO rb&iltd 6f tRe Prepare
a magnesi a-silica-alumna carrier. This carrier was then inpregnated with
an aqueous hydreireatmenit wesbatrd slown i Tablei3ni ckel nitrate to gi ve CoO and

Ni O contents of 3.8% by weight and 0. 7% by wei ght, respectively. It was
then dried at 120 [err]C and calcined at 450 [err]C. Next, the carrier was

| mpr egnat edgﬂ(ﬂm ueous sol ution of amoni um par anol ybdate (nol ybdenum
solution) to give anaﬁbq err] content of 16.6% by wei ght, followed by

drying at TilalyatT wadlitrepatdd Nothioshmé waiiPad Bikaldpls @ b thaatighiyst E
acid solution was added over 20 minutes to adjust the pH to the desired
pH (8.8-9.2) instead of the step of adding the nitric acid solution over 25
minutes to adjust the pH to the desired pH (8.8-9.2), and that an aqueous
solution of sodium silicate (No0.3 water glass 31g, pure water 200g) was
added over 20 minutes instead of the step of adding the aqueous solution
of sodium silcate (No. 3 water glass 49g, pure water 200g) over 21 minutes.
The silica content in catalyst D was 8.3% by weight . Hydrotreatment of a
sample oil was carried out using catalyst D under the above-described
hydrotreatment conditions to test the desulfurization and denitrogenation
activity of catalyst D. The physical properties of catalyst D (chemical
composition, specific surface area, pore volume, ®Si-nuclear magnetic
resonance analysis) and the results of the hydrotreatment test are shown
in Table 2.

(COMPARATIVE EXAMPLE 3)
Catalyst ¢ was prepared in the same way as Example 4 except that an
aqueous solution of sodium silicate (No.3 water glass 31g, pure water

200g) was added within 1 minute instead of the step of addihg the aqueous
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Hydr ot geat ment of sanple oil B was then carried out using catalyst E
prepared in the nmanner described above to neasure the desul furization and
denitrogenation activities of catalyst E. The pore %gﬁgﬁﬁﬁpﬁ)&%&em cal
conposition of catalyst E as well as the results o;‘r t he hydrotreatnment test
are shown in Table 4. (EXAMPLE 6) Catal yst F was prepared in the sanme way
as Exanpl e t | WQTGSi um
nitrate vvas&é&(;?iggﬁgdéo?gdn&i %]/Eca %gﬂ'c%&%até%g?aﬁgﬁggg% ;%edftggzeggo y wei ght.

Sanpl e oi | ) miautéen Fhbsitichedntentanhgutalyist earae82% bgtweighng dRixs) yst F.
The pore structure and chem cal_conposition of catalyst F as well as the
resul ts of Bydrotreatment of a sample oil was carried out using ca@iglyst c under the

o epar e | netdve kbl P A e neEr stadions be i the dehniTErEatn aRd Squeous

sol uti on Ofdé’fﬁ@}b%@h Ridck yeStanistist € | nasi nt in
the carrier of 5 obgﬁbweiégwt?n tert%dsg? Nggg%égkmﬁﬁgéﬁ&ggéﬁg%ﬁ%géﬁ

subj ect ed t® (chdmyidabicompiositiun, tspetificssindacaaséa, SHore volimep 9S8 -midlewt ure and
chem cal conposition of catalyst, Gas well as the results of the

hydr ot r eat NBAENEHES regonanggoapalysisy apdethe results)ofi\thechpdrotraasiment testnas
prepared in Exanpl e 5 except that the sodiumsilicate
aqueous so|%‘f"1@rﬁ’%ﬁ%k§$@d by dissolving 65g of No. 3 water glass in
200g of pure water and that the anmount of the aqueous sol ution of magnesi um
nitrate was adjusted to give a MyJO content in the carrier of 3% by weight.
Sanpl e oi | EXAMRIFES)subj ected to a hydrotreatnent test using catalyst H

The pore st{,’uglure g{:d cheni cal conposjtion of catalyst H as well as the
resul ts of tRIFStERFERE e Properties shawswin Tableat wasiproduced in the

following manner.

3 litres of pure water was heated to 70 °C and 205g of sodium aluminate
was dissolved therein to prepare an aqueous solution of sodium aluminate
having a pH of about 12. Next, nitric acid solution was added to this
aqueous solution of sodium aluminate over a period of about 15 minutes to
adjust the pH of the mixed solution to the desired pH (8.8-9.2). It was then
aged for 0.5 hours at 70 °C to prepare an aqueous solution comprising an

alumina hydrate gel precipitate.

To this aqueous soclution was added within 10 minutes an aguecus
solution of sodium silicate prepared by dissolving 32g of No. 3 water glass
in 200g of pure water. It was then aged for 0.5 hours at a temperature of
70 °C, where necessary adding nitric acid solution to keep the pH at about
9. In this way, a slurry liquid containing precipitate particles comprising
silica hydrate precipitate (gel) deposited on the surface of the alumina
hydrate precipitate (gel) was prepared. This slurry liguid was filtered
and the resulting cake was washed with an aqueous solution of
ammonium carbonate until the sodium concentration of the filter liquid

after filtrate was no more than 5ppm.
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39 ., . Tabl e 4

EXAMPLES 5 61@ 7 hoh g:a _
Cat al yst E F 880018 (PCT/TPOg b1 rrier
conposition (Wm.% [err] MO ig‘ﬂlgé )5.0

3.0 [err] Sierr] 10.9 10.6 10. 4 19.4 [err]

2'& :a\r/re] g)ﬁ{)'gﬂrl]lesnctaé:el srllma aﬁﬂ;l/s% a](um ng k%lea& d ak%)‘a?er at 80°C Whidst (2)
16.6 16. 6 drylfg Antil the waferTohedit] réaehtd a level at Whlch mouldmg becal?ne8 3.7
i g (3) pCS@Zgz gL&m'\J'@S[t@en] shagledrinlto ieyligdrical pellets of 1. Smmﬁiam@terﬂ
0.395 OusAigg’ an extrusion moulding apparatus. The moulded pellets were dried

for 16 hours at 120 °C, and then calcined for 3 hours at 700 °C to prepare

the carrier. This silica-alumina moulded body was impregnated with an

aqueous solution of magnesium nitrate to give a MgO content in the

magnesium-silica-alumina carrier after calcination of 1% by weight. It was

then dried at 120 °C and calcined for 3 hours at 600 °C to prepare a

magnesia-silica-alumina carrier.

This carrier was then impregnated with an agueous solution of cobalt
nitrate and nickel nitrate to give CoO and NiO contents of 3.8% by weight
and 0.7% by weight, respectively. It was then dried at 120 °C and calcined
at 450 °C. Next, the carrier was impregnated with an aqueous solution of
ammonium paramolybdate (molybdenum solution) to give an MoO,
content of 16.6% by weight, followed by drying at 120 °C and calcination at
500 °C to obtain catalyst E.

Hydrotreatment of sample oil B was then carried out using catalyst E
prepared in the manner described above to measure the desulfurization
and denitrogenation activities of catalyst E. The pore structure and
chemical composition of catalyst E as well as the results of the

hydrotreatment test are shown in Table 4.

(EXAMPLE 6)

Catalyst F was prepared in the same way as Example 5 except that the
amount of the aqueous solution of magnesium nitrate was adjusted to give
a MgO content in the carrier of 3% by weight. Sample oil B was then
subjected to a hydrotreatment test using catalyst F. The pore structure

and chemical composition of catalyst F as well as the results of the
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[err] -PV[err]/PVierr] *2 0.71 0.78 0.72 0.58 [err]

PVierr]/PV[err] *2 0.12 0.14 0.13 0.25 [err] PVierr]/PV[err]
*3 0.86 0.83 0.84 0.92 (4) Speci figgodis(FcREgBPHLas
(mMerr]/g) 270 244 267 248 Hydrotreat ment gest % *Af

108/ 107 120/113 118/102 114(130)/ (1) HDS/ HDN %
117(115) * pvtirb%re@@ﬂfeﬁ@rteéﬁar@(‘shb%dﬁxofﬂH@%t inthe carrier in terns of the
|

oxide. *2: Pore volune ratio according to the nitrogen adsorption nethod.
PV[err] refers to the pore vol ume occupi ed by pores having a pore di aneter

in the rang t Angstrons. *3: Ratio of the pore volune (PV[err]
accordi ng t@%&?ﬁﬁg}gen adsor ption nethod, and the pore volunme (PV[err])

di i hod. *4- Relat] | i th
et Lo Critfet Bl WHE brB8aN SE b SRR Sk as uiitah prcrak iR e b yse
(Conpar at i vémb%aHBf thefdquéots solutich Bf iidgnbsiudl nHSateds Sditdtba "u? ct to

the desul furization and denitrogenation activity of catalyst g nparative
Exanpl e 7).a Thegnestpmeswyient lin thet carrier of 5% bptwéight ihaterng ehdLdne

SiJerr] cogtent (20w .%_ since the amount of SidJerr] in the carrier is
one fact or ﬁ'ﬁp@iﬁ éli %E‘gf:@ then sgbleptﬁdtgg_a hydrotreatment test using catalyst G.

40 gﬂp;‘lg@gﬁ[] t t.d S e ed i n,the,sanme way
as Exanpl e e ceptS tXQWIgﬁﬁg%c%OgA&é%{’ %h\é\ﬁf"a%g(alféoﬁ'gﬂﬁl ‘8{% on of

magnesi um nisubts@f tBehpteotebatnfetiest SRNsIov AETEHId L a hydrotreat nent test
usi ng catalyst d. The pore structure and chem cal conposition of catal yst d

as well as the results of the hydrotreatnent test are shown in Table 5.

( COVPARATI V@%@% ) Catal yst e was prepared in the same way as Exanpl e
8 except th s no addition of the aqueous sol ution of nagnesium

L SRt Rok Bl SRR SRR RSl L,

vel | as thesodésml §ilicate aqueous solution was prepared by dissolving 65g of No. 3
water glass in 200g of pure water and that the amount of the aqueous
solution of magnesium nitrate was adjusted to give a MgO content in the
carrier of 3% by weight. Sample oil B was then subjected to a
hydrotreatment test using catalyst H. The pore structure and chemical
composition of catalyst H as well as the results of the hydrotreatment test

are shown in Table 4.
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of the hydrotreatnent test are

Catal yst f
t'i me taken

sodi um al um nat e aqueous sol uti

shown i
was prepared in the
to adjust the pH by

n Tabl e 5.

( COMPARATI VE EXAMPLE 6)

same way as Exanple 5 except that (i) the

adding the nitric 8{@9860%}?@%@9/61@8@ he
on when preparing the aqueous sol ution

containing the alum na hydrate precipitate (gel) was within about 2

m nutes; (i

of nmagnesi
content of
hydr ot r eat
conposi ti ol
are shown

the sane W
by addi ng 1

when prepafri

precipitate
41

t he anmount
an MyO cont
hydr ot r eat
conposi tiof
are shown |

1) the pH was set to betvng%G and 9.8; and (iii) t he anount
JIII IIIHW‘%CT%UWUQ QU} ull auvuucu Vvas (J.U UQI. ed I.U UITC (II '\/go
3% by weight. Sanple oil Blwas then EXAMRIHSto a
rent test using catal yst f. Téie porda qtrugture an chemyjcal
H—as—the—resuttstof—therhydrotreatent test
Qatedyite 5. ( COVPARATI VE EXBPLE B (atdkyst g wdd prepared in
Sk to,y hat { (i) the tine takeh to adjust jthe pH
q)e gi{hr?gg%?f)gl@gi |o)tn tojthe spdiumial um ngit e agueous |sol ution
BE e aqueous solution cobnddl n n%othe a0unm na h @r ate
(SﬁD was within about 1 | 109 | 10.6 | 10.4
(ii) the pH was set N hnd ;oard (iii)
of %em um ni trate aqueod sééél tq\ge ég“eg gﬁﬁst to give
ent of 3% by weight. A sanple oi| was ithen Sibj ect ed tola
est t The ppre stjructur¢ and chem qgal
]&gf Icylilk) 8ex§% {;\ﬂeﬁiaégsq he repul ts Jof the|hydrotreatnent test
(wt1%b |§15
* MoO, 166 | 166 { 168 16.9
+ CoO 3.8 3.7 3.8 3.7
- NiO 0.7 0.7 0.7 1.2
(3) Pore structure
* PV(g.300 ml/g 0.431]0.417 | 0.395 0.468
* PV(30.100/PV(0-150) *2 0.71 | 0.78 | 0.72 0.58
* PV(150-300/P V(0.300) *2 0.12 | 0.14 | 0.13 0.25
- PV9.300/PVioa0) *3 086 | 0.83 | 0.84 0.92
(4) Specific surface area (n%g) 270 | 244 | 267 248
Hydrotreatment test *4 108/107[120/113] 118/102 {114(130)/
(1) HDS/HDN % 117(115) *5

*1: Content of active component in the carrier in terms of the oxide.
*2: Pore volume ratio according to the nitrogen adsorption method.
PV .m) refers to the pore volume occupied by pores having a pore diameter

in the range of n to m Angstroms.

*3: Ratio of the pore volume (PV g 3og)according to the nitrogen adsorption
method, and the pore volume (PV(240)) according to the mercury

porosimetry method.

*4: Relative values with respect to the desulfurization and denitrogenation
activities of catalyst d (Comparative Example 4).
*5: () are the relative values with respect to the desulfurization and
denitrogenation activity of catalyst g (Comparative Example 7). They
represent the activity of a catalyst having the same SiO, content (20wt.%)
since the amount of SiO, in the carrier is one factor which affects the

activity.
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COMPARATI VE EXAMPLES

Tabl e 5

TN980018 (PCT/JP99/01288)

(COMPARATIVE EXAMPLE 4)

Catalyst d was prepared in the same way as Example 5 except that there
was no addition of the aqueous solution of magnesium nitrate. Sample
oil B was then subjected to a hydrotreatment test using catalyst d. The
pore structure and chemical composiﬁon of catalyst d as well as the

results of the hydrotreatment test are shown in Table 5.

(COMPARATIVE EXAMPLE 5)

Catalyst e was prepared in the same way as Example 8 except that there
was no addition of the aqueous solution of magnesium nitrate. Sample
oil B was then subjected to a hydrotreatment test using catalyst e. The
pore structure and chemical composition of catalyst e as well as the results

of the hydrotreatment test are shown in Table 5.

(COMPARATIVE EXAMPLE 6)

Catalyst f was prepared in the same way as Example 5 except that @) the
time taken to adjust the pH by adding the nitric acid solution to the
sodium aluminate aqueous solution when preparing the aqueous solution
containing the alumina hydrate precipitate (gel) was within about 2
minutes; (i1) the pH was set to between 9.6 and 9.8; and (@iii) the amount of
magnesium nitrate aqueous solution added was adjusted to give an MgQO
content of 3% by weight. Sample oill B was then subjected to a
hydrotreatment test using catalyst f. The pore structure and chemical
composition of catalyst f as well as the results of the hydrotreatment test

are shown in Table 5.

(COMPARATIVE EXAMPLE 7)

Catalyst g was prepared in the same way as Example 5 except that (i) the
time taken to adjust the pH by adding the nitric acid solution to the
sodium aluminate aqueous solution when preparing the aqueous solution

containing the alumina hydrate precipitate (gel) was within about 1
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4 . . .5 6 7 Cat al yst d e
f g (1) Carrier conposition (wt.% J[err] MO

0 0 3.0 3.0 [err] Siderr] 20.0
10.7 10.6 [err] Alferr](err] TNQSOOI%@?TKJPQQ}%B&(% 86. 3

86.4 (2) Active conponents in catalyst (wt.% *1 [err] Mo(Jerr]

16.8  16. ,ﬁmutelgl)%e pHOwEs b&{ {d bétHQen 10.0 apd_10.4; and @ii) the g_nﬁmﬁlt o7

3.8 3.8 [err 0.7
(3) Pore staflmlagnesmm rditfAe edqdeoﬁls/ @lution added was hdjudsted b an0. 554
0.501 [err] PV[err | PV[ erij 0.81 0. 58 0.44 0.60 [err]

PV[ err ]/ PV{MBP)] cew ent of 8 by Wemht A papgple oid.was [then|subjated | voPe] err]

293 250 hvdspteblmeny ol uping et o P oohs sBhily vk il V'
100/ 100 88/&%0&%155% f{} e a§3w ].ggé"tﬁé"r é?fltsa&t\‘[ ‘é%ﬁﬁ%%%ﬁ% nk @e

carrier in terns o Fe Vol UNe Patio aecor

ni trogen adﬂemmbmnnnnﬁhbMuﬁ. PV[err] refers to the pore vol une occupled by
pores having a pore dianeter in the range of n to mAngstrons. *3: Ratio of
the pore volunme (PV[err])according to the nitrogen adsorption nethod, and
the pore volunme (PV[err]) according to the nmercury porosinetry nethod. *4:
Rel ative values with respect to the HDS (desul furization rate) and HDN
(denitrogenation rate) of catalyst d (Conparative Exanple 4).
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(EXAMPLE 9) Catalyst | having the properties shown in Table 6 was produced
inthe followng manner. 3 litres of pure water was heated to 70 [err] C and
205g of sodium al um nate was di ssolved therein to S

sol ution of sodium al um nate having a pH of about @%@%@?ﬁg?@?%yam d
solution was added to this aqueous solution of sodium alum nate over a
period of about 15 m nutes to adjust H of the m xed solution to the
desired pH —t t-hen—aged—ot—0-5-hours—at—F0—C—te—prepare an
aqueous so| ution conprising an alum ;Fa HGONRARATIVEEXAMPIRES. [To this
aqueous soj ution was added within 10{m n,\{ﬁt e a’r}.2 aqlieo sbl ut4 on |of sodi um
silicate pj f } No——wat-ergHass—a—280g-of pure

wae t han 2
VVA I

gHa5Ss
water. |t

necessary
way, a slu
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until the
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give a Bl e
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pell ets of
noul ded pe
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| 4
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~

q
1% by |
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bp t he |
varti cl

0.9+ 4
d was ¢
It was

en shayj
20 Tern
Thils ¢
ndgry ck

[err] C

ur e of
bH at a
s havi

| uBPna
et
br 86i9 1 ¢
bdded t
t hen
cont ent
ped i nt

] asp
ar 88er

elgmti
r espect

Next ,

(

qr a

70 gerr
bout 9.
ng silic
hydiat e
t ef(eg
bni um ¢
Br i
b this c
Kneaded
reache
b cylind
i t‘gﬁ c
was-8 np
atgo
ively.
it was

r}

a hydrat e

C, where
nthis

aind t he
ar bonat e
wafs no nore
hke to

n a

5 a | evel
rical

The

Al ci ned

[ egnat ed
gi ve CoO

t was

nium p
% %4\/\3
¢ 8-9o¢
0.58
0.27
0.97

of ammmy
o4
0.81
0.11
0.71

i npr egnat e
sol ution) f
at 120 [er
44

(3)Pobe struafiueous sol ution
otg;'vve a MoQ,err] content
] Craneseon &&ati on at 500

" PV(30.100/PV(0.-150) *2

* PV (150-300/PV0-300) *2
*
3

ir anol yH
[ g
B85y
0.44
0.28
0.95

bl ybdenum
by drying

pdat e (1

ol d

aIOy I
0.60

0.26

* PV 0.300/PV 240) 0.67

293 259 252 210

(4) Specific surface area (m?%g)

Hydrotreatment test *4

(1) HDS/HDN %

100/100 | 88/102 | 86/85 | 82/79

*1: Content of active component in the carrier in terms of the oxide.
*2: Pore volume ratio according to the nitrogen adsorption method.

PV(n,m) refers to the pore volume occupied by pores having a pore diameter
in the range of n to m Angstroms.

*3: Ratio of the pore volume (PV(q 3oy according to the nitrogen adsorption

method, and the pore volume (PVg4) according to the mercury
porosimetry method.

*4: Relative values with respect to the HDS (desulfurization rate) and
HDN (denitrogenation rate) of catalyst d (Comparative Example 4).
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Hydrotreatment of sanple oil B was then carried out using catalyst |
prepared in the manner descri bed above to neasure the desul furization and

denitrogenation activities of catalyst |I. The poreTﬁsgdiﬁﬁl’éfcﬁPngzﬁﬁem cal
conposition of catalyst | as well as the results of the hydrotreatment test

are shown in Table 6. (EXAMPLE 10) Catalyst J was prepared in the sane
manner as HEXAMPIE @xcept that the anount of boric acid solution added was

adj usted to,give a_horia content. of 3% by weight in terns of B203. A
hder otreat ga\it’%fsl ng ihe inrepexfiesoshovmpinelable B was prpdowedlinsthel. The

. g he
pore structgig dindrhem cal conposition of catalyst J as well as t
results of th_e‘wﬁ?%%treégt ment test are shown in Table 6. (EXAMPLE 11)

Cat al yst K $difres ebpnreiwiater was droatedrdo 70r Cazn L85y |of sﬁdmmgd’umihate : het f
t of bQtl G:acs | uti on added was adj ust fo give.a rig content o
{%2) g; wgi ghi%lg #%Q‘%f@’fer%f‘eﬁ”rq@@ﬁ PO 3AUEOHP SM@P&@W@% ried
out on sanphavingl a PHf gbovat .y SNel&, ditfic Ri® selutivd W added b thiem cal
conposition_ of cat ai;i/t%n? as,.well as the results of the hi/drot reat nent test

f
are shown iF%EMSS0 Pamingte gyersa perigl of ghewhate minutenito 2 grre
rﬁg? g;dagf Ea??gm %mgpdr ot rgat ne}r%ts_topgjét vvag{ecgésr]%\ée&dp %u@%ﬁ'?%‘gaﬁtnp%?% écgfeﬁl B using
catal yst L. agﬁ%sf%d?- hoprs @t (0 Catrdprépare ranagadousospiution icompaisingtaal yst L

?12 wel | as élﬁ?nih%%&rﬁt@éeltﬂ}%cﬁ&rt&treat nment test are shown in Table 6.

To this aqueous solution was added within 10 minutes an aqueous
solution of sodium silicate prepared by dissolving 32g of No. 3 water glass
in 200g of pure water. It was then aged for 0.5 hours at a temperature of
70 °C, where necessary adding nitric acid solution to keep the pH at about
9. In this way, a slurry liquid containing precipiate particles having
silica hydrate precipitate (gel) deposited on the surface of the alumina
hydrate precipitate (gel) was prepared. This slurry liquid was filtered
and the resulting cake was washed with an aqueous solution of
ammonium carbonate until the sodium concentration of the filtrate after

filtering was no more than 5ppm.

An aqueous solution of boric acid was added to this cake to give a B0,
content of 1% by weight. It was then kneaded in a kneader at 80 °C whilst
drying until the water content reaches a level at which moulding became
possible. It was then shaped into cylindrical pellets of 1.5mm diameter
using an extrusion moulding apparatus. The moulded pellets were dried
for 16 hours at 120 °C, and then calcined for 3 hours at 700 °C to prepare
the carrier. This carrier was impregnated with an aqueous solution of
cobalt nitrate and nickel nitrate to give CoO and NiO contents of 4% by
weight and 1% by weight , respectively. It was then dried at 120 °C and
calcined at 450°C. Next, it was impregnated with an aqueous solution of
ammonium paramolybdate (molybdenum solution) to give a MoO, content
of 14.8% by weight, followed by drying at 120 °C and calcination at 500 °C
to produce catalyst 1.
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Tabl e 6 | EXAVPLES 9

10° 11 12 Catal yst . ! J K
L (1) Carrier conposition _(vv_t .9% [err] Boria TN980018 (PCT/JP99/01288) 1

3 7 1 [err] Silica 11 11 11
20 [err] Alumna 88 86 82 79 (2)
Active Coml’%ﬂﬁ@h%atﬁeﬁﬁtoi@éiﬁpl@%ﬂ% was thef' ddrradb&f fiking catalyst I

14.8 [err] .CoO 4.0

4.0 4. prepared i th¢ gaanney dpscribed above to measure the degulfurizatign o

-~
-,

é: 9131 8. %’i“} a%‘.tg%e%f‘ér r%%@‘re[rsf ;’fi\‘if"géri&?f T, "hé porg sfructurg %do 4o 74

0.61 [err] cBhimcal] /c@h{{msntion* 2f catal@stld as Owéﬁ as @hd5results 2 [ther |

PV[err]/P 0. 87 0.98 (4) Specific
surface ar 4’?’[ ?ﬁ"?’bﬁte“ %Sh°m15%§%?ee 22 247  Hydrotreat nent
t est *4 (1) HDS/ HDN 9% 115/ 137-121/ 156 116/ 153 107/ 147

*1: Content_of active conponent in the carrier in ternms of the oxide. *2:
Pore vol um$EXAMBLECL®) di ng to the nitrogen adsorption nmethod. PV[err]

Fange of %%ﬁ%‘*&g s YRsDaCH 1R (RE ectholilnfifer Ay ERANPIO ot he 1 1 1°
to t Ee ni t rasgeumntaf: acmuhsnhtﬁwdad(badjwaaadpmted%mesa bwpe:pn}E)ntaxfc;)r d![ Eg
r [ i r
HDS (desul A DY P PR AR LE3m T ThB Ay Bhabianey Bt el B EBRE B ot P
Exanpl e 8 (s&adple oil .B using catalyst J. The pore structure and the chemical
composition of catalyst J as well as the results of the hydrotreatment test

are shown in Table 6.

(EXAMPLE 11)

Catalyst K was prepared in the same manner as Example 9 except that
the amount of boric acid solution added was adjusted to give a boria
content of 7% by weight in terms of B,0,. A hydrotreatment test was
carried out on sample oil B using catalyst K. The pore structure and the
chemical composition of catalyst K as well as the results of the
hydrotreatment test are shown in Table 6.

(EXAMPLE 12)

Catalyst L. was prepared in the same manner as Example 9 except that
the amount of No. 3 water glass was 65¢g instead of 32g. A hydrotreatment
test was carried out on sample oil B using catalyst I.. The pore structure
and the chemical composition of catalyst L. as well as the results of the
hydrotreatment test are shown in Table 6.
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test was carried out on sanpl e oil B using catal yS’PNQEbO
conposition of catalyst
hydrotreatnent test are shown in Table 7.

and the cheni cal

Cat al yst i

( COVPARATI VE EXAMPLE 8) Catalyst h was prepared in the sane
manner as Exanple 9 except that boric acid was not used. A hydrotreatnent

was prepared in the sane

h as well
(COVPARATI VE EXAIVPLE 9)
g as Exarrple 12 except that boric

e

SRV

acid was n
usi ng cat al
catal yst i
Tabl e 7.

manner as |
added was :
Blerr]Jert
catal yst |
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( COVPARATI
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about 2 m
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Hydrotreatment test *4

(1) HDS/HDN %

115/137

121/156

116/153

107/147

*1: Content of active component in the carrier in terms of the oxide.
*2: Pore volume ratio according to the nitrogen adsorption method.

PVam) refers to the pore volume occupied by pores having a pore diameter
in the range of n to m Angstroms.

*3: Ratio of the pore volume PV(q 59, according to the nitrogen adsorption

method, and the pore volume (PVeg0) according to the mercury
porosimetry method.
*4: Relative values with respect to the HDS (desulfurization rate) and
HDN (denitrogenation rate) of Comparative Example 8 (Table 7).
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7. . ( COVPARATI VE EXAMPLE 12) Catalyst 1 was prepared in the same
manner as Exanple 9 except that the tine taken to adjust the pH by adding

hitric acid solution to the sodium al um nate agqueoygsdos Bt FFooYdisss)
preparing the agueous sol ution containing alum na hydrate precipitate (gel)

was within about 1 minute, and that the pH was set to 10.0-10.4. A
hydr ot r eat TEMPARATEPE X AMEL ) on sanple oil B using catalyst 1. The
pore structure and the chem cal conposition of catalyst 1 as well as the
resul ts of Gatalystdn ovaspreparedtiastheaseme hnunénad dbleengle 9 except that

boric acid was not used. A hydrotreatment test was carried out on
sample oil B using catalyst h. The pore structure and the chemical
composition of catalyst h as well as the results of the hydrotreatment test

are shown in Table 7.

(COMPARATIVE EXAMPLE 9)

Catalyst i was prepared in the same manner as Example 12 except that
- boric acid was not used. A hydrotreatment test was carried out on

sample oil B using catalyst i. The pore structure and the chemical

composition of catalyst i as well as the results of the hydrotreatment test

are shown in Table 7.

(COMPARATIVE EXAMPLE 10)

Catalyst j was prepared in the same manner as Example 9 except that the
amount of boric acid aqueous solution added was adjusted to give a boria
content of 15% by weight in terms of B,0,. A hydrotreatment test was
carried out on sample oil B using catalyst j. The pore structure and the
chemical composition of catalyst j as well as the resuits of the

hydrotreatment test are shown in Table 7.

(COMPARATIVE EXAMPLE 11)

Catalyst k was prepared in the same manner as Example 9 except that the
time taken to adjust the pH by adding nitric acid solution to the sodium
aluminate aqueous solution when preparing the aqueous solution
containing alumina hydrate precipitate (gel) was within about 2 minutes,
and that the pH was set to 9.6-9.8. A hydrotreatment test was carried
out on sample oil B using catalyst k. The pore structure and the chemical
composition of catalyst k as well as the results of the hydrotreatment test

are shown in Table 7.
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48 . Table 7

COVPARATI VE EXAMPLES : 8 9 10
11 12 Catal yst h™ 1Tngsbo18(pcT/JPd9/01288) K 1
(1) Carrier conposition (w.% [err] Boria (FCT/ JP89/ 8 0
15 1 1 [err] Silica 11 20 11 11
11 [err] A(QOMPARATIVE EXAMPLE 12) 89 80 74 88 88 (2)
Active conmponents in catalyst (w. *1 [err] Mo(Jerr]

15.0 14. @atalstﬁ: Dwa&prﬁ)arbﬂ 1ﬁ the rsa.}neGﬁ@nner as Example 9 except that th‘é 0
4.3 3.9 . 4. 1.0
1.1 1.0 Yme flﬂéﬁes o aéwﬁ& the [péi by #iding mitrie Agid sclution to the sogiumg

075 o agiuninai® duibls Cipond\ lier) ‘iBltihe ghe; amegupgsolugtng o s

0.24 firfih 7 0, 0. 66
(4) SE)gtr:H‘ |dc3ﬁ[stur f a(é: E\l{gﬁgg& (hg[dg?% ;}remmgagg (éel) “ég%%th]gl%m]%%%ﬁ%%

Hydr ot r eat rasd thatsthe pH wasseDbo 19’:0 10.4. A hydvétreatmed©ttst Msleiiried0 92/ 85
of , active conponent in the carrier in terns of

83/88 76/85. *1: Cont
the oxi de. OW@PE%PJE ?euﬁ%‘ catalyebl-di ’ng pere steucture endithechemicain
met hod. PV[L%EIE}lOSEﬁ&I? of c&?al%’f Fa¥ %e‘ff@s BES ¥ u%js (?iy tlf?eoﬁy&o@xae\gtn%n% tg S €

di aneter in
are shown in Table 7.

1.1
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the range of n to m Angstrons.

(PV[err])according to the nitrogen adsorption nethod,

*3: Ratio of the pore vol une

and the pore vol une

(PV[err]) according to the mercury porosimetry netﬂ@gmls 9b1by8 Vval ues
Wi th respect to the HDS (desul furization rate) and HDV(?&@@?%g%eﬁgtlon

rate) of Conparative Exanple 8 (Table 7).
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Hydrotreatment test

() HDS/HDN %

*4

100/100

100/120

92/85

83/88 | 76/85

*1: Content of active component in the carrier in terms of the oxide.
*2: Pore volume ratio according to the nitrogen adsorpion method.

PV .m) refers to poie volume occupied by pores having a pore diameter in
the range of n to m Angstroms.

*3: Ratio of the pore volume (PV(q.3gg)according to the nitrogen adsorption
method, and the pore volume (PVeap) according to the mercury

porosimetry method.

*4: Relative values with respect to the HDS (desulfurization rate) and
HDN (denifrogenation rate) of Comparative Example 8 (Table 7).
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| NDUSTRI AL APPLI CABI LI TY OF THE | NVENTI ON The present invention provides a
hydr ot reati ng catalyst conprising a silica-alumna carrier having a high
silica dispersion as a structural conponent, in Whinggho @W@%lb&?'aot ive
metal conponents are highly di spersed and havi ng specific pore
characteristics; and a net hod of 50
hydr ot r eat i@gﬂs%mmmmng such catalyst. It is, for exanple,
used for the hydrodesulfurizatron, hydrodenitrogenation, hydrocracking and
hydr odear onid spetifically destirthied inodetailoalsbvies shel padseat lisvéritioh phevidésraspheric
and vacuumdistillation of crude oil and distillates from cracking
appar at us. hydraEeppngnatalyst ﬁgm@msmgfgxm};?aﬁhmaesm:eri loaded :Vu:?h |aett .

articul arl ffective for the deep [des uri,zation o oi ractions as
g resul t oflxﬁetsé%&%¥wgﬁr et ¢ X*ﬁﬂg%‘&%@%?gﬁ‘é%amggﬁ GIPRPREUEI on
activity, aalct@PROHEHES AP ISty of BOEIERAEHE 0P eblB VIPakd GroBp™N! &
conservati on.

VIII of the Periodic Table, wherein (1) the silica content is in the range of

3 to 40% by weight based on the total weight of the carrier; (2) in the

spectrum obtained by *Si-nuclear magnetic resonance analysis (*Si-NMR),
(i) the area of the peak at -80ppm is 10% or more of the combined area of
all peaks, and (i) the combined area of the peaks at -80ppm, -86ppm and -
92ppm is 20% or more of the combined area of all peaks; or a
hydrotreating catalyst comprising silica-alumina and a third component
such as an alkaline earth metal or boria, loaded with at least one type or
two or more types of hydrogenation-active metal components selected from
the group consisting of the elements of Group VI and Group VIII of the
Periodic Table, and having a specific pore structure. It also provides a
method of hydrotreating a hydrocarbon oil characterised by contacting a
hydrocarbon oil with hydrogen in the presence of said hydrotreating
catalyst to effect a high degree of desulfurization and denitrogenation
thereof. The use of this kind of hydrotreating catalyst makes it possible to
hydrotreat hydrocarbon oils such as straight run gas oils, vacuum gas oils,
cracked gas oils, light cycle gas oils, and heavy cycle gas oils with a high
degree of desulfurization and a high degree of denitrogenation, and to

carry out treatments such as hydrocracking, hydrodearomatization and
hydrofining to a high degree.

The present invention provides a hydrotreating catalyst comprising a
silica-alumina carrier having a high silica dispersion as a structural
component, in which hydrogenation-active metal components are highly

dispersed and having specific pore characteristics; and a method of
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51 . . 1. A hydrotreating catal yst conprising a carrier

+

conprising silica and alum na | oaded with at | east one type of

hydrogenation-active netal conponent; wherein (1) #8&o%slptc bagyt is in
the range of 2 to 40% by wei ght based on the total weight o?Pgt@ﬁdg ?zlrrier;

and (2) in the spectrum obtai ned by nucl ear nmagnetic resonance anal ysis

([err]Si- Iﬂyla)r L) ! f _ P pny4 0.0, e of the
conbi ned Otrgﬁtelggo% h&@f @({aﬁ?o%g&@@in%%ﬁl@&% |SE t Elee %b#gll/%gémggéa of
peaks at - &Gpdnfor- fifip hiydaodesubipization, A0fdrodenitrogenation e hgfrddracidagbi ned
area of all peaks, 2. The hydrotreating catal yst accordi % to claim1l

wher ei n i n @k Rydrodeararestizatitry ofy distillates sudnaesidunbseilmfremartheysi s

Si - NVR i) .said f t.h K - 80ppm i s ,12%, f th
conbi ned arisosphir “pid Nl dinRIRERS O crithl PSR FoR Boppm
-86ppm and r§ABRP dppasafEsOr more of the conbined area of all peaks.

[+%)

The hydrotreating catalyst of the present invention is particularly
effective for the deep desulfurization of gas oil fractions as a result of its
excellent denitrogenation activity and desulfurization activity, and

represents an extremely large contribution to environmental conservation.
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3. _ . The hydrotreating catalyst according to claim 1 wherein said carrier
further conprises a third conponent. 4. The hydrotreating catal yst

according to claim3 wherein said third conponent h®sdlislrepIioerngsd)et al
oxi de selected fromthe group consisting of alkali metal oxides, alkaline

earth netal oxides, boria, zirconia, titania, thorta-and—phesphorous oxide.

5. The hydrotreating catal yst according to clai m 30 I m 4 wherein
the content of said third conponent is in the range ﬁ,ﬂmﬂﬂmﬁtﬂl ,MI ght
based on the total weight of the catGLABMScarrier. 6. ¢ A} i ng
catalyst conprising a carrier conprising silica and alum na and an al kal i ne
earth netal oxide and/or boria as a third conponent, |oaded with at |east

one hydrogenati o chivie net al . . . . e 52
Component . Yiher et BV EgPAHE Fialist SOMBRInG & oRfrieh SoPRRSIREFlis2 2900, by
vei ght basefugfinhhfoddeialwitle dhiealt i€ tFFe "df Shydrogbnhtibn GeHVENePdl Sai d
third conponent is 0.1 to 10% by wei ght based on the total weight of the
carrier; ardnmnent; wherginre structure, (i) the ratio (a)/(b) of (a) the
vol ume of porﬁé gsg.lxl ng a pore . diameter in ., L he r_aﬂgr&aof 30 to 100
Angst roms dd) tBe siliea coptentds Antthegamge of 2 to 40%bpiweishhbased oarihe b) the
vol unme of s: hayin ore . dianeter in the range of 0 to 150
Angst ronms g{giﬁ.evgg%ﬁé(g%@eﬁwer, and nitrogen adsorption nethod is 0.5 or

greater; i r](2§ in Xhé E§eét@ainoomiﬂé@%5% fluclea) rhahetR! fé%&n&ic&ﬁiﬁ?siiégwksm a pore

di anmet er he range of 1 to 300 Angstrons as neasured by the

nitrogen NMR),adsorption nethod and (d) the volune of pores having a pore
di aneter in t?, rgnge of@g to 300 An%strom_s as_ neasur ed fbé‘the .
ni trogen adso ’St ithe aneaneigthe; peaky ay-80ppm is 10%; o5 margeot; the sombinad ) of

500 Angst roms. as HeAShPBItb S B Fogen - adsorption method and (f)
the vol une of GRPrRE BAMINEd aréPbfpeaks at -s%ﬁﬁﬁtsgpﬂh 4iH A%pnh 24RO
nmeasured by the nmercury porosi netry nmethod or greatér is 0.7 or
greater; and (aruhoxenef theeoidbined ardanafalhpeaks.s 200 nferr]/g or greater.
T e ot kS eatiie catalyat ‘Bcosrding toclaim 1 wWheren 1a. the *" ©

spectrum obtained by nuclear magnetic resonance analysis **Si-NMR), ()

said area of the peak at -80ppm is 12% or more of the combined area of all

peaks, and (ii) said combined area of peaks at -80ppm, -86ppm and -92ppm

is 25% or more of the combined area of all peaks.

3. The hydrotreating catalyst according to claim 1 wherein said

carrier further comprises a third component.

4, The hydrotreating catalyst according to claim 3 wherein said third

component is at least one metal oxide selected from the group consisting of

alkali metal oxides, alkaline earth metal oxides, boria, zirconia, titania,

thoria and phosphorous oxide.

5. The hydrotreating catalyst according to claim 3 or claim 4 wherein

the content of said third component is in the range of 1 to 10% by weight

based on the total weight of the catalyst carrier.

6. A hydrotreating catalyst comprising a carrier comprising silica and

alumina and an alkaline earth metal oxide and/or boria as a third

component, loaded with at least one hydrogenation-active metal
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volune ratio (a)/(b) is in the range of 0.6 to 0.8, and said pore vol une

0 Concen o BTN, oo s v s

oxi de sel ected fromthe groud c8nsisting of alkali metal oxi %gg Zi'rconi a,

titania, thoria and phosphorous oxide. 9. The hydrotreating catal yst
accordi ng t@nflod wherein the content of said third conmponent is in the
range of O.Q ?Jg%'?é}’b?/hmel ght 53

based on t{z) thé ailicsct@itendfis imehe ahaky 9F o6y 10%' by Wbight Bhsedyfrtper eat i ng
catal yst according.to claim1l or claim®6 wherein said hydrogenation-active

met al corrp&ﬁtﬂ:ltw%iﬁht)pfﬂ@%ca;ﬁelrbast one active conponent selected fromthe
roup consisgting of the.el eppnts of G oup. VI .and up VIl of the Periodic
Il C97°'@) R cfptent,of satd Hrd stmpguetibis 1 0o g% B wsiebhe hased Bl m 1.
claim6 an l+a | i 0. rogenati on-active netal conponent

AnelBiaT e DEF i eaitiol S

conprises at |east ofie active conponent selected fromthe group consisting
of the el en@yirstlod pérestpudturef the Periodic Table and at | east one active
conponent sel ected fromthe group consisting of the elements of Goup VIII
of the Periodfi} theratio(2)/(b) ofi(a)the woliira¢ ofiporesthavang agaxe idjametaaribon oi |

conprising contagfing a h ar oil ,with hydrogen deyr hydr ot reat nent
condi ti ons and iﬁf‘? Pe£%@30M%fm%g§imaa%gpgrl@gttﬁgct{%;{meﬁg to any
one of clainms 1 tgsdbii e, et f t ' Aiyd bon oi l
according to claim :@nﬁ%?tkgghaeﬁrﬁygfgpgeg@%{ 0@ ie??%ns goé %e a
reaction tenper adismaetertinetheargegeodf Q0 150 Ad@sirerds| 45 nfeas@dsd byrther essure
in the range of 1 to 200kg/cnjerr], a hydrogen-containing gas rate in the

range of 100 to 2¥gegen adsorptiongupthadds0.§ osgrensexiel ocity in the range of
0.05 to S5VIH ¥, . T t f drotyeati a hydrocafr bon, oi.l
according to é/'.pa%ﬁ? I%“S?&@SPE@?&Q%\H%W@H?’&S r%ﬁ%b‘?mq@lg gas oil
fraction contai nikhg rankb Wt RUTRPR00AREHrdthE 'RIBRASHFICHP ABe nitrogen

adsorption method and (d) the volume of pores having a pore

(o]

diameter in the range of 0 to 300 Angstroms as measured by the
nitrogen adsorption method is 0.4 or less;

(iii) the ratio (e)/(f) of (e) the volume of pores having a pore diameter in
the range of 0 to 300 Angstroms as measured by the nitrogen
adsorption method and (f) the volume of pores having a pore
diameter of 40 Angstroms as measured by the mercury
porosimetry method or greater is 0.7 or greater; and

(@iv) the specific surface area is 200 m*/g or greater.

7. The hydrotreating catalyst according to claim 6 wherein said pore
volume ratio (a)/(b) is in the range of 0.6 to 0.8, and said pore volume ratio
(©)/(d) is 0.3 or less.

8. The hydrotreating catalyst according to claim 6 wherein said third
component further comprises at least one metal oxide selected from the
group consisting of alkali metal oxides, zirconia, titania, thoria and
phosphorous oxide.

9. The hydrotreating catalyst according to claim 8 wherein the
content of said third component is in the range of 0.5 to 7% by weight
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based on the total weight of the catalyst carrier.

10. The hydrotreating catalyst according to claim 1 or claim 6 wherein
said hydrogenation-active metal component comprises at least one active
component selected from the group consisting of the elements of Group VI
and Group VIII of the Periodic Table.

11. The hydrotreating catalyst according to any one of claim 1, claim 6
and claim 10 wherein said hydrogenation-active metal component
comprises at least one active component selected from the group consisting
of the elements of Group VI of the Periodic Table and at least one active
component selected from the group consisting of the elements of Group
VIII of the Periodic Table.

12. A method of hydrotreating a hydrocarbon oil  comprising
contacting a hydrocarbon oil with hydrogen under hydrotreatment
conditions and in the presence of a hydrotreating catalyst according to any

one of claims 1 to 11.

13. The method of hydrotreating a hydrocarbon oil according to claim

12 wherein the hydrotreatment conditions comprise a reaction
temperaturein the range of 200 to 500 °C, a reaction pressure in the range
of 1 to 200kg/cm?, a hydrogen-containing gas rate in the range of 100 to
270111 and a liquid hourly space velocity in the range of 0.05 to 5V/H/V.

14, The method of hydrotreating a hydrocarbon oil according to claim
12 or claim 13 wherein said hydrocarbon cil is a gas oil fraction containing

sulfur compounds and nitrogen compounds.
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