CATALYTI C COVPCSI TI ON FOR HYDROTREATI NG OF HYDROCARBONS AND METHOD FOR
HYDROTREATI NG Technical Field [0001] The present invention relates to
catal ytic conpositions for hydrotreating of hydrocarbons and a method of
hydrotreating. More specifically, this invention relates to catalytic
conpositions for hydrotreating hydrocarbons by using alum num and
titaniuminserted zeolite Y, and a nethod for hydrotreating hydrocarbons.

When usedCATALYYY CCOMRDSIION FORIr AYDROTREATING OF HYISROOARBDRSG HND

(described as DAO hereinafter), the zeolite Y shows high hydrocracking

capabi | i tMETRODFOR HYOHOTHEALRBANGL  fractions, high hydrogenating
capability, excellent selectivity for mddle fractions, and high

desul furi zing and hi gh denitrogenating capability. Furthernore the zeolite
provi des excellent effects such as a high gasoline yield and a | ow
product i of, . @t8 ﬁ%ldcoke and hydrogen when the obtained uncracked bottom
oil is used as a teed oil for catalytic cracking. Technical Background

[ 0002] Bj@@g@e the zeolite Yis a solid acid having acidity, the zeolite Y
i s used olid acid catalyst in hydrotreating or in hydrocracking

hydr ocarbon oils. Especially.in the hydrofreating of heav dr ocar bgn
oi I's, ultra-stap®ePFEoM ’c"ée%t"t"u?hteﬁa*\?i ﬁ@"a@@%nco"éqg’ﬁ]t'@[?? dar )r"éfg%/“@’-e T”ﬂﬁn"ﬁum
processing is gdvant %geously used. The USY has a unit cell dinpension
smal | er tEPoERRANs Ands3, Aietqd ef budpireating. aMerauseerieally.athis fvegiarprelatoes
molar ratio, and therefore the USY has high heat resistance. |In addition,
as for pdPecatplviicseempraitions, fasohedrotieating bidigeadens bt wsingaslgeinumomand t o
600 A (mesopore volune) is larger than that of the synthetic zeolite Y.
titanium—inserted zeolite Y, and a method for hydrotreating hydrocarbons. When used
in hydrotreating of hydrocarbons such as a deasphalted oil (described as DAO
hereinafter), the zeolite Y shows high hydrocracking capability for high boiling point
fractions, high hydrogenating capability, excellent selectivity for middle fractions, and
high desulfurizing and high denitrogenating capability. Furthermore the zeolite provides
excellent effects such as a high gasoline vield and a low production rate of coke and

hydrogen when the obtained uncracked bottom oil is used as a feed oil for catalytic

cracking.

Technical Background
[0002]

Because the zeolite Y is a solid acid having acidity, the zeolite Y is used as
solid acid catalyst in hydrotreating or in hydrocracking hydrocarbon oils. Especially‘in
the hydrotreating of heavy hydrocarbon oils, ultra—stable zeolite Y (USY) having been
subjected to de—aluminum processing is advantageously used. The USY has a unit cell
dimension smaller than that of synthetic zeolite Y and also has a high Si0,/Al,O, molar

ratio, and therefore the USY has high heat resistance. In addition, as for pore




The acidic characteristic of the zeolite Y varies according to the

Si 2/ Al203 nolar ratio, and since the ultra-stable zeolite Y (USY) having
been subjected to de- al um num processing has a high Si Q2/Al 203 nol ar
ratio, therefore the acidity of solid acid is strong, but the acid anount
is small. Preferably the zeolite Y used for hydrotreating of hydrocarbon
oils is required to have a large nmesopore volume and a | arge anount of J

solid aci d@strbi3bor2PANAE &F BRI ﬂh@'rﬂhé@ﬁ’am%{d 660 120 d¥BporEElolfned 39326

(Pat ent docunent 1) discloses faujasite-type zeolite having two types of

pores, gﬂﬁggﬁﬁqﬁam@p%gggmg@ugggdmgqnngeneous mesopores and a net hod of
produci ng the zeolite docunent describes that the zeolite has the

nmesopores suit et o.; é%‘é"é&er@ticr&stﬂu%ol% NS\ ks f?tg:%Hl }éé@? e I /AI O

m cropores, and can advant ageousl y be used for cata y crack

resi dual n,the z e_i.s,used.f qrreat;in h rbons
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pore vol u por es hayi ter, | ar,

Pher ef or IURBUT FOSREFNE B oy iAo C A AOBEA (deietelore; DO ehioh ab anlsbieibar ent
Lai d- Open Publication . 2002- 25 37 (Pat nt docunent 2) _discl oses novel
zeol i te HAFFRES DUt ShgyaciH amssnt by sadk o fieie %é\’nﬂ‘epzreﬁmed\( Hged frdivdetreadipei o
acid catalyst. The novel zeolite has the alum numsilicon atomc ratio
(Al/si) i9f hveeocapbencpilstis seaured totheve adaregriaespppifecl e @e 2dlgezecimanss epor e
volune of gores having the particle dianeters in the range from50 to 1000
A in the solifgeidfrom 30 to 50% Furthernore, in the zeolite, the mesopore
volune is 0.14 cc/g or nore, and a percentage 2 of 4-coordinate al um num

atoms agdPA&Y the total aluminumatons is 25%or nore, which indicates

that the zeolite has a | arge nesopore vol une.
Japanese Patent Laid—Open Publication No. HEI 9-255326 (Patent document 1)

discloses faujasite—type zeolite having two types of pores, homogeneous micropores and
homogeneous mesopores and a method of producing the zeolite. The document
describes that the zeolite has the mesopores suited to cracking of residual oils in
addition to the micropores, and can advantageously be used for catalytically cracking
residual oils. When the zeolite is used for hydrotreating of hydrocarbons, the effect of
dispersing heavier hydrocarbons is not sufficient because pore volume of pores having
the diameter larger than 50 A is small, and therefore the further improvement has been
desired.

[0004]

Japanese Patent Laid-Open Publication No. 2002-255537 (Patent document 2)
discloses novel zeolite having a large number of mesopores and providing excelient solid
acid catalyst. The novel zeolite has the aluminum—silicon atomic ratio (Al/Si) in the
range from 0.01 to 0.2, and volume percentage of mesopore volume of pores having the
particle diameters in the range from 50 to 1000 A in the range from 30 to 50%.

Furthgrmore, in the zeolite, the mesopore volume is 0.14 cc/g or more, and a percentage




[ 0005] Patent docunent 2 discloses a nmethod of producing novel zeolite
including a step of inmmersing ultra-stable zeolite Y (USY) having a | arge
nmesopore volune as a feed material in an aqueous sol ution of sodium

alum nate for reaction to insert alum num atons into the zeolite frane,
and the conditions for reaction include a concentration of alumnumin the
aqueous solution in the range fromO0.03 to 0.1 nole/l, pH of the aqueous

sol ution bytB& FrBARISIHIMRM JbnlsQelitst HHCLA ﬁfnﬁiﬂzﬂntai’&ﬁﬁsaéd%rcﬁoﬁm%&@ﬁgﬁange

from 10 to 40 C, and the reaction tine 1n the range from urs.

In the mlh&Q&GSQR%é?rZBOﬁtgglrag a'lgrgg rﬁ’?esgf)%lv%m[nﬁ]ehat’ because the feed USY is

treated wth an a i ne ueous “solution w ‘the pHin the range from 11
to 12, cgﬁééallinity of the obtained zeolite is | ow. Because of the
probl em e& the zeolite is wused for hydrotreating of hydrocarbons, an

anount of a sold ci,d as catal yticall activ oint in the.zeolite is
Sl andni o epacHta ok S EERPY & dretied BeroteRinmyel Gl iidtsetus y.
[ 0006] Japanese Patent Publication 3341011 (patent docunment 3)
di scl osesSt&P Ot KrEerFOE %fé?‘ﬁt%ﬁe ﬁ%f@&e WU%@B@W& %garsfa WEPRPre VPl e s fefeed
particles of an oxide of a netal belonging to the titaniumgroup are
i nt r oduceBaterak eanraguprysesclatinn pHepding aumiwis éx reastionto dneat @lumipyre of
al um num and silicon included in the zeolite (AI/Si) is in the range from
0.01 to Ortemsanig thatzeptetframe. \ad dhe gonditiens feaveantionHeciudale sgeeritiatign of
capability is carried on the catalyst carrier. Patent document 3 also
di scl osesaleminemhindthef agperosipasdiutipnt imetleatranigestromad.fB ero, 0dnubolele phbohdbe uses
zeolite having nmesopores as a feed nmaterial and includes the steps of
cont act i nryuasusasphausingbé wangerfraf 14 abtl 2pthet iebatidrutamp@rapucuip the radpe freol i te
at the pH of 0.8 to 2, washing the zeolite with water, drying the zeolite
and then i tat4r idgnd ble: Zaetibh ematin 8hd empe fratut € 200 hkesr ange from 400 to
600 T.
In the method, however, there is the problem that, because the feed USY is
treated with an alkaline aqueous solution with the pH in the range from 11 to 12,
crystallinity of the obtained zeolite is low. Because of the problem, when the zeolite is
used for hydrotreating of hydrocarbons, an amount of a solid acid as a catalytically
active point in the zeolite is small, and high cracking capability can not be obtained

disadvantageously.
[0006]

Japanese Patent Publication No. 3341011 (patent document 3) discloses a
catalyst carrier made from zeolite in which ultra~fine particles of an oxide of a metal
belonging to the titanium group are introduced in the mesopores for forming a complex
and an atomic ratio of aluminum and silicon included in the zeolite (Al/Si) is in the range
from 0.01 to 0.1, and catalyst in which a metal having the hydrogenating capability is
carried on the catalyst carrier. Patent document 3 also discloses a method of
pfeparing the catalyst carrier, and the method uses zeolite having mesopores as a feed

material and includes the steps of contacting an aqueous solution of salt of titanium




In the catal yst carrier, however, ultra-fine particles of netallic oxide of
the titaniumgroup with a dianeter in the range from5 to 10 nmare
present on inner surface of the nmesopores of the zeolite, and furthernore
6- coordinate al um num renoved fromthe frame structure is present in the
zeolite. Because of the features as described above, when the zeolite is
used for hydrotreating of hydrocarbons, the heavy hydrocarbons are not

suf fi ci enflodp @b ankedolitdnsd {hacord oF X Ly iot Wa&f%% WAL &itd WAGE WORE dring the
di sadvant ageously low, and there is the need Tor overcom ng the problens as

desct | bedzeoiRONR 1hbh SfkAHHE e boikDS: LUUABLIA e ih B BheL srbh &0 8RYoBCE, OF the

present invention is to solve the aforenentioned probfens and provide
catal ytic conpagsifio r ot i f _hydrocarbo by wusing_ al-um nunm
and U tani um | iebelrtaRly BNERG LR bR et A X et oo
for hydratreating thereof., in whigch the ol i shows hi gh hydrocracki ng
capabi |1 {OPER R WEbA CREERt R T g dFAn B On SRy L S | ¢y,
o o e cF g o Kb et O o R RO e R Aoy B ne
present invention is to provide catal yti¢c conposition for hégrotreating of
hydr ocar HEAYVES QY thg fammethihiredadreseniam theaeqliter 1 Bacauss|of the feafijres as
specific characteristics and a method for hydrotreating thereof, in which

t he zeol i 4ascbedyphayedwlenihecrqalitn isctsed fos hydretreatingohhughoapsizastsi the heawyd and

a low production rate of hydrogen and coke when the obtained uncracked

bot t om oihvdrecagkang are rotf iontly toacked, arwh they sélectivitactor myiddle[ B@a®hs Ast hi r d

obj ect of the present invention is to provide catalytic conposition for
disadvantageously low, and there is the need for overcoming the problems as described

above.

Disclosure of the Invention
[0007]

A first object of the present invention is to solve the aforementioned problems
and provide catalytic composition for hydrotreating of hydrocarbons by using aluminum—
and titanium—inserted zeolite Y with specific characteristics and a method for
hydrotreating thereof, in which the zeolite Y shows high hydrocracking capability for high
boiling point fractions, high hydrogenating capability and high desulfurizing and high
denitrogenating capability when used in hydrotreating of hydrocarbons such as DAO.
[0008] |

-~ A second object of the present invention is to provide catalytic composition for
hydrotreating of hydrocarbons by using aluminum— and titanium—inserted zeolite Y with
specific characteristics and a method for hydrotreating thereof, in which the zeolite Y
provides excellent effects such as a high gasoline yield and a low production rate of

hydrogen and coke when the thained uncracked bottom oil is used as a feed oil for




hydrotreating of hydrocarbons by using alumnum and titaniuminserted
zeolite Y wth specific characteristics and a nethod for hydrotreating
thereof, in which the zeolite Y provides excellent effects such as high
hydr ocracki ng capability for high boiling point fractions, high

hydr ogenati ng capability, high desulfurizing and high denitrogenating
capability, and a high yield of gasoline, kerosene or light oil fractions.
[0010] ThesthipheptLks0f the present invention have studied for achieving
the aforenentioned objects, and have found catal ytic conposition for
hydrot reafgppgy of hydrocarbons by using al um num and titani uminserted
zeolite W tth specific characteristics of the inproved acidic

characteristics Y§ tructure,. and.the .catal.ytic ositian shows
oxcer 1 ent of f och 2oft BRRE B BRChEy: PREddAG (B HrRUNS sard MR ER AR RR o
boi ling point fractiong (hi,gh nol ecul gr hydrocarbons) such as deasphal t ed
o1 (Daoy Vet B g HBiar s B i o GG e EaRa Srehed rediie doate
invention. [Q0111 Firstly, the present invention relates to catalytic
conposi tist?ﬁL%BrchﬁW?ﬂﬁt’é A" "@Fh%@réwa'f%fﬁﬁng KhskRfTe i yLWEttgP z@St‘Fﬁoﬁent
for hydrogenation is carried on a carrier conprising of alum num and
titani umATAYEsE xcellent pifecty sichrast high fydresrirakine eapabilien ki kigh fsilipgpotnt ( o)
and a porous inorganic oxide: (a) unit cell dinmension (UD) is in a range
from 24. dragtigneghigh Iaydrogampting yoapabilitynihigh idesgfrizingrandohigh depitregenating c
surface area (SA) is 500m /g or nore; (d) total pore volune of a group of
por es haviangbilitydanthehigh visld eDgaspline: kengseng Mlight ob friastions. a range from 0. 45
to 0.70 m/g; (e) pore volunme of a group of pores having a dianmeter in a
range frdAPI@o to 600 A (PVm is in arange fromO0.10 to 0.40 m/qg;

The inventors of the present invention have studied for achieving the
aforementioned objects, and have found catalytic composition for hydrotreating of
hydrocarbons by‘ using aluminum= and titanium—inserted zeolite Y with specific
characteristics of the improved acidic characteristics and pore structure, and the
catalytic composition shows excellent effects for hydrotreating for hydrocarbon oils
containing high boiling point fractions (high molecular hydrocarbons) such as deasphalted
oil (DAO), and as a result the inventors have accomplished the present invention.

[0011]

Firstly, the present invention relates to catalytic composition for hydrotreating

of hydrocarbons in which a metal component for hydrogenation is carried on a carrier

comprising of aluminum— and titanium-inserted zeolite Y with the following

characteristics (a) — (g) and a porous inorganic oxide:

(a) unit cell dimension (UD) is in a range from 24.25 to 24.60 A:

{b) crystallinity is 95 % or more;

(c) specific surface area (SA) is 500m?/g or more;

(d) total pore volume of a group of pores having a diameter of 600 A or less (PVt)




(f) pore volune of a group of pores having a dianeter in a range from35 to
50 A (PVs) isin arange from0.03 to 0.15 m/g; and (g) percentage of
4-coordi nate al um num at ons against total alum numatons in the zeolite is
60 atom % or nmore. [0012] Secondary, the present invention relates to

catal ytic conposition for hydrotreating of hydrocarbons in which the

alum num and titaniuminserted zeolite Y has the follow ng

char act eris$4 b ¢snge(ffdm 8.45abioo7oahi/Ehe pore vol une of a group of pores having
a dianeter in arange from 100 to 600 A (PVm, to the total pore volune of

a group of) por ;pzadr@?lz%hmg cﬁaﬁrg&%gﬁgﬂeé ha\ﬁﬂgagalaa%téreiﬁsaa,(aggé }roﬁﬂﬁﬂ Voo A S

0.30 or nore; ara e pore volune o oup of pores having

a di anmet e(rp\)ng ighnrgp&getggog{rméggohﬁ n‘%‘198 A (PVm, to the pore volune of a

group of pores havin Ianmeter 1Tn a’range from35 to 50 A (PVs)
PVM PV is 2.5 . A thi i t. f the . t ti .
(B oveXg S 2B ol st bbb Py Bhob B b A B 5h B ng

poi nt fr i ons by usi t C mg conposition for hydrotreating of
hydr ocar g@yé;?'s['ﬁﬁl"é]]ge ‘?%’ emgq' tﬁr?”‘gnd titaniuminserted zeolite Y
W th spec'ii c characteristics .included in the catal ytic conposition for
hydr ot reaf ng A& S AorrordinatenlumingBesioms; asagist itatal jaluminem Atems e v
wi th de-al um num processi ng which alum numand titaniumare inserted a
frame thdhedeolitgig6@ gomb @rimaien and titani uminserted into the frane are 6
supposed to he inserted into an outer surface of the frane of the zeolite
Y. For tH8012lreason, the al uminum and titaniuminserted zeolite Y has nore
solid acidic sites than the zeolite Y with de-al um num processi ng, because
nore anounts ofSechedany,urtheumresedt invention relates to catalytic composition for

hydrotreating of hydrocarbons in which the aluminum— and titanium—inserted zeolite Y

has the following characteristics:

(h) a ratio of the pore volume of a group of pores having a diameter in a range from

100 to 600 A (PVm), to the total pore volume of a group of pores having a diameter of

600 A or less (PVt)} (PVm/PVt) is 0.30 or more: and

(i) a ratio of the pore volume of a group of pores having a diameter in a range from

100 to 600 A (PVm), to the pore volume of a group of pores having a diameter in a range

from 35 to 50 A (PVs) (PVm/PVs) is 2.5 or more.

A third invention of the present invention relates to a method for hydrotreating

of hydrocarbons having high boiling point fractions by using the catalytic composition for

hydrotreating of hydrocarbons.

[0013]

(1) The aluminum— and titanium—inserted zeolite Y with specific characteristics

included in the catalytic composition for hydrotreating of hydrocarbons in the present

invention is the zeolite Y with de—aluminum processing which aluminum and titanium are

inserted a frame thereof, and the aluminum and titanium inserted into the frame are




titaniumexist in the outer surface of the frame. [0014] (2) Since the
alum num and titaniuminserted zeolite Y has large volunes of the tota
pore volune (PVt) and of the pore volune of pores having a dianeter in the
range from 100 to 600 A (PVm, reactants such as high nol ecul ar

hydr ocar bons show better diffusion to solid acidic sites. (3) For the
alum num and titaniuminserted zeolite Y, since the alum numand titanium
i nserted {hsb&lOtAEL ifdbiBE imS b P Sifrie et ﬁh'a%@aé BF R LdHES YOT FROKES. @
hydrogen transfer reaction (binolecular reaction) and an over-cracki ng
reaction LAl i -m¥gr ﬂpﬁ_ re hargl r ) 0l ) The
catal yti cregg&ngégé £ P‘g‘ﬁ or gﬂ@g’rco & egﬁégﬁtggoﬁoﬁ%d?o%ggﬁogﬁsgog aF ﬁ% %rdesstg%ﬁ
inventio cellent effects for high hydrocracking abil.ity faqr

i g bot 1 TEGogent i RCP BT hioor Hinaib Suita TTTS RSB 8 Midnf ghd
desul furigzing and _ hi gh denitragengtin capability by using for

hydr ot rea‘tz’tiaﬂ mo‘?x'ﬁjf)}?j?'bec%lf Bﬁ”"g%es&(,lhﬁ?rﬁmi ng high boiling point fractions
such as Eﬁﬁiﬁﬁ5) In addition, the high boiling point fractions of the

obt ai ned acked bottomoil are suitable for a feed oil for catalytic
cracki ng &?cause of a high yield of gasoline, kerosene or |light oi
fracti ons?’ and An¢cottepplyaineriomnd HiagiusTnsgded genlitant has kaseeuvelimes pythar e

used as a feed oil for catalytic cracking. 7 Description of Draw ngs

[0016] Filgtal poresvelume dRVErang ofthamoreavolime okivRresgiayineuntiemetadn kke vesakite Y
(Na-Y); Fig. 2 is a view showi ng an 27AI MAS NMR spectrum of the

ul tra- st divre 1280pi600 A (PYudyreactants such as high molecular hydrocarbons show better

diffusion to solid acidic sites.

(3) For the aluminum- and titanium-inserted zeolite Y, since the aluminum and
titanium inserted thereto are dispersed uniformly at the outer surface of pores, a
hydrogen transfer reaction (bimolecular reaction) and an over—cracking reaction
generating hydrogen and coke are hardly occurred.

[0015]

(4) The catalytic composition for hydrotreating of hydrocarbons of the present
invention shows excellent effects for high hydrocracking capability for high boiling point
fractions, high hydrogenating capability and high desulfurizing and high denitrogenating
capability by using for hydrotreating of hydrocarbon oils containing high boiling point
fractions such as DAO.

(5) In addition, the high boiling point fractions of the obtained uncracked bottom oil
are suitable for a feed oil for catalytic cracking because of a high vyield of gasoline,
kerosene or light oil fractions, and a low production rate of hydrogen and coke when

they are used as a feed oil for catalytic cracking.




Fig. 3 is a view show ng 27AI MAS NWVR spectruns of the alum num and
titaniuminserted zeolite Y (Ti.USY-12AC); Fig. 4 is a view showng IR
spectruns of the USY-12 and Ti. USY-12AC, and Fig. 5 is a view show ng
pore distributions in the USY-12AC and USY-12ACTi. Detailed Description of
the Invention [0017] Zeolite Y with alumnumand titaniuminserted therein
Al umi num and titaniuminserted zeolite Y as used herein neans zeolite Y

wi th al upksutiptiondr Didwangdim i nserted in a frame structure of the zeolite Y
havi ng been subjected to processing for renoving alum num Description is
provi ded fphgw for the alumnumand titaniuminserted zeolite Y according
to the present invention. [0018] (a) Unit cell dinension (UD) The unit

1 di . D) af e . , , . v .

The range from 95 5 4 483 RYHRePTAL RO NMEIGU TSR RO AEL Ve ol 0
I hane. h . Di_ghr S | iQ fr.

Structure and i AR BN g dne et ATV B GretBu il B e Siaiee ST

activatiO@#ﬂgh . of cracking of hydrocarbons, and therefore the cracking
activity a Catalytic conposition for hydrotreating including the

zeolite tends tg decline.during, us e ite Ywith the unit cel

di mensi on (UD) Fcf% ﬁd? 2 t'iEh 9@&%@6 %Ahyg‘\ﬁ Wéﬁé&@cw@ﬁsﬁam,ﬂ'wr@- e
structure of, zeolite is broken during hydrotreating, and the cracking
activity %@”WHE"@§F§¢§?¢EBEdﬂb%§YT1%ﬁ¢hcn hydrotreating including the
zeolite declines. The unit cell dinmension (UD) of the _alum num and
titani uminser tfd@ 4ie @ view showing BF gpargrums efitbe piS¥sdAend TidHiY-dRACsand

preferably in the range from24.30 to 24.50 A [0019]
Fig. 5 is a view showing pore distributions in the USY-12AC and USY-12ACTi.

.Detailed Description of the Invention
[0017]

Zeolite Y with aluminum and titanium inserted therein

Aluminum and titanium-inserted zeolite Y as used herein means zeolite Y with
aluminum and titanium inserted in a frame structure of the zeolite Y having been
subjected to processing for removing aluminum. Description is provided below for the
aluminum and titanium—-inserted zeolite Y according to the present invention.

[0018]
(a) Unit cell dimension (UD)

The unit cell dimension (UD) of the aluminum and titanium—inserted zeolite Y is
in the range from 24.25 to 2460 A. The zeolite Y with the unit cell dimension (UD) less
than 24.25 A has a high Si0,/Al,0, molar ratio in the frame structure and includes only a
smali amount of a solid acid which is an activation point of cracking of hydrocarbons,
and therefore the cracking activity of a catalytic composition for hydrotreating including

the zeolite tend_s to decline during use. The zeolite Y with the unit cell dimension (UD)




(b) Crystallinity Crystallinity in the zeolite Y described above is
required to be 95% or nore. Wen the crystallinity is |lower than 95% the
catal ytic conposition for hydrotreating including the zeolite Y does not
provi de desired effects. The crystallinity of the zeolite Y is preferably
in the range from 100 to 150% The crystallinity is calculated through the
follow ng equation: Crystallinity = WHO x 100 (%, where His a total peak

hei ght onmgacthanf24idveA (33 ldw Heat tdsistbrtédOhnd GSBahhe striubiidd o@QQoI(téE’ébrothanes

for X-ray diffraction of the zeolite Y above, and Ho is a peak height for

each of  §ppeSaPEoReanss hey tﬁerééécﬂi'néféé\;‘ﬁhyg%f OIW?Z%QHI}H% LoPipBSHbALESE T rom

t he market (produced by Uni on Car bi dé; e calculation is based on

the, 35S UMk et Bl b MBing CIHgSL AL Tdindl e, 268 e sy @@'Surtpgmthe

mar ket is 100 pecific sur ace area ( sp eC| ace

et hod oﬁgﬁﬁ"@?@'géhgaﬁs%ﬁ RS Rl B e ERE B TRt e

surface are A ess g the solid acid sites effective for
the hydr'St %é%%% hlgéﬁ%%e f5ﬁm?2ﬁ5&8tﬂ?8 Abt ai ned, and the catal ytic
conposi t;@ﬁé@ hydr otreating including the zeolite can not provide the

desired A specific 9 surface area (SA) of the zeolite is
preferably, i t he range from 550 to 800 n2/g. [0021] (d) Total pore vol une
(PVt) of (é) gBdS allptyhor es each having a dianmeter of 600 A or |ess A total
pore volune (PVt) of a group of pores each having a dianmeter of 600 A or
less is in the Grypighinity dmthe £s0lits ) deecriiedgaboradn referadotcabe ffeon motare
(PV) T's When the crystallinity is lower than 95%, the catalytic composition for hydrotreating

including the zeolite Y does not provide desired effects. The crystallinity of the zeolite

Y is preferably in the range from 100 to 150%. The crystallinity is calculated through

the following equation:

Crystallinity = H/H, x 100 (%),

where H is a total peak height on each of the (331), (511), (440), (533) , (642) and (555)

planes for X-ray diffraction of the zeolite Y above, and H, is a peak height for each of

the same planes for X-ray diffraction of zeolite Y procurable from the market (produced

by Union Carbide; SK-40). The calculation is based on the assumption that the

crystallinity of the zeolite Y procurable from the market is 100.

[0020]

(c) Specific surface area (SA)

A specific surface area of the zeolite Y described above (when measured by
means of the BET method of nitrogen adsorption) is 500 m®/g or more. When the
specific surface area (SA) is less than 500 m%/g, the solid acid sites effective for the

hydrotreating reaction can not be obtained, and the catalytic composition for

hydrotreating including the zeolite can not provide the desired effects. A specific




smaller than 0.45 m /g, the catalytic conposition for hydrotreating
including the zeolite can not provide the desired effects. Wen the total
pore volune (PVt) is lager than 0.70 ml/g, sonmetinmes a crystallinity of
the zeolite may decrease. The total pore volunme (PVt) is preferably in the
range fromO0.50 to 0.65 m/g. In the present invention, the total pore
volume (PVt) of pores each having a dianmeter in the range descri bed above

was obt ai niefickrpsn GA)OF ehslksditd B rbfapamabtnéﬂheeé?géyﬁmrﬁab@% 8b0 peg/2aNd

anal yzing data for adsorption and desorption of nitrogen by neans of the
B.J. H netfppgdi] [0022] (e) Pore volune (PVm of a group of pores each having
a dianeter in the range from 100 to 600 A A pore volunme (PVm of a group

of pores @aChbaHoRY v@lgm%a(fg?)ef)f err&ﬂ:gof BOE eabh %I?‘Ig% n?igm?%gsom e}r\ Qa{t he

range fromO0.10 to 0.4 Vhen' t pore vol une han
0.10 m/gged he effect of diffusing hydrocarbons having high nol ecul ar

wei ghts is not sufficient, and the catal ytic conposition for hydrotreating
of hydrocarbons, ,i.ncluding th olite can. not suffjciently crac i

ol oul ar ver gt PG EEPITC RAAERF & o Piike o bRiaH s atebiect ROER | <
nmore than 0, 40.m / a crystallinjt f the  zeolite may disadva eously
decr ease, °"afit° ésof?e?’fen‘éaé‘g? éonégtiélgﬂﬁt?BdBlﬁﬁosWE?rbH%e el Porgdy "f’%g[ft’?ﬂdsof
hydrocarbonﬁ usi ng é?e ;eoLite fan not provide the desired effects. 10 The
pore vol uifellepthan 045 gis dheyspiphvtis qampasitiogdor pydretreating igciydiog the zgolite
[0023] (f) Pore volune (PVs) of a group of pores each having a dianeter in
t he range”ar oth moVvide ghegleairaheffeetse Wopnithe (trtgs post velumge dﬁy%o*ﬁ lpgarehavach
having a di ameter in the range from35 to 50 Ais in the range from 0. 03
to 0.15 rA-/QmiAghegmetieespo peystadinitsref timy/ggolite may decrease. The total pore volume

(PV1) is preferably in the range from 0.50 to 0.65 ml/g.

In the présent invention, the total pore volume (PVt) of pores each having a
diameter in the range described above was obtained from a pore distribution obtained by
calculating and analyzing data for adsorption and desorption of nitrogen by means of the
B.J.H method.

[0022]
(e} Pore volume (PVm) of a group of pores each having a diameter in the range from
100 to 600 A |

A pore volume (PVm) of a group of pores each having a diameter in the range
from 100 to 600 A is in the range from 0.10 to 0.40 ml/g. When the pore volume (PVm)
is smaller than 0.10 mi/g, the effect of diffusing hydrocarbons having high molecular
weights is not sufficient, and the catalytic composition for hydrotreating of hydrocarbons
including the zeolite can not suffisiently crack high molecular weight hydrocarbons such
as DAO. When the pore volume (PVm) is more than 0.40 ml/g, a crystallinity of the
zeolite may disadvantageously decrease, and sometimes the catalytic compositions for

hydrotreating of hydrocarbons using the zeolite can not provide the desired effects.

10




smaller than 0.03 m /g, the selectivity for gasoline or kerosene and |ight
oil fractions in the sequentially cracking reaction for high nol ecul ar

wei ght hydrocarbons tends to decrease. Wen the pore volunme (PVs) is

| arger than 0.15 m /g, the sequentially cracking reaction proceeds, which
will leads to increase in volunmes of gases and cokes produced in the
reaction. The pore volunme (PVs) is preferably in the range fromO0.05 to

0. 10 m / gThd S8r34blumed)PVRENiS BrEf&@BlyGh the FPg6 tonad. €5 &) 095 Mg, at ons agai nst
total alumnumatons in the zeolite An alum numatom constituting a frane

structurefpppszeolite Y is a 4-coordinate atom while an al um num atom
outside the frane structure of the zeolite Y is a 6- coordinate one. In the

cat al yti crcoppRSididRd (B %dhold mﬁr@g eg%p WA LS ALRRES iﬁciﬁé)FQ'ig@qfrérT? 3§ he

present invention, a percentage of 4-coordinate alum num atons —agal ns
total alugiggm atons (4-coordinate alum num atons and 6-coordi nate
alum num atons) in the zeolite Y wth alum numand titaniuminserted

therein is required to pe opi c_percent or re. V\Q.en he rcent age
o s coor di nar el e Salis ovE PER S St meredohaiing A dapsteanihe g
anount of_ al upi n fnserted intpo a frane ructure of the zeqlit . .the
catal yti cff°'e§5&}8§8t$éﬁfnf P rﬁ%frfg?mé’aé%a Wgo-ﬁ Edr Sﬁﬁpﬁbﬁgor%ﬁ%?ﬁﬁ%ﬁé
zeolite can not proyide the 1 desired effect, for instance, in the
cracki ng LeYEh AN @H%fﬂ?ﬁr dhe Béﬁwwty f|r86igﬁ'f°“f‘ﬁ 2 teEAsene aat lishisoipikastions ip
guessed that alumnumis mainly inserted onto an external surface frame
st r uct ur éhgfsaaqentially| eraeking weagtienafasubigh gnoleelargwaigh hyrossrbens dendritter
surface of the zeolite is | ar(ge, and it is expected that the solid acid
si tes wildectenser i Biee the porgdvadeeedPVsy icdaabi ithary 096 milgh thel souertialvei ght
hydrocarbons such as DAO. The percentage of 4-coordinate alum num atons
agai nst tasecingateantioninrazeeds which will leads to increase in volumes of gases and cokes

produced in the reaction. The pore volume (PVs) is preferably in the range from 0.05

to 0.10 ml/g.

[0024]

(g) Percentage of 4—coordinate aluminum atoms against total aluminum atoms in the

zeolite

An aluminum atom constituting a frame structure of zeolite Y is a 4-coordinate
atom, while an aluminum atom outside the frame structure of the zeolite Y is a 6~
coordinate one.
In the catalytic composition for hydrotreating of hydrocarbons according to the

present invention, a percentage of 4-coordinate aluminum atoms against total aluminum

atoms (4—coordinate aluminum atoms and 6-coordinate aluminum atoms) in the zeolite Y

with aluminum and titanium inserted therein is required to be 60 atomic percent or more.

When the percentage of 4-coordinate aluminum atoms is smaller than 60 atomic percent,

an amount of aluminum inserted into a frame structure of the zeolite Y, the catalytic

composition for hydrotreating of hydrocarbons including the zeoclite can not provide the

11




in the zeolite with alumnumand titaniuminserted therein is preferably 70
atom c percent or nore. The percentage of 4-coordinate alumnumin the
zeolite was obtained fromthe 27AI MAS NWR spectrum nmeasured by the

nucl ear magnetic resonance instrunment (NVR) VXR-400 produced by VARI AN
Corp. [0025] An anount of titania (TiO2) included in the zeolite Y with
alum numand titanium inserted therein is preferably in the range fromO0.5

to 15 wei gerireBoefidbe flortingtansd itheOtracking aapabiliey bi0Rh-boiliREBbINEFrabicR Rich
weight % a yield of gasoline, kerosene or light oil may decrease. Wen

the anbunis DACL i taBighedsEd@Rat AlomlmAFDR mAiNGR sk e WRINEN hn Ykt SGFFACKHAGe
activity may decrease. The anpunt of titania (TiQ2) is preferably in the

range frogdeth@ ofltheWedolity, a%a aﬁhﬁnﬁm%tsoﬁ& deldt Qfgsaor( %h %);elj £L|rfaja§ Jf$glal te

is neasured with a fluorescent X-ray analyzer. [0026 e zeolite Ywth

2l um hum A il kISR Lo bUALE! BACR UhRY i LGs Bl AVSR! | O

shoul d preferably have the characteristics (h el ow
ool i 10 VErRPaE EREEEG B ReoRRY Rl b esmd o lkb b B [0 the 12
Gach having a  dpEeBRernof e PRibRervUnnncbe: ceonst ftd THBnuE e
Shoul d prBrWeaBtgtRentt shmipig. S RIS S PataeR S Aer
than 0.30, hi %h ol ecuITar wei ght hydrocarbons are not dispersed well, and
somet i nePH R U Png RapeBETiaES obf-qqesdipate Alupinem imtheozadliteomas ebtained
hydr ot reati ng of _hydrocarbons using the zeolite nmay decrease. The (PVmM PW)
ratio from “the ”AY MAS NMR spectrum measured by the nuclear magnetic resonance

instrument (NMR) VXR-400 produced by VARIAN Corp.

[0025]

An amount of titania (TiO,) included in the zeolite Y with aluminum and titanjium
inserted therein is preferably in the range from 0.5 to 15 weight %. Wheh the amount of
titania (TiO,) is smaller than 0.5 weight %, a vield of gasoline, kerosene or light oil may
decrease. When the amount of titania (TiQ,) is larger than 15 weight %, the cracking
activity may decrease. The amount of titania (TiO,) is preferably in the range from 1 to
10 weight %. The amount of titania (TiQ,) in the zeolite is measured with a fluorescent
X-ray analyzer.

[0026]

The zeolite Y with aluminum and titanium inserted therein according to the
present invention should preferably have the characteriétics (h) and (i) described below
in addition to those described above.

[0027]
(h) (PVm/PVt) ratio

~ In the zeolite Y- with aluminum and titanium inserted therein according to the

12




shoul d nore preferably be in the range from0.30 to 0.50. [0028] (i)

(PVM PVs) ratio The ratio (PVmM PVs) of the pore volune (PVnm) of a group of
pores each having a diameter in the range from 100 to 600 A, to the pore
volunme (PVs) of a group of pores | each having a dianeter in the range
from35 to 50 Ais preferably 2.5 or nore. Wien the ratio (PVmM PVs) is
smal l er than 2.5, the cracking capability for high boiling point fractions

such as DAQsERCHEAERN, &Rskic BIBId ?&? IOV R ofPh QRUIGESE SR8 a ik es

may increase. The ratio (PVmM PVs s nore preferably in the range from2.5

to 4.5  [i0Re&)k iPuePRIAL If b0 26 Yobt R ¥ t%ttbta@'gﬂm DoV éfaé"gugﬂ‘p of
| I herei n

inserted therein The zeolite Y wth alumnumand titaniuminsert

aynt het 1 cPSasre el £BRRERAT 089Ch) RES SHE W e Tab hell0 Sl Wrer
wih thetirREND ERRERCT Bl iy BROCHER bttt Ny in S S b kY
T Bl SRRt Py Sy Y S VF oGrPRAA

Zeol e WHOETRAE ARSI r R rostoitmmestdsesispe. Bl PYS/BYSGotpth

titaniuminserted to the franme structure (Al -renoved and titaniuminserted
zeol i te Y§hou[dopas|erefeeably beinthedangmiromdeittted 3&ol ite Y is suspended in an
acidic aﬁﬁeo s solution or a neutral aqueous solution such materials as
sul furic BB2¥ ammoni um sulfate, and

(i (PVm/PVs) ratio

The ratio (PVm/PVs) of the pore volume (PVm) of a group of pores each having
a diameter in the range from 100 to 600 A, to the pore volume (PVs) of a group of pores
each having a diameter in the range from 35 to 50 A is preferably 2.5 or more. When
the ratio (PVm/PVs) is smaller than 2.5, the cracking capability for high boiling point
fractions such as DAO decrease, and sometimes amounts of produced gases and cokes
may increase. The ratio (PVm/PVs) is more preferably in the range from 2.5 to 4.5.
[0029]

Preparation of zeolite Y with aluminum and titanium inserted therein

The zeolite Y with aluminum and titanium inserted therein described above is
prepared as described below.

After NaY—type of synthetic zeolite is ion—exchanged with ammonium ion, the
zeolite is heated in a steam atmosphere to prepare an ultra—stable zeolite Y (USY) with
the unit cell dimension (UD) in the range from 24.25 to 24.60 A. Then, the USY is
processéd with an acidic agueous solution containing titanium such as an aqueous
solution of titanyl sulfate at pH 1.5 or below. Furthermore, the USY is filtered, washed,

and dried to prepare the zeolite with aluminum removed from the frame structure and

13




ammoni um acetate with the pH preferably in the range from4 to 7 and the
suspension is heated at a tenperature in the range from 100 to 200 C for 3
to 30 hours. Then the suspension is filtered, washed, and dried to obtain
al um num renoved fromthe suspension, and a portion of the recovered
alumnumis re-inserted into a frane structure of the zeolite to prepare
the zeolite Y wwth alumnumand titaniuminserted therein. In this

pr epar at i go Wethn@niukBiséRed ith &hy WArhd) 8B WRI-FERENE CardNEtaiunf inskitkani um
inserted is suspended in the acidic or neutral aqueous solution, so that a

reducti onzQfitecyystal linity never occurs in the USY. Furthernore the zeolite
is heated at the tenperature in the range from 100 to 200 C for 3 to 30
hours, so[gghgt the removed alum numout of the frame structure of the
zeolite can easily be re-inserted into the zeolite frane, and the zeolite

Y having the F’Ofk%ﬁschétt@é’rﬁmﬁr}{liﬁs{rﬁéna' %’eﬁarlhf’egﬁ? Ftl?sg'en&é)uoiﬁ]a% Acﬁ‘di?ggﬁ{}ﬁé s%ﬁ%igﬁ’d of

preparing the zeolite th a anium I nser re

descri bed_abqyv t he USY pnar ed, by .t he net hqd .descri bed above,is
cuspended® A Ml Pieo BLERR S NorkHEe BRI Fiod Ao, T e ends
sul furic acid,. anmoni ur | fate,.or a nium acetate with the pH .

o ef o1 abl TSR GG B R Berbly 1§ QO dET Adnd pHote teResion s s
heated at, a t erature from100 to 200 C for 3 to 30 minutes. Then the
suspensi d“r?aitg"fqtlp? fepPReratyse milsheee dram 20950 ?pgné der drtaOnavrsr s0&hef rom
the zeolite Y is again inserted into the frame structure of the zeolite.

14 Then tHEPISIN hurfilteradr washede gindt grisd it bkl salwainuint reraoved; Aismu the

cont ai ni ng .aqueous sol ution such as an aqueous sol ution of titanium

| act at e cusagnsifucddsa srrtion off Hfe reqoxpsad akumifum ds ranidserted Zrtol atfsarne
filtered, washed, and dried to obtain the zeolite Y with al um num and
titani umstrustyreeaf thhereolite td 06Date the zeolite Y with aluminum and titanium inserted

therein.

In this preparation methqd, the zeolite Y with aluminum removed and with
titanium inserted is suspended in the acidic or neutral aqueous solution, so that a
reduction of crystallinity never occurs in the USY. Furthermore the zeolite is heated at
the temperature in the range from 100 to 200 °C for 3 to 30 hours, so that the removed
aluminum out of the frame structure of the zeoclite can easily be re—inserted into the
zeolite frame, and the zeolite Y having the porous structure can be obtained.

[0031]

In another method of preparing the zeolite Y with aluminum and titanium
inserted therein described above, the USY prepared by the method described above is
suspended in an acidic or neutral aqueous solution of such materials as sulfuric acid,
ammonium sulfate, or ammonium acetate with the pH preferably in the range from 4 to 7
is suspended, and the suspension is heated at a temperature from 100 to 200 °C for 3 to
30 minutes. Then the suspension is filtered and washed, and a portion of aluminum

removed from the zeolite Y is again inserted into the frame structure of the zeolite.
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Catal ytic conposition for hydrotreating As porous inorgani c oxides
conprising the catalytic conposition for hydrotreating according to the
present invention, those generally used for preparing a catalytic
conposition for hydrotreating or for hydrocracking may be used. The porous
i norgani c conpositions available in the present invention include alum na,
silica, titania, silica-alumna, alumna-titania, alum na-zirconia,

al um na- bRdrathePIABMIAFMBLMBY Raolit8 Y [sChrocAdddlIIBr BQth@um containing agueous
phosphor - al um na-boria, phosphor-alumna-silica, silica-alumna-titani a,
and si |'i Casldangueh-=81dnCRIbEus SSHRRA G ttdniud RAERU mfhdepeg S8 dn ﬁ%;tgﬁw
including alumina as a main conmponent can advantageously be used tor

carrying Quid NedPERS 6Btk ﬁgemgére&- waé&g?%hd /’a}gégrfhfwate{mgé ! ée%nt%gvg&r%ﬁ“t

used in the hydrotreating can be used as a ne Cc conponent O
catalyticmgﬁmgg%% FsTale folp Q%g%qhg&$§ing according to the present
i nvention, and there can be énlisted, for instance, netals belonging to
G oup 8 a@ﬂégr Goup 6A in the periodic table. The preferable netallic
conponents Trclude conbinations of nol ybdenum or tungsten belonging to
d

G oup 6Aﬁ§£ cobal t. .or nicbel bel onging to Goup 8, or netals bel ongi ng
to Plati E@ﬁ%éﬁﬁﬂﬁﬂﬂglﬁlﬁﬁiﬁﬁgﬁgﬂﬁaIytic conposition for hydrotreating
according to the present .invention, a content of the zeolite Y with
al unmi num and tiSanPRURHS n¥WrEaReE { MEFes noRBRisiE changedalytie c spapPeRitiano foke
necessity. Generally, the content is preferably in the range from2 to 15
80 wei ghthysqtreatiae cgording: ontheopresent ipwerdios. these generallpuisee fompieharingaage
from98 to 20 weight %, nore preferably in the range from20 to 70 wei ght
% ( nanel ycahalgiim eemposition frs hydmterating wo feraimidcoaraihing may theeusedngéhd pommus80 t o
30 weight % when calculated as a weight of the carrier (a conbination of
t he zeol iiverganigicompasitionsavailabld it ithamiresent irsentied inctude raduminanglidah&tands, ous
i norgani ¢ oxi de).

silica—alumina, alumina—titania, alumina—zirconia, alumina—boria, phosphor-alumina, silica-

alumina—boria, phosphor-alumina-boria, phosphor-alumina-silica, silica—alumina—titania,
and silica—alumina—zirconia. Especially, a porous and inorganic oxide including alumina
as a main oompoﬁent can advantageously be used for carrying out the present invention.
[0033]

Any known metallic component used in the hydrotreating can be used as a
metallic component of a catalytic composition for hydrotreating according to the present
invention, and there can be enlisted, for ihstance, metals belonging to Group 8 and/or
Group 6A in the periodic table. The preferable metallic components include

~ combinations of molybdenum or tungsten belonging to Group 6A and a cobalt or nickel
belonging to Group 8, or metals belonging to Platinum Group.
[0034]

In the catalytic composition for hydrotreating according to the present invention,

a content of the zeolite Y with aluminum and titanium inserted thérein can be changed

according to the necessity. Generally, the content is preferably in the range from 2 to
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An anount of netallic conponents in a catalytic conposition for
hydrotreating according to the present invention may be the sane as that
in the ordinary conposition for hydrotreating. The content as cal cul ated
as oxide of nol ybdenum tungsten, cobalt, nickel or the like is in the
range from5 to 30 weight % and when cal culated as a content of a netal
belonging to Platinum G oup is in the range fromO0.01 to 2 weight % [0035]
Product i 080 ekighht (a@hell \t ddht&RNGFAsE oflisliRrgie oRide 8@ thd) Bankh frorRd@ky DC
conposition for hydrotreating of hydrocarbons according to the present

i nvent i onwbightPk)OHaEE Breférably iNShaPfr@e YN DD Xé 10 et ZE@binkl a¥cdtitkit & gl num
and titaniuminserted therein described above with a precursor of a porous

i nor gani Co Q%L BrorgahR! Slidintthe rMgst AR SbQO%gqﬁé&Ht&/g W AERES a U eidRY

known met hod, drying and sintering to produce the carrier, 1npregnating

metallic GOMROBENES (hOLAMRACHALAL Tebike Rk AR ANt Haelidd and

t
sintering the netal -1 npregnated carrier. y the catalytic

conposi ti@@réiﬁ%n@Yﬁ%L@c{ré ﬁa‘thlg B%I(;Og(cl)c[e ing to the present invention is
y |

pr oduced m X1 ng onents for hydrogenation into a

conbi nation of jhe zeqglite Y Wth alum numand f.itanium. nserted therein
and a precursor'&n S'tmﬂr%p%fﬁ'Bﬁ‘?liﬁcn%of'bné’ﬁ'ﬁ%tsdﬂiad%a?alﬁéizd’loﬁ'QO?'Hgn E‘?rxlfytﬁif%tr? INg
desired for and then drying and si ntt(ari ng the m'xt%e. [ 0036] The.

pr ecur sor2F°8rANGT%the ARG AneRtioN iy besthe satherasy bk in i cdipary composiiosr i al

16 that can, be used toTprepare a porous inorganic oxide conprising the
catal yticor bbﬁifﬁ%?ﬁ'%n e contrimt @€ caloulates By onde AGMeivedenum. ttangstem cobalt,

conmponent for hydrotreating. The conditions conventionally enpl oyed for
si nt er i ngiehst er ERpplikeds incthediapes romcbhimds veigbin%fand wyatr ealoudated ag acentdnd
applied when sintering the carrier and the catalytic conposition for

hydr ot r eafiangetat beeosing)ta Blatinem Siregreistin iteyeamizé fom QA ta 2 tveighe fiat ur e f or

[0035]

Production of the catalytic composition for hydrotreating

The catalytic composition for hydrotreating of hydrocarbons according to the
present invention is produced, for instance, by mixing the zeolite Y with aluminum and
fitanium inserted therein described above with a precursor of a porous inorganic oxide,
molding the mixture to a desired form by means of any known method, dryving and
sintering to produce the carrier, impregnating metallic components for hydrogenation by
any known method, and drying and sintering the metal-impregnated carrier.
Alternatively the catalytic composition for hydrotreating according to the present
invention is produced by mixing metallic components for hydrogenation into a
combination of the zeolite Y with aluminum and titanium inserted therein and a precursor
of a porous inorganic oxide, molding the mixture to a desired form, and then drying and
sintering the mixture.

[0036]

The precursor for porous inorganic oxide as used herein indicates any material
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sintering is preferably in the range from400 to 650 C. [0037]
Hydrotreating of hydrocarbons The catal ytic conposition for hydrotreating
of hydrocarbons according to the present invention can be used for
hydrotreating of any hydrocarbon oil, and especially can advantageously be
used for hydrotreating of a hydrocarbon contai ni ng high boi ling point
fractions. The termof "high boiling point fraction" as used herein

i ndi cat esthat dsardrbecaééwrtocgmpamlmg;&mctmoeghsm xideh cemprififz ARk abé\ﬁ@t@t a
boiling point of 560 C or nore (560 C) by 30 weight % or nore.

ordi nary gssbsttiod¥sr hfdrotFy et @H%d%lX@@WlﬂH%tﬁm&iﬂ%Qe@ 2P hb&oﬁr@?clr@' esent

i nvention, and the conditions include a tenperature in the range from 300

to 500 C, a hm{eoasnd;{?sr%s%uﬁfeduenai&eeﬁaaraggd ffBrorE'i éxﬁrs;gp%ms Wﬁsoﬁgﬁ*‘gﬁxam os

space velocity in the range rom O I'es

are provi gﬁgp(}gﬁlogvyo,t &8&8{3{.%‘9@%% tpﬁ?@ %?lli ghﬁ&l} nlgocne cgrr ep% d %IP atab(?aﬂ Iyy,

however, present nventidn I's n

[ 0039] EXx r nce 1 (Pr afion of  USY-

av-type SRyl fﬂﬁﬁvff e R e e P e sﬁv&ﬂ%twe’ﬁfﬁw o3 and
showi ng the " S trum g. 1 was suspended in 90
litters o?in%P%WFEEFa ¥ rgiféﬁ%%er 5?'1}%@85‘? 6%@@ 2.56 Kg of ammoni um

sul f at e, @ﬁ%fha was equivalent in the nole nunber, was added to the
zeolite, s ion-exchanged at a tenperature of 70 C for one hour with

agitation. Then the mixture was filtered, washed, and was again
ion-exchgﬁﬁgﬂgﬁﬂﬂﬁﬁglmﬁﬂﬁﬁﬂEKE

The catalytic composition for hydrotreating of hydrocarbons according to the
present invention can be used for hydrotreating of any hydrocarbon ocil, and especially
can advantageously be used for hydrotreating of a hydrocarbon containing high boiling
point fractions. The term of “high boiling point fraction” as used herein indicates a
hydrocarbon containing fractions, which can be obtained at a boiling point of 560 °C or
more (560 °C*) by 30 weight % or more.

The ordinary conditions for hydrotreating may be employed also in the present
‘invention, and the conditions include a temperature in the range from 300 to 500 °C, a

“hydrogen pressure in the range from 4 to 30 MPa, a quuid. space velocity in the range

from 0.1 to 10 hr™".

Examples
[0038]

Examples are provided below to describe the present invention further
specifically, however, the present invention is not limited to the examples in any way.
[0039]

Example for reference 1 (Preparation of USY-5)
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sol ution prepared by dissolving 2.56 Kg of ammonium sulfate in 20 litters
of warmwater at the tenperature of 60 C, and was filtered and washed with
90 litters of deionized water at a tenperature of 60 C. Then the m xture
was dried at a tenperature of 130 C for 20 hours, and was pul verized to
obtain NH4 Y type zeolite (NHa 5Y) ion-exchanged by 65% [0040] |I. Then
the zeolite Y (NH465Y) was sintered for one hour in saturated steam

at mosphere at ag «wrW@eqeoﬁ@qhg-wﬁha,s,gﬁmr%a%&amtmg He¥bHA it FaQBt @i N
HY type zeolite (HY-5). This zeolite HY-5 was suspended in 90 litters of

war m wat eg Al H@wlne LY MABZNKIG QJeca"'F:Pgé Wehlid #E 1 WQé %nsﬁ/%ﬁeﬁwigﬁal ent

of 3 nole tines of the zeolite, was added to the solution, and the m xture
| uti i f t 3 .

solution N@é’s%@'vﬁa?lltne\gateprat %2%”?%’?‘?% ?faﬁo @"pfﬁ@kg[]ogcfl%n%ﬁurg&[l%ﬁet ¥vhfch

i on- exchangi ng, tered, rate was wa ers of

dei oni ze . e filtrat s dried for 20 hours at
tonper at uras s e mBIELARE, doc SAENG0 B8 ALPiE i b B kit
i on- exch ed 85%, Jhe zeolite NH85Y.was sintered in saturated steam
at m)spherazIEI oorer%HeeOfr{?)ourélg?r oé'ethé’%g’ftg?’ﬁ F'%y 700 Cin a rotary steam ng
device to obtaip abgut 8 Kg of ltra-stable zeolite Y (USY-5). [0Q41]
Exanpl e for refﬂ’l’eén ﬁ"’it'ﬁ’%eﬂé? ﬂjtﬁ'aaﬁ WShSL/-aI‘ﬂ) was| gegin dork gxehangsd Wiksyas
prepared in Exanple f%r reference 1 was suspended in 80 Ilitters of warm
wat er at HUHtEn RipRered by Aissgiving 4.9f Ke oh@mmariunm sylfase dm AR ditfersaef warmpmates

wei ght % was gradual |y added in the suspension. The mi xture suspension was
agi t at ed atfHe reeraduie oft 6@ "Censbvas fitterash arghwasheaddwish 9fi litars efitdsiatizedhe
frame structure was dissolved therein. Then the suspension was filtered
and t he fwater gt a tomperatigned 68 'Ch Then the mixture was dried at a temperature of 130

°C for 20 hours, and was pulverized to obtain NH,~Y type zeolite (NH,*Y) ion-exchanged
by 65%.
[0040]

Then the zeolite Y (NH,*Y) was sintered for one hour in saturated steam
atmosphere at a temperature of 660 °C in a rotary steaming device to obtain H-Y type
zeolite (HY-5). This zeolite HY-5 was suspended in 90 litters of warm water at 60 °C.
Then 7.92 Kg of ammonium sulfate, which was equivalent of 3 mole times of the zeolite,
was added to the solution, and the mixture solution was agitated for one hour at a
temperature of 90 °C for ion—exchanging, filtered, and the filtrate was washed with 90
litters of deionized water at 60 °C. Then the filtrate was dried for 20 hours at a
temperature of 130 °C, and was pulverized to obtain the zeolite Y (NH,*Y) jon-
exchanged by 85%. The zeolite NH435Y was sintered in saturated steam atmosphere for
one hour at a temperature of 700 °C in a rotary steaming device to obtain about 8 Kg of
ultra—stable zeolite Y (USY-5).

[0041]

Example for reference 2 (Preparation of USY-12)
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80 litters of deionized water at a tenperature of 60 C and was dried for 20
hours at 130 C to obtain about 6.4 Kg of ultra-stable zeolite Y (USY-12).
Characteristics of the USY-12 are shown in Table 3, and the 27AI MAS NWR
spectrumwas shown in Fig. 2. In Fig. 2, the peak at 60 ppm shows the
presence of a zeolite frame-structured 4-coordinate alum numatom while a
peak at O ppmindicates the presence of a 6-coordinate al um num at om

out si de the zeo8Dtkg dfrthed)Bt-Huctpered in EREHRAE foxastirefcd Orwdsefiepaided is 80
(Preparation of Ti.USY-12AC) 4.0 Kg of the USY-12 prepared in Exanple for

r ef er enceliRerses warrpaaeedtisd 40 andl 113168NE affudei R «RE tMaBRcettrafion of 25
tenperature of 25 C, and 4.19 Kg of sulfuric acid with the concentration

of 25 vei gbight%and HadRIKAded i thaWspsididrat §hyicti t f 33
wei ght %as@cal cul aét}aed ag that of Ti 8% wer e grgméﬂgﬁufé;glé{ibggﬂgﬁg{a?ﬁgﬂ&eg

SUSPensi Ofyr ohBhouPlaX aUWefpaPliiile! GORS afl@iaitﬁr‘iiﬁﬂn To@Esidh HHRUAS é‘tstr%cfu‘?%rsat ure
of 25-30 C to insert titanium into a frame stiructure of the 2€6 Ite, and
al um num [ fr r i.ssol ved. suspensj o S
filtered gﬁ%a\{%gﬂ#el ?'r a-[J“eQ%\_/\}ta?]rse %Eﬁ%ﬁ"”wm@"? h fﬂ:s%sdi %’{"gﬁ? @p%tedgggrwazs}e'%d-l\‘f\vé%er at
a tenper d f . [ |l ow .and was dri For 20 hours. at,.130 C

obt aim; a?éo%{tt%%fgzo f%%m(%*z %Czie"v(%?%?rtaéE eWpteﬁast’t"fet Ao § s‘%?‘ct%bed[sf%%g%ﬂurs at 139
(Ti.USY- The. Ti.USY-12 shows eak. o Al MAS NMR spectrumat O
ppm whi (1:%9 ?On%tfqg'gt%@ii ﬁg }&gp‘ifé‘i]‘éﬁ?@%é#)z ﬁ'ﬁ%gr(hgﬁé *al um num at om out si de
the frame structure of the fzen%l'%’e.lég [0043] Then 0.50 Kg qf the zeolite Y
with titanium i HEERFEESYSePlet P V- 5ssrershowghin Table 3, rgd dhe arAdWARNINGI £ at e
were added to 3.50 Kg of water. pH of the suspension was 5.1. The

suspensi ofPeRHEMsWeRs phpwn i igt4-on ig e tha reaknet Ghprmghews dbe persenee nbar s

at 150 C. Then the suspension was filtered and the filtrate was washed with
10 |itt erzeolite frame—structured 4-coordinate aluminum atom, while a peak at 0 ppm indicates

the presence of a 6—coordinate aluminum atom outside the zeolite frame structure.
[0042]

Example for reference 3 (Preparation of Ti.USY-12AC)

4.0 Kg of the USY-12 prepared in Example for reference 2 was suspended in 40
litters of deionized water at a .temperature of 25 °C, and 4.19 Kg of sulfuric acid with the
concentration of 25 weight % and 0.33 Kg of titanyl suifate with the concentration of 33
weight % as calculated as that of TiO, were gradually added to the suspension. The
mixture solution was agitated for 4 hours at a temperature of 25-30 °C to insert titanium
into a frame structure of the zeolite, and aluminum outside the frame structure was
dissolved.

The suspension was filtered and the filtrate was washed with 40 litters of
deionized water at a temperature of 30 °C or below and was dried for 20 hours at 130 °G
to obtain about 3.2 Kg of zeolite Y with titanium inserted therein (Ti.USY-12). The
Ti.USY-12 shows a peak of the Al MAS NMR spectrum at 0 ppm, which indicates the

presence of 6—coordinate aluminum atom outside the frame structure of the zeolite.
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of deionized water at 60 C and dried for 20 hours at 130 C to prepared
about 0.45 Kg of zeolite Y with alumnumand titaniuminserted therein.
The operations above were repeated 3 tinmes to prepare about 1.3 Kg of
zeolite Y with alumnumand titanium inserted therein (Ti.USY-12AC).
Characteristics of the zeolite Ti.USY-12A0 is shown in Table 3, and the "Al
MAS NMR spectrumis shown in Fig. 3. [0044] As can be seen fromFig. 3, in
the Ti.USN032AC, the peak for 6-coordinate alumnum (at O ppm indicating
the presence of alum numoutside the zeolite frame structure decrease as

conpared to theThépYo 58 Kb thdgedhedly ah tﬁamgmrmba@é@th@é.wnrmmmt) 4d ppm
i ndicating the presence of alum numatons in the zeolite frame structure

i ncrease, [ S [ e cture
was | noer Lo 0 e et o VPl TS ol e SBATERBRR R

spectr umswggg 1t h¢hy§ﬁ/sp]e%s|ﬂﬂqva-£' se'tJ%Yﬁl ng sﬁ%&oi?lgs)é’vgn& Wak 'aglt?tég.;(‘gr" Péaﬂ&rs

caused by Si-O Ti asymet I’IC stretc ration I'n the

M-l type dePHosi ezellte

pr opo?lfl onttit o an :%ﬁ%%gg E’ g’uce?eld ?&’Ith?hé ate as Faskgd gth %I'té?ﬁs was
not confir dlnth USY: 12, byt conflr in_the
Tr usve 1250 e VRter 3t AgEC %nﬁ "o o EE Bt 1@8 Wﬁre?ﬁrﬁgﬁgﬁm O ke
inserted into fra struc re qf the zeollteY 20 [0046] Exanple for
r ef er ence’® *‘2 { g Vit @ FE‘H’ g m 6@& Uarpen; insextrs thegein @%P‘getrﬁ'é"rﬁl thoye We(B| e
zeolite Y &USY— Of) havi ng the sane charact eristics as those of the

ul t r a- st di5Peatedof jtimesytq LBSePa!’L‘?)abB'l‘feﬂ)ér Kg 9fnzeplitmy| withoplumingmeprch ddariumas

obt ai ned by carrying, out the sane operatl ons as those in Exanple for
inserted therein (Ti.USY-12AC).

Characteristics of the zeolite Ti.USY-12AC is shown in Table 3, and the Z’Al
MAS NMR spectrum is shown in Fig. 3.

[0044]

As can be seen from Fig. 3, in the Ti.USY-12AC, the peak for 6-coordinate
aluminum (at 0 ppm) indicating the presence of aluminum outside the zeolite frame
structure decrease as compared to the USY-12, and the peak for 4-coordinate
aluminum (at 60 ppm) indicating the presence of aluminum atoms in the zeolite frame
structure increase, which indicates that aluminum outside the zeolite frame structure
was inserted into the frame of the zeolite Y in the TiUSY-12AC.

[0045]

IR spectrums for the USY-12 and TiUSY-12AC are shown in Fig. 4. A peak
caused by Si-O-Ti asymmetric stretching vibration appear at 970 cm'.1 in the MFI type
titanosilicate and at 945 cm™ in the HY type zeolite in proportion to an amount of
introduced TiO,. The peak at .about 970 cm™" was not confirmed in the USY-12, but the
peak was clearly confirmed in the Ti.USY-12AC. From this cése, it can be determined

that titanium was inserted into the frame structure of the zeolite Y.
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reference 1 and Exanple for reference 2. Then 3.0 Kg of the zeolite
(USY-12) and 1.92 Kg of ammoniumsulfate were added to 21 litters of

water. pH of the suspension was 5.1. The suspension was set in a 30-litter
aut ocl ave and was agitated for 16 hours at 150 C. Then the suspension was
filtered and the filtrate was washed wth 30 litters of deionized water at
a 60 C and dried for 20 hours at 130 C to prepare about 3 Kg of

al um num [0td8fted zeolite Y (USY-12AC). [0047] 2.0 Kg of the USY-12AC was
suspended in 40 litters of deionized water at 25 C, and a m xture sol ution

of 4.19 Kpxfplé Wrfrdferéncacd tPrshdrBridrner GOncepiom@t iron of 25 weight %and 1.36
Kg of titaniumTactate (T1 C6HL0O" produced by Matsunoto Seiyaku Kogyo;

Orgatics TG 310ppdutt B4t GPNERNLNRHs LT 2 BIieivahlsYe e8] aulinl e&ea%a-ﬁxrieoz
was gradually added, and the resultant suspension was agitated for hour s
at a tenp - Qf 1O - i¢ it &L L.t . f

St ot ur e S Rasu 5 hets 3 vAPLEN-Rnle Bl T (LR IT ot Befecfin £2RBlo for
structur ereférljaﬁ& 5@9&3@9@9& 'bg %&%@Ffoglltt ttﬁerz esgl’ne %Irﬁg[att%ﬁs %lfs lt%%saeé% o xa%’n&\{% orrlgﬁ d

with 40 litters of onrze a tenpe re

was dried for 20.hours at 130 to prepare ut Kg .of lite L.th
B um num S0 ePEE LA e RNe e Rt P Tises 032 G e pobifn g2 End 18
Characterjstics of.the Y- 12ACTi, are.shown in Table 3, and pore

di stri but'li%ﬁ* ammognt ﬁ‘é%%é%eﬁg&?da P%Ziﬂﬁﬁﬁ P‘anﬁe@. Eﬁ% Of@ée PYSPEPReR M@ of
t he zeoli%? (USY-12ACTi) was neasured, and a peak of about 970 cml was

i dentifiedll ik PYsPERSIPHIVES 6F i @ P8rldtrreautaciays anthvaneeitatpdfor 1§ heyramtwas
inserted into a_frame structure of the zeolite Y. [0049] Exanple for

ref erencel 2 °@pr dirar dbe swspensiosyas Fikgradand the filtrate was washed with 30 litters of

deionized water at a 80 °C and dried for 20 hours at 130 °C to prepare about 3 Kg of

aluminum-inserted zeolite Y (USY-12AC).
[0047]

2.0 Kg of the USY-12AC was suspended in 40 litters of deionized water at 25
°C. and a mixture solution of 4.18 Kg of sulfuric acid with the concentration of 25
weight % and 1.36 Kg of titanium lactate (TiC¢H,,0,, produced by Matsumoto Seiyaku
Kogyo; Orgatics TC-310) with the concentration of 8 weight % calculated as TiO, was
gradually added, and the resuitant suspension was agitated for 4 hours at a temperature
of 30 °C or below to insert titanium into a frame structure of the zeolite and also
dissolve aluminum outside the frame structure.

Then the suspension was filtered, and the filtrate was washed with 40 litters of
deionized water at a temperature of 30 °C or below and was dried for 20 hours at 130 °C
_to prepare about 2 Kg of zeolite Y with aluminum and titanium inserted therein (USY-12
ACT).

[0048]

Characteristics of the USY-12ACTi are shown in Table 3, and pore distribution
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2 Kg of the USY-12 prepared in Exanple for reference 4 and 1.64 Kg of
sodium alumnate with the concentration of 22 weight % cal cul ated as that
of A1203 were suspended in 20 litters of deionized water. pH of this
suspension was 11.2. The suspension was agitated for 90 hours at 15 C. The
suspension was filtered, and the filtrate was ion-exchanged wth 20
litters of deionized water having the tenperature of 60 Cwth 3 Kg of

amoni um sfiheal 8Y-€i2n&XTli Ve hdWreneFig. 5 ATRHNIR Bectivhi sRtR Maftavashed sanirhh 20
l[itters of deionized water at 60 C and was dried for 20 hours at 130 Cto

prepare aRsylimedsufed, AndZedakid? afoltl PRESHE ol NaeHRiflb ! Tketin Uty
(USY- 12NaAl OZ)e. ® Chapaéate%%i st iaccs) of the zgol ite are aan?ﬁmeefoﬁ r(‘alfae ?nge&

[0050]  Compurhie/ aﬁgi nﬁwtasérl’sreﬂ@era%iaﬁﬁ?rﬂé sé;a&tﬁtev§#tré)ze%r’rre&8 Kg of

aqueous solution of sodium alumnate wt e concentration of 22 weight %
cal cul at efég@%l a concentration of Al 203 was set in a 100-L tank with a steam
n i

j acket, a luted with i on-exchanged water to adjust the weight to 40 Kg.

0.22 Kg o dium Iuconéa(tpe with t neGen ion of 26 wei ght % was
added in %’hﬁ%@*ﬂh—mﬁ—aﬁd& Ry re%rejnce r?%aéatéoé]s{}fqgﬁgczﬁfﬁé[caie sol ution was agitated and
heated to 60 C., 13. f,alum num sulfate aqueous ,solution wth the
concentration of %5 %@?{ﬂ??%’gaﬁe&aﬁe t'B xa'é‘pﬁlfgb?c‘le'@{iﬁ"cérﬂnfidté%lgg\R}fﬁ"%\'ﬂﬂed in
a 50-litter container, and was diluted with warmwater at 60 C to adjust
the wei ghtiUTigateo Wy then gongentaHem Ful4 aveiehdoh ralwirtedesatime ofadl.8: washst ant
rate with a rotary gurrp in the sodium alum nate solution to adjust the pH
from 22 spspenasd7ing2Q\jighers of (Heinmized. wates obl s sussapigadwas Uiy ke
agitated and aged for 1 hour at 60 C |éOOSl] The aged slurry was
dehydr at edspgtisterawes agitaseaifer P9 hpurs atahel *€heTlig buspatgomaas filkesébdindithln 150
litters of amoni a aqueous solution with the concentration of 0.3

filtrate was ion—exchanged with 20 litters of deionized water having the temperature of

60 °C with 3 Kg of ammonium sulfate dissolved therein. Again the filtrate was washed
with 20 litters of deionized water at 60 °C and was dried for 20 hours at 130 °C to .
prepare about 2 Kg of zeolite Y processed by sodium aluminate (USY~12NaAlQ,).
Characteristics of the zeolite are as shown in Table 3.

[0050]

Comparative Example 1 (Preparation of Catalyst A)

12.88 Kg of agueous solution of sodium aluminate with the concentration of 22
weight % calculated as a concentration of AlLO, was set in a 100-L tank with a steam
Jacket, and diluted with ion—exchanged water to adjust the weight to 40 Kg. 0.22 Kg of
sodium gluconate with the concentratioh of 26 weight % was added in the solution, and
the resultant mixture solution was agitated and heated to 60 °C. 13.86 Kg of aluminum
sulfate aqueous solution with the concentration of 7 weight % calculated as Al,O,
concentration was added in a 50-iitter container, and was diluted with warm water at 60
°C to adjust the weight to 40 Kg. The aluminum sulfate solution was added at a

constant rate with a rotary pump in the sodium aluminate solution to adjust the pH from
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wei ght % The cake-like slurry after washing was diluted with ion-exchanged
water to adjust the concentration to 10 weight %cal cul ated as a
concentration of A1203. Then pH of the slurry was adjusted to 10.5 with
ammoni a water with the concentration of 15 weight % The slurry was
removed into an aging tank with a circulator and was aged for 10 hours
under agitation at 95 C. After cooling, the slurry was dehydrated with a

flat playve tbind ever 1@NHiInWES. SThe bbtathedOdRb&RH RANKPLALSI M LY FeedilfBAM
jacket to adjust a content of water to a prespecified value and then

cool ed tohqrepapecan adul terant of alum num [0052] 1.0 Kg of the al um num
adul terant calculated as a weight of A120G3 and 1.0 Kg of wultra-stable
zeolite Y?ﬁ@ﬁﬂ-lZ) prepared in Exanple for reference 2 were set and

kneaded at a raised tenperature in a doubl e-arned kneader with a steam

ket o 2dl Ul LA VRHSY EORENEA. G SHACHA Sy Sbeone THER 4 B

adul terant was coo urt nea m nut' e

adul teran | to colum-|ike ellets, with a diameter of 1.8

Mth an o, BB G0 it ot s ChrBie Sphdh e sl hr ity Bon 1008t or
16 hours. The dried | lets were_sintered for 3 hours ,at 550 C in an
electric BEER ‘go ﬁ?eegajﬁeé* Sy jafier Waghing s FlubRg) yibl dartrRxehanssd watessa 0. 4
g of nicke]|, c%&gonate were set in a 1- litter container, and then 700 m of
i on- excha tepestrationdaetd waisht brielawatedipe a cpusenigation eihbd Then
suspended. The suspended sol ution was aged for 5 hours at 95 C 23 with

ci rcul at i RJhof eheppleiryastasiusier ta 19A witcpemeniagvatamwith thag conesitration iof 18¢i d
was added for dissolving the suspended materials to obtain a honbgeneous
sol ut i on weght % npiheghaty was r¢rosd]intbhan agitaitank withes cireateynad wds iaged foe
carrier described above. Inpregnation
10 hours under agitation at 95 °C. After cooling, the siurry was dehydrated with a flat
plate filter, and was set in a double—armed kneader with a steam jacket to adjust a
content of water to a prespecified value and then cooled to prepare an adulterant of
aluminum.
[0052]

1.0 Kg of the aluminum adulterant calculated as a weight of Al,O, and 1.0 Kg of
ultra—stable zeolite Y (USY-12) prepared in Example for reference 2 were set and
kneaded at a raised temperature in a double—armed kneader with a steam jacket to
adjust the water content to a prespecified value. Then the adulterant was cooled and
further kneaded for 10 minutes. The obtained adulterant was molded to column-like
pellets with a diameter of 1.8 mm with an extrusion molding machine, and the product

| was dried at 110 °C for 16 hours. The dried pellets were sintered for 3 hours at 550 °C
in an electric oven to prepare a carriér.

201.3 g of molybdenum trioxide and 90.4 g of nickel carbonate were set in a 1-

litter container, and then 700 ml of ion-exchanged water were added, and the mixture

was agitated and suspended. The suspended solution was aged for 5 hours at 95 °C
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was performed by setting 1000 g of the carrier in a rotary blender capable
of being vacuum deaerated and left there for 5 m nutes bei ng deaerated

wi th a vacuum punp. A quantity of the prepared solution for inpregnation
was adjusted to match a water absorption coefficient of the carrier.
Operation of the vacuum punp was added after the solution was added, and
then was further rotated for 20 mnutes so that the solution for

| mpr egnat WA cWeatio 1apre Ut @A abIAE oM Be&rlass.ﬁ%ar "ingh 14T R PE SYRAKESa RRAP! ©
was taken out and set in a rotary drier a tenperature rising program

and the foerna%gawgetw@ss.ﬁbmed hdt8314 0t L &Q %24 fﬁo%généouQO%zui.Qﬁ £y yi ng

t he sanpl e. The dried sanple was set |n an e ectric oven and was sintered
for 1 hour ngﬁgnc to obtain a catalyst A Characteristics of the
cat al yst A RS Shown in Table 4. [0054] Exanple 1 (Preparation of
cat al yst 41 0 Kg of alum num adulterant prepared in Conparative Exanple 1
cal cul ate as] a vvei ght of Al2G3 and 1 0 Kg of zeoI ite Y wth al um num and

titaniuminsert ein_ (.Ti.USY-1 }a ar e Ior reference
3 were kneaded é?rbd"alsn'"ﬁ’re%‘é‘ g h'%?r@?f}')"l?ﬁ B‘é‘? %%& streRqagnalioRet to
adj ust the wat r conégnt to ﬁq@r ers?g %I fied value, t hen was c ol ed and
kneaded f'¥?° ?.8 SeHg a8 P& N8 AT And fﬁ)‘é’éy glesaraplg o @ei”ﬁ
Conparative Exanple 1 to prepare a catalyst B. Characteristics of the
catal yst oudmadeagras anf lefasherefor [fomgsitesheiny saptratepl vith dpucatmortned
catalyst C) 1.0 Kg of alum num adulterant, cal culated as the wei ght of
Al 208, prRprasttyi of theonfsaered sdutiorafas impreenation was Kagliusted éoimateh ¥ waten
al umi num and titaniuminserted therein (USY-12ACTi) prepared in Exanple
for ref erabsewtion\goeficient addbe mattidne alperation ofi thio wbtemapomep waseadttied afierh a
steam jacket to adjust the water content to a

the solution was added, and then was further rotated for 20 minutes so that the solution

for impregnation was fully impregnated in the carrier. The impregnated sample was

taken out and set in a rotary drier with a temperature rising program, and the

temperature was changed from 40 °C to 250 °C over 1 hour for drying the sample. The

dried sample was set in an electric oven and was sintered for 1 hour at 550 °C to obtain

a catalyst A. Characteristics of the catalyst A is as shown in Table 4.

[0054]

Example 1 (Preparation of catalyst B)

1.0 Kg of aluminum adulterant prepared in Comparative Example 1 calculated as

a weight of Al,O; and 1.0 Kg of zeolite Y with aluminum and titanium inserted therein

(Ti.USY-12AC) prepared in Example for reference 3 were kneaded and heated in a

double—armed kneader with a steam jacket to adjust the water content to a prespecified

value, and then was cooled and kneaded for 10 minutes. The obtained adulterant was

processed like in Comparative Example 1 to prepare a catalyst B. Characteristics of

the catalyst B is as shown in Table 4.

[0055]
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prespecified value, and then was cool ed and kneaded for 10 m nutes. The
obt ai ned adulterant was processed |like in Conparative Exanple 1 to prepare
a catalyst C. Characteristics of the catalyst Cis as shown in Table 4.

[ 0056] Conparative Exanple 2 (Preparation of Catalyst D) 1.0 Kg of

al um num adul terant, cal cul ated as the weight of Al 203, prepared in
Conparative Exanple 1 and 1.0 kg of zeolite Y with alum numinserted

therei n (Eawmpld 2NaAb&RtioRbeRARME: L) Exanple for reference 5 were kneaded

and heated in a double- arnmed kneader with a steam jacket to adjust the

wat er content tpg KPEesIffHh s&hm&é&ecalca%dt&%e\ﬂﬁéigﬁmk %@zoﬁm&eba%aqﬁd for

10 m nutes. The obtained adu terant was processed | ke In ‘Conparative

shown i n JanrE=gR FEREg XU L Y Qf&'ﬁ%??&!tﬁ ko s, g

o 5@%3’?@ P T 2AGTD B o L 5 0E Rl %%cgeewrﬁﬁn%aé{’ B oreinea¥sieach

bol o 25 GhaPRe “e“ Shriefns %5%’@?3‘3 (B )esbals el GomeBtent  (w

7 aciion qr%ée@%%%lva‘?%zée@?w%ﬁ“‘c«b%d%iéiéﬂﬁeﬁée&%ﬁc{ri ahaittr.e TS oggbed
adulterant was processed like in Comparative Example 1 to prepare a catalyst C.
Characteristics of the catalyst C is as shown in Table 4.

[0056]

Comparative Example 2 (Preparation of Catalyst D)

1.0 Kg of aluminum adulterant, calculated as the weight of Al,QO,, prepared in
Gomparative Example 1 and 1.0 kg of zeolite Y with aluminum inserted therein (USY-
12NaAf02) prepared in Example for reference 5 were kneaded and heated in a double-
armed kneader with a steam jacket to adjust the water content to a prespecified value,
and then was cooled and kneaded for 10 minutes. The obtained adulterant was
processed like in Comparative Example 1 to prepare catalyst D. Characferistics of the
catalyst D is as shown in Table 4.

[0057]

Assessment of activity of catalyst

Hydrocracking of DAO was performed with the catalysts A to D in a fixed bed
flow reactor to measure cracking, desulfurizing, and denitrogenating activities of each

catalyst. Characteristics of the DAO and reaction conditions are as shown below.
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Li quid space velocity (hr') 0.50 Hydrogen/oil ratio (NnB/kl) 500 H2
partial pressure (MPa) 13 [0058] The product oil was set in an evaporator
to measure contents of fractions boiling at a tenperature of 375 C or nore
(375 C) and those boiling at a tenperature of 560 C or nore (560 C ), and
assessed reduction rate of fractions to the amount of feed oil at cracking
activities of the catalysts. Assum ng that the reduction rate of the

fracti onstﬁ-ZEteEi‘si)csadstDAbat of the fractions (560 C ) are 100 in case of
cat al yst Conparative -Exanple 1) at 380 C respectively, relative val ues
of reductP@ﬂF'tNat es wit#/mhe |OMB8B\sts B to D were obtained as cracking
activiti eSulak cohentat plwitds, a1t he values are as shown in Table 1. Also
char acterN§,I0|gg,$c&;§te;‘.,pe(vﬁ_r&q.gct24%| obtained in the reaction are as shown

i n Tabl e[ o¢q’)2591. & agr)&l ] ctgg i es of the catalyst B and catalyst C are
hi gher thil.c?.h BCHPN ¢+ e oot JI%H A Cracking activity of the catalyst Dis
| ower t hpdbQGAfragtion hel at al y806A. |The reason is probably that a unit cell
di mrensi on of the USY-12NaAl Q2 prepared in Exanple for reference 5is

| arger than that of the USY-12 prepared in Exanple for reference 2 as 26
shown in Table g&haract eristics of Zeolite), and therefore the

USY- 12NaATe8StRR CONBBRRS val ues for the crystallinity and the specific

surface BRER LB t T the 12. TABLE 1: Assessnent of Activation
of Catally : au%ﬁﬁg} qu,?. E;%) r".) Catal yst A Catalyst B Catalyst C
Cht 1y ot | BUSARES Yoot {7850 g

Hydrogen/oil ratio (NnF/kn 500
H, partial pressure (MPa) 13

[0058]

The product oil was set in an evaporator to measure contents of fractions
boiling at a temperature of 375 °C or more (375 °C*) and those boiling at a temperature
of 560 °C or more (560 °C*), and assessed reduction rate of fractions to the amount of
feed oil at cracking activities of the catalysts. Assuming that the reduction rate of the
fractions (375 °C") and that of the fractions (560 °C") are 100 in case of catalyst A
(Comparative Example 1) at 380 °C respectively, relative values of reduction rates with
the catalysts B to D were obtained as cracking activities of the catalysts, and the
values are as shown in Table 1. Also characteristics of the product oil obtained in the
reaction are as shown in Table 1.

[0058]

Cracking activities of t.he catalyst B and catalyst C are higher than that of the
catalyst A

Cracking activity. of the catalyst D is lower than that of the catalyst A. The
reason is probably that a unit cell dimension of the USY~12NaAlQ, prepared in Example

for reference 5 is larger than that of the USY—12 prepared in Example for reference 2 as
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Conv. (560C+) 100 112 114 81 Characteristics of product oil Density (g/m)
0.9188 0.8804 0.8796 0.9188 Sulfur (wt % 0.099 0.014 0.010 0.099 content
Nitrogen (w ppn) 205 15 13 108 content [0060] Assessnent of
characteristics of product oils Tests for assessing characteristics of
product oils in relation to the adaptability to catalytic cracking were
performed according to the ASTM MAT nethod (using a small size activity

testing dehoweein Wyblys3 Mghaae@sticDiof Zevoitiel hankl tiréforC thO B YAYNALO! NHas

boiling point of 375 C or

comer ci alow¥r vaed +orlthe c%iaﬁ'ﬂrﬁ‘t@tanﬁ% G

Chem cal s I ndustri es Co.
Product G| of Product G|

79.2 68.4 Gasoline vol

Res uF‘%

2. 27 TABLE 2: Assessment of Actlvatlon of Product Ol
of Product QO

Catal yst A Catalyst B Catalyst C Catalyst D Conv.
% 53.3 58.2 59.1 51.1 LCO vol

HCO vol TRBQFBq ﬁssGesgméch ngthggt!on of(fagéfi(sg 16.0 16.5 12.9 Coke/K - 1.53

of Product G|
Rat e vol

hi gher (375 C) as feed oils and also using the
G Sirfdd HENGE doRarlcliBltNo LBYE

s of the testing are shown in Table
Eval uation test of
product oil

% 73.3 78.9

% 17.7 14.3 14.8 20.9

of

0.94 0.91
Cracking activity (Conv.) Catalyst A | Catalyst B | Catalyst C | Catalyst D
Conv. (375°C*) 100 118 120 85
Conv. (560°C™) 100 112 114 81
Characteristics of product oil
Density (g/ml) 0.9188 0.8804 0.8796 0.9188
Suifur (wt %) 0.099 0.014 0.010 0.099
content
Nitrogen {wt ppm} 205 15 13 108
content
[0060]

Assessment of characteristics of product oils

Tests for assessing characteristics of product oils in relation to the adaptability
to catalytic cracking were performed according to the ASTM-MAT method (using a
small size activity testing device) by using product oils which were fractions having the
boiling point of 375 °C or higher (375 °C*) as feed oils and also using the commercially
available catalyst FCC catalyst (produced by Catalysts & Chemicals Industries Co., Lid.).

Results of the testing are shown in Table 2.
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Hydrogen/K - 0.11 0.06 0.05 0.09 [0061] Fromthe results of the tests, it
I s understood that the product oils produced wth the catalysts B and C
have hi gher conversion rates, higher gasoline yields, |ower values of
coke/ K and hydrogen/ K, and a smaller quantity of HCO fractions as conpared
to the product oils produced wth the catalyst A or catalyst D. Fromthe
results, it is clear that the catalysts B and C, which are catal ytic

conposi t i PABLE2CAssisBdeitoft Aivatib® sEPfodudvVEiINt i On, are nore excell ent than
t he cat a, | yst D TABLE 3: Characteristics of Zeolite Ref Ref .

Ref. Ref|. 3\Ré¢ation st of Ex Produet 30yl 4 PExdust Qlbaif il Peodust tOiNa¥ | BRYdut2 il ofibY-
USY- USY| dr3d@t?ACTi  12afdi? A Si 02/081263 Brol / M@atdy ARG 16. O Cadalt2P. 6 15. 8

mol ar raﬁC&erﬁél‘ﬁﬁﬁt 33 .3/ 5 g g g&yii?lhgglty W 70 R4 108 100 99

82 UD 24 a7t O &, A 32 L" . OMATTITTET w 1 Z L 690 E:O\ Z 608
4- coord. | GFSOlRS el 16bF 5838 97 g oa P8Fo o  pwt 594004) m/~,53’-t1)o 51 0.5
0.63 0.48-C®Vm ni /|gyol %0.174 0.18 0. 1748.16 (1001680 A) PVs(289850 A) nl/g -

0.08 0. 0446013 0. 140 PVeIPVE - - 0]a& 0.36 0.3546 33 PVl PYg7- - 3.254.50
3.45 1. 14 p vol % | 14.2 16.0 165 12.9

Coke/K = 1153 0.94 0.91 158

Hydrogen/K | - 0.1 0.06 0.05 0.09

[0061]

From the results of the tests, it is understood that the product oils produced
with the catalysts B and C have higher conversion rates, higher gasoline vields, lower
values of coke/K and hydrogen/K, and a smaller quantity of HCO fractions as compared
to the product oils produced with the catalyst A or catalyst D. From the results, it is
ciéar that the catalysts B and C, which are catalytic compositions according to the
present invention, are more excellent than the catalyst A or catalyst D.

TABLE 3: Characteristics of Zeolite

Ref. Ref. Ref. Ref. Ref.
Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. b
Zeolite Unit NaY USY-12 | TiUSY- | USY- UsY-
12AC 12ACTi | 12NaAlO,

Si0,/AlLQ, mol/mol | 5.06 16.0 27.8 29.6 15.8
molar ratio™
Tio, wt % - - 375 3.82 -
Crystallinity | wt % 107 108 100 99 82
uD A 2467 24.38 24.32 24.32 24.43
SA m?/g 722 690 686 682 608
4—coord. Al atom% 100 58.8 978 98.1 72.2
PVt( -600A) |ml/g - 0.51 0.50 0.63 0.48
PVm ml/g - 0.14 0.18 0.17 0.16
(100-600 A)
PVs(35-50 A) | ml/g - 0.08 0.04 0.13 0.14
PVm/PVt - - 0.27 0.36 0.35 0.33
PVm/PVs - - 3.25 450 3.45 1.14

*1: chemical analysis value
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*1: chem cal analysis value 28 TABLE 4: Characteristics of Catalyst

Catal yst Unit Conp. Ex.1 Ex. 2 Conmp. Ex. 1 Ex. 2 AI208 m% 43.1 42.2 42.0
44.2 S 02 wt% 36.2 35.2 35.8 351 M3 wt% 16.0 16.6 16.2 16.1 N O wm %
4.50 4.63 4.50 4.52 Ti2 wt%- 1.42 1.40 - SA nk/g 403 394 401 324 Cr.
Str. NNmm 23.7 22.9 23.9 23.5 ABD*2 g/ml 0.54 0.53 0.55 0.55 CBD*3 g/m
0.64 0.61 0.64 0.60 PV(H2O*4 m /g 0.57 0.58 0.57 0.56 *1: Intensity of
col | apse *2: Apparent bulk density *3: Close bulk density *4: Total pore
volume 29 CLAIM5S 1. A catalytic conposition for hydrotreating of

hydr ocar bDABLE 4: @hurﬁ&easmaﬂd:a@zyggrrponent for hydrogenation is carried on
a carrier copprising-zeolite Y wth alumnumand titaniuminserted therein
and a porou*Cia’WdMSQanU@Itox gempt Wex- 2edP% £ Opmphavi ng t he fol | owi ng
characteristics: (a] unit|Eell dinmension|@D} in a range from24.25 to

24.60 A, Al,O, wth | 431 |422 420 |442
Sio, wth |362 |[352 [358 |35.1
MoO, wth | 160 | 166 |16.2 | 16.1
NiO wt% | 450 |463 |450 |452
TiO, wt% |- 142 | 140 |-
SA mi/g | 403 394 |401 |324

Cr. Str.™ | N/mm | 23.7 229 | 239 | 235
ABD* g/ml | 0.54 053 | 055 | 055
CBD* g/ml 0.64 0.61 (0.64 |0.60
PV(H,07* | ml/g | 0.57 058 ;057 |0.56

*1: Intensity of collapse
*2: Apparent bulk density
*3: Close bulk density

*4: Total pore volume
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(b) crystallinity of 95% or nore, (c) specific surface area (SA) of 500
n2/g or nore, (d) total pore volune (PVt) of a group of pores each having a
di aneter of 600 A or belowin a range fromO0.45 to 0.70 m /g, (e) pore

vol une (PVm) of a group of pores each having a dianeter in a range from
100 to 600 P, in a range fromO0.10 to 0.40 m/g, (f) pore volune (PVs) of a
group of pores each having a dianeter in arange from35 to 50 Ain a
range 0.03 to 0.15 nl/g, and (g) peroemmm$ of 4-coordinate al um num at ons
agai nst total alum numatons in the zeolite of 60 atom % or nore. 2. The
catal ytic conposition for hydrotreating of hydrocarbons, wherein the
zeolite Y wth alumnumand titaniuminserted therein has the foll ow ng

characteristicsy, Ahpatal X&.at EOmPEWE Y8 hQdrotastimOIcf MRASETRLAEVIR wWhlchdadr oup
of pores each having a dianmeter in a range from100 to 600 Ato the total

pore vol Uﬁ’i@taﬁlPVéc)mdUneﬁt Efrmroé%fqaﬁ?&‘r f&Se é(:rﬁgé] E@’EQQI}QP" %h‘lﬁﬂ&h%rz {t

bel ow of 0.30 or nore, aratio e por

of a group,Q nunio%n@@;cgigﬁp'mhﬁgér@&i t rgfnagﬁc} & g’(?ﬂeac gr%c L0 109 ztegltteog A to

the pore vol une roup of pores ving & diarfe

range from nore. 3. A nethod of hydrotreating of
hydrocarboﬁﬁagﬁgﬁggﬁ|ﬁf¢¥%§ ﬁ%ﬁf each having a high boiling point,

Tt ny Co el G e E et W) s SRER AR 205 Loha QAT O oAt i N0

(b) crystallinity of 95% or more,

(c) specific surface area (SA) of 500 m?/g or more,

(d} total pore volume (PVt) of a group of pores each having a diameter of 600
A or below in a range from 0.45 to 0.70 ml/g,

(e) pore volume (PVm) of a group of pores each having a diameter in a range
from 100 to 600 A in a range from 0.10 to 0.40 mi/g,

(f) pore volume (PVs) of a group of pores each having a diameter in a range
from 35 to 50 A in a range 0.03 to 0.15 ml/g, and

{g) percentage of 4-coordinate aluminum atoms against total aluminum atoms

in the zeolite of 60 atom % or more.

2. The catalytic composition for hydrotreating of hydrocarbons, wherein the
zeolite Y with aluminum and titanium inserted therein has the following characteristics:

(h) a ratic (PVm/PVt) of the pore volume (PVm) of a group of pores each
having a diameter in a range from 100 to 600 A to the total pore volume (PVt) of a group
of pores each having a diameter of 600 A or below of 0.30 or more, and

() a ratio (PVm/PVs) of the pore volume (PVm) of a group of pores each having

a diameter in a range from 100 to 600 A to the pore volume (PVs) of a group of pores
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each having a diameter in a range from 35 to 50 A of 2.5 or more.
3. A method of hydrotreating of hydrocarbons containing fractions each having
a high boiling point, wherein the method uses the catalytic composition for hydrotreating

according to claim 1 or claim 2.

31




