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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 :

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
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, 13 July 2004
with an increase in the production of diesel engines, a shortage in the
supply of 1light gas oil is anticipated in the near future. As a result,
nmeasures such as adding a cracked or hydrogenated and desulfurized heavy
gas oil- to the light gas oil fraction, or increasing the production of
bl end -0il s which can be added to stralght run light gas oil fractions are
bei ng considered. In the case of blend oils which can be added to a
straight run light gas oil fraction, light cycle oil having a specific
boiling point range obtained froma fluid catalytic cracker is draw ng

consi der alitréteal, @it drode afl lrecoavestheandeciverftine, iliegdlfaxgﬁﬁnﬂi li hﬁgﬂﬂﬁﬂr’
because the Ilght cycle oil contains a |large amount o aroma

hydr ocar b e light cycle oil . with these characteri st i cs
directly f@ ‘(ﬂ@o ?'ﬂﬁfl&%atﬂlﬂﬁphﬂéﬁt‘jlﬁé&atlﬂﬂ temdsdoiredueaiswslume. cet ane

i ndex of the thus obtained |ight gas oil to be |owered substantially.

Fur t her nOF@sthé fmb#, ’Hécﬁ‘tflsctt'h% RIHPF A lﬂr%%rcﬂg?% irﬁ:r %%?L?g{hécfao ent

wi thin |ight gas oi'l fuel, 1t 1s. anticl St urt her
reducti on of 13 July, 2004 t he amount of ar omatlc hydr ocar bons included in
|'i ght cchéﬁbﬁfF iRGseassi igvihe production of diesehengines, a shoitagel in biye bﬁp,?l ylof s is
because air pollutants such as particulates. in the exhaust gas di esel

engi nes Vﬁ%ﬁ%@aﬂqﬁﬁ“ﬁlp&%%thgﬁéaﬁﬁ bons, and specifically the

parti cul at tter "“8 i nconpl et e

) ‘ As a result, measures such as adding a cracked or hydrogenated and .
i 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
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conbustion of a portion of the aromatic hydrocarbons, cause environnental

problens. Strict regulations are already in place in Sweden and in
California, USA regarding the content of aromatic hydrocarbons in |ight
gas oil. In order to use the light cycle oil as a blend oil, it is
desirabl e that the aromatic hydrocarbon content be reduced by perform ng
catal ytic hydrogenation on the light cycle oil. The sul fur conpound
content of light cycle oil is low conpared with straight run |Iight gas oi
fractions, but the hydrogen sulfide produced during hydrogenation of the
sul fur cdhpameuntpfiarematisi hylraeyrboasdecladeddn dighticycleonil ita bebtw durserty

I nhi biti'ng the hydrogenation of the aromatic hydrocarbons and poi soni ng

nydr ogendey s il B pRYREPOF T: Tl AEO8IaSkate SOIBEMT et ns Bevipatateson

activity and sul fur resistance with respect to aromatic hydrocarbons, and

al so havendhe exhaustzgds sfidiesslahiginds which ommaintystoagaiohyddca iy ahd,

catal ysts wherein a Goup VIII nmetal is supported by a carrier such as

al um na general | ave hi hydr ogenatjon 13 July 2004 activity and are
effectivgpgﬁifg?%léi&e Hﬂifmg{%é"y fef ayhich ocgHrs dueio theamcompleteear |y by

bei ng poi soned by the sulfur conpounds and the like in the hydrocarbon

oi I's. I n coRhB@tidiPoPY Yot o‘f'i'liléaﬂfrﬂﬁ!i@ﬂkdﬁibaﬁ?t?%u&@ﬁH@ﬁBﬁH@ntal

hydrogenation using a" catalyst containihg zeolité in the carrier is
described in Japanese Patent Publication No. Toku Kai Sho 64-66292, and
Japanese Rrablgias.pabutaggnlations are abeady o pluie s Seedaw anddndaiforaia, hough
zeolijte is a catalyst with high

USA regarding 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 content be reduced by performing catalytic hydrogenation
on the light cycle oil. The sulfur compound content of light cycle oil is low
compared with straight run light gas oil fractions, but the hydrogen sulfide
produced during hydrogenation of the 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 hydroprocessing catalyst. -
Consequently, 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
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hydr ocracki ng activity, in hydroprocessing, a hydrocracking occurs at the
sane tine. Because the liquid yield of the light gas oil fraction
decreases if a hydrocracking, occurs during the hydroprocessing of |ight

cycle oil, it is necessary to suppress hydrocracking activity as nuch as
possible. In addition, the catalyst is poisoned by the high concentration
of sul fur conpounds and the |ike contained in the crude oil, and the

hydr ogenati on activity with respect to the aromatic hydrocarbons renains

unsati sfact.oLy. F(ﬂrthei%@rmre, an attenpt to perform hydroprocessing using a
cat al yst aELWb%’l%’F e %twatalwéts@bggthﬁyr@rfﬁm indhahdieyi ddactivatmernbpdyesi um
as its main ‘conponents is. disclosed in Japanese Patent Publication No.

Toku Kai Hegha Soi i | i he ef i f
cuppr easiui® FoihEa th, HENE contiblifs YRRy e Rl Rt "B e

hydrogenati on activity 4 13 July 2004 with respect to the aromatic
hydr ocar [9sder ieaueleomemthas padhdeiny ay atiGengrtel perforanhadigicnatioa strigrad Wi t h
either conparatively |large pores of greater than several dozen nm or

conver sel ' ' . [ of less than several . dozen n and/or with a
conbi nat ic)‘c/)lF\ #p%‘g‘ﬁg{éﬂ"ﬁ?%@ﬁﬁ?l &bﬁ&aﬁdﬁ:% CﬂLEﬁﬂ%SaPQWErB?éW al dozen nm
and small pores of |ess than several dozen nm The bal ance. of these pore

capaci t i ®ubiiatian Mo g€okn Kai Shees66209, had I8pAtkse PHERIRRE MR Vi tY.
The pore char act_eri stics are neasur ed. using a nercury porosinetry nethod

- Toku Hyo Hei 8-509999. However, although zeolite is a catalyst with high
- 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
_ 3 -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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for sizes ranging from4 to 46800 nm a nitrogen adsorption-DH nmethod for
sizes ranging from2 to 200 rim and a nitrogen adsorption-t-plot nmethod
for sizes ranging fromO0.7 to 2 nm The nitrogen adsorption-DH net hod and
the nitrogen adsorption-t-plot-nmethod are anal ysis nethods based on
adsorption isotherns obtained by nitrogen adsorption neasurenents, and the
term"nmeasurenent” in the present specification includes obtaining
physi cal properties by neans of this type of analysis. The pore
characteristics of the catalyst, for exanple, the total volune of pores

si zed frowmith.rgspect2onhe emrhaiiohgdidtatiiony re‘ﬁ@éiﬁéﬁ%_&aﬂi@fa?ﬁ%?”w to as "the
0.7 to 2 nmpore volune". and is expressed Iin units o lg. 13 July 2004

Summary of t Invgntion An object of t he_-gresent invention is to provide a
catal yst whi CFeRalyyeatalysts argfopmedsvite sithe beompbatively dargeapedswift h

conventional catalysts, which is suitable for hydrogenation of hydrocarbon

o1 1 11 actt oot B HraE OGRAH B0 of PPavenSl i sB bRt of tesmae Beral

hi gh resistance to sul fur conpounds, high- hydrogenation activity, and
nor eover C]ﬂ’l@nLIHBsa@dl%i\vlﬂpa@dnﬂﬂnaﬁimoﬁcbhqiafatﬁﬂre:lyildrgd’p@e@ofpgﬂéﬁf&i ngly,
the present invention provides a hydrogenation catal yst for hydrocarbon oil

cont ai ni I ' rocar bons,, the catal yst. conprising a carrier and

an acti v'emzrlrllsilfs gf}%gpggﬁ%@“ 8?3@1109%P§6‘$i?§5§3f"é§38$m& dezgamany dthear e such

t hat ‘the vol une of ‘ ‘ '
: balance of these pore capacities has a large influence on the targeted

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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pores with a pore size of at |east 4 nmas neasured by a nercury
porosimetry method is within the range:from 0. 3 t0 0.6 mug, the vol une of._
pores with a pore size of at |east 200 nm as neasured by a. nercury
porosimetry method is no nore than 0.05. mug, the volume of pores with a
pore-size from0.7 to 2 nmas nmeasured by nitrogen adsorption-t-plot method
IS MALth the range fromO0.2 to 03 nug, and the volune of pores with a'-
pore si‘’ze. Rom2 to 4 am as neasured by nitrogen adsoprti.on-DH nethod is
wi.thin the range fromO0.15 to 0.2 m/g. 6 13 -July 2004 Detail ed Description
of -the Preferred Enbodi nents A hydrogenation catalyst of.the present

i nventiog_.i.s a natj.on catalyst for hydrocarbon oils containing
aronat i cgﬂ'ﬂ}qﬂ%cagglhﬁgf- w..é. 98in the catal yst conprises a carrier and .an

active netal, and the pore characteristics-of the catalyst are such-that

the vol ure OAmﬂs est of fe et Sndemforn s n%ﬂcﬁ?é% ﬁq‘l:gf%}rs‘tzwgf‘%ﬂgsnﬁfvdﬁytpﬁe

mer cury porosuretry nmethod is within ara

vol une of es. Wth a_pore size of at least 200 nmis no m)rethanOOS -
m/g, thBrQ%)J eseriped above assacigedevich conventionel catalystsywidshieasur ed by
a nitrogen adsorption-t-plot nethod is within a range from0.2 to 0.3 m /g,

and the gy ?dﬂl@?o?hyﬁﬂfgeeha%h %f%ﬁd@arﬁbh%dsredﬂt%ntlﬂg Sulbl: %%mnpeo%su S :lndj y a

ni . rogen

the like, and pamcularly llght gas 011 fractions, to reduce the aromatic
hydrocarbon content, and whlch has high resistance to sulfur compounds hrgh
-hydrogenatron ac_t1v1ty, and moreover produces an oil product with a hlgh--hqurd

yield.

_ Accordlngly, the present invention provides a h&drogen_aﬁ'on catalyst for
: hvdrocarbon oil contalniﬂé arorﬁaﬁc _llydIOCar_bons, the catalyst comprising a c'an'ier and
B '.e:n‘ecﬁ\"re'metal wherein the pore: chnra(':'teriéticsof the catalyst are such that the volume of -
pores with a pore size of at leastr4 nnt as measured bya mercury porosunehy 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 porosunetry 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 adsorptron—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
from 2 to 4 nm as’ measured by nitrogen adsoprtron—DH method is within the range from

015to()2m1/g
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13 July 2004 adsorptlon DH method is wthin a range fron10 15 to 0.2 m/g.
Preferably the hydrocarbon oil contains 80 weight percent or nore of a
fraction with a boiling point of 170 to 390C. Preferably the hydrogenation
catal yst for hydrocarbon oils containing aromatic hydrocarbons conprises a
carrier and an active netal, wherein the carrier is conposed of
silica-magnesia, the active netal is a noble nmetal selected fromthe group
VI11 of the periodic table, and the magnesia content of the silica-
magnesia is within a range from 25 to 50 wei ght percent, calculated in
terms of t he netal oxi de. Preferably the proportion of .the noble netal
sel ect edDetailad Pesepiptio uthefﬁﬂhmhélhphodnm&nwable is within a range from-
0.1to 2 melght percent, calculated in terns of the nmetal. . In the

hydr ogenat i for rbon oi]s contai.ni romatjc
hydr ocar bonsﬂ hﬁ&gﬁg@%‘ﬂ? %@ggf’gﬁ%?wéfs mvegyon 1s éq&(gpgﬁﬂ@‘%‘h active
metal, and the effective pore size distribution of the catalyst is

conposedcathlysbfar lsydresarbontdilsicentaiigg akonatié Hyﬂr@@&bﬁﬁ}; WherdifitRe Si Zes -
within a range from0.7 to 4 nn wherein the vo ume of pores with a pore

size in t e from4 to 200, nmis 0.3 6 m/g, and the_vol ume of
por.es Wi ?"ﬂalé' gﬁ‘g@%'isﬁ%alcﬁ“ﬁ{ea%%écmf% Fﬁ“ﬁafi aﬂ@ the mpbamc:e@nstm% m/g.

7 13 July 2004
the catalyst are such that the volurne of pores with a pore size of at least 4. nm as

' " measured by a mcrcury_ porosimctry'mcthod-i's wit_lj_iin 'q range from 0.3-to 0.6
m]/g, the 'volur_n_f-: of peres'_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



_ _ _ _ 13 July 2004
The inventors of the present invention, as a result of investigating

I norgani ¢ oxi des which formthe substrate of a catal yst, discovered a
silica-magnesia conposition for use as a carrier material, and

i nvestigated the performance of a catalyst forned by the conventional
process of supporting a noble netal fromthe group VIII of the periodic
table by this silica-mgnesia conposition. In addition, the inventors

di scovered that in terms of the conposition ratio of the silica- nagnesia
conpound, a preferred specific range exists which is suitable for |owering
t he ampunatserptiomb metﬁ«)dlmw:imhbmasrangc fitean 0. b to BB mdig. fraction by

- hydrogenation and is satisfactorily resistant to sul fur hydrocarbons and

the Jike, a ' ered that, a suit e range exists with.regard to
t he amount o?ye%kmghw&(?caglﬁ%“ BFlo?éi%Wst%gjegglgahrr}amrﬁFg@ M9Le9hase Pat ent
Application No. Toku Gan Hei 10-356347. In addition, the inventors of the

present -iffictivi With Mﬁhgﬁﬁﬁﬂbﬁl%?é%@t)"@ven“On as a result of
conducting intensive research into -lowering the anount of aromatic

hydrocarbons. Mreover, the silica-magnesia_ conposition utilizes an
anmor phous mateefezablythe bydeogenations catdlgsipfordyidrocanboarmiloeontaininges a
hydr ogenation catal yst for the aromatic hydrocarbons included in

Chrrer. Sty e SehEbNRpIR a Tardl 4T AIRERTE AR BBRIR e 5,

a nmagnesia content within a range from25 to 50 wei ght percent calcul ated
i nt)er ms cafri¢ihis composed-afdilica-magniestn, theratiiee nettal issehelsleadefal gslected
R 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.
a0 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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anong 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 volune of pores with a pore size of at |east 4 nm as
measured by a mercury porosinmetry nethod is within the range from0.3 to
0.6 mM/g, the volume of pores wth a pore size of at least 200 nmis no
nmore than 0.05 m /g, the volune of pores wth a pore size from0.7 to 2 nm
as neasured by nitrogen adsorption-t-plot nmethod is within the range from
0.2to 0.3 mM/g, and the volume of pores with a pore size from.2 to 4 nm

as measured BEhainveatms cfdhe ppésentibdntiin)asd aix‘ésul\ﬁ/idﬂihﬂeéti“%t[ﬁg‘ﬁﬁ)r affe 0. 15
to 0.2 m/g. It is preferable that- the hydrocarbon oil contains a fraction

with a boil.i,nc ojnt of, 170 to 39QC by an apount of 80Q_ wei ght percent or
more. |t Q’Qdﬁg &@F@E‘Pféntﬂh%ﬁu %@tﬁyg@ﬁ@aﬁﬁ@hs%@w asiieg-magnestdr bon oi | s
contai ning aromati ¢ hydrocarbons conprises a carrier and an active netal,

wher ei n tdignp@sitiodfot fisé Q Ibd1C ﬂr?tﬂﬂ%ﬁ' ' Is a
nobl e net alﬁselllect gd ?ro%gﬁﬁéﬁég%gér{%?ﬂo t eg%te%(%g%@&t%g‘;rﬁ%, %ﬁgat he

magnesia content of the silica-magnesia is within a range from25 to 50
wei ght pesaéayst formadchy theeeonventional puicess of sapporting aeoble mectabfron iee
silica-magnesia oxide 9 13 July 2004 carrier is-produced using a

silica- i : A - terial . It is preferabl e that
the. pr oparoipn Ly 686 BelBlicapR, BRI SHR-Hhisheb oompbiplobyt | fLstdinion,
periodic table is within a range from0.1 to 2 wei ght percent,

' the 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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calculated in ternms of the netal. A catalyst of the present invention is
prepared by adding a salt solution of the noble netal selected fromthe
group VII1 of the periodic table to the carrier conprising a
silica-magnesi a hydrate gel and/or silica-nmagnesia oxide carrier, using
either a co-m xing nethod or an inpregnation nethod, and then foll ow ng
drying, rarfier Witlda tndpdlesi R wi A | d\é;@ econes
silica-nmagnesi a oxi deé\g?argirairtgnlt?ﬂrwoﬁgﬁ] ? E%ﬂ%ﬁfr%gﬁﬁgﬁ pi@lﬁ ‘f‘.’%‘g#?ty) t he
salt sol ut'or] of the noble netal selected fromthe group VIII of the-
peri odi ¢ qabﬁﬂ atedsindemmg of the mstalioxide, ieaghidi anoble metalgeleoteddromas a

magnesi a content, calculated in terns of the netal oxide, of between 25 and

aryi ng. (PRORE PG erdf VTG o el Bl MG S AE R BN R i el o
oxi de carrier obtained by kneading and extruding the silica nagnesia

hydr at e geimpéndnta Inmelditéon,ahe poteoharacrivicsfdhé eatadysEarefsulchahaetial
oxi de, of between 25 and 50 weight percent, drying and subsequent

cal ci nati?}? is i, regnaied wth a sala sol uti on of the noble netal
sel ect ed Y/ B F3 0tha poresizeid ahdeasdi nmyasgnsasuied byoa meewury 2004

then after drying, is subjected to calcination (inpregnation nethod).

o Doty ARt ARSI AR 1 0 ] RSN B

between 25 and 50_weitght percent include a coprecipitation nethod, a
‘deposi t i JHtRBtARIg size of at least 200 nm is no more than 0.05 ml/g, the volume of pores

)

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 hydroéarbons comprises é 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 raﬂge from 25 to 50 weight percent,

calculated in terms of the metal oxide. Moreover, the silica-magnesia oxide
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and a sol -gel process, although the coprecipitation nethod is preferred.
For exanple, hydrolysis is perforned using a nethod wherein a sodi um
sili-cate aqueous solution, and a nagnesi um chl ori de aqueous solution wth'
an anmount of nmagnesium calculated in ternms of the oxide MO, within a
range from25. to 50 weight percent, are added dropw se concurrently or
approximately concurrently into a reaction vessel at a hydrolysis.
tenperature within a range from40C to 60C, and the thus produced
silica-magnesia hydrate slurry is then filtered, washed, and filtered
again t o erigr as pradudedasimg asiica-magnesia tgeirate geltdsen basisantv mavamil on,
the reason the magnesia content in the silica nmagnesia oxide carrier,

cal.culated in,ter of .t he tal oxide, is limted tp a value within the
range from ZQt tl%pg%emrlegﬂlat ?E@ROIF@nt#a@edlﬂ M’éﬁt@ﬁ$@eﬂ@lﬁbﬁpmﬂl§
hydr ogenati on catal yst does not function sufficiently well to fulfill the

obj ect ofgrgil ' ' : ' I.d.1.n the
j groupeVIesant prvam iadle 1sb®ftﬁui&§n g rggges oL gée zﬁ%@g@%&q

silica-nmagnesi a reduces and/or the ano 1 13
July 2004 Furtherpore, the reason the reaction tenperature during

hydr ol ysi%alP‘élaéfé{1ﬁ6f@5\fﬁltbémﬁtﬁhi n the range from40C to 60C is that
outside this tenperature range, the requirenents for the pore

characteristi | t f _the present .ipvention |
cannot be satiopiast IRRHRERATIR GBI BobRled Bk alitfd 2 RRAPILERSE Uoeo
In the manufacture of the aforenentioned silica-magnesia hydrate gel
i ncl ude videarobdomeshkseledted fromlithe group VIII of the periodic 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
as a No. 1 sodiumsilicate solution, a No. 2 sodiumsilicate solution and a
No. 3 sodiumsilicate solution. Furthernore, water soluble salts such as
magnesi um chl oride, magnesi um sul fate, nmagnesiumnitrate and nagnesi um
acetate can be used as the magnesia raw material. Next, a plastic

subst ance obtai ned by adding the salt solution of the noble netal selected
fromthe group VIIlI of the periodic table to the silica-nagnesia hydrate
gel so that the netal conponent, calculated in ternms of the netal, is from
0.1 to 2 wei geqq ercent and subsequent kneading, or a plastic substance

obt ai ned thefy éﬁ!ﬂlﬁg, isathieted te calodnations (inipregmatjor snethodr at e gel , is
extruded into the desired shape, and after drying, is calcined. The shape

f th t , esired. shape such.,as cylindrical, two
Feaf , ef gﬁr r Fgﬂ?%@%g%g%ﬁﬁt@ﬁ%fm?v%gﬁ%% ﬂé‘&atrﬁéé’éﬁla dydgaten; ect

Is dried evenly, drying should not present any particular problens, and

for reasgedwith efmhagriesncyomtedt, vabqulaeidtin teths oftheé Hiiesl oﬂ@eﬁﬁﬁ behpedd be
dried at a tenperature within a range from80C to 120C. Furthernore during

cal ci nati se, changes. occur sych as an _aggloneratjion or a phase
change O?g{}%{) i@t q}ghﬁBﬁ[ﬁgﬂéH{E&X@%ﬁ CoRreSIpHation m@bﬁgeil slepositiomomethod,
normal | y- be between 350C and 600C, and preferably between 400C and 500C.

i S R e
example, hydrolysis is performed using a method wherein a sodium 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 hydrolysis 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



. 13 July 2004
specific surface area decreases markedly. In the present invention, the
active conponent or the active netal is selected fromnetals such as

rut henium rhodi.um palladiumor platinumfromthe group VIII of the
periodic table, and a conbination of palladiumand platinumis especially
favorabl e. The reason the anmount of the active conponent added, or the
ampunt of the active nmetal supported is within the range, calculated in
terms of the netal, from 0.1 to 2 weight percent relative to the wei ght of

t he catalysté%$ because_ an anount of |ess than 0.1 weight percent is too
low for the dthermarg, thedegson the action temperaturedwing hysrol yatsisees tan
anount exceedi ng 2 wei ght percent offers no 13 13 July 2004 further

' ' ' [\ I f  tihe .nobl I d
' tne procp FRBAL e fanBe fhfh' o YRS B s s LS PR ¢

soluble salt, and suitable exanples include a nitrate, a chloride, an

acet at e aange, themeqeirenentsfor the popt eharicterisiusdor tﬁ@h%dﬂfgdu’ﬁﬁbﬂ%th@@t
exchange net hods, inpregnation nethods, gas phase nethods and co-m Xi ng °

met hods, hough the inpregnatiqn nethaod and/ or the co-m xi ng met hod,
whi ch ar é)aIJtthﬁ §et“trlg}5?‘g‘2‘¥hg%‘ﬂli e%h"& tional catalyst preparation
‘met hods, are the nost convenient. Furthernore, after being supported on

the carrier, Bitathyles 91dhé slikiaalw ftctigl Whh cabd Q5B R MahufiGuAshE Ve

nmetal conponent to the netal oxide carrier.

- the aforementioned silica-magnesia hydrate gel include water soluble salts such
[3 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



_ 13 July 2004

The pore characteristics of the hydrogenation catal yst obtained in this
manner are preferably such that the volune of pores with a pore size of at

| east 4 nm as neasured by the nercury porosinmetry nethod is within a range
from0.3 to 0.6 nm/g, the volunme of pores with a pore size of at |east 200
nmis. up'to 0.05 nl/g, the volune of pores with a pore size fromO0.7 to 2
nm as neasured. by the nitrogen adsorption-t-plot nethod is within a range
from0.2 to 0.3 nl/g, and the volune of pores with a pore size from2 to 4
nm as nmeasured by the nitrogen adsorption-DH nmethod is within a range from
0.15 to 0.2 Mrpgldeﬂl@erﬂmtﬂm%dmtad@dspgie@he\teqby,cnlrylirmg kboldsnetupteatnteardyor
measuring the range between 0.7 to 2 nm 14 13 July 2004 Furthernore, the

it ' [ ' | &..0f . Ng es . f 2t
200 nm AR RO B 30y kéaspBR 87 efaleoty AR RIBRO e e iged T om 2
to 4 nm Furthernore, it is preferable that the specific surface area

measur ed obféctoshdudd bietdriabat @M&ht&ewﬁﬁﬁn@mgé frém'80NCRoa 20209e from

350 to 460 nR/g. The volune of pores with a pore size of at least 4 nm as
"nmeasure bzhthe mercury porosinetry nmethod is kept within the range from
0.3 to 0Iuthergnorehyingealginations beeausextpnges gman decuresichtasmarne t o
diffusion of the hydrocarbon oil (reaction material) through the pores of

t he cat alySfin, it b o f e arbon oil
(reacti onbremerafitr aidse LhteiF e ey Githbphel, MEGHEHTRER -
consequently the dearomatizing rate, the desul furization rate and
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
specific 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

13
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the denitrogentation rate deteriorate. Conversely, it is also preférable
not to exceed 0.6 m /g, because in addition to the catalyst losing its
useful ness as an industrial catalyst due to a deterioration in the
crushing strength of the catalyst, the stability of the catalytic activity
al so deteriorates, and the catal yst deactivates prematurely. Furthernore,
the volune of pores with a pore size of at |1east 200 nm as neasured by the
mercury porosimetry nethod is restricted to no nore than 0.05 nt/g because
at volunmes exceeding 0.05 m/g, in addition to the catalyst losing 15 1 3
Jul'y 2004furtherseprovamest s catalyticactivitial . catal yst due to a deterioration
in the crushing strength of the catalyst, the stability of the catalytic

Cndest rabi 6. - TheRREEsalf O HeaonlE Theal BebiRie p EheE B aRon reny he Y T ange

fromO0.7 to 2. nmas neasured by the nitrogen adsorption-t-plot nethod are

kept wi t hgalt Eh@vidbdmbﬂ it isanatater $oluble3salt, /aﬂdfsﬂﬁtabhﬁe)fzﬁhbméﬂ' ifieludeas ons.

Nanely, if the volume of pores with a pore size in the range fromO0.7 to 2

nm as neasyred b he, nitrogen adsorption-t-plot nmethod is |less than 0.2
m /g, thenﬁwgﬁ@?¥gt§)r5@b ) @ChiAte T 2R QMBI SABPIGTer e easily, the
di spersability of.the active nmetal particles deteriorates, and the

dear omat | 21 NOEkples' dfsuppor itidd! ineludeAlon Xihahbe mdARBHL RARALAAIGR WAt ©

fall. Conversely, "if thei@ol ume of pores wth a pore size 0 2 nm
is larger than 0.3 m /g, a hydrocracking is nore likely to occur,
methods, gas phase methods and co-mixing methods, although the impregnation

= 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 metal 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
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coke deposits forminside the pores, and the catal yst deactivates
prematurely. Furthernore, the volune of pores with a' pore size in the
range from2 to 4 nmas neasured by the nitrogen adsorption-DH nethod is
“kept within the range from0.15 to 0.2 nmug in order to achi eve a bal ance
between the volune of pores wth a pore size in '"the range fromO0.7 to 2
nm and the volune of pores with a .pore size in the range from4 to 200 nm
which is favorable for. hydrogenation 16 13 July 2004 activity. In other
words, it _is clear fromthe volune of pores with '"a pore size between 0.7
and 4 nmiauthesamonce thebyitrdgenridsoqyion-Bi angthodiis tapibit ofehbashrandpotde

ni trogen adsorption-DH nmet hod, and the vol unes of pores with a pore size of
at- | east ast 0 _nm as,.neasured. by _t.he r.cu porosi nmetry '
ret hod, o R 2% 208 Ak S ASbTiGitioNines s BRGRET0.Pete Sk he
range from2 to 4nm It is preferable that the hydrocarbon oil contains 80

vei ght pdirosr? tod umr Furthermoté d€ i prefdvable Mabehd putige] to 390C.
Li ght gas oil, kerosene, and jet figﬂeél gre efaghplse‘,g&égeﬁ%%a%%g%%%n oils-

that fall vvithia t hi s range. The crushi n% strength of an industrial
catal yst TREIUIEH Uiy the eBiadgorsiamBE s mgthodis withir atrange from@50
generally, a value of at least 1.0 kg/mmis required for a 1.5 mm
cylindri qgl4grpidloyst. The specific surface area as neasured by the nitrogen
adsor pti on- BET thod is set within the range from 350 to 460 n2/ g because
I f the specific :

o The volume of pores with a pore size of at least 4 nm as measured by the

b) |

mercury porosimetry method is kept within the range from 0.3 to 0.6 mi/g,

- because at less than 0.3 rhl/g, the resistance to diffusion of the hydrocarbon il — |
(rea'c?ion material) through the pores of the catalyst is lafge, and it becomes
difficuit for the hydrocarbon oil (reaction material) to penetrate to tﬁe inside of
the pores, and consequently the dearomatizing rate, the desulfurization rate and
the dcnitrogentatic;n rate detg:riorate. Converseiy, it is also preferable not to
exceed 0.6 ml/g, becauée in addition to the'catalyst losing its usefulness as an

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

Furthermore, the volume of pores with a p@_fg'éizg of at least 200 nm as
r?eéﬁuréd by thp mercury pgrqsim_e;ry method li?_rﬂc?s’;rictcd to no iﬁore than_0.0S
mi/g because at volumes exceeding 0.05 m'l/g,;_;l‘_.___e;giditi.on to the catalyst loéing |
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surface area is either too small or too |large, the catalytic hydrogenation
does not proceed efficiently. It is thought that. the catal yst of the

present invention has high hydrogenation activity for aromatic hydrocarbons
contained in hydrocarbon oils and yet is highly resistant to poi soning by
sul fur hydrocarbons and the like 17 13 July 2004 because the targeted
reaction proceeds very efficiently due to the specific pore structure and
hi gh specific surface area of the catalyst. In the pore characteristics of -
the present invention., the volune of pores with a pore size fromO0.7 to 2
nmis caliswsgfelnesy as hn industrigeeatalysbdpe toa-detqiiatationnat thedrishing) d
Interface Sci., 21, 405 (1996)), the volune of pores with a pore size from

quat i onprcad PAEIEHEENY she Bty e TR B bl ARG A

adsorption- BET method. In addition, the aromatic hydrocarbons in the oil

pr ocessedatalysiedeictigbtestprenaeiehy, whick iSuntibgdratieal yst is deternined. using
a High Performance Liquid Chromatograph (nmanufacturedby Shimzu,

d
Cor por ati on) tB .sulfﬁr ontent is .defermned using a Total Sulfur
“Anal yzer -(madd?2 alth%é ®VOHIME Oh PRIGSVILEGY PRieatzo i the rmnge framy0 /e 2
nitrogen content is determned using a Total N trogen Analyzer (nmade by -

M tsubi shim @B?ﬂ@z@,ﬁfed:ﬁy R ﬁithgévnm(ﬁ?‘é{ﬂet}on—’?‘ﬁ)laph{eﬂ%d afé‘E%;R:) \‘?ﬁ% &l?éln\g/e ntion

i's described in greater detal ererice to a serie
exanpl es and conparative ‘exantpl es, al t hough _ -
. range from 0.2 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

16
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the present invention is in no way limted to the exanpl es presented.

Exanple | (1) Hydrolysis and preparation of the catalyst 18 13 July 2004 1
liter of water was placed in a 100 liter capacity stainless steel reaction
vessel equipped with a stirrer, then warnmed to, and mai ntai ned at 40C_

Then, 17,500 ml of a magnesium chloride solution with a MO concentrati on

of 5.0 | p ' V4 f | hl ori de
n vater Ty 5! QOB WIER Kl SORF e MndON pHiR v R o e
concentration of 9.2 weight percent prepared by adding 1275 g of sodium
hydr oxi débeiwgendl. éand st nmeas moaswed by thenndfird gem tdseupitioni-bplo tume thoabisted
dropwi se, approximately concurrently, to the reaction vessel, and a

i nut o5, PRaIePgPY FoGRb R DR mifiod, RATHES oumer o SORE Sl B Pzt of

| ess than 0.2 weight percent was achieved, and vyielded a silica-nmagnesia

hydrate gallesdttdnm ddilniclenst200 o B5mestuabl byetheanercuyporodithetfgor dance
with the co-m xing nethod, 1865 g of the afodrenentioned silica-"nagnesia

hydrate gel (3 S 02-MyO),. 5.51 g of pl ati num tetraamm ne nitrate
sol-uti on%SMgh%§g§@Sm¢%Pg$%é% e porepglistrabiion srithinghe range fiomd um
tetraanm ne nitrate solution containing 4.7 weight percent of Pd were

pl astici 26 hapi de a kneader provided with a heating jacket. This

- 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

17
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pl asti ¢ substance was subsequently extruded usi.ng an extruder, and
follow ng drying for 15 hours at a tenperature of 110C, was cal ci ned at
500C in an 19 13 July 2004 - electric furnace for 2 hours to yield a -
silica magnesia catalyst Awith a dianeter of 1.4 mm The pore '
characteristics (4 nmor |arger) as- neasured by the mercury porosinetry
nmet hod, the pore volune (0.7 to 4 nm and the specific surface area as
neasured by nitrogen gas adsorption nmethods, respectively, and the
conposition of the obtained catalyst A are shown in Table 1. In terns of

the nitrhegensgihe hdgeted reavtiamsprbcetdeverypéificiemty dde washe spekifie porasur e
the range fromO0.7 to 2 nm and the DH nethod was used to neasure the
range frgm2.to 4 (2 val uati on of the performance of the catalyst
Using a ﬁ%&l@e@cpﬂc&” ‘ﬁ{}é"ﬁ f(bﬁllfgiiqiq %‘iﬁ’a\ﬂfttgf’f@f%fﬂl-i liters of the catalyst
A a straight run light gas oil with properties including a sulfur

concentrat i olinQhe pbfe chadttcishics O URE pFRBAPTHYeRition! e volbuREBE p&g‘%ﬁﬁtﬁh |

aromatics of 28.6 wei ght percent, ycyclic aromatics

percent, and a _90%distillation tenperature of 367C was processed under
react i on &RNG $7® HOM Rel o2 man s ealgulateshbp the sitreger adsorptivRat-phot
hydrogen/oil ratio of 6001 I/I, a LHSV value of 2.0, and a reaction

;ﬁgper at yhemel @zAGid Hﬂé‘rfaé@sgff‘ﬁf,%ﬁ fﬁ%ﬂﬂ h8VoluRithe phoere Wit fauproiréat on

| 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 &etermined_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 |

18
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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- Catalyst No.(weight % Active noble
metal rative ExanpleMgO Si Q2 (weight % Pt/ Pd Exanpl e 1A35-650.3/0.7
Exanpl e 2B35-650. 3/ 0. 7 Exanpl e 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 C Exanple 1G35-650.3/0.7

C Exarrpl e 1H35-650.3/0.7 C Exanple 2135:650.3/0.7
. 1 liter of water was placed in a 100 liter capacity stainless steel reaction

vessel equipped with z; 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 46ﬁ0 g of magnesium chldride in water,
and 17,500 ml of a sodium silicate solution vﬁth a SiO, concentration of 9.2
' _weight percent prepared by adding 1275 g of sodium hydroxidc and water to the
No. 3 Sodium silicate solution, were added dropwise, approxirﬁately
concurrently, to the reaction vessel, and a silica-magnesia hydrate shurry was
6btained. Next, after éging for 30 minutes, the slurry was filtered and washed
until a Na,O coﬁcentrationl of less than 0.2 weight percent was achieved, and
' Yielded a silica—magqesia hydrate gcl with a MgO content of 35 weight percent.
Next, in accordance .with the co-mixing method, 1865 g of the
' o aforementioned silica-magnesia hydrate gcl. (360 g of Si0,-Mg0), 5.51 gof a
~ platinum tetraammine nitrate solution containing 5.5 weight perccnt of Pt, and
'15.04 g of a palladium tetraammine nifrate sélution containing 4.7 weight percent
. of Pd were plasticized inside a kneader provided with a heating jacket. This

plastic substance was subsequently extruded using an extruder, and following

drying for 15 hours at a temperature of 110°C, was calcined at 500°C in an
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C- Exanpl e 3115-850. 3/0. 7 C Exanpl e 3K60-400.3/0.7 (C Exanpl e= Corrpar ative

Exanple) 21 13 July 2004 Table 1(1-2) Catal yst properties Mercury o
porosi metry 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. 01Q. 0660, 078145 C-Exanpl e 10.650. 110. 3250. 189. 470 C- Exanpl e
20. 250. 05dcatnrOfwaax7iorC o ¢icd. ﬁﬂhc@ma@%ﬁh e&xAmED Aovhkaarliemeter
30. 300. 030. 2070. 144360

- 0of 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 adsorrption 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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Hydrol ysis tenp. Catalyst Calcination tenp. (C)(C .Exanple 14500 Exanple-

260500 Exanpl e 340500 Exanpl e 340500 Exanpl e 440Soo Exanpl e 440500

C- Exanpl e 125500 C Exanpl e 180500 C-Exanpl e 240700 C- Exanpl e 340500

C- - Exanpl e 340500 22 13 July 2004 Tabl e 2 Exanpl e/ Conpa- Cat al yst Dear omati -
Desul furi.-Denitrogen- rative ExanpleNo. (% zation Rate(% =zation
Rate(%tation Rate(% 100h 300h 100h 300h100h 300h Exarrpl e 1A 89 90 75 7584
83 Exanple 2B 90 90 75 7583 83

300 hours of reaction were determined. The results' oBtained 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 03/0.7
" 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 3C 76 75 72 7276 76 Exanple 3D 75 75 71 7075 75 Example 4E 70 70 67

6772 . 71 Exanple 4F 93 94 78 7885 85 C- Exanple 1G 24 24 22 2226 26

C-Example 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 Exanple 2 (1) Hydrolysis and
preparation of the catalyst A Catalyst B was obtained in the sanme manner as
t he Exanqgt %lel; gll_)z? with the exception that the hydrolysis tenperature used
to generate Stlica- magnesia hydrate was altered to 60C. The pore

characteristics as neasured by Chﬁﬁygfﬁjr@tjéﬁi@orosi nmetry method, the pore '

vol une and t he speciy, r{acearea 2313 Jthy—-2004~as—reasured—by
ni trogen gas adsorptMSKClﬁgtﬂ%g‘?fneé%' t he corrpoylfrio(gﬁ“cﬁast OTRRR ned
catalyst B are shownVolumbf Bot¢s (2) Vielameanf Poresf t hSpeeifio Suface Afea he

catal yst. The results of (ﬁﬂ%%uati ng theﬁ:ﬂygy yst in the S?H.p/gynner as in
>

t he Exarrplr(.a 1-(2) a;fnnsiho I.n Tabl e

| : 00nm 0.7~ Zom 2~ 4nm
 Example 1~ 046 0.01 0.225 0.170 436
Example 2 053 003 0235 0174 442
Example 3 048 003 0268 ' 0.195 451
Example 3 035  0.02 0200  0.168 393
~ Example 4 045 001 0227 0172 438
%) Example 4 044  0.01 0219 0171 434
‘C-Example1 022 001 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
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Exanple 3 (2) Hydrolysis and preparation of the catal ysts Catalysts C and D

were obtained in the same manner as the Exanple 1-(1), wth the exception
that in the hydrolysis used to generate the silica-magnesia hydrate, the
amount of the sodiumsilicate solution with aSi Q2concentration of 9.2

wei ght percent added dropwi se to the reaction vessel was altered so as to
generate 75 wei ght percent and 50 wei ght percent of S 02 respectively. The
pore characteristics as neasured by the nmercury porosinetry method, the
pore volunme and the specific surface area as neasured by nitrogen gas
adsorption nmethods, and the conposition of the obtained catalysts C and D
are showhabla2rable 1. (2) Evaluation of the performance of the catalysts
The results of evaluating the catalysts in the same nanner as in the

Exampl e 4. own~ N Jablg 2. - 24.13 J 04 Exanple 4 (1)

Pr epar atlg‘%énraé]f&ttﬁgﬁichét'aF?@J%SqCaﬁSPW{@uE angbé@gﬁl’é’ obt ai HIRZERe same
manner gativeERemEpR e 1Nd)(%) W PP i ysi

silica- maglnesi a hg}gr at e-}g%l(%p)r \é\%fgibe%klgﬁ gérf%fagl Ilqafé‘s%rt Eéﬂlgﬂngjﬂh %’)
active nmetal added was altered 1@0h0. B00kei gh0lper 388k of MOENBOOKH 35

wei ght _percent of Pd for the catalyst. F _and-altered to 0.6 __weight percent

of Pt a@xfmﬁﬂ: Xvei ght per(j&ent Ofgé_)d fobot he c,%al st75F. Th<384pore83

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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characteristics as neasured by the nmercury porosinetry method, the pore

capacity and the specific surface area as neasured 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 sane manner 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 manner as the Exanple 1-(1), wth the exception that the hydrolysis
t enper at Wsenusadet 1 . e@ﬁ?&? | tered to
25C and SOgnr especﬁyglgpygég%g%ggrsgfdztgﬁ?gn Ju y%g‘géltﬂg(ﬁg?ﬁa@%??gﬁfégéas
measured by the nercury porosinmetry nethod, the pore volune and the

speci fi ¢ Slipmedecatalyst ésareréhgwma laik.r ogen gas adsorption nethods, and
the conposition of the obtained catalysts G and H are shown in Table 1. (2)

Eval uati on of, vzt t st.s.iThe results of eval uating
t he catal yst 2? %’Q/taﬁ"gc{t{sog{ne m%ﬁ’r?e thihicﬁaq%%é:)?gw 1-(2) are shown in Table
2. Conparative Exanple 2 -(1) Preparing the catalyst

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

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

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 SiO, 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

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

1-(2) are shown in Table 2.

24



. ‘ . _ 13 July 2004
A catalyst | was obtained by calcining a portion of the extruded and dried

product prepared in-the Exanple 1-(1), at 700C. The pore characteristics as
nmeasured by the nercury porosinetry nmethod, the pore volune and the
specific surface area as nmeasured by nitrogen gas adsorption nethods, and
the conposition of the obtained catalyst | are shown in Table 1. (2)

Eval uat i ' performance of the catalyst The results of evaluating the
cat al yst@(a ltf:hfama 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
cat al ysts Ca{h) Petpmratiamndf thereatelystd ai ned in the same manner as in the
Exanple 1- (1); with the exception that in the hydrolysis used to generate

the silica- nesi hydrate, the.ampunt of the sodiumsiljcate solution
with a Si oz%@&ﬁ&%@ﬁgﬁa WRIQODtaIRe G H theetaran Mmandes as the agle (e
reaction vessel was altered so as to generate 85 wei ght percent and 40

wei ght  peyitie Me ekcdpit i - ; LS sqreasur ed
by the merlcur ye po??s%e@f; H?ngtgwg’?{hﬁtsyg@%gg \?(S)ﬁ}%‘ﬁ%@%ﬁﬂﬁgﬁgﬁ%ﬁi C
surface area as neasured by nitrogen gas adsorption nethods, and the
conposi t Hampledhhél h shanmeunt of active metabaddad was alfeoschta 0. Thaweight. ( 2)

Eval uati on of the perfornmance of the catal ysts The results of eval uating

the catalpustehtidt Btind638 WERRE befcknt bf PerOPRIRhfalyst E, and altered to 0.6
weight percent of Pt and. 1.40 weight percent of Pd for the catalyst F. The pore
.characteristics as measured by the mercury pordsimetry method, the pore
_cap_acity and the specific surface area as mgasured by nitrogen gas adsorption

-_methods, and the composition.o-f the obtained catalysts E and F are shown_ in.
Table 1. | |

| ~ (2) Evaluation of the performanqe of the catalysts
. The resulfs of evaluating the ca‘t-alysts. in the same manrer 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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1-(2) are shown in Table 2. it is clear fromTable 1 and Table 2 that the

catalysts A, B, C, DL, E and F from Exanple | through Exanple 4 satisfy the
requi renents of the present invention with regard to the silica-nmagnesia
conposition, and the amount of active noble netal, the pore
characteristics and the specific surface area of the catal yst,. and each
shows a hi gh dearomati zation activity, high desulfurization activity and
denitrogentation activity. In contrast, although the silica-nagnesia
conposition and the active noble 27 13 July 2004 netal content of the

cat al yst cbapictenistiCoapareasised ik Hrepinerdurgrporositistry tieehod,ahegfors Rtifeed in
the present invention, the pore characteristics, including the volune of
pores wit 0 Lze of at least 4 ri t he volune qf pores fromO.7 to
2 nm and aﬁ&ﬁ@t@oﬁ%ﬁﬁl(b?“ 8?%@6@@5@?39(“63&5&51“989“ £A8 AdpRINtEMethedse area
of the catalyst G are markedly snaller than the ranges specified in the

present . angMbetéompogifdntdfahe obtANBY icaﬁﬂ%ﬁg Giﬁﬂﬁd'i H A% sHiReH ih dabiet! on
activity and denitrogentation activity show a | ower value, respeéectively.
Furt her nore, ough_the_ silica-magnesi a conposition and the active noble
met al cont.em(%w‘}@ﬁ@twaﬁ thetpesfarmanee afdhpsetalyste Exanple 1 fall within
the ranges specifiedin the present ‘i nventjion, the catal yst has a high

doar omat i 2t 1oy SePHS R PR Rl S in 0 st Pl R b Furttabl S,

activity are high, the cat algst
: 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
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deactivates quickly, and these activities deteriorate considerably.

Furt hernore, although the silica-nagnesia conposition and the active noble
netal content of the catalyst | of the Conparative Exanple 2 fall within
the ranges specified in the present invention, the pore. characteristics,

i ncluding the volume of pores with a pore size of at least 4 nm the
vol-ume of pores fromO0.7 to 2 nmand the volune of pores with a pore size
from2to 4 nm as well as the specific surface area of the catalyst G are
smal |, -and the dearomatization activity, 28 13 July 2004 -desulfurization
activity and (dgXlydrolysis and prepacation of tisheatalystow val ue, respectively. In
addi tion, although the active noble netal content and the pore

characteristi ecibfic surface,area of the catal yst and K of the
Conpar ati ve éiitﬁ@[%gs EBF@II{ Wit HH?IP%UF S FRANCT @9 1n rﬁ'ﬁ? i\;é‘aﬁilé@e]nt
invention, the silica-nagnesia conposition is outside the range specified
in the pr@jewith thewetpon teitdntthe h?ﬂﬁflg@i%tdsééttbgén%fattb\fh%iéiliéah agnesia

desul furization activity and denitifogehtation activity show a 1o vall ue,

respectively. Myeover, the catalysts A B, C D_E F of the present
i nvent i orhbf‘%ﬁma Afl%amﬁﬁugmﬁ&hq sodipmesibigatef sadutigo ovitly arSiO,iquicentratignaifear | y
that the catalytic activity of the catalysts is also stable. Exanple 5 (1)
Hydr ol ysig23péight pRAat h88e®lrdf\fist 35 the feaction vessel was altered so as to |
-generate 85 weight percent and 40 weight percent of SiO, respectively The pore
characteristics as measured by the mercury porosimetry method, thé ;-)o.re volume
-and the specific surface area as measured by nitrogen gas adsorption methods,
| and the composition of the obtained catalysts AJ and K are shown in Table 1.
(2) Evaluation of the performance of tﬁe cataly.rsts
The results of evaluating' the catalysts in the same manner as in the Example
1—(2) are shown in Table 2.
 ltis clear from Table 1 and Table 2 that the catalysts A, B, C, D, E and F
f_fdm Example 1 through Example 4 satisfy the reciuirements o-f the presen‘t‘
- invention with regard to the silica-mﬁgnesia compositioh, and the arhount of
active noble metal, the pore characteristics and the specific surface area of the
catalyst, and each shows a high dearomatization activi_ty,highfdesﬁlﬁirization '
activity and denitrogentation activity. - i
In contrast, although the silica—magnesiz{ éomposi‘;ti(.}fl_i and tﬂé zltcl_tive noble
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25 liters of water was placed in a 100 liter capacity stainless steel

reaction vessel equipped wth a stirrer, then warnmed to, and naintai ned at
40C. Then, 17,500 ml of a. magnesium chloride solution with a MO
concentration of 5.0 weight percent prepared by dissolving 4600 g of
magnesi um chloride in water, and 17,500 ml of a sodiumsilicate solution
wth a SiQO concentration of 9.2 29 13 July 2004 wei ght percent prepared by
addi ng 1275 g of sodi um hydroxi de and water to the No. 3 sodiumsilicate
solution, were added dropw se, approxinmately concurrently, to the reaction

chanber, mathl zositdntad-thagaadyss Gpdithé Coshpurtitlyve@xangbled aRwitNEX the af t er
aging for 30 mnutes, the slurry was filtered and washed wuntil a Na20

concentration of l.ess.than 0.2 wei ght, percent s achieved,, and  yielded a
SO1 ca. dgnges $pegiGied i 1B présenhimy Hyione DI Bote GraraGorislighs inghidiagithe Next

1865 g of the aforenentioned silica-nmagnesia hydrate gel (360 g of

Si @2- MyO)volREnebRBbicsiIviRR al gt r ' ' 439 o Aeket .
This plastic subgt ;ﬁcﬁﬁ%ﬁg%g&%ﬁ?%&?%gg@ggéﬁdﬂ%%g%dggﬂfﬂu erd,"?géd
foll ow n§11 dryi nghfor 15 hours at a tenperature of 110C, was cal cined at
500C i n ahnuedRd the ¥ohunnat poresifromiid to 4 mm, gndthe spesific sarfaegnesa of the de
carrier j wwth a dianeter of 1.4 mm (2) Preparation of the catalyst In

i trate SOYRDC S pARCARSEhAE, BEH B raRedl foditiB T Mt Pienh g of 0

" invention, and the dearomatization activity, desulfurization activity and

N _"..‘;{r

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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pal l'adi um tetraanm ne nitrate solution containing 4.7 weight percent of Pd .

were m xed together, and an inpregnation solution of a specific volune
adjusted through the addition of water so as to match the anmount of water
absorption of the catalyst carrier was inpregnated into 100g of a
silica-magnesia oxide carrier 30 13 July 2004 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 porosinetry nethod, the pore

vol une ardesubairgzationfactivityr fracdertroge atativnesnivity $howiatlosgealugas adsor ption
met hods, and the conposition of the obtained catalyst L are shown in table
3. (3 E%%#ﬁ%%&@ﬁ of the perfornmance of the catal yst Using a fixed-bed fl ow
reactor fi ¥h 15 nilliliters of the catalyst L, a straight run |ight
gas oil with properties including a sulfur concentration of 414 ppm a

hi trogen condanddditionaltfoukh theRctivelmiblehitet el a tl% Eﬁfe?ht percent,
polycyclic aromatics of 2.8 weight percent, and a 900lo diStillation
tenperature of 3G7C was .processed under reaction conditions including a

r eact i on GELIEFISNES ang spegifig susfacy areyehihs catalystso) and 00fkhe |, a LHSV

value of 2.0 hr 1, and a reaction tenperature of 320C, and the

o 1 ogeor ARt Bralple 3 18 AIFRNA b TadBbe AbeId o Ul BRGRstr inventions o

300 hours of reaction.were determ ned, respectively. The results obtained
are_s howrthe rslh%mﬁgncsm composition is outside the range specified in the present

TaaTE

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 4 stirrer, then wa;méd to, and maintained at 40°C. Then,
17,500 ml! of a_magn{e's’i;_lm:chloride solution With 'a; MgO cgjncentration of 5.0
weightprcent prepard by dislvin 4600 g of magoesiumchlorde i wte,
and 17,500 ml of a sodlum _gui;;ate solution with ._Sio2 concentration of 9.2
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Exanmple 6 31 13 July 2004 (1) Hydrolysis and preparatlon of the cCarrier An

oxide carrier k was obtained in the sane manner as the Exanple 5-(1), wth
the exception that the hydrolysis tenperature used to generate the silica-
magnesi a hydrate was altered to 60C. (2) Preparation of the catalyst A
catal yst M was obtai ned in the sanme manner as the Exanple 5-(2), with the

char ot ory SR pebend Bl R s 1273 0P s ub R AR R B e

volune and the specific surface area as neasured by nitrogen gas

adsor pt i ddon@shdilsn silicade sblutioaypest nided diophisephppioxdthaeelyal yst M are
shown in Table 3. (3) Evaluation of the performance of the catalyst: The .

results of evalu i ng..t he catal yst t e nmanner n the Exanpl e
5-(3) aré \té{?g eere@c? ﬁﬁm@% Qﬂff ﬁﬁmgﬂﬁs@%ﬁdﬁ'@pﬂﬂgﬂﬂﬁﬁs of the
carrier O(lde carriers | and mwere obtained in the sane nmanner as the

Exanpl e fobthihked. iNeft, bfter ﬁgﬁ@%tk% thiiites rthy%ﬁf]e Wl 'ﬁlﬁéx% uasrﬁijwtag nerate

the silica-mgnesia . hydr he anount’ o ium SI I cate solution

with a Si 02 concentration of 32
until a Na,O concentration of less than 0.2 welght percent was achieved, and

yleldfad 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 ata tcmpera-ture of 110°C, was calcined at 500°C in an
electric fumace 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 addiii(_)@ of water soas to match the amount of water abgorption of

 the catalyst carrier was 1mpregnated into 100g of a silica-magnesia oxide carrier

30



13 July 2004
13 July 2004 9.2 wei ght percent .added dropwi se to the reaction vessel was

altered so as to generate 75 wei ght percent and 50 wei ght percent of S 02
respectively. (2) Preparation of the catalysts Catalysts N and 0 were
obtained in the same nanner as the Exanple 5-(2), wth the exception that
the oxide carriers 1 and mobtained in (1) were used. The pore
characteristics as neasured by the nmercury porosinetry method, the pore

vol une and the specific surface area as nmeasured by nitrogen gas adsorption
met hods, and the conposition of the obtained catalysts N and O are shown in
Tabl e 3. j( 3hd Bfer agingnhetatrie ey AAEAEECES Abufder PP@‘ai‘,Ya%{d éfm?serq?%yhgs of
evaluattng the catalyst in the sanme manner as in the Exanple

shown in hle 4. 33 13 Jule%(L 2004 Table 3(3-1): Active Metal | mpr egnat i on
Met hod o&@fﬁiBPﬂ.a&ﬁ 0Batsan dectricuamasiecior Cohpars taatieldys cat@dystiler Theei ght %)

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 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 aromatic‘s 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 dearomiatization rate, and the

-desulfurization activity and denitrogentation activity of the processed oil after
100 hours and after 3'00 hours of reaction were determined, respectively. The

results obtained are shown in Table 4.
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Active noble netal rative Exanpl eNo. No. MgO- Si Q2. . (weight %9 Pt/P 20ngarrpl e
5Lj 35-650. 3/ 0. 7 Exanpl e 6Mk35-650. 3/ 0.7 Exanpl e 7N125-750. 3/ 0.7 Exanpl e
70mb0- 500. 3/ 0. 7 Exanpl e 8Pj 35-650. 15/ 0. 35 Exanpl e 8@5-650.6/ 1.4 C Exanpl e
4R n35-650. 3/ 0.7 C- Exanpl e 4S035-650. 3/0.7 C- Exanple 5Tp. 35-650.3/0.7
C-Exanmpl e 6Uq15-850.3/0.7 C -Exanple 6r60-400.3/0.7 Catal yst properties.

Mercurry por osinet . .Nitrogen gas adsorption Volune of pores Vol une of
pores Speci f |@l)g§,\“¥‘él‘)§1§°@ PrepRsghon pf thy Cawier/ g) >4nnp200nm 0. 74- 2nm 27-
4nm Exanpl e 50. 450. 010. 2280. 171439 Exanpl e 60. 540. 030. 2470. 174446 Exanpl e

70. -480- 030. 2788 ckddéesrier k was obtained in thé 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
char_acteristics as measured by the mercury porosimet‘ry method, the pore volume
: and the Spgcific surfaqe 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 SiO, concentration of
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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' 0.187472 C Exanpl e 50. 270. 050. 1110. 099281 C- Exanpl e

60. 530. 040. 2880. 193467 C- Exanpl e 60. 300. 03 0. 1980. 145364 34 13 July 2004
Table 3:(3-2) Hydrolysis tenp. Catalyst Calcination tenp. (t)(C) Exanple 5
40 500 Exanple 6 60 500 Exanple 7

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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40 500 Exanple 7 40 500 Exanple 8 40 500 Exanple 8 40 500 C

25 500 G Exanple 4 80 500

Example /Compa- Catalryst Carrier

- - Table 3(3-1) : Active Metal Impregnation Method

Composition Content of

2004
anple 4

rative Example " No. No. (weight %)  Active noble metal
: | MgO-SiO, - (weight %)
S Pt/Pd
Example 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
Example 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-Example 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  >200n0m 0.7~ 2nm 2~ 4pm '
Example 5 0.45 0.01 0.228 0.171 439
~ Example 6 0.54 0.03 0.247 0.174 446
R Example 7 048 = 0.03 0.275 0193 453
Example7 036  0.02 0.199  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 0.068 0.079 148
C-Example 4  0.64 0.11 0.317 0.187 472
C~Eﬁcample 5 0.27 0.05 0.111 0.099 281
C-Example 6 0.53 0.04 0.288 0.193 467
C-Example 6  0.30 0.03 0.198 0.145 364
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C Exanple 5 40 700 C-Exanple 6 40 500 C Exanple 6 40500 Table
Exanpl e/ Conpa- Cat al yst Dearonmati - Desul furi-Denitrogen- rative Exanpl eNo.
(9 zation Rate(% =zation Rate(%tation Rate(% 100h300h100h300h100h300h
Exanpl e 5L 889075758383 Exanpl e 6MB08974758382 Exanpl e 7N787671717676
Exanpl e 70757572727575 Exanpl e 8P707168687373 Exanpl e 8Q9393 76758585

C Exanpl e ﬂ@é%«%%2624

Hydroiyms temp . Catalyst Calcmatlon temp.
‘ __© | ()
Example5 =~ 40 500
Example6 = = 60 500
Example 7 40 500
-Example 7 40 , 500
Example 8 40 | 500
 Example 8 400 - 500
- C-Example 4 25 500
' CExample4 80 500
W) CExample 5 40 700
' C-Example 6 40 ' 500
C-Example 6 40 , 500
o 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
7 Example7 N 7 76 71 71 76 76
Example 7 0 7575 T2 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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C- Exanpl e 4S69 5261486450 C- Exanpl e 5T3535 31333634 C- Exanpl e

6U515048465151 C- Exanpl e 6V585551515452 35 13 July 2004 Exanple 8 Catal ysts
P and Q were obtained in the sane manner as the Exanple 5-(2), wth.the
exceptions that the oxide carrier j prepared in the Exanple 5-(1) was

used, and the active netal carrier anmount was altered to 0.15 wei ght
percent of Pt and 0.35 weight percent of Pd for the catalyst P,. and
altered to 0.6 weight percent of Pt and 1.40 wei ght percent of Pd for the
catalyst Q The pore characteristics as neasured by the mercury '

por osi meBxampdel®d, the pore volune and the specific surface area as
measured by nitrogen gas adsorption nethods, and the conposition of the
obt ai ned Catﬁ'@éats P.and Q are Ehovvn in Table 3. The results of evaluating
t he performa ystsdhand L wiepe pbtained He thessamenamangier 45 the Bxtenpled(3).e
5-(3) are shown in Table 4. Conparative Exanple 4 (1) Hydrolysis and

_prepar at zgfh e & i i JIE r | Red\ip L he same
manner as the ea%}%ﬁgnﬁ-tﬁétlﬁé (\g}\nﬁflﬁ%? f%&ei‘%%gg ?%hnﬁ} ﬁ%’tg’ﬁg@b%gﬁﬂl)ﬁqss
tenperatures used to generate the silica-nmagnesia hydrate were altered to
25C and B8l rashbthetdoisieymetal carrier amount was altered to 0.15 weight percent of Pt

and 0.35 weight percent of Pd for the catalyst P, and altered to 0.6 weight percent

of Pt and 1.40 weight percent of Pd for the catalyét_Q. 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 P and Q are shown in Table 3. The results

of evaluating the performance 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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(2) Preparation of the catalyst 36 13 July 2004 Catalysts Rand S were

obtained in the same manner as the Exanple 5-(2), wth t he exception that
the oxide carriers n and o obtained in (1) were used. The pore
characteristics as neasured by the nmercury -porosi netry method, the pore

vol unme and the specific surface area as neasured by nitrogen gas adsorption
met hods, and the conposition of the obtained catalysts R and S are shown in
Table 3. (3) Evaluation of the performance of the catal ysts The results of
evaluating the catalysts in the same manner as in the Exanple 5-(3) are

shown in TabiCGatdlysfSoRpaides wete BbediRed il tlﬁékarﬂé‘i‘ﬂ@dﬁrlﬁﬂh@flﬁﬂﬁ éQZr AN

oxide carrier. p was obtained by caIC|n|ng a portion of the ext ude
dried product grepared in the Exanple 5-(1),. at_ 7Q0C. 2)) Prepar ati on of
the cat alWidhk the gxceptien thﬁt\kb%omee@aw@rsn&mdeogbﬁaéHMnm 1) were used Ehep! e

5-(2), with the exception that the oxide carrier p obtained in (1) was

used. -Thtegho?e "cﬁaf'cﬂ%ll"fﬁi@sr dShbisiBg lﬂeﬁl%%&%uw pt()?(‘?sﬁfe"tﬁpfﬁétﬂ(% Oﬁileri%rrc

met hod, € pore vo

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

methods, and the composition of the obtained catalysts R and S are shown in

‘Table 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

characferistics as measured by the mercury porosimetry method, the pore volume
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37 13 July 2004 and the specific surface area as neasured by nitrogen gas
adsorptian.nmet hods, and the conposition of the obtained catalyst T 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. Conparative Exanple 6 (1) Hydrolysis and
preparation of the catalyst Oxide carriers q and r were obtained in the
same nmanner as.the Exanple 5- (1), with the exception that in the
hydrol ysis used to generate the silica-nmagnesia hydrate, the anmount of the
sodi um sianiddtheepeoifia surfiacd areaas Shéduced byntitraptnpasiadsSrptio@ihodsr cent
added dropwi se to the reaction vessel was altered so as to generate 85

wei ght percent and 40 .wei percent of . Si respecti,v 2) Preparation
of the c&4| &CO&E%E}QE&%@%H&M F@ta&‘bﬁtglizﬁgds Wﬂ%%ﬁ%%mnner as the
Exanple 5-(2), wth the exception that the oxide carriers gq and r obtained
in (1) were (SpBvaliafionnsl heGifdifldiice Ufithe cAkalpgasur ed by the mercury

VO

porosi netry nethod, the pore | une an e spetific surface area as
measured by nitrogen gas adsorption methods, and the conposition of the
obt ai ned cat dihgstesulls ahgvaluaiiagdhowatalysta the sanieymaooer as in the Example

~ 5(3) are shown in Table 4.

Cbrnparative Example 6

(1) Hydrolysis and preparation of the catalyst
Oxide carriers ¢ and fwere obtained'i{i the same manner as the Example 5-
(1), with the exception that in the hydrolysis used to generate the ;ilica-rnagnesia
hydrate, the amount of the sodium silicate solution with a SiO, concentration of
9.2 weight percent added dropwise to the reaction vessel was altered so as to
generate 85 weight percent and 40 weight percent of SiO, respectively.
(2) P}eparation of the catalyst |
- Catalysts U and V were obtained in the same manner as the Example 5-(2),
: witil 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 ga'sadsorption

methods, and the composition of the obtained catalysts U and V are shown in
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Table 3. (3) Evaluation of the performance of the catalysts The results of

eval uating the catalysts in the sane manner as in the Exanple 5-(3) are
shown in Table 4. It is clear from T Table 3 and Table 4 that the catal ysts
L, M N O, Pand Q from Exanple 5 through Exanple 8 satisfy the

requi renents of the present invention with regard to the silica-magnesia
conposition of the oxide carrier, as well as the pore characteristics, the
specific. surface area and the anount of active noble netal supported in
t he catal yst, and show hi gh dearomati zation activity, desulfurization
activity edenitrogentation activity, respectively. In.contrast, although
for the catalyst R of the Conparative Exanple 4, the silica-nagnesia

conposi tion e, oxi de rrier. and-the. anount of active noble netal
supported i n%“ﬁ@é‘ﬂ%}%?f% H’er&?ft‘WWet(Pfet &3&¥SSpecified in the present
I nvention, the pore characteristics of the catalyst, including the pore

vol une of  pOFlesresults of elf)ﬁhﬁtﬁlgzmccﬁatﬁx%ﬂs?ﬁ%e @in'hUHla 16 AR Iﬁi%lﬂggf Z

with a pore size from 0.7 to Zrim a e volume of pores wt

size fro f to 4 rim  together wth the specific surface area of the
cat al yst ke #ershayyy inableed. t han the ranges specified, and the
dearomati zation activity, desul furization activity and denitrogentation

oLV SIOAR LR PO SRR AL oA N, 60 ey T
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
goble metal supported in the cata‘iyst, and show high dearomatization activity,
desulfurization activity and denitrogent‘ation activity, respectively. |
In contrast, although for the catalyst R of tﬁe Comparative Example 4, the
silica-magnesia composition of .the oxide carrier and the amount of active noble
N metal supported in the catalyst fall within the ranges specified in the present
invention, the pore chéracteristics of the catalyst, including 'the ,pofc 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 2 to 4 nm, togethcr
with the specific surface area of the catalyst are markedly smaller thanthe _"r'a‘nge'sj
specified, and the déaromatization ac_tiv_ity,; desulfurization actii?ify and L ..

denitrogentation activity show a low value,i réSpcctively.
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silica-magnesi a conposition of ‘the oxide carrier and the anmount of active
noble -netal supported in the catalyst fall within the ranges specified in
the present invention, the catalyst has a high pore volunme of pores with a
pore size of at least 200 nm and while the initial dearomatization
activity, desulfurization activity and denitrogentation activity are high,
the catal yst deactivates quickly, and these activities deteriorate
considerably. Furthernore, for the catalyst T of the Conparative Exanple 5,
al t hough the anount of active noble netal supported in the catalyst falls

wi thin the rimgentsptdof thedcdtalysh8 dffthe Umpaveive Rhmplees Reftfough the
characteristics of the catalyst, including the volune of ‘pores %NI th a pore
si ze ‘of at,.| east 4nn&‘the Por-e of pores fromO0.7 to 2 rim and the

. ] vol unme .
vol ume oPUEABAZICSIA Composi lﬁﬁl‘[’fttgéé’?‘h@ cyirien andribe amanntiaf aniivieagebler ea of

the catal yst are markedly snaller than the ranges specified, and the

dear omat ipgéhi by ' s | M It ation
activity show\@lgp owé %gli ng. %ﬁ%ﬁﬁlm‘ﬂ%gﬁﬁbﬁ? gﬁ%sd[ fs?le{l.]}eaé{%ggﬂf)f t he
Conpar ati,ve Exanple 6, although the pore characteristics, the specific
surface aNenttoR thagatalpsirhasof highqareeralohiesfimiras weitlp pgrore diZeadf adeabi n
the ranges required by the present invention, the silica-nmagnesia

poei 11 eqtl iy B8 VAHLC ek SR abffic deSumtighicn 1R G
desul furization and denitrogentation activity show a | ow val ue.
) .. 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 outside the
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Moreover, the catalysts L, M N, 0, P and Q of the present invention
mai-ntain high activity even after 300 hours, indicating clearly that the
catalytic activity of the catalysts is stable. By enploying a
configuration described above, a catalyst of the present invention with
specific pore characteristics, fornmed by supporting 0.1 to 2 wei ght
percent, calculated in terrms of the netal, of a noble netal fromthe group
VIIl of the periodic table, on an oxide carrier conprising a specific
silica-magnesia conposition, has high dearomatization activity for

hydr ogenaangg speoifad in theyesuns iwosiong ahdideadomatitydon et ey, ahlis

contai ning sul fur conpounds and the |like, has superior activity in

relation to | fur. co nds and nitrogen ydr ocar bons, and noreover can
mai nt ai n &%PE‘?’:"K@P]{’% %T}BP‘?%}I?TP%@‘&B@M 1Wfslillq"ﬁﬂﬁ0WA\§%1§ﬁ3di ngly, if a
catal yst .of the present invention is used in place of conventional
catal ysts, a MogtbveratheQddialfdsimMEN i i cont ent
and nitrogen content can belyproducéd.’q%lprilgﬂ?glogf/t@%@&%ﬂ%ry%%
hydrogenati on catal yst for hydrocarbon oil containing aromatic '
hydr ocar FgAdaimaighacivit evesrfters ybeursaindicating dleant yattait viee wetabytioher ei n
the pore characteristics of the catalyst are such that the volunme of pores
wWith a poj&ivit) f m as neasured by a nercury porosinetry
met hod igﬁvtlﬁ}i%ﬁtlﬁec rlgélgs?#ag’rl#o& to 0.6 m/g, the volune of pores with
a pore. size of at least 200

i ) 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

S

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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nm as nmeasured by a nercury porosinetry nethod is no nore than 0.05 nl/g,
the volunme of pores with a pore size from0.7 to 2 nm as neasured by
nitrogen adsorption-t-plot method is within the range from0.2 to 0.3
m/g, and the volume of pores with a pore size from2 to 4 nm as neasured
by nitrogen adsorption-DH nethod is within '"the range fromO0.15 to 0.2
m/g. 2. The hydrogenation catalyst of Caim1, wherein the hydrocarbon
oil contains a fraction with a boilie int of 170 to 390C by an anount
of at least 80 weight percent. The hyérbdenation catal yst of one of Claim
‘1 and 2, wherein the carrier is fornmed fromsilica-nmagnesia, wherein the
active nmetal- is a noble netal selected fromthe group VIII of the periadic
tabl e, antl whardsidiogheativaongalyst Esrtiveitocafbord htdj g;ﬁﬂj}ﬁ i@ is within a
range from 25 {hg‘ Sngei'ght perygent, ycﬂgl cul at egﬂicﬁh%l.ﬁﬁl Ju §ﬂ1g004 ternms of
the netal, oxi de. The hydrogenation, catalyst of Claim3, wherein the

proport i JWCE’PC@?@%B}%CW& CompEistngia Capker and an ecpiveimetabwhereinpdhei odi ¢

table is within a range fromO0.1 to 2 weight percent, calculated in terns

f th . : ' t ' L tai ni ng.
ar omt 1 0 TorS; ARLTHEHEREEE R iy RH A o il 2 FHaRET of b WiLE TR
metal, wherein the pore size- distribution of the catalyst is substantially

conposed Bze pbatledist ¢ nm s nwasured by geméroury Horosit@lry method i9 Withiaithes
within a range fromO0.7 to 4 nm .

range from 0.3 to 0.6 ml/g, the volume of pores with a pore. size of at Jeast 200

nm as measuréd bya mercury poros.il.netry method is no more than 0.05 ml/g, the
Qolun'le of pores wiiéh a pore size from 0.7 to 2 nm as mcasﬁred by nitrogen
gdsorption-t-plot mgt_hod is within the range from 0.2t003 mi/g, and the volume
of pores with 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 fractioh 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

L

- the silica—magn_esia is within a range from25 tQ__ﬁO Weight percent, calculated in
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and whereih the volume of pores with a pore size in the range from4 to 200

nm is 0.3 to 0.6 nug, and wherein the volunme of pores with a pore size in
the range from0.7 to 4 nmis 0.35to 0.5 m/g. 43 ABSTRACT HYDROGENATI ON
CATALYST FOR ARQVATI C HYDROCARBONS CONTAI NED | N HYDROCARBON O LS A

hydr ogenati on catal yst for hydrocarbon oils containing aromatic

hydr ocarbons is provided. The catal yst has a silica-mgnesia oxide carrier
with a magnesia content within a range from 25 to 50 wei ght percent

cal culated in rms of the netal oxide, to which a noble netal selected
“from armf‘r’dmsr@{@fedﬂﬁtailp?‘lfe-rret als of the periodic table is added as the
active conponent. In addition, the pore characteristics of the catalyst

o or oy Lhe Bdr SR Rl o Ll infia PGt ific HaBbul RSt ik 03

measured by a nercury porosinetry nethod 1S W mMmO0.3 to
0.6 mM/g, the volunme of pores with a pore size of at least 200 nm as

measur ednbbleametal salegteabirosi thet groupeVidafithe perivdie tabiers Fiftfinm {amget he

vol une of pores with a pore size fromO0.7 to 2 nmas nmeasured by nitrogen
adsorptign-t t ,et.h is wthin.the range from0.2 to 0.3 m/g, and the
vol une gtpﬂbgﬂego %Wﬂgﬁpﬁﬁ'ic@“%ici‘kqla@ m t?@lﬁoﬁﬁﬂ]%@%sur ed by nitrogen
adsorption-DH method is within the range from0.15 to 0.2 m/g. No )
acconpang} ng Ai @ydfogenation catalyst for hydrocarbon oil containing aromatic

N hydrocarbons, the catalyst comprising a carrier and an active metal, wherein the
) . | o |
pore size distribution of the catalyst is substantially composed 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

1503 ¢to 0.6 ml/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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ABSTRACT

HYDROGENATION CATALYST FOR AROMATIC HYDROCARBONS CONTAINED IN
HYDROCARBON QILS

-.- A hyﬂrogcnation catalyét for hydrocarbon oils containing aromatic
hydrocagbons is provided. The catzilyét has a silica-magnesia oxide carrier with a
magnesia contént within a range from 25 to 50 weight percent calculated in terms
of the -ﬁaetal oxide_, to which a noble metal selected from among the group VIII
metals of the periodic table is added as the active éomponent. In addifion, the
pore characteristics of the catalyst are such that the volume of p;ores with a pore

size of at least 4 nm as measured by a mercury porosimetry method is within the

Tange from 0.3 to 0.6 ml/g, the volume of pores with a pore size of at least 200

nm as measured by a mercury porosimetry method is no.more than 0.05 ml/g, the
volume of pores with a pore size from 0.7 to 2 nm as measured by nitrogen
adsorption-t-plot method is w1th1n the range from 0.2 to 0.3 ml/g, and the volume

of | pores with a pore size from 2 to 4 nm as measured by nitrogen adsorptlon-DH

method is within the range from 0.15 to 0.2 ml/g.

No accompanying figure
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