; e3el ?1445L88>6>T? Title of the Invention Hydrogenation Catal yst for
Aromati c Hydrocarbons Contained in Hydrocarbon Qls Technical Field to

whi ch the Invention Bel ongs The present invention relates to a

hydr ogenati on catal yst for ar omatmm““mmﬂmgm&ms cont ai ned in hydrocarbon
oils, and relates particularly to ion catalyst for aromatic
hydr ocar bons contai ned i n hydrocar bon«godob2s whi ch has a | ow hydrocracki ng
rati o, high resistance to poisoning by sul fur hydrocarbons and the I|ike,
and hi gh hydrogenation activity. Background of the Invention The |ight gas
oil used for fuel in diesel engines is prepared as a blend of mainly a

| i ght gas oil obtained by perform ng hydrodesul furization and
denitrogentlﬂhb@iﬁﬁd@é§§éﬁg on a straight run light gas oil fraction having
a specific boiling point range obtained by atnospheric distillation of
crude oil, and j j tA | drstillation.
However , becauslgyﬁ](%av8ﬁgﬁe@déélytg%@ﬁléﬁ?ﬁgagyg?%awg%?%ﬂmﬂ%@ﬁ]% crude oil
is *159159* limted, and crude oil becones heavier over tinme, the

strai ght rulydregarbea®ili | fraction obtai ned by atnospheric distillation
tends to reduce in volume. Furthernore, because the demand for |ight gas
oil is increasing in accordance with an increase in the production of

di esel engines, a shortage in the supply of light gas oil is anticipated in
the near future. As a result, nmeasures such as adding a cracked or

hydr ogenat edcetiCalesiGia Lo Wi ealnyegtiondialongs t he |ight gas oil fraction,
or increasing the production of blend oils which can be added to straight
run |ight gas oj i i C i : end oils
Wi ch aan be adeP{Gehl BREARLR ORI E RURRERRtiph Laldfe 1RF Gt Ve o
oil having a specific boiling _point range obtained froma fluid catalytic
cracker is Bydsicarpanseandaingdiie hydreasrbem ods, andheslatss Pattiailprlyde a i ght gas
oil. However, because the light cycle oil contains a | arge anount of

aromati c hyﬁ?%ﬁ?ﬁém c?&%ﬂ%fﬁié Bforhahy Gechfo s cotftaifel B $§ drocarbon oils

characteri st irectl

which has a low hydrocracking ratio, high resistance to poisoning by sulfur

hydrocarbons and the like, and high hydrogenation activity.

Background of the Invention

The light gas oil used for fuel in diesel engines is prepared as a blend of
mainly a light gas oil obtained by performing hydrodesulfurization 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 obtained by vacuum distillation.

However, because the volume of the light gas oil fraction in the crude oil is
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straight run light gas oil fraction causes the cetane index of the thus
obtained light gas oil to be |owered substantially. Furthernore, in terns
of the standards for aromatic hydrocarbon content within |ight gas oil

fuel, it is anticipated that, in the future, a further reduction of 2 the
amount of aromatic hydrocarbons included in light cycle oil to bel ow
current levels will be required by law. This is because air pollutants such

as particulates in the exhaust gas of diesel engines which contains
aromati ¢ hydy:Qg , LEical.ly: J . whi ccurs
Gue o the i IEARG 2R crfftel Beebincs Hehich dFehle, i SR FiE tight bR OREC
cause environnmental problens. Strict regulations are already in place in
Sweden and i fractibin fobtained byStmospheric distillationdendnto refduae omwolume.
hydrocarbons in light gas oil. In order to use the light cycle oil as a

oy per for i rEoRBeAOte: BOGndfk kol SR TabE sy SRS aRIs BB h WekoRycR

conmpound content of light cycle oil is |low conpared with straight run |ight
gas oil fracwitina inmreasehie thy prodesticubf didselppnginesd shorfage ihythe sgpplyt ofon
of the sulfur conpound in there oils may cause a deterioration in activity

by inhibitin hygdr.ogenat i of .the argmati ¢ hydrocarbons and poi soni ng
active si tesﬁgbpg?lsegﬂ)}ggggégégeg‘s' n‘&ed‘a?f‘&@é‘{‘?- Consequently, a hydrogenati on
catalyst for light cycle oil nust have high hydrogenation activity and

sul fur resi stancAswirebultaspanires such asraddinghyciaoked bohydrapethatédsandave
desul furi zation capabilities. Anong hydrogenation catal ysts, catalysts

wherein a G qu | L] tal is s rt by a.carrj.er such as.al ym na
generally hagtoiintad Syt bR e fen Rl Rcliph. S PleiRil U Ao s,
but they suffer in that they deactivate early by being poi soned by the

sul fur conpoprotiction dfteehd lodlsiwhichecahytotr addedbtorstraiglst runnlightdeas ¢ib fracapasne
this problem an attenpt to perform hydrogenation using a catal yst

cont ai ni ng zeolti)t-e in tlbe ch”i er is described in Japanese Patent

Publ i cation R PSHIRFORIICEH 64- 66292, and Japanese Patent Publication No.
Toku Hyo Hei 8-509999. However, although zeolite is a catalyst with high
hydr ocr acki ng acli thietgase iofi bigrdt oiis odesls icag be adidgd to arstcdigorumcléghitsgast oil he
sane

fraction, light cycle oil having a specific boiling point range obtained from a
fluid catalytic cracker is drawing considerable attention as a new blend oil for
light gas oil.

However, because the light cycle oil contains a large amount of aromatic
hydrocarbons, adding the light cycle oil with these 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.

Furthermore, in terms of the standards for aromatic hydrocarbon content

within light gas oil fuel, it is anticipated that, in the future, a further reduction of
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time. Because the liquid yield of the light gas oil fraction decreases if a
hydr ocracki ng occurs during the hydroprocessing of light cycle oil, it is
necessary to suppress hydrocracking activity as much as possible. In
addition, the catalyst is poisoned by the high concentration of sulfur
conmpounds and the |ike contained in the crude oil, and the hydrogenation
activity with respect to the aromati c hydrocarbons renmai ns unsatisfactory.
Furthernore, an attenpt to perform hydroprocessing using a catal yst

conpri si ng g Shibahabf b%nﬂﬁ@bﬂyd%%ﬁﬂﬁinshﬁ&fu@@d%h'I%gaﬁ réiymdoim BERIW BLARnt { S
n Japanese Pat ent bl i"cation No. Toku Kai

mai n conponents is disclosed
Hei 8 283746. However, while this nethod did have the effect of suppressing
hydr ocr ackilemglamall bgirenuiyed by lpwe| Bhisfis baeauselaippetutants suh #5/pridigafies on
activity Wi th respect to the aromatic hydrocarbons renuains

unsati sfact SERR | [ ﬂﬁﬁ{a Lyely

| ar ge poreg‘?g eeg:great gg% ﬁggfe?éeéé%éflé%ggﬁ%ﬁ ﬁ%ﬂﬁg}é"%ﬁgﬁ%ﬂée ym\%?t g%ﬁf
pores of |ess than several dozen nm and/or with a conbination of

conpar at i vépscifigaly theo pagicuatgmeattesrwhichrocsavedae toldxeincomple® snal | pores
of | ess than several dozen nm The bal ance of these pore capacities has a
large infl ugnfis sABntotS aé@&ﬁgtcﬁ%@é%ﬂgﬁe%é;ﬁ?&a%&hé’,'éaﬁse EH@itrﬁH{jn%Ptal :
characteristics are neasured using a nercary porosi’metry nethod Tor sizes
ranging from4 to 4b800 nm_ a nitrogen adsorption-DH nethod for sizes

rangi ng fr problems. Boichrggudaidons anctaltapdy inqdaepin dwedeprad inkiddfarnier si zes
ranging fromO0.7 to 2 nm The nitrogen adsorption-DH nethod and the
nitrogen a Welathen s i «qon adsor ption

i sot herns gﬁ%ﬁ%%%aé‘ig ﬁ%e?é%%{gﬁp%%@?%ttl 0 Mﬁég?g@%ﬁ? ?,mgﬁs%tlﬁe term
"measurenment” in the present specification includes obtaining physical
properties by hearierde uspithe hggbcmlemlaasy&b&nm iba$ des;raéﬂggheért 8tics of
the catal yst, for exanple, the total volune of pores sized fromO0.7 to 2 nm
contained i : ' I " ; : unme"
and is expragqsréggelﬁlxgﬁé\(%%é%? bﬁsejn SBE ré@gcﬁéﬁ‘;?}agsrfk)n?h% ?ﬁégﬁt%l %ﬂ%ﬁég%t}rect of

the present invention is to provide a catal yst which resolves, the
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 compound 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 generally have high hydrogenation
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probl ens descri bed above associated with conventional catalysts, which is
sui tabl e for hydrogenation of hydrocarbon oils containing sulfur conpounds
and the like, and particularly light gas oil fractions, to reduce the
aromati ¢ hydrocarbon content, and which has high resistance to sul fur
conpounds, hi gh hydrogenation activity, and noreover produces an oi

product with a high liquid yield. Detailed Description of the Preferred
Enbodi ments A hydrogenation catal yst of the present invention is a

hydrogenat | ogifalahird OffeEiel OARRBANDEI LRy RN iR kR REPMALSvate carly by

hydr ocar bons, wheérein the catal yst "conprises a carrier and an active fretal,

and the pore characteristics of the catalyst are such that the vol une of
pores with ab@isgdaisoredpy te sWliyrcompenngds anskibgike imythg hydreearhon oils. In
porosinetry nmethod is within a range from0.3 to 0.6 nm/g, the volune of
pores with } : i o 4 he
vol une of pg?@s&?\??ﬁégcog%? ghg:pggﬂ%rrr%%ﬁg?ﬁ;h%p;t tg%r%;mggl %@?&r@ggﬁ%@hgﬂlr%%rogen
adsorption-t-plot nethod is within a range from0.2 to 0.3 rﬂlg, and the

vol une of poeaslyst cantaipsgeeslifein themarrienisdesanibed ik dapansge Batentni t rogen 6
adsorption-DH method is within a range fromO0.15 to 0.2 m/g. Preferably

t he hydrocar : Ol t & 'I@Qc i ith a
boi | i ng poi n?eglfleélﬁlcgﬁmg' ?ggg.ﬁ%r%ﬁgbq y thgﬁﬂgﬁ%%%ﬁza%nrﬁ;g{lg%y?? q?%’r
hydrocarbon 0ils containing aromati c hydrocarbons conprises a carrjer and
an active nefaeku HywrHsi8-200%arHpweves alibopgh agobte isia cafalyshpndshigh t he
active netal is a noble netal selected fromthe group VIII of the periodic
table, and t j i kdil i Al b R I e
From 25 to b ARCaRiahg sEG0US M INUDROSHRER, HPORATAHAE ofLhfV 4 the kaRe
Preferably the proportion of the noble netal selected fromthe group VIII

of the peri otime. tBetasse shedighidyigld ahthe Hglirgas. ail fiactionglegrraspeticent
calculated in terms of the netal. In the hydrogenation catal yst for

hydr ocar bon g -l 0l i . f < tdhe. cat al yst
Compri ses. a ALIRCERIIALBLEG AR U, MKHORKRCHRNE of e RYER 1 08 2

di stribution of the catalyst is conposed of pore sizes within a range from
4 to 200 nm negesspiyrte wippeessitdiperagkimgrapsiviityoss mugh s pessible. In addition,

the catalyst is poisoned by the high concentration of sulfur compounds and the
like contained in the crude oil, and the hydrogenation activity with respect to the
aromatic hydrocarbons remains unsatisfactory.

Furthermore, an attempt to perform hydroprocessing using a catalyst
comprising a crystalline clay mineral having silicon and magnesium as its main
components 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 product, the hydrogenation activity



wherein the volunme of pores with a pore size in the range from4 to 200 nm
is 0.3to 0.6 mM/g, and the volune of pores with a pore size in the range
fromO0.7 to 4 nmis 0.35to 0.5 nl/g. The inventors of the present
invention, as a result of investigating inorganic oxides which formthe
substrate of a catal yst, discovered a silica-nmagnesia conposition for use
as a carrier material, and investigated the performnce of a catal yst
formed by the conventional process of supporting a noble netal fromthe
group Vil ol A G R i osition. In
addi tion, tﬁ@“%ﬁ?gﬁﬁgggq ?g%%@é?%gyd%ﬂbﬁrﬁkﬂ%ﬁﬁgﬂ%ﬁﬂﬁﬁgﬁ%gB osition ratio
of the S|I|ca nesia conpound, a preferred specific range exists which is
suitable for | ovécnﬂgllyheatalmt&mecfﬁrmﬁdrvath cithgracaopanatively larghpotasgit gas
oil fraction by hydrogenation and is satisfactorily resistant to sul fur

hydr ocar bons t ] o di ] | xl.§ts
wth regard eArsrREshirel BThiR o sPEPUSERG i SmALBtlnal 46 AR RsR
Japanese Patent Application No. Toku Gan Hei 10-356347. In addition, the

i nvent ors of doden pmeardforiwitle atdoarbidetieh of edmipaeatpredy dargei poren df greadsr a
result of conducting intensive research into | owering the anmount of

an-anor phous G v PEf doRh S Bpd shpfsreh & 0RABER FrRTBRIN bPD M 2°°

hydr ogenati on catal yst for the aromatic hydrocarbons included in
hydr ocar bon balance ofiéhesetpairg sapicateshss hilagemfjneséeaon tiptsgetedn as t he
carrier, and conprises a silica-mgnesia oxide carrier with a magnesi a

content with r f 5 to 50 weight percent calculated in terns of
t he et al oxbg(é@gteggaﬁfl(?ﬁaghﬁbbl e netal selected fromanong the group VIII

metal s of the periodic table has been added as the active conponent. In
addi tion, the poFke pher cltarectesistics aref measured tualngss nmreusupdrosimetry mecthod une
of pores with a pore size of at least 4 nmas neasured by a nercury

por os. wi 1 aonacst gty o 18 45308 ey P lfhgbl RisBriidh T shfoFor Bped”

vol une of pores .vm th a pore size from0.7 to 2 nmas neasured by nitrogen
adsor pt i on-t rgrigmng fiesrh @ctoi 200mmb and ahdtrogey adsomption-2plod ndetBodifoysizand t he
vol une of pores with a
ranging from 0.7 to 2 nm. The nitrogen adsorption-DH method and the nitrogen
adsorption-t-plot-method are analysis methods based on adsorption isotherms
obtained by nitrogen adsorption measurements, and the term “measurement” in
the present specification includes obtaining physical properties by means of this
type of analysis.
The pore characteristics of the catalyst, for example, the total volume of

pores sized from 0.7 to 2 nm contained in 1g of catalyst is referred to as “the 0.7

to 2 nm pore volume™ and is expressed in units of ml/g.



pore size from2 to 4 nmas neasured by nitrogen adsorption-DH nethod is
within the range fromO0.15 to 0.2 m/g. It is preferable that the

hydr ocarbon oil contains a fraction with a boiling point of 170 to 390C by
an amount of 80 wei ght percent or nore. It is preferable that the

hydr ogenati on catal yst for hydrocarbon oils containing aromatic

hydr ocar bons conprises a carrier and an active netal, wherein the carrier
is formed fromsilica-nmagnesia, the active netal is a noble netal selected
fromthe grgﬁﬁnﬂ%%ﬂofﬁmqﬂ€eﬁﬁ6ﬁOdiC tabl e, and the magnesia content of the
silica-magnesta 1s Wihin nge from25 to 50 wei ght percent, calcul ated
in terms of the nmetal oxide. Mreover, the silica-magnesia oxide carrier
i s produced usiAg ebje¢ti afdhe pagseas inyanjipnas 4o pedvide aacaiakyist wihaoh resodvasahe | t

is preferable that the proportion of the noble netal selected fromthe

group Vil Lafl IS kb s f : i ght
ercent,  caPrIGsARsEAPE ab6; BgoRidttd ith GodAHfErd Bl \Shichs,
invention is prepared by adding a salt solution of the noble netal sel ected
from t he gr suigableifor bydrdgenpon odihydredarkon oils itentaningesul frmumpoungdssand
silica-magnesi a hydrate gel and/or silica-nmagnesia oxide carrier, using
either a comm %i r 1 e i . ol | owi ng
dryi ng, per Fl{.grfé}k%gal{?)é%ﬁg}l%élf@%ﬁ%eﬁg?ﬁta}:ggn%gﬁggp%eaﬂ&]ﬁrrg@ t{gfel becones
silica-magnesi a oxide carrier through the calcination. Specifically, the
sal t sol uti bpdufcarben aonleat, rmndalhicdl kesthdgh fresistante te solipr ¥ompoohds,Hdgh
periodic table is added to the silica-magnesia hydrate gel which has a

magnesi a co I j f 1Q% n_ 25 and
50 ner gt poy aiigerSBL BCALRS, i hiSiEBv el prbcEE i Bher SndthtiRaap, O
drying, is calcined (co-mxing nethod). Alternatively, a silica-nmagnesia
oxi de carri gkeldbt ai ned by kneadi ng and extruding the silica-magnesia
hydrate gel with a magnesia content, calculated in terns of the netal

oxi de, of between 25 and 50 wei ght percent, drying and subsequent
calcination is inpregnated with a salt solution of the noble netal selected
fromthe group VIIlI of the periodic table, and to then after drying, is
subj ect ed t Detailed Description of theyRraferrad mbodiments

A hydrogenation catalyst of the present invention is a hydrogenation
catalyst for hydrocarbon oils containing aromatic hydrocarbons, wherein the
catalyst comprises a carrier and an active metal, and the pore characteristics of
the catalyst are such that the volume of pores with a pore size of at least 4 nm as
measured by a mercury porosimetry method is within a range from 0.3 to 0.6
ml/g, the volume of pores with a pore 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 a
nitrogen adsorption-t-plot method is within a 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 a nitrogen
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Common hydrol ysis nethods for manufacturing the silica-nmagnesia hydrate gel
with a magnesia content, calculated in terns of the netal oxide, of between
25 and 50 wei ght percent include a coprecipitation nethod, a deposition

met hod, and a sol -gel process, although the coprecipitation nmethod is
preferred. For exanple, hydrolysis is performed using a nethod wherein a
sodium silicate aqueous sol ution, and a magnesi um chl ori de aqueous sol ution
wi th an anount of magnesium calculated in terns of the oxide MgO, within a
range from 2 VW81 et i ' urrently or
approxinatelgd%%ﬁgggﬁgﬁgﬁgﬂ?ﬁ{%Qg&¥%€i§¥%%q®%gg%?gg?%Ezﬁgggolysis
tenperature within a range from40C to 60C, and the thus produced

si | i ca- magnesi a Bsederably Hiedrydrocarbonen] contasrsed() weagitiaeercemicor mpreptd agai n
to obtain a silica-nmagnesia hydrate gel. In the present invention, the

reason the i a ntent in e Sidd C esia oxide carrier,
cal cul at ed Fﬁ%@ﬁﬂs‘m at"l‘?ﬁ‘ﬂ%ﬁ’&?“ﬁo‘%&s’@ ‘0?%9% ted to a value within the

range from 25 to 50 wei ght percent is that outside this range, the

hydr ogenati on caPedfymblyltieshydrogbnatedn oatabyst forchwirocyrbesl ¢ilg cortalifingl t he
obj ect of the present invention, because the anount of solid acid in the

ilica- ' d d/ t he . t of lid i :
SR e M R T e e s A -
to a value within the range from40C to 60C is that outside this

t enperat ure cangs,iscomposed of sitkmatmapoesit thepetiee shetahist £noble mstafl aeleched
hydr ogenati on catal yst of the present invention cannot be satisfied.

Exanpl es of the silica r terial. which, can used in th nuf act.ure of
Che &t or ementTOR LI BiGuR o i 16E pRrindit BRI 3B 1R i ines fut e ERLBRGILER, <
such as a No. 1 sodiumsilicate solution, a No. 2 sodiumsilicate solution
and a No. 3 smupne¢siasisiwitlaher swigetfrom. 25w SO ereigliteperoarie cakkaltbd én sexhissofuch
as magnesi um chl ori de, nagnesium sul fate, magnesiumnitrate and nmagnesi um

acetate can gﬁ%us c1 asdt he magnesia raw material. Next, a plastic substance
obt ai ned by F‘F?Ea tHe%%al t solution of the noble netal selected fromthe

group VIIl of the periodic table to the silica-mgnesia hydrate gel so that

the metal conponBriferabdy cthd ptopdriion of the noblethetalselrlcted Sofir v grohiptVAIIR of
wei ght percent and subsequent kneadi ng, or a plastic substance obtai ned by

,t( Egadi ng the tﬁg Sér?ggi%ttiagfgﬁg ﬁiitﬁiirlcaafar{lag%r}?grillaﬂ.}fxg r2a\}vgig%? lp’erci:esnt,eé(atltr:tﬂ%e% f-nnt °
terms of the metal.

In the hydrogenation catalyst for hydrocarbon oils containing aromatic
hydrocarbons, preferably the catalyst comprises 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

nm is 0.35 to 0.5 ml/g.



desired shape, and after drying, is calcined. The shape of the extruded
product may be any desired shape such as cylindrical, tw |eaf, four |eaf,
or spherical. 12 Provi ded the extruded object is dried evenly, drying
shoul d not present any particular problens, and for reasons of efficiency
and sinplicity, the extruded object should be dried at a tenperature within
a range from80C to 120C. Furthernore during cal cination, because changes
may occur such as an aggl oneration or a phase change of the active
conponent, the cph&ifaht®8 othH@gfe%ka mvehaphdad@ kel of Rfve8e EES ui’&%@nﬁﬁd
600C, and preferably between 400C and SOOC. 1 f the cal cination tenperature
is bel ow 350C an ide state is not attained, and if the calcination

t enper at ur e @wééwéueb(ﬁ@mtﬂmes‘s%@te pﬁaéla?aﬂﬁ%ed’éﬁ@‘éef&é‘&%Hé}ésmﬁ&@%é%ll y. In
t he present invention, the active conponent or the active netal is selected
fromnetal s

o MECal S oSN 0h8SE NSk AL TRl NN Bhallht BUFGHARRLL b o
platinumis espeC|aIIy favorabl e. The reason the amount of the active
conponent ademsalysbformed byrthmeomientignahpracess absuppastinger nebleimetgl from there
range, calculated in ternms of the netal, fromO0.1 to 2 wei ght percent
relative to I

0.1 wei ght p%ﬂﬁl“@T?Eﬁgg% Fﬂ@dgﬂ%ﬁkﬁ%ﬁg?fecﬁg%Mﬁgge aby t e‘@é?.$§§ﬂ§?§?hto
mani f est, whereas an anpunt exceeding 2 weight percent offers no 13

further inpridednuantors disgoxpied thatis tevms pf tfgméompaltloshtattlowf theesiliedd e
netal used in the present invention nay be any salt provided that it is a

wat er sol ubl g,88ksia @ d al;E1es At Rlfgti de, an

acetate or an agmgnél%e (E:}g)(ﬁ*ﬂex tﬂéﬁarrf&%ergye%?ﬂ supégg?\“%vss?tﬁlgs lﬁﬁgﬁa@e i on

exchange net hods, |npregnat|on met hods, gas phase nmethods and co-m xj ng

met hods, al t lesvRping Hie ampreiekarostaticch yracamens in thelight gaspHdrastianey

which are the nost representative conventional catalyst preparation

met hods,  ar ep{ e oRatios Y 85N actorily 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 Application No.
Toku Gan Hei 10-356347. In addition, the inventors of the present invention
developed the present invention as a result of conducting intensive research into
lowering the amount of aromatic hydrocarbons. Moreover, the silica-magnesia
composition utilizes an amorphous material.

In other words, the present invention provides a hydrogenation 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



Furthernore, after being supported on the carrier, drying and cal cination
are then perfornmed to fix the active netal conponent to the netal oxide
carrier. 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 least 4 nmas_ neasured by the nercury porosi ry thod is within a
range from GaEeHLWaher Faggesiponiaht yrihigra %’?@gsérw{% o' HomeightRergentat

| east 200 nmis up to 0.05 m /g, the volume of pores with a pore size from
0.7 to 2 nm@scylRGEnaErmY of ffe Metd] G, 38 SPhRRIaAbLY e Phéth] §EEORE frdmWi thin
a range fromO0.2 to 0.3 m /g, and the volume of pores with a pore size from
2 to 4 nmas neasured by the nitrogen adsorption-DH nethod is within a
range from Gmeng hogroup VI metalsol the periodis bl hanbeeppddedias Hsrgtive
suitable for neasuring the range between 0.7 to 2 nm 14 Furthernore, the
nitrogen ad 1 i {:@Hk : i I leZ& o hf to
200 nm al t%@dﬁ?ﬁgﬁggp |’é§% Pgn t ?g@%gl@ﬁ?ﬁi{ggzgctagé’lggtréf Sl zgsth?gg%d 2
to 4 nm Furthernore, it is preferable that the specific surface area
neasur ed usivijumgeofparesgeith aposs pize of-aBicasirétiods ingcasiirdd by a mereyey f r om
350 to 460 nR/g. The volune of pores with a pore size of at least 4 nm as

0.3 to 0.0 MAGTRAE R SuiE] IhoPpistrom (91 0% il (AT FhFRORIRPES .,

of the hydrocarbon oil (reaction material) through the pores of the
cat al yst i s WHh@eporarsiza of dideaste)nmfis o mofethanHb0H yal g cthe biumiel of pores
(reaction material) to penetrate to the inside of the pores, and

consequent | % il SSR"PAPELA 09 13 fim ARASRUL T AifREERAISBIRI ANl

deni trogentation Tat eteriorate. nversely, I's®al'so pretferable not to
exceed 0.6 nm /g, because in addition to the catalyst losing its useful ness
as an i ndustmedioddstveitRia thguangefrem Bt2%to @Banl/gnandtheneolsmesof porestwishgt h

of the catalyst, the stability of the catalytic activity also deteriorates,

and the cat glystsiflefeh 7 g% gfm%grfﬁéééh?éd/ b 5%6%&{)@@5{oﬁgtiwﬂ)mhﬁf%dofs. pores

wWith a pore 'size of at nm as neasur € mercury porosinetry
method is restricted to no nore than 0.05 nl/g because at vol unmes exceedi ng
0.05 m /g, iwithidtheirgnge dramn®.LatmDylsmligosi ng is

It is 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.

It is preferable that the hydrogenation catalyst for hydrocarbon oils
containing aromatic hydrocarbons comprises a carrier and an active metal,
wherein the carrier is formed from silica-magnesia, the active metal is a noble
metal selected from the group VIII of the periodic table, and the magnesia
content of the silica-magnesia is within a range from 25 to 50 weight percent,

calculated in terms of the metal oxide. Moreover, the silica-magnesia oxide



its usefulness as an industrial catalyst due to a deterioration in the
crushing strength of the catalyst, the stability of the catalytic activity
deteriorates, and the catal yst deactivates prematurely, which is
undesirable. In addition, the volune of pores with a pore size in the range
fromO0.7 to 2 nmas neasured by the nitrogen adsorption-t-plot nethod are
kept within the range from0.2 to 0.3 m/g for the foll ow ng reasons.
Nanely, if the volume of pores with a pore size in the range fromO0.7 to 2
nm as neasu : Ik L P ARs: Y .2
T o the sunmistys PREATEY RIS 2 QHRALRERC S HRite TR 268 Hisic P midtaitaP

di spersability of the active netal particles deteriorates, and the

dear omat i zi ng rHtie prefierabde shdtfthe prepartionrafttbe aobla metalselaoted fromathon rat e
fall. Conversely, if the volune of pores with a pore size from0.7 to 2 nm

daposi s 1 obRmYTHELt he st ARIGR WM 7 iR bl B ol sRIEHRGIERNE,

Furthernore, the volunme of pores with a pore size in the range from2 to 4
ri mas neasuoaledlatgd iméermst ofathemetdkor pti on- DH net hod is kept within the
range fromO0.15 to 0.2 mi/g in order to achieve a bal ance between the

vol ume of por sttt GE0E deddifvoltiod BiaReaflhiadabdsosdIRh ok W

favorabl e for hydrogenation 16 activity. In other words, it is clear from
the vol une tfe poblesnelal kelactedrfeomi the greupdEN 6f thegratiotliotatds todhs vamitrby
the nitrogen adsorption-t-plot nmethod and the nitrogen adsorpti on-DH

east 200 nfeaPSHL AR pRERESta L iyE T RAORISIG-nbns SR Wride OB, T .

depression in the pore distribution within the range from2 to 4 nm It is
pref erabl e ukiag githerhyar-ouaingmetlidd com anpeghatinaimethodeané themfollovimgpf a
fraction with a boiling point of 170 to 390C. Light gas oil, kerosene, and

brushing o PEDEnPeronRing HERBERRE Py S pefta BubhE eklheedifRE®: o '1he

shape of the catalyst, but generally, a value of at least 1.0 kg/mmis

requi red fosilecaimsgnesie pixidadedrciar tlwanghytbe caltimatipeci fi ¢ surface area as

measured by the nitrogen adsorption-BET

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

weight percent, drying and subsequent calcination is impregnated with a salt

solution of the noble metal selected from the group VIII of the periodic table, and
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method is set within the range from 350 to 460 n2/g because if the specific
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 ike m because the targeted reaction proceeds
very efficiently due to the specific pore structure and high specific
surface are I : i Si he present

i nvention, ? hgﬁ 3%?5%@%?’ %gstrugééd\?\fcg E@gﬂ%{)@éﬁ;@?@%@?%ﬂrﬁﬁ %)'.ngﬁf g{ozdl) nmis

cal cul ated by the nitrogen adsorption-t-plot nethod (Coloid Interface Sci.,
21, 405 (1996)) Cammopdiydielysis methads for manufacturiggibe siita-magaesiadydrate
cal cul ated by the nitrogen adsorption-DH nethod (Kel vin Equation), and the
specific sur j i t od.
In additi on,g‘fegl @t@?%@%@%@%ﬁ&é&?tggﬁ E@eﬁ%l pre 2@2@15?% 0255f"8§%‘2 t he
performance of the catalyst is determ ned using a H gh Perfornmance Liquid
Chr onat ogr a@d danchalmegight percoyt Sieludera copregipitaticanmethatk adapositieromesied,i s

determ ned using a Total Sulfur Analyzer (made by M tsubishi Chem cal

N 1 ogen andryubsol scliOes taRhbRRR AR Gk ERat RyIRL A SRR eAplc For, 0T &

follows, the present invention is described in greater detail with

ref erence t exampde; leylrotysivisqarforanethpsiog aandthoshwherein asodiamsikieate

al though the present inventionis in no way limted to the exanples

present ed. @g@%ﬁ? s&lluﬁﬂah hid rz‘%@%éﬁi, dctﬂéﬁﬁé‘%ﬁ{:&&& éHlufiBﬁ‘ vith 2hYdhodm of 1

liter of wat was placed In a er capaci'ty stainless steel reaction
vessel equipped with a stirrer, then warmed to, and_ naintained at 40C.

Then, 17, 500nagnesium, galgntatediin timsrofdbe oxide MgOywvithima vaoge GieseRbrtatSln
of 5.0 wei ght percent prepared by dissolving 4600 g of magnesi um chl ori de

in water, ar\geig tgegzem, 2b aadé@‘air&ﬁevfsield.o‘h@{lf‘reﬁﬂ&lbtria%'ﬁr&ihﬁt@ly%o%urrently

concentration

into a reaction vessel at a hydrolysis temperature within a range from 40°C to

60°C, and the thus produced silica-magnesia hydrate sturry 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 carrier, calculated in terms of the metal oxide, is limited to a
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.
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wei ght percent prepared by adding 1275 g of sodi um hydroxi de and water to
the No. 3 sodiumsilicate solution, were added dropw se, approximately
concurrently, to the reaction vessel, and a silica-magnesia hydrate slurry
was obtai ned. Next, after aging for 30 mnutes, the slurry was filtered and
washed until a NazO concentration of |ess than 0.2 weight percent was

achi eved, and yielded a silica-nagnesia hydrate gel with a MyO content of
35 wei ght percent. Next, in accordance with the co-m xi ng net hod, 1865 g of
the af orenent i orRgtirinesé-thBdeanahb Ydidien @alperdtle @u@iﬁlgﬁ}@&ol\_@@ issetdd 9
of a platinumtetraamm ne nitrate solution containing 5.5 veight percent of
Pt, and 15.04 of a palladiumtetraamm ne nitrate solution containing 4.7
wei ght per cezhvgl@ﬁ widhipdhe range fiogr 48Cita 600€ is thatctsideghislemnerafure a

heating jacket. This plastic substance was subsequentl|ly extruded using an

extruder, a I L QG | ‘ 110

cal ci ned at ”%Bg% ﬂlh%"i‘gﬁﬂligﬁ\éhg%ggﬂi? %é¥é]u%§gé#lgﬁcézﬁﬁgﬁg?Wég%%alt#a&st?%ga
magnesi a catalyst Awith a diameter of 1.4 nm The pore characteristics (4
nmor |ar gerqftiu:WMn@wmwnmnmbcwaysﬁodosi metry met hod, the pore
volunme (0.7 to 4 nm and the specific surface area as neasured by nitrogen

gas adsorption ’%ﬁﬂ?ﬁ o;"frglgef’gi?i%%‘f%';‘vyrpat%?ﬁl Wﬁgkﬁeﬁ@%i&skﬁ'}n%e utRe AL 6

catalyst A are s erns of e nitrogen gas adsorption
used, the t-plot nethod was used to neasure the range fromO0.7 to 2 nm and
the DH met hotgtewéermmulqmdrmh@mmgnnelarfm;@tefgdnranutd@ watgrsolubje saltq suah on
of the performance of the catalyst Using a fixed-bed flow reactor filled

wth 15 mll4d NSH s%fdiﬁxﬂesfiﬁ@atté"sbﬁﬁftio% adNGL3 Qx?@iiiméﬂfbaké HLiBASNA 4 NY. B
properties including a sulfuf concentration o ppm a nitrogen
concentration of 37 ppm total aromatics of 28.6 weight percent, polycyclic
aromati cs of saligmyligate splirteant Furthermaooyeatkirssolublgtsalia suehpgsmagnesivh 367C
was processed under reaction conditions including a reaction pressure of

5.0 Mpa, a hé’lﬂ[)ﬂﬂ@,%‘ég#le%g@éﬁxlpjte %%%%d%&m RAtrafS¥nd %a‘%‘?xegi‘un? a@%at?eﬂga@be

reaction tenperature and t aromatl zationTate, an
desul furi zation and denitrogentation reaction activity of the processed oil
after 100 housed asibeapagnesporaw material.

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 a plastic substance obtained
by kneading the aforementioned silica~-magnesia hydrate gel, is 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.
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300 hours of reaction were determ ned. The results obtained are shown in
Table 2. Table yl-11:Active Metal Co-M xi ng Met hod Exanpl e / Conps- Cat al yst
No. Conposition Content of rative Exanpl e(wei ght % Active noble

met al MgO- Si 02(wei ght 9% Pt/ PdExanpl e 1A35- 650. 3/ 0. 7Exanpl e

2B35- 650. 3/ 0. 7TExanpl e 3C25-750. 3/ 0. 7TExanpl e 3D50-500. 3/ 0. 7Exanpl e

4E35- 650. 15/ 0. 35Exanpl e 4F35-650. 6/ 1. 4C- Exanpl e 1G35-650. 3/ 0. 7C- Exanpl e
1H35- 650. 3/ 0. 7C- Exanpl e 21 35-650. 3/ 0. 7C- Exanpl e 3J15-850. 3/ 0. 7C- Exanpl e
3K60- 400. 3/0. 7 ( PrdwqaBB e e KipaBal a%fezﬁis%ﬁéaoé&emg,ldrgi \g%&na riehibdei any
properties Mercury porosinetryN trogen gas adsorptionVol ume of PoresVol une
of PoresSpecific Surface Area(m/g)(m ~g)(nR fig)>4nm >200np0. 7*- 2nnR"r
4nnExanpl e 1@agcwappmbienms, anbirggexsonsiof eificency andsimphioityythesgutudas e
30. 48 0. 030. 2680. 195451Exanpl e 30. 35 0. 020. 2000. 168393Exanpl e 40. 45

0. 010. 2270.1 : 1 4C- e . o

0. 010. 0660. o%ﬁggﬁg@n@? ég‘iééég t%@i‘%‘@%@%@ﬁgi%@%@r‘#&%g@ 120°C.
0. 050. 1080. 096277C- Exanpl e 30. 52 0. 040. 2760. 193465C- Exanpl e 30. 30

0. 030. 2070. 1 HBterndre dysng caboipatit, degatseCatiatigea manocanmsuek aspine
140500Exanpl eI 260500Exanpl e 3|40800Exarrp| e 340500Exanpl e 440500Exanpl e
440500C- Exa 1 - Exa - e - Bxa .
340500C Exa%gglofﬁgég‘%%égx d Hﬁ’%%@%ﬁ%%m%&&%é%@?@ % g@é@ﬂ%‘ﬁ&t i -
Desul furirative Exanple No. (% zation Rate(% zation Rate(%

lOOhSOOhIOOhMFEPmmEI sholAB 886 bITH by bupivee? B0 Y0 éndHBB0A () had preferably
3C76757272Exanpl e 3D75757170Exanpl e 4E70706767Exanpl e 4F93947878C- Exanpl e

1G24242222C- Exanpl e 51 - | e 2| 36353133C- Exanpl.e o
30535048460, B bR 40NAa 886 508 "€, A ihe Calcirafion IRIAIRE BrRFIPeSS S iBn of
t he catal yst Denitrogen-tation

Rat e( %) 100h3%§’?@éﬁ%€€)§%¥&%@t§ﬁ¥eﬁ? %ﬁa%ﬁ%@n@@%ﬁ%@@é&ﬁ&c@e@mm@z the

was obtained int same nmanner ‘as t w th the exception
that the hydrolysis tenperature used tqQ generate the silica nagnesia
hydrate was a&peeifissurfnceorsa deerepsnsamarkedict eri stics as measured by the
mercury porosinetry method, the pore volune and the specific surface area

SR T T U ST T

;
t he obt ai ned catal yst are shown in Ta uat1on

performance of the catal yst The results of evaluating the catalyst in the
same manner &gomanetals Tchms ratheninm, shedivhnpalladivraier @latinum from the group

VIII of the periodic table, and a combination of palladium and platinum is
especially favorable.

The 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 catalyst is because an amount
of less than 0.1 weight percent is too low for the effects caused by the active

metal to manifest, whereas an amount exceeding 2 weight percent offers no

13



Exanple 3 (2) Hydrolysis and preparation of the catal ysts Catalysts C and D
were obtained in the sanme manner as the Exanple 1-(1), with the exception
that in the hydrolysis used to generate the silica-magnesia hydrate, the
amount of the sodiumsilicate solution with a Si02 concentration 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 Si Oz respectively. The
pore characteristics as nmeasured by the nercury porosinmetry nethod, the

pore volu E@ﬁ as neasured by nitrogen gas
adsor pt i og?urr@?%ol ,O%@%%g&a#ﬂ{m |t§{11 t he obtained catalysts C and D

are shown in Table 1. (2) Evaluation of the performance of the catal ysts
The resul ts of Theahetal salgof the mahlanysthbused intthe paesentdmventicasmiay behany
Exanmple 1-(2) are shown in Table 2. 24 Exanble 4 (1 ) Preparation of the

10w BT R TR P RGeS S RO e gor T

prepared in Exanple 1-(1), the anount of active netal added was altered to
0.15 wei ghnitpmepenhlmfd@anandta(ﬁe dbananghinepeomplex. of Pd for the catal yst E,
and altered to 0.6 wei ght percent of Pt and 1.40 weight percent of Pd for

por 0%t met 1y, neﬁﬁgalplﬁ"sn%fe%fp%arrﬁ BahERR T RRHATES eclitR, Mbiitibrn

measured by nitrogen gas adsorption nethods, and the conposition of the

obt ai ned caiethyds,gak phase hethedsodvwoimixiag metiody, 2)thBugh uht impregnation
performance of the catalysts The results of eval uati ng the catalysts in the
same manner a arative

Beanpl o 1 (hog dplity ot 2Ry B s uBowBiH P e 1d febrestlPRES: s G and

were obtained in the same manner as the Exanple 1-(1), with the exception
t hat the hygdnoetytsoml catabpstqiraparatisadntthodsmeahe ndse cshvmiantragnesi a
hydrate was altered to 25C and 80C respectively. The pore
Furthermore, after being supported on the carrier, 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 measured by the mercury porosimetry method is within a range 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 pore size from 0.7 to 2 nm as measured by the
nitrogen adsorption-t-plot method is within a 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 the nitrogen

adsorption-DH method is within a range from 0.15 to 0.2 ml/g. The nitrogen

adsorption-t-plot method is suitable for measuring the range between 0.7 to 2 nm.
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25 characteristics as neasured by the nmercury porosinetry method, the
pore volunme and the specific surface area as neasured by nitrogen gas
adsorpti on nmethods, and the conposition of the obtained catalysts G and H
are shown in Table 1. (2) Evaluation of the performance of the catal ysts
The results of evaluating the catalysts in the same manner as in the
Exanple 1-(2) are shown in Table 2. Conparative Exanple 2 (1) Preparing the
catal yst A catalyst | was obtained by calcining a portion of the extruded
and dried ' 5 ;

characteri g‘ ﬁ@gﬁgg%ﬁgggéﬁgooé%yéﬁéﬁnmlﬁﬁ pt?)]g) )C%SIIS ?ré?%@g%trﬁ%%u Pﬁggp%rgr e

vol unme and the specific surface area as neasured by nitrogen gas adsorption
met hods, asites fieom @npcd(( now abthougle inthisiapphcatamthis is limdtes tohpane sizesTabl e
1. (2) Evaluation of the performance of the catalyst The results of

Chown i n' THiS 238 e Rl RRa 2T BRGEIE R g SFec PRk pir i on

of the catalysts Catalysts J and K were obtained in the sane manner as in

t he Exanpl enehs@fied using hh¢ heregenegisooptiom-BET mdthed hig/ drithliy qirange érbrh 350
generate the silica-magnesia hydrate, the anmpbunt of the sodiumsilicate

sol ution \Ngﬁ]%gn?gz concentration of 9.2 weight percent added dropw se to
the reacti ves é "was altered so as to generate 85 wei ght percent and 40
wei ght percent of Si02 respectively The pore characteristics as neasured by
the mercury pollbsivobtumy ofgtonesiwithrepprr sze of atteasihdl ninnes sasiifddcby thd ace
area as neasured by nitrogen gas adsorption nethods, and the conposition of

e, o7 o AR oy T S IR B B o R B B BT e
same manner as in the Exanple 1-(2) are shown in Table 2.
because at less than 0.3 ml/g, the resistance to diffusion of the hydrocarbon oil
(reaction material) through the pores of the catalyst is large, and it becomes
difficult for the hydrocarbon oil (reaction material) to penetrate to the inside of
the pores, and consequently the dearomatizing rate, the desulfurization rate and
the denitrogentation rate deteriorate. Conversely, it is also preferable not to
exceed 0.6 ml/g, because in addition to the catalyst losing its usefulness as an
industrial catalyst due to a deterioration in the crushing strength of the catalyst,
the stability of the catalytic activity also deteriorates, and the catalyst deactivates
prematurely.
Furthermore, the volume of pores with a pore size of at least 200 nm as

measured by the mercury porosimetry method is restricted to no more than 0.05

ml/g because at volumes exceeding 0.05 ml/g, in addition to the catalyst losing
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It is clear fromTable 1 and Table 2 that the catalysts A, B, C D, E and F
from Exanple 1 through Exanple 4 satisfy the requirenents of the present
invention with regard to the silica-nagnesia conposition, and the anount of
active noble netal, the pore characteristics and the specific surface area
of the catalyst, and each shows a hi gh dearomatization activity, high

desul furization activity and denitrogentation activity. In contrast,

al t hough the silica-nmagnesia conposition and the active noble 27 nmet al
content of itEFSEeféﬂﬁé’ésy tanCianfusfr{h‘T rcﬁfe't\ﬂe%gé‘t@%l‘zﬂlﬁl i ﬁevﬁrhgﬁlﬂ the
ranges speci resen |nve ion ore aracterlstl

i ncluding the volune of pores with a pore size of at least 4 nm the vol une
of pores fsisengthofitbe Zatalystnthetsiebility ofrthaweatpbitissadtiviin deteroratesnandnidiet he
specific surface area of the catalyst G are markedly smaller than the
ranges spe I V. 0 dearomati zati on
activity, Ma!}ﬁ? SIF:?%tg{meﬂ)ac ‘i%f‘itlg \%m hdig'nll1 glgréﬁ{%ati on activity show a

| ower val ue, respectively. Further m)re al t hough the silica-nagnesia
conposi ti on ankh additians theevoluhiesofrpiras “adnaepme sizetihghe aaregeyonH) oftorhe
Conparative Exanple 1 fall within the ranges specified in the present

i nvention, i at

| east 200 H}#&aﬁ%‘é%ﬁ%ﬁ ){]@% IﬁHJlagl ala}ﬂg&g)r oma{ zatni?%r}llwgga? i ?f;&?th% fife

desul furization activity and denitrogentation activity are high, the

cat al yst deange frame@.2d0ick&Imyl/g fowthefoHowang iredasonesNdatedy,iibtlxt wolume of

consi derably. Furthernore, although the silica-mgnesia conposition and the

Fal 1 i tni ROTG™ o AcRRreRle. i e dEpBE FRY B ko, finrd HS aRASR Yy IR HAUERAC 2

characteristics, including the volune of pores with a pore size of at |east
4 nm the ad$mpﬂonft plot excthodns sy than . 2nmil/gnthe supposiedractivie potaés with a
pore size from2 to 4 nm as well as the specific surface area of the

ggtsﬁ: ?‘/iﬁ i Sa g@r@%@t XY yd%érlgl?’dgﬁ?@fgg%hl?ﬂw%z t@%ttaf:t\\ﬁv% Ynet g%lrtlc ow val ue,
respectively. In addition, although the active noble rret al content and the
por e deteriorates, and the dearomatizing rate, the desulfurization rate and the
denitrogentation rate fall. Conversely, if the volume of pores with a pore size
from 0.7 to 2 nm is larger than 0.3 ml/g, a hydrocracking is more likely 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 nitrogen adsorption-DH method is kept within the range
from (.15 to 0.2 ml/g in order to achieve a balance between the volume of pores

with a pore size in the range from 0.7 to 2 nm and the volume of pores with a

pore size in the range from 4 to 200 nm which is favorable for hydrogenation
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characteristics and specific surface area of the catalysts J and K of the
Conparative Exanple 3 fall within the ranges specified in the present

i nvention, the silica-nagnesia conposition is outside the range specified
in the present invention, and the dearomatization activity, the

desul furization activity and denitrogentation activity show a | ow val ue,
respect i velagtiviVir dowéher womrdse itisiclear from tig; valunmd; ofpofesowithraeperessznt
invention maintain high activity even after 300 hours, indicating clearly

that the c ' i yi S | I I (1)
Hydr ol ysi s%§%¥%¢ gbﬁﬁaci %fgﬁg??qq%lgﬁrggfﬁrﬂg%ﬁﬁ@ogﬁy2928@%0%{-@0@2%@}@(]' in
a 100 liter capacity stainless steel reaction vessel equipped with a
stirrer, tHiknntaogmdadsorptaont D inmtthod.eahdtheadCuniBsaf,patds Sath apoot size of
magnesi um chl ori de solution with a MgJjO concentration of 5.0 wei ght percent
prepared b i | ving 4600 magnesi um ¢ghl ori de in water,. and 17,500 m
of a sodi uﬁtg‘?ﬁ%fgd}‘%agﬂ|ag??aéﬂ2@{)ﬂlﬁlgs g*eégugglﬂ%yeﬂ}er f%y&or@$1gle3§' wei ght
percent prepared by adding 1275 g of sodi um hydroxi de and water to the No.
3 sodi um sirhé¢thatlgthaothere da deprezsivaidache popsvd stribagion exithiattae yange from 2
concurrently, to the reaction chanber, and a silica-magnesia hydrate slurry
was obt ai n<%d.4 Next, after aging for 30 mnutes, the slurry was filtered and
washed unti? 20 concentration of less than 0.2 wei ght percent was

achi eved, and yielded a silica-magnesia hydrate gel with a MJO content of
35 wei ght per cémnis.préfexable tB8cthg hykdrodeebad oilasmmaine Bdwsight percmgeshare
hydrate gel (360 g of Si02-My0) was plasticized inside a kneader provided

lsi ng an_ etAUERo s ppuRERpar of he0 18 FO8h TiebP B aflf kenhsF it e o
110C, was calcined at 500C in an electric furnace for 2 hours to yield a

silica magrpesfurl ard eeamgles of hydrodarborofls siatfall withih thiTange?) Preparation
of the catalyst In accordance with the inpregnation nethod,” 5.51g of a
platinumtetra t | ution, cont.ai ni ent of Pt,

Bnd 15-04g of -4 GATvstanEeBeRoatin HEhREs RaEAl5sh Chrrish VeBAt SESTHGTE S he
wei ght percent of Pd were m xed together, and an inpregnation solution of a
speci fi c vghdpe ofdidisitelst, but generally, a value of at least 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 too large, the catalytic hydrogenation does not
proceed efficiently.
It is thought that the catalyst of the present invention has high

hydrogenation activity for aromatic hydrocarbons contained in hydrocarbon oils

and yet is highly resistant to poisoning by sulfur hydrocarbons and the like
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t hrough the addition of water so as to match the anount of water absorption
of the catalyst carrier was inpregnated into 100g of a silica-nmagnesia.
oxide carrier 30 |, 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
mercury porosinetry method, the pore volune and the specific surface area
as neasured by nitrogen gas adsorption nmethods, and the conposition of the

opt 1o 8RBk B ol RAR pr Atk Tork BlseAy e3P o shOrpREper o0

of the catal yst L, a straight run light gas oil with properties including a
sul fur constibchuciaod hagh spacifisrsurfaceiarcogétheceatalyst.r at i on of 37 ppm tot al
aromatics of 28.6 weight percent, polycyclic aromatics of 2.8 wei ght

per cent. -and ar 904 ghat i Al AR UL Oy RIS, Y05 BlAE BF BUre Wit

reaction cond| i ons INg a reac pressure

hydrogen/oil ratio of 600 NI/lI, a LHSV value of 2.0 hr', and a reaction

t enper at ur @ pfre 32@Aroand. 7t the pmais aabtilatedibyrtheatirpgenddsdrptidastplotr i zat i on
activity and denitrogentation activity of the processed oil after 100 hours

bt ai ned aPtotbR R TBARCE Sha i ABSATAT6 e Y pRREO At i pTe™

preparation of the carrier An oxide carrier k was obtained in the sane
manner as tshze fieanpr@45mi 19 caleittated by tha o#pegeamadsoaptiomnd Hywethbd(Kslvin
tenperature used to generate the silica nmagnesia hydrate vvas altered to

manner 4. (AR AEo Mgt cpfoif ke gk St BP T BE ARy =E

obtained in (1) was used. The pore characteristics as rreasured by the
mer cury poBIsT ma¢thpdmédn ladditiarh éh@ aramsto¢ hydramadbansangpe oilf procssseddoe ar ea
as neasured by nitrogen gas adsorption nmethods, and the conposition of the

obtained calalit 1M fefortMER S theWkflystis determined using a High Performance

Liquid Chromatograph (manufactured by Shimazu Corporation), the sulfur
content 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 invention is described in greater detail with
reference to a series of working examples and comparative examples, although

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

Example 1

(1) Hydrolysis and preparation of the catalyst

18



(3) Evaluation of the performance of the catalyst: The results of
evaluating the catalyst in the sane manner as in the Exanple 5-(3) are
shown in Table 4. Exanple 7 (1) Hydrolysis and preparation of the carrier
Oxide carriers 1 and mwere obtained in the sane manner as the Exanple 5
(1), with the exception that in the hydrolysis used to generate the
silica-magnesia hydrate, the anmount of the sodiumsilicate solution with a
Si 02 concentration of 32 9.2 vvei ght percent added dropw se to the
reacti on vesse

wei ght per centho éogg'%?%ggae% ir?a??@elfﬁ} E%[r; %éntgo ﬁ%&@g{e% yS

Catal ysts N and O were obtal ned |n the sane manner as the Exanple 5- (2),
wi th the ewesseliegoippedtwithe sikretethear warned 1o,amd mantthmeded 400C, Thewgr e
used. The pore characteristics as nmeasured by the nercury porosinetry

met hod, ol.ume _and.t he ific, surf asure

o trogen gdd- e Bt ATRagRtivacIgHfe spbRsnsBE R sPermraittenad
catalysts N and O are shown in Table 3. (3) Evaluation of the performance

of the cat abeight ﬂ'éleenE?wphﬁecblﬁy dissblah g 4600 otﬁiaghmhm ohlohielesianmatenner
as in the Exanple 5-(3) are shown in Table Table 3(3-11 : Active

Content | of A LR LRI BN ug%%’b?w)mw{% i EORGUAE. & $2(vei gh

% Pt / PdExanpl e 5Lj 35-650. 3/ 0. 7Exarrp| e 6M3S-650. 3/ 0. 7TExanpl e

7N125- 750. VéighEpempheprépabddt 59 adding. TRsagplf ¢o8Rind hydbékidle/addJbkbea nptise
8Q 3S-650. 6/ 1. 4C—Exarrp e 4Rn35-650. 3/ 0. 7C Exanpl e 45035-650. 3/ 0. 7C- Exanpl e

5Tp35-650. 3.0 5-850.3/0.7 l.e 6Vr60-.40 0. 7Cat al t
S o os o S B G Bt Gip e s T B PS A BB of VS

por esVol une of poresSpecific Surface Area(m/g)(m/g)(n2 /Q) >4nm>200nn0. 7~

2nn2~ 4nnbBcanplgehy Ao0he ¥0adttfilvesédy AaBagitice-magnesia hydrate slurry was
60. 540. 030. 2470 174446Exanpl e 70. 480. 030. 2750. 193453Exanpl e

70. 360. 020. 6 le 8 Q10, 23 75440EXx
50 490, 010 Bhfed s NERRQEIReing o 30 p RS, fissd iy o BIBI e washed
40. 640. 110. 3170. 187472C- Exanpl e 50. 270. 050. 1110. 099281C- Exanpl e

60. 530. 0401288 Q. NP} 6d e dnt anidneo f0les S tHan0B 2 . wEight %éﬁ:’&ﬁﬂw&é achieedeard ( 3- 2)
Hydrol ysis tenp. ( C)Ex m 3- 4~ Exarrpl e 660Exanpl e 740Exanpl e 740Exarrp| e
840Exanpl e 8

640 S BRI ?na%%%g:fa":ﬁ( AR ge1 With Bﬁ”ﬂ Somtentof 38 1ght6 éé)r%'eEffa”p' ©

Next, in accordance with the co-mixing method, 1865 g of the

aforementioned silica-magnesia hydrate gel (360 g of SiO,-Mg0), 5.51 gofa
platinum tetraammine nitrate solution containing 5.5 weight percent of Pt, and
15.04 g of a palladium tetraammine nitrate solution containing 4.7 weight percent
of Pd were plasticized inside a kneader provided with a heating jacket. This
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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Cat al yst Cal cination tenp. (~C ) 500 500 500 500 500 500 500 500 700 500
500 Tabl e 4 Exanpl e/ Conpa- Catal yst Dearomati- Desul furi- Denitrogenrative
Exanple No. (% zation Rate(% zation Rate(%) tation Rate(%
100h300h100h300h100h300hExanpl e 5L889075758383Exanpl e 6MP08974758382Exanpl e
7N787671717676Exanpl e 70757572727575Exanpl e 8P707168687373Exanpl e
8(039376758585C- Exanpl e 4R242422222624C- Exanpl e 4S695261486450C- Exanpl e
5T353531333634C- Exanpl e 6U515048465151C- Exanpl e 6V585551515452 35 Exanpl e
8 Catal yst 1 ! : : =(2),
W th the coscufr Rt ZROBCIENLR | AR M W RIRE TR | 1)
was used, and the active netal carrier anmount was altered to 0.15 wei ght
per cent of off.4amdn.0. 35 wei ght 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 catal yst
Q The pore c LS| ; i y nmet hod,
the por o vol unohanary FanaCBriic LR Sflivke) a8 MELGE LRRRERAERNY IO o
adsorption methods, and the conposition of the obtained catalysts P and Q
are shown parcsamietry3anethiod, thesporesvadamev(@l it 4 mgn )k ared Per Specifia serface aica
catalysts in the sanme manner as in the Exanple 5-(3) are shown in Table 4.

carmrors nesmRutes) y hitogRHCksS, AR b E R ARAR, RiarkRuPRly: ARaNR L' 87 1

with the exception that the hydrolysis tenperatures used to generate the
si | i ca- magnesipashiadr aft thevahtaingHtcatadystt A a26chawd i8kabled pdatteuss pf the)
Preparation of the catal yst 36 Catal ysts R and S were obtained in the

sane nannet,: - : [

carri ors niioeel EariReBbfon ubdy, thEplol MEREERAS 108 lo sk R (i dlfge
measured by the nercury porosinetry nethod, the pore volunme and the

speci fi ¢ simomade/ tr 2anysandethe PHANbthodi wasysed wemeasigerthe irargerionnddo 4and

t he conposition of the obtained catalysts R and S are shown in Table 3. (3)
Eval uat i onnﬁ{ the performance of the catal ysts

(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 including 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 a 90% distillation temperature of
367°C was processed under reaction conditions including a reaction pressure of
5.0 MPa, a hydrogen/oil ratio of 600 NI/1, 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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The results of evaluating the catalysts in the same manner as in the

Exanpl e 5-(3) are shown in Table 4. Conparative Exanple 5 (1) Preparation
of the carrier An oxide carrier p was obtained by calcining a portion of

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

por osi et BG0 Meluodf rdabdonwWete \detdtined. Thanesdleotsaad dre showmieTaslea as
measured by nitrogen gas adsorption nethods, and the conposition of the

obt ai ned éatalyst T are shown in Table 3. (3) Evaluation of the performance
of the catal yst The results of evaluating the catalyst in the same nanner
as in the Exanple 5-(3) are shown in Table 4. Conparative Exanple 6 (1)
Hydrol ysis and preparation of the catalyst Oxide carriers q and r were
obtained in the same manner as the Exanple 5 (1), with the exception that
in the hyd | i ca- magnesi a hydrate, the anpunt
of the soaddis ot 4 , 22 concentration of 9.2 weight
percent added dropmnse to the reactlon vessel was altered so as to generate
85 wei ght E%ﬁgffiﬁé‘zCé a40 CORhISE Noer EexfthpNitish O eeneet [ vel y. (2)

Preparation e c tal yst tal ysts n wer e obtained in the sane
manner asTatiee Example 5-(2), with tK Wetgtﬁ%)I orf\¢thvg noble metade carriers g
and r obtained in (1) were used. They [glcyhar hts%zcs as neasured by
the mercury porosinetry nethod, the por vl ume. an specific surface
area as neasured by nitrogen gas adsorptl on mettt@t, and the conposition of

the obtai pgdnfiaéal ysts U andaV are shpsvgsin 38 o 3/epl e 3.

Example 2 B 35-65 0.3/0.7
Example 3 C 25-75 0.3/0.7
Example 3 D 50-50 0.3/0.7
Example 4 E 35-65 0.15/0.35
Example 4 F 35-65 0.6/1.4
C-Example 1 G 35-65 0.3/0.7
C-Example 1 H 35-65 0.3/0.7
C-Example 2 | 35-65 0.3/0.7
C-Example 3 J 15-85 0.3/0.7
C-Example 3 K 60-40 0.3/0.7

(C-Example= Comparative Example)
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(3) Evaluation of the performance of the catal ysts The results of
evaluating the catalysts in the sane nmanner 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 QfromExanple 5 through Exanple 8 satisfy the

requi renents of the present invention with regard to the silica-nmagnesia
conposi ti It oxide carrier, as well as the pore characteristics, the
specific surface area and the a t o Qf i¥e noble nmetal supported in the
Cgt al yst, and show high dear nmm&lyéfirprgﬁéﬂu\ ty desulfuri 7mPip.0n activity
and denitrogentation MercuiytBorosirgiBeti vel y. | niNa@agemegas adsarptiogh for t he

catalyst R of the ConWahahé v€ Pox& ! eVhlumefPdresa- megpesifie SFFR@sAtdon of
the oxide carrier and the(,l‘lil unt of actlvel gr}obl e netal sudolﬁp@ed in the
catalyst fall within the @es specifie(Hl( the present Ynvention, the
pore characteristics »finmhe >40anyst 0.77cPumi nd~t Banpor e vol ume of pores

with a porexghpR of atgleast gomm thegygsume @ jppres wth meore size
fromO0.7 to 2 hm and the volune of pores with a pore size from2 to 4 nm

t oget her viExamplee2specd.bBc sud.D3ce areB.235 t he &GhT4dl yst are 442 kedl y
smaller than th ange peci fi.ed, and,t dear, ization activity,
desul furi ‘?IBHFCagti vi@ﬁgand @'@ﬁl t r ogent on éﬁ% ty show ‘gﬁ ow val ue,
respecti V%}\’amﬁﬂa 3 In gagtrasyaf or the % al yg.168of the Copparative
Exanpl e 4, although the silica-nagnesia conposition of the oxide carrier

and the anibxamplef dact i 0.45nobl @.0det al sO0E25rted 0.h72he catal 38 fall within
t he ranges.specjfied ipn the p ent in j on, cat al yst a high pore
vol une of IEBleV\A4th a&égre s‘ir)g)i of at 6&2@5'{ 2&3?’2171 and vvhi‘ﬂgft he initial
dear omat i Z@E}@d}nﬁl%ti Vifyp desglfiuri zat pgrAct i \(j_g'frg and deni tyggentation
activity are high, the catalyst deactivates quickly, and these activities
det eri or at€-Exampleel ablpS Fur®Adr mor e, 0325 t he G482l yst T of4The

n Che.cal TSP o O25hi n 008 r ange Otk i1 1 EOYA he. pr eokhl | nventi on.

the pore charaghplel $tig320f thpgcatal yglazg ncl ysligy the vol of pores

with a pore size of at least 4 nm the pore volune of pores Trom0.7 to 2
nm and t he-Exdmple f @30es f00Mh 2 to 6.204 todelddr with t hdGpecific
surface area of the catalyst are markedly snaller than the ranges
specified, and the dearomatization activity, desulfurization activity and

Hydrolysis temp. Catalyst Calcination temp.

() ()
Example 1 40 500
Example 2 60 500
Example 3 40 500
Example 3 40 500
Example 4 40 500
Example 4 40 500
C-Example 1 25 500
C-Example 1 80 500
C-Example 2 40 700
C-Example 3 40 500
C-Example 3 40 500
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denitrogentation activity show a | ow value. Furthernore, for the catal ysts
U and V of the Conparative Exanple 6, although the pore characteristics,
the specific surface area and the amount of active noble netal supported
fall within the ranges required by the present invention, the
silica-magnesi a conposition of the oxide carrier is outside the 40 range
specified in the present invention, and dearomatization activity, and
desul furi zation and denitrogentation activity show a | ow val ue. Moreover,
the catalysts L, M N, O P and Q of the present invention maintain high
activity after 300 hours, indicating clearly that the catalytic
activity o € catalysts is stable. By enploying a configuration described
above, a catalyst of the present invention with specific pare,

char act er iEtample/Compad Hsatéh’ﬁboﬂqaﬁ@mtli t o Pegilifurit per cBenitregan-ul at ed

tabl o on HVERAABE: - oNO 3 PellEh Ret(RT: P ERAE A iRy R O ©
conposition, has high dearonatizgpoan aggdlyi t yYOOlr BHOkogendl0hnBEotoMat i c
hydr ocar bons contai ned in_hydrocarbon oils_caontaining sulfur_conpounds and

the like, has superior actiyity in relatjon to_sulfur_conpounds
nitrogen Elér]oons, and reov‘%r9 can %i nt a?g hi gﬁsacti v;éay f | ong

peri ods OfE)Ed.rH%l%e Accordingly, if @ocatalgpt of%he prgsent iggventg:?)n is
used in place conventional catalysts,” a lig gas oil having a low
aromati ¢ dxdmple, 3 sul fur co@tent &6d nit7ogen E2ntenf2can b§6prodiged. 41
CLAI M5 1. hydyr ogenati on catal yst_ f or rocarbon o[] contai_ning aronatic
hydr ocar bﬁ?‘,mP{?@qcat al yst ¥onpri s7isng ahycsgrri e5?and gh acti 3§ met wherein
the pore qhalagfefi stics ofgthe cajpl ystypre sggh thgy the wel umespf pores
wWith a pore size of at |least 4 nmas neasured Dy a nercury porosinetry

met hod i s Exdrhple 4 he range From 093 to 46 nl /@8 the78ol une86f poB®s with a
pore size qf at por osinetry. thod is

o or e ¢ HarERIRBIent | g theGvol umdiol pos wi 2B o paro s 28010l 7 o 2

nm as nmeasHipth iyl trogen g 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
Example 2

(1) Hydrolysis and preparation of the catalyst

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

the mercury porosimetry method, the pore volume and the specific surface area
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adsorption-t-plot method is within the range from0.2 to 0.3 m /g, and the
vol unme of pores with a pore size from2 to 4 nmas neasured by nitrogen
adsorption-DH nethod is within the range fromO0.15 to 0.2 nl/g. 2. The
hydr ogenati on catal yst of Claim1, wherein the hydrocarbon oil contains a
fraction with a boiling point of 170 to 390C by an anobunt of at |east $0
wei ght percent. 3. The hydrogenation catalyst of one of Caiml and 2,
wherein the carrier is fornmed fromsilica-mgnesia, wherein the active
nmetal is a | t I | i t abl e,
and wher ei Erllspt gg?rgég; singi?d nt%fr%tzfdg?fgt?]&érﬁgﬁ%: }r{ggrtllégl&gﬁilﬁgsgmﬁ{ ?ﬂﬂ% range
from25 to 50 weight percent, calculated in 42 ternms of the netal oxide.
4. The hydebigéred fealysaBaargshowin in Babbed. wherein the proportion of the
noble nmetal selected fromthe group VIII of the periodic table is within a
range fromO. k C hWgterns of the netal. S. A
hydr ogenat i onl(gg?%\@é\?ﬁ%bf ﬁ?ﬁ%@%‘}%@ﬁé%ﬁtﬁ%?ﬁ{% Snti ng aronmatic
hydrocarbons, the catalyst conprising a carrier and an active netal,

wher ei n t he poFke s¢estidtsdifsvalunitigtheafatalist inghalsgare mansermas ianthiedxample
conposed of pore sizes within a range from4 to 200 nm and pore sizes
wWithin a rar : m and wherein the volunme of pores with a
pore size ?n ?ﬁge'églgan‘gle]@rj%ﬁagto 200 nmis 0.3 to 0.6 m /g, and wherein the
vol ume of pores with a pore size in the range fromO0.7 to 4 nmis 0.35to
0.5 nm/g. 43 . A . Af. A@AyS?. Ayf. AS . Auf. Ayu, e. AS?. AS . A@ . Af@. AuS . Af .AS
.AS . A . AS

Example 3

(2) Hydrolysis and preparation of the catalysts

Catalysts C and D were obtained in the same manner as the Example 1-(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
9.2 weight percent added dropwise to the reaction vessel was altered so as to
generate 75 weight percent and 50 weight percent of SiO, respectively. 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 C and D are shown in Table 1.

(2) Evaluation of the performance of the catalysts

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

1-(2) are shown in Table 2.
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AT LA@ A CASNLALLAI@ .AFE .AE .A LAY LAY, 2 A .AFS2 _Al.AIf .A5. A

A@ A CA@ .A3@ . AFf AR E . AU e. AeVg' vi 4} NLGS D

~ytoj e [V]ca]ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]cal]ca]ca]ca]ca]ca]ca]c

aJcMa] ca] ca] ca] ca] ca] c”a]ca] ca]chalcZa! 2] T>

i RA~E8c} xsgi d_é| cg] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca

] ca] ca] ca] ] ca] ca] ca] ca] ca] ca] ca] ca! H: hF$mUM2~- %} xsmhc”Y] c] ca] ca] ca

] ca] cMa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]c

al cal cal cal caje3PHAatin of IHOBAAIIS

#i##: $3$$+% 984 wr mhc”Y] c] ca] ca] ca] ¢a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

N 10 ! ! * Kk x

cal cal cal cal e falsl B 3haF Wk Sbiaiited i (i samie manner as the Exampte 101}

., ¥-v--.7.../}xsnid_Z]c]]ca] ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calc

55 byasar B B B e R ) o ca

al cal calcal ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] cal 88#9p99
9}\/{ : ] D; 3,\, | ,xarllple] 1-(&), t}le alnou]nt olf acgive ]metgll aJde waé alt!:red] to 3.15]wei]ght P

; <I <<<3===>A>>>07???@C@ @ @A A} xsni d_Z] c]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca ; N 5BBBB
PEse s MLt S e e e S R B N BA RS ey
ca] ca] ca] ca] ca] ca] ca] ca&c}glaca ca] ca] ca] ca] ca] ca] ca] ca] ca] calca]ca] ca] cal dJJ
KKSKKK@ M WE reaatiof iR fer thecqalyphy ddeqi€a) ca) ¢
aJ cal ca]l ca]ca]calca]ca]ca]ca]calca]calcalcalcalcalcalcalcalcalcalcalcalcalc
a] cal gSS foti :
T]YTTT%UUUU%WWWawgzb[yz%zeznl\]ﬁc[ug }D>(<) g%sllrdnftz cI]Tlftcha()]dé g]lecg?rcea] cal ca] ca]
ca] ca] ca] ca] ca] ca] ca]nca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cag_ca] cal ca]
cal #\ s\ \] “¢dpaenty-and the specific surface area as measured by nitrogen gas adsorption

* " lanaaaNbbb9cvccdcdddHe| wr mhe”Y] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca]calc a { - : ! eAf ff"
ot gagHhhh: T e L A P ) ca e
] c”a] ca] ca ca]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! - nBm
ppp{ P} pqaaq abledsssst=ttttt (uwuuvf vvwOmwww~yt oj e [ V] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cMa] ca] ca] ca] cMa] ca]ca]
cMal wwx f xxx ;

}n}}}} ~S~~~2%@%@ﬁ%§:ﬂ%&%&%rg nggao]fégﬁ: ggﬁa(l:)és]t%a] ca] ca] ca]ca]ca]ca]ca]c
"a] ca] ca] ca] ca].ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢*a] cal 20%JB. | HAEY _ rhvvr mhc”Y] ] ]
ca] cal ca] ca] ca la;eayeéaité@]f@apb@}@g] the jcatalyss dafliesang @é@}w@épeﬁ?@: KeBRla] ca]
calca]ca]c”a]ca]calcal]calr 1A ! p~

[1] (W] | w mpgaYhid gahedlsaherl 22 cal ca] cal c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! A-| bOp] V?aS| w nhc”~Y]]]ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]c
a]J ca] ca] ca] ca! 4/

WOl VOR7zupkfa\l\ W] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cha]ca]ca]ca]ca]ca]l
ca] ca] ca] cabaplasdivakgamdbhta@l cal c”a] ca] ca] ca! 7@ GvbBabux9?ks” " r { upke™ ZUkf a\ W
caV] ca] ca]c™aJcaJcaJc™aJ CaJc™a] ca] ca] c™a] ca] ca] cha] ca] ca]c”Ma] ca]cal calc”a]c
ajJ c”a] ca] ca] c"a#ca] cal ca] c&Lca )

r xnbCg} CH 61 R & ¥erolysengnd prepasation f thy ealpbysica] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] cMa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]cha U] c”a]ca!; #UL?A&, 5hf

\ [ wrmhc”Y] ca] C@itﬁl”}is@@h‘%ﬁi@ﬂ]\ﬁéﬂ&@ﬁtﬁﬁ]eﬂﬁhctﬁ]:%ﬁhfeaihﬁﬁil&aﬂscl%]e@iéiﬁfléai-Qiq,ca] ca

] ca] cMa] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal'\ =2Y_JDi PAK8x} xsni d_Z] ca] ] ca] cal ca] ca
| Cal Cal ca] Walndby sabapheR Vo8 b iy redy Vo daTBAT I boCeR g esT ELTe A cal cal o
a] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] cal QNg J.
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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 G and H are shown in Table 1.

(2) Evaluation of the performance of the catalysts

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

1-(2) are shown in Table 2.

Comparative Example 2

(1) Preparing the catalyst

A catalyst I was obtained by calcining a portion of the extruded and dried
product prepared in the Example 1-(1), at 700°C. 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 catalyst I are shown in Table 1.

(2) Evaluation of the performance of the catalyst

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

1-(2) are shown in Table 2.

Comparative Example 3
26
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(1) Hydrolysis and preparation of the catalysts

Catalysts J and K were obtained in the same manner as in the Example 1-
(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
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 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 J and K are shown in Table 1.

(2) Evaluation of the performance of the catalysts

The results of evaluating the catalysts in the same manner as in the Example
1-(2) are shown in Table 2.

It is clear from Table 1 and Table 2 that the catalysts A, B, C, D, E and F
from Example 1 through Example 4 satisfy the requirements of the present
invention with regard to the silica-magnesia composition, and the amount of
active noble metal, the pore characteristics and the specific surface area of the
catalyst, and each shows a high dearomatization activity, high desulfurization
activity and denitrogentation activity.

In contrast, although the silica-magnesia composition and the active noble
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ranges specified in the present invention, the pore characteristics, including the
volume of pores with a pore size of at least 4 nm, the volume of pores from 0.7 to
2 nm and the volume of pores from 2 to 4 nm, and the specific surface area of the
catalyst G are markedly smaller than the ranges specified in the present
invention, and the dearomatization activity, desulfurization activity and
denitrogentation activity show a lower value, respectively.

Furthermore, although the silica-magnesia composition and the active noble
metal content of the catalyst H of the Comparative Example 1 fall within the
ranges specified in the present invention, the catalyst has a high volume 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
deactivates quickly, and these activities deteriorate considerably.

Furthermore, although the silica-magnesia composition and the active noble
metal content of the catalyst I of the Comparative Example 2 fall within the
ranges specified in the present invention, the pore characteristics, including the
volume of pores with a pore size of at least 4 nm, the volume of pores from 0.7 to

2 nm and the volume of pores with a pore size from 2 to 4 nm, as well as the

specific surface area of the catalyst G are small, and the dearomatization activity,
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respectively.

In addition, although the active noble metal content and the pore
characteristics and specific surface area of the catalysts J and K of the
Comparative Example 3 fall within the ranges specified in the present invention,
the silica-magnesia composition is outside the range specified in the present
invention, and the dearomatization activity, the desulfurization activity and
denitrogentation activity show a low value, respectively.

Moreover, the catalysts A, B, C, D, E, F of the present invention maintain
high activity even after 300 hours, indicating clearly that the catalytic activity of

the catalysts is also stable.

Example 5

(1) Hydrolysis and preparation of the carrier

25 liters of water was placed in a 100 liter capacity stainless steel reaction
vessel equipped with a stirrer, then warmed to, and maintained at 40°C. Then,
17,500 ml of a magnesium chloride solution with a MgO concentration of 5.0
weight percent prepared by dissolving 4600 g of magnesium chloride in water,

and 17,500 ml of a sodium silicate solution with a SiO, concentration of 9.2
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concurrently, to the reaction chamber, and a silica-magnesia hydrate slurry was
obtained. Next, after aging for 30 minutes, the slurry was filtered and washed
until a Na,O concentration of less than 0.2 weight percent was achieved, and
yielded a silica-magnesia hydrate gel with a MgO content of 35 weight percent.

Next, 1865 g of the aforementioned silica-magnesia hydrate gel (360 g of
Si0,-MgO) was 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
electric furnace for 2 hours to yield a silica magnesia oxide carrier j with a
diameter of 1.4 mm.

(2) Preparation of the catalyst

In accordance with the impregnation method, 5.51g of a platinum
tetraammine nitrate solution containing 5.5 weight percent of Pt, and 15.04g of a
palladium tetraammine nitrate solution containing 4.7 weight percent of Pd were
mixed together, and an impregnation solution of a specific volume adjusted
through the addition of water so as to match the amount of water absorption of

the catalyst carrier was impregnated into 100g of a silica-magnesia oxide carrier
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calcined at 500°C in an electric furnace for 2 hours to yield a catalyst L. The
pore characteristics as measured by the mercury porosimetry 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

Using a fixed-bed flow reactor filled with 15 milliliters of the catalyst L, a
straight run light gas oil with properties including 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 a 90% distillation temperature of
367°C was processed under reaction conditions including a reaction pressure of
5.0 MPa, a hydrogen/oil ratio of 600 NI/l, a LHSV value of 2.0 hr’, and a
reaction temperature of 320°C, and the dearomatization rate, and the
desulfurization activity and denitrogentation activity of the processed oil after
100 hours and after 300 hours of reaction were determined, respectively. The

results obtained are shown in Table 4.

Example 6
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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 in the same manner as the Example 5-(2), with
the exception that the oxide carrier k obtained in (1) was used. The pore
characteristics as measured by the mercury porosimetry method, the pore volume
and the specific surface area as measured by nitrogen gas adsorption methods,
and the composition of the obtained catalyst M are shown in Table 3.

(3) Evaluation of the performance of the catalyst:

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

5-(3) are shown in Table 4.

Example 7

(1) Hydrolysis and preparation 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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generate 75 weight percent and 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),
with the exception that the oxide carriers | and m obtained in (1) were used. The
pore characteristics as measured by the mercury porosimetry method, the pore
volume and the specific surface area as measured by nitrogen gas adsorption
methods, and the composition of the obtained catalysts N and O are shown in
Table 3.

(3) Evaluation of the performance of the catalyst

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

5-(3) are shown in Table 4.
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Example 5 L ] 35-65 O 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 ] 35-65 0.6/1.4
C-Example 4 R n 35-65 0.3/0.7
C-Example 4 S ) 35-65 0.3/0.7
C-Example 5 T ) 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 ~ Volume of pores Specific Surface Area
(ml/g) (ml/g) (m*/g)

>4nm  >200nm 0.7~ 2nm 2~ 4nm
Example 5 0.45 0.01 0.228 0.171 439
Example 6 0.54 0.03 0.247 0.174 446
Example 7 0.48 0.03 0.275 0.193 453
Example 7 0.36 0.02 0.199 0.166 395
Example 8 0.45 0.01 0.236 0.175 440
Example 8 0.43 0.01 0.220 0.172 436
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-Example 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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.j(/jOj 1111(1')151"?5@2@1 0/«(&')()-51‘%%&' ()-109%& () - F109%080() -
10%&' () - ! 1§%&Ad 7101010j j jkkkkki 00IS10%& () - SEWDE () - SLO%E () - #3p
 RS10%& () %?%%%7( ) - sw%‘éfb(( ) - k&k' k(k) k* kOklkoé,@gﬁ#)*Sp
RS109%& () ESanges( ) - SL0%E () - SL0%S&: () - #3p , RSDO%E’ () - 1K:
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Examles

, RS109B&' () ) - S1000% () - S10%& () - Xk kf kGkskykeF+IS10%& ( SL0%&
() - S10%& (Cc-EuBfe 4) - #3P 25 500

C-Example 4 80 500

C-Example 5 40 700

C-Example 6 40 500

C-Example 6 40 500

Table 4

Example/Compa- Catalyst Dearomati- Desulfuri- Denitrogen-

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

Example 5 L 88 90 75 75 83 83
Example 6 M 90 89 74 75 83 82
Example 7 N 78 76 71 71 76 76
Example 7 O 75 75 72 72 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 22 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 \Y% 58 55 51 51 54 52
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y p p

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 carrier p was obtained by calcining a portion of the extruded and
dried product prepared in the Example 5-(1), at 700°C.

(2) Preparation of the catalyst

A catalyst T was obtained in the same manner as the Example 5-(2), with
the exception that the oxide carrier p obtained in (1) was used. The pore

characteristics as measured by the mercury porosimetry method, the pore volume
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(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.

Comparative Example 6

(1) Hydrolysis and preparation of the catalyst

Oxide carriers q and r 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
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) Preparation of the catalyst

Catalysts U and V were obtained in the same manner as the Example 5-(2),
with the exception that the oxide carriers  and r obtained in (1) were used. The
pore characteristics as measured by the mercury porosimetry method, the pore
volume and the specific surface area as measured by nitrogen gas adsorption

methods, and the composition of the obtained catalysts U and V are shown in
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The results of evaluating the catalysts in the same manner as in the Example
5-(3) are shown in Table 4.

It is clear from Table 3 and Table 4 that the catalysts L, M, N, O, P and Q
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
well as the pore characteristics, the specific surface area and the amount of active
noble metal supported in the catalyst, and show high dearomatization activity,
desulfurization activity and denitrogentation activity, respectively.

In contrast, although for the catalyst R of the Comparative Example 4, the
silica-magnesia composition of the oxide carrier and the amount of active noble
metal supported in the catalyst fall within the ranges specified in the present
invention, the pore characteristics of the catalyst, including the pore volume 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 volume of pores with a pore size from 2 to 4 nm, together
with the specific surface area of the catalyst are markedly smaller than the ranges
specified, and the dearomatization activity, desulfurization activity and

denitrogentation activity show a low value, respectively.
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YS210% 8" ° urlzatlon and c(lenltrogentatlon activity’ show a

Moreover, the catalysts L, M, N, O, P and Q of the present invention
maintain high activity even after 300 hours, indicating clearly that the catalytic
activity of the catalysts is stable.

By 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 silica-magnesia
composition, has high dearomatization activity for hydrogenating aromatic
hydrocarbons contained in hydrocarbon oils containing sulfur compounds and
the like, has superior activity in relation to sulfur compounds and nitrogen
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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hydrocarbons, the catalyst comprising a carrier and an active metal wherein the

pore characteristics of the catalyst are such that the volume of pores with a pore
size of at least 4 nm as measured by a mercury porosimetry method is within the
range 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 within 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 adsorption-DH
method is within the range from 0.15 to 0.2 ml/g.

2. The hydrogenation catalyst of Claim 1, wherein the hydrocarbon oil
contains a fraction with a boiling point of 170 to 390°C by an amount of at least
80 weight percent.

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

the silica-magnesia is within a range from 25 to 50 weight percent, calculated in
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within a range from 4 to 200 nm, and pore sizes within a range from 0.7 to 4 nm,

and 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 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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