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1 3 July 2004 Title of the Invention Hydrogenation Catalyst for Aromatic
Hydr ocar bons Contained in Hydrocarbon Qls Technical Field to which the
I nvention Bel ongs The present invention relates to a hydrogenation catal yst
for aromatic hydrocarbons contained in hydrocarbon oils, and rel ates
particularly to a hydrogenation catalyst for aromati c hydrocarbons
contai ned i n hydrocarbon oils which has a | ow hydrocracking ratio, high
resi stance to poisoning by sulfur hydrocarbons and the |ike, and high
hydr ogenati on activity. Background of the Invention The |ight gas oil used
for fuel in diesel. engines is prepared as a blend of mainly a |ight gas
oi | obtained by perform ng hydrodesul furization and denitrogentation -
pr ocessi tir.al run Iight gas oil fraction having a specific
boi l'i ng S bt Tnde Bnned by atnospheric distillation of crude oil, and
a light gas oil fraction obtained by vacuumdistillation. However, because
the vol une ofydrgengtion §2malyst fdrr Aedmatic HydrbeadbondCoitaided th 13 July 2004
limted, and crude oil becones heavier over tine, the straight run |ight
gas oil I&ﬁSCti n ogfﬁined by atnospheric distillation tends to reduce in
vol une. Xaer USecause the demand for light gas oil is increasing in
accordance wth an increase in the production of diesel engines, a
shortage in the supply of

Technical Field to which the Invention Belongs

The present invention relates to a hydrogenation catalyst for aromatic
hydrocarbons contained in hydrocarbon oils, and relates particularly to a
hydrogénation cataljst for aromatic hydrocarbons contained in hydrocarbon oils

" which has a low hydrocracking ratio, high resistance to poisox;ing by sulfur

‘hydrocarbons and the like, and high hydrogenation activity.

Background of the Invention

A

The light gas oil used for fuel in diesel engines is prepéred as a blend of
mainly a light gas oil obtained by performing hydrodesulﬁlrization and
denitrogentation processing on a straight run light gas oil fraction having a
specific boiling point range obtained by atmospheric distillation of crude oil, and .
a light gas oil fraction obtainéd by vacuum'disltillation.

However, be(':_ause the volume of the light gas oil fraction in the crude _oil is

1
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|ight gas oil is anticipated in the near future. As a result, neasures such
as addi ng a cracked or hydrogenated and desul furized heavy gas oil to the
light gas oil fraction, or increasing the production of blend oils which
can be added to straight run Iight gas oil fractions are being considered.
In the case of blend oils which can be added to a straight run |ight gas

oi-l fraction, light cycle oil-having a specific boiling point range
obtained froma fluid catal ytic cracker is drawi ng consi derable attention
as a new blend oil for [light gas oil. However, because the light cycle oi

cont ai ns Hmitedyandnmrude odfbwbmtheawéb’weﬂﬂhéoﬂ& st?dlghﬂﬂuf ﬂgh @bﬂcycl e
oi I vmththese characterlstlcs dlrectlytothe strai run t gas oil

fractlon 2 e [ ndﬁﬁ of thi—: t hus obtained:- |ight gas oil to be
| ower-ed s gﬂtq Lﬁ*tff}%P ig distylatigmiengls t@ﬁédgc%muaohgncor aromatic
hydr ocar bon cont ent WI thin light gas oil fuel, it is anticipated that, in

the fut urBurtﬂebef@QfecﬁME'dé?nﬁfq foright o P KlidPea AP I cBlc ™ ' ©

hydr ocar bons i ncl uded in 1i ght cyc ow curre be
required. by law. This is because air pollutants such as particulates in
the exhau®i ingreasesiscthe gugtuetsomni diesebangines, ashorbge iy sepplyosts, and
specifically the particulate matter which occurs due to the inconplete

combust i romati.c, hydr ocar bons, cause environnent al
pr obl em%%ﬂtfgﬁs Bﬁeguﬁﬂ?ﬁéﬁé@@lcﬁé;ﬂg}“gn pl ace in Sweden and in
Cali fornia,

As a result, measures such as adding a cracked or hydrogenated and .
jdesﬁlfurized heavy gas oll to the light gas oil _fractiori, or increasing the
~production Qf blend oils which can be added to straight run light gas oil fractions
afe being 'gonsidered. |

In the case of blend oils which can be added to a straight run light gas éil
fraction, light cycle oil having a specific boiling point range obtained from a
fluid catalytic crackér is drawing considerable attentic;n as a new blend oil for

i'j | iight gas oil.

However, bécaus.e the light cycle oil contains a large amount of aromatic
hydrocarbons, adding the light cycle oil with thése characteristics directly to the
straight run light gas oil fraction causes the cetane index of the thus obtained
light gas oil to be lowered substantially.

.Furﬁhérmor‘é,_ in terms of the standards for aro;x_latit_:-hydrqcarbon content

within light gas oil fuel, it is anticipated that, in the future, a further reduction of

2
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USA regardi ng the content of aromatic hydrocarbons i-n light gas oil. In
order to use the light cycle oil as a blend oil, it is desirable that the
aromati ¢ hydrocarbon content be reduced by performng catalytic

hydr ogenation on the light cycle oil. The sul fur conmpound content of |ight
cycle oil.is low conmpared with straight run |ight gas oil fractions, but

t he hydrogen sulfide produced during hydrogenation of the sulfur conpound
in there oils may cause a deterioration in activity by inhibiting the
hydrogenation of the aromatic hydrocarbons and poisoning active sites of

t he hydr dpeesmeEntef aramatigshydrocabons dechudgd in light cyglenail ito bebaw atuysntf or

| ight cycle oil nust have high hydrogenation activity and sulfur

resi st ange.W.t.h: . h G hydrocarhbens,;and,al sq have._..

Gosul T ur 1EYPsRiIL BERERr PuE AT Il Y BF TR B i itk a8 Bhstiguyates

wherein a Goup VIIl netal is supported by a carrier such as alumna
gener al | yinlthe exhaght gasdsfadiesctdnpindswhithy caf@seaonyitidhpdcarisos hadt i ve

catal ysts, but they suffer in that they deactivate early by being poisoned
by the sul fur.c unds..and the |like .in the hydrocarbon oils. In order to

over cone S(Pﬁ%ﬁ%ﬂggﬂl&ﬁafgﬁugﬁ gbter Fg‘lﬁﬁt‘)ﬁ&ﬂfﬁ V&l Fb Henicosplets ng a

catal yst containing zeolite in the carrier is described in Japanese Patent

Publ i cat i i it ' : . j cation No.
Toku 1o TLnBsidiosea berioh of B Bidic APHiotARRSIS Tl e irBHflertal | D1 |

hydr ocracki ng activity, in hydroprocessing, a hydrocracki ng occurs at the
sane  ti rfobBaBsuStietTegnlajidng are eligady in ipbadei iph$weden andl ihrGadifoonia,
deecrgases if a hydrocracking, occurs during the hydroprocessing of [|ight
cycle oi lysilrdedrding the content of aromatic hydrocarbons in light gas oil.
In order to use the light cycle oil as a blend oil, it is desirable that the

aromatic hydrocarbon cbntént be reduced by performing catalytic hydrogenation

oﬁ the light cycle oil. The sulfur compound content of light cycle oil is low
compared with straight run light gas o-il fractions, but the hydrogen sulfide
produced during hydrogenation of fhe sulfur compbund in there oils may cause a
deterioration in activity .by inhibiting the hydrogenation of the aromatic
hydrocarbons and poisoning active sites of the hj.(dmprocess.ing catalyst. -
C.onsequently,‘a hydrogenation catalyst for light cycle oil must have high
hydrogenation activity and sulfur resistance with respect to aromatic

hydrocarbons,_ and also have desulfurization capabilities.

Among hydrogenation catalysts, catalysts wherein a Group VIII metal is

supported by a carrier such as alumina gen_érally have high hydrogenation

3
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necessary to suppress hydrocracking activity as much as possible. In
addition, the catalyst is poisoned by the high concentration of sulfur
conpounds and the 1like contained in the crude oil, and the hydrogenation
activity with respect to the aromatic hydrocarbons renmins unsatisfactory.
Furthernore, an attenpt to perform hydroprocessing using a catalyst
conprising a crystalline clay mneral having silicon and magnesiumas its
main conponents is. disclosed in Japanese Patent Publication No. Toku Kai
Hei 8- 283746. Hoyever, while this nmethod did have the effect of
suppr essiatVIty dRreikeGity epralyatss brtthayesuffesiia that they dsactivateiearly byhe
hydr ogenation activity 4 13 July 2004 with respect to the aromatic
hydr ocar | td . rq forned,with
o ther - coomis FRIRIS b AR i Cofourd RS AlelikE L s ol har Bl of

conversely wwth smal|l pores of |ess than several dozen nm and/or with a

conbi nat iogdenio owetsoms thispyotilemg an pteasptad mrEathehydtdp@nasienarsthg dozen nm
and snmall pores of |ess than several dozen nm The balance. of t%ese por e

capaci ti ] i nfd.uence on the. targeted. drogenati on activity.
The por e%gﬁg? %tc?%‘*tﬁégﬁ%ée%‘% lﬁéﬁgfﬁgdeWicﬁﬁgﬁbﬁ&F%ggﬁa'}fgﬁggt%& ry method
for sizes ranging from4 to 46800 nm a nitrogen adsorption-DH nethod for

si zes  r Pubilivationd¥o 2Toku X34 SHo®4-86392, Bhd TagaTese ISER PEBYida t hod
for sizes ranging fromO0.7 to 2 nm The nitroger? adsor ptliﬂ%lrléatgﬁl%%d and

hdsor pt | GRRLEBRRRES-5089b5P o Cver, athough Zoolit 1s a catalyst with igh
hydrocracking activity, in hydroprocessing, a hydrocracking occurs at the same
time. Because the liquid yield of the light gas oil fraction decreases if a
| :hydrocracking.occurs during the hydroprocessing of light cycie oil, it is
necessary to suppress hydrocracking activity as much as possible. In addition,
the catalyst is poisoned by the high concentration of sulfur ct)rnpoﬁnds and the
_flik'c contained in the crude oil, and the hydrogenation acﬁvity with respect to the
-aromatic hydrocarbons remains unsatisfactory. |
Furthermore, an attempt to perfoﬁn hydroprocessing using a catalyst
comprising a crystalline clay mineral having silicon and magneéium as its main
| 60mp0nents is disclosed in Japanese Patent Publication No. Toku Kai Hei 8-

283746. However, while this method did have the effect of suppressing

hydrocracking and raising the yield of the oil produét, the hydrogenation activity
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obtai ned by nitrogen adsorption neasurenents, and the term "neasurenent” in
the present specification includes obtaining physical properties by neans
of this type of. analysis. The pore characteristics of the catalyst, for
exanple, the total volune of pores sized from0.7 to 2 nmcontained in 1g
of ‘catalyst is referred to as "the 0.7 to 2 nmpore volune". and is
expressed in units of m/g. 13 July 2004 Sunmary of the Invention An
object of the present invention is to provide a catal yst which resolves the
probl ens descri bed above associated with conventional catalysts, which is
sui t-abl e With teypecigonthe kromsfic hydrReehoR rehdifis a8 G4 ALRGZyS U f ur conpounds
and the like, and.particularly light gas oil fractions, yo reduce the
aromatic hydrocarpon content, and which has high resistance to sulfur
conpounds, hi‘GRCAYy %@éﬁfétﬁ Y% fepmediwigh egher eomparatively datgeepoms ofi |
product with a high- liquid yield. Accordingly, the present iInvention

uct i | : v, the present | |
Rvor ocar dasercr R SEYGRDAGAAEINE br CBhy e FRh Rl porrOL Bk B depral ©

wherein the pore characteristics of the catalyst are such that the vol une

of pores dgzen nmpand/osiwith afcoatbihation of compasativeyuaat Pored dfesredfey
porosinetry nethod is within the range from0.3 to 0.6 nug, the volunme of

pores w ' f at.least 200 as. neasured by a. mer-cury

Por osi medtHof SBPHEL 26 By b SR T pdfen e enghae Aeven digen smLpdites. wit h a
pore 'size fromO0.7 to 2 nmas nmeasured by nitrogen adsorption-t-plot method
s wi thi baldrece ahdesé pore SapaditiedBad™ SargdiflhBfcd/8h YHE (e €S Wi th &

hydrogenation activity.

The pore characteristics are measured using a mercury pdrosimetry method
for sizes- rgnging from 4 to 46800 nm, a nitrogen adsorption-DH method for sizes
ranging from 2 to 200 nm, andrz.l nitrogen adsorption-t-plot method for sizes
ranging from 0.7 to 2 nm. “The nitrogen adsorption-DH method and the nitrogen
adsorptiomt—plot-methbd are analysis methods based on adsorption isotherms

i obtained by nitrogen adsorption measurements, and the term “measurement” in
the present specification includes obtaininé physical properties by means of this
| t‘ype of analysis. |

The pore charaéteristics of the catalyst, for example, the total volume of

- pores sized from 0.7 to 2 m pontained in 1g of catalyst is referred to as “the 0.7

to 2 nm pore volumie” and is expressed in units of ml/g.
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pore size Rom2 to 4 am as neasured by nitrogen adsoprtion-DH nethod is :
within the range from0.15 to 0.2 ni/g: 6 13 July 2004 Detail ed Descrlptlon
of> the Preferred Enbodi ments A hydr ogenati on catal yst of the present
invention is a hydrogenation catalyst for hydrocarbon oils containing
aromati ¢ hydrocarbons, wherein the catal yst conprises a carrier and an
active netal, and the pore characteristics of the catal yst -are such that
t he volume of pores with a pore size of at 1 east 4 nm as. measured by a
nercury porosimetry nethod is within a range -fromo0.3 to 0.6 m/g, the
vol-ume of pores with a pore size of at |east 200 nmis no nore than 0.05
m./g, thg.vol ume f) res vmthapore size from0.7 to 2 nmas neasured by
a’ni".trogg ! VQ'

_ aSorpt+on method is within a range from.0.2 to 0.3 ni/qg,
and the volune of pores with a-pore size from2 to 4 nmas neasured by a

ni-trogen 6a A bm@p@,@ 6 15
to 0.2 nl/ 9. Prdl?erabl y t[ﬁeﬁuggég%%hmgwé%§glﬂﬁgﬂgg @hmﬁgﬁggéc%eﬁ{g or
nore of "a .fraction with .a boiling point of 170 to 390C. Preferably the
hydr ogenBfatdamsaAescyibed pbpvepanasized onitbicosventionaltatal ysts; svitchds

hydrocar bons conpri.ses a carrier and an active met al, wherein the

_.suitable for hydrogenatron of hydrocarbon oils contammg sulfur- compounds and
the like, and pamcularly lrght gas orl fractions, to reduce the aromatic |
hydrocarbon content, and whlch has high resistance to sulfur compounds hrgh
V-hydrogeuatron ac_tivrty, and moreover produces an oil product with a hlgh--hqm_d

yield.

_ Aecordlngly, the preseut invention provides a h&drogen_aﬁ'on catalyst for
: hvdrocarbon oil contalniﬂé arorﬁatif_’c _llydIOCar_bons, the catalyst comprising a c'an'ier and
B 'e:ir‘eeﬁ\:re'metal wherein the pore: chera(':'teristicsof the catalyst are such that the volume of -
pores with a pore size of at leastr4 nnt as measured bya mercury porosunetty method is
Withm the range from 03t00. 6 ml/g, the volume of pores with a pore size of at least 200
“ S i

nm as measured by a mercury porosrmetry method is no more than 0 05 ml/g, the volume :

_ of poree with a pore srze from 0.7 to 2 nm as measured by mtrogen adsorptlon—t-plot

e

method is wrthm the range ﬁ'om 0.2¢to 0 3 m]/g, and the Volume of pores wrth a pore srze
frorn 2 to 4 nm as’ measured by nitrogen adsoprtron—DH method is within the rauge from

015to()2m1/g
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carrier is conposed of silica-magnesia, the active nmetal is a noble netal

selected fromthe group VIII of the periodic table, and the magnesia
content of the silica- nagnesia is within a range from25 to 50 wei ght
percent, calculated in ternms of the netal oxide. Preferably the proportion

of the noble netal selected fromthe group VIII of the periodic table is
within a range from0.1 to 2 weight percent, calculated in terns of the
nmetal. . In the hydrogenation catalyst for hydrocarbon oils containing

aromatic hydrocar bons, preferably the catalyst conprises a carrier and an
active metal, and the effective pore size distribution.of the-catalyst is
comosed&@h@@ﬂ&ﬂit%hﬁem&d@bo&m@wo 200 nm and pore sizes
within-a range fromO0.7 to 4 nn wherein the volune of pores with a pore

size in the is 0.3.to and the vol ume of
pores with aAg@%Z éélgglo%éﬁﬁ%geaﬁﬂk [f)rregﬁpbmyepgog I ﬁ,{%{@mge@g@% 0.5 m/g.
7 13 July 2004 The inventors of the present invention, as a result of :
i nvest i gedtalygt fordaghotarboxi (ﬂﬁﬁcdﬂtaﬁﬂn%%dﬁdaﬁ@ h%ﬂdﬁééz&%bﬁs Olvher&Gataeyst .

di scovered a silica-nmagnesia corrp05| ion for use as a carrier nmaterial,
and mvesttag’ ed t he perfornmanc catal yst. forned by the _conventi onal
pracess ﬁLﬁ%‘PPF‘ﬁ écﬁHEfFrea %?Cﬁw%#ﬁtﬂ’e angrthepoye chagictenistigseof odi c-
tabl'e by this silica-nmagnesia conposition. In addition, the inventors

di scoverm@ dalfdtyst drelsQEHEhA the VD1 GRIEF éﬂe@@vﬂ b éﬂ)r lééﬁ?ﬂbl]eh% Pﬂ?%‘es' a

corrpound a pref erred specitic range |sts

| " measured by a mcrcury porosmlctry method 18 W1thm a range from 0.3 to 0.6
m]/g, the 'volur_n_e of pores with a pore size of at least 200 nm is no rﬁorc than 005
_' : ' .“-ﬂ]g’ the volume of pores with a pore s?ze from 0.7 to 2 nm as measured bya. |
' ii_itrogcn.-adSorption—t—pldt'mcthOd is within a range from.0.2 t00.3 Iﬁl/g, and the

. volume of pores with a.pore size from 2 to 4 nm as measured'by a nitrogen

6a
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| owering the anmount of aromatic hydrocarbons in the light gas oil fraction
by hydrogenation and is satisfactorily resistant to sul fur hydrocarbons
and-the like, and also discovered that a suitable range exists with regard
to the anount of active nmetal, and proposed these findings in Japanese
Pat ent Application No. Toku Gan Hei 10-356347. In addition, the inventors
of the present invention developed the present invention as a result of
conducting intensive research into -lowering the amount of aromatic
hydrocarbons. Mreover, the silica-magnesia ‘conposition utilizes an
anor phougdrexpsioraDH metbod és wikhinia, ranpe fromedehd to Oivanig.on provi des a
hydrogenation catal yst for the aromatic hydrocarbons included in :

hrrrer anakhm i See B BHiRkOR R et SRR Bers) Bobre B arer wi ¢

a magnesia content within a range from25 to 50 wei ght percent calcul ated

in terns faictiorewithtaboiticdfoint Of MM &b 380PEbl e netal sel ected from anpng
the group VIIl netals of "the periodic table has been added as the active

conponent. In addition, the pore characteristics of the catalyst are such
that the voPuekerailyibe bydiogematiopwatalysttordtydiocarbastoils eomtasningasur ed by
a mercury porosinetry method is within the range from0.3 to 0.6 m/g, the

i g, t narSRE oblboaBoRPEGmpRREs 8 caficd ST b 4B RLINRRIE heZCur o by

nitrogen adsorption-t-plot nmethod is within the range from0.2 to 0.3 nl/g,
and -t he vatnersisaomposed ofisilicamapmesias theattivenmelal 8 dnobleanetm asloceed by
ni tr))gen adsorption-DH nmethod is
from the group VIII of the periodic table, and the magnesia content of the silica-
magnesia is within a range from 25 to 50 weight percexﬁ:, calculated in terms of
: thé metal oxide.
Preferably the proportion of the noble metal selected from the group VIII of
‘the periodic table is within a range from 0.1 to 2 weight percent, calculated in
- terms of the metal.
o In the hydrogenation catalyst for hydrocarbon oils containing aromatic
hydrocarbons, preferably the catalyst.cbmprises a carrier and an active metal, and
the effective pore size distribution of the catalyst is composed of pore sizes
within a range from 4 to 200 nm, and pore sizes within a range from 0.7 to 4 nm,
wherein the volume of pores with a pore size in the range from 4 to 200 nm is 0.3

to 0.6 ml/g, and the volume of pores with a pore size in the range from 0.7 to 4

am is 035 to 0.5 ml/g.
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within the range fromO0.15 to 0.2 m/g. It is preferable that the
hydr ocarbon oil contains a fraction with a boiling point of 170 to 390C by
an amount of 80 weight percent or nore. It is preferable that the
hydr ogenati on catalyst for hydrocarbon oils containing aromatic

hydr ocar bons conprises a carrier and an active netal, wherein the carrier
iis fornmed fromsilica-nmagnesia, the active netal is a noble netal selected
fromthe group VIIl1 of the periodic table, and the magnesia -content of the

silica-magnesia is within a range from25 to 50 wei ght percent, calcul ated

in terms of (Hee imveatorsxifdhe phweaoiterentiohs asial esalt BEdAPSitEp At g thRoddidul ¥
2004 carrier is produced using a silica-nmagnesia hydrate gel as a gasi C raw

material. .t is. ferabl e that the prqportjon of the_noble netal selected
fromthe ‘BPQE%“@I&" %%ﬁm e SuRstrate o at(ﬁmolézswlwqmr a siligayEnagnesio. 1 to 2

wei ght percent, calculated in terms of the netal. A catalyst of the

present i@fgp@g’iﬁ@ i | ' net al
selected fromt hengf}é(r)ﬁé@\ﬁ/?:é?ﬁ(r) %:t egggie% %é??h%ea%@gﬂ%doﬂ{éh‘g&gg%@?g?g%ﬁ
conpri sing sil.i ca-magnesi a hydrate gel and/or silica-nmagnesi a oxide
carrier, Cﬂ&gwﬁbf@mqéeby theceonwentiopahpraasss of supportingegmable metal from thad
then followng drying, performng a calcination. The silica-nmagnesia

hydr at e lLLiscas i A 0Xi rrier through. the caleination.
Spect 1 caPyp PRTEE the b BiTARNARY Ml ik BPleeSta dnBitilionr Tt A diodh oup
VII'l of the periodic table is added to the silica-magnesia hydrate gel

- which haghe inventors discovered that in terms of the composition ratio of the silica-

) magnesia compound, a preferred specific range exists which is suitable for
lowc;ihg the amount of aromatic hydrocarbons in the light gas oil fraction by

: -hydrogenation and is satisfactorily resistant to sulfur hydrocarbons and the like,
and also discovered that a suitable range exists with regard to the amount of
active metal, and proposed these findings in Japanese Patent Applicatibn No.
Toku Gan Hei 10-356347. In addition, the inventors of the present invention
developed the present invention as a result of conducting intensive research into
lowering the amount of arbmatic hydrocarbons. Moreover, the silica-magnesia
composition utilizes an amorphous material.

- Inother words,"the present invention provides a hydrogenatidn catalyst for

~ the aromatic hydrocarbons included in hydrocarbon oils. The catalyst has a

~ silica-magnesia composition as the carrier, and comprises a silica-magnesia oxide
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magnesi a content, calculated in terns of ‘the netal oxide, of between 25 and
50 wei ght percent, and the m xture is then kneaded and extruded, and after
drying, is calcined (co-mxing nethod). Alternatively, a silica-mgnesia
oxi de carrier obtained by kneading and extruding the silica nagnesia
hydrate gel with a nmagnesia content, calculated in terns of the netal

oxi de, - ofcabdemvedth Qﬁlaﬁh@sﬁ%qn‘ﬂﬁitgmthﬁfé ?Eﬁ“rgge Y 25 %0 @Ww%wn*g?gﬁ

calcination is inpregnated with a sa ution of the n

sel ected fioqlthe,group VII'l of the periodic table, and 10 13 July 2004
then af t &al@Hafedin tesms objthae mstrliaxidey toi whidhom noblepmegaielectedediomd) .
Common hydrol ysis nethods for manufacturing the silica-magnesia hydrate
gel with | I i-n. fLar f the al ,oxi de, of
et veen | AT IR LA T ot DM bei® el ThisHesh iR eV,
deposition nmethod, and a sol-gel process, although the coprecipitation

met hod i compdrentedn alditiorgthepbee chyde@rissics of she eafalysedcwwichahat tHRt hod
wherein a sodiumsilicate aqueous solution, and a magnesi um chl ori de

aqueous sohution. with' .an anount of gnesium calculated in ternms of the
oxi de. wgéSPl\J\P’Pn?rtP%WF érﬂ@éappm@s.oft% T&ﬁt 4 RINGH MEasWEdby ameesyayd

dropwi se concurrently or approximately concurrently into a reaction vessel

~at a hydirysintett £ FREAGd W Rithid M rahsbdnos d. us
pr oduced pgl lica- nggn'esi a hyélr at E}iﬁaglrg?y I'S qggﬁ]qqlgﬁlfefgbgﬁ%@ﬁ%gw’gﬁag]
filtered a.?hai n to obtain a silica-nmagnesia hydrate gel. In the present
i nvent i oVitR BPTE $4%5n0% ddeasidihnm isaet more than 885smil/g; sherwghemieanfpords
calrr) er, calculated in terms of the nmetal oxide, is limted to a
with a pore size from 0.7 to 2 nm as measured by nitrogen adsorption-t-plot
method is within the range from 0.2 to 0.3 ml/g, and the volume of pores with a
' Vpo're size from 2 to 4 nm as measured by nitrogen adsorption-DH method is
within the range from 0.15 to 0.2 ml/g.
Itis preferable that the hydrocarbon oil contains a fraction with a boiling
point of 170 to 390°C by an amount of 80 weight percent or more.

- Itis preferable that the hydrogenation catalyst for hydrocarbon oils
containing aromatic hydrocarbons comprises a carrier and an active metal,
wherein the carrier is formed from silica-magnesia, the active metal is a noble
metal selected from the group VIII of the periodic table, and the magnesia

content of the silica-magnesia is within a range from 25 to 50 weight percent,

calculated in terms of the metal oxide. Moreover, the silica-magnesia oxide
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value within the range from25 to 50 wei ght percent is that outside this
range, the hydrogenation catalyst does not function sufficiently well to
fulfill the object of the present invention, because the anount of solid
acid in the silica-nmagnesia reduces and/or the anount of solid base
i ncreases. 11 13 July 2004 Furthernore, the reason the reaction tenperature
during hydrolysis is set to a value within the range from40C to 60C is
that outside this tenperature range, the requirenents for the pore
characteristics for the hydrogenation catal yst of the present invention
cannot becassier 4§ pratlucBdaspigs silica-hmgnesiadeydray geltard bhsiohohoeéridle used
I n the manufacture of the aforenentioned silica-mgnesia hydrate gel
i ncl ude wat ery, sol uld e, sal.t uch as. a 1 diumsilicate solution, a
No 5 sod umiiF pEeERIE i B DibrettioR el e e umetal belegied Bomihcon.
Furthernore, water soluble salts such as magnesium chloride, nmagnesium
sul fate, groupcVINBi i '
magnesi a rawpenat eri a}lé WNES'? ?m‘aabpl? gg‘t% ?tg’%ggtﬁ%%z@“g%?‘ﬁ%d‘”%fgi‘éﬁr‘rr’%ﬁf he
salt solution of {he noble netal selected fromthe group VIII of the
peri odi c ¢eplatedin kemsiafithemetghesia hydrate gel so that the netal
conponent, calculated in terns of the netal, is from 0.1 to 2 wei ght

percent and s Lng: 0 I ¢ _substance obtai ned. by :
neadi ng_t he *Srarare it SEAER intndorblbichfodt 67 a0 Ee 23R SEib 08Pt e o
the desired shape, and after drying, is calcined. The shape of the
extruded theawlde meig! sedectad fomnithe growmpPIEof theaperiodic table to the carrier
comprising a silica-magnesia hydrate gel and/or silica-magnesia oxide carrier,
using either a co-mixing method or an impregnation method, and then following
drying, perfqrming a calqination; The silica-magnesia hydrate gel becomes
silica-magnesia oxide carrier through the calcination.
Specifically, the salt solution of the noble metal selected from the group

VIII of the periodic table is added to the silica-magnesia hydrate gel which has a

magnesia content, calculated in terms of the metal oxide, of between 25 and 50

weight percent, and the mixture is then kneaded and extruded, and after drying, is
calcined (co-mixing method). Alternatively, a silica-magnesia oxide carrier
obtained by kneading and extruding the silica-magnesia hydrate gel with a
magnésia content, calculated in terms of the metal oxide, of between 25 and 50
Weight pcrcent, drying agd sgbsequent caicination is impregnated with a salt

solution of the noble metal selected from the group VIII of the periodic table, and

10



-~ 13 July 2004
cylindrical, two leaf, four |eaf, or spherical. 12 13 July 2004 Provided
the extruded object is dried evenly, drying should not present any
particul ar problens, and for reasons of efficiency and sinplicity, the
extruded object should be dried at a tenperature within a range from 80C
to 120C. Furthernore during cal cination, because changes may occur such as
an aggloneration or a phase change of the active conponent, the
calcination tenperature should normally be between 350C and 600C, and
prefer abI% E‘ \Aﬁen 400C and 500C. If the calcination tenperature is bel ow
350C an ti&n abes drylag; i sdyjected 40 caltination (impregnatibgimethiod). t enper at ur e
exceeds 600C, the specific surface area decreases markedly. In the present

mtals suen SO TOCRIN AR RS Fhm MRl e ilicimashndvgrei

VIII of the periodic table, and a conbination of palladiumand platinumis
especi al Iggl iﬁaﬂbaMgncsﬁeonteﬂsmaldtﬂ@tedfmltﬂimQfofttl‘i@nﬁﬁ.ﬁl‘ Y€ideOBPBRRM e dded,
or the ampunt of the active netal supported is within the fange,

he ver oft 41 e eflegesnl Tiduden oPiciaiotion ?m“t‘ﬁb Eé depapiommethaht
percent is too low for the effects caused by the active metal to manifest,
wher eas andansulrgel proead ARheupk i topREAHMtdH ItRod' R ﬂﬁ:féﬁ‘gd.u 2004
éxarnp]e; hydrolysis is performed using a method wherein a sodiﬁm silicate
aqueous solution, and a magnesium chloride aqueous solﬁtion witﬁ‘ an amount of
magnesium, calculated in terms of the oxide MgO, within a range from 25_ to 50
_Weight percent, are added droéwise concurrently or appfoximately concurrently
into a reaction vessel at a kydrolysis iemperature within a range from 40°C to
60°C, and the thus produced silica-magnesia hydrate slurry is then filtered,
washed, and filtered again to obtain a silica-magnesia hydrate gel.
In the present invention, the reason the magnesia content in the silica-
- magnesia oxide carriér, calculated in térms 6f the metai oxide, is lifnited toa
. value within the range from 25 to 50 weight percent is that outside this range, the
hydrogenation catalyst- does not function sufficiently well to fulfill the object of

the present invention, because the amount of solid acid in the silica-magnesia

‘reduces and/or the amount of solid base increases.

11
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further inprovenent in catalytic activity. The nmetal salt of the noble

metal used in the present invention may be any salt provided that it is a
wat er soluble salt, and suitable exanples include a nitrate, a chloride,
an acetate or an amm ne conpl ex. Exanples of -support nethods include ion
exchange net hods, inpregnation nethods, gas phase nethods and co-m xi ng
net hods, al though the inpregnation nethod and/or the co-m xi ng net hod,

whi ch are the nost representative conventional catalyst preparation

nmet hods, areI;h nmost convenient. Furthernore, after being supported on
the carrier, &fﬁ?q{gl(&ﬁd&@éle@%meowaﬁﬂentt%lﬁerqé@rer during hydrelysis isseidoi ve
metal conponent to the netal oxide carrier. The pore characteristics of the
hydr ogenat { [ i | 8no r.ef erably such that
the vol urey ARe Bl e ABEE (H 407 G0 TR oS o B3 MDAPEE by T e
mercury porosinetry nethod is within a range from0.3 to 0.6 m /g, the

vol une ofrapgecthevieghirementefori the poie ehataetsistRRToRthd ByditpenatidnQataRist 9,
the volune of pores with a pore size fromO0.7 to 2 nmas neasured. by the

ni t rogen orption-t-plot method is wi.thin a range from0.2 to 0.3 m/g,
and the (ﬁgﬁﬁr‘ﬁe rEﬁBV 18 F?\“I&)tgﬁr\%atksfflfg-from 2 to 4 nmas neasured by the
nitrogen - adsorption-DH nethod is within a range fromO0.15 to 0.2 m/g. The

ni trogen ads@spimiples of Rhekiliet i i _ : _
between 0.7 to 2 p;]lms 14 1%115&31*3%?36123 r%r‘?ﬁ%?ler%d;ng?e Fﬁ?ﬁl{.p{ryérg[feaﬂﬁfé&ﬁg@(’f

adsor pti OPI- DH nethod is. capabl e of nmeasuring pore sizes from2 to 200 nm
al t hough th# aforemeimedatlisarmagrssiahydiate gal wslyds waterseduble salts such

e

as a No. 1 sodium silicate solution, a No. 2 sodiﬁm silicate solution and a No. 3
sodium silicate solution. Furtﬁermore, water soluble saits such as magnesium .-
chloride, magnesilim sulfate, magnesium nitrate and magnesium acetate can be
used as the magnesia raw matérial. | |

Next, a plastic substance obtained by adding the salt solution of the noble
metal selected from the group VIII of the periodic table to the silica-magnesia
hydrate gel so that the metal component, calculated in terms of the metal, is from
0.1 to 2 weight percent and subsequent kneading, or é plastic substance obtained
by kneading the aforementioned silica-magnesia hydrate gel, 1s extruded into the
desired shape, and after drying, is calcined.

The shape of the extruded product may be any desired shape such as

cylindrical, two leaf, four leaf, or spherical.

12
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from2 to 4 nm Furthernore, it is preferable that the specific surface
area neasured using the nitrogen adsorption-BET nethod is wwthin a range
from350 to 460 n2/g. The volune of pores with a pore size of at |east 4 nm
as "nmeasured by the nercury porosinetry nethod is kept within the range
fromO0.3 to 0.6 m /g, because at less than 0.3 m /g, the resistance to

di ffusion.of the hydrocarbon oil1l (reaction material) through the pores of
the catalyst is large, and it becones difficult for-the hydrocarbon oil
(reaction material) to penetrate to the inside of the pores, and
consequent | y Rrewideshiheraxt rudedphjectds driee eenlyf doyingshoald motepresent are
denitrogentation rate deteriorate. Conversely, it is also preferable not to
exceed O. L ddition toct-he catalyst Losing its useful ness
as an ir@ag%é%gﬁ@g@gﬁ%gbaﬁgr‘%agogs 8@?@‘?‘8?‘8&36‘!1 %lwp{l‘ﬁétyeﬁifsﬁ?%a%‘%rengt h
of the catalyst, the stability of the catalytic activity al so

det eri or ajtgect shohld be dréddhtsteriifaatird aithin PEATRL °Eigpt ore, the
vol une _O;ﬂ!ﬂ;ores with a pore size of at |east Z%nﬁbgisg%e(gggrle E’E t he
marcury.nﬁglrosi metry nmethod is restricted to no nore than 0.05 m /g because
at vol umdduthaaeiprmoealginagion, heeatsietchanges mayeoccuraughtas arsi ng 15 1 3
July 2004 its usefulness as an industrial. catalyst due to a deterioration

in the crigshi he. ¢ .t il | f.the catalytic
activity Rt 8PEpRaS, chied Ot o Riiye AfinBhRle Melellritatie i & T
undesirable. In addition, the volune of pores with a pore size in the range

from 0. 7 temperature should normally be between 350°C and 600°C, and preferably

)

e

béfwgen 400°C and 500°C. If the calcination temperature is below 350°C an
‘oxide state is not attained, and if the calcinatidn_temperature exceeds 600°C, the
spectfic surface area decreasés markedly. |

| In the present invention, the active component or the active metal is selected
from metals such as ruthenium, rhodium, palladium or platinum fr(;m the group
VIII of the periodic table, and a combination of palladium and platinum is
= é_:specially favorable.

, ;I‘he reason the amount of the active component added, or the amount of the

- active metal supported is within the range, calculated in terms of the metal, from

0.1 to 2 weight percent relative to the weight of the cataiyst is because an amount

of less than 0.1 weight percent is too low for the effeé:ts’ caused by the active

metal to manifest, whereas an amounf exceeding 2 weight percent offers _nb
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nm as neasured by the nitrogen adsorption-t-plot method are kept within the
range from0.2 to 0.3 nl/g for the follow ng reasons. Nanely, if the vol une
of pores with a pore size in the range fromO0.7 to 2 nmas neasured by the
nitrogen adsorption-t-plot nmethod is less than 0.2 m /g, the supported
active nmetal agglonerates nore easily, the dispersability of the active
netal particles deteriorates, and the dearomatizing rate, the
desul furization rate and the denitrogentation rate fall. Conversely, if
the volunme of pores with a pore size from0.7 to 2 nmis larger than 0.3
m /g, a hizrthesriampongmest ineatalyticastivity.occur, coke deposits forminside
the pores, and the catal yst deactivates prematurely. Furthernore, the
vol une of por ] ! Siy4€e | he range from2 to 4 nmas neasured
by the ni troggﬁe\gfé%glrgqlﬁ @ﬁ{@‘#ﬁF% ai Es%mﬂwl?rﬁﬁ?f‘ttlﬂge?g%éﬂay E’SW. 15.to
0.2 nug.in order to achieve a bal ance between the volunme of pores wth a

pore si zesalhpidvided ahgedit iy owaler’sdlabl ult, and su@bkoéxHRpRYs iREIRR M th a
.pore size in the range from4 to 200 nmwhich is favorable for.

hydr ogenat i or} 16 é@) #I y 2004 activity. In ot hf:r .words, it is clear from
the vol unBitie dFRIOTIME, R agelnte or apAsmiRg ¢eBRlex.7 and 4 nm as neasured by

the nitrogen. adsorptian-t-plot nethod and the nitrogen adsorption-DH

met hod, and tRfameley oSS STRE ' ' -and at
| east 200 nm as rrgasur ed 3? t he rrqaﬂrsclﬁf gldggi? gsfﬁdrrcgltﬁ Pg‘t‘ mépﬁg%ﬁ%%régﬂﬁ%g&e S
a depression in thepﬁgre distribution within .the range from2 . to 4nm It

is pref er Bistlods, gas phastmetheds vath coimixing metheds ol thought thednpeegnationor e |

mctﬁod aﬁd/or the co-mixing méthod, whicﬁ are the most répresentative | |
con'ventiopal catalyst prcparatién méthod__s, are the most convenient.

* Furthermore, after being supported on the caﬁier, drying and calcination are then
performed to fix the active metal component to the mctai oxide carrier.

The pore characteristics of the hydrogenation catalyst obtained in this
manner are preferably such that the volume of pores with a pore size of at least 4
nm as mea_sured by the mercury porosimetry method is within é rangé from 0.3 to
0.6_' ml/g, the volume of pores with a pore size of at least 200 nm is -up to 0.05
ml/g, the volume of pores with a i)OI‘C size from 0.7 t-o 2 nm as measured bSI the
nitrogen adsorption-t-plot method is withiﬁ a range from 0.2 to 0.3 ml/g, and the

-volume of pores with a pore sizc_from_’l_z to 4 nm ﬁs me_asu_red.b_'y the nitrogen
| ?c_ISOrpl_f_ion-D‘HA method is within a rénge from 0.15 to 0.‘2'm1/g._ Tﬁé'_nitrﬁggn |
_‘ adsbrption—t—plot method is_suitablc:fo.r ;ﬁ_eaéhring the range Beﬁydi_zﬁ@.‘? t;) 2 nm.

14



, 13 July 2004

of a fractlon with a boiling point of 170 to 390C. Light gas oil, kerosene,
and jet fuel are exanples of hydrocarbon oils that fall within this range.
The crushing strength of an industrial catalyst carrier varies according to
“the shape of the catalyst, but generally, a value of at least 1.0 kg/mmis
required for a 1.5 mmcylindrical catalyst. The specific surface area as
measured by the nitrogen adsorption-BET nethod is set within the range
from350 to 460 n2/ g because if the specific surface area is either too
small or too large, the catal ytic hydrogenati on does not proceed

ef fi ¢ci entlfarthezmore, theouidgagen raisotptions BXH nyethod is tipatile efentasuritgnpo has

hi gh hydrogenation activity for aronmatic hydrocarbons contalned I n -

nyar ocar SRS ed 2R 2 Blash il B3 afticaian Bk Feliifkobthuaorecsizes on

proceeds very efficiently due to the specific pore structure and high
specific fsmnfm@4armamfrtﬁehmo@@tmts/§iefcﬂaalé nﬁtﬂeégpédiﬁe%ﬁt rcbsatrJ:QS of the
r

present invention., the volume of pores with e size from0.7 to 2 nm

is calculated b the trogen adsorption-t-plot met hod ( Col 0|d Interface

Sci., 21 m%‘%“&é QWO%PMOWI%BE& wethodipwithin sirzage froomB5%d 4 nm
S cal cul at ed by the mtrogen adsorption-DH nmethod (Kelvin Equation), and

t he speC|t5|45(pﬂ2jgace area is calculated by the nitrogen adsorption- BET

met hod. I'n addition, the aromatic hydrocarbons in the oil processed to

eval uat e the,lperformance O the catalyst is determined. using a High

Per f or mance The volume of pores with a pore size of at least 4 nm as measured by the

' £ . mercury porosimetry method is kept within the range from 0.3 to 0.6 ml/g,

- because at less than 0.3 ntl/g, the resistance to diffusion of the hydrocarbon il —
(reac'tion material) through the pores of the catalyst ts latge, and it becomes
dtfficuit for the hydrocarbon oil (reaction material) to penetrate to ttte inside of
the pores, and consequently the dearomatizing rate, the desulfurization rate and
the dcnitrogentatien rate detertorate. Converseiy, it is also preferable not to
exceed 0.6 ml/g, becauee in addition to the'catalyst losing its usefulness as an

' _in.dustr_ial catalyst due to a deterioration in the crushing strehgth of the-cately-st,
the stability of the catalytic activity also deterioratcs, and the catalyst deactivates
prematurely.

Furthermore, the volume of pores with a pe_te'eize of at least 200 nm as
rtteeeuréd by ttte mercury peresirttetty method lie'_res'trictcd to no ittorc than_0.0S
mi/g because at volumes exceeding 0.05 ml/g,.i_t:t_i__e;giditien to the catalyst lostng |
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Li qui d Chromat ograph (manufacturedby Shi mazu, Corporation), the sulfur-
content .is determ ned using a Total Sulfur Analyzer (made by M tsubi shi
Chem cal Corporation (Ltd.)), and the nitrogen content is determ ned using
a Total N trogen Analyzer (made by M tsubishi Chem cal Corporation
(Ltd.)): As follows, the present invention is described in greater detail
with reference to a series of working exanpl es and conparative exanpl es,
al though the present- invention is in no way linmted to the exanples
presented. Exanple |I (1) Hydrolysis and preparation of the catalyst 18 13
July 2004tsusefuknessas antindusieial ¢atalystidie taa Meteriotationdaptheidryslsing nl ess
steel reaction vessel equipped with a stirrer, then warned to, and

W0 concsterat Bt C@lyse e siPitfy dunf FRADGR Y Rkttt nsbhey of °

magnesi um chloride in water, and 17,500 ml of a sodiumsilicate solution

with a SicatalgsindesctivatdsprenfatifieBy, wiich ié ungesiedlepr epared by adding 1275 g
of sodi um hydroxi de and water to the No. 3 sodiumsilicate solution, were

added dropw se, roxj mately oncurrently, tqQ the reaction vessel, and a
silica- rragnei‘i‘&daﬁg?lhttl@e §pﬁ+m9 Oi/ﬁgfeso‘ﬁltﬁiar@@[e $ues i th rasgedgony0{/idio 30

m nutes, the slurry was filtered and washed until a Na20 concentration of

| ess tham) g ni@isaféd BERE Rltrdigth ﬁ%g?@g@gﬁ-t;ﬂﬂfjmdﬁ@d 9%&%{5&&}1{3{5‘{1{@9%9 a

hydrate gel with a MyO cont ent” of percent . I'n accordance
w th the co-m xing nethod, 1865 g of the _ -
) range from 1.2 to 0.3 ml/g for the following reasons. Namely, if the volume of

pbres with a pore size in the range from 0.7 to 2 nm as measured by the Iiitro_gen
adsorption-t-plot method is less than 0.2 ml/g, the supported active metal
agglomcrates more easily, thp dispersability of the active metal particles
deteriorates, and the dearomatizing rate, the desuifurization rété and thé
denitrogentation rate fall. Conversely, if the volume of pores with a pore size
from 0.7 to 2 nm is larger than 0.3 mi/g, é hydrocracking is more Iikely to occur,
coke deposits form inside the pores, and the catalyst deactivates prematurely.
- Furthermore, the volume of pores with a pore size in the range from 2 to 4
nm as measured by the ﬂitrogcn adsorption-DH method is kept within the range
| fr(;m 0.15 to 0.2 m¥/g in order to achieve a balance between the volume of pores
with a pore size in the range f;om 0.7 to 2 nm and the volume of pores with a

‘pore size in the 'rangc from 4 to 200 nm which is favorable for hydrogenation
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af orenenti oned silica-mgnesia hydrate gel (360 g O Si02-MgO, 5.51 g of a
platinumtetraamm ne nitrate solution containing 5.5 wei ght percent of Pt,
and 15.04 g of a palladiumtetraammine nitrate solution containing 4.7
wei ght percent of Pd were plasticized inside a kneader provided with a
heating jacket. This plastic substance was subsequently extruded using an

ext.ruder ,actRAty. Ol OMeP WY ipss ERAr %"gghﬂtérvzqigg?é‘of Egﬁér%r\ﬁftﬂrafe%(ﬁlfczﬁli%g C, was

calcined at 500C in an 19 13 July ric nace ours to
yield a silica nagnesia catalyst Awith a dianeter of 1.4 nm The pore
char act erhefwices Q% anchdonm asrmeagured byrthasitregeibudsorptionr-tplot methoskamdt ry
met hod, the pore volune (0.7 to 4 nnm) and the specific surface area as

comosi 1184 ioBRAHEaHRNRDRLRIeER, TRUIRE o BRRERR ey g pote Siamotor
the nitrogen gas adsorption used, the t-plot nethod was used to neasure

the rangeat ltagtrd Aim7atdatlensn 2000 0mt StemPitured hyctheaersey poosimasyy € the
range from2 to 4 nm (2) Evaluation of the performance of the catal yst

Using a fixed- flow reactor filled with 15 mlLiliters of the catalyst
A a st rf&PW?ﬂﬂ tth IggIon IR ﬂleppesfe&ﬂr&utm withipghe range from 7
concentration of 414 ppm a nitrogen concentration of 37 ppm total

aromat i cgof ng8. 6 wei ght percent,

- It is preferable that the hydrocarbon oil contains 80 weight percent or more
of a fraction with a boiling point of 170 to 390°C. Light gas oil, kerosene, and
jét fuel are examples of hydrocarbc;n oils that fail within this range.

The crushing ‘strcng‘throf an indﬁstrial catalyst carrier varies according to the
shape of the catalyst, but genérally, a value of at Jeast 1.0 kg/mm is required for a
1.5 mm cylindrical catalyst.

The specific surface area as measured by the nitrogen adsorption-BET
method is set within the range from 350 to 460 m%/g because if the specific
surface area is either too small or teo large, the catalytic hydrogenation does not
proceed efficiently.

Itis thqught that _the catalyst of the present invention has high
hydrogenation activity for aromatic hydrqqarbons contained in hydrocarbon oils

and yet is highly resistant _to'p(')is'dning by sulfur hydrocarbons and the like
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pol ycyclic aromatics of 2.8 weight percent, and a 90% distillation
tenperature of 367C was processed under reaction conditions including a
reaction pressure of 5.0 MPa, a hydrogen/oil ratio of 6001 I/l, a LHSV
value of 2.0, and a reaction tenperature of 320C, and the dearomati zation
rate, and the desul furization and denitrogentation reaction activity of
the processed oil after 100 hours and after 20 13 July 2004 300 hours of
reaction were determ ned. The results obtained are shown in Table 2. Table
1-1 :Active Metal Co-M xing Met hod Conposition Content of Exanple /Conpa-
Cat al yst bxcagseilghtargdtedaeactipmpivcecdsvety effidivmlyrdasnb ehbSh&tifie gorei ght %
Pt/ Pd Exanpl e 1A35-650.3/0.7 Exanpl e 2B35-650.3/0.7 Exanple 3C25-750.3/0.7

Exanpl e 3D50;500. 3({ 0. 7 Exanpl e 4E35-650..15/0.-35 Exanpl e 4F35-650.6/1. 4
7 P sPFucture anc{ l%gﬁ specIfic suriace area of tge catalyst. w

In the pore charécteristics of the present invéntion, the volume of pores with -

a pore size ffom 0.7 to 2 nm is calculated by the nitrogen adsorption-t-plot
method (Coloid Intcﬁace Sci., 21, 405 (1996)), the volume of pores with a pore
size from 2 to 4 nm is calculated by the nitrogen adsorption-DH method (Kelvin
Equation), and the specific surface area is calculated by .tl'le nitrogen adsorption-
BET method. In addition, the aromatic hydrocarbons in t.he oil processed to
‘evaluate the performance of the catalyst ié determined using a High Performance
Liquid Chromatograph (manufactured by Shimazu Corporation), the sulfur
.éontent is determined using a Total Sulfur Analyzer (made by Mitsubishi
Chemical Corporation (Ltd.)), and the nitrogen_ content is determined using a
Total Nitrogen Analyzer (made by Mitsubishi Chemical Corporation (Ltd.)).
| As follows, the present inven‘tic;n is described in greater detail with

- reference to a series of working éxamples and comparative examples, although

the present invention is in no way limited to the examples presented.

Example 1

) Hyd'rqus_'is_éﬁd preparation of the catalyst
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C- Exanpl e 1G35-650. 3/0. 7 C- Exanpl e 1H35-650.3/0.7 C Exanpl e 2135-650.3/0.7
C- Exanpl e 3115-850. 3/ 0. 7 C Exanpl e 3K60-400. 3/0. 7 (C Exanpl e= Conparative
Exanpl e) 21 13 July 2004 Table 1(1-2) Catal yst properties Mercury
- porosinmetry Nitrogen gas adsorption Vol une of PoresVol une of PoresSpecific
Surface Area (nmug)(m/g)(n2 /g) >4nm >200nm 0. 7- 2nm 2*' 4nm Exanpl e
10. 460..010. 2250. 170436 Exanpl e 20. 530. 030. 2350. 174442 Exanpl e
30.480.030. 2680. 195451 Exanpl e 30. 350. 020. 2000. 168393 Exanpl e
40. 450. 010. 2270, 172438 Exanpl e 40.440.010.2190. 171434 C Exanpl e
- 10. 220. 010. oebditerrfiwatecwasplpted rna d80. liieo capmityl 82iMZss Selrption
20. 250. 050. 1080. 096277 :
vessel equipped with a stirrer, then warmed to, and maintained at 40°C. Then,
17,500 ml of a magnesium chloride solution with a MgO concentration of 5.0
weight percent prepared by dissolving 4600 g of magnesium chloride in water,
and 17,500 ml of a sodium silicate solution with a SiO, concentration of 9.2
) ' _weight percent prepared by adding 1275 g of sodium hydroxide and water to the
’ No. 3 sodium silicate solution, were added dropwise, approximately
concurrently, to the reaction vessel, and a silica-magnesia hydrate shurry was
obtained. Next, after aging for 30 minutes, the slurry was filtered and washed
until a Na,O concentration of less than 0.2 weight percent was achieved, and
' yielded a silica-magnesia hydrate gel with a MgO content of 35 weight percent.
Next, in accordance with the co-mixing method, 1865 g of the
' ) - aforementioned silica-magnesia hydrate gel (360 g of Si0,-Mg0), 5.51 g of a
~ platinum tetraammine nitrate solution containing 5.5 weight perccnt of Pt, and
115.04 g of a palladium tetraammine nitrate solution containing 4.7 weight percent
. of Pd were plasticized inside a kneader provided with a heating jacket. This

p'l_aétic substance was subsequently extruded using an extruder, and following

drymg for 15 hours at a temperature of 110°C, was calcined at 500°C in an
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C- Exanpl e 30. 520. 040. 2760. 193465 C- Exanpl e 30. 300. 030. 2070. 144366/

Hydrol ysis tenp. Catalyst Calcination tenp. (O (C .Exanple 14500 Exanpl e
260500 Exanpl e 340500 Exanpl e 340500 Exanpl e 440Soo Exanpl e 440500

C- Exanpl e 125500 C Exanpl e 180500 C—Exarrpl e 240700 C Exanpl e 340500 _
C - Exanpl e 340500 22 13 July 2004 Tabl e 2 Exanpl e/ Conpa- Cat al yst Dearomati -
Desul furi-Denitrogen- rative ExanpleNo. (% =zation Rate(% =zation
Rate(%tation Rate(% 100h 300h 100h 300h100h 300h Exanple 1A 89 90 75 7584

83
, - electric furnace for 2 hours to yield a silica magnesia catalyst A with a diameter

of 1.4 mm.

The pore characteristics (4 nm or larger) as measured by the rmercury
porosimetry method, the pore volume (6.7 to 4 nm) and the specific surface area
as measured by nitrogen gas adsorption methdds, respectively, and the
composition of the obtained catalyst A are shown in Table 1. In terms of the
nitiogen gas adsorption used, the.t—plot method was used to measure tht_a range
from 0.7 to 2 nm, and the DH method was used to measure the range from 2 to 4

- nm.

(2) Evaluation of the performance of the catalyst

Using a fixed-bed flow reactor filled with 15 milliliters of the catalyst A, a
straight run light gas oil with properties inclucfing a sulfur concentration of 414

ppm, a nitrogen concentration of 37 ppm, total aromatics of 28.6 weight percent,

polycyclic aromatics of 2.8 weight percent, and f_i. 90% distillation temperature of
367°Cwas proceséed under réaction condifions including a ?eaction pressure of
5.0 MPa, a hydrogen/oil ratio of 600 NI/}, a LHSV value of 2.0, and areaction
temperature of 320°C, and the dearomatization rate, and the desulfurization and

| denitrogentation reaction activity of the processed oil after 100 hours and after
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Exanpl e 2B 90 90 75 7583 83 Exanple 3C 76 75 72 7276 76 Exanple 3D 75 75 71

7075 75 Exanple 4E 70 70 67 6772 . 71 Exanple 4F 93 94 78 7885 85 C- Exanpl e
1G 24 24.22 2226 26 C-Exanple IH 70 51 62 4861 50 C Exanple 21 36 35 31 .
3336 34 C-Exanple 31 53 50 48 4651 51 C Exanple 3K 58 55 52 5255 52 Exanpl e
2 (1) Hydrolysis and preparation of the catalyst A Catalyst B was obtai ned
in the sane manner as the Exanple 1-(1), with the exception that the
hydrol ysis tenperature used to generate the silica- magnesia hydrate was
altered to 60C. The pore characteristics as nmeasured by the nercury

por osi ns0yhonssiddaeactinn woreedetorminedanfihe nesw tseabthimedsarefshoavmine Tabke 13
July 2004 as neasured by nitrogen gas adsorption nmethods, and the
COnposiEion of the obtained catalyst B are shown in Table 1, (2)

Eval uati"on of the performance of the catal yst The results of evaluating the
catalyst in the sane manner as in the Exanple 1-(2) are shown in Table 2

Table (1-1):Active Metal Co-Mixing Method

Example /Compa- Catalyst No. Compositioﬁ Content of

rative Example ' (weight %)  Active noble metal
' MgO-S8i0,  (weight %)
S — Pt/Pd
Example 1 A 35-65 0.3/0.7
Example 2 B 35-65 0.3/0.7
- Example 3 C 2575 0.3/0.7
" Example 3 D 50-50 - 0.3/0.7
Example 4 E 35-65 - 0.15/0.35
" Example 4 F 35-65 0.6/1.4
C-Example 1 G 35465 0.3/0.7
‘C-Example 1 H 35-65 0.3/0.7
C-Example 2 I 35-65 0.3/0.7
) CExample 3 ] 1585 03/0.7
. C-Example 3 K 60-40 0.3/0.7

(C-Example= Comparative Example)
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Exanple 3 (2) Hydrolysis and preparation of the catal ysts Catalysts C and D

were obtained in the sanme manner as the Exanple 1-(1), wth the exception
that in the hydrolysis used to generate the silica-magnesia hydrate, the
anmount of the sodiumsilicate solution with aSi Qconcentration of 9.2

wei ght percent added dropwi se to the reaction vessel was altered so as to
gener at e percent and 50 wei ght percent of S 02 respectively. The
por e chaTr?igg:éNg |2|cs as ‘nmeasured by the nmercury porosinetry method, the
pore volune and the specific sucﬁaﬂyste}j;gpeﬁgeg‘reasur ed by nitrogen gas
adsorption rrethodsW obt-ath

are shown in Table BB of the pe FOER E2SAdSORRLIRR: o ysts
The results of eval u\i@luﬂi@e OleOCfaSt al yMduine ofhBosane r‘rﬂpm:lflaSuu'facéfErea

Exanpl e .1-(2) are shown ¢y)/ghable 2. 24 ly 2004 Exa (1)
Preparation of the c al(ystg 0 t al y@i(@aﬁg E were obt g}anedé?n t he sane
manner as. the Exanpl eqn(l e ~e4BBht 261 4Bt in using the

silica- nEg:mnpla hydrzﬂ_éﬁgel (hOepared OR25Exanmh.g70- (1), thegqggount of
active dd d ltered to. 0.15 weight percent of Pt and 0.35

wei ght p t hd).83t al yst 0235and d).d@ded to 0. 644%ei ght percent
gLarPtac'?grl s%ﬁbqs alsanteoa ;gg Ihgdngﬁglﬁg; f@ibﬁ rg ml-[]ﬁég(irt he pore
Example 3 035 0. 02 0200  0.168 393
~ Exeample 4 045 001 0227 0172 438
%) Example 4 044  0.01 0219 0171 434
‘C-Example1 022  0.01 0066  0.078 145
CExample1 065 011 0325  0.189 470
" C-Example2 025  0.05 0108  0.09 277
C-Example3 052  0.04 0276  0.193 465
C-Example3 030  0.03 0207  0.144 360
Hydrolysis térnp. Catalyst Calcination temp.
() (C)
Example 1 40 500
...  Example2 60 | 500
7 Example 3 40 500
Example 3 40 _ 500
 Example4 40 500
Example4 40 | 500
C-Example 1 . 25 500
~ C-Example 1 80 | 500
C-Example 2 40 _ _ 700
- C-Example3 .. 40 560
" CExample3 - 40 | 500
22
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capacity and the specific surface area as nmeasured by nitrogen gas

adsorption nethods, and the conposition of the obtained catalysts E and F
are shown in Table 1. (2) Evaluation of the performance of the catal ysts
The results of evaluating the catalysts in the same nanner as in the
Exanple 1-(2) are shown in Table 2. -Conparative Exanple 1 (1) Hydrolysis
and preparation of the catalysts Catalysts G and H were obtained in the
same nmanner as the Exanple 1-(1), wth the exception that the hydrolysis
tenperature used to generate the silica- nagnesia hydrate was altered to
25C and 80C respectively. The pore 25 13 July 2004 characteristics as
measur edlaBlethe nercury porosinetry nmethod, the pore volume and the
specific surface area as neasured by nitrogen gas adsorption nethods, and

t he. | 1] | talysts Gand ,H h i.n Table 1. (2
Eval uat PonmprOREmieR CHRRA"CPER AT, 2 PR Coor Besitoadiua i ng
th tg ' ] ' 5 ' ¥ Tabl

2. Compara Tve Dbl o 3 rafin RS, 2 Rafee) BafoaRatecry T e

obt ai ned by cal cining a portionl@ht h&08k r utRRh and00hi ed 1Q0PAIBOOKPT epar ed
in the_ Exanple 1-(1),. at 700C .The pore characteristics as

Example 1 A 8 9 75 75 84 83
Example 2 B 90 90 . 75 75 83 83
- Example3 c 7 -7 12 72 76 76
" . Example3 D 75 7571 70 75 75
‘Example 4 E 70 70 67 67 7 .7
Example 4 F 93 94 78 78 85 85
~ C-Example 1 G 24 24 2 2 2% 2%
- C-Example 1 H 70 51 62 48 61 50
C-Example 2 I 36 . 35 31 . 33 36 34
C-Example 3 J 53 50 48 46 51 51
C-Example 3 K 58 55 52 52 55 52

S Example 2

(1) Hydrolysis and preparation of the catalyst

A Catalyst B was obtained in the same manner as the Example 1-(1), with
tﬁe exception that the hydrolysis temperature used to genefate the silica-
‘magnesia hydrate was altered to 60°C. The pore characteristics as measured by

~ the r_nercu_ry' porosimetry method, the pore volume and the specific surface area
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measured by the nercury porosinetry nethod, the pore volunme and the

specific surface area as neasured by nitrogen gas adsorption nethods, and
the conposition of the obtained catalyst | are shown in Table 1. (2)

Eval uation of the performance of the catal yst The results of evaluating the
catalyst in the sane manner as in the Exanple 1-(2) are shown in Table 2.
Conparative Exanple 3 26 13 July 2004 (1) Hydrolysis and preparation of the
catalysts Catalysts J and K were obtained in the sanme nanner as in the
Exanple 1- (1); with the exception that in the hydrolysis used to generate
t he silica-mpanasd t gjﬂ&p ' b ds ution
wth-a SiQ2 concenﬁyawlgirﬁ'@ggas.aggo i ghthﬁ%%ﬂ?ngﬂgm%dﬁﬁgéﬁfgﬁ%he
reaction vessel was altered so as to generate 85 wei ght percent and 40

vei ght peatfamedsatdiysbBrase showinvisl Tabitkdl.pore characteristics as neasured
by the mercury porosinetry nethod, the pore volume -and the specific

omost t1 on 60 ERERHICE oo B R AN S o T Tabie 1. (2)

Eval uati on of the performance of the catalysts The results of eval uating

t he catal yst Sherashlts Mreeahnﬁmgrthas:ataigsm theaamieembnOe) ag i€ tisd Bwaniple Tabl e
2. it-is clear from Table 1 and Tabl e that the catalysts A, B, C, D, E

gpgsgntfrﬁ@ﬁr%rgﬂo%ull irE Jﬂlgfégil Exanpl e 4 satisfy the requirenents of the

PN

Example 3

(2) Hydrolysis and preparation of th;e catalysts

‘Catalysts C and D j&ere obtained in the same manner as the Example 1-(1),
with the exception tﬁat in the hydrolysis used to generate the silica-magnesia
hydrate, the amount of the sodium sili;:ate solution with a Si0O, concentration of
9.2 weight percent added dr(')pv\}ise to the reaction vessel was altered so as to
gencrate 75 weight percent and 50 weight percent of Si0, respectively. The pore
'_(_:haracteristics as measured by the mercury porosimetry method, the pore volumé |
and the specific surface area as measured by nitrogen gas adsorption methods,
and the composition of the obtained catalysts C and D aré shown in Table 1.

(2) Evaluation of the performance of the catalysts

_Thg ;esults of evaluating the catalysts in the same manner as in the Example .

1-(2) are shown in Table 2.
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. . . | L . L 13 July 2004
invention with regard to the silica-nagnesia conposition, and thé anount of

active noble netal, ‘the pore characteristics and the specific surface area
of . the catal yst, and each shows a high dearomatization activity, high
desul furization activity and denitrogentation activity. Ln contrast,

al t hough the silica-nmagnesia conposition and the active noble 27 13 July

2004 net g, conkent of the catalyst G of the Conparative Exanple 1 are
Wi t hin tﬁe_?rﬁ)@n'g'es specified in the present invention, the pore .

characteristics, including the volune of pores with a pore size of at

| east 4 rim (1)Breparatien of theocatslylstom 0.7 to 2 nmand the vol une of pores

from2 to 4 nm and the specific surface area of the catalyst G are
ified in the present _ inventi and

kedl t t ,
he deas ot IESB Hahii V6T GBsaledin i seme e 65 (A BABHNErloRht at i on

activity show a | ower val ue, respectively. Furthernore, although the

silica- i { {. t he
cat al ys{mﬁﬂgfh ?ﬁgﬁg%ipiagrﬂgt? mggfé’ga%%ﬁ%d @%ﬂﬁﬁﬁ%ﬁe%ﬁ’g@ g{peci fied

in the present invention, the catalyst has a high volume of pores with a
pore si z&Exampleas{1)ktae amouanef wative matel added wias aliereshta 0 A& weighict i vi ty,
desul furization activity and denitrogentation activity are high, the

canel Hor RESARINIR AR O35, BORSERRPO e ChBRA, HPABLRA 19064 (e

active noble metal content of the catalyst | of the Conparative Exanple 2
fall witweighhpercanyef Ptprdili4@dvdight percpneseRd fonttencdtalyst BheThepere
characteristics, including the _
characteristics as measured by the mercury porosimetry method, the pore

cap_acity and the specific surface area as measured by nitrogen gas adsorption

‘methods, and the composition of the obtained catalysts E and F are shown in.

Table 1.

~ (2) Evaluation of the performance of the catalysts

- The results of evaluating the catalysts in the same manner as in the Example

N 1-(2) are shown in Table 2.

Comparative Example 1

(1) Hydrolysis and preparation of the catalAysts

Catalysts G and H were obtained in the sanie manner as the Example 1-(1),
w1th f%he §xception that the hydrolys;s temperature used to gene.ra_te:th‘? _s__ili_éé—
magnesia hydrate was altered to 25°C and 80°C respectively; The pore
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. _ _ 13 July 2004
vol ume of pores with a pore size of at least 4 nm the volune of "pores from

0.7 to 2 nmand the volune of pores with a pore size from2 to 4 nm as
wel |l as the specific surface area of the catalyst G are snall, and the
dearomati zation activity, 28 13 July 2004 -desulfurization activity and
denitrogentation activity show a | ow value, respectively. In addition,

al-t hough the active noble netal content and the pore characteristics and
specific surface area of the catalysts J and K of .the Conparative Exanple
3 fall within the ranges specified in the present invention, the

si | i ca- medparacteristiopes imedasuredsbyothesingacurly qadramgﬁ:t?pmtﬁo@cthe hdre&odigeent
I nvention, and the dearomatization activity, the desul furization activity

and. deni tivity show a | val ue, respectively. MNoreover,
the cat alz\sléf@l%%,p%ﬁ}to , l%:ch?E{ll" %fm??ﬁé‘rﬁ‘&gé’éﬂfmgﬁﬂgﬁﬁ @aﬁpfrPéNﬂ Hlerﬁhoqlﬁ,gh
activity even after 300 hours, indicating clearly that the catal ytic

activity asid theccorapadiviohofithe %b&ﬁnéﬂ %Qia?z\étggﬂﬁg gl %eg%?eo(}{?b{ ﬁﬁ?ﬁ%i and

preparation of the carrier 25 liters of [iter
capacity stai steel reaction vessel equipped with a stirrer, then

war med t o, &35 %@m%%@f&ﬁm@rmo f thg cBBdysts of a. magnesi um chl ori de
solution with a MyO concentration of -5.0 wei ght percent prepared by

di ssol vi ng 46§ 7,500, mr- of
codtum o1 11 cans Rsfils PRI RE Bobalins In K B st s R E ElmBre
1-(2) are shown in Table 2.

Comparative Example 2

{1) Preparing the catalyst

A catalyst I was obtained by calcining é portion of _th:a extruded and dried
product prepared in the Example 1-(1), at 700°C. The pore characteristics as
measured by the mercury pqrosimetry method, the pore volume and the specific

oy Asu'rface area as measured by nitrogen gas édsorption methods, and the

composition of the obtained éatalyét Tare shéwn in Tat;le 1.

(2) Evaluation of the performance of the catalyst

The results of evaluating the catalyst in the same manner as in the Example

1-(2) are shown in Table 2.

Comparative Example 3
26
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29 13 July 2004 wei ght percent prepared by addi ng 1275 g of sodium

hydr oxi de and water to the No. 3 sodiumsilicate solution, were added
dropw se, approximately concurrently, to the reaction charrber, and a
sitica-magnesia hydrate slurry was obtained. Next, after aging for 30
mnutes, the slurry was filtered and washed until a Na20 concentration of
| ess than 0.2 wei ght percent was achieved, and vyielded a silica-nmagnesia
hydrate gel with a MgjO content of 35 weight percent. Next, 1865 g of the
af orementioned silica-nmagnesia hydrate gel (360 g of Si 02 MO was

pl asticized- |(ﬂ$&{§siralysnﬁeauéprqpamtmiedfvhd tatalysesat i ng jacket. This plastic
subst ance was subsequently extruded using an extruder, and foll ow ng

drying for re,of 110C, was cal ci.ne t.500C.in an
electric fur 3%%@1]3%53%? “ﬁcl{]l”g? i/"ll@l:‘l:ﬂ‘aﬂ%q $athe, MARASE 38 40 dhe Exampleiler |
with a dianeter of 1.4 nm (2) Preparation of the catalyst In accordance
wi th the (l)ypwetnheiexecprbn dkht i Lkl ’

sol ution (cont ai ning 5. gﬁvvel ght ﬁggéggﬁgdgd@ &FH ?en%ﬁité‘%ﬂéfglla pa géilgum
tetraanmmine, nitrate solution containing 4.7 i ght percent of Pd were

m xed t odiidrate, th, aﬁwntﬁﬁﬁ%ﬁalmahmb@mﬁsqmuoﬂ with peSiOLiconehtrationdifust ed
through the addition of water so as to match the ampunt of water absorption

of the @Q%é’%ht ?@f(fjchf ﬁdg%ggldfmﬁgqattﬁg AR P allekd £ & gwsagnem a

oxide carrier

=)

-generate 85 weight percent and 40 weight percent of SiO, respectively The pore
characteristics as measured by the mercury porosimetry method, thc ;-)o.re volume
-and the specific surface area as measured by nitrogen gas adsorption methods,
| and the composition of the obtained catalysts AJ aﬁcl K are shown in Table 1.
(2) Evaluation of the performance of thc cataly.rsts
The results of evaluating' the catalysts in the same manner as in the Example
1—(2) are shown in Table 2.
Itis clear from Table 1 and Table 2 that the catalysts A,B,C,D,Eand F
from Example 1 through Example 4 satisfy the requirements of the present
- invention with regard to the silica-magnesia ccmpositioh, and the arllount of
active noble metal, the pore characteristics and the specific surface area of the
catalyst, and each shows a high dearomatization activity, high’ desulfurization

activity and denitrogentation activity

In contrast, although the silica-magnesia composition and the active noble
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j, and after aging, the carrier was dried for 15 hours at 110C, and

subsequently calcined at 500C in an electric furnace for 2 hours to yield
a catalyst L. The pore characteristics as neasured by the nercury

porosi netry nethod, the pore volune and the specific surface area as
measured by nitrogen gas adsorption nethods, and the conposition of the
obt ai ned catalyst L are shown in table 3. (3) Evaluation of the perfornmance
of the catalyst Using a fixed-bed flow reactor filled with 15 mlliliters
of the catalyst L, a straight run light gas oil with properties including

a sul f ur metal @omteitiofithetathlyst (G pithe Conipagtve Bxaagsterioaicowitin #fe PPM :
total aromatics of 28.6 wei ght percent, polycyclic aromatics of 2.8 wei ght

percent, and a QOOiD‘di %EI |l ation tenpergture of 367C was . processed under
react i on '@8&E8F SPBH. e n theprsert F@&E‘ﬂoﬁma}ﬁ pew charaeteristigs \pgluding the
hydrogen/oil ratio of 600 NI/I, a LHSV value of 2.0 hr 1, and a reaction

t emper at wistuafe 32QGesaRh bllfore SRR IEAl A fin] T voRlile'FGords il ¥ 1 £t 1 0N

activity and denitrogentati'on activity e’ processe
hours and after 300 hours of reaction were determ ned, respectively. The
resul ts chiE ad the vobmaswaf paresdibom 2 to doanpansd thedsperdfic suyfaze@ded of the

Hydrol ysis and preparation of the carrier An oxide carrier k was obtained

inthe s ; : - (1), ' t hg_exception that the
hydr ol ysia(gsﬁztﬂﬁ nggéﬁcgrﬁ%{%ggcﬁé@ gﬁé]gﬂ'%rnat}% r?ﬂﬁéigqqc&ﬁg ﬁ%gﬁ%??%?el%dr ate was
altered to 60C _ :
invention, and the dearomatization activity, desulfurization activity and

o denitrogentation activity show a idwer value, respectively.
Furthel’more, although the silica-magnesia composition and the active noble
.metal confcnt of the catalysi'H of the Comparative Example 1 fall within the
1anges specified in the present invention, the catalyst has a high voiume of pores
With a pore size at least 200 nm, and while the initial dearomatization activity,
desulfurization activity and denitrogentation activity are high, the catalyst
BN deactivateg quickly, and these _activities deteriorate considerably.
Furthermore, although the silica-magnesia composition and the active noble
metal content of the catalyst I of the Comﬁarat_ive Example 2 fali within the
' ranges specified in the present invention, the pore. characteristics, including the
volume of pores with a pore size of at le’a_St 4 nm, the volume of pores fiom 0.7 to
| 2 nm an_d the volumc of pores With a pores1ze ffqm 2to 4 nm, as 'ﬁell .aél the
specific surface area of the cétalyét G;f;:;t;lai_l,:and _the deétoméiiéatidn aétivity,
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(2) Preparation of the catalyst A catalyst Mwas obtained in the sane

manner as the Exanple 5-(2), with the exception that the oxide carrier k
obtained in (1) was used. The pore characteristics as nmeasured by the
mercury porosinetry nethod, the pore volume and the specific surface area
as neasured by nitrogen gas adsorption nethods, and the conposition of the
obtained catalyst M are shown in Table 3. (3) Evaluation of the
performance of the catalyst: The results of evaluating the catalyst in the
same nmanner as in the Exanple 5-(3) are shown in Table 4. Exanple 7 (1)

Hydr ol ysidesatfuriratioarastivity afd déreitrogentation@dtilétycstiow arlow valé, m wer e
obtained in the sane manner as the Exanple 5- (1), with the exceptlon t hat

in the hy used to generate the silica-magnesia .hydrate, the
anmount ofrgﬁﬁ%&i"%?um silicate solution with a SiQ2 concentration of 32 13
July 2004 9.2 wei ght percent added dropw se to the reaction vessel was

altered so adntaldigdenscilicughbthesictive rﬁﬁl@ﬁiﬁtap&fhtéﬁ’ﬁ gfg cent of S 02
respectively. (2) Prepar atlon of the catalysts Catal ysts and 0 were

obtained in the sane nner, as the Exanple 5- (2? wi th the exception that

t he oxi deEOERAGtEBsRCS and apesifissurtasa aren ofi jhegatalystssHand ke of e e

characteristics as neasured by the mercury porosinetry nmethod, the pore

vol ume andofiparMPRCEkhmpie's [faf %vﬁl‘i:ﬁlath@%aﬁ@@s%ﬂe%gfl@d' il kﬁé BASAnPAR ARG PLI On
the sﬂlca—magncsm composition is outside the range specified in the present
invention, and the dearomatization activity, the desulfurization activity and
denitrogentation activity show a low value, r_é:s‘pectively.
Moreover, the catalysts A, B, C, D, E, F of the present.invehtio;l maintain
high activity even after 300 hours, indicaﬁng clearly that the catzgiytic activity of

" the catalysts is also stable.

) Example 5
(1) Hydrolysis and prepération of the carrier
25 liters of water was placed in a 100 liter capacity stainless steel reaction
vessel equipped with a stirrer, then warméd to, and maintained at 40°C. Then,
17 500miofa magnes:um chiorlde solutlon Wlth a MgO concentrat;on of 5 0
wexght percent prepared by d1ssolv1ng 4600 g of magnesmm chlonde in water,

and 17,500 ml of a sodlum sﬂlcate solution with a SiO2 concentration of 9.2
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met hods, and the conposition of the obtained catalysts N and O are shown in

Table 3. (3) Evaluation of the performance of the catalyst The results of
evaluating the catalyst in the same nanner as in the Exanple 5-(3) are
shown in Table 4. 33 13 July 2004 Table 3(3-1): Active Metal Inpregnation
Met hod Conposition Content of . Exanple /Conpa- Catalyst Carrier (weight %

Active n ' ] Yoy i ght. % ,Pt/ Pd anpl e
t 5 T VLA RITR B L e G R
No. 3 sodium silicate solutjon, were added dropwise, approximately
concurrently, to the reaction chamber? and a silica-magnesia hydrate slurry was
obtained. Next, after aging for 30 minutes, the slurry was filtered and washed
'untﬁ a Na,O concentration of less than 0.2 weight percent was achieved, and
| yielded a silica-magnesia 'hydrate' gel with a MgO content of 35 weight percent.

" Next, 1865 g of the aforcmentioped silica—magnésia hydrate gel (360 g of
SiOz;MgO) was plasticiied inside a kneader pmvidc& with a heating jacket. This
plastic substance was subseqﬁéntly extruded using an extruder, and following
drying for 15 hours at a tcmpera-ture of 110°C, was calcined at 500°C in an
electric furnace for 2 hours to yield a silica magnesia- oxide carrier. Jwith a
diameter of 1.4 mm.

(2) Preparation of the catalyst
) | ' In accordance with the imi}regnation method, 5.51g of a platinum
tefraar’ninine nitrate solﬁtioﬂ containing 5.5 weight pércent of Pt, and 15.04g of a
' palladium tetraammine nitrate solution containing 4.7 weight percent of Pd were
ﬁked together, and an impregnation solution of .a specific volume adjusted
 through the addition of water soas to match the amount of water absorption of

~the _cat_\alyst_c&rr_ier_vfa_s imp'rj;jigﬁ'atéd into 100g of a silica-magnesia oxide carrier
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C- Exanpl e 4R n35-650. 3/0.7 C- Exanpl e 4S035-650. 3/ 0.7 C Exanpl e

5Tp. 35-650. 3/ 0. 7 C Exanpl e 6Uql5-850.3/0.7 C -Exanpl e 6r60-400.3/0.7

Cat al yst properties. Mercurry porosinetry.. Nitrogen gas adsorption Vol une
of pores Vol une of pores Specific Surface Area (mug) (m/g) (n2 /g)
>4nm>200nm 0. 77- 2nm 27- 4nm Exanpl e 50. 450. 010. 2280. 171439 Exanpl e

60. 540. 030. 2470. 174446 Exanpl e 70.480. 030. 2750. 193453 Exanpl e

70. 360. 020. 1990. 166395 Exanpl e 80. 450. 010. 2360. 175440 Exanpl e

80. 430. 010. 2200. 172436 C- Exanpl e 40. 210. 010. 0680. 079148 C- Exanpl e 40. 640. 11

. 0. 317" 0j]8id afteCagimyphe catic? #aLIed £3:01 9 9948 aCt FORPAR] subsequently
60 530. Ogé 2880. 193467 C: Exanpl e 60. 300. 03 0. 1980. 14536’4 34 13 jlu %004

-calcined at 500°C in an electric furnace for 2 hours to yield a catalyst L. The
pore characteristics as measured by the mercury porosimetry methodz the pore
-volume and the specific surface area as measured by nitrogen gas adsorption
methods, and the composition of fhe obtained.catalyst L are shown in table 3.

. (3) Evaluation of the performance of the catalyst

LT,
r .
o )

' Using a fixed-bed flow reactor filled with 15 milliliters of the catalystL, a
straight run light gas oil with properties including a sulfur concentration of 414
ppm, a nitrogen conqéntration of 37 ppm, total aromatics of 28.6 weight percent,
polycyclic aromgtics of 2.8 weight percent, and a 90% distiliation temperature of
367°C was processed uﬁder reaction conditions including a reaction pressure of
5.0 MPa, a hydrogen/oil ratio of 600 NI/I, a LHSV valué of 2.0 hr?, and a

reaction temperature of 320°C, and the dearomatization rate, and the

: desulfurization activity and denitrogentation activity of the processed oil after
100 hours and after 300 hours of reaction were determined, respectively. The

results obtained are shown in Table 4.
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Table 3 (3-2) Hydrolysis tenp. Catalyst Calcination tenp. (t)(C) "Exanple 5
40 500 Exanple 6 60 500 Exanple 7 40 500 Exanple 7 40 500 Exanple 8 40
500 -

(1) Hydrolysis and preparation of the carrier
Aun oxide carrier k was obtained in the same manner as the Example 5-(1),
with the exception that the hydrolysis temperature used to generate the silica-
- magnesia hydrate was altered to 60°C.
(2) Preparation of the catalyst
A catalyst M was obtained 1n the same manner as the Example 5-(2), with
the exception that the oxide carrier k obtained in (1) was used. The pore
characteristics as measured by the mercury porosimetry method, the pore volume
: and the Spgcific surface area as measured by nitrogen gas adsorption methods,
-and the composition of the c_ibtained catalyst M are shown in .Table 3.
(3) Evaluation of the performance of the catalyst:
The results of evaluating the catalyst in the same manner as in the Example

5-(3) are shown in Table 4.

| ﬁxample 7
- (1) Hydrolysis and p.reparati'on of the carrier
Oxide carriers 1 and m were obtained in the same manner as the Example 5-
(1), with the exception that in the hydrolysis used to generate the silica-magnesia

hydrate, the amount of the sodium silicate solution with a Si0, concentration of

32



. 13 July 2004
Exanple 8 40 500 C-Exanple 4 25 500 C-Exanple 4 80 500 C-Exanple 5 40

700 C-Exanple 6 40 500 . C-Exanple 6 40500 Table 4

9.2 weight percent added dropwise to the reaction vessel was altered so as to
'génerate_ 75 wcight percent 'i;lnd 50 weight percent of SiO, respectively.

| (2) Preparation of the catalysts

Catalysts N and O were obtained in the same manner as the Example 5-(2),
.ﬁith the exception that the oxide carriers | ana m obtained in (1) were used. The
pore characteﬁstics as measured by the mercury porosimetry method, thé pore
volume and the spccific surface area as measured by nitrogen gas adsorption
methods, and the composition of the obtained catalysts N and O are shown in
Table 3.

(3) Evaluation of the i)erfonnance of the catalyst

The results of evaluating the catalyst in the same manner as in the'Example

5-(3) are shown in Table 4.
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Desul furi-Denitrogen- rative Exanpl eNo.
(9% zation Rate(% zation Rate(%tation Rate(% 100h300h100h300h100h300h
Exanpl e 5L 889075758383 Exanpl e 608974758382 Exanpl e 7N787671717676
Exanmpl e 70757572727575 Exanpl e 8P707168687373 Exanpl e 8393 76758585
C- Exanpl e 4R242422222624 C- Exanpl e 4569 5261486450 C- Exanpl e 5T3535

e sane manner as the Exanple

85551515452 35 13 July 2004

5-(2), wth the exceptlons that the oxide carrier j prepared in the

Exanpl e SwhmplaalComd @ﬂdl)éslﬂg é@%&h&fgﬁft ‘%

0 15 wei g mﬂ;e ﬁltpz) 6 v

and a ere

ht” percen of Pt

ili6h @ p altered to
dgort cata yst
a4t Pd

for the.catalyst Q The.pore characteristics sur e@”%l)ghttt%) ner cury
por osi rret_%LLtELth__t_h_e pore vol ume and the specific Pt/Pd

xample 5 L j 35-65 0.3/0.7
: Example 6 M k 35-65 0.3/0.7
Example 7 N 1 25-75 0.3/0.7
Ex_axpple 7 o m 50-50 0.3/0.7

. Example 8 P j 35-65 0.15/0.35
- Example 8 Q j 35-65 0.6/1.4
C-Example 4 R . n 35-65 0.3/0.7
) C-Example 4 S o 35-65  0.3/0.7
C-Example 5 T P .35-65 0.3/0.7
.C-E:tample 6 U q 15-85 0.3/0.7
~ C-Example 6 \% I 60-40 0.3/0.7

Catalyst properties :
Mercurry porosimetry . Nitrogen gas adsorption
Volume of pores  Voluine of pores Specific Surface Area
(ml/g) (ml/g) (m’/g)
. >4am  >200nm 0.7~ 2mm 2~ 4pm '

Example 5 0.45 0.01 0.228 0.171 439
~ Example 6 0.54 0.03 0.247 0.174 446
) Example 7 048  0.03 0.275 0193 453
© Example7 036 002 0199  0.166 395
Example 8 045 0.01 0.236 0.175 440
Example8 043" 0.01 0.220 0172 436
C-Example 4 0.21 0.01 0.063 0.079 148
C-Example 4 0.64 0.11 0.317 0.187 472
C-Example 5 0.27 0.05 0.111 0.099 281
C-Example 6 0.53 0.04 0.288 0.193 467

-Example 6

0.30

0.03

0.198
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surface area as neasured by nitrogen gas adsorption nethods, and yt he
conposition of the obtained catalysts P and Q are shown in Table 3. The
results of evaluating the perfornmance of the catalysts in the same nmanner
as i-n the Exanple 5-(3) are shown in Table 4. Conparative Exanple 4 (1)
Hydrol ysis and preparation of the carrier Oxide carriers n and o were
obt ai ned -iﬁﬁlé% a manner as the Exanple 5- (1), with the exception that
t he hydr(}l—w—s—t—@ﬁ;ﬁtﬁ%@s .used to generate the silica-nmagnesia hydrate
were altered to 25C 2AHUKHYSIE é&¥ppct i vel yCatabystralgmagioncemyf. t he cat al yst
- 36 13 July 2004 Cat aI|yst{°@?)and S were obtai ned i?C) he sanme manner as the
Exanpl e SH%pie@th‘the gQception that € OXi a nd o obtai ned
in (1) were used. The pore characteristics as measured by the mercury '
por osi met Mxampledd, the p6fe vol ume and the sp&€@¥ic surface area as

measur ed _nitrogen gas sorption nethods, and the conposition of the
obt ai ned gﬁ%‘?@ﬂ&?@ R and 8are shown in Table §.00( 3) Eval uation of the
perfornanq_l:exa%p[%h;e cat al YHS Th %i ng the catalysts in the

e results of eval
same nmanner as in the Exanple 5-(3) are shown i able 4. Conparative

Exanpl e 5Hxbmpledpar ati on4Qf the carrier 500

. Example 8 40 | © 500

- C-Example 4 25 500

C-Example 4 80 - 500

") CExample s 40 700

' C-Example 6 40 ' 500

C-Example 6 40 , 500

- Table 4

Example/Compa- Catalyst Dearomati- Desulfuri- Denitrogen-

' rative Example No. (%) zation Rate(%) zation Rate(%) tation Rate(%)
100h  300h 100k 300h 100h 300h

Example 5 L 88 90 75 15 83 83

_ . Example6 M 9 8 74 75 83 82
= Example 7 N 7 76 71 71 76 76
Example 7 0 5075 72 T2 75 75
Example 8 P 70 71 68 68 73 73

" Example 8 Q 93 93 - 76 75 85 85
C-Example 4 R 24 24 22 2 26 24
C-Example 4 S 69 . 52 61 48 64 50
"C-Example 5 T 35 35. 31 33 36 34
C-Example 6 U 51 50 48 46 51 51
C-Example 6 \% 58 55 51 51 54 52
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An oxide carrier p was obtained by calcining a portion of the extruded and

dried product prepared in the Exanple 5-(1), at 700C. (2) Preparation of
the catal yst A catalyst T was obtained in the same manner as. the Exanple
5-(2), with the exception that the oxide carrier p obtained in (1) was
used. The pore characteristics as neasured by the nercury porosinetry

nmet hod, the pore vol une 37 13 July 2004 and the specific surface area as
measured by nitrogen gas adsorption nmethods, and the conposition of the
obtained catalyst T are shown in Table 3. (3) Evaluation of the performance
of the clxaimyse 8The results of evaluating the catalyst in the same manner
as in the Exanple 5-(3) are shown in Table 4. Conparative Exanple 6 (1)

Hydrol ysis apd, pre ation of the catalyst Oxide carriers_g and r_were
obtained in &ﬁé‘ﬂ%ﬂ%g; %@ﬁbwea%p %n@sméleesme mannsgjasithe fixamplepd-i(3) t hat
in the hydrolysis used to generate the silica-nmagnesia hydrate, the anount

~of the sggi bt b Q{1 M4 i ' A i ght
per cont - Saub G sosfichs 1R ShE Pt dfer Y e p R BT ULk Aol )
generate 85 wei ght percent and 40 wei ght percent of Si02 respectively. (2)

Pr epar at heed,@imnd the ashivel metal carrier amount was altered to 0.15 weight percent of Pt

| aﬁd 0.35 weight percent of Pd for the catalyst .P,,and alt_ered to 0.6 weight percent
of Pt and 1.40 weight percent of Pd for the catalyét_Q. The pore charaqteristics as
measured by the mercury porosimetry method, the pore volume and the specific
surface area as measured by nitrogen gas adsorption methods, and the
composition of the obtained catalysts P and Q are shown in Table 3. The results
of evaluating thé perfofmance of the catalysts in the same manner as in the

Example 5-(3) are shown in Table 4.

- Comparative Exampie 4

(D) Hydrolysis and preparation of the carrier
Oxide carriers n and o were obtained in the same marincr as the Example 5-
(1), with the exception that the hydrolysis temperatures used to generate the
silica—magnésia hydrate were altered to 25°C and 80°C respectively. |

(2) Preparation of the catalyst
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Catal ysts U and V were obtained in the same manner as the Exanple 5-(2),

with the exception that the oxide carriers q and r obtained in (1) were
used. The pore characteristics as nmeasured by the nercury porosinetry

nmet hod, the pore volune and the specific surface area as neasured by

ni trogen.gas adsorption nethods, and the conposition of the obtained
catalysts U and V are shown in 38 13 July 2004 Table 3. (3) Eval uation of
the performance of the catal ysts The results of evaluating the catalysts in
the sane manner as in the Exanple 5-(3) are shown in Table 4. It is clear

from Tabl e 3 CutalystsbRend S hasre Obeaifiall 3h YR Sathe MAnér 48, thE Binfle S1(2))
Exanpl e 5 through Exanple 8 satisfy the requirenents of the present

i nvention ,V\f_ltg%regard tqQ the silica-magnesia con&gsi tion of the oxide
carrij er, vadh the exCepliqmthat dhe oxider cartiers Brangse obidned iz (1) weseiusede Theea

and the amount of active noble netal supported in the catalyst, and show

hi gh deagﬁﬂg [ j bV fur ' TN -

deni tr ogent akpéﬁédégl??t\%t%?, m?é%“ﬁggw&c% éf‘%ﬁt g’rr(}{ @sgé‘le?ff)}aheﬁ@g%hthp&mg he

catal yst R of the Conparative Exanple 4, the silica-nmagnesia conposition
of the owiodemeamd the spedifibsudaraiateacds measured bytiierogentgds adsopptibad in the
catalyst fall within the ranges specified in the present invention, the

pore character. sti of the catalyst, .including the pore,vol of. pores
Mt & oanetgseind e compgsitpnof e ohbisd raliyps R PBd AT SHOWEB 5 76
from 0.7 to 2 rim and the volune of pores with a pore size from2 to 4
ri m t ogéefabde 3. | '

(3) Evaluation of the performance of the catalysts

The results of evaluating the catalysts in the same manner as in the Example

5-(3)-are shown in Table 4.

Comparative Example 5

(1) Preparation of the carrier
) An oxide éarrier p was obtained by (,;alci_ning a portion of the extruded and
. dried product prepared in the Example 5-(1), at 700°C.
(2) Preparation of the catalyst
A catalyst T was obtained in the same manner as the Example 5-(2), with
the exception that the oxide carrier p obtained in (1) was used. The pore

characteristics as measured by the mercury porosiinetry method, the pore volutﬁé_
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wrth the specific surface area of the catalyst are markedly smaller than

the ranges._specified, and the dearomatization activity, desulfurization
activity and denitrogentation activity show a | ow val ue, respectively. 39
13 July 2004 In contrast, for the catalyst S of the Conparative Exanple 4,
al though the silica-magnesia conposition of the oxide carrier and the
anount of active noble netal supported in the catalyst fall wthin the
ranges specified in the present invention, the catalyst has a hi gh pore
vol unme of pores with a pore size of at Ieast 200 nm and while the initial

dear omat iandt therspecificsurfacedmealat uné¢asaréd byardtrogen pasaddogrtivr fegleodst i on
activity are high, the catal yst deactivates qur ckly, and these activities

det d | f th
Compar o R0 ERARESR0E B RERG! Canbit e SRAVOL I oel o1 suppor t ed

in the catalyst falls within the range specified in the present invention,
the pore Cha(@)?E%llﬁa‘tio‘ﬁSo%etﬂ&fcﬁﬂ’iﬁﬂdﬁﬁfthc'c'ﬁ%i’lgﬁ' ng the volume of pores

with a pore size of at |east "4 nm the pore vo of pores fromO0.7 to 2
rim and the_vol urre of pores from2 to 4 n together with the specific
surface arealdte tesults of &Wlsxatmgéhmawéﬁsty n}imsrame whanet agin thegBxample
specified, and the dearomat | zation activity, desulfurization activity and

denitrog hpw a | ow val ue. Furthernore, for the catal ysts
U and V ?Eﬁ%ﬂﬁggﬁ Té%l%égarrpl e 6, although the pore characteristics,

the specific surface area and the amount of active noble netal supported
fall within the ranges required by the present ,

5 .
Comparative Example 6

(1) Hydrolysis and preparation of the catalyst
Oxide carriers ¢ and r‘were obtained'ia the same manner as the Example 5-
(1), with the exception that in the hydrolysis used to generate the eilica-rnagnesia
hydrate, the amount of the socrium silicate solution with a SiO, concentration of
9.2 weight percent added dropwise to tlre reaction vessel was altered so as to
generate 85 weight percent and 40 weight percent of SiO, respectively.
(2) Preparation of the catalyst |
- Catalysts U and V were obtained in the same manner as the Example 5-(2),
~with the exception that the oxide carriers q and r obtained in (1) were used. The
pore characteristics as measured by the mercury porosimetry method, the pore

volume and the specific surface area as measured by nitrogen gas adsorption

methods, and the composition of the obtained catalysts U and V are shown in
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i nvention, the silica-magnesia conposition of the oxide carrier is outside
the 40 13 July 2004 range specified in the present invention, and
dearonmati zation activity, and desulfurization and denitrogentation
activity show a | ow val ue. Moreover, the catalysts L, M N, 0, P and Q of
the present invention maintain high activity even after 300 hours,
indicating clearly that the catalytic activity of the catalysts is stable.
By enpl oying a configuration described above, a catalyst of the present '
invention with specific pore characteristics, formed by supporting 0.1 to 2
wei ght peFaldat3. cal culated in terns of the netal of a noble netal fromthe
group VIl of the periodic table, on an oxide carrier conprising a

specific sili sia |t|on dearomati zation activity
for hydr ogena(t%ﬁr]?gpg‘rag %ﬁ‘% ré}atz‘é gfnﬁ‘été i n hydrocarbon oils
contai ning sul fur compounds and the |ike, has superior activity in

g nmp

relation to. SN asuRs QYNGR GtAYER inTHESARRHNTr A R/ EQKEDIE "

mai ntain . high activity for perlo tinme ccor

cat al yst f.the present |nvent|on is used in place of conventional

cat al yst (%) illl'f'gfﬁlc"g&ﬁl dablevdvi ng a | ow aromatic content, sulfur content
and nitrogen content can be produced. 41 13 July 2004 CLAI MS 1. A

hydr ogenati ot ga kY ford Tabitys bRAFAHIE 4 bk BRSO AL TR ECP 2nd O
from Example 5 through Example 8‘ satisfy the requirements of the present
invention with regard to the silica-magnesia composition of the oxide carrier, as 7
well as the pore characteristics, the spe_ciﬁc surface area and the amount of active
Iroble metal supported in the cata‘iyst, and show high dearomatization rictivity,
desulfurization activity and denitrogentr;ttion activity, respectively. |

In contrast, although for the catalyst R of tﬁe Comparative Example 4, the
silica-magnesia composition of rhe oxide carrier and the amount of active noble
metal supported in the catalyst fall within the ranges specified in the present
invention, the pore charracteristics of the catalyst, rncluding 'the ,porc voiume of
pores with a pore size of at least 4 nm, the volume of pores with a pore size from

0.7 to 2 nm, and the volu:ﬁe-of pores with a pore size from 2to 4 nm, togethcr
with the specific surface area of the catalyst are markedly smaller than the ranges
specified, and the dearomatlzatlon actmty, desulfunzatlon actmty and

denitrogentation activity show a low value resPectlvely
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hydr ocarbons, the catal yst conprising a carrier and an active netal wherein
the pore characteristics of the catalyst are such that the volune of pores
with a pore size of at least 4 nmas neasured by a mercury porosinetry
method is within the range. from0.3 to 0.6 m/g, the volune of pores with
a pore. size of at least 200 nm as neasured by a nercury porosinetry nethod
IS no.nore than 0.05 n/g, the volune of pores with a pore size fromO.7
to 2 nmas nmeasured by nitrogen adsorption-t-plot nethod is within the
range from0.2 to 0.3 m/g, and the volune of pores with a pore size from

2 to 4 nm as Ineaatast foythe ¢atalgenSasithe WdrApattive Btdaple 4 atdiigh (e
range fromO0.15 to 0.2 m/g. .2. The hydrogenati on catal yst of alm1,
rocarbon oil.. c i ns fraction with a boiling point of

wherei n tge kl d or}tg i _
170 to 39 5%2}“@%5‘%%?9@96’?1“99‘1 dB8 oxigpcysicyrndsbe ammuntofadiier agfeleat i on

catal yst of one of Caim1 and 2, wherein the carrier is formed from

si | 1 ca- mpgérabsappoded a EMPwWiBEA thd . | d from
the group VI I@%? theﬁt)ghreit%ﬁ?%g% gégFe, aﬁéhm[%&g%%ﬁlef@a%n@gﬁﬁ%ﬁ ent of
the silica-magnesia is within a range from25 to 50 wei ght percent, :
cal cul at daveniion the gatlyst lesouhighr pareofolume ofgpares ovitlile pofbsizeyof agiast i on

catalyst of Claim3, wherein the proportion of the noble netal selected
i gt parSant #h bl (3o REd kG Baioh Aettly, GesiyhRbabion Fafvitic al st
for hydrocarbon oeil containing aromatic
_ . . and denitrogentation activity are high, the catalyst dgactivates quickly, and these
activities deteriorate considerably.
Furthermore, for the catalyst T of the Comparative Example 5, although the -
. amount of active noble'metal supported in the catalyst falls within the range
| specified in the present invention,'thé pore characteristics of fhc catalyst,
including the volume of pores with a pore size of at least 4 nm, the pore volume
of pores from 0.7 to 2 nm, and the volume of pores from 2t04 nm, together with
' ) | the Specific surface area of the catalyst are markedly smaller than the ranges
specified, and the degrpmatization activity, desulfurization acti.vity and
denitrogentation activity show a low value.
| Fyrthermore, for the catalysts U and V of the Comparative Example 6,
although the pore characteristics, the specific suffgbé‘ a'r”e'a_‘ and the amount of
active noblé mgta‘l sgpppr_ted fal] within the ranges requlrcd by the present
invention, the silica-magnesia cdmposition of the ox1decarner 1s outéide the
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hydr ocar bons, the catal yst conprising a carrier and an active netal,
wherein the pore size- distribution of the catalyst is substantially
conposed of pore sizes wthin a range from4 to 200 nm and pore sizes
within a range fromO0.7 to 4 nm and wherein the volune of pores with a
pore size in the range from4 to 200 nm is 0.3 to 0.6 nug, and wherein the
vol unme of pores with a pore size in the range fromO0.7 to 4 nmis 0.351to
0.5 m/g. 43 ABSTRACT HYDROGENATI ON CATALYST FOR AROVATI C HYDROCARBONS
CONTAI NED | N HYDROCARBON O LS A hydrogenation catal yst for hydrocarbon oils
cont ai ni mange spacified inytlie presdmo isvériow, andddromatizanba acavitiaand
silica-magnesia oxide carrier with.a nmagnesia content wwthin a range from
25 to 50 yeight.percent. cal.culated in terns _of the netal oxide, to which a
nobl e -matiqesu Aoy q‘%‘&ﬁ‘&ﬁﬁﬂﬁ“‘@ﬂ@"d&cﬂﬂﬁquwa Wa¥&lugf the periodic
table is added as the active conponent. In addition, the pore
char act er i st iMeredvdrthe @Al x&tLﬁM?l\Bl(grPhH&tho‘f‘ihé’gkéﬁéﬁt?ﬁ afige wth a
pore size of at | east 4 nmas neasuf ed Yy a nercury’ por osi maYry net hod is
within the range from0.3 to 0.6 nl/g, the volume of pores with a pore size
of at | edBRinfym high activilyevencaften3 ) hoursumdipating cleariythae the dafadytie mor e
than 0.05 m /g, the volunme of pores with a pore size from0.7 to 2 nm as
measur ed ;o r-pt.i.@n-t-plot nethod is within the range fromo. 2
to 0.3 m gl,vri'li ngpgﬁ}a&%&gﬁel%%aﬁ%ores with a pore size from2 to 4 nm as
measured by nitrogen.adsorption-DH

: ) By employing a configuration described above, a catalyst of the present

invention with specific pore characteristics, formed by supporting 0.1 to 2 weight
~ percent, calculated in terms of the metal, of a noble metal from the group VIII of
the periodic table, on an oxide carrier comprising a specific silicﬁ-magnesia
composition, has high dearomatization activity for hydrogenéting aromatic
hydrocarbons contained in hydrocarbon oils containing sulfur compounds and

the like, has superior activity in relation to sulfur compounds and nitrogen

L

hydrocarbons, and moreover can maintain high activity for long periods of time.
“ Accordingly, if a catalyst of the present invention is used in place of
conventional catalysts, a light gas oil having a low aromatic content, sulfur

content and nitrogen content can be produced.
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method is within the range fromO0.15 to 0.2 m/g. No acconpanying figure

' CLAIMS

1. | A hydrogenation catalyst for hydrocarbon oil containing aromatic
hydrocarbons, the catalyst comprising a carrier and an active metal wherein the -
pore characteristics of the catalyst are such that the volume of pores with a pore
size of at least 4 nm :;ls measu‘red by a mercufy porosimetry method is within the
range from 0.3 to 0.6 ml/g, the voiume of pores with a pore size of at Jeast 200
nm as measuréd by a mercury poros.il.nétry method is no more than 0.05 ml/g, the
Qolun'le of pores with a pore size from 0.7 to 2 nm as mcasﬁred by nitrogen
adsorption-t-plot method is within the range from 0.2 to 0.3 mi/ g, and the volume
of pores \;vith a pore size from 2 to 4 nm as measured by'nitrogen adsorption-DH
method is within 'fhe range from 0.15 to 0.2 ml/g.
2. The hydrogei}ation cafalyst of Claim 1, wherein the hydrocarbon oil
contains a fraction with a boiliﬁg point of 170 to 390°C by an amount of at least
80 wéight percent.

. 3; The hydrogenation catalyst of one of Claim 1 and 2, wherein the carrier is
formed from silica-ﬁagnesia, wherein the.active mefal is a noble metal. selected
from the group VIII of the periodic tablé, and wherein the magnesia content of

- the siiica—magnesia is within a range from25 tQ__ﬁO Weight percent, calculated in
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terms of the metal oxide.

4. The hydrogenation catalyst of Claim 3, wherein the proportion of the
noble metal selected from the group VIII of the periodic table is within arange
from 0.1 to 2 weight percent, calculated in terms of the metal.

5. A hydrdgenation catalyst for hydr'ocarbon oil con_téini’ng aromatic

- hydrocarbous, the catalyst comprising a carrier and an active metal, wherein the

pore size distribution of the catalyst is substantially cdfn;ﬁosed of pore sizes

within a range from 4 to 200‘nm,'a'md pore sizes within a range from 0.7 to 4 nm,

' and wherein the volume of pores with a poré size in the range from 4 to 200 nm

o

1503 ¢to 0.6 mi/g, and wherein the volume of pores with a pore size in the range

_ from 0.7 to 4 nm is 0.35 to 0.5 ml/g.
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