This is.the repl acement sheet Date: 13 APR 1996 |- DESCRI PTI ON PROCESS FOR
HYDROGENATING TREATMENT OF HEAVY HYDROCARBON O L TECHNI CAL FI ELD The
pres&nt invention relates to a process for - hydrogenatlng treatment - of a
heavy hydrocar bon oil. -Mre particularly, it lpertains to a process for

hydr ogenati ng treatment of ajheavy hydrocarbon oil which process is capabl e
of efficiently producing a pfoduct oil with a |low sulfur tontent in high

cracking efficiency and of elininatingyg&gggﬁggiggg¥ﬁth petroleun1refinery
due to sludge deposit in the case of h = reating the heavy
hydrocarbon oi |l to cause dsROCEYSIFOR HYDROGENA NNGIREAMEN TR BACKGROUND

ART There is desired in the petroleumrefining industry, a petroleum

refining technique which is capabl HEAVPHXDROTARBONIDH Ul ity |ight
petroleumoil in high yield froma towquality heavy oil as the charge

stock as one of the neasures for nore effectively utilizing the resources.
Neverthel ess to the best of the present refining technique, an attenpt to

enhance cracki g JECHNICALFIER[} ts in deterioration of the petrol eum
product due to an incregse in sulfur content and besi des causes t he trouble

with petrol eumrefinery @r@s;ntr\evmmgelﬂwmem&f@n hygeogenating
attenpt to suppress sulf t ent ads 0 d crack efficienc
Such being the castéeat{ﬂfé}%egfp%ﬂﬁ%\'ygy TPCHs “a)l llﬁu'ép§5‘i%§/§ﬁ? ng

the above-mentioned pﬁ)ec 4 fg{rﬁydrc')genatmg treatment of a heavy hydrocarbon oil

which process is capabie of efficiently producing a product oil with a
10 low sulfur content in hi gh cracking efficiency and of eliminating the
troubie with petroleum refinery due to sludge deposit in the case of
hydrogenating treating the heavy hYdrocarbon oil to cause
desulfurization, cracking and the like.
BACKGROUND ART
15 There is desired in the petroleum refining industry, a petroleum
P refining technique which is capable of producing a high-quality light
petroleum oil in high yield from a low-quality heavy oil as the charge
stock as one of the measures for more effectively utilizing the
) " resources. |
20 Nevertheless to the best of the present refining technique, an
| attempt to enhance cracking efficiency resuits in deterioration of the
petroleum product due to an increase in sulfur content and besides
causes the trouble with petroleum refinery due to increasing sludge
formation; while an attempt to suppress sulfur content leads to
25 lowered cracking efficiency. Such being the case, there is not
- available a refining technique satisfying the above-mentloned
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This issthe replacenent sheet Date: 1 3 APR 1996 Under such circunstances,
a cracki hg treatnment techni que which is capabl e-of producing a product oil
with¥a | ow sul fur content in-high cracking efficiency and is free fromthe
formati on of sludge is eagerly desired. As tfe primary contributor to the
trouble with petroleumrefingry at the time of high degree of cracking
reaction or -caused by rise in reaction tenperature acconpanying the

det or | ti ; N . _ e . _ ! :
ner et ofore oreatly t akeatogr sacRERTub il d crickile el ietiiaus

: ible A et 5 _ . .

![ gofszlr ma'?i on (r)]:‘J sl uclzl(gfalgi n't heé'pc)’?gggss glg?ﬂg%%tgﬁgwﬁ%% I%\@gﬁgﬁgé)&{tgﬁ?es

cracki ng reacti on.inHeighverackianceffidieady and s fdefrbeh e formait 698?1.16@%0@ t

failing to elucidate the working effect of the technique. For exanp
Japanese Patent Apgagerhy desirddhi d- Qpen 'No. 25889/ 1990 di scl oses two- st age
process for hydrogenating a heavy petroleumoil by the use of a
hydrogenati on” dat al yst A&theprimary gentpibutoritothe rouble With petooleuat ger i n
average which conprises the first step in which the hydrogenation is
carried out at a r@ﬁé\%@t%&f‘aﬁ’ high fdegreer of eracking-reashion: orccansedrby st ep
at a reaction .teggeratur'e of 400 to 460[err]. Hoyever, any, of .the working '
exanpl es in the add¥felhEACHORIEMPEIaIuIS Accompanying the deteriorationofiy neans

o 7 guto¢l ave, oty b8 0Bk il SiEL e e, S enle o decieta
ducti i it i z ' i b t hi Lit f th
oroduet on_ 0t Proges R oAl kS S SRS 0poRLLY O o1
the probi om t figi a5 coTRGibdt b riflHPARERAME ol HEechHRTGRI v 23t i on

process, t he two- st age
suppresses the formation of sludge in the process directed to a high

degree of cracking reaction. However, each of them is nothing but an
abstract report failing to elucidate the working effect of the technique.
For example, J apanése Patent Application Laid-Open No.

15 25889/1990 discloses two-stage process for hydro genatihg a heavy
petroleum oil by the use of a hydrogenation catalyst having a large
pore diameter of 150 A or larger in average which comprises the first
step in which the hydrogenation is carried out at a reaction
temperature of 400°C or lower and the second step at a reaction

20 temperature of 400 to 460°C. However, any of the working examples
in the above-mentioned disclosure describes the reaction by means of
an autoclave only, thus failing to elucidate the extent of decrease in
the formation of sludge in a fixed-bed flow type reactor as a
commercial production equipment. In addition, it never describes the

25 quality of the hydrogenated product oil. Moreover, the above-
disclosed process involves the problem that as compared with the

previpus direct hydrodesulfurization process, the two-stage
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This is the replacenent sheet 3 - Date: 13 APR 1996 hydrogenation -
process mnecessitates a heating furnace facility; thereby being acconpanied
by imcrease in the process cost. The techniqgg di scl osed in Japanese Patent
Appl i cation Laid- Opcn No. 305891/1990 relates to a descaling agent which
removes the suspended solids;such as the scale contained in heavy

hydr ocarbon oil, a hydrogenation catal yst which renoves the dissol ved
metal s such as or atibf Px@@&ﬁﬁé@eds&af&%’hsﬁﬁd Fapideetaeilityd thereby
met hods of using said agent and catal yst, _,respe'c,tivegy. As the sggcific

met hod of using, theinghmconipaiiedtdintesasd imtheaprovess sogtacked in the
forefront of a reactor to prevent catalyst solidification or clogging by
scal e at the forefront ThetteehniguetdiscloseddndapanesacBatent Applicpsiambaid-s
t he object of the present invention is formed on the downstream side of the
reactor, the descaDpen Nged05881/199§elatssie a desqalimgeagsnt sxlaich; regneves the
descaling effect. Aside fromthe aforestated drscLante%b‘th t echni, que

N PgayYy

di scl osed in Jdpansuspendedsolidssuchaas the scale coptaingd . At o5

of & hydrogenati orolnt MO ESTAGORCaRy LY bl ROReR b 4R Es thel S su2

L S e
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t he hydrogen-donative agent ernore, e hydrogena ess does

no! 220\%} ngf‘@ e é;fbr{gﬁg(tlﬂoggfaéiif%cﬁiﬂ%gﬁrév%ﬁhwyst Jolidficatienidradbgging be
by scale at the forefront of the reactor.

However, since the sludge that is the object of the present
invention is formed on the downstream side of the reactor, the
descaling agent is judged to be incapable of exerting the déscaling

15 effect.

Aside from the aforestated disclosures, the technique disclosed
in Japanese Patent Application Laid-Open No. 243196/1988 relates to
a process for hydrocracking a heavy oil as the charge stock by the use

) ' of a hydrogenation catalyst in the coexistence of a hydrogen-donative
20  solvent and hydrogen gas, followed by the hydrogenation of the
produced oil. According to the working examples of the disclosure,
although the cracking efficiency is enhanced by the process, the sulfur
content in the product oil is still high, thus _deteriorating the quality of
the product. It is naturally anticipated that the process running cost is
25 raised by the use of the hydrogen-donative agent. Furthermore, the

hydrogenation process does not show the effect on decrease in sludge

formation, revealing itself to be not so valuable as being expected.
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This is,the replacenent sheet Date: - 13 APR 1996 4 DI SCLOSURE OF THE

| N\VENTI GN Under such circunstances, .intensive research and i nvestigation
wer & nade=by--t he present inventors on the developnent of a cracking -

t echni que for a heavy hydrocarbon oil- which #an produce a product oil with
a low sul fur content in high,cracking efficiency, suppress sl udge formation
and el im nate operational 6ub|es due to sludge, while. overcom ng the

probl enms with theEﬂg@gg%gp@3§h22%233535§¥ﬂﬁ§ aresult, it has been found by
the present inventors a € above-nentl oned object can be attained by '
the use of a catalyst Hgudepsactpeireufiistanclss intehsiveaeseashraml ioheistigation

specific range in hydrosul furizing.and hydrodenitrifying treatnent as t he
cat al yst capabl e oversupyadestsy the ptesdgeiriventets om the dehelopmentvdfea erackiingvy

hydrocarbon oil is successively subjected to (1) hydrogenating-
demetalizing tr eatlnehmqt(ezﬁ)rwﬁcm Lydmtgubonm%ch ganl pragluce a product

hydrodesul furizi ng-hydrodeni trifying treatment The present invention has
been acconpl i sBed @h Wit ajew sulfar FM%W@!% ﬁf@@ﬂ@a effigiency., swppress

information. In nore,detail, .the sent i nvent ji.on provj des, a cess for
hydr ogenat i ng t r e HEEE Bfmauﬁﬁ %‘%ﬁm tiopal g %$\d 'E’rfg 8

v oosnevi oy Lok HORIUREb AR RSS BROBEHR fii h«?ﬁ@{&%ﬁ%@%ﬁﬂé‘%ﬁsﬁ@ |
erploying i n he hyd: gk ?ﬁﬁﬁﬁéﬁnﬁ%ﬁ%ﬁﬂqﬁﬂ%@%@ﬁ?f@?‘?'ﬁafscﬂ%@?f |

having a pore si 2R hidiidi¥ GBjeEFeal bEdAindd by e o YropeRalading

whi ch an average pore diane pores havin i ameter e ran

of 16 to 1,70QpA r@PSPési%%éfbdtfbn?%cié&etoVQkﬂéﬁﬂ%frahgé iffor es having

sai d average pore draneter
hydrosulfurizing and hydrodenitrifying treatment as the catalyst

capable of suppressing sludge formation in the case where a heavy
hydrocarbon oil is successively subjected to (1) hydrogenating—
demetalizing treatment; (2) hydrocracking treatment; and'(3)

15 hydrodesulfurizing-hydrodenitrifying treatment. The present
invention has been accomplished on the basis of the above-mentioned
finding and information.

In more detail, the present invention provides a process for
hydrogenating treatment of a heavy hydrocarbon oil compnsmg the

20 successive steps of (1) hydrogenating-demetalizing treatment, (2)
hydrocracking treatment and (3) hydrodesulfurizing-hydrodenitrifying
treatment in the presence of respective catalysts which process
comprises employing in the hydroéulfurizing—hydrodeniu'ifying
treatment, a catalyst having a pore size distribution as measured by

25 nitrogen release method in which an average pore diameter of the
pores having a diameter in the range of 16 to 1,700 A ranges from 55

to 90 A, the volume of the pores having said average pore diameter
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This is the replacenent. sheet Date: 13 APR 1996 5 10 A occupies at |east
30% of the vol une occupi ed by the pores having a dianeter.in the range of
16- 0 -1;-700 A and:ithe vol ume of the pores having a.dianeter of not smaller
than 101 A occupi es at most 10% of the vol umd occupi ed by the pores having
a diameter in the range of to. 1,700 A THE MOST PREFERRED EMBODI MENT TO

CARRY QUT The charge stock oil as the object of the present invention
i ncludes a variet lel‘"k@@éﬁpieyﬁf%@ ke 308 W X si dual
oil from at m)sphe?:i c él stil'l'ation o¥ Bg%%lﬂg?l ,Bﬁr“g%i ua %‘”’yﬁﬁg vlgguum

di stillation, reshdyahg aidiafricter othel dnige oF B6 kb 197004 dQHé_Y/ioﬁ?@‘é%fﬂﬁ’

tar sand oil and oil shale. The aforesai"d heavy hydrocarbon oi

subj ected to hydr pgeesthaving a diametsr ofméotemalies enge 101 k@t@hpﬁﬁs #QABEL Si Ng
t he successive steps of él) hydr ogenati ng-denetal i zing treatnent, (2)
hydr ocr acki ng t r edOf0f thewvalsmengetupied wyf thei pores-Haming dediametéy imthe
treatnment in this arder. . In thed)tl hydr ogenati ng-denetal i zing treatnent, a
heavy hydrocarBonrange p§ 16 teeb, 7

a_h

is fed to and treg :
equi pnent, which ddH

The hydrogenati ng-ggt L1z treat . rs an ﬂ qui pnment therefor
are exenplified b#@im ted to fixed bed, boiling bed, moving bed,
Pxed-bed system  each TEARER: S6GE Pl S thelhbisdt bk e Bicredl inydyldf

catal yst beds, _a”?n&ufdby ' drRéty N hPGrdcaB66A Tift art {sEXfifidd by

t her ebet ween.
10 residual oil from atmospheric distillation of crude oil, residual oil

from vacuum distillation, residual oil from catalytic cracking, oil from
visbreaking, tar sand oil and oil shale.
The aforesaid heavy hydtocarbon oil is subjected to
hydrogenating treatment in the presence of catalyst comprising the
15  successive steps of (1) hydrogenating-demetalizing treatment, (2)
hydrocracking treatment and (3) hydrodesulfurizing-hydrodenitrifying
treatment in this order. |
In the (1) hydrogenating-demetalizing treatment, a heavy
hydrocarbon oil is mixed with hydrogen gas and the resultant mixture
20 is fed to and treated with a hydrogenating-demetalizing treatment
equipment, which consists of a single or a plurality of reacﬁon towers.
The hydrogenating-demetalizing treatment process and the equipment
therefor are exemplified by but not limited to. fixed bed, boiling bed,
moving bed, upflow system, downflow system and solvent extraction
25 system. In the fixed-bed system, each reaction tower is divided into a

plurality of catalyst beds, and a fluid for cooling the reactants is

introduced therebetween.
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This is,the replacenent sheet Date: 1 3 APR 1996 6 The hydrogenating

denet al iszi ng catal yst to.be enployed in the case of fixed bed nmay be any of
the sicomercially avail able denetalizing catalyst conprising at |east one
metal selected fromthe group VIA netals, thé&group VIII netals in the
periodic table and conpounds,t hereof (hereinafter netal and netal conpound .
are sonetines abbreviated to "Metal") in the form-of oxide, which catalyst -

| nor gani ¢ oxi des. such adHEgrRgcRaNg Bahfe i ERaRsE I8 br SRk RReT o
des such _ o Sipe

E}%ﬁ on t emper lta{ (o8 9 RBd W AT 1 80 oF RHE LOm ity S0RIRMe, 1) 2 ©

01 [orr]: "2 hydrogonor | L aBi o a0 P E 86 qask ofFnetal belegid frotd e

1,000 [err]/kl; angraup MigVmetalspitt froirp VIEPeealsGh @hé btiodic fable bAd10 |
[err] preferablcé 0.3to 5.0(;‘err] Thereafter, the effluent oil fromthe (1)
hydr ogenat i ng demecempoungstthereofi¢herginaftes metal 4nd metabcgpoandraver acki ng
treatment equi pnent, which consists of a single or a plurality of reaction
towers. In the cas%"@?tlm%%bllféw%?@ﬁ%ni\d@ab% incthetfoom ofpoxide; whicki ded
into a plurality of C@}F%l'¥5t beds, and a EI uid, for cooH ng the reactants. is
i ntroduced t her ebetHALFSt 1S AUPRRRed paany0ha vargty i disahle crrrieys esemplifiad)
treatnment is that ﬁg [isi rp:rgqat | east, one tal, sel ect,?;d fromthe group VIA

nmetals and the gro IPS organic axides sych; asalumigg, silica, silicaralpmipg and

oxi de, which catal gsﬁl §§esupport.ed on any of a variety of usable carriers
such as alumna, s ‘T Y ,-al um na- boria, alum na-phosphorus and zeolite.

There is also ysable a 4RbP3heRt BAAGRORY in (% AFddEeditie deifiighg "
treatment include a reaction temperature of 300 to 450°C (preferably
360 to 420°C); a hydrogen partial pressure of 30 to 200 kg/cm?2G,
preferably 100 to 180 kg/cm2G; a hydrogen/oil ratio of 300 to 2,000
Nm3/k¢, preferably 500 to 1,000 Nm3/k¢; and an LHSV (liquid hourly
15  space velocity) of 0.1 to 10 hr-1, preferably 0.3 to 5.0 hr-1.

Thereafter, the effluent oil from the (1) hydrogenating
demetalizing treatment process is fed to a (2) hydrocracking treatment
equipment, which consists of a single or a plurality of reaction towers.
In the case of fixed-bed system, each reaction tower is divided into a

20 plurality of catalyst beds, and a fluid for cooling the reactants is
introduced therebetween. |

The catalyst to be employed in the hydrocracking treatment is
that comprising at least one Metal selected from the group VIA metals
and the group VIII metals in the periodic table in the form of oxide,

25  which catalyst is supported on any of a variety of usable carriers such
as alumina, silica, alumina-boria, alumina—phosphorus and zeolite.

There is also usable a catalyst prepared by the techniques disclosed in
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This is the replacenent sheet Date: 13 APR 1996 7 Japanese Patent o
Publ i cati on Nos. 49131/1985, 24433/1986, 21484/1991, etc. which conprises
-at feast one Metal selected fromthe group VIA netals and the group VII|I
metals in the periodic table in the form of pxi de and which is supported on
a carrier consisting 0f'20.yo-8096by wei ght of an iron-containing zeolite
and 80 to 20% by wei ght of- an-i-norgani c oxide. There is further usable a

P o e ey g o 1adanes _&%Ré‘kﬂgﬁﬁgéiééﬁé&a‘@é?ﬁéﬂﬁﬁé’ﬁ@ 6 octed Trom
ormor b e a2 ARRIad i Shicn comptises at ieast ofedetal Sriesteddrom G
DY el ght o a0 " BROUS IR HRRE &REMS Brd VAR e 0T B 1R+l lbidTn

I ron-containing zepd féén oFbxige anaqph?dﬂsr@gﬂo bl darAEF csﬁéilétipgdom'
treati ng a St eam ng-t reate st eam ng zeoll W an aqueous sol u on O an
iron salt. (Referd 809aby\WeRsHIUfH irORREdMainiAG Zedlite ShE'BON® 20% b |

289419/ 1990.) The use of "the aforesaid i ron-congal ning alum nosi|li cgt eis

extrenmel y effecti weight ofaainotganio bxidé.nThefeisfinthdrngablé aciaealyst f rom t he
distillate with boilirng points of not |ower than 343C to the distillate

wi th boiling poi npsepdreddiy thegieehniquendischosell indJapanesp Patenv|Application n t he
periodic table, Mo and Wis preferable and as the group VIII netal therein,
Ni and Co are prelaidi@pen Noe 2894494990 svhichtcomprises atleastone Metaki ng
treatnment include a reaction tenperature of 300 to 450[err preferably 380
to 420[err] a hydselgstedfrom the greup WA oretals ans theognoyp ¥l metalsin the)| v
100 to0 {180 kg/&err]; 3,h drogen/oi| ratjio of 300 to. 2,000 [err]/Kkl, )
10  periodic E/able in the form of oxide and which is supported on a carrier
consisting of 10 to 90% by weight of an iron-containing zeolite and
90 to 10% by weight of an inorganic oxide. In particular, there is
preferably used as the iron-containing zeolite, an iron-containing
aluminosilicate obtained by treating a steaming-treated steaming
15 zeolite with an aqueous solution of an iron salt. (Refer to Japanese
Patent Application Laid-Open No. 289419/1990.) The use of the
aforesaid iron-containing aluminosilicate is extremely effective in
regard to enhancing the cracking efficiency from the distillate with
boiling points of not lower than 343°C to the distillate with boiling
20 points of not higher than 343°C.
As the group VIA metal in the periodic table, Mo and W is
preferable and as the group VIII metal therein, Ni and Co are
preferable.
. The treatment conditions in the hydrocracking treatment
25 include a reaction temperature of 300 to 450°C, preferably 380 to
420°C; a hydrogen partial pressure of 30 to 200 kg/cm2G, preferably
100 to 180 kg/cm2G; a hydrogen/oil ratio of 300 to 2,000 Nm3/k¢,
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This is the replacenment sheet Date: 13 APR 1996 8 preferably 500 to 1, 000
[err]; and an LHSV of 0.1 to 2.0 [err] preferably 0.2 to 1.0 [err] As the
resul t- of the above-nentioned hydrocracking treatnent, a hi'gh-quality '
naphtha distillate and kerosene/gas-oil disti8|ates can be obtained in high
efficiency by cracking a distillate.of not |ower than 343[err] to a
distillate of not higher than 343[err]. The effluent oil fromthe (2)

Y eat ment st 2p. | < PUERekapTy 0o L BRBNRA Poac S SERF 1t RS2 L oat ment
the case of 11 ved- BTty R I @Ol 6 ower 1€ divided into a
nir oduced.t hor ebet woert Hhe TEiEp) WS fRoREriafiona hifdFRCkAY featinent,

Y om the. convent | onal hyok Cubanr T ot Qisitialé 8 KErbect (RGeS B

been used in hydr coltainédiin highi efficiecy byscrackin®! 4 distifaté 0F nfot 2o Wes thin t he

present invention. Prior to investigation on thé& present

hydr odesul f uri zat i 3 Catalaydistillaleusimot lnighien ghare 343PCsm was i nvest i gat ed
and el ucidated by the present inventors. As a result, it has been proved
that asphal tene (n-hepthheeffluenieil fromdhed2)bydroctacking treatpeerratgp whi ch
Is one of the high m)lgéal ar _conponents in the charge stock oil is greatly
changed in its priPREcsdetdyshedl bydrogenating demetalizing dreatment step isnfied

sl udge by treatinqﬁthfjﬁﬁl under severe conditions. It follows fromthe
aforestated fact tiR# (3 Yims 13g hydredenitiifyingtreagment equipment,

10 which consists of a single or a plurality of reaction towers. In the case
of fixed-bed system, each reaction tower is divided into a plurality of
catalyst beds, and a fluid for cooling the reactants is introduced
therebetween.

The catalyst to be employed in the hydrodesulfurizing and

15 hydrodenitrifying treatment is greatly different from the conventional
hydrodesuifurization catalysts that have heretofore been used in
hydrodesulfurization and thus, constitutes the feature of the present
invention. _

Prior to investigation on the present hydrbdesulfurizaﬁon

20 catalyst, sludge forming mechanism was investigated and elucidated
by the present inventors. As a result, it has been proved that
asphaltene (n-heptane-insoluble and toluene-soluble component)
which is one of the high molecular components in the charge stock oil
is greatly changed in its primary and supe}molecular structures and

25 converted into sludge by treating the oil under severe conditions. It
follows from the aforestated fact that in producing a product oil with a

low sulfur content in high cracking efficiency, the sludge formation is
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| ow sul fur content in high cracking efficiency, the sludge formation is
This isithe replacenment sheet.Date: |3 APR 1996 9 suppressed by the.. .
applicati.on of the catal yst capable of restricting the asphaltene cracking
to a nmore mld level which conprises at | east9one netal conponent selected
fromthe group consisting of ,the group VIA netals and the group VIII netals
In the periodic table,'specifically exenplified by Co-Md and Ni-M> in the

hol Ot exor essed | SUPBRESSEADY th? ARAIEIOf theAbiAIRY ChpfbicTof fs63 the
such as al umi na, shpieateri ék@cllﬁ‘l%é WGAoréhiiid [l Whith (?Hd’lgll'lggs BPRSRPGHYS:

zeolite and m xtures thereof and I ch catalyst has a pore

distribution as mesmtabdomponent seleoteEons théerdaes consisting'd

di anmeter of the pores hav?nrll)g a di aneter of 16%0@%9700 A rgng?ge%g@ggl‘?o
90 A, the vol une ofmatals quul the group Vy IEbmetalsdnabe pepicdic tabie] specificAll
occupi es at |l east 30% of the vol une occupi ed by the pores having ‘a di gmeter

of 16 to 1,700 N apxemplifias bynCadMotandoNi-ddotiaviheformioforide, wisicher t han
101 A occupies at nost 1Q% of the vol une occupied b% the pores having a -
di aneter of 16 to FatROYStAS sURPRHediipAmamount of Sta20% byriweighbekpressed in

al um na- phosphorus,as the cajrier exhibits a remarkable effect. The
al um na-boria as t%%?f?%ﬁ{%%_aﬂyeqwe? Xanety,obysablecasriers sugh as abmina, by

i ght, d.th | LkRd Na- t b I h f bl .
phosphor us. cont ent S b afiiSTIIca, afynima-brria, glymin:bhespheris scelite and
trol fi fLOr | ' bl icl A f th
Vari ous-exi ating | FHAFuES ietéek Gud R Calal s AS 2 Bt ii2e Bstribmitionss
refinery, and {e fleadfe?ty Hifrogen HeRAsE théfiodtin' WhitH'dh 'aVefigdliaeter of
the pores having a diameter of 16 to 1,700 A ranges from 55 to 90 A,

the volume of the pores having said average pore diameter +10 A
-occupies at least 30% of the volume occupied by the pores having a
diameter of 16 to 1,700 A and the volume of the pores having a
15 diameter larger than 101 A occupies at most 10% of the volume
occupied by.the pores having a diameter of 16 to 1,700 A. In
particular, the use of alumina-boria or alumina-phosphorus as the
carrier exhibits a remarkable effect. The alumina-boria as the carrier
has preferably a boria content of 5 to 30% by weight, and the
20 alumina-phosphorus as the carrier has preferably a phosphorus
content of 1 to 10% by weight. '

The above-described trouble with petroleum refinery due to
sludge formation is publicly known from the various existing
literatures and routine commercial operation of the refinery, and the

25  sludge amount is quantified as toluene-insolubles.

The treatment conditions in the hydrodesulfurizing

hydrodenitrifying treatment include a reaction temperature of 300 to
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The treatnment conditions in the hydrodesul furizing hydrodenitrifying
treatnment include a reaction tenperature of 300 to This is the
replacenent sheet Date: 1 3 APR 1996 10 450'[lerr], ‘preferably 360 to .
420[err]; a hydrogen partial pressure of 30 p _

to 180 kg[err]; a hydrogen/o_._L'.I ratio of 300 to 2,000 [err], preferably 500

0 200 kg/[err], preferably 100. .

to 1,000 [err]; and an LHSVof 0.1 to 2.0 [err] preferably 0.1 to 0.5 [err] - .

As the result of tfe : £ - Diysgho ITEAR oI | 1. FRrRVaNg
reatment . the di i e rchrenbt 360 i AAEh Ehlittach Mal RRARERE bF 300
i mproved in parti Viny Pl0) ' W .t @{oge ;

catalyst in the ( %&glrdgﬁegﬂpﬁfﬂéqlﬁg y rgggnl ?t!nfa?l’rgﬂre lﬁé@?ﬂ-ﬁ% 0tfhe
i ron- containi ng @00e25000 Nk kebprifeasbly 500 &R1i000 Mns/R&MAMY ah TSV
zeolite with an aqueous sol ution ofan iron salt as disclosed in the

af or esai d Japaneseoff@tleot 2.8rat1 opreferablyOdt @pO5 bel, 289419/ 1990 in the (2)
hydr ocracki ng treat nent enables the product oil with a |ow sul fur content
to be producedS5nore ef fAsitheresult of theyabeveraiéntionséd hydradegulfurizing

equi prent troubl e due to sludge formation. In each of the treatnent steps
conpri si ng t he (1)hyfredsgitndyingtraatment, the distillateofaet lower thari343tacki ng

treatment and (3) ,h odesul furi zi ng hydrodenitrifying treatnment, a heavy
hydr ocar bon oi | wbﬁ%&ﬁwt&lmﬁmﬁq&%ﬁpmﬁ%ﬁlaﬁ'ess by weight in the

e s
| the charge st ockd) dhrieRfifl by QRGrHTiE et 68" T 1T

range of 300 tg 42Qitairing aluminosilicate obtained by treating a steaming-treated

zeolite with an aqueous solution of an iron salt as disclosed in the
aforesaid Japanese Patent Application Laid-Open No. 289419/1990 in
the (2) hydrocracking treatment enables the product oil with a low
sulfur content to be produced' more efficiently in high cracking

15 efficiency without equipment trouble due to sludge formation.

In each of the treatment steps comprising the (1) hydrogenaﬁng
démetalizing treatment, (2) hydrocracking treatment and (3)
hydrodesulfurizing hydrodenitrifying treatment, a heavy hydrocarbon
oil with sulfur content of 1.0% or less by weight in the distillate of not

20 lower than 343°C boiling point can be obtained in a cracking
efficiency of 20% or higher, preferably 20 to 70% by weight in terms
of the distillate of not lower than 343°C boiling point contained in the
charge stock oil by optionally varying the inlet temperature in the
range of 300 to 420°C.

25 The effluent oil discharged from the reaction process
cprriprising the above (1), (2) and (3) treatments is usually introduced

in a separation step according to the conventional method, where it is
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The effl.uent oil discharged fromthe reaction process conprising the above.
(1), (2)and (3) treatnents is usually introduced in a separation step
according to the conventional nethod, where it is - This is the :
repl acenent sheet 1 3 APR 1996 Date: separatHd into-gas portion and |iqui d
portion by being treated withy,a pl urality of separation vessels. The gas
portion is subjected to the s{ep of renovi.ng hydrogen sul fi de, ammoni a,

t foll d by th f t d

Fecyel ed t hrough (A Bls G 8Bt S0E0e dgeinar TPRIPhbY helhg pareshuith e
On the oth h_h b th

gg;ar ati ones'? epelr S@%%ﬁ@%‘#ﬁ*@“ﬁ%&#ﬁ ﬁ%& 08 loﬁﬁgﬁ‘z feFEtiQthl,f{]$tFP2d

ted int

et hod. - Speci f1 cal {5 ooVt dRenn s o ?%Bﬁa%h 2GRN Bihenat.

f tion, il Raicing

f;:gtzggat ?ﬁ; gendélr'fl oné u S?Oéat ngqﬁgré%a??gg?rgaa??%%h@gm&e rear:uonon

145 to 190[err]s f oprocephtdgethet witnpdreshuipdrogen feed2fg( err] for kerosene

cut tenperature, 343 to 380[err] for gas oil cut tenperature and 380[err]

and hi gher for resi duunDauthetothpehandy the liguidpaitidrawhicl has beehsepatited ned
I's used as the charge stock oil for a catalytic reformer so that a reformed
gasol ine with a hilgihsseparation siepdisrinrodpced do audistilationsstep, wherayit is
fractionation may vacuum di stjll ation. As, descr| bed

garrl ed out a
her ei nbefore, in I‘F&é?‘ Sgrﬁtﬁeﬂﬁr@ﬁ dﬂ%?ﬁsp&ﬁtlxerfé%ﬁﬁiﬂﬂm
duct | th | t d d hi
B {1 ency w t houtCUDEMAnaN WP iRy b1t ddgebs s paret m%é%@@b %ssed
by using a Cahl 'ygﬁ'g&gér} ggoggﬁé 'f' acﬁro'nf 939 i’ ﬂ'acﬁgﬁ%%%nfetsfdulﬁn Haction by

treat nents,

setting the fractionating conditions under atmospheric fractionation,
for example, on 145 to 190°C for naphtha cut temperature, 235 to
265°C for kerosene cut temperature, 343 to 380°C for gas oil cut
temperature and 380°C and higher for residuum cut temperature. The

15 naphtha fraction thus obtained is used as the charge stock oil for a
catalytic reformer so that a reformed gasoline with a high octane value
can be produced. The distillating fractionation may be carried out by
vacuum distillation.

As described hereinbefore, in hydrogenating treatment of a

20 heavy hydrocarbon oil, a product oil with a low sulfur content can be
produced in high cracking efficiency without operational trouble
while sludge formation is suppressed by using a catalyst for
hydrodesulfurizing and hydrodenitrifying treatments, the pore size
distribution of which catalyst is restricted to a specific range.

25 Accordingly, the process according to the present invention is . |
advantageous in that:

(I) Long-term stable operation is possible, thus curtailing running
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di stribuytion of which catalyst is restricted to a specific range.
Accordingly, the process according to the present invention is advantageous .
inthat (1) Long-termstable operation i's possible, thus curtailing
runni ng This is the replacenent sheet Datig; 13 APR 1996 12 cost. (2)
It is possible to select charge stock oil in a w de range fron1I|ght
hydr ocarbon oil to heavy hydiocarbon oil.. (3) Hgh profitability is
assured by virtue of hi h cracklng eff|C|ency and high quality of the

product. (4) It is po b1 e to select the cracki ng eff|C|encyfromIowto
hi'gh, thereby inp erX| hili to t r ocess ui t constitution.
Consequent |y, the {s Pﬂ%hlel @:seégg ‘IE}W%FI&O Qgﬂ W § NG HOM ent

aon1the vi ewpoi nt

of o 2&?5?&????zétefgﬂékﬁf?*%@saf%&g‘iéﬂﬁy IR S Comer o o
| i ' . f | bed i
more dotail with fOrer au PRIy ﬁ%%?ﬁug&%khﬁ]??%ﬂﬁ?ﬂ' the

exanpl es and cgnpar at i ffiR S5 1 tthe follow ng
properties obtained from at no pherPc d| st Tﬁg?%nﬁy e Ar abi an heavy oil

was used as the he@y Hyds possibinosélect ﬂh%tcraéklr@effi‘dieﬂ@)e fomwotd high,
Properties: Specific gravity 0.9798 Kinematic viscosity (at 50[err]) 2,018

cSt Sul fur content Ahessbybymparntiyig flexibility to the process equipment

TJ:-

constitution. .
Consequently, the preseht invention establiéhes a surpassingly
10 excellent cracking treatment technique for a heavy hydrocarbon oil

from the viewpoint of effective utilization of resources, and is
expected to find commercial applications.

In the following, the present invention will be described in
more detail with reference to examples and comparative examples. In

15 the examples and comparative examples, the residuum having the

following properties obtained from atmospheric distillation of the
Arabian heavy oil was used as the heavy hydrocarbon oil, that is, the

charge stock oil.

Properties:
20 Specific gravity 0.9798
Kinematic viscosity (at 50°C) 2,018 cSt
Sulfur content 4.13% by weight

Nitrogen content 2500 ppm
Vanadium content 85 ppm

25 Nickel content . 36 ppm
Carbon residue 15% by weight
Asphaltene 7.7% by weight
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Ni t rogen cont ent 2500 ppm- Vanadi um content 85 ppm Ni ckel content 36

ppm Car bon resi due 15% by wei ght Asphal tene. 7. 7% by wei ght

This is the replacenent sheet Date:-13 APR; 1996 13 Initial. boiling poi nt -
281 [err] Distillation range - 341[err]13 5% 376[ err] 10% -
460[ err] 30% - 546[err] . 50% Exanpl e 1.1) Hydrogenation

cat alyst [err] Hydr ogenat i on- dénet al i zati on cat al yst [err]-alum na carrier,
. 5% by wei ght of noly ght of nickel oxide, 3% by

WEI ght of vanadi um oxi zﬂﬁfyér ﬂqnhgg’%@{ag%§@cat alyst Alumna carrier with

65% by wei ght of iron- m olite (the ocgfydcer pre ed according

to Exanple 1 in Japanese g’tag%}?qﬁggﬁ cation Lai a?{{)g No. 9?5419/ 1990) 4%

by wei ght of cobalt oxide, 10% by wei ght. of nol ybrigsgum oxi b [err]

Hydr odesul furizati on-hydrodenitrification catalyst [err]-a m na- bori a
carrier (2.4% by wei ght of boria), 8.8%by wei g46@fC ol yi3@gEum oxi de, 3. 4%

by wei ght -
5 - 546°C  50% .. ... . ..
Exm le 1 : N - This' SheetHasBeen Replac
T Mgty QT

O] Hydrogenation—demetalization catalyst ,
a-alumina carrier, | |
10 1.5% by weight of molybdenum oxide, 3% by weight
of nickel oxide, 3% by weight of vanadium oxide
@ Hydrocracking catalyst -
Alumina carrier with 65% by weight of iron-
containing zeolite (the carrier prepared according to
15 | Example 1 in Japanese Patent Application Laid-Open
No. 289419/1990)
4% by weight of cobalt oxide, 10% by weight of
molybdenum oxide.
) | ® Hydrodesulfurization-hydrodenitrification catalyst
20 v-alumina-boria carrier (2.4% by weight of boria),
8.8% by weight of molybdenum oxide, 3.4% by weight
of cobalt oxide.
The catalyst had a pore distribution as measured by nitrogen
release method in which an average pore diameter of the pores having
25 161to 1,700 A diameter was 85 A, the volume of the pores having 85
+10 A occupied 39% of the volume occupied by the pores having 16
to 1,700 A and the volume of the pores having a diameter of not

smaller than 101 A occupied 6% of the volume occupied by the pores



of cobalt oxide. The catalyst had a pore distribution as neasured by
nitrogen rel ease method in which an average pore dianmeter. of the pores
havi'ng 16 to 1,700 A dianeter was.85 A, the volunme of the pores having 85
10 A occupi ed 39% of the volume occupi ed by l#he pores having 16 to 1,700 A
and the volunme of the pores paving a dianmeter of not smaller than 101 A
occupi ed 6% of the vol unme occupi ed by the pores This is the repl acenent

sheet Date: 1 3 APR 1996, 14 ' tg 1,700 A diameter. 2) Hydrogenation
treat nent conditiol?é“?gehéﬁ%aqu(g%pégﬁﬂ?’é 390 to 410[err] Hydrogen :
partial pressure 145 k v drogen/ of g . 860 [err] Al liter
fi xed-bed reactor was %@@Wﬁ@'ﬂﬁ?“%ﬁr@"&m{’ﬁg hydr ogenat i on
denetal i zation catal yst, 3$pa lt pjlwt&e hygg?%qtqlﬁoﬁg catal yst and

on

43% by vol ume of the hydr odesu%feé?za” ydrodenifrification catal yst each
as described above, in thi i t 94 R redi uum from
Hyﬁi‘é@éng | alGresstne 3 E%m &

at nospheric distillation of “the” Ar an “heavy oi t he above-

nentioned treatgrent condi t Hydsogén/eildanel | ow rat 860NmbBsaLc/ hr. The :
reaction tenpefratures in the hydrogenati on-denetalization catal yst bed,

hydr ocr acki ng cat al yst AeHliterfikgdibedaeatfornwaspacked with 3% by nvidlioee obn
catal yst bed were 380[err], 405[err] and 382[err], respectively.
Conpar ati ve Exanpl deihydrogenatign dﬁmcualizatiomtaiysg,é&%d)yt volwae eféheit i ng
E Lgat, Tent In the Sﬁggrogggﬁirngagatglg'stlzx agg%f% %)y%él?mrlee %?‘rtlcliet 0 the types of
'hydrodesulfurization hydrodenitrification catalyst each as described
10  above, in this order and waé used to treat the rediuum from
atmospheric distillation of the Arabian heavy oil under the above-
mentioned treatment conditions at a downflow rate of 314 cc/hr. The
reaction temperatures in the hydrogenation-demetalization catalyst
bed, hydrocracking catalyst bed and hydrodesulfurization-
15 hydrodenitrification catalyst bed were 380°C, 405°C and 382°C,
respectively.
Comparative Example 1
The charge stock oil was subjected to hydrogenating treatment
in the same manner as in Example 1 with regard to the types of the
20 hydrogenation-demetalization catalyst and the hydrocracking catalyst
and the volumetric proportion of each catalyst in combination, but the
under-mentioned hydrodesulfurization-hydrodenitrification catalyst
was efnployed.
® Hydrodesulfurization-hydrodenitrification catalyst
25 y-alumina carrier, 6.9% by weight of molybdenum
oxide, 1.2% by weight of cobalt oxide, 0.7% by weight

of nickel oxide.
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hydr ogenati on-denetal i zati on catal yst and the hydrocracki ng catal yst and:
the voluanetric proportion of each catal yst in conbination, but the

undér - ment i oned hydrodesul furization-hydrodenitrification catal yst was

enpl oyed. [err] Hydrodesul furization-hydr o,_&_j%_ni;.t rification catalyst
[err]-alum na carrier, 6.9% py"wei ght of ol ybdenum oxi de, 1.2% by wei ght
of cobalt oxide, 0.7% by weixght of nickel oxide..  This is the replacenent

sheet Date: 13 APR 199%&iaﬁ?ﬁﬁfhﬁm%%ﬁ’&%ﬁ&ﬁ%ﬂ?&%ﬁib&;hiﬁ)géglasured

by nitrogen rel ease net ho average pore or es

having 16 to 1, 70f:]éasH RiERhGd ifavhith véﬂagg' R ggef@a@’ye@@f R Q@rér%aﬁ’d\ﬂlgglw

10 A di anmeter occupied 31.4% of the vol unme he -por avi nge16

to 1,700 A di amet £6 tarig700e didmererobas he 8Nk g h@MﬁMo@tﬁéWéseﬁa%gmt
smaller than 10 1 A occupied 51 % of the vol une occupi ed by“the pore

having 16 to 1, 70018 li(afediamet®heccepied dh40% mf¢the volemei dcdupied by the
hydr ogenati on-denetal i zati on cat al%}st .bed, hydrocracking catalyst ged and
hydr odesul f ur i%at peres hapingdénta 1700cAt diameser and he lyedumeraf thegpares] ,

405[err] and 382[err], raspectively. Exanpl e 2 The .charge stock oil was
subj ected to hydr 3 digmeterofdiat smalierthann k0 hénaeeupicdi 1l Befnibee 1

cach catal yst i n KOS BEFURLed B tiE porechavibanis fo d, 10 Andlasabier. ™"
i ogenat on, deret a 164 a0l Rokpecabons b TS SeRR SR St
405ferr] and 392[ giib]yst bed, hydrocracking catalyst bed and hydrodesulfurization-
'i 10  hydrodenitrification catalyst bed were 380°C, 405°C and 382°C,
respectively.
Example 2
The charge stock oil was subjebted to hydrogenating treatment
in the same manner as in Example 1 with regard to three types of the
15 catalysts and volumetric proportion of each catalyst in combination. |
The reaction temperatures in the hydrogenation-demetalization
catalyst bed, hydrocracking catalyst bed and hydrodesulfurization-
hydrodenitrification catalyst bed were 380°C, 405°C and 392°C,
|  respectively.
20 - Example 3
The charge stock oil was subjected to hydrogenating treatment
in the same manner as in Example 1 with regard to the types of the
hydrogenation-demetalization catalyst and the hydrocracking catalyst
and the volumetric proportion of each catalyst in combination, but the
25 under-mentioned hydrodesulfurization-hydrodenitrification catalyst:

was employed.
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respecti vely. Exanple 3 The charge stock oil was subjected to hydrogenating
treatnment in the same manner as in Exanple 1 with regard to the types of

t he *hydr ogenati on-denetal i zati on catal yst and the hydrocracki ng catal yst

and the volunetric proportion of each catal y’sﬁ i'n conbi nation, but the
under - ment i oned hydr odesul fugi zati on- hydrodenitrificati-on catal yst was

enpl oyed. This is the replacenent sheet Date: 13 APR 1996 16 [err]

Hydr odesul furi zat i on- hy@ oHedrddésu ' ; : ha-hori a
carrier (2.6% by wei ght@gf gof?%%gjmg%%m yﬁ%?g‘%‘?é“émnﬁ%ﬂég%%%xide, 3.5%
by wei ght of cobalt oxide. The-alaminasboriadarriero(:6% By Weéight of bagidyeasur ed
by nitrogen release nethod in which an average pore dianetér of the pores
having 16 to 1,700 A dianeter %% by weightef\molybdentint bridey3eS% by ivagigh?
[err] 10 A dianeter occupi ed 50% of the vol ume occupi ed by the pores having
16 to 1,700 A diameter and t h&@festbakieoxide: he pores having a di ameter of not

smal l er than 101 A occupjed 2.2% of the vol une occupied by the pores having
16 to 1,700 A dﬁl aneter%ﬁ&a@}i&h%atpﬁ%@mﬂ@msmed by nitrogen

nyar odesul 1 uri zat | EacasomeRtd i Anich % Serade ape lameieral dhepores RRving
LS5 LTS it ISk TR ety PR A BN i
with regard to thet) yokJisthetd?occupied 50% of the volume occupied by the pores
having 16 to 1,700 A diameter and the volume of the pores having a
10  diameter of not smaller than 101 A occupied 2.2% of the volume
occupied by the pores having 16 to 1,700 A diameter.
The reaction temperatures in the hydrogenation-demetalization
catalyst bed, hydrocracking catalyst bed and hydrodesulfurization-
- hydrodenitrification catalyst bed were 380°C, 405°C and 392°C,
15 respectively. |
Exampie 4
The charge stock oil was subjected to hydrogenating treatment
in the same manner as in Example 1 with regard to the types of the
hydrogenation-demetalization catalyst and the hydrocracking catalyst
20  and the volumetric proportion of each catalyst in combination, but the
under-mentioned hydrodesulfurization-hydrodenitrification catalyst
was employed.
® Hydrodesulfurization-hydrodenitrification catalyst
v-alumina-phosphorus carrier (2.1% by weight of
25 phosphorus), 9.3% by weight of molybdenum oxide, .
3.6% by weight of cobalt oxide.
The catalyst had a pore distribution as measured by nitrogen
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hydr ogenati on-denet al i zati on catal yst and the hydrocr.acki ng catal yst and
t he vol.unetric proportion of each.catalyst in conbination, but-the
under - ment i oned hydrodesul furization-hydrodenitrification catal yst. was
enpl oyed. [err] Hydrodesul furization-hydr obenitrification catal yst

[ err]-al um na- phosphorus carg ier. (2.1% by- wei ght of phosphorus), 9.3% by
wei ght of nol ybdenum oxi de, » 3. 6% by- wei ght of cobalt. oxide. The catal yst

had a pore di st_ri}g}éé&%&&?ﬁ%ﬁéh%ﬂérﬁlggmm didinefer 6f 61%@"‘31?25[%?2&

sheet Date: 13 APR 1996 17 release nethod | ch an average pore

of the pores havingtd4,760 A dfiinétedivaaeRSrA Ve PSlufne biehe PorEEhVingh83
pores having 83 10 A di aneter occupied 37% of the volune occupied by the

pores having 16 t$]1Q A diarhetsraoocupied3d % lof the volemef oddupied bystheaporeg a
di aneter of not smaller than 101 A occupied 7% of the volune .occupi ed by
t he pores havi ng having 16 w0, 700 Aadizmeter and theawlunre oftheeparesrlaving a he
hydr ogenati on-denetal i zation catal yst bed,. Rydrocracking catalyst bed and
hydr odesul f ur i Zat diametsy of 206 smallern thani KH Asvecupied 74 ofthe vidume r | |

405[err] and 392[err],. respectively. Co at | Exanpl e 2 The char ge stock
oi | was subj ect ed°§®m9éiig&%ﬁ?‘i¢§ hwa%&o i:ﬁ)pné tefnner as in -
Conparative Exanple 1 s th regard to three types of the cata nd..
vol unetric proportion 'ﬁf’e 53%&%&?%99@%?%’6%@@%&8&@% n;i@éﬁ%ﬁai .gmon
tenperatures in th I Lon-denet alj gat.i.0 s agl '
hydr ocr acki ng cat ot sq @%g?ﬁﬁgrﬁff&gm g? t}%ﬁrq %‘i& ﬁ&&?&d&%@ﬁmzatlon-
hydrodenitrification catalyst bed were 380°C, 405°C and 392°C,

10 respectively. -

()

Comparativ le 2
The charge stock oil was subjected to hydrogenating treatment
in the same. manner as in Comparative Example 1 with regard to three
types of the catalyst and volumetric proportion of each catalyst in
15 combination. |
The reaction temperatures in the hydrogenation-demetalization
catalyst bed, hydrocracking catalyst bed and hydrodesulfurization-
hydrodenitrification catalyst bed were 380°C, 405°C and 392°C,
respectively.
20 Comparative Example 3
The charge stock oil was subjected to hydrogenating treatment
in the same manner as in Example 1 with regard to the types of the
hydrogenation-demetalization catalyst and the hydrocracking catalyst
and the volumetric proportion of each catalyst in combination, but the
25 under-mentioned hydrodesulfurization-hydrodenitrification catalyst

was employed.
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hydrodenitrification catal yst bed were 380[err], 405[err] and 392[err],
respecttvely. Conparative Exanple 3 The charge stock oil was subjected to-
hydrogenating treatnment in the same nmanner as in Exanple 1 with regard to
the types of the hydrogenation-denetalizati @8 .catalyst and the .

hydr ocracki ng catal yst and-the vol unmetric proportion of each catalyst I n
conbi nati on, but the under-nentioned

[‘Kgrfgslsz:c;;'nfa;hzzt :Qgtgged}otg%hﬁ%@gsq Sl e M e
cart ver (2. 2% by vel gt of bofi %‘%%&ﬁt@bi@%%@@é}%ﬁ%ﬁ%? 3. 3%
by I fogen el ease method i1 5 o0 e ot el daic 3 5 BV, *°

having 16 to 1,700 A di aneter f\eébﬂ{.gxfde_t he vol ume of the pores having 110
10 A di aneter occupled 11. 3% of the volunme occupied by the pores having 16
to 1,700 A diageter an@THe eatalyistitiad@f péfecdisartibetion us thedsuied B! fitrodlennOt
smal | er than 101 A occupi ed 47% of the vol ume occupi ed by the“pores having
16 to 1,700 A di awelease ni¢thoddnovhivh anaaper diameter of the pores having
hydrogenatlon denetallzatlon catal yst bed ‘gadrocrackln catal yst bed and
hydr odesul f uri zat ilénto hﬂ@ﬂoﬂ@amwn wasi1d0 Aathe yolume o \nhwom) haying,
405[err] and 392[err@] 6xpect vely. To eval uate the perfornmance of the
product oi | obt ai Hd@ £H0 udiaraeterinscuptadi t3%af themelemexasaupied by
Teasurements Wereprtr)‘il‘es having 16 to 1 700Ad1ameter and the volume of the pores

10 having a diameter of not smaller than 101 A occupied 47% of the
volume occupied by the pores having 16 to 1,700 A diameter.

'The reaction temperatures in the hydrogenation-demetalization
catalyst bed, hydrocracking catalyst bed and hydrodesulfurization-
hydrodenitrification catalyst bed were 380°C, 405°C and 392°C,

15 respectively.

To evaluate the performance of the product oil obtained in each
of the examples and comparative examples, measurements were made
of toluene-insoluble portion, sulfur content and cracking efficiency of
the fraction with a boiling point of 343°C or higher for each of the |

20  product oils. The results are given in Table 1.
Comparative Example 4
The charge stock oil was subjected to hydrogenating treatment
in the same manner as in Example 1 with regard to the types of the
_ hydroéenétion-demetalization catalyst and the hydrocracking catalyst
25 and the volumetric proportion of each catalyst in combination, but the
under-mentioned hydrodesulfurization-hydrodenitrification catalyst

was employed.
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of tol uene-insoluble portion, sulfur content and cracking efficiency of the
fraction with a boiling point of 343[err] or higher for each . of the product
oil's. The results are given in Table 1. Conparative Exanple 4 The charge
stock oil was subjected to hydrogenatlng trégtnent in the sane manner as in
Exanple 1 with regard to the,types of the hydrogenation-denetalization

catal yst and the hydrocracki’.’ﬁg catal yst and the volunetric proportion of
each catalyst in conbi @t Hydrodesulflifiz4figath Hbﬁﬂ?ﬂicatlo catalyst o
hydr odesul furi zati on- hydro enitrification cdtalyst was enp oye This is

the replacement sheet Date: 13-aiiRin®9Phosphoaly ¢arrier (2.2% by welght of
Hydr odesul furi zati on-hydrodenitrification catalyst [err]-alum na-phosphorus

carrier (2.2%by weight of phphpsphorss), &7 blyyweighptuf mblytdemanruxidexi de,
3.2% by wei ght of cobalt. oxide. The catalyst had a pore distribution as

measured by nitrogen rel ease Ax%dy weighi ehcobaltoxideie pore di aneter of
t he pores having 16 to 700 di aneter was 105 A, the volune of the pores
havi ng 105 10 A di anet %%@é&%&aﬂcaa%%mmbuuenmﬂngmpddw pitregen por es

having 16 to 1, 700 d|a er, .and it he vol unme of th or es ing a diameter.
of not snaller thif€ duipi whi %G‘P’eﬁﬁ?%?%&@?%E{IBPZ‘&eB e RaYiReE: s

SRERRCY O e G105 RS S i o
abslerr] and 300 ACPIY & ifeler oIS 1ORTRS e FlIE LECUEUTHY the,
product oi | obtai pofed RadfHP'16 to 1,700 A diameter and the volume of the pores

10 havinga diameter of not smaller than 101 A occupied 45% of the

volume occupied by the pores having 16 to 1,700 A diameter.

The reaction temperatures in the hydrogenatlon-demetahzation
catalyst bed, hydrocracking catalyst bed and hydrodesulfurization-
hydrodenitrification catalyst bed were 380°C, 405°C and 392°C,

15 respectively.

To evaluate the performance of the product oil obtained in each
of the examples and comparative examples, measurements were made
of toluene-insoluble portion, sulfur content and cracking efficiency of
the fraction with a boiling point of 343°C or higher for each of the

20 - product oil. The resuits are given in Table 1.

i
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of the.exanples and conparative exanples,

t ol uene=i nsol ubl e.

portion,

sul fur content

fraction with a boiling point of 343[err]

measur enents were

made of

and cracking efficiency of t he
or hirgher for each of the product

oil. The results are given in Table 1. - Thps is the replacenent” sheet
Date: 1 3 APR 1996 20 Table } Tol uene- Cracking efficiency of Sulfur =
content insoluble rate fraotion with [err] 343[err] in product oil (% by
wei ght) boiling points - (% by wei ght) SO by wei ght) Exanple 1 )
[err] 0.005 63.8 0.108 éiﬁ%ar ative 0. 01
62. 1 0.173 Exanple 1 Exanple 2 [err] 0.005 64.5
8- ggg Exanpl e 3 oh o [err]O. )05'I<;(l)lugzi;f€€ Gicking efﬁc}:gn ga ISl fixedment 46
: _ : 13 f .
0. 140 Exanpl e 2 Conparative 1‘1;05%91 ight) mﬁ&éﬁgﬁ "ig C (1n pr df boﬁl
Exanpl e 3 Conparative 0. 018 g 62@ ng | - 0. 11 hu
In the present inkention cracking efficilency arky M%Ehfat oijfl are defl ne
as follows, respectively, anl were nmeasurled by the nmethod dgscri bed
hereunder. The ! efBxiamipd¢ii ng ef£i0d@Icy”| i s useds3 8 quantitfati v@l1po
indi cate the extent of convefrsion of an gil fraction having [boiling points
of not Comparative| __ 0.01 62.1 0173 |
Example 1 :
Example 2 < 0.005 64.5 0.090
Example3 |  <0.005 63.5 0.100
Example 4 <0.005 64.0 0.092
Comparative 0.017 61.6 0.140
Example 2
Comparative 0.020 63.1 0.100
Example 3
Comparative 0.019 62.0 0.130
Exampie 4

In the present invention, cracking efficiency and product oil are

defined as follows, respectively, and were measured by the method
5 described hereunder.
The term "cracking efficiency" is used to quantitatively indicate

the extent of conversion of an oil fraction having boiling points of not

lower than 343°C into an oil fraction having boiling points of not
higher than 342°C. An oil fraction having boiling points of not lower
10 than 343°C is made into an oil fraction with a high value added which

can be used for automobile engines, jet engines, diesel engines, etc. by

being converted into an oil fraction having boiling points of not higher

than 342°C. Therefore, a catalyst which causes high cracking

is‘Sheet Has Been Replaced
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| ower than 343[err] into an oil fraction having boiling points of not

hi gher than 342[err]. An oil fraction having boiling points of not |ower

than 343[err] is.made into an oil fraction-with a high value added.which

can be used for autonobile engines, jet engRhes, diesel engines, etc. by

bei ng converted into an oil fraction having boiling points of not higher

than 342[err].Therefore;, a catal yst which causes hi gh cracking ‘This is

oo B S o e Sl W e SHAEE L Rl T
& acking of fi oi encicen Wvig atdeboesS cafodn folfie WiERE SPRhPUE obuger
havi ng boi | i ng popfitke PistFehctioneswepan 343C in charge stock oil - (% by

wei ght of oil fraction having boiling points of not |ower than 343[err] in

product oil x liqddd rEragki eﬁﬁciéﬂcy % by weight of oil fraction having
boiling points of not |lower than 343[err]. 2) Tol uene-i nsol uble rate An

oi | fraction hfwving boCrackingcfficiendy =% byvweightaf dif Bfaetioh hawingbt ai ned
froma product oil with a vacuumdistillation plant. Then, -to the resultant
oi | fraction was addedbailing peints it lowepthawB43RE inicharge atocigodt- (%
80[err] for 1 hour. Subsequently, the mxture was filtered with a filter
having | [err] m pore sbyeveighe ofiail fractiarhaying boilimg ppintsiofirot lgaker than
wei ghed, and toluene-insoluble rate was cal cul ated by the follow ng fornul a

Tol uene i nsol ubl e r at e3436Gymprogucs oil X liguighrecsvery iratep] £ T &y weightnfount

f ch doil f tion. having boili i nts, of not th
of char ged o et og, eyt o iAg"sintd of o 1 G0EF ka3

! 10 2) Toluene-insoluble rate
An oil fraction having boiling points of not lower than 343°C
was obtained from a product oil with a vacuum distillation plant.
Then, to the resultant oil fraction was added 20 times by volume of
toluene with heating at 80°C for | hour. Subsequently, the mixture
15 was filtered with a filter having 1 um pore size, the filter cake caught
on the filter was weighed, and toluene-insoluble rate was calculated
by the following formula
_ Toluene insoluble rate (% by weight) = [weight of filter cake (g)
. | / amount of charged oil fraction having boiling points of not
20 lower than 343°C (g)] x 100
The weight of filter cake was obtained by means of a filter
made to have a constant weight in advance from the difference
between the weight of the filter before filtration and the weight
thereof after filtration.
25 As can be seen from Table 1, the product oils in the examples
are superior to those in the comparative examples with regard to the
cracking efficiency of fraction with 2 343°C boiling pbints, sulfur

:Tl;'é--éheef-HéS'-Been. Replaced -
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The wei,ght of filter cake was obtai ned by nmeans of a filter nade to have a
constant wei ght in advance fromthe difference between the weight of the = .
filter before filtration and the weight thereof after filtration. As can he .
seen from Table 1, the product oils in the Zanples are superior to those
in the conparative exanples with regard to the .cracking efficiency of
fraction with [err] 343[err]* boiling points, sulfur This is the

repl acenent sheet .1 3 APR 1996 .22 content jn pr.oduct .oil. and -
especial ly, tol ueﬁgﬁ{eﬁgéﬁ@ﬁ?@g&? _?"F’m?éeg?ﬁf‘ﬁ(u tﬁmgéﬂﬁ?ﬁbh@@'descri bed
above, according {p RERIXY 298517 'i 0 eat nent of heavy hydrocarbon oil of
the present inventToON, & T h a | ow sul fur content can be '

gact ot
produced in high crackianodabctibedtiboveatEordi AL i aﬁh§ ple
sl udge formation is suppr essiggeby usie\Fllnga cart‘g%sf?épgr é&%’é‘?s@?%%‘?‘. ng
and hydrodeni tri f gf hgavy 48idrecirbonlsil BE1Re présent iRVentior, LprofucMyiLWith a
catalyst is restricted to a specific range. Accordingly, the present
i nvention estapli kiwsulfiricoment ¢l be producethin higlcfacking efficientyt echni que
f.or a heavy hydrocarbon oil fromthe viewoint of effective utilization of
resources, and i swdtoutteperatiohalioublewhilesludge fornatiom $s suppréssed by t he
repl acenent sheet. Date: 13 APR 1996 23 .

using a catalyst for hydrodesulfurizing and hydrodénitrifying -

treatment, the pore size distribution of which catalyst is restricted to a
 specific range. |
10 Accdrd_ingly, the present invention establishes a surpassingly
excellent cracking treatment technique for a heavy hydrocarbon oil
from the viewpoint of effective utilization of resources, and is

expected to find commercial applications.

_This Sheet Has Been Replaced
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1. A.process for hydrogenating treatnent of a heavy hydrocarbon oi
conprising the successive steps of (1) hydrogenating-denetalizing"
treatment, (2) hydrocracking treatnment and %%% hydr odesul furi zi ng- :
hydrodenitrifying treatment in the presence respective catal ysts whi ch
pr-ocess conprises enploying ig the hydrodesul furi zi ng- hydr odeni trifying
treatnent, a catal yst having*a pore size distribution as neasur-ed by

ni trogen rel ease. kARSI n whi ch an average pore dianeter of the pores
having a dianmeter jn the: range of 16 to 1700 A ranges from55 to 90 A the
vol une of the porék ha\Aer0§©§ Oa\hytkggepaﬂmgdir&ammt of@lkmdnmmaﬂbon

| east 30% of the vaql une OCQU y the pores having a dianeter in the

g 361 AR syl Boasind demniongs
T T L ot ase
?re?'[rglrl Eglsoﬁ Imra] a![ rhjc#@ﬁ yizlgtﬁggé)ﬁ?ﬁpm\;ﬁﬁ Rrﬁs? quSBGFggF %Z’ﬁﬁ:d a

t her eof supgor?ed%gélﬁgl%%?egb@gigégt&ﬁgfb%hggnﬁgé% @eﬁk}i

The process. aceor SareRerilfifihe feddtem o taaYy H?yﬁ'%*iﬁ%f%%%ﬁﬁtﬂ@w’f’

hydrodesulfurnznnq:shnéaﬂﬁeals f hitrdh Fele 6@ TR WIRER h fFdrdge MOrENI! N0

to the group VIA in the per| |ct e and a nefal onglngto gr oup

VIII in the periodligmietdy of the }Igoxte@trmv: AfAdianfteSir the2 Yof'ES 8811700 A

expressed in terns of the metal oxide, Which netals are supported on
al umi na- bor i al10ar ranges fromiss PG A,ahe volhire oﬁm&pommwﬁgfﬁﬁid avérage
Date: 13 APR 1996 24

pore diameter +10 A occupies at least 30% of the volume occupied by

the pores having a diameter in the range of 16 to 1,700 A and the

volume of the pores having a diameter of not smaller than 101 A

occupies at most 10% of the volume occupied by the pores having a
15 diameter in the range of 16 to 1,700 A. |

2. The process according to Claim 1 wherein the catalyst
employed in the hydrocracking treatment comprises a metal belonging
to the group VIA in the periodic table and a metal bélonging to the
group VIII in the periodic table or a compound thereof supported on a

20 carrier consisting of 10 to 90% by weight of iron-containing zeolite
and 90 to 10% by weight of an inorganic oxide.

3. The process according to Claim 1 wherein ﬁe catalyst
employed in the hydrodesulfurizing-hydrodenitrifying treatment
comprises a metal belonging to the group VIA in the periodic table

25 and a metal belonging to the group VIII in the periodic table in a total:
amount of 8 to 20% by weight expressed in terms of the metal oxide,

which metals are supported on alumina-boria carrier containing 5 to
—

(LTI umimi‘iifﬁﬂi"m tin




30% by .wei ght of boria. 4: The process according to any of the Claims 1 to

3 wherein the catalyst enployed in the hydredesul furizing-hydrodenitrifying.
tredt nent conprises-a met® - bel onging to the group VIA in the periodic %
tabl e and a nmetal bel ongi: g to the group VIf4 in the periodic table in a )
total anount of 8 to 20% by yE|ght expressed in ternms of the netal oxide,

whi ch netals are supported on an alunina- phosphorus carrier containing 1

to 10% by wei ght osphorus. 5. The process according to Caim1l or 2
wherein the crackﬁ&ﬁy ghkgfb@m%ﬂned by the hydrogenating treat ment for

the fraction having b0|I| oints of nqt | ower |tngﬁ ﬁ err 20% b
wei ght or higher and t ggqefplgﬁocg%gmr g {q,any éﬁ? aHBY| n@ ScYYllWrﬁ
P01 LS of ot | O 3 Blced fh i AL RAR RS,

| ower .

treatment comprises a metal belonging to the group VIA in the
5 periodic table and a metal belonging to the group VIII in the periodic
 table in a total amount of 8 to 20% by weight expressed in terms of
the metal oxide, which metals are supported on an alumina-
phosphorus carrier containing 1 to 10% by weight of phosphorus.
5. The process according to Claim 1 or 2 wherein the cracking

10 efficiency attained by the hydrogenating treatment for the fraction
having boiling points of not lower than 343°C is 20% by weight or
higher and the sulfur content in the fraction having boiling points of
not lower than 343°C in the product oil is 1.0% by weight or lower.
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