DESCRI PT1 ON PROCESS FOR HYDROTREATI NG HYDROCARBON O L AND FUEL O L
COVPOSI TI ON TECHNI CAL FI ELD The present invention relates to an inproved
process for the hydrotreatnent of a hydrocarbon oil and a fuel oi
conposition produced thereby. Mre particularly, it pertains to an
econom cal | y advant ageous process capable of stably efficiently producing
kerosene, gas oil and the |like that have favorable col or tone and high
quality by treating a hydrocarbon oiWE§ﬁRﬁ?$¥9mhrude oil, crude oil from

whi.ch naphtha fraction_i s _renpved he |ike thr in which a
specific catalyst is @#ﬁpg§§dF93 %‘ é%ﬁhﬁW;ﬁa|ﬁ¥§R¢ER§g9§t§E§st can be

prol onged readily and i nexpen el prol ongi ng the

conti nuous operation period oﬁhﬁ}éégﬁhﬁﬁé gpgﬁ@%?*fgﬁstep capabl e of
sinmplifying the oil refining equipnent, or the like step; and to a fuel oi
conposition such as kerosene, gas oil or the |like which is obtained by this

process for t iEéEI;;%&@? IS mnimzed in sul fur content and has
favor abl e colgﬁgﬂ% ND ART As a process for the refining
treatment of crude fid pAdiit 3veheiBhoLe18tdeero atopinkdial preeess whi ch
conprises the steps of atnDspherlcaIIy distillating crude oil to separate

- each of the ffgetipnshpirbtihena@ntebf a hydrocarbon oil and a fuel oil

composition produced thereby. More particularly, it
pertains to an economically advantageous process capable
of stably efficiently producing kerosene, gas oil and the
like that have favorable color tone and high quality by
treating a hydrocarbon oil such as crude oil, crudeloil
from which naphtha fraction is removed or the like through
a step in which a specific catalyst is employed or the
service life of a catalyst can be prolonged readily and
inexpensively, a step capable of prolonging the continuous
operation period of treating equipment, a step capable of
simplifyihg the oil refining equipment, or the like step;
and to a fuel oil composition such as kerosene, gas o0il or
the like which is obtained by this procéss for the
hydrotreatment, is minimized in sulfur content and has
favorable célor tone.

BACKGROUND ART

As a proceés for the refining treatment of crude oil,
there has heretofore been adopted the process which
comprises the steps of atmospherically distillating crude

0il to separate each of the fractions and thereafter



desul furizing the respective fractions thus separated. The above-nenti oned
process, however, is not necessarily satisfactory, since it involves the
problems that a large nunber of refining apparatuses are required, the
steps are intricate and troubl esone, repeated cooling and heating of the
petrol eum products | ower the energy efficiency and the like. In view of the
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crude oil; then collectively I zing the residual petrdleumfree
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(refer to Japanese Patent Application Laid-Open No. 224,890/1992), (3) a
g{F?efﬁeﬁogprr&fﬂﬂim@eisteagenﬁy(ﬂeymﬂeﬂLng away naphtha fraction in crude
From such viewpoint, an attempt has recently been
made to collectively treat qfude oil from which naphtha
fraction is removed. There have been proposed, for
example, (1) a process comprising the steps of distilling
away naphtha fraction in crude o0il; then collectively
hydrodesulfurizing the residual petroleum free from
naphtha fraction; and subsequently distilling the
hydrodesulfurized petroleum to separate it into respective
petroleum products (refer to Japanese Patent Application
Laid-Open No. 294,390/1991), (2) a process comprising the
steps of distilling away naphtha fraction in crude oil;
then collectively hydrodesulfurizing the residual
petroleum free from naphtha fraction; subsequently
separating the hydrodesulfurized petroleum in a high
pressure separating vessel into light fraction and heavy
fraction; and then hydrorefining the light fraction thus
obtained (refer to Japanese Patent Application Laid-Open

No. 224,890/1992), (3) a process comprising the steps of

distilling away naphtha fraction in crude oil; then



col l ectively hydrodesul furizing the residual petroleumfree from naphtha
fraction; subsequently separating the hydrodesul furized petroleumin a high
pressure separating vessel into light fraction and heavy fraction; :
catal ytically cracking the heavy fraction thus obtained at around 500[err]C
I n nitrogen atnosphere under around atnospheric pressure to obtain gasoline
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contam nati on by _ a movi ng-bed type reactor capable of continuously
replacing a caten®ts009C A hiittogen atioopesse i unddr droumd i nuous

operation period of the production process is prolonged as conpared with
conventi onal PemeNsIEAS EPkeiisuree toaobtainegasdkimordmhtlightnicracked, a
nmetal or asphalten in the residual oil. is decreased by the conbination of
cont am nant rebbvalCasi rapd then hytirereféningntke it erhusmobitagnedd t ype
react or and hydroreform ng using the
and the light fraction which has been separated under high
pressure. (refer to Japanesel#atent Application Laid-Open
No. 224,892/1992), (4) a process comprising the steps of
subjecting crude oil to collective treatment and
atmospheric distillation; then subjecting the residual oil
thus obtained to fluidized catalytic cracking or
hydrocracking; and adjusting the product yields (refer to
USP No. 3,617,501), (5) a process in which proper
operating conditions having high economical efficiency are
provided in a collective hydrotreatment of crude oil
highly liable to metallic contamination by means of a
moving-bed type reactor capable of continuously replacing
a catalyst, in particular, a process in which continuous
operation period 6f the production process is prolonged as
compared with conventional processes and at the same time,
the content of nitrogen, a metal or asphalten in the
residual oil is decreased by the combination of

contaminant removal using the first-stage countercurrent

moving-bed £ype reactor and hydroreforming using the



3 second- stage fixed-bed type reactor, and the |i ke processes. However,
with regard to the above-nentioned process (1), the use of a conventi onal
desul furization catal yst nakes it inpossible to produce kerosene and gas
oil fractions that are stabilized in quality, and besides to exhibit
satisfactory effect on the increased production of clear oils.
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used iq t he process cont1 nuods operati bn period of the production
process is noprgabiségctory, and besides the product properties of each
fraction, for exanple, nitrogen contents and col or tones of kerosene and
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practice of dexhibitisakipfactaneaifecd oawshebincreasgdrereduatiiag ofher eby

i nevitably . . )
clear oils. Specifically, in the case where a

conventional fixed-bed type reactor is used in the process
(1), the continuous operatiod period of the production
process is not satisfactory, and besides the product
properties of each fraction, for example, nitrogen
contents and colof tones of kerosene and gas oil, the
smoke point of kerosene, or the content of nitrogen, a
metal or asphalten in.the residual oil have been inferior
to the properties of the products obtained by a
conventional refining process. With respect to the
aforestated process (2), although the properties of the
kerosene and gas o0il are improved, the smoke point of the
kerosene is not fully satisfactory depending on the
purpose of use, the usable crude oil is limited depending
upon the demand constitution, and besides there is caused
' such a problem that the treating equipment is complicated
because of the practice of desulfurizing treatment,
followed by the hydrorefining, thereby inevitably
increasing the eqﬁipment cost and running cost. As to the

above-mentioned process (3), the production of gasoline is



I ncreasi ng the equi pnrent cost and running cost. As to the above-nentioned

process (3), the production of gasoline is 4 I ncreased along with the
production of LCO having the boiling point range corresponding to that of
kerosene and gas oil, but the LCO thus obtained is extrenely high in

aromaticity and is remarkably low in the snoke point of the kerosene
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economi cal efticiency satisfactory in both fixed cost and variable cost. In

regard to theapomeessityt)and He reimarkeblat Bowrwtilon swike pednly offl ui di zed
catalytic cracking is extrenely poor in its quality, including for exanple,
t he hue of gashe®ikemssdmy diamrdionhandnmikethei oetarie kexlowend, thiee gast ane

i ndex of gas oil, etc. On the other hand, it is inperative in the

hydr ocr acki ngpil héraction.enpor arder btodaghieve reatisifactpayessake been

| owered in the atnospheric distillation should be raised again to a high
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kg/ cn2, and therefore, this process itself is not necessarigy sati sfactory
fromthe vi enpeFreSSaky whdangyider achdglytemperature and pressure unit

withstanding a high degree of severeness and also to
reboost the LCO up to the redction pressure. Accordingly
there has not yet been attained economical efficiency
satisfactory ih both fixed cost and variable cost. 1In
regard to the proceés (4), the intermediate fraction
obtained by fluidized catalytic cracking is extremely poor
in its quality, including for example, the hue of gas oil
or kerosene, the smoke point of kerosene, the cetane index
of gas oil, etc. On the other hand, it is imperative in
the hydrocracking, that the temperature and pressure which
have once béen lowered in the atmospheric distillation
should be raised again to a high temperature and pressure,
that is, to 300 to 450°C and 100 to 200 kg/cm?, and
therefore, this process itself is not necessarily
satisfactory from the viewpoints of energy efficiency and
economical efficiency. Regarding the above-described
process (5), although the residual oil is improved in its
-quality by carrying out collective desulfurizing treatment

of crude oil or crude oil from which naphtha fraction is



econom cal efficiency. Regarding the above-described process (5), although

the residual oil is inproved in its quality by carrying out collective
desul furizing treatnent of crude oil or crude oil from which naphtha
fraction is 5 removed, by the use of a conventional desulfurization

catal yst, there is: caused such a problemthat the kerosene and gas oi
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ppm, that is, eavy fraction fromthe econom cal ‘point of view, there is

a problemt hani:héx yfabéﬁ Sfiokte pYint andehuel staBil1ibe. aaihud) i€ haenst ance
at the present tine o e conventional collective treatnment process for

crude oil fropeshi chanbpiedatfatacitieosinyglecnsecdfi shé hadvidg-tsdibweypey ocess
is not yet brought to practical application owing to the difficulty in
produci ng ker aseptonnils gdevaid dff gatactricabtidiityi fod the quelledisise
insufficiency in continuous operation period of the production process and
expensi veness tirgatienbreMoreeyeranginganthg wesing<hed hyps r@ackamd, the

hydrogenating treatnment of heavy hydrocarbaon_ oil containing asphalten
( hept ane- must be applied to ‘crude oil highly contaminated with

metals (for example, not less than 150 ppm}, that is, a
-heavy fraction from the economical point of view, there is
a problem that the usable crude oil is restricted.

The actual circumstance at the present time of the
conventional collective treatment process for crude oil
from which naphtha fraction is removed is that the above
process is not yet brought to practical application owing
to the difficulty in producing kerosene and gas oil
fractions stabilized in qualities, insufficiency in
continuous operation period of the production process and
expensiveness in equipment cost and running cost.

On the other hand, the hydrogenating treatment of
heavy hydrocarbon oil containing asphalten (heptane-
insoluble matter), sulfur, metallic components and the
like has involved the problem that the catalyst is
markedly deteriorated by the accumulation of metallic
components, carbonaceous deposits on the catalyst during
the course of the treatment. As a process for prolonging

the service life of the catalyst, there are proposed, for



i nsol uble matter), sulfur, netallic conponents and the |ike has invol ved
the problemthat the catalyst is markedly deteriorated by the accunul ati on
of netallic conponents, carbonaceous deposits on the catal yst during the
course of the treatnment. As a process for prolonging the service life of
the catal yst, there are proposed, for ‘exanple, (6) a process
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divided into the former stage packed inside with a
demetallization catalyst and‘/the latter stage packed
inside with a desulfurization'catalyst, and, after the
deterioration of the catalytic pefformance, withdrawing
the catalyst in the former stage to replace it with a
fresh catalyst, subsequehtly replacing the desulfurization
catalys£ in the latter stage with demetallization catalyst,
replacing the demetallization catalyst in the former stage
with desulfurization catalyst, and reversing the order of
oil passage to prolong the service life of active catalyst
(refer to USP No. 3,985,643); and the like processes.
Nevertheless the aforesaid process (6) involves the
problem that the use of a plurality of preliminary
reactors complicates the process equipment, thus
increasing the equipment cost and running cost. The
process (7) causes the problem that the replacement of the
catalyst increases the catalysts costs and forces the
discontinuance of operation during the course of the

treatment. The actual situation at the present time is



Neverthel ess the aforesaid process (6) involves the problemthat the use of
a plurality of prelimnary reactors conplicates the process equipment, thus
i ncreasi ng the equi pnent cost and running cost. The process (7) causes the
probl emthat the replacenment of the catal yst increases the catal ysts costs
and forces the discontinuance of operation during the course of the

treatnent. The actual situation at th t' IS, . th
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post -treat men a catal e sulfur in gas oil causes the
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e

life of the ¢ talyst it I's necessary to reduce t content of sulfur in
gas oil in orédsfpist iy aHoxsdln fube andfteredttd residrainper f or mance of

the catalyst for a long period of
destroys forest, and besides particulate NOx exerts evil
influence on human body when being inhaled. The exhaust
gas from a diesel engine whidh is the source of generating
and migrating NOx and particulate thereof, must be treated
with a post-treatment unit and a catalyst. Since the
sulfur in gas oil causes the catalyst to be poisoned and
deteriorated therewith and limits the service life of the
catalyst, it is neéessary to reduce.the content of sulfur
in gas oil in order to stably maintain the sufficient
treatment performance of the catalyst for a long period of
time. The upper limit of sulfur content in gas oil is
aimed at 0.05% by weight worldwide by the presently
reinforced regulation of sulfur content. It is hoped,
however, to further reduce sulfur content in future, and
there is a possibility that the regulation be further
strengthened to restrict the sulfur content finally as low
as 0.03% by weight. On the other hand, even if the sulfur
content reduction is realized, it is important to maintain
thé practical quality inherent in gas oil and therefore it

is sought to actualize a low sulfur gas-oil maintaining



time. The upper limt of sulfur content in gas oil is ainmed at 0.05% by

wei ght worl dw de by the presently reinforced regulation of sulfur content.
It is hoped, however, to further reduce sulfur content in future, and there
is a possibility that ‘the regulation be further strengthened to restrict
the sulfur content finally as |Iow as 0.03% by weight. On the other hand,

even if the sulfur cqontent reduction is realized, it is inportant to
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rapidly deterrorated i n or the purpose o ovi'ng the hue thus
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process (refer to Japanese Patent Application Laid-Open No. 78/670/1993),
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proposal s, however, involve the problens that the treatnent unit is
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t he substances causing coloration and deteriorating the hue are
the hue thus deteriorated, there are proposed a two-stage
hydrogenating treatment process (refer to Japanese Patent
Application Laid-Open No. 78,/670/1993), the use of a
catalyst comprising a noble metal and the like. The
aforesaid proposals, however, involve the problems that
the treatment unit is complicated or the catalyst is
unreasonably expensive. It is thought that the substances
causing coloration and deteriorating the hue are
exemplified by-polycyclic aromatic compounds having at
least three rings such as benzanthracene, perylene,
benzofluoranthene and benzopyrene. These substances don't
originally exist in crude o0il, but is formed by
desulfurization reaction at an elevated temperature. On
the contrary, high temperature reaction is required for
the purpose of realizing low sulfur content, and thus it
is difficult to allow sulfur content reduction through the
desulfurization reaction at a high temperature to be

consistent with the prevention of forming the substances

causing coloration.



exenplifi-ed by polycyclic aromatic conpounds having at |east three rings
such as benzant hracene, peryl ene, benzofl uorant hene and benzopyrene. These
substances don't originally exist in crude oil, but is forned by

desul furization reaction at an elevated tenperature. On the contrary, high
tenperature reaction i's required for the purpose of realizing | ow sul fur
content, and phYsrbiuke & ffﬁﬁ%&@b@%ﬁ[ ow sul fur content reduction through
t he desul furizatTon reactron at a nrg enperature to be consistent with
the prevention of fghgePdsudie SHRAMIENTEIUIENYsCAl §6RELLD oFject of
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obj ect of thetpeepeasentVERMFeidd HY Podddanaacesenbiataylypdvant ageous
process for treating a hydrocarbon oil which is capable of stably and
efficiently paddantageses oseoressaforitreardngha hiydeotasbomayil fwhiawmbl e
col or tone and high quality through a collective hydrodesul furizing

treat ment of dshgdpabiebofi stablucndefficdently pnddecimg ketodemsp whi ch
napht ha fraction is renoved; and at the sane tinme, a fuel oil conposition
such as kerosgas ahll gnd the¢ likeitlat dlavei desobableecplesctengraskss and

which is mnimzed in sulfur content and has favorable color tone and high
quality. As ahigbufimaditynthreugh a anddestized hydvedesyhfupizging

treatment of a hydrocarbon oil such as crude oil and crude

oil from which naphtha fraction is removed; and at the
same time, a fuel oil composition such as kerosene and gas
oil which is obtained by the present process and which is

| minimized in sulfur content and has favorable color tone
and high quality. |

As a result of intensive research and investigation

accumulated by the present inventors for the purpose of
achieving the above-mentioned object, there have been
found that, in the case of hydrotreating crude oil or
crude oil from which naphtha_fraction is removed, (1) the
above-mentioned object can be achieved by the use of a
specific metal supported on a specific carrier as a
catalyst; (2) the service life of catalyst as a whole can
be prolonged by reversing the flow direction of a feed oil
against a catalyst bed upon the elapse of a prescribed
time after the time at which the catalyst is deteriorated
to some extent, paying attention to that the deterioration
mechanism of catalyst bed'is different in each of the

deterioration'stages; (3) high-guality kerosene and gas
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accunul ated by the present inventors for the purpose of achieving the
above- nenti oned object, there have been found that, in the case of
hydrotreating crude oil or crude oil fromwhich naphtha fraction is
removed, (1) the above-nentioned object can be achieved by the use of a
specific metal supported on a specific carrier as a catalyst; (2) the

service life C I AR ' fl
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of a process plant "and to sinplifTy petroleumTrefining equi pnment, by a

hydr ot r eat mengi pré assadedloilly dreogestli Enr haphghar fickcion dis wemdeedi inf rom
whi ch naphtha fraction is renoved in the presence of a catalyst and then
distilling theheepreédande af @i lcattalyspaand ethem odEsiciil imar tthen whi ch
process conprises using -a nmoving-bed type hydrorefining unit in the former
stage of the gesukfurized il boegeperatgpinhgdeath ckraadiion whichn t he
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unit in the former stage of the process, using fixed-bed

type hydrotreatment unit in the latter stage thereof, and

employing a catalyst enhanced in hydrogenation performance

in the fixed-bed type hydrogenating treatment unit in the

latter stage; (4) it is made possible to produce

intermediate fractions having high degree of saturation,

enhance the Yield thereof and improving the quality

thereof, by a hydrogenation treatment process for

hydrodesulfurizing crude oil or crude oil from which

naphtha fraction is removed in the presence of a catalyst

and then atmospherically distilling the desulfurized oil

to separate into each fraction which process comprises

combining a hydrorefbrming treatment with the latter stage

of the above-mentioned atmospheric distillation; (5) it is

made possible to produce intermediate fractions having

high degreé of saturation, enhance the yield thereof and

improving the gquality thereof, by a collective

hydrodesulfurization process for crude oil or crude oil

from which naphtha fraction is removed which process

11



|l atter stage; (4) it is nade possible to produce internediate fractions
havi ng hi gh degree of saturation, enhance the yield thereof and inproving
the quality thereof, by a hydrogenation treatnent process for

hydr odesul furi zing crude oil or crude oil fromwhich naphtha fraction is
renmoved in the presence of a catalyst and then atnospherically distilling

Egﬁb?ﬁﬁﬁ'gz  iflises heRgEarEhg n*élﬁ% GFE 1L il GtEens BEpBRanea Y| 565
o oduce | nt oriih R Sydzelatbl; Soninpl ey i o BT PreRRER Sakh nce

the yield theﬁ;@{i&% PRy PIabbl gﬂ%ﬁ%yﬁﬂﬁé@c&m&wo& aeb8phe¥ec

hydr odesul f uri I on process for crude ol crude oIl from which napht ha

fraction is reraved Ahion) Rhe¢tafter ﬁg&%féﬁiﬁnﬁf@mm:ﬁ\b@iﬁeed oil into
gaseous conponents and |iquid hydrocarbon conponents in a high pressure

gas- liquid sepadeicis Blnnedd iferhheff §a8prasd agpixddeiultagtieing the
distillation, thereafter hydroformng the internediate fractions in the
formof gas, wednhyEiraaddoms’ dh thegfobm dealiqdidct{®nsit rist madeor m of
liquid;, (6) it is made possible to produce internedi ate fractions having
hi gh degree opossibieattioproducandiateimegiate fhacEoinshhviimgr dniighg t he
quality thereof, by a hydrogenation treatnent process for

hydr odesul f urdegree @fidatsiratdpner gobance thenyigldrchapsathandr action is

renmoved in the
improving the quality thereof, by a hydrogenation

treatment process for hydrodesulfurizing crude oil or
crude oil from which naphtha fraction is removed in the
presence of a catalyst and then distilling the
hydrodesulfurized oil to separate into each fraction which
process comprises subsequent to a collective
hydrotreatment process, separating the feed oil into
gaseous components and liquid hydrocarbon components in a
high pressure gas-liquid separator, and thereafter
bringing the liquid hydrocarbon components into contact
with a catalyst to proceed with hydrocracking treatment;
and (7) a coloring substance contained in a fuel oil
composition has a characteristic absorption at 440 nm in a
visible spectrum, the coloring substance is extracted with
N,N-dimethylformamide, and the transmission factor at 440
nm of the visible spectrum of the extract with N,N-
dimethylformamide, which lowers as the hue of the
composition is worsened, enables the determination of the

coloring substance.

12



presence -of a catalyst and then distilling the hydrodesul furized oil to
separate into each fraction which process conpri ses subsequent to a
col l ective hydrotreatnent process, separating the feed oil into gaseous
conponents and |iqui d hydrocarbon conponents in a high pressure gas-liquid
separator, and thereafter bringing the liquid hydrocarbon conponents into

contact with a cat ahystpt0sBrOCEEMAM AL BEEACKERED] £AALP Yl (7) 2
In a Ol as a C

col ori ng substance contal ne ue conmposition aracteristic

absorption at ﬁéé?.s”gf | Ehﬁy%(l%&@ixfexgag%bﬁuﬁiﬁgﬁﬁgcﬁhafiﬂﬂo Gice is

extracted mﬁt N, N- di net or mam de, anq t transm ssion factor at 440 nm
of the visible speckpusy p{cdiy S Prolicnt Mnbendisht Pybémé@mw, whi ch

| owers as the hue of "the conposition’ s worsened, enables the determ nation

of the col ori #g3136W$hgNESghtl 2aspechit d¥f AR nve¥i€Rbh ONnEBEd DEPN _
acconpl i shed on the basis of the above-nentioned finding and 1 nformation.

Speci fically, (the paepeotess vEor iydnotreatengt Aehfyarbostben e Phtwidshect s of
the invention including: (1) a process for hydrotreating a hydrocarbon
oi | which conpri sescoypribse=diydmptoeaddngi kradecoiiieoni ¢ridemidhifdomapht ha
fraction is renmoved, in the presence of a catalyst conprising (A at |east
one netal sel ected whibehthaphtleu£ragridiont ilsg reffovad, nbtatke presence

of a catalyst comprising (A) at least one metal

selected from the group consisting of the metals

.each belonging to any of the groups 6, 8, 9 and 10

of the Periodic Table, said metal being supported.on

at least one carrier selected from the group

consisting of alumina/boria carrier, a carrier

containing metal-~containing aluminosilicate,

alumina/phosphorus carrier, alumina/alkaline earth

metal compound carrier, alumina/titania carrier and

alumina/zircohia carrier (hereinafter referred to as

the first aspect of the invention);

(2) a process for hydrotreating a hydrocarbon oil which
comprises hydrotreating crude oil or crude oil from
which naphtha fraction is removed in the presence of
said catalyst (A) in combination with (B) a
demetallization catalyst (hereinafter referred to as
the second aspect of the invention);

(3) é process for hydrotreating a hydrocarbon oil which

comprises hydrotreating a hydrocarbon oil containing

at least one from among asphalten, sulfur and a

13



each belonging to any of the groups 6, 8 9 and 10 of the Periodic Table,
said netal being supported on at |east one carrier selected fromthe group
consisting of alum na/boria carrier, a carrier containing netal -containing
al um nosilicate, alum na/phosphorus carrier, alumna/alkaline earth netal
conpound carrier, alumna/titania carrier and alum na/zirconia carrier

her ei naft f i i ggt ' 198k
(hereinafter re errﬁ&&p&ﬁlﬁr@ it 53! +ABPBELsAlcd NSr |\EIIIBY 162) @

process: for hydrotreating a rocarbon o conpri ses “hydrotreating

crude of | or crude pidedditiy WHeCH10aPAERactioRiéPNhS HRIFOREDOR bRE
presence of said catalyst (A) in conbination with (B) a denetallization

catal yst (herei naf tggaimgfteruird da®adysthaceeeeiny aspegic Axddi iofvenki on) ;
(3) a process for hydrotreating a hydrocarbon oil which conprises

hydrotreati ng a hyddearimratdidn ofnthencagaiyst epet faxmarfoccomfaesnghe
asphal ten, sulfur and a 13 nmetal conponent in the presence of a catalyst
by reversing the flelapse axft isoprefscribellytirestindntn vine adeinesiinafitercat al yst
according to the extent of the deterioration of the catal yst perfornance
after the el apse ofrefewrattid@$ theathdnd aspecthef cilmfinventdoaised to as
the third aspect of the invention); (4) a process for hydrotreating a
hydr ocar bon oi(#)whi @ process for hydrotreating a hydrocarbon oil which

comprises hydrotreating crude oil or crude oil from

which naphtha fraction is removed, said crude oil

containing at most 135 ppm by weight of at least one

metallic component selected from the group

_consisting of vanadium, nickel and iron and at most

12% by wéight of asphalten through the consecutive

" steps of (D bringing the hydrocarbon oil into contact

with a catalyst in a moving-bed type hydrorefining

unit under a pressure of 21.8 to 200 kg/cm?, at a

temperature of 315 to 450°C, at a liquid hourly

space_vélocity (LHSV) of 0.5 to 2.5 hr-l at a

hydrogen/oil ratio of 50 to 500 Nm3/kiloliter (KL)

to proceed with hydrotreatment; thereafter C)

carrying out hydrotreatment in a fixed-bed type

hfdrotreating unit packed inside with a

hydrotreatment catalyst under a pressure of 30 to

200 kg/cm?2, at a temperature of 300 to 450°C, at an

LHSV of 0.1 to 3.0 hr-1 at a hydrogen/oil ratio of

300 to 2000 Xm3/KL; and further @) carrying out

distillation to produce hydrocarbon oil fractions

14



conprises hydrotreating crude oil or crude oil fromwhich naphtha fraction
I s renoved, said crude oil containing at nost 135 ppm by wei ght of at |east
one netallic conponent selected fromthe group consi-sting of vanadi um

ni ckel and iron and at nost 12% by wei ght of asphalten through the
consecutive steps of [err] bringing the hydrocarbon oil into contact with a

catalyst in a novings t OSi11ndd rdibhk ¥RER! edeR SOy € of 21.8
to 200 kg/cnR, at aﬁ?gﬁg%r%%fﬁé?%ﬁ 1§'?§g250?§rrrc§ﬁa? aﬂlqu|d hour |y

space velocity (LHSYhepéiRaPrd® referted! tdt ad Rudr @aeﬁ.@iés;%@éd Qoftped to
500 Nn{err]/kiloliter (KL) to proceed with hydrotreatnment; thereafter [err]

carrying out hydrotigeéneién}n a fixed-bed type hydrotreating unit packed
inside with a hydrotreatnent catal yst under a pressure of 30 to 200

kg/cnferr], at(5y teap?reéws fér PBHtorreakdliag hRChyaroearbdib\o DI whikh o 3.0
hr[err] at a hydrogen/oil ratio of 300 to 2000 NnB/KL; and further [err]

carrying out distiltahpoisés {he dtepshyd dyarbdesalfutizing cemsudal oil havi ng
different boiling range fromeach other (hereinafter referred to as the
fourth aspect of theriavedeioi) ;fxd) whizhpmaphsbal frabyiiont e aremayes
hydr ocarbon oil which conprises the steps of hydrodesul furizing crude oi
as the feed oil in the presence of hydrogen by
bringing the feed oil into contact with a catalyst;
atmospherically distilling the resulting
hydrotreated oil to separate it into naphtha
fraction, kerosene fraction, gas oil fraction and
heavy oil fraction; and hydrotreating at least one
fraction from the kerosene fraction and the gas oil
fraction thus separated by bringing the at least one
fraction into contact with a hydrogenation catalyst
(hereinafter referred to as the fifth aspect of the
invention);

(6) a process for hydrotreating a hydrocarbon oil which
comprises the steps of demetallizing crude oil or
crude oil from which naphtha fraction is removed as
the feed oil by bringing the feed oil into contact
with a demetallization catalyst; separating the
effluent from the demetallizing step in a high
pressufe gas-liquid separating vessel into gaseous
-components and liquid hydrocarbon components;

subsequently hydrorefining the resultant gaseous

components by bringing them into contact with a

15



or crude-oil from which naphtha fraction is renoved as the feed oil in the
presence of hydrogen by bringing the feed oil into contact with a catal yst; -
at nospherically distilling the resulting hydrotreated oil to separate it

i nto naphtha fraction, kerosene fraction, gas oil fraction and heavy oi
~fraction; and hydrotreating at | east one fraction fromthe kerosene

fraction and the gqgﬂfﬂdréffﬂﬁﬁbo@ﬁ§§ﬂ28§ep fﬂfl&?h t%@? at | east

one fraction into contact wt genat on cat al yst rei nafter

referred to as the fééﬁihéﬁﬁ“%ﬂQu&ﬁ hgérbeafﬂéﬁcﬁﬁm dﬂ@nts By HRG8YI nkOr
hydrotreati ng a hydrocarbon oil conprises the steps of denmetallizing

crude oil or crude ghémfiﬂﬁa\aamﬁgc@apmtnaafn?giédggﬁffdfygaem@nas the feed
oil by bringing the feed oil into contact with a denmetallization catalyst;

separating the efflecetdlystgmdomdinengt shidzhpdrsiepingd aydseguspr essure
gas-liquid separating vessel into gaseous conmponents and |iquid hydrocarbon
conmponent s; subsequaopondnicr andf isaidghytieodesul fianizeghddapusidconponent s by
bringing theminto contact with a 15 hydr orefi ni ng catal yst;
hydr odesul f uri zi ng hydrocssbiana gompogents hyoto car ¢ambimaitpeongntanidoy bri ngi ng
theminto contact with a hydrodesul furization

atmospherically distilling the resulting combination

to produce hydrocarbon fractions different in a

boiling range from‘each other (hereinafter referred

to as the sixth aspect oof the invention);

(7) a process for hydrotreating a hydrocarbon oil which

comprises the steps of hydrodesulfurizing crude oil

or crude oil from which naphtha fraction is removed

as the feed oil in the presence of hydrogen by

bringing the feed oil into contact with a catalyst;

separating the effluent therefrom in a high pressure

gas-liguid separating vessel 1 into gaseous

components 1 and liquid hydrocarbon components 1;

hydrocracking the resultant liquid hydrocarbon

components 1 in the presence of hydrogen by bringing

them into contact with a catalyst; subsequently

combining said gaseous components 1 and the effluent

from the hydrocracking step into a combination; and

atmospherically distilling the resulting combination

to produce hydrocarbon fractions different in a

boiling range from each other (hereinafter referred

to as the seventh aspect of the invenﬁion); and
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catal yst: conbining said hydrorefined gaseous conponents and said
hydr odesul furi zed | iquid hydrocarbon conponents into a conbi nation; and
at nospherically distilling the resulting conbination to produce hydrocarbon
fractions different in a boiling range from each other (hereinafter
Legerred to as the sixth aspect of the invention); (7) a process for
ydrotreating hy b 0| Eehs ' :
.hydrodesulfur$§?ngqgﬁﬁ%g %ﬁﬂ g%“@?ﬁﬁglﬁ?Pwéﬁéﬁﬁﬁﬂﬂyﬁf%ﬁggﬁtﬁgdfﬁggf?%% S
removed as the feegjai lthiat hae Br B6EDERg Opoimvedregrie it brimogpbheribe feed
oil into contact with a catal yst; separating the effluent therefromin a
hi gh pressure gas- |xesstirecpdr alsngovesset, la i sukfigasententomonents 1 and
| i qui d hydrocarbon conponents 1; hydrocracking the resultant liquid
hydr ocar bon conponemdst 1.i03%t by wedéghbeetiné AYTM cydorbywfhaitngiosy 0k8m i nto
contact with a catal yst; subsequently conbi ning said gaseous conponents 1
and the effluent fraomditentydfobieyking srepatin conpommdsnafi a; mast

atmospherically distilling the resulting conmbi nation to produce hydrocarbon
fractions different5% rbya vediumengndaageohtent caf ht okl ich aremagicer
referred to as the seventh aspect of the invention); and 16 (8) a fuel

oi | conposition whieompannsls ©&s ag mpakolaPpopy volume, and shows at

least 30% in the transmission factor at 440 nm of
the visible spectrum of the extract therefrom into
N,N-dimethylformamide (hereinafter referred to as
the eighth aspect of the invention).
BRIEF DESCR_IPTION OF THE DRAWINGS
Fig. 1 is a schematic block flow diagram showing an
example for the separation of crude oil into various
_petroléum products, including a hydrotreating step for a
hydrocarbon oil in the first and second aspects of the
invention; Fig. 2 is a schematic view showing an example
of hydrotreating process for a hydrocarbon oil in the
third aspect of the invention; Fig. 3 is schematic view
showing an example in which a plurality of reactors are
employed in hydrotreating process for a hydrocarbon oil in
the third asﬁect of the invention; Fig. 4 is a schematic
block flow diagram showing an example of hydrotreating
process for a hydrocarbon oil in the fourth aspect of the
invention; Fig. 5 is a schematic block flow diagram
showing an example of unit which comprises a plurality of

fixed bed reactors located in parallel and exhibit a
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oil that ‘has a boiling point range at atnospheric pressure of 215 to

380[err]C, a sulfur content of at nost 0.03% by wei ght,
at nost 0.8, a content of bicyclic aromatic conpounds of
vol une and a content of tricyclic aromati c conpounds of

t he ASTM col or of
at nost 5% by
at nost 0.5% by

vol une, and shows at |east 30%in the transm ssion factor at 440 nm of the

vi si bl e spect gifiteioh heimKldBaio WIRItEbEOLYhg Dedk 0P @]

hy/ | £prgaram de

(hereinafter referred to as the eighth aspect of t he i nvention). BRIEF
DESCRI PTI ON Ckchiéfia ORAVB NGk Hilpw Wilagramsshowhhicahl exampleowsli agr am

showi ng an exanple for the separation of crude oil into

vari ous petrol eum

products, i nchudrogyreatimy qgremssandoxt aphiydroaahpon oochl biom tthd fiourthe fir st

and second aspects of the invention; Fig. 2 is a schemat
exanpl e of hydspeetaef ngherinwandtifoay, dififerdovdar foemoFigi

i c view showi ng an
M3 RLg.hiT dsaspect

of the invention; Fig. 3 is schematic view showing an exanple in which
plurality of RefGehepratie Plogh Flay idiagramoshewingganprexanplg oif o '
hydrocarbon oil .in the third as;ect of the _invention; Fig. 4 is a schematic

bl ock flow di JGHERFERIWRE BFP

hydrocarbon oil in th

fourih aspect qf.
sehemati o bl oBRPPFBuPT: WP AR Iri%ex BrbPeaoPCpas
plurality of hixed.Redndeasd Wfe RAleTehliRg’ Bbsbss th
29; Fig. 9 is a schematic block flow diagram
hydrotreating process in Example 30; Fig. 10

schematic block flow diagram showing the hyd

oF & hygdapeRFRaR| Al pi e sigithy
the |, tion: Fig. 5 i
pPeoPoBRIFE i RIPTE A es

iiTes® 787 &
showing the
is a

rotreating

process in Example 31; Fig. 11 is a schematic block flow
diagram showing the hydrotreating process in Reference

Example 8; and Fig. 12 is a schematic block flow diagram
showing the hydrotreating process in Reference Example 9.

THE MOST PREFERRED EMBODIMENT TO CARRY OUT THE INVENTION

With respect to the first aspect of the invention,

at the time of hydrotreating crude oil or crude oil from

which'naphtha'fraction is removed, there is employed a

catalyst comprising (A) at least one metal selected from
the group consisting of the metals each belonging to any
of the groups 6; 8, 9 and 10 of the Periodic Table, said
metal being supported on at least one carrier selected
from the group consisting of alumina/boria carrier, a

carrier containing metal-containing aluminosilicate,

" alumina/phosphorous carrier, alumina/alkaline earth metal

compound carrier, alumina/titania carrier and

18



function.simlar to that of noving bed; Fig. 6 is a schematic bl ock flow
di agram showi ng an exanpl e of hydrotreating process for a hydrocarbon oi
in the fourth aspect of the invention, differing fromFig. 4, Fig. 7 is a
schematic bl ock flow di agram showi ng an exanpl e of hydrotreating process
for a hydrocarbon oil in the sixth aspect of the invention; Fig. 8 is a

5% K AR LR BRSO R A BT
process i ExamLie i Bidre b uAchblcTR & besiydl ot soram shourng

di agram show g e¥§# RYSRSFahN f ng egdn@ P +iggd Fig.
12 is a schenatg?%{lﬁ?@o%%i ﬁfow | aQ%rt%l sho&Ahgaﬁﬁe?lﬁwgdgo?reatl nlg'z%’rt(:)]'cgss in
Ref erence Exagpt§iPst JHE MOST PREFERRED EMBCDI MENT TO CARRY OUT THE

| NVENTI ON Wth respect to the first aspect of the invention, at the tinme of

hydrotreating crudergelpeiferanie aidtallsoinBheéhapspbimenticitdd on is
renoved, there is enployed a catal yst conprising (A at |east one netal

sel ected fronchbalgs®upayons it isupportiede onehayso€athe bedoigisg to any of
‘the groups 6, 8, 9 and 10 of the Periodic Table, said netal being supported
on at | east ounarriaersprimseclwid echirfgsven hadgmolipbdensmsas ng mdtad um na/ bori a
carrier, a carrier containing netal-containing alumnosilicate,
al um na/ phospheiiongingrté ekhe gnoum® alfk &hienBeraodhc nBable compburidkedrri er,
alumna/titania carrier and 18 .

and cobalt as a metal belonging to any of the groups 8, 9

and 10 of the same. The metal belonging to the group 6

and the metal belonging to any of the groups 8, 9 and 10

may each be used alone or in combination with at least one

other. 1In particular, examples of preferable combination

include Ni-Mo, Co-Mo, Ni-W and Ni-Co-Mo because of their

high hydrogenation activity and limited deterioration.

The amount of any of the aforesaid metals to be

supported on the carrier is not specifically limited, but

may be selected according to various conditions. The

amount thereof is usually in the range of 1 to 35% by

weight expressed in terms of the oxide thereof based on

the whole amount of the catalyst in the case where the

carrier is any of alumina/boria, alumina/phosphorus,

alumina/alkali earth metal compound, alumina/titania and

alumina/zirconia. An amount thereof less than 1% by

weight results in failure to sufficiently exert the

working effect as a hydrogenation catalyst, whereas that

more than 35% by weight leads to economical disadvantage
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alum nal/zirconia carrier; and in the second aspect of the invention there
I's enpl oyed, as a catalyst, the conbination of the catalyst (A and (B) a
denetal lization catalyst. The preferable netals in the above-nentioned
catal yst (A) to be supported on any of the various carriers, include
tungsten and nol ybdenum as a netal belonging to the group 6 of the Periodic

Tabl e, d nick d bal I I ' . . :
and 10 of (nesbohbEl g Shtar gl ot s R R RES AR dtE T vdenl
of ’ _
cor nat on 'k Somi DRI stnel AR Bp BY, FRE G ARNRET D

i nat o 1 et ‘one” STREF T paft Teure éf er abl
Fyar ogenat i on"a2t TTDLE AT (5 TRELAr HORaLT oRECRRERZRt U (e Xbloet! Tl

af oresai d nmet gksgtgob LoR€ Rl &l | t fd
linted, but ngysbgosg?ﬁﬂyéa%cﬁ)gi il §8) vilimotntdof Mifiidfachon

thereof is usyabhvity sdewsBNaR WoohdlcadYelyivebsby, expressed in terms of
t he oxi de t hereof based on the whol e anmount of the catalyst in the case

where the carrier igonatle GbtiedtMadifl,bdhi dheabtBenvhebosti®I¢rrier is
al um na/al kali earth netal conmpound, alum na/titania and al um na/zirconi a.

An anmount t hemetallesstdiwing aluymiveisjticateyl thei ambamt we the metdlci ently

exert the working effect as a hydrogenation catalyst, whereas that
to be supported on the carrier is usually in the range of
1 to 44% by weight expressed in terms of the oxide thereof
based on the whole amount of the catalyst. An amount
thereof less than 1% by weight results in failure to
sufficiently exert the working effect as a hydrogenation
catalyé£, whereas that more than 443 by weight leads to
economical disadvantage in that the enhancement of the
hydrogenation activity is not remarkable in consideration
of the amount supported. The amount thereof is
particularly preferably in the range of 10 to 28% by
weight from the viewpoints of hydrogenation activity as
well as economical efficiency.

In the following some description will be given of
various carriers to be used for the above-mentioned
catalyst (A). Regarding the alumina/boria carrier, it is
preferable that boria (oxide of boron) be contained in a
proportion of 3 to 20% by weight based on the whole amount
of the alumina/boria carrier. A conten£ of boria less
than 3%.by weight results in iimited woiking etfect on the

enhancement of hydrogenation activity, whereas that more
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nore than 35% by wei ght | eads to econom cal di sadvantage 19 in that the
enhancenent of the hydrogenation activity is not remarkable in

consi deration of the anmount supported. The anmount thereof is particularly
preferably in the range of 5 to 30% by weight fromthe viewoints of
hydrogenation activity as well as econom cal efficiency. On the other hand,

i1 the case Whghg 5DE HRIdfIhd S 4 HirtaveRababN| 89nbUBhe WiildrRnent! he

anount of the netal e supported on the carrier is usually in the range

of 1 to' 44% byrweh8hhy@rddesdetbd adtavTkyolist RBLONuELI &1 based on the
whol e anobunt of the catalyst. An anmount "thereof |ess than I% by wei ght

results in faphti€esBeduini comiidarabion dfheneolkirge fhdest wWwed, thus
hydr ogenati on catal yst, whereas that nore than 44% by weight leads to

econom cal di mal¥agt ehe usadgdainddunomilealcesmdt besitdbee Hlyelr ogenati on
activity is not remarkable I n consideration of the ampbunt supported. The
anmount t her eoflesalfarizaticn | yctpineftgyr dd W iablehéor hagkowérdd. t @h28% by

wei ght fromthe viewpoints of hydrogenation activity as well as econom cal
ef ficiency. | rontentothereof tprpantdswliaptliyopreiferabty giverhofrangd mfs
carriers to be used for the above-nentioned catal yst (A). Regarding the

al um na/ bori a5cker L8#, byt weighk cfrompihe standpeink ¢6xt mrglmm be

contained in a proportion of 3 to 20% by wei ght based on the, whol e anpunt
effect on the enhancement of hydrogenation activity.

In addition, it is preferable in the foregoing
alumina/boria carrier that thle boron atom dispersibility
be not less than 85% of the theoretical dispersibility.
The boron atom dispersibility in the carrier is measured
by means of x-ray photoelectron spectroscopy (hereinafter
abbreviated to “XPS”), and is derived from the theoretical
formula of'monolayer dispersion. The XPS is a procedure
of quantitative and qualitative analysis for atoms present
in the region from the surface of a solid to a depth of 10
to 30 A, approx. therefrom. This procedure, when applied
to the determination of boron atoms that are dispersedly
supported on alumina carrier to express the result by the
ratio of B peak intensity to Al peak intensity, greatly
reflects the dispersion state of the boron atoms by reason
of the procedure being surface sensitive. Accordingly,
even if the boron content in the carrier is constant, the
XPS intensity ratio varies depending upon whether the
boron is highly dispersed on alumina or it is present in

the state of bulk. The XPS intensity ratio is high when
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of the al-um na/boria carrier. A content of boria |less than 3% by wei ght
results in limted working effect on the enhancenent of hydrogenation
activity, whereas that nore 20 t han 20% by wei ght is unfavorable, since
t he enhancenment of the hydrogenation activity is not sufficiently

mani fested in consideration of the |arge anount used, thus maeking the usage

ower ed. The' EBRBAECR vl 1S oo tabis, 4 pered 81950 YRS dtod%r s
Lo 1o%by wei gl Lham ihe SLANIRd, dlrd RENSLKLRGRELLEE! g e

enhancenment o rogenation ac I I on, I S" pfeterable in the
f oregoi ng al uqgi i ry i that n di SReVaRllalti¥nPe Not
| ess t han 85%%'5? %ﬁgﬁtﬁ%%]?e%ﬂs% | sbgte S:ie%igﬂet'y%%e' bororﬁzﬁ,I aatla'(ll)lrariltt'al’n

di spersibi | it ysi Bot bR §LEHeLIiBSLIBASY ¢ RuLIRABE Lhe XakidinPhe} o€l ectron
spectroscopy (hereinafter abbreviated to "XPS"), and is derived fromthe

theoretical fanopls PoéndDWRLEl 6fs HoTRRIAS 0PN all¢ndPSahd BePidsedws of
guantitative and qualitative analysis for atons present in the region from

the surface otietegming the camafith of atid de¥eldpedpphexe. t Miechamityhi s
procedure, when applied to the determ nation of boron atons that are

di spersedly sojfipar seflidnisl anfaztamarof dmportanpeewhitheis ediddctily t he ratio
of B peak intensity to Al peak intensity, greatly reflects the dispersion
state of the boncernedmeibly hydhamracking characteristics and

denitrification activity, and thus the boron

dispersibility is closely coyrelated with the

hydrocracking characteristics.

It is made possible from the foregoing reason to
specify the state of boria disperséd on the alumina/boria
carrier and determine the dispersion range wherein the
boria added to the carrier functions most effectively, by
the nse of the surface analysis technique called XPS.

Next, some description will be given of a specific
method of evaluating the boron dispersibility. When a
measurement is made of the XPS of boria (3203)‘supported
on the surface of the carrier (Al,03), the XPS intensity
ratio can be found as follows from the theoretical formula
(1) derived by Moulijn et al. [“Journal -of Physical
Chemistry” (J. Phys. Chem), vol. 83, 1979, pp. 1612 to
16191
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of the procedure being surface sensitive. Accordingly, even if the boron
content in the carrier is constant, the XPS intensity ratio varies
dependi ng upon whet her the boron is highly dispersed on alumna or it is
present in the state of bulk. The XPS intensity ratio is high when 21
the boron ato e in highly dispersed state, while it is | ow when the
boron at ons agz—p{l}orl y di spersed, thus allow ng bulk boria to be present.
Thus, the eval\dat{ cheofeboron dispersibility is to estimte the amunt of
Al -O B bond which is forned on alum na, and besides, to determ ne the

anount of aci d, deyel oped t hgx Thexpei- of m I|d S actor of
| nportance WM|@§iis di r &ct hﬁnﬁh{ = i QE;Y ngggf?cklng Zﬁgracteristics
7 8@t|V|t§n‘H .FJziﬁgéPboron per5|b|I|ty is closely

and denitrific
correlated with the hydrocracking characteristics. I s made possible from

the foregoi ng reasen am’gﬂ’dél fy the %aétgel C}[p&i{dai Tn%@?x'éiwe_g QQt.IL?he bori a

al um na/ boriacarrier F’E‘F‘?ﬁeﬁe sper sion range wh

added to the gaghigi (HIGH!G0P KDnehkRakRY gyevgxua%use%mlg he sy face

anal ysi s techni que ¢ Next, some ription wil &R ©

speci fic net hegeoheaydd Uakt W she ReY an dloS@ 8, ShBi théYerd¥elsdotiRsadr errent
I's made of the XPS of boria (B203) supporte dn the surface of the carrier

(A1203), the ¥Peai BE€D6éhiXed Al,; electrons; O gy is the cross-sectional

area of iomnized B;4 electrons; f, and 5, are found from
thg following respective.forgplae

B1 = 2/(A (ay)0S0)

Ba = 2/(A (gypSo0)
wherein A (a3, is the escaping depth of Al,, electrons, A (g,
is the escaping depth of B;4 electrons, p is the density
of alumina, and So is the specific surface area of
alumina; and D( €p3) and'D(EB) are the efficiencies of
detectors (D o 1/&) for Al:s and Bls, respectively.

The values of A (Al,;) and A (B;,) are 18.2 & and 18.8
&, respectively, which are derived by the use of Penn’s
formula [“Journal of Electron Spectroscopy and Related
Phenomena” vol. 9, 1976, pp. 29 to 40]. The values of
0 (Aly) and O (Byg) ate 0.753 and 0.486, respectively,
which are found in the literature by Scofield [“Journal of
Electron Spectroscopy and Related Phenomena” vol. 8, 1976,
pp. 129 to 137] using AlK« ray as the origin of excitation.
The ratio by weight of boria to alumina, when expressed by

{B;03/A1,03) ¢ gives (B/Al),tom = 1.465 (B,03/A1,03)y+. Then,
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ratio can be found as follows fromthe theoretical fornmula (1) derived by
Moulijn et al. ["Journal of Physical Chem stry" (J. Phys. Chem, vol. 83,
1979, pp. 1612 to 1619] 22 [err] theoret. [err] wherein
(IB/I[err])theoret. is the XPS peak intensity ratio of B to Al which can be
theoretically evaluated; (B/Al)atomis the atomc ratio of Bto A, [err]
(Al') is the c : ; o] Y [ | @ctaions; r](B) is
the cr oss- sect Sasl carbaor | o 7o i o ot rone? RaAReEy AREH Pl e
found from they {81]9W @o(B.g3Paall (B/AL) N aasliagral]cant wherss xaerr] (Al)
I's the escapi ng depth of Aﬁ[err] el ectrons, [err] ( I s the escaping depth
of Blerr] el epeawBsof| RLM and SB} heedsnsdivielyl ialtomtha, f6Adg&ing Sfdtitula
specific surface area of alumna; and D([err]) and D([err|) are the
efficiencies qfl)ydegdotothe (fofmutd (2) [err] ) for A[err] and [err],
respectively. The values of [err](A[err]) and [err](B[err]) are 18.2 A and
18.8 A, respeciyely, which_are derived by the use of Penn's fornula
["Journal of E(?Et g§e5$g troscopy and Rel ated Phenonena" vol. 9, 1976, pp.
29 to 40]. The ‘WA u&%Y 'férr] (Alferr]) and [err] (B[err]) are 0.753 and
0. 486, respectjvely, whic f ' h ' Scofield
D oo nal o <3203 ) 1 B, 67 J R0 +kRpk NF. bbd S Boeadyy Scof i ol

Al,03

wt pSo{l-exp(-1.064><109/pSo)}

In the formula (2), (Ig/Ip))theoret. 1S the XPS peak
intensity ratio of B to Al wﬂich can be theoretically
evaluated. Thé symbol So in the formula (2) indicating
the specific surface area of alumina can not be specified,
since theré is adopted a method in which alumina 6: a
precursor thereof is kneaded with a boron compound as the
preparation method in the present invention. Such being
the case, the specific surface area of the alumina/boria
carrier Sp;_g shall be used in place of So in the present
invention. Therefore, the theoretical value for boron
dispersibility can be found as follows from the

theoretical formula (3)

&)
Ia1/ theoret.

(3203 ) 5.487 g108{1+exp(-1.054 x 10%/pSa1-8) }
Al203 / pSar-s{1-exp(-1.064 x10°/pSr15)}

cee (3)
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El ectron Spectroscopy and Rel ated Phenonena” vol. 8, 1976, pp. 129 to 137]
using AlK[err] ray as the origin of excitation. The ratio by wei ght of
boria to alum na, when expressed by ([err])[err] gives (B/Al)atom= 1.465
([err])[err]. Then, 23 substitution of the above-obtained values [err]
([err]) [err]([err]), [err]([err]), [err]([err]) and (B/ Al)atom using

Al[err] and Blerr] amatP9shesayoin ‘t\'hleaﬁ%s%nﬁ eaReaLi ¥R Xrd EBritifa (3)

foregoing formula (1), give the'formula (2) [err] theoret. [err] [err] In

the formula (Zg énlﬂl@tyfeh/ tbegaldd 1y ahe ithebhét%ﬁ@lpf@h%nir&m&ih d 0 Of

B to Al which can be theoretically evaluated. The synbol “So in the fornula

(2) indicatingdfewhpee fieboybh decsapperedd AslaimdolafeRUn Bhe HiB&ddecd,
since there is adopted a nethod in which alumna or a precursor thereof is

kneaded wi th aharhen almepinandndsthie thepeiedreyicmt IQd Ty vdkueprias alie
I nvention. Such being the case, the specific surface area of the
al um na/ bori a tdearedridadr vhledalfl dhepessibihityt acanoth&Eomullae (Ph g det
i nvention. Therefore, the theoretical value for boron dispersibility can be
found as fol | owsits @f theandhehnepi 3e¢ v nand @8y g| eresp¢etively. The
dispersibility of boron atoms is found Ig/In; value, that is,
is the observed XPS peak intensity ratio of B to Al.

It is desirable in the above-mentioned alumina/boria
carrier that the boron atom dispersibility observed in the
above way be not less than 85% of the theoretical dispersibility.
A boron atom dispersibility less than 85% of the theoretical
value involves a fear of causing such disadvantage. that the
manifestation of an acid point is made insufficient and a high
hydrocracking activity or denitrification activity can’t be
expected. |

The above-mentioned alumina/boria can be prepared, for
example, by a process which comprises the steps of adding, in
a prescribed proportion, a boron compound to alumina or a
precursor thereof having a moisture content of not less than
65% by weight; kneading with heating the resultant mixture at
a temperature of around 60 to 100°C for at least one, preferably
at least 1.5 hour; and thereafter carrying out molding, drying
and firing by a publicly known method. Kneading with heating
for shorter than one hour involves a fear of causing

insufficient kneading and poor dispersion state of boron atoms.

A kneading tempeiature departing from the above-prescribed

. 25



(3) 24 That is to say in the present invention, the fornula (3) is

enpl oyed to calculate the theoretical I[err]/I[err] value in the case where
the boron is supported as a nonol ayer on the surface of the alum na and
thus the theoretical I[err]/I[err] value is the theoretical val ue of

di spersibility. In the formula (3), the units of p and S[err] are g/nferr]
q /g, vl . il . q
Tlerr] i err] ToapaaiafBtpay Ver RFLE Sindre 8o Ty, Gl elrabltRy
o AL it i : » ) > | ucd . L h
the' bor on at on i 2aar €18 $f D AAD-ERAAIOBREOR AP B PRELIRRD,

85% of the thggeeldddrdingPes thBinddassiAyOIPR A8 Sk BT iBhl 14 ¥nhieRS
than 85% of the fheoretical value involvés a fear of causi ng such

di sadvant age that compoliidi {£dBdAVed iaNwated RPtAthéstimgle i nsufficient
and a hi gh hydrocracking activity or denitrification activity can't be

expected. The aboveagealumiwa pretdrsbdls actagpeeipieadl¢dlindiedxanpl e,
by a process which conprises the steps of adding, in a prescribed
proportion, aplrovihdedotipatinik tis alade riator aduminaubgofitiwy eofIthdei ng a
nmoi sture content of not |ess than 65% by wei ght; kneading with heating the
resul tant mi xexenpiified chpahiminumhydroxndecand abolisra hgfdrates beabt
one, preferably at least 1.5 hour; and thereafter carryi ng out nol ding,

dryi ng and fi RBngseyda-peshnits, heshnite,hdayekitadand gibhbsitet | e
aforesaid alumina or a precursor thereof is preferably used
in a moisture content of not slower than 65% by weight. A
moisture content therein lower than 65% by weight involves a
fear of insufficiency in the dispersion of the boron compound
thus added.

There are usable various boron compounds in addition to
boron oxide provided that the compounds are each convertible
into boron oxide by firing. Examples thereof include boric
acid, ammonium borate, sodium borate, sodium perborate,
orthoboric acid, tetraboric acid, boron pentasulfide, boron
trichloride,.ammonium perborate, calcium borate, diborane,
magnesium borate, methyl borate, butyl borate and
tricyclohexyl borate.

The carrief containing metal-containing
aluminosilicate is composed preferably of 10 to 90% by weight
of metal-containing aluminosilicate and 90 to 10% by weight
of an inorganic oxide. A content of the metal-containing
aluminosilicate in the carrier lower than 10% by weight results

in failure to sufficiently exhibit the working effect as a
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for shorter than one hour involves a fear of causing insufficient kneading
and poor dispersion state of boron atons. A kneadi ng tenperature departing
fromthe above-prescribed 25 range unfavorably results in failure to
hi ghly di sperse boria. The addition of the aforesaid boron conpound may be
carried out, according to the necessity, in a state of solution in which

h 0 : . : T . .
not 2852??{‘?4@9@@%3%’&% Bty QR Eh g ndhel PREBON By edBhe ©
rer . & . . o Al

pseLZo-ebggﬁn; tlgsﬁbg%r%n# ?,m &gg‘.yﬂg%&eavaag@ a%b%@i%%%%&%ﬁgeg %%hﬁa or

a precursor t@&’cﬁ?@ehit@bﬁféé@ﬂ% %%dnbﬁ PelDHSiBle® 1 A0 REE A at iU bgwer

t han 65% by werg A nol sture content therern [ower than 65% by wei ght

invol ves a feaheohmolnyf Eh?p@f‘@é(dl N hee adorBBEaLEA Shriier by Wbriyseund
t hus added. There are usable various boron conpounds in addition to boron
oxi de provi degalritdicull 21§0pPOBELALEY oL BIN tROIM0SN biybleight oobonéraDxi de by
firing. Exanples thereof include boric acid, amonium borate, sodium
borate, sodi unomaiadiatealamihobilicataeiahd t70t rab30RCcbgcivdighbrofi an
pent asul fi de, boron trichloride, ammoni um perborate, cal cium borate,
di bor ane, nmagrigsinganicr axide rfzomythe oriswpoibtis\df bydapgenationiagtdiviliyxy|
borate. The carrier containing netal -containing

as well as economical efficiency.

The inorganic oxide to be used in the foregqoing carrier
containing metal-containing aYuminosilicate is exemplified by
alumina such as boehmite gel and alumina sol, silica such as
silica sol and porous matter such as silica/alumi_nat

On the other hand, the metal-containing aluminosilicate
used in said carrier is preferably iron-containing
aluminosilicate whose principal chemical composition in the
form of oxide is represented by the general formula (4).

aFe,0;+Al,05+bSi0,+ nH,0 cee (4)
wherein n is a real number from 0 to 30, b satisfies 15 < b
< 100, preferably 18 < b < 40. and a and b satisfy 0.005 < a/b
< 0.15, preferably 0.02 < a/b < 0.05. In addition, the
iron-containing aluminosilicate may contain small amounts of
an alkali metal oxide such as Na,0 and an alkaline earth metal
oxide.

In general, there exist various forms of iron compounds
in iron-containing aluminosilicate including @ an inert iron
compound which is merely physically adsorbed onto the

aluminosilicate, and is reduced in single step (Fe3t = Fre0)
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al um nosi-licate is conposed preferably of 10 to 90% by wei ght of

netal -containing alumnosilicate and 90 to 10% by wei ght of an inorganic
oxi de. A content of the nmetal-containing alumnosilicate in the carrier

| ower than 10% by weight results in failure to sufficiently exhibit the
wor ki ng effect as a 26 hydr ogenati on catal yst, whereas that higher than

90% by wei ght jhesglgd@ 2CPHREE G afli SaR: .o'frhcicﬂ‘ﬁg eaﬁﬁh@)‘%‘ﬁnﬁ%n of

the hydrogenation activity is not renarkabl e in consideration of the anount

suppor ted. TheoppBhRE R GAN iftel ScEMPIEH Pihikes Aricadd eketabby of
30 to 70% by wei ght of netal- "containing alumnosilicate and 70 to 30% by

wei ght of an yheEHABbRpOURdIEid rexanipla fileaBi At Gapiety GO TR OF fgbhVity
as well as econonmical efficiency. The inorganic oxide to be used in the

f or egoi ng car compoands asweincasreici -exaianigel Agoal conposnds cai® iron
exenplified by alum na such as boehmte gel and alum na sol, silica such as
silica sol andoppoundsnednetituuicingaalumiinogidlicateaskébetdre. otlmemanhand, the
nmetal -containing alum nosilicate used in said carrier is preferably

i ron- cont ai ni aymasphenesof i kydeogems &her inohpabmpond ciel resiaeesi tinotwon t he
formof oxide is represented by the general formula (4). [err]

(4) wherei n nsteps ¥xomn Fediive Fefbmtothe buven temppratase PHrtipn (room

preferably 18 < b < 40. and a and b satisfy 0.Q05 < a/ob < 0.15, preferably
0.02 < a/lb < @g@ggrpﬁuﬁgdpgim°qm and from Fe4* to Fel at the hlgher

temperature portion (700 to 1200°C).

The iron compound @ can’be discriminated by the content
of inert iron compounds [Felqe,. Which is calculated by the
measurement of temperature raising program reduction (TPR),
while the ir&n compound @ can be discriminated by the
reduction peak at the higher temperature portion also through
TRR measurement.

It is preferable in the iron-containing aluminosilicate
to be used in the carrier that the [Fe]gep, which is calculated
by the abpve—mentioned TPR measurement be at most 35%, and
further at most 30%. Moreover, at least one reduction peak
temperature at the higher temperature portion Th is preferably
in the following range.

700°C = Th = (-300 X UD + 8320)°C, more preferably

850°C = Th = (-300 X UD + 8320)°C.
wherein UD is the lattice constant (&) of the iron-containing
aluminosilicate. The TPR measurement is performed by
measuring the hydrogen consumption at the time of heating a

sample to raise the temperature thereof in a stream of hydrogen.
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I ron-cont-ai ning alum nosilicate may contain snmall anmpbunts of an al kal

nmetal oxide such as [err] and an al kaline earth netal oxide. In general,

t here exist various forms of. iron conpounds in iron-containing

alum nosilicate including [err] an inert iron conpound which is nmerely
physi cally adsorbed onto the alum nosilicate, and is reduced in single step

[err] 27 abppaOPL £Ed 1df ehel QAL iR %ﬁe%ﬂﬁﬁi@‘i{a@x ehshY¢rewrasped berrl
an iron: conpound reqgularly interacting with alum nosilicate skel éton Wwhich

conpountd i s exhePbéhaeibdvratiametial okitierdie Ao reaictoR BN UFdgBgEnas i on
exchange iron conpounds and iron conmpounds constituting alumnosilicate

skeleton. In an at mpagher &refobyehwvgtm rdduction pearoabdthe I@gaced in two
steps from Fe3+ to Fe2+ at the | ower tenperature portion (roomtenperature

to 700[ err] C) tempdratore Fpdetidn tand-& aeducatiohhpelkglerthenpylsmr e
portion (700 to 1200[err]C). The iron conpound [err] can be discrimnated
by the cont entemperatureiporntiampiourthe [reduceioh phaks throudgh IRR ed by t he
measur enment of tenperature raising programreduction (TPR), while the iron
conmpound [ er r reagnresent sthatare absarvede inegliet ivanpeaxtaininge hi gher
tenperature portion also through TRR neasurenent. It is preferable in the

i ron- cont ai ni AGUBLRASRbLFAtR at gst dheergdugtionprak At itdie toyex: he

Fel[err] which is cal cul ated by the abqQve-nenti qned TPR surenent he at
I[TDS][ [ 35(%1 angtemperature portC:lLonX tge pea atnil.ehe t(:)Lme when ngf-@ fs reduce

into Fezf’ is observed in the range of room temperature to 700°C.
As the reduction peak at the higher temperatur portion, the
peak at the time when Fe?* is reduced into Fe® is observed in
the range of 700°C to (-300 X UD + 8320)°C. In general, the
reduction peak at the higher temperature portion tends to shift
to low temperature side with heightening activity of the
iron-containing aluminosilicate, and tends to shift to high
temperature side with decreasing lattice constant of zeolite.
When there are two or more reduction peaks at the higher
temperature portion, at least one of said peaks is observed
in the temperature range of 700°C to (-300 X UD + 8320)°C.
With regard to the Fe species contained in the iron-
containing aluminosilicate, the ratio of the reduction peak
area at the higher temperature portion (higher temperature peak
area, Sh) which corresponds to hydrogen consumption at the
- higher temperature portion to the reduction peak area at the
lower temperature portion (lower temperature peak area, Sl)l
which corresponds to hydrogen consumption at the lower

temperature portion (Sh/Sl) mus£ ideally be 2 when calculated
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further at nost 30% Moreover, at |east one reduction peak tenperature at
t he higher tenperature portion Th is preferably in the follow ng range.
700[err]C [err] Th [err] (-300 X UD + 8320)[err]C, nore preferably
850[err]C[err] .Th [err] (-300 X UD + 8320)[err]C. wherein UDis the

| attice constant (A) of the iron-containing alumnosilicate. The TPR

measur ement i grpRr{py %ﬁeﬁ&yrﬁ%& rBgutb8. Ny CPH8 U 4 1 h thfnt e

of heating a sanple to ralsé e tenperature thereof 1n a streamo

hydrogen. 28 jnefteisddicompounbe( {hdtity) derraagBhetiahRA%idaldbeagiasped
by the behavior of the netal oxide due to reduction by hydrogen. There are

observed a regdyclesd HlRaK 2abethfsé WEtHee FRAKAPEESeROIGNIBN at@ha LEeWREL | ONn
peak at the higher tenperature portion in the reduction peaks through TRP

measur enent t bempeérztinls gyoradonn t Aecordingiont ahei 6gnbéni o dineirtai fon As
the reduction peak at the |l ower tenperature portion, the peak at the tine
when Fe[err] bempetﬂnximd[li’m}&gplfea&nilse(ﬂmﬁmmﬂh'yntthleefbamgazaof room
tenperature to 700[err]C. As'the reduction peak at the higher tenperatur
portion, the peak alFehged.i Fe(®hen $of2y/gtiX L08kced into Fe[err] is
observed in the range of 700[err]C to (-300 X UD + 8320Mierr]c. I n general,
t he reducti onWBeaRiniSt A8 ey ketal supepittheppakiaran « eHasnithesapptery | ow
tenperature side with, heightening activity of the_iron-cqgntainin

g
al uni nosi | i caP& inax¥F +EPRISORBOURAS dsiqy iugtedoby dhgihprandiadct i FRntent

decreasing lattice constant of, zeolite., e .
g o% the :Lron-contalning aiumlnosnlcate is preferably at most

35%, more preferably at most /30%. A variety of such
aluminosilicate are applicabie insofar as various conditions
mentioned above are satisfied. From the viewpoint of
enhancing the hydrogenation activity of the catalyst, the
zeolite of faujasite type or Y type, that is, crystalline
aluminosilicate is preferable, among which that having a
lattice constant of 24.15 to 24.40, especially 24.20 to 24.37
is most preferable.

In the production of the above-mentioned iron-
containing aluminosilicate, the zeolite of faujasite type
having amolar ratio of silica to alumina-SiOZ/A1203 of not less
3.5 is preferably used. A Si0,/Al,03 molar ratio less than 3.5
brings about insufficient heat resistance and tends to destroy
the crystallizability. In particular, from the standpoint of
preserving its heat resistance and crystallizability, the
zeolite of faujasite type having a Si0,/Al,0; molar ratio of
not less than 4.6 is more preferable. Such aluminosilicate

may contain Na,0 in an amount of about 2.4% or less by weight,
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When there are two or nore reduction peaks at the higher tenperature
portion, at |east one of said peaks is observed in the tenperature range of
700[err]Cto (-300 X UD + 8320)[err]C. Wth regard to the Fe species
contained in the iron- containing alumnosilicate, the ratio of the
reducti on peak area at the higher tenperature portion (higher tenperature

peak area, Sh?fg}'bggbggr ?ﬁ?oﬁh.dsléé% r‘,@?htqonsurrption at the higher
eak ar

tenperature portion to the reduction ea at the |ower tenperature

portion'(lower tenpahat piredReskor! &8, tiel)fottiddingOik®nreBataiRifydr ogen
consunption at the |lower tenperature portion (Sh/Sl) nust ideally be 2 when

cal cul at ed 29 aluminosilbeateli®nperioried u8daTey byHoherel lowiigg progessce of
an inert iron conpound (inpurity) decreases the aforesaid ratio to | ess

t han 2 becaus@iasttbdf aidgktipe edanmtinoslijiabté las theestdrine pawmateedifalon.
Accordingly, the content of inert iron conpounds [Fe][err] can be defined
by the fornul as[ enbjjecté§lto SR tEebiiémmh&oeiforst steaméd t ot al sum of
t he peak area. Wen the content of inert iron conpounds is evaluated by the
formul a, the @dmminpsdlicabeir dthee onditiingsaplintheaning atxeatangmtefisr abl y
at nost 35% nore preferably at nost 30% A variety of such alum nosilicate
are applicabl é‘ﬂlilﬁ@g’ﬂ-ﬂr seleqgied AeLareidd torearikats cAsguaBbIRces e &t LEf | ed.
From the vi ewpoi nt of enhanci ng the_hydrogenation activity of the catalyst,

the zeolite oftSf REPASFRRLR ik 9pneval fR thadd itsin 4ha PEPFPREe of steam
at a temperature of 540 to 810°C. The steam may be used in

flow system or the aluminosiligate as the starting rawmaterial
is held and heated in an enciosed vessel to proceed with
self-steaming by means of the moisture contained therein.

Subsequently the steamed aluminosilicate obtained by
the steaming treatment is treated with a mineral acid. There
are available a wide variety of mineral acids, that are
exemplified by hydrochloric acid., nitric acid, sulfuric acid,
etc. as general ones, and in addition thereto, phosphoric acid,
perchloric acid, etc. as usable ones.

Then, an iron salt is added to the reaction system to
proceed with iron salt treatment. In this case, the iron salt
may be added‘immediately after the addition of a mineral acid
to proceed with the treatment, or after a mineral acid is added,
followed by sufficient stirring. Alternatively, a prescribed
amount of a mineral acid is added and thereafter the balance
thereof and the iron salt may be simultaneously added to the
reaction system. At any rate, it is necessary to add an iron

salt to the reaction system in which the steamed
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alum nosilicate is preferable, anong which that having a lattice constant
of 24.15 to 24.40, especially 24.20 to 24.37 is nost preferable. In the
production of the above-nentioned iron- containing alumnosilicate, the
zeolite of faujasite type having a nolar ratio of silica to alumna-[err]
of not less 3.5 is preferably used. A[err] nolar ratio less than 3.5

brings about anemiddsikidateeds Imsdrpared@hdthedtinkealeséidy inhéther
crystaldizability. In particular, fromthe standpoint of preserving its

heat re'si st anwerdsd o aeidadh i edn Isally, ihhehe gaieiseacef of aumdsietralt ygid havi ng
a [err] nolar ratio of not less than 4.6 is nore preferable. Such

al um nosi | i cat e nmayThentreatnd@Odanditionsunndeft which theldsteanesks by

wei ght, 30 preferably 1.8% or |ess by weight. The productjion of the

f oregoi ng i r oalembnegiiicate igitreatedater $hpadditieon efaaineral agid
follow ng process. First of all, the alumnosjilicate as the starting raw
material is sabflfarsher ansirahbadt et deprnding upeR yasiRug situations,

al um nosilicate, The conditiqns of steanin% treatnment is suitably se| ected

according to J8RiARNEF MARANINRCES 1Y PRy det F-'g‘lﬁﬁgf upraYihe gehirarliy
e e AR i S cRtTREREL her M g 1 G, The
ratert al 1S ebg RN IREISH s th A Rte! BEEtoERETInd GpPEqSErL tblimont
time of 0.1 to 24 hours, preferably 0.5 to 5 hours and a treatment
pH of 0.5 to 2.5, preferably 1:4 to 2.1. A pH of the treating
liquid higher than 2.5 bringé about the disadvantage that
polymerized iron colloid is formed, whereas that lower than
0.5 causes a fear of desfroying the crystallizability of
zeolite (aluminosilicate). The amount of the mineral acid to
be added to the system is about 5 to 20 moles per 1 kg of
aluminosilicate. The concentration of the mineral acid is
usually 0.5 to 50% by weight, preferably 1 to 20% by weight
in a solution. As mentioned hereinbefore, the time of adding
a mineral acid is prior to the addition of an iron compound.
The temperature of the mineral acid at the time of adding may
be selected in the above-mentioned range, and is preferably
- from room temperature to 100°C, particularly preferably from
50 to 100°C.
The iron salt to be added is not specifically limited
in the kind, but is usually exemplified by ferrous chloride,

ferric chloride, ferrous nitrate, ferric nitrate, ferrous

sulphate and ferric sulphate. The iron salt may be added as
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Subsequently the steaned al um nosilicate obtained by the steam ng treatnent
Is treated wwth a mneral acid. There are available a wide variety of

m neral acids, that are exenplified by hydrochloric acid, nitric acid,

sul furic acid, etc. as general ones, and in addition thereto, phosphoric
acid, perchloric acid, etc. as usable ones. Then, an iron salt is added to

the reaction sysieMphe ¥ Qaeedribliy dddel Sal £né rRAWBAla solukhbh.Cafe the
iron salt may be added inmmediately after the addition of a mneral acid to

proceed wi th gbEvéneaddreithe 8alaficdds olilyebal capaslie Dddedolvohyovmsl by
sufficient stirring. Alternatively, a prescribed amount of a mneral acid
i s added and ihenesdlie; diit isabaeferabiyeséleaniced fram cateal, t abeghdks,
simul t aneously added to the reaction system At any rate, it is necessary
to add an iroetbets amd thetonesct | The sgsneentrativiclofi kbesticanedalt is
alumnosilicate is incorporated with a mneral acid, in other wrds, to add
an iron salt usuably pb&2rise 16 0aMyi peeferablyl. 0702 to dathdht Ebadiimens
under which the steaned alum nosilicate is treated after the addition of a
m neral acid afdaddingtheyiinangsadsdl shealg bepeftehgthp il i ithes
situations, and can not. unequivocally be determ ned, but may he optionally
sel ected fronftWRiIRQFHHiCAHRSIUSEY iiScMadentOal t¥R A4 M¥nitheeAFFLELORChf 5
to 100[err]C,  preferably 50.to 90[err]C treatnment ti f Q.1 to 24
nours, | pr ef o BBP AEPEPRALERIBEFAL Afidy | Fhar RO TARIGE Brche 150 Saft

preferably 1x§£téhéLé&me éfp5h8£né*¥%‘ﬁf%%%&gﬂly from room temperature to

100°C, particularly preferably from 50 to 100°C. It is
effective to preheat the iroh salt prior to its adding.

In adding the mineral acid and iron salt to
aluminosilicate to treat the same, the slurry ratio, that is,
the ratio of the volume of the treating solution (liter: L)
to the weight of aluminosilicate (kg) is preferably in the range
of 1 to 50, more preferably 5 to 30.

The iron-containing aluminosilicate having the
aforestated properties is obtained by the consecutive or
simultaneous treatment with the mineral acid and iromn salt.
On the other hand, when the aluminosilicate is treated with
the mineral acid, and thereafter is dried and fired, followed
by the iron salt treatment, the iron-containing
aluminosilicate having the objective properties can not be
produced.

It is also effective to suitably subject, as necessary,
the resultant iron-containing aluminos ilicate further to water

washiné, drying and firing.
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| i quid hicgher than 2.5 brings about the di sadvantage that polynerized iron
colloid is forned, whereas that |ower than 0.5 causes a fear of destroying
the crystallizability of zeolite (alum nosilicate). The anobunt of the
mneral acid to be added to the systemis about 5 to 20 noles per 1 kg of
alum nosilicate. The concentration of the mneral acid is usually 0.5 to
50% by wei ght, prefwighl yedaid® #8%Iumivei/phiosphogusotbairier, As nenti oned
herei nbefore, the tinme of adding a mneral acid is prior to the addition of
an iron' conpoatdmiifiadallearatesrtinimetad compoahdacadrieri he time of addi ng
may beé selected in the above-nentioned range, and is preferably fromroom
t enper at ur e t eluodpa/tiGnimreduilet |landpadhwiabl/ gifeomd0canrien| éthe C. The
iron salt to be added is not specifically limted in the kind, but is

usual | y exenpFREF&erspreferghdydrean adehosphanus exide: as afkakinesearthat e,
ferric nitrate, ferrous sul phate and ferric sul phate. The iron salt may be
added as 32 meFPli%‘?mmnqrstb?:é!“é?aﬂﬂdyZ&HB@Hlﬁn TERPESANPY 8aSh|iR ABN.

h I f h I d Ly be. | f _di | vi he i It

and 1< prof er ABPYRECPECD et £ e PeSGREoRBRE o TS Wi S aREHEE Sfho |
trati f the . It i || .02 to 10. f bly, 0.05

(05,0 M Tno APk A 2wuty BRExedt lendmipo,d- s By, Worafy mtes o

o urt oS! kel Rtab S ERG h hobngal S Al I Uectlgegse o
whereas that more than 20% by weight is unfavorable, since the
enhancement of the hydrogenation activity is not sufficiently
manifested in consideration 6f the large amount used, thus
making the usage uneconomical, and besides the desulfurization
activity is liable to be lowered. The amount tlereof '.is
particularly preferable in the range of 1 to 18% by weight from
the viewpbint of the working effect on the enhancement of
hydrogenation activity.

The dispersibility of each of the foregoing metals in
the carrier is measured by means of XPS and is derived from
the theoretical formula of monolayer dispersion. This
procedure, when applied to the determination of phosphorus
atoms that are dispersedly supported on alumina/phosphorus
carrier to expresé the result by the ratio of P peak intensity
to Al peak intensity, greatly reflects the dispersion state
of the phosphorus atoms by reason of the procedure being surface
sensitive. Accordingly, even ;‘Lf the phosphorus content in the
carrier is constant, the XPS intensity ;:atio varies depending

upon whether the phosphorus is highly dispersed on alumina or
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at the time of adding is preferably fromroomtenperature to 100[err]C,
particularly preferably from50 to 100[err]C It is effective to preheat
the iron salt prior to its adding. In adding the mneral acid and iron salt
to alumnosilicate to treat the sanme, the slurry ratio, that is, the ratio
of the volune of the treating solution (liter: L) to the weight of

al um nosi | i caj€ {KPresdnl! £A AP SKakB SP @I TRE F/AL i%@engﬁ'ﬁgtig%ﬂ&r abl'y

5 to 30. The iron-cContaining alum n05|(?| cate having the aforest

properties isiglypd 18HRiBN Wikt SRE PhEDhbeuS atnE A8 A0S Iyeal SBatsen t h
kit

the mneral acid and iron salt. On theé other hand, when the alum nosilicate

is treated w sbatdp WATRS At 3¢ dowaRHeh hERE RS PHOTUY iaedmandréi peskly
followed by the iron salt treatnment, the iron-containing alumnosilicate

havi ng the obdtspérvsed) cldbWiag &phodphdiaspogildeeih bullkito despreséees i ve
to suitably subject, as necessary, the resultant iron-containing

al um nosi | i carkus yrtlieerevaduattion wfs phogphdrys ndisperdibilngy 33 to Wth
regard to al um na/ phosphorus carrier, alumnal/alkaline earth nmetal conpound
carrier, alunesbimiterbhe ampuneofaAl-a+Rkong/ whichnisafouned @n alwpinay riers
preferably bear a phosphorus _oxide, an_ al kaline earth netal conpound,
titania and zfREhRSidesyspecietamine thej #ueunty efuaciddeyedopgdobheEs.

wei ght based on t he, whol e anount_ ,of , ) . )
: The acidity of a solid is a factor of importance which is

directly concerned with hydrocracking characteristics and
denitrification activity, ands thus the phosphorus
dispersibility is closely correlated with the hydrocracki_ng
characteristics.

It is made possible from the foregoing reason to specify
the state of phosphorus dispersed on the alumina/phosphorus
carrier and to determine the dispersion range wherein the
phosphorus added to the carrier functions most effectively,
by the use of the surface analysis technique called XPS. The
XPS for alumina/phosphorus carrier almost holds in the case
of alkaline earth metal compound, titania and zirconia each
supported on alumina. |

Next, some descriptionwill be given of a specific method
of evaluating the dispersibilities of phosphorus, alkaline
earth metal compound, titania and zirconia, for example, in
the case of phosphorus. When a measurement is made of the XPS
of phosphorus supported on the surface of the carrier (A1,03),
the XPS intensity ratio can be found as follows from the

theoretical formula (5) derived by' Moulijn et al. [“Journal
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the carrirer. An anobunt thereof |ess than 0.5% by weight limts the working
ef fect on enhancing the hydrogenation activity, whereas that nore than 20%
by wei ght is unfavorable, since the enhancenent of the hydrogenation
activity is not sufficiently manifested in consideration of the |arge
anount used, thus making the usage uneconom cal, and besi des the

desul furi zat i gn mefdidallycheml sy (50 Bigyd OvReRy, vohe S3PUBY9L hp 0613 S
particularly preferable in the range of 1 to 18% by wei ght fromthe

vi ewpoi'nt of tbeled®ki ng effect on the enhancenent of hydrogenation
activity. The dispersibility of each of the foregoing netals in the carrier
is measured byrgeans of XPS and is derived fromthe theoretical formula of
nonol ayer dis§§$§f%§. Thgs procedure, when applied to the determ nation of
phosphor us at it PO% *di spersedly supported on al um na/ phosphor us
carrier to express the result by the ratio of P Peak intensity to Al peak
intensity, grgaPly reflgct OeilditeFRisPolt sy atRlss) t he, phpsphorus atoms by
reason of the \mbfadume beiZugasylFazp(spak) tived(eackordingly, even if the
phosphorus content in the carrier is constant, the XPS intensity ratio

vari es dependi ng upon whet her the phosphorus is highly dispersed on al um na
or 34 I t | vheresen{IjfjjheLsd.ate ¥ thel BKPSTheak/MtendtisysinatioabfoPi n
XPS is high when the phosphorus atons are in highly dispersed state, while
it is | ow whehothb yiisipkenube dthaaredicadyr eyaluard sd®/Adl) howi H§ bhe

phosphorus oxide in bulk to be present. . )
atomic ratio of P to Al, O (a;) is the cross-sectional area of

ionized Al,s electromns; O (p, is the cross-sectional area of
ionized P,p electrons; § ;and f ; are found from the following
respective formulae
| Bi= 2/(/1(1\1)0 So)
B2 = 2/(A )0 S0)

wherein A (3, is the escaping depth of Al,s electrons, A (p) is

the escaping depth of P;, electrons, ¢ is the density of
alumina, and So is the specific surface area of alumina; and
D(€ ;) and D( € p) are the efficiencies of detectors

(D oc 1/ &) for Alzs and Pls, respectively.

The values of A (Al,g) and A (Pyp) are 18.2 A and 20.4 4,
respectively, which are derived by the use of Penn’s formula
[“Journal of Electron Spectroscopy and Related Phenomena” vol.
9, 1976, pp. 29 to 40]. The values of ¢ (Al,g) and G (Pyp 1/2)
are 0.753 and 0.403, respectively, which are found in the
literature by Scofield [“Journal of Electron Spectroscopy and
Related Phenomena” vol. 8, 1976, pp. 129 to 137] using

AlK ¢ ray as the origin of excitation. The ratio by weight
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Thus, the eval uation of phosphorus dispersibility is to estimate the anount
of Al-OP bond which is fornmed on alum na, and besides, to determ ne the
anount of acid devel oped there. The acidity of a solid is a factor of

i nportance which is directly concerned with hydrocracki ng characteristics
and denitrification activity, and thus the phosphorus dispersibility is
closely corre ' agKe | 5 IS 'sgg.g@s
possi bl e f rombtf:%g@fsgpgggig% ?%‘gg%%%gﬁgg%é‘?%é?%gg&g G%ZPlbﬁag‘fﬁor us

di spersed on {bhgan) Lgrgmrha/uo.mw?%@ [0, 2NTHed , deh s ¥ fiee 1die odti EREr Si on
range wherein the phoSphorus adde ?o thé Carrier functions nost
effectively, Qpotrecobeindd g vey f)ap;g]_z%r)ql )ksuszpl)ecwg%)pabl(@q XB§) The
XPS for al um na/ phosphorus carrier alnost holds in the case of alkaline
earth metal campo(@/pl} il gnusingdALjyr andi Byeanh XREpeaksdodnadl andnp, Next,
sone description will be given of a specific nethod of evaluating the

di spersi bi | i t respe¢tirekpHatosthealficalegod ngafoimuba 15 )gogpeenche £ormmla and
zirconia, for exanple, in the case of phosphorus. Wen a neasurenent is
made of the XP8)of phosphorus supported on the surface of the carrier
Jerr], the XPS intensity ratio can be found as follows fromthe theoretical
formula (5) defIwvdd by Mulijn et al. ["Journal 35 of Physi cal

Chemi stry" (J.(Pﬁ Sthddyedd, vol. 83, 1979, pp. 1612 to 1619]

ces (6)

(p203 ) , 8-292 % 108 {1+exp(-9.804 x 10%/pSo)}
Al203 / e pSo{1l-exp(-9.804 x 10°/pSo0)}.

In the formula (6), (Ip/Ia})theoret. iS the XPS peak
intensity ratio of P to Al which can be theoretically evaluated.
The symbol So in the- formula (6) indicates the specific area
of alumina.

It is desirable in the above-mentioned carrier that the
atomic dispersibility of each of phosphorus, alkaline earth
metal, titania and zirconia which is observed in the above way
be not less than 85% of the theoretical dispersibility. An
atomic dispersibility less than 85% of the theoretical value
involves a fear of causing such disadvantage that the
manifestation of an acid point is made insufficient and a high
hydrocracking activity or denitrification activity can’t be
expt-_zcted.

The above-mentioned carrier can be prepared, for example,
by a process which comprises the steps of adding, in a
pre_scribed prOportion, phosphorus, an alkaline earth metal,

titanium, zirconium or a compound of any of them to alumina
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[err] theoret. [err] wherein (I[err]/I[err])theoret. is the XPS peak
intensity ratio of P to Al which can be theoretically eval uated;
(P/Al)[err] is the atomc ratio of Pto Al, [err] (Al) is the
cross-sectional area of ionized [err] electrons; [err] is the
cross-sectional area of ionized [err] electrons; [err] and [err] are found

fromthe fol | g brReRack ¥RefOSfMNAL HE A hol SEite WRIRINE bE hbt | Feddie
escapi ng depth of [err] electrons, [err]  is the escaping depth of [err]

el ectrons, p tka# fﬁfs%dlﬁﬁwbi?hﬁﬁ Kaldading witiheatisng ithe seaciddmt aikbwee area
of alumna; and [err] and [err] are the efficiencies of detectors (D [err]

1/ [err] ) foat[ertémpexhte Jof kespaat 60ety. 10¢ec vidiast Aleds?r bhegnd [err]
are 18.2 A and 20.4 A, respectively, which are derived by the use of Penn's
formul a ["JouprefexdbXy et rleas$Spdctr bouvpyand dtliketed B rProemiydmg” ous| . 9,
1976, pp. 29 to 40]. The values of [err] and [err] are 0.753 and 0.403,
respect i vel y, moiding ardcying @ndn fixgdngi bgr at pukliglcduiowd aeathpdur nal of

El ectron Spectroscopy and Rel ated Phenonmena" vol. 8, 1976, pp. 129 to 137]
usi ng Al K a rkgeading@ighihpatigtg EQishantes. tmonathwrbynveigﬁﬁ afear of
phosphorus to al um na, when _expressed by, errll %ives P/Al)atom = 0.7183
[err] Then, Qfrausing dpsuffiglent kneading and poor dispersion state of

phosphorus atoms, A kneading temperature departing from the
above-prescribed range unfavorably results in failure to
highly disperse phosphorus atom or the like. The addition of
the aforesaid phosphorus, an alkaline earth metal, titanium,
zirconium or a compound thereof may be carried out, according
to the necessity, in a state of solution in which the metal
or compound is dissolved in water with heating.

As the alumina precursor, mention can be made of those
same as the alumina precursors given in the description of the
foregoing alumina/boria carrier. The aforesaid alumina or a
precursor thereof is preferably used in a moisture content of
not lower than 65% by weight. A moisture content therein lower
than 65% by weight involves a fear of insufficiency in the
dispersion of the compound such as a phosphorus compound.

The phosphorus comporient which is a constituent of the
alumina/phosphorus carrier among these carriers is present
mainly in the form of phosphorus oxide. -The phosphorus
éomponent to be used for producing the carrier is divided into
elemental phosphorus and phosphorus compounds. Examples of

the elemental phosphorus include white phosphorus and red
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above-obt ai ned values [err], [err], [err], [err] and (P/Al)atomusing [err]
and [err] as XPS peaks of Al and P, respectively into the foregoing fornula
(5), give the forrmula (6) [err] theoret. [err] [err] In the forrmula (6),
(I'[err]/1[err])theoret. is the XPS peak intensity ratio of P to Al which
can be theoretically evaluated. The synbol So in the fornula (6) indicates

the specific aégpiRiral UNkRanplds | St daR Elchtiohush BoRBBHAag™Dhe P

carrier, that theatomc dispersibility -of eaCh of phosphorus, alkaline

earth netal, ind@fircApRosphe@itaadd ¢ithsa Aebxedat ok iy SudRYade not
| ess than 85% of the theoretical dispersibility. An atomc dispersibility

| ess than 85%éhdpidpheariet aeddl, \tHasphorvakvasid@, hepophbsphbsbiy adich
di sadvantage that the manifestation of an acid point is nade insufficient
and a hi gh hyahidcldadiingmesatli salysoandeamhonfunt adalon Wereoift;y can't be
expected. The above-nentioned carrier can be prepared, for exanple, by a
process whi chpelyphospiorilee astidpsuch addpymophesphqies@dilded proporti on,
phosphorus, an alkaline earth netal, titanium zirconiumor a conpound of
any of them teripaiyphesphoricacid andtetzapolyphesphonic agid and atkalki
content of not |ess . . .
metal salts and ammonium salt thereof; metaphosphoric acid such
as trimetaphosphoric acid, tetrametaphosphoric acid and
hexametaphosphoric acid and alkali metal salts and ammonium
salt thereof; chalcogenated phosphorus; organophosphoric acid,
and organophosphates. Particularily preferable phosphorus
compounds among them from the aspect of durability are alkali
metal salts and ammonium salts of inorganic phosphoric acid
with a low oxidation number, or condensed phosphoric acid.
The alkaline earth metal compound which is a constituent
of the alumina/alkaline earth metal compound carrier among
these carriers is principaily an alkaline earth metal oxide,
preferably magnesia, calcia or the like. The magnesium
component to be used for producing the carrier is divided into
elemental magnesium and magnesium compounds. Examples of the
magnesium compounds include magnesium oxide, magnesium
chloride, magnesium acetate, magnesium nitrate, basic
magnesium carbonate, magnesium bromide, magnesium citrate,
magnesium hydroxide, magnesium sulfate and magnesium phosphate.
The calcium component is divided into elemental calcium and

calcium compounds. Examples of the calcium compounds include

calcium oxide, calcium chloride, calcium acetate, calcium
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t han 65%. by wei ght; kneading with heating the resultant m xture at a
tenperature of around 60 to 100[err]C for at |east one, preferably at |east
1.5 hour; and thereafter carrying out nolding, drying and firing by a
publicly known nmethod. Kneading with heating for shorter than one hour

I nvol ves a fear of causing insufficient kneadi ng and poor dispersion state

of |oh08|oh0rus]%e 1B éali%?ﬁﬂl.i%rb @{H%S{;#i@iﬂﬁ@%@ ha&,féaci{ﬁié:ﬁfci ate

above-prescri range unfavo s Tn fairfure’to y di sperse

phosphor us at éﬂé’iuﬂli Rgakbkede T egleﬂdintéjuq&a%,tmﬁwmpﬁ‘eﬂwpe&mm an

al kaline earth netal,“titanium zirconiumor a conpound thereof may be

carried out, argDhskaarid ddIviMACABEbEkBate) a state of solution in which
the netal or conpound is dissolved in water with heating. As the alum na

precursor, nention The brtarili Gonponeats #HRcASis hesed UPo N PpRUdRINJOr S
given in the description of the foregoing alumna/boria carrier. The

af oresai d al ualwaima /4l tEE@a) cactrithearodig ithesectarabeys vusedividedninisd ur e
content of not |ower than 65% by weight. A noisture content therein |ower

t han 65% by welghéntail ctitemian @md ¢fitaniunf conpounyds n Exempilepeofi tire of

t he conpound such as a phosphorus conpound. The phosphorus conponent which
i s a constituesabbe titanitmcompopnds pinsrludectitaniumebhoridespotagsiwms s
present mainly_ in the form of phosphorus oxide. The phosphorus conponent to
be used for pEdtRRIWY e¥rlate, tdtandun prdde peebyaeekonadio pHddmanms and

phosphorus conmpounds. Exanpl.es of the el enental ghos horus 1 ncl ude, white
phosphor us andutEategpotassium titanium fluoride, titanium tetrabutoxide,

titanium tetraisopropoxide and titanium hydroxide.

The zirconium component which is used for producing
alumina/zirconia carrier is divided into elemental zirconium
and zirconium compounds. Examples of the usable zirconium
compounds include zirconium chloroxide, zirconium oxychloride,
zirconium nitrate dihydrate, zirconium tetrachloride,
zirconium silicate, zirconium propoxide, zirconium
naphthenate oxide, zirconium 2-ethylhexanate oxide and
zirconium hydroxide.

The catalyst (A) to be used in the first and second
aspects of the present invention comprises at least one metal
selected from the group consisting of the metals each belonging
to any of the groups 6, 8, 9 and 10 of the Periodic Table, said
metal being supported on at least one carrier obtained in the
above-mentioned manner. The method for supporting the metal
is not specifically limited, but can be selected optionally
from the publicly known methods including impregnation method,

coprecipitation method and kneading method. Adesirable metal
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phosphorus. Exanpl es of the phosphorus conpounds include inorganic
phosphoric acid with a | ow oxi dati on nunber such as orthophosphoric acid,
phosphorous aci d, hypophosphorous acid and al kali netal salts and ammoni um
salt thereof; polyphosphoric acid such as pyrophosphoric acid,

tri pol yphosphoric acid and tetrapolyphosphoric acid and al kali net al salts

d i I '
201 d. tetr ancia R on ERACAAEEICE 3 uTNTIngn BERBBLERGRY I T
salts and ampgl ok.ga hori c
acid, and organopho‘fb?nat es. afPt P%E gg? ngég?refia}&se 1?3’390?“3??5%%@%15
anong them f r@f&éﬁ&xﬁ:spe@heohﬁﬂﬁﬁbtém éfcaﬂﬁfrea'a‘ﬁa' 'f1EE§h§' £3@bt gr&nd

anmoni um sal ts of 1 norganic phosphoric acid with a | ow Oxidation nunber, or

condensed phospiibiy seldctddacidrdingets ek iRd Jf AOLRD BAgpoitel difd a
constituent of the alum na/al kaline earth nmetal conpound carrier anong

t hese carri er¢he Slike NCTpathys arasd kKalheneaeaibh &y de wsedealpnefer aid y
magnesi a, calcia or the |like. The nmagnesi um conponent to be used for
produci ng t hecamvinarians wiithi dedleast ehenethet. nagnesi um and nmagnesi um
conmpounds. Exanpl es of the magnesi um conpounds include nmagnesi um oxi de,
magnesi um chl ori de, Thendrgsiiahreataeatecahalnesichhaiinadatis, tbasf@rml um
carbonat e, magnesi um brom de, nmagnesiumcitrate, nagnesi um hydr oxi dg
magnesi um sul W& @%%@@&mﬁﬁﬁéﬁﬁw@rem% W A3mdeasitt 7PsAdi vi ded
into elemental cal cium and _cal ci um conpounds., Exanpl es of the cal cium

conpounds i ncP¥RexahlY dmthe rangeaf S0R ¢AP i g ayeragem 'h‘?’%et%l ci um

39 smaller than 70 & is liable to grause the disadvantage that the

service life of the catalyst. is shortened.

In the hydrotreating method according to the second
aspect of the invention, there is used the combination of the
above-obtained catalyst (A) and a conventional demetallization
catalyst (B) according to the level of metals contained in crude
oil. In this case, the catalyst (A) may be used alone or in
combination with at least one other. Likewise, the catalyst
(B) may be used alone or in combination with at least one other.
The blending ratio thereof is preferably in the range of 10
to 80% by volume based on the whole volume of the catalysts.
The application of the catalyst (B) enables suppression of the
catalyst deterioration as well as decrease in metal content
in the petroleum product. As the aforesaid demetallization
catalyst, mention can be made of the conventioﬁal
demetallization catalyst usually used by those with ordinary
skill in the art, for example, a catalyst having an average

pofe diameter of at least 100 X which comprises at least one
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nitrate, -cal ci um carbonate, calciumbromde, calciumcitrate, cal cium
hydr oxi de, cal cium sul fate, cal ci um phosphate, cal cium al gi nate and cal ci um
ascorbate. The titanium conponent which is used for producing

alum na/titania carrier anong these carriers is divided into el emental
titanium and titani um conpounds. Exanpl es of the usable titani um conpounds

nol ude {1 ankugA P Ofdéitaq RIS T TbhANGHIL PXEL Y Sor (i g de

acet yl acet ona titaniums sSium ti | 'uor titani um

t et r abut oxi debeiéﬁ?ﬂ;,% d %hgaiaggg{éf)%g@ 8N ! ig aRhuld ydnd feriddic

zi rconi um conponen ich i oduci ng alum na/zirconia carrier is

di vi ded into @4AB1&RhdChzhd €ONH YBEEbrAHIELCOR iah M AOFFPMIWI Sxi B8 88i@ic t he
usabl e zirconi um conpounds i ncl ude zirconi um chl oroxi de, zirconium

oxychl oride, Zarebeypna mdtwia eiihedadt 6r €hé CDikeNd i acbuati 8¢, 3 to
zirconiumsilicate, zirconium propoxide, zirconium naphthenate oxi de,

zi rconi um 2- eBbyIeweight exprissodlini texms o dyidothéeeotivased anyshe (A)
to be used in the first and second aspects of the present invention
conpri ses at what¢ ameumetef thel eatadybtom $pescigficuexampdest ithgrebft he
nmetal s each belonging to any of the groups 6, 8, 9 and 10 of the Periodic
Tabl e, sai d nibaludeiacatalynt davingaan| everagmepere diamesprapfied2Prdt he
above-nenti oned_nmanner. The nethod for supporting the netal is not
speci fi cal | y Whieh qpmpgiisesaiifio sappersgdop aduming in o ameuniy of 0%
known met hods_ i ncl pdi ng iqpregnation met hod,
by welght ‘expressed in terms of oxides thereof based on the
whole amount of the catalyst./
With regard to the first and second aspects of the
invention, crude oil or crude oil from which naphtha fraction
is removed is hydrotreated in the presence of the above-
mentioned hydrotreatment catalysi:. The reaction system using
the catalyst is not specifically limited, but may be selected
for use from fixed bed, fluidized bed and moving bed. Likewise,
the production process is not specifically limited, but may
be selected for use from various production processes, for
example, the processes to be used in the third to seventh
aspects of the invention as described hereunder. In Fig. 1,
which is a schematic block flow diagram showing an example for
the separation of various petroleum products including a
hydrotreating step in the first and second aspects of the
invention, (1) illustrates a step in which crude oil is, at
fifst, fed in a preliminary distillation tower, where naphtha

fraction is removed, and the residue is hydrodesulfurized and

introduced in an atmospheric distillation tower to separate
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copreci pitation nmethod and kneadi ng nethod. A desirable netal 40 S
supported on the carrier in a prescribed proportion, and then subjected
when necessary to drying followed by firing treatnment. The firing
tenperature and firing time are suitably selected according to the kind of
metal supported and the like. In this case, the carrier may be used al one

or in conbi n;i::%%}[h%ﬁtlfhaakrhéé%n9'1%:@:%@%-fﬂ'a{lﬁ:i*&ﬁr §hs AANNEPAcERSRhKE!

obtained in oregol ng way usually has an averagé pore dianmeter of at

| east 70 A pieafighadll ¥yilp Wiiad @ngeipiuﬁg:dﬁééaosee A eMeERgEryiy eil
dianeter smaller than 70 Ais liable to cause the di sadvantage that the

service |ife igf di kecedy Apthiodesudfartiesadand subsaduentdyr tatiodpceet liad
according to the second aspect of the invention, there is used the

conbi nati on e tahmosbheeiobibstitl abial yiwefrAtcaseparatayint omaphtha
denetal lization catal yst (B) according to the level of netals contained in
crude oil. | fxaeitdionaskerasenefitadtion ( gas ody fracision andmessdupahoil.
conbination with at | east one other. Likew se, the catalyst (B) nmay be used
al one or in conbi nds Ghownt AnaFigeal(lbnecwidfeilrfaon @ﬁéphgnaabff%at her eof
of [ho oat al YERELivRe 10 BERGYRToH o RIRLIOHAATYoR1 BE) LLROIY AT MeYs  on
et ol cum proRePLiact {YRLe REtEaLTeR tado: ALEPERRESHOLE: 20, SO ERES can
be made of tf¥?é¥3n%%%%gog§& as such may be collectively hydrotreated
without removing naphtha fraction in the case where the content
of sulfur in naphtha fraction need not be reduced to less than
1 ppm, for example, in the case of employing naphtha fraction
as the raw material for an ethylene production unit.
As crude oil tobe fed in a preliminary distillation tower
and that to be fed in a hydrotreating step, there are usable
crude oil and crude oil from which naphtha fraction is removed,
~ each being usually available. It is preferable that suchcrude
oil be desalted in advance in order to prevent fouling or
clogging inside the preliminary distillation tower and to
prevent the hydrotreatment catalyst from being deterijorated.
As a method for desalting treatment, there is usable any of
the conventional methods generally used by those with ordinary
skill in the art including chemical desalting method, Petreco
electric desalting method and Hau Baker electric desalting
method.

As shown in Fig. 1(1) in the case where crude oil is

treated in a preliminary distillation tower, naphtha fraction
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denetal | i-zation catal yst usually used by those with ordinary skill in the
art, for exanple, a catalyst having an average pore dianeter of at | east
100 A which conprises at |east one 41 netal selected fromthe group
consisting of the nmetals belonging to any of the groups 6, 8, 9 and 10 of
the Periodic Table which nmetal is supported on an inorganic oxide, an

aci dic carri efpd gnd¥@ Wit MEP8ERI o Tarid @ elibBdl Bt A& P knReds !t €nd0 bY

wei ght expressed in terms of oxide thereof based on the whol e anobunt of the

catal yst. Speghéi@isxEltSon kenaetibns! itlelwdoRf sl 1§ ui BemparaMerage
pore dianeter of 120 A which conprises Ni/M supported on alumna in an
amount of 10%ihytNeiHigeexEr @45¢etoi200%T,Mandfl aopréssutdeireahebasffe avf t he
whol e amount of the catalyst. Wth regard to the first and second aspects
of the inventatmospherfe pressnretodk0 kgl ch? pprefiechbbppkidut I rakgiom?i s
renoved i.s hydrotreated in the presence of the above- nentioned

hydr ot r eat nenThe aaghydia. £fidet eapwhich isydistilked gwaifeatt shal yop therenf
specifically limted, but may be selected for use fromfixed bed, fluidized
bed and novi npreferablykdkisss, beohbing gangei of WUt esshighenitas pbei wppet | v
limted, but may be selected for use fromvarious production processes, for
exanpl e, the piBtefed2btd74S6d jHoWawer hthe napiidpchrachionR Meedonot he

i nvention as described _hereunder. In Fig. 1, which js_a _schematic pl ock

f1 ow di agram QﬁM%S&%Ye%%%{?%ithﬁﬁéggep%%ﬁ% dt B¥ hydredgsupberbiedim

products incl udi
acc

gﬂp&hied with rectification in the next step. Naphtha
fraction having a boiling range of 10 to 125°C usually has 5
to 8 carbon atoms, and naphtha‘ fraction having a boiling range
of 10 to 174°C usually has 5 to 10 carbon atoms. When naphtha
fraiétion is cut off at a boiling point lower than 125°C, the
partial pressure of hydrogen drops in the subsequent
hydrotreatment step, thus causing a fear of lowering the
hydrotreatment efficiency, whereas cutting off of the fraction
at a boiling point higher than 174°C causes a tendency of
lowering the smoke point of the kerosene fraction obtained by
distillation in the subsequent hydrotreatment step.

The reaction conditions in the case of
hydrodesulfurizing crude oil from which naphtha fraction is
removed include usually a reaction temperature of 300 to 450°C,
a hydrogen partial pressure of 30 to 200 kg/cmZ, a hydrogen/oil
ratio of 300 to 2,000 Nm3/KL and a 1iquid hourly space velocity
(LHSV) of 0.1 to 3 hr-l. However, the reaction conditions
include preferably a reaction temperaiure of 360 to 420°C, a

hydrogexi-partial pressure of 100 to 180 kg/cm?, a hydrogen/oil
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hydrotreating step in the first and second aspects of the invention, (1)
illustrates a step in which crude.oil is, at first, fed in a prelimnary
distillation tower, where naphtha fraction is renoved, and the residue is
hydr odesul furized and i ntroduced in an atnospheric distillation tower to
separate 42 i nto naphtha fraction, kerosene fraction, gas oil fraction
and resi dual T&Yio @fi 50 (t9 1,100QsNpA Kk andaapLHAV\@f G 1& Efr@eoeﬁlhli'gr
directliy hydradesul furized and, subsequently introduced in ap atnospheric
di still ation Si5%Er thesecFardiEiong &%@Fﬂrﬁ%é‘mré’éﬁﬁaﬁffuké%%% ¥ k& on,
gas oil fraction,and r%siggal,oil As shown in Fig. 1(1), crude oil from
whi ch napht h&3TAed ont eTFLGLeRM Y n a preliminary distillation tower may

be col | ectively hydrotreated. Alternativel) in Fig. 1(2), d
o 1 ‘s such mey be W Faapeoan, ChOBFGHNE B % FORE Plinovi ng naphi ha

fraction |n \e.Cane MORLE 1S GOOAEN: Lo okl RERNLI ragd afheneed

not be reducé 0 | €ss n ppm Tor ‘exanp e case -of enﬁloylng

napht ha f ractagsge?gge _tﬁetﬁ@vefa]%_at&f h@)t}rgaésaﬁ&fm@%ﬂae%%f %EEBmWiEh As

crude oil to in a prelimna IstillTation Tower an at to be fed

in a hydrotrepignihaSE@Rct 168" 2eRoveab!utC itdes QidefAHdDIBUES iQidrelas@m
whi ch naphtha fraction is renoved, each being usually available. It is

preferabl e thiidriogeh pardtaldi préssees ddehydioydnabed ratdd deitin phevent

fouling or clogging inside the prelimnary distillation tower and to

prevent the hbbwi-eatientdcringy sio tonpehsatg fiet dowetrdhgdof hydrogen
partial pressure. /

After crude oil or crude oil from which naphtha fraction
is removed is collectively hydrodesulfurized in the foregoing
way, the resultant treated oil is fed in an atmospheric
distillation tower, where the oil is separated into various
products such as naphtha fraction, kerosene fraction, gas oil
fraction and residue on atmospheric distillation. The
operational conditions for the atmospheric distillation tower,
which are the same as those for a process for atmospherically
distilling crude oil presently prevailing in petroleum
refineries, include usually a temperature of about 300 to 380°C
and a pressure of atmospheric pressure to 1.0 kg/cm2G.

By carrying out the foregoing step following the
hydrodesulfurizing step, it is made possible to contrive heat
recovery and greatly curtail the operational cost. In
addition, the construction cost can be curtailed by
transferring hydrodesulfurized oil to a petroleum refinery

located at other-place'to separate the petroleum products in

45



As a nethod for desalting treatnent, there is usable any of the
conventional nethods generally used by those with ordinary skill in the art
i ncludi ng chenmi cal desalting nethod, Petreco electric desalting nethod and
Hau Baker electric desalting nethod. As shown in Fig. 1(1) in the case
where crude oil is treated in a prelimnary distillation tower, naphtha

fraction 43 ordgy ﬁ@,@&,fbbﬁﬂﬁrei?aﬁ{:ipﬂzélr&x rSputshe tatiosphepither eof under
the distillation conditions including usually a tenperature in the range of

145 t o '200[ erdidti1andisnprewer’ EorNckti@e redye of at nospheric pressure to 10
kg/cnferr], preferably about 1.5 kg/cnferr]. The naphtha fraction which is

distilled away at tAwdreiingheoeehepreétetadhd decomd haigdots bEngaeof
10[err] C or higher to the upper limt of 125 to 174[err]C. However, the
napht ha fractimremtdes,ndt iemnpdecpesdibldl s0ipitathdeh&erpaeneianckgas aid
hydrodesul furi zed acconpanied with rectification in the next step. Naphtha
fracti on havithpata axs |favgrablgeanf stabblizsl eint |qualddyl Hp ARcreaseds
carbon atoms, and naphtha fraction having a boiling range of 10 to
174[ err] C us AUt s @ sampdibynPatbedeuniaf ingmt IeguipgentoRYi s cut
off at a boilin oint | ower than 125[err]C, the part,ial pressure of
hydr ogen drorf'saﬁgﬁlt% AUt SYGEEALRALEL BT REA PR it GQPInation- Wathng a fear
of lowering the, hydrotr.eatgent. efficiepc wher eas. cutti ff,_of. the
fraction at DY qwmgng%hké‘ﬁeps?hgﬁ {%[%ﬁ‘?‘i lccaféé:?ri s?’ef‘rﬁe%@? of
lovering the Sopke N¥e hy@loddSul 3531 o' 8F 'drde St Fo2 e 0il from
which naphtha fraction is removed.

The third aspect of the invention relates to a process
for hydrotreating a hydrocarbon 0il which comprises
hydrotreating a hydrocarbon oil containing at least one from
among asphalten, sulfur and a metal component, in the presence
of a catalyst by reversin'g the flowdirection of the oil against
the catalyst according to the extent of the deterioration of
the catalyst performance after the elapse of a prescribed
treatment time. The period of time until reversing the flow
directio_n of the oil may be determined by the treatment
conditions and the desired performance without specific
limitation. For example, the flow direction may be reversed
at the point of time when the desulfurization activity is made
impossible to keep up with rising reaction temperature.

Fig. 2 is a schematic view simply showing an example of
hydrotreating process in the third aspect of the invention.

In converting the flow of the crude oil to the reverse direction,

mention is generally made of a method in which an upwaxrd flow
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distillation in the subsequent hydrotreatnent step. The reaction conditions
I n the case of hydrodesul furizing crude oil from which naphtha fraction is
renoved i nclude usually a reaction tenperature of 300 to 450[err]C, a
hydrogen partial pressure of 30 to 200 kg/cnR, a hydrogen/oil ratio of 300
to 2,000 Nnferr]/KL and a liquid hourly space velocity (LHSV) of 0.1 to 3

hrierr]. Howgerhah§&d &AG! 40PnwLEAdIf1RNS Fi§! e 1008LeRREL Yard ek@ABLEON
tenperature of 360 To 420[err]C, a hydrogen partial pressure of 100 to 180

kg/cn2 a hydnogRiéRi & phhralityt b8 Béaddrd ark Q88dNMH &f mydfotaadtangl HSV
of 0.15 to 0.5 hr[err], since these conditions enables hydrodesul furization

to be carri egprodgesstf i el yasd o€ revatdiny ehediliowodireont 1de ofas €eell

hydr odesul furi zing crude oil as such are basically the sane as those in the
case of hydr eddsaktordingotaerRide &i,| itrbsnpusstlbleapbt dbafgeadtheonpward
renoved, but it is preferable to increase hydrogen partial pressure and
hydr ogen/ oi | flgwi sowkhai dovhward flowmen each pintke t teackpish it shpwn

| oweri ng of hydrogen partial pressure. After crude oil or crude o0il from
whi ch napht hd™f {30t 2Bd 21sQ dip¥eyersechhe itk (Qf R-dr SLRY AU e $Nen t he
foregoing way, the resultant treated oil is fed in an atnpspheric

di stillati on HeRREPTSWHAERCRRheCRANIIRG ey upedd £elgwy asi 8RSYRr HRiuEd ks such

as naphtha f1acti oy kerosene, £ agt 0% o87%: e %Y Mo dSRd 18

direction can be made when necessary by dividing into plural
times per a short period of time.

The catalyst to be used in this process is not
specifically limited, but may be selected for use from the
catalysts that are conventionally used. There are preferably
usable, in particular, the catalyst (A) to be used in the first
and second aspects of the invention and a catalyst comprising
at least one metal selected from the metals each belonging to
any of the groups 6, 8, 9 and 10 of Periodic Table, which metal
is supported on alumina as a carrier.

In the present invention, the hydrotreatment catalyst
may be used alone, but it is preferable that a reactor be packed
inside with a catalyst combination wherein the hydrotreatment
catalyst is sandwiched between a catalyst with high
demetallization activity and a catalyst with high
desulfurization activity because of the capability of further
prolonging the service life of the catalyst.

In more detail, it is preferable in the present invention

that the c'atalyst be a catalyst combination which is divided
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operational conditions for the atnospheric distillation tower, which are
the same as those for a process for atnospherically distilling crude oil
presently prevailing in petroleumrefineries, include usually a tenperature
of about 300 to 380[err]C and a pressure of atnospheric pressure to 1.0

kg/ cnm2G By carrying out the foregoing step follow ng the

hydr odesul f uri zi.n Pread 47 <h4S | ; I d
e e R i f s R A S e

can be‘curtaideedohd 280ShE g, A% paciGdepokb o TRtk 8El 010 to Pes By
refinery |ocated at other place to separate the petrol eum products in 45

order to effechby¥elvoldind rd€ido®potblWavingsphesiz00dRsdidnatdobetiager for
crude oil. According to the first and second aspects of the invention, it

I's made possigul ot 95PRHE okt s a1 pogasvelimd hal pere ¥elimelraeiand
stabilized in quality in increased amounts and to sinplify petrol eum
refinery equigfrporebyhawingi2o® tot 80¢ &k diameterfbeing dhtonlibritged oon with
hydr ocracki ng by the use of the specific catalyst in the collective

hydr odesul f uriheasame, efnda pdeecsidlupe ratiteobiporaschaving B0AdarAargescti on
is renoved. The third aspect of the invention relates to a process for

hydr ot r eat i ngliamegerobaingn 40 3Qfikasedh @iy ithessaRr| g éawgfa&—aﬁ-}‘l&l&car bon
oil containing at |east one from anpng asphalten, sulfuyr and a metze}l
conponent, i @qn;p@n@p@sgﬁgéng a specific surface area of 150 to 300 m</g,

a specific pore volume of 0.3 to 1.2 cm3/g, a pore volume ratio
of pores having 70 to 150 A didmeter being 80 to 95% based on
the whole pore volume and a pére volume ratio of pores having
150 & or larger diameter being 5 to 20% based on the same, said
catalytic components being alternately placed in the order of
(a), (b) and (a) against the flow direction of the hydrocarbon
oil.

A specific surface area of less than 100 m2/g instead
of 100 to 250 m2/g in the above-mentioned catalyst (a)
unfavorably results in failure to sufficiently exhibit the
necessary activity, whereas that more than 250 m2/g unfavorably
brings about the difficulty in requlating the pore diameters
to optimum ranges. Moreover the specific surface thereof is
more prefera;bly in the range of 150 to 230 m2/g. A specific
pore volume of less than 0.4 cm3/g instead of 0.4 to 1.5 cm3/g
in the catalyst (a) markedly accelerates catalyst
deterioration, whereas that more than 1.5 cm3/g results in
failure to sufficiently exhibit necessary catalytic

performance, both being unfavorable. Thus, the specific pore
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of a catalyst by reversing the flow direction of the oil against the

catal yst according to the extent of the deterioration of the catalyst
performance after the el apse of a prescribed treatnent time. The period of
time until reversing the flow direction of the oil may be determ ned by the
treatnment conditions and the desired performance w thout specific

im tation. Fosgiatietecknfs b Sbearhnlly TRY Ae LEHEL A st Be P Nt of

ti me when the furrzation activity Is i npossi bl e to keep up w

rising reactigmBALMShREHEL i€l _p%eif%rabi_éhﬂi@éi& pPErRNYS Rk Yr SEANMJYY an
exanpl e of hydrotTreating process in the third aspect of the invention. In

converting t;ﬁofé@vnaifiddmopwdepoii dPahdteer Beer6Te tdi D&t b@Sed NEBMtHEN 1S
generally nmade of a method in which an upward fl ow 46 is changed to a

downwar d f | owshdid) poke rblGihe Atepord SsBERe eratiioVdifChored havinigt 300fto
reactors are used in a hydrotreating process. |In the case of reversing the
flow directi o80®fA didmetienide scnn8Rnpased langthd,sarte,i an@as poltkevdlunghange
the upward flow to the downward fl ow per each of the reactors as shown in
(2) and al so ratiewdrperehdavidgr8f Aot larger dimmegert e 3read0érasad hout
changing the upward flow as shown in (3). The conversion of a flow
direction to ®hdhecfaree fTherabipvecnenhieorgd Fangedes paferabdeshecause
dividing into plural times per a_short period of time. The catal yst to be
used in this %E oehe reasans desexibpdabheienndex g A Wenéf?lﬁ@es@%k‘?é?f- f or

use fromthe . . .
pores having 80 to 200 A diameter, when being less than 60%,

results in failure to sufficiently exert necessary catalytic
performance, but when being mcz;re than 95%, makes it iﬁlpossible
to assure the pores having 800 A or larger diameter which is
effective for suppressing the deterioration of catalyst
activity. A pore volume ratio of pores having 200 to 800 &
diameter, when being less than 6%, results in failure to
effectively diffuse the feed oil between the pores having 80
to 200 A diameter and the pores having 800 A or larger diameter,
but when being more than 15%, makes it impossible to assure
the pores having 80 to 200 A and pores having 800 A or larger
diameter, both being effective for suppressing the
deterioration of catalyst activity and enhancing the catalyst
activity. In addition, a pore volume ratio of pores having
800 & or larger diameter, when being less than 3%, brings about
the acceleration of catalyst deterioration, but when being more
than 30%, causes a fear of lowering the strength of the
catalyst.

In the catalyst (a) of the present invention, it is
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catal ysts that are conventionally used. There are preferably usable, in
particular, the catalyst (A to be used in the first and second aspects of
the invention and a catal yst conprising at |east one netal selected from
the netal s each belonging to any of the groups 6, 8, 9 and 10 of Periodic
Tabl e, which netal is supported on alumna as a carrier. In the present

i nvention, t %g:e@é‘;:raﬁiﬁe§E8§2£%g§i§6dﬁ’é§ai@3&ri@zﬂéi%@s§| eR&t Pofeivoldimne

preferable that a reactor Inside with a catal yst conbi nation

wherei n the hygrels satperds Galvdangstoito 2000% dhatkiat Wpores kakbly 200w th
hi gh denetal l'ization activity and a catalyst w th high desul furization

activity becaus®oof it Beamapabi dnd Ypstfed Wavitig 800l Angi nat der stranieter i f e
of the catalyst. In nore detail, it is preferable in the present invention
that the cat #e/%5 b6 HEaBatysi2icanti haid aswhrespectiiielylddsed on thet o an
(a) catalytic conponent having a specific surface area of 100 to 250 n2/g,
a specific pwmlelpore vbl@mé.to 1.5 cnferr]/g, a pore volune ratio of

pores having 80 to 200 A dianmeter being 60 to 95% based on {he whol e pore
vol ume, a pore vol Aspestifdcosupbpee ERa ref AP G—haé}olﬁodmgf&tjéﬁq?@i g6
to 15% based on the sanme, and a pore volune ratio of pores havi ng 800 A or

t

| arger di anetef 158 @ 300o0m369, Baseke bavrrmentdonsd gatplyeht BPYtic

conponent having a specific surface_area of 150 to 300 nR/ | fi
pore vol une Jinfpvpnably resydrg 1n B%%%u%lWqéﬁoﬁc&e&ﬁq%ogggghigﬁﬁbe% to

150 A dianeter being 80 t %
necessa%y act:?v:?i?y? Pvﬁtsa%gag rt‘:hat more than 300 m2/g unfavorably

brings about the difficulty ip regulating the pore diameters
to optimum ranges. Moreover .the specific surface thereof is
more preferably in the range of 160 to 285 m2/g. A specific
pore volﬁme of less than 0.3 cm3/g instead of 0.3 £o 1.2 cm3/qg
in the catalyst (b) markedly accelerates catalyst
deterioration, whereas that more than 1.2 cm3/g results in
failure to sufficiently exhibit necessary catalytic
performance, both being unfavorable. Thus, the specific pore
volume thereof is more preferably in the range of 0.35 to 1.1
cm3/g. Further it is preferable that a pore volume ratio of
pores having 70 to 150 A diameter be 80 to 95% based on the
whole pore volume, and a pore volume ratio of pores having 150
& or larger diameter be 5 to 20% based on the same. The
above-mentioned range is preferable because of the reasons
described hereunder. A pore volume ratio of pores having 70
to 150 & diameter, when being less than 80%, results in failure
to sufficiently exert necessary catalytic performance, but

when being more than 95%, makes it impossible to assure the
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t he whol e pore volune and a pore volune ratio of pores having 150 A or

| arger dianmeter being 5 to 20% based on the sane, said catal ytic conponents
being alternately placed in the order of (a), (b) and (a) against the flow
direction of the hydrocarbon oil. A specific surface area of |ess than 100
n2/g instead of 100 to 250 n2/g in the above-nentioned catal yst (a)

unf avor abl y rﬁﬁlg ' aj L pr |- C4 ' st 3 FECERRA
activity, wh reasst tﬁﬁgtﬁngrl)%'}éblt é’tﬁo%%&%%/%fﬁ#%ﬁ?%g? %%lh%s about fibﬁe

difficalty ingg sétihggthaedaeéﬁi@f@iﬁrﬁréf t&t%qsﬁsrﬁuabueme%ow eover the

specific surface there I's nore preferably in thé range of to 230

2/ g. A speciddditioms ¥OpsHFeE wilumessati@nod pbresBhaving t16ad Rodr Aatged 1.5
cnB/g in the catalyst (a) markedly accel erates catal yst deterioration,

wher eas that diineteignwheh beBhg 1€$4 tlsan 6% Aidningyst absutf theent |y exhibit
necessary catal ytic performance, both being unfavorable. Thus, the

speci fi c por eactkleratdonneft batabfst detmm quatfiengbbyti whéhebeimpaoaie 0. 45
to 1.2 cnB/g. Further it is preferable that a pore volune ratio of pores
havi ng 80 t o 2 R0&i, areseltHeibFaidupsstd it igriantdywaserst matalydigne, a
pore volune ratio of pores having 200 to 800 A dianeter be 6 to 15% based
on the sane, perfarmamce.vol une rati o of pores having 800 A or |arger

di aneter be 3 to 30% based on_the sane. The above-nenti oned range is

preferabl e because B the Gatadyss dRacPEpble RFesATte ANVRNEdLR \oEurd ratio

of . , .
preferable from the aforesaid viewpoints, that pore volume

ratios of pores having 70 to 150 A diameter, and pores having
150 & or larger diameter be 82 ﬁo 93%, and 7 to 18%, respectively
based on the whole pore volume.

It is preferable from the standpoint of enhancing the
activity of the demetallization to use the catalyst (a) having
an average pore diameter larger than that of the catalyst (b).

In the present invention, the combination of the
catalysts (a) and (b) can be preferably used by placing them
in the order of (a), (b) and (a) against the flow direction
of the hydrocarbon cil. The use of such combination and order
enables the catalyst to be further prolonged in its service
life., A catalyst other than the catalysts (a) and (b) may
optionally be used in combination therewith, between (a) and
(b) or (b) and (a) or in front of or in rear of (a).

In the case where the catalyst {(a) and (b) are used in
combination in the above manner according to the present
invention, the catalyst gombination preferably comprises 20

to 40% by volume of the catalyst (a) and 20 to 60% by volume
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pores having 80 to 200 A diameter, when being less than 60% results in
failure to sufficiently exert necessary catalytic perfornmance, but when
being more than 95% makes it inpossible to assure the pores having 800 A
or larger diameter which is effective for suppressing the deterioration of
catal yst activity. A pore volune ratio of pores having 200 to 800 A

di aneter, wh ' 9 ' ai '
i f1use 1he fh.atie fayfiet 18] baiod GRlihe colalvolifly T B g, 1 the

pores having 00 Ak L2 g8k éh@é@%@ﬁ; (Dytiahercthel nosByevbhane15% nekes
It inpossible to assure the pores having 80 to 200 A and pores having 800 A

or larger di gfffifforabllcdesd detbetdbiaeid®bfsdanmesiiratibn atiorityr,at i on
of catalyst activity and enhancing the catalyst activity. In addition, a

pore vol ume nraidread tharemolravihgn 8002 Aypivdlamgeundasoeably meswlizwiing | ess
than 3% brings about the acceleration of catalyst deterioration, but when
bei ng nore t hewiR% toausifsi ciehedy ehilmitedesylfupizatiogaptivithe On
catalyst. In the catalyst (a) of the present invention, it is 49

preferabl e frehe tdtheaf draashi dnvasopnt nef, theatgdysty dphindesat Hoan Ad0%or es
having 80 to 200 A dianeter, pores having 200 to 800 A di.aneter and pores
havi ng 800I A by vicdngerunfiayanadlypeestl 190%1]811?%119?%%19“?85?2%?%&
respective based on the whol e ) i fi

| esg t han 1¥@¢ﬁ@ﬁqg5§gqq§§gbggtitpi%f r \v/v(ljlleg'ggs t@lastplﬁgi'(]; It a%ugég%g \%leuaineOf

unfavorably gives rise to the acceleration of ‘catalyst
deterioration. In view of thé above, the above-mentioned
catalyst combination more preferably comprises 25 to 35% by
volume of the catalyst (a) and 30 to 50% by volume of the catalyst
; (b) based on the total volume of the catalyst.

The hydrocarbon oil to be used as the feed oil in the
present invention is exemplified by crude oil, crude oil from
which naphtha fraction is removed, residue on atmospheric
distillation and residue on vacuum distillation. Crude o0il,
when being used, may be introduced in a preliminary
distillatioh tower, where the naphtha fraction is removed, and
the resulting naphtha-free crude oil may be collectively
hydrotreated. When the sulfur content in the naphtha fraction
need not be lowered to less than 1 ppm, for example, in the
case of applying the naphtha fraction to the raw material for
an ethylene production plant, the crude oil as such may be
collectively hydrotreated without being fed to the preliminary
distillation tower for the removal of the naphtha fraction.

" Bs already described in the description of the first and
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of 150 te 300 n2/g in the above-nentioned catal yst (b) unfavorably results
in failure to sufficiently exhibit the necessary activity, whereas that

nore than 300nR2/ gunfavorably brings about the difficulty in regulating the
pore dianeters to optimum ranges. Mreover the specific surface thereof is
nore preferably in the range of 160 to 285 nferr]/g. A specific pore vol une

of less than gego{?&{gcé\%éa‘%yi&?ﬁ%d iftbeftfoh 1\%\%@ &fﬂi{egﬁgtﬁ. rtBebﬁaEanyf% 2( b)

mar kedly accelerates erioration, ereas t nore t

cnjerr]V/g resyl feiﬂniz?dfj‘”dist!ﬁl%:dfgfibﬁi £8{bY &M HiyarlReeatzny E?éﬁlaiféi ¢

per formance, both beling unfavora Thus, the spécific pore~volu

thereof is nopeepsLilsT R HubjedtedeihaBantfe Ro38eb814idg AFeadmentlt hBieit 1S
preferable that a pore volune ratio of pores having 70 to 150 A di aneter be

80 to 95% bastdeatmémie cohdlieipnseinohe prelininarp@istialiagion aiowerofopor es
having 150 A or |arger dianeter be 5 to 20% based on the same. The i
above- nent i onetudangkl iandpthéepabt-etimcanert of the hydiwireatesi vileare
hereunder. A pore volune ratio of pores having 70 to 150 A di aneter, when
bei ng | ess t hthe89ame rassilnt $henfivst wamal secenflf aspeets yofostdet invention y
catal ytic performance, but when being nore than 95% mnekes it inpossible to
assure the 50as deseetbedh\herpild@farer | arger dianeter which is effective
for suppressing the deterjoration of catalyst activity. In addition, a pore
vol une ratio of porBEceEding txcthe &hirdr gepeat Shtlehe ifyeRtaenngitess t han

5% brings about the |, ) ] . .
made possible to readily and inexpensively prolong the service

life of the catalyst and at the same time, greatly enhance the
operation factor of the hydrofreatment plant through increased
~continuous operational period of the plant, by reversing the
flow direction. of the feed oil against the catalyst according
to the extent of the deterioration of the catalyst performance
after the elapse of a prescribed treatment time.
The fourth aspect of the invention relates to a process
~ for the hydrotreatment of a hydrocarbon oil which comprises
hydrotreating crude oil or crude oil from which naphtha
fraction is removed as the feed oil through the consecutive
stebs of at first bringing the feed oil into contact with a
catalyst in amoving-bed type hydrotreating unit; then carrying
out hydrotreatment in a fixed-bed type hydrotreating unit
packed inside with a hydrotreatment catalyst; and carrying out
distillation to produce hydrocarbon oil fractions having a
different boiling range from each other. Fig. 4 is a schematic
block flow diagram showing a hydrotreating process for a

hydrocarbon oil in the fourth aspect of the invention.
\
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accel eration of catal yst deterioration, but when being nore than 20%
results in failure to sufficiently exert catalytic performance. In the
catal yst (b) of the present invention, it is preferable fromthe aforesaid
vi ewpoi nts, that pore volune ratios of pores having 70 to 150 A di aneter,
and pores having 150 A or larger dianeter be 82 to 93% and 7 to 18%

respectively based fieldIgs WadELPLE Lficiifaspdod Sf RhETiR@Ri b, idee

st andpoi nt of enhancing the activity of enetal l1zation to use the

catal yst (a) diayiordcAdé WNaBEoR ¥he chli ©fa If3ages oh e rehaiedl wiith
catalyst (b). In the present invention, the conbination of the catal ysts

(a) and (b) cashhEiny eftcmdiBlty 185eppRYbP! weidie Ofeati Nehbe ondatetf11[i@) , (b)
and (a) against the flow direction of the hydrocarbon oil. The use of such

conbi nati on afsmptmtdit erdkloted! feonadndys vamaditmf,umntiekelpand oges damd i ts
service life. A catalyst other than the catalysts (a) and (b) may

optional |y beatigmtst b2 8&dopiwedightnof hesphailtten .beThearryds odddegmhainring) and
(a) or in front of or inrear of (a). In the case where the catalyst (a)
and (b) are uamyg dfnthemliovat inehalbic rompboest nbm e anewtk @xegeddng i3S
present invention, the catal yst conbination preferably comprises 20 to 40%
by vol une of ppr kmtwaight rgmazkab2p shosbessythe|saryice lifgr ofhgbeat al yst

(b) based on the total volune of the catal yst. An anount qQf the catal yst
(a) less th anCWAW PWingeto the accumulation of the metallic component,

while that containing asphalten in an amount exceeding 12% by
weight markedly shortens the service life of the catalyst on
account of carbon deposition.

The process for hydrotreating a hydrocarbon oil
according to the fourth aspeét of the invention specifically
comprises hydrotreating crude oil or crude oil from which
naphtha fraction is removed as the feed oil through the
consecutive steps of (U bringing the crude oil into contact
with a catalyst in a moving-bed type hydrorefining unit under
a pressure of 21.8 to 200 kg/cmZ, at a temperature of 315 to
450°C, at a liquid hourly space velocity (LHSV) of 0.5 to 2.5
hr-1 at a hydrogen/oil ratio of 50 to 500 Nm3/kiloliter (KL)
to proéeed with hydrotreatment; and thereafter @ carrying out
hydrotreatment in a fixed-bed type hydrotreating unit packed
inside with a hydrotreatment catalyst under a pressure of 30
to 200 kg/cm2, at a temperature of 300 to 450°C, at an LHSV
of 0.1 to 3.0 hr-1 at a hydrogen/oil ratio of 300 to 2000 Nm3/KL.

The following reaction conditions are applied to the

hydrotreatment of the crude oil or crude oil from which naphtha
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unf avorably causes deterioration of denetallization activity, whereas that
nore than 40% by vol une unfavorably results in failure to sufficiently
exhi bit desul furization activity. On the other hand, an anmount of the
catal yst (b) less than 20% by vol une unfavorably results in failure to
sufficiently exert desulfurization activity, whereas that nore than 60% by
vol ume unfavogafles gl UeS rendeeliOih e méeal egpel hgatate¥sining unit

deterioration. In view of the above, the above-nenti oned catal yst

conmbi ndti on ngy ey 3kl XheOBREPS@R 2Fikst 3680 &)1 vy adherereaictilon cat al yst
(a) and 30 to 50% by vol une of the catalyst (b) based on the total vol une
of the cat al yisdmpehituiedtReretwlisaid the rangesefi3as Hows50e@d @itedotidme

present invention is exenplified by crude oil, crude oil from which naphtha
fraction is resmpearhturesthereimlawepdhaar3ls W sendtlebiynlawers éhediateon
vacuumdi stillation. Crude oil, when being used, may be introduced in a

prelimnary doftrddcatticon whesreaswhbat bhighempthdm 45086 ileadss tpetbeed, and
the resulting naphtha-free crude oil may be collectively hydrotreated. Wen
the sul fur cofemration wfe hysdgecazbepacvibh kel aranaiddidyer &8eL8PYess t han
1 ppm for exanple, in the case of applying the naphtha fraction to the raw
materi al for dgtesiguatiadtbe@@ldtigpf kerpgcre ¢! 92§ BB be
collectively hydrotreated w thout being fed to the prelimnnary distillation
tower for theFPRritheresans. neRbArRgds gg‘&Y?on&%sreﬁpcrté'é’d& t&@?éff"!ﬁgﬁei n the

description O{hépgir]; IirsstpraerkderSaﬁly in the range of 371 to 440°C. The

reaction pressure, that is, the partial pressure of hydrogen
is in the range of 21.8 to 2l00 kg/cm2. A reaction pressure
therein lower than 21.8 kg/cm? remarkably lowers the rate of
reaétion ‘ ﬁhereas that higher than 200 kg/cm? is uneconomical.
For the reasons mentioned above, the partial pressure of
hydrogen is preferably in the range of 35.5 to 160 kg/cm?. The
hydrogen/oil ratio is in the range of 50 to 500 Nm3/KL. A
hydrogen/oil ratio less than 50 Nm3/KL results in failure to
sufficiently proceed with the reaction, whereas that more than
500 Nm3/KL will bring about the problem with the operation of
the unit due to catalyst entrainment. For the reasons
mentioned above, the aforesaid ratio is preferably in the range
of 200 to 500 Nm3/KL. The liquid hourly space velocity (LHSV)
is in the range of 0.5 to 2.5 hr-1. An LHSV less than 0.5 hr-l
results in failure to assure sufficient rate of treatment from
the economical point of view, whereas that more than 2.5 hr-l
causes a fear that an insufficient reaction time makes it

impossiblé to complete the hydrorefining of the feed 0il. For
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second aspects of the invention, the crude oil to be fed to a prelimnary
distillation tower or a hydrotreating step is preferably subjected in
advance to desalting treatnment. The treatnment conditions in the prelimnary
distillation tower f or crude oil and the post-treatnent of the
hydrotreated oil are the sanme as in the first and second aspects of the

| nvent 1 on as 88 eaBeH IR RONG CERL HHAY. 10oEDR LMY ANRC e L e
i nventi.on, it IS nmade possSI N0 T ead y-and me?penswe prolong %e
service life gf i'hq: 1;E:(ﬂt'zal(y -and at the sane tine, greatly enhance the
operation factor o e hydrotreatment plant through increased continuous

operational period ffie iR all@Rivo B dSPtHe?8ihNEs gke!ééﬁiaﬁfftai E&Qi%é@e

feed oil against the catalyst according to the extent of the deterioration
of the catal ypavpey fﬁ%i@é&?brbb@r@iéﬁs§iﬁil@r PESSKHdRE G ehat nent

time. The fourth aspect of the invention relates to a process for the

hydr ot r eat mendlemétal hyzhtdica batadyst \Wviadlaboesn she ntrked featheagycside oil
or crude oil from which naphtha fraction is renoved as the feed oil through
t he consecut i and shapingfa shaperwelbrswigiedg fotembeememti,| fioxt exemplagtatni th a
catal yst in a noving-bed type hydrotreating unit; then carrying out

hydr ot r eat menleast ®ne netiabse legtredhiten ttheame bl s sachpbekergingitdcany t h a
hydrotreatment catalyst; and carrying out distillation to produce

hydr ocar bon ofPf theagrpeps qwaﬁi:n%aaldd%ﬂfrthe Reyiadig Tabte, mhiehasetabt her .
Fig. 4 is a schematic bl ock flow_di agram showi ng a,  hydrotreating process
for a hydrocatBoFURPPred (9 ap @duminapearryert having & jayerage pore

diameter exceeding 100 A. Thé preferable metals in the

catalyst include tungsten and molybdenum as a metal belonging
to the group 6 of the Periodic Table; and nickel and cobalt
as a metal belongiﬁg to any of the groups 8, 9 and 10 of the
same. The metal belonging to the group 6 and the metal
belonging to any of the groups 8, 9 and 10 may each be used
alone or in combination with at least one other. Inparticular,
examples of preferable combination include Ni-Mo, Co-Mo, Ni—W,
Ni-Co-Mo because of their high hydrogenation activity and
limited deterioration.

The term “moving bed” as used in the present invention
refers to the system in which catalyst replacement is performed
without disdontinuing the reaction, while continuous treatment
of crude o0il is maintained, and which is exemplified, for
example, in Japanese Patent Application Laid-Open No.
30890/1984. The moving bed can include the embodiment as
illustrated in Fig. 5 wherein a plurality of fixed bed reactors

are set up in parallel, and the operation of the reactors are
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There is.used in the fourth aspect of the invention, crude oil or crude oil
fromwhi ch naphtha fraction is renoved, which contains at nost 135 ppm by
wei ght of at | east one netallic conmponent sel ected from anbng vanadi um

ni ckel and iron and at nost 12% by wei ght of asphalten. The crude oil
contai ning any of the above netallic conponent in an ampunt exceedi ng 135

ppm by wei ght E%%?Etéﬁiei’%ﬁ\g«f&{h% td%%é%"%ﬁ%%bé@{xﬁi {8 Gn AR AP M Ng L O

t he accunul atifon o I'C conponent, at cont’al ning asphal ten

in an amount exeaedkhcka ity A BES1 AR k8UohtInRk! GiSsthte %?b}ébﬁﬁmia{:é e of

the catal yst on acCount of carbon deposition. The process fof hydrotreating

a hydrocar bontgi thaceerégdindg ndvitid Med.h aspect of the invention
specifically conprises hydrotreating crude oil or crude oil from which

naphtha fraction isIteipvptefsrdble figednel movhngusdd tiype dydeoreEififgeps
of [err] bringing the crude oil into contact with a catalyst in a

novi ng- bed t ypaibyhat ehe mirndeumi I onrmardesopl dxemwhicth Rdphthod f286tkgncnt,
at a tenperature of 315 to 450[err]C, at a liquid hourly space velocity
(LHSV) of 0.5isoremsved ber £pdain £heyundyein dible directiin Soungesoorrent
Nrferr]/kiloliter (KL) to proceed with hydrotreatment; and thereafter [err]
carrying out RBgaisstebheepttalyst iecaysecoft ipe e3pplitlida iofy lessenpagked
inside with a hydrotreatnent catalyst under a pressure of 30 to 200 kg/cn®,
at a tenperat 8 6AtabYSt cOBVIMEEIAR. at an LHSV of 0.1 to 3.0 hr-1 at a

hydrogen/oil ratio of 3Q0.to 2000 NnB/KL. The fqllow ng reagction conditions
are applied to the A)8&r g?ilia%%%tr%ﬁﬂiw (ﬁ%t&PPsoPrgrﬁBE "b?‘i ¥Q i ch

napht ha further hydrotreatment in ther fixed bed type hydrotreatment
unit in the step @ for the crude oil which has been treated
in the step @.
. First of all, the reaction temperature therein is in the
range of 300 to 450°C. A reaction temperature therein lower
than 300°C remarkably lowers the rate of reaction, whereas that
higher than 450°C leads to the formation of carbonaceous solid,
thereby remarkably shortens the service life of the catalyst.
For the reasons mentioned above, the reaction temperature
th_erein is preferably in the range of 360 to 420°C. The
reaction pressure, that is, the partial pressure of hydrogen
is in the range of 30 to 200 kg/cm?2. Areaction pressure therein
lower than 30 kg/cm? remarkably shortens the service life of
the catalyst because of the deposition of carbonaceous solid,
whereas that higher than 200 kg/cm? is uneconomical from the
viewpoint of equipment design. For the reasons mentioned
above, the partial pressure of hydrogen is preferably in the

range of 100 to 180 kg/cmZ. The hydrogen/oil ratio is in the



54 fraction is renmoved in a noving-bed type hydrorefining unit to be
used in the step [err]. First of all, the reaction tenperature therein is
in the range of 315 to 450[err]C A react i on tenperature therein | ower than
315[err]C remarkably | owers the rate of reaction, whereas that higher than
450[err]C l eads to the formati on of hydrocarbons wth high aromaticity,

thereby deter!rﬁgxﬁla' 88 3 5 Ovig}“ﬁ'o'ob' fim3 keroﬁ ﬁggggﬂ/gff Adid 1AGE Phgn For

t he reasons IFone the reac ure therein’1s preferably

in the range %o%g@iﬁ #40heesliq fzbﬁuf@% é&f‘ Péféx?&!tfprb@ébd'ﬁtﬂ 939.

partial pressure of hydrogen is in the range o 21.8 to 200 kg/cn?.

reaction pressunetiBR] SNt QP HaRAR0RE g/ 200 Kb /K6 S mabxsnbﬂmeaﬁ the
rate of reaction, whereas that hi gher than 200 kg/cn? is uneconom cal. For

the reasons mgmbinoend 2bewpo it o aiduipmente dedignof FurdrIge rdasopsef erabl y
in the range of 35.5 to 160 kg/cnR2. The hydrogen/oil ratio is in the range

of 50 to 500 hepediohedlabove)ythegEoresaidatatid s prefienably Nimf ehe kakge
results in failure to sufficiently proceed with the reaction, whereas that
nmore than 5000Mn}@d tp/ IQ0GNNP /Bki nJhebbiquiddoprdyl spacs Velodwt}opéHWBon of
the unit due to catalyst entrai nment. For the reasons nmentioned above, the
af oresai d rat i§ iB Hherangs 9f 0 1t ke 3&1@@5"6# ZgOLESV skgsa\khanr  / Kbr—Fhe
liquid hourly space vel ocity (LHSV) is in the range of 0.5 to 2.5 hr[err].
An LHSV | ess &R&H GSQMﬁPéFPFerf(%Gﬁ?grﬁrﬁqféﬂ%e@ttﬁaﬁ%%r?%‘qu& ERPMr ot e

of treatnent fromthe econom gal B%I nf of view, whereas tha rmre thhag] 2.5
hr[err] the economical point view, whereas that more than

causes a fear that an insufficient reaction time makes it
impossible to complete the hydrorefining of the feed 0il. For
the reasons mentioned above, the LHSV is preferably in the range
of02t008hr"1

It is advantageous in the present invention as
illustrated in Fig. 6 that the fixed bed type hydrotreatment
unit be equipped with a catalyst bed divided into at least two
stages, preferably two stages that are each packed with
catalysts different in average pore diameter from each other.
At least one catalyst among them is preferably a catalyst (I)
having an average pore diameter of 80 A or larger. The
catalysts to .be used therein, when being totally smaller than
80 A in average pore diameter, unfavorably prevent heavy
molecules from sufficiently diffusing in the pores, thus
bringing about unsatisfactory product characteristics (e.g.
metal content) of the residual oil due to insufficient reaction.
From the above viewpoin_t , the catalyst (I) preferably has an

averatje pore diameter in the range of 80 to 120 A. On the other
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causes a fear that an insufficient reaction tinme nakes it inpossible to
conplete the hydrorefining of the feed oil. For 55 t he reasons nenti oned
above, the LHSV is preferably in the range of 1.0 to 2.0 hr[err]. The
catalyst to be used therein is preferably a catal yst having the physical
properties simlar to those of the denetallization catalyst avail able on

the market fOhaﬂﬁ‘%VXtOiéaﬁ‘%sn'e&f‘g%?géfﬁmd‘ﬁ:'hb 2yl igg%%o%wdr%‘é%ﬁﬁ st or

exanpl e; at | east "one et e nmetals el onging to any

of the groups frrlrefitaif dPePigd oeididtictela®htm VALENOEREA id S

supported on an alum na carrier” having an average pore di aneter exceedi ng

100 A. The pr@‘r@&ébhbl‘geaabstarywe( XB) datdhng ael uderhys8Ipsed @idheter
nol ybdenum as a netal belonging to the group 6 of the Periodic Table; and

ni ckel and colsmalllex thareg8ali.befrhagiatglystamo bé uskd ttiatqgin Swhén bedng0 of

the sane. The nmetal belonging to the group 6 and the netal belonging to any

of the groupst®tadlgntaigemihanfthibin avettage prredianevab matfiavowabhy at

| east one other. Inparticular, exanples of preferable conbination include

Ni - Mo, Co- Mo, bixiings RboTb- mbsaisfiantayy mreducki ghangategeshicwmofcihiesity

and limted deterioration. The term "noving bed" as used in_the present

i nvention ref ddghtokepesenetand igaswpildhfraghions. r 45 Xéewepk the gbpverned

wi t hout discontinuing the _reaction, while continuous treatnment of crude oil
i s mai ntai nedthgn@fpkeeRidscat@bptt (1), nrgferably has an average pore

diameter in the ramje of 20 to 70 A,

The packing ratio between at least two catalysts
different in average pore d‘i&meter from each other is not
specifically limited, but is preferably in the range of 1 to
80 in terms of tﬁe catalyst (I)/catalyst (II) ratic by volume
in the case of two-stage catalyst layer judging from the service
life of catalyst.

As mentioned above, it is advantageous in this aspect
of the invention to divide the catalyst bed in the fixed-bed
type hydrotreatment unit into at least two stages each packed
with catalyst different in average pore diameter from one
another. 1In this case, it is preferable to prolong the service
life of the catalyst to pack the catalyst (I) on the upstream
-side of the feed 0il and pack the catalyst (II) on the downstream
.thereof. Conversely, there is preferably usable a method in
which the catalyst (I) and catalyst (II) are packed on the
downstream and upstream sides, respectively for the purpose
of assuring desulfurization and demetallization activities.

There are preferably épplicable the above-mentioned
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exanpl e, -in Japanese Patent Application Laid-Open No. 30890/1984. The

noving bed can include the enbodinment as illustrated in Fig. 5 wherein a
plurality of fixed bed reactors are set up in parallel, and the operation
of the reactors are 56 periodically switched over to one another to

mai ntain the catalyst activity and besides to continue the state

appr oxi mat e ! gulde [ BHE0UNEnIOU80sbage ddedrydt Y 3R £ni8 ABSed\1d bed

type hydrorefThing uni ttheé Cru crude oi rom napht ha

fraction is repoveddilnd iahd s gaﬂiéﬁuéﬂe CHd ot eRibBlgmeHEN €5t
agai nst the catal’yst becadse of 1tS capability of Tessening the catalyst

consunption. JherdipigMdiprieastieon conditions are applied to the further
hydrotreatment in the fixed bed type hydrotreatnent unit in the step [err]

for the crude oil wheéhcdasiyrerd beateddi int Bhe stiped &ed type st of all,
the reaction tenperature thereinis in the range of 300 to 450[err]C. A

reaction tenpeydiotredtim noiewds hoansped] #ied 0y drmikad,ybhbveay lde
rate of reaction, whereas that higher than 450[err]C |leads to the formation
of car bonaceoselected fatharsebfromrhhéabavakysts dihatt hgesepnvertiodally t he
catalyst. For the reasons nmentioned above, the reaction tenperature therein
i s preferabl yused; hand akypastizsdare the[eatalystTher) et thheh abo¥esure, t hat
is, the partial pressure of hydrogen is in the rangﬁ of 30 too 2Q0 kg/cnR.
A reaction prigeBtieneddigst and second aspects of the ilnvention 1is

preferably usable.

- In the step @ , a known demetallization catalyst may be

used according to the content of metals in the feed oil in

combination with the aforesaid catalysts in an amount of about

10 to 80% by volume based on the total volume of the catalysts.

The demetallization catalyst, when used, can suppress the

catalyst deterioration due to metals and at the same time,

decrease the content of metals in the petroleum products.

Examples of such catalyst include a demetallization catalyst

presently used by those with ordinary skill in the art, for

example, a catalyst with 100 & or larger average pore diameter

comprising at least one metal selected from the metals each

belonging to any of the groups 6, 8, 9 and 10 of the Periodic

Table which metal is supported on a carrier such as an organic

oxide, an acidic carrier or a natural mineral, in an amount

of about 3 to 30% by weight expressed in terms of oxide based

on the total weight of the catalyst, specifically, a catalyst

with 120 & average pore diameter comprising Ni-Mo supported

on alumina in an amount of 10% by weight as oxide based on the
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| ower than 30 kg/cn® remarkably shortens the service |ife of the catal yst

because of the deposition of carbonaceous solid, whereas that higher than

200 kg/cnR is uneconom cal fromthe viewpoint of equi pment design. For the
reasons nentioned above, the partial pressure of hydrogen is preferably in
the range of 100 to 180 kg/cn2. The hydrogen/oil ratio is in the 57

range of 300 tetdP0Reigherss /tfle cAtaMgsegen/oil ratio less than 300 N8/ KL
resultstin failure to sufficiently proceed with the reacti-on, whereas that

nore than 2000 Nnf ert] ilpieferssienas add hydrodde t6 aleoiefflabneqiiment
design. For the reasons nentioned above, the aforesaid ratio is preferably

in the range them@6ring BEDOyYYY bydiokef infim tnijtibetiveen thespapms VB! andt y
(LHSV) is in the range of 0.1 to 3.0 hr[err]. An LHSV less than 0.1 hr[err]
results in fal@wand caraysous dyffotreatment siwfthe eecend stage £hxed
economi cal point of view, whereas that nore than 3.0 hr[err] causes a fear
t hat an i nsuf PPartype ribpdrereatmantygmeds .i t It npysian ornafezrabrete t he
hydrorefining of the feed oil. For the reasgns nmentioned apove, the LHSV is
preferably i nSERarag@geherertiugny Fremthe firstsstage AR Padrtymne
present inventiqn as_jllustrated in Fig. 6 that .the_fixed be e
hydr ot r eat rren%‘yaﬁ??egt‘en%‘b%i‘ﬁﬁéd lﬁtf’hgaolgﬁ}damlgedfmél?%@q%nbﬁaﬁ?g?’éast
two stages, preferably t ages . t.hat are gac acked w cat al ysts
11 or ent | n” SIS BoaF ECel dIRe NI EhG GABE. e B, B BORF
anong t hem | Sh?ﬁ%&@fgg":ﬁ{eﬁt CA aélYeStseg&nd stage fixed bed-type
hydrotreatment unit. In this/case, the separation into gas
and liquid is generally performed by a method in which a high
pressure separator is used without considerably changing the
temperature or pressure of the reaction effluent.
Whether or not the effluent from the moving bed-type
hydrorefining unit is separated into gas and 1iquid, the amount
of hydrogen to be added needs only be sufficient for efficiently
proceed with the reaction in the second stage fixed bed-type
hydrotreatment unit, and is preferably in the range of 500 to
1000 Nm3/KL expressed in terms of hydrogen/oil ratio.
After crude oil or crude oil from which naphtha fraction
is removed is collectively hydrodesulfurized, the resultant
treated oil is separated in an atmospheric distillation tower
as shown in Fig. 1 into various petroleum products such as
naphtha fraction, kerosene fraction, gas oil fraction, residue
on atmospheric distillation, etc .

As the process for the hydrotreatment of hydrocarbon oil

in the fourth aspect of the invention, mention is made of the
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havi ng ari average pore dianeter of 80 A or larger. The catalysts to be used
therein, when being totally snmaller than 80 A in average pore dianeter,
unfavorably prevent heavy nol ecules fromsufficiently diffusing in the
pores, thus bringing about unsatisfactory product characteristics (e.g.
metal content) of the residual oil due to insufficient reaction. Fromthe
above vi ewpoi precefe asatidllystratedpmeFigaldly Assshowmtbernginparmddi ankt er
in the Yange of 80 to 120 A. On the other 58 hand, at | east one catal yst
anong the at maysbetintrodusedis aipreddmimary dietilbabion tdiwerst sheteom
each other is greferably a catalyst (I1) having an average pore_ di aneter
smal | er than &bemapitdacEragiionis gepevedeandhe rasuhking paphghaoiseey

| arger than 80 A.in avera pore_di areter, unfavorably brings _abou
unsat i sf act or §¥BA8 a?’&c?@ﬁ%‘t’?k‘ée%if hyratrgateder o@%ﬁfg *%i’r?dsﬁiguﬁi I

%LaStVL?QZ:e :pgpéhﬁfve“aﬁéié?t § i £r 30558 pGedChdY y%&%'#&ﬁ%@ 85’ “a:
ot hor 15 ot SRe £y Py skeliptop, £ K BRToRPLAL HE, BaohtRy 1O°
ot h | ! &

of two-ot age CAPATVER TayBe i nARbFAE cdr ob Oy IRal oSG p e 10

T " et 3,48 NG e bR L5 SRR RhakerdiuariA ke
being fed to the preliminary distillation tower for the removal
of the naphtha fraction. /

As already described in. the description of the first and
second aspects of the invention, the crude oil to be fed to
a preliminary distillatioh tower or a hydrotreating step is
preferably subjected in advance to desalting treatment. The
treatment conditions in the preliminary distillation 'l-;ower for
crude oil and the post-treatment of the hydrotreated oil are
the same as in the first and second aspects of the invention
as described hereinbefore.

. According to the fourth aspect of the invention, it is
made possible to effectively carry out the hydroreforming of
kerosene and gas oil as well as the hydrodesulfurization of
heavy 0il, produce high-quality kerosene and Qas oil in
increased quantities, prolong the continuous operation period
of the production plant and simplify petroleum refinery
equipment, by using a moving bed-type hydrorefining unit in
the former stage and a fixed bed-type hydrotreatment unit in

the latter stage in the collective hydrodesulfurizing step of
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type hydrotreatnent unit into at |east two stages each packed wth catal yst
different in average pore dianeter fromone another. In this case, it is
preferable to prolong the service life of the catalyst to pack the catal yst
(I') on the upstreamside of the feed oil and pack the catalyst (Il) on the
downstream t hereof . ‘Conversely, there is preferably usable a nethod in

whi ch the catalysd o4h) ?P%Q:uﬁ@t MY Frofn ¥hi&H %a@)?‘i:lﬁﬁdfﬂ'bﬁirlﬁx 49 RN and

upstream si des, respectirveéely for the purpose assuring desul furization

and dertetal | i zat i onpactdiichi §Spedbes€ tHePiRvEhEIGR Do 1Ry %ébh?ﬂd&ss
above-nmenti oned 59 enbodi nents to the two-stage catalyst bed in this

aspect of thefdygairoeReatiiflyi{ hyairbbarbeh oX NGhieh EsmE iy kRetstdps
preferably appliglggl e. The c%t alhgst to be used in the fixed bed ty;?ep

hydr ot r eat nenéf wydrodesadfusPeing ceatbill 61 cetdelnil Faym b izt reaptecha or
use fromthe catalysts that are conventionally used, and in particular, the
catalyst (A fradtiomisveemovesd asndee feedtoidniinsseopresepes o hydidgen
invention is preferably usable. In the step [err], a known denetallization
catal yst nay lye hrsintyiany dihéi fgetiooiheinbnt contatt meitdl & icategsteed oil in
conbi nation with the aforesaid catalysts in an_amount of about 10 to 80% by
vol une based atmesphemicallyodisbidlingdhearesysting hpdrptraated oaliteh
catal yst, when used, can_ suppress the catalyst deterioration due to netals
and at the sa®@Paxage it into naphtha fraction, kerosene fraction, gas oil

fraction and heavy oil fraction; and hydrotreating at least

one fraction from the kerosene fraction and the gas oil fraction

thus separated by bringing the at least one fraction into

contact with a hydrogenation catalyst.

'In this process, crude oil may be introduced in a
preliminary distillation tower, where the naphtha fraction is
removed, and the resulting naphtha-free crude oil may be
collectivély hydrotreated. When the sulfur content in the
naphtha fraction need not be lowered to less than 1 ppm, for
example, in the case of applying the naphtha fraction to the
raw material for an ethylene production plant, the crude oil
as such may be collectively hydrotreated without being fed to
the preliminary distillation tower for the removal of the
naphtha fraction.

As already described in the description of the first and
second aspects of the invention, the crude oil to be fed to
a preliminary distillation tower or a hydrotreating step is

preferably subjected in advance to desalting treatment. The

treatment conditions in the preliminary distillation tower for
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decrease -t he content of netals in the petrol eum products. Exanples of such
catal yst include a denetallization catalyst presently used by those with
ordinary skill in the art, for exanple, a catalyst with 100 A or | arger
average pore dianeter conprising at |east one netal selected fromthe
netal s each belonging to any of the groups 6, 8 9 and 10 of the Periodic

Tabl e whi oh. Tekghe! 51 8UBRP alfle S A e T4EH:nd hANARL BpkkdCr o1

acidic carrier a natural m neral I'n an anount

wei ght éxpresggg iAvéRE{dn s %éﬂﬁl%ﬁe%e%ﬁﬂéf&?ém wei ght of the

catal yst, specifically, a catalyst with 120 A average pore di aneter

conprising N -M supperédsd fSedlintRa £iftAhspabf Thel Do ot 161 98tudée
oxi de based on the 60 total weight of the catalyst. It is preferable to

add hydrogen boltdee cefeueil firomwliith maphBiabethdtien by drsncidd) whichi t
between the steps [err] and [err] and carry out hydrotreatnent in the
second stage tbredibedatymesthyBSoippmabyentighttof |4t ileadts oner méeadbie to
separate the effluent fromthe first stage novi ng bed-type hydrorefining
unit into gascemgohentiseléatedeircaddmondr vgpadiam} heiclesiamaded ronqand
between the steps [err] and [err] and conduct hydrotreatnent in the second
stage fixed bal-mgse 12xbyt vetghtef asphalten i hiThecarudetdicl soephaining i nto
gas and liquid is gﬂnerally performed by a nethod in which a high pressure
separator is BBE®P tﬂm@woz%ﬁ@rtaéﬂ-ampmwtngntmameﬁpér@s i®9 pBessure

of the reaction effluent
ppm by weight remarkably shortens the service life of the

‘catalyst owing to the accumula&;ion of the metallic component,
while that containing asphalten in an amount exceeding 12% by
weight markedly shortens the service life of the catalyst on
account of carbon deposition, whereby both the cases are made
unfavorable.

The foliowing reaction conditions are applied to the
hydrotreatment of the crude 0il or crude oil from which naphtha
fraction is removed in the hydrodesulfurization step in the
present invention.

First of all, the reaction temperature therein is
preferabiy in the range of 300 to 450°C. Areaction temperature
therein lower than 300°C remarkably lowers the rate of reaction,
whereas that higher than 450°C leads to the formation of
carbonaceous solid (coke) on the catalyst thereby remarkably
‘shortens the service life of the catalyst. For the reasons
mentioned above, thé reaction temperature therein is more
preferably in the range of 360 to 420°C. The reaction pressure,

that is, the partial pressure of hydrogen is preferably in the
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Whet her or not the effluent fromthe noving bed-type hydrorefining unit is
separated into gas and liquid, the anount of hydrogen to be added needs
only be sufficient for efficiently proceed with the reaction in the second
stage fixed bed-type hydrotreatment unit, and is preferably in the range of
500 to 1000 Nnferr]/KL expressed in ternms of hydrogen/oil ratio. After

382 SR AL A S AT

col | ectii vel y ari‘zed, S Separated in

an at mospher | on g o34 I o rEAYEaBEy SHRUPLAS il sbrivik® ¥aEbOBE PRGT Ol cum

products such as nap ction, rosene gas oil fraction,

residue on atgpSPRRI Gelisttdd loat }tﬁ,& dg%gs%é&)ﬁ her Q3 dedust B81id,

hydrotreat ment o ydrocarbon oil 1nt ourth aspect of the invention,

mention is meggefdad Rhatl highBECERSS 22D Kyl/emk! 24 &thdddnmical. £ASm SN

therein, crude oil may be 1ntroduced in a“prelimnary distillation tower,
where the nappidspdimetdore 'uiph@mVﬁds\i/.\%ﬁd tHer reellirclaBgnBapbhbaohége crude
oil may be collectively hydrotreated. en the sulfur content in the

napht ha fractalbowvepeathenphrbtal pwysshrieoof dsgindyen isppoge prefexabpyeini n
the case of applying the naphtha fraction to the raw material for an

et hyl ene prodtite i pange ok  1athéocl8fekgi/tméds theh hydyogendoileratiel is
hydrotreated without being fed to the prelimnary distillation tower for
the renoval opreferabkishtinathe semgenct A00te 20 ¥msdéKlped hydragen/oil

description of the first and ) ) ..
ratio less than 300 Nm3/KL results in failure to sufficiently

proceed with the hydrorefining, whereas that more than 2,000
Nm3/KL is uneconomical from the viewpoint of equipment design.
For the reasons mentioned above, the aforesaid ratio is more
preferably in the range of 500 to 1,000 Nm3/KL. The liquid
hourly space velocity (LBSV) is preferably in the range of 0.1
to 3.0 hr-1l. An LHSV less than 0.1 hr-! results in failure to
assure sufficient rate of treatment from the economical point
of view, whereas that more than 3.0 hr-l causes the defect of
an insufficient reaction time, thereby failing to complete the
hydrotreatment of the feed oil. For the reasons mentioned
above, the LHSV is more preferably in the range of 0.15 to 0.5
hr-1,

The reaction conditions in the case of
hydrodesulfurizing crude oil as such are basically the same
as those in the case of hydrodesulfurizing crude oil fromwhich
naphtha fraction is removed, but it is preferable to increase
hydrogen partial pressure and hydrogeh/oil ratio within the

above-mentioned range to compensate for lowering of the
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second aspects of the invention, the crude oil to be fed to a prelimnary
distillation tower or a hydrotreating step is preferably subjected in
advance to desalting treatnment. The treatnment conditions in the prelimnary
distillation tower for crude oil and the post-treatnment of the hydrotreated
oil are the sane as in the first and second aspects of the invention as

descri bed her g aggfzgﬁe?af@f@_[ Ghrbduded.he fourth aspect of the invention, it
i s made: possible t0 effectively carry out the hydroreform ng of kerosene

and gas'oi| as wel | rae thealysk oded fusd@dln @heofobeguyngi |, produce
hi gh-quality kerosene and gas oil in increased quantities, prolong the

conti nuous ophydrodesptfunikzatidietppodundt epeplifitadby 19mirked,, ybytehapl eum
refinery equi pment, by using a noving bed-type hydrorefining unit in the
former stage bedselécked fod-pygferdapieouseafremttbheicatialyste (At tiar theage
in the collective hydrodesul furizing step of 62 crude oil or crude oil

f rom whi ch napheve-rentiored fEinsdmpnddseqord faspeistagfethe cinverdijonvandi on
relates to a process for hydrotreating a hydrocarbon oil which conprises
the steps of RBEdieassanaumeEphgselertedifrop, the matadis) eaehhedangingapat ha
fraction is renoved as the feed oil in the presence of hydrogen by bringing
the feed oi | PRY0PEMAETWPENOa BathPPdt }oa‘ii?ri‘}?ﬁhg?Fé%‘ili/?/ Tﬂ%élﬁrl Whight he

| ting hyd fed oil te it int ht f ti K
(raction. gasTBERL 1L GUPROTRS SRANTHAR FRELIPORE ANUnHYRBePERoFREA:

| east with a silicon compound as a carrier. The preferable metals
in the catalyst include tungsten and molybdenum as a metal
belonging to the group 6 of thé Periodic Table; and nickel and
cobalt as a metal belonging to any of the groups 8, 9 and 10
of the same. The metal belonging to the group 6 and the metal
belonging to any of the groups 8, 9 and 10 may each be used
alone or in combination with at least one other. Inparticular,
examples of preferable combination include Ni-Mo, Co-Mo, Ni-W,
Ni-Co-Mo because of their high hydrogenation activity and
limited deterioration.

Amethod in which alumina carrier or alumina incorporated
with a silicon compound as a carrier is made to support at least
one metal selécted from the metals each belonging to any of
the groups 6, 8, 9 and 10 of the Periodic Table and the amount
of the metal to be supported are the same as the method in the
catalyst (A) in which the carrier composed of alumina/boria,
alumina/phosphorus, alumina/an alkaline earth metal compound,
a]_.umina/titahia or alumina/zirconia is made to support the

metal and the amount of the supported metal in the case of the
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one fraction fromthe kerosene fraction and the gas oil fraction thus
separated by bringing the at | east one fraction into contact with a

hydr ogenati on catalyst. In this process, crude oil may be introduced in a
prelimnary distillation tower, where the naphtha fraction is renoved, and
the resulting naphtha-free crude oil may be collectively hydrotreated. Wen

the sul fur co ' ']?eﬂ@h!zﬂ' tion need not be |lowered to | ess than
QE@?igéI@nf}?ﬁ,e case o Vel

1 ppm for exanp appl'yi ng the naphtha fraction to the raw
material for an eth [ | ﬁ.ﬁq bd g e

col l ectively hydrot ?gg{%de%gg%t&ggpngﬂ%e_ toetq:rhgglg?gﬁ%nﬁ%aariy ( Pgs'ﬁ_nll?at I on
tower for theargiPy@bn Oéorﬁﬁ&d?ﬁm thaebt8N. the 811688l Eififduneedsi N the

description of the first and second aspects of the invention, the crude oil

to be fed to Exéf@téﬁiﬁ%ohtdﬁ.ﬁbh' irhhGind e b 0F . R EBYZI Db aadiighe: Ba€sdi S
preferably subjected in advance to desalting treatnent. The treatnent

condi ti ons i nohheherwhole remourel sifi Klhet canrtiener for 63 crude oil are
the sane as in the first and second aspects of the invention as described
her ei nbef ore. Ther eAnsameent i therteoff ilesls &bpact.dt bhhovdighéntfliontscthele oil
or crude oil fromwhich naphtha fraction is renoved, which contains at nost
135 ppm by wewWghking effectisan mnhanstiag tbecbygoageratidractivitynm anong
vanadi um nickel and iron and at nost 12% by wej ght of asghalte'n. The crude
oi | cont ai ni njhereas that more than 20% by weight is unfavorable, since the
enhancement of the hydrogenation activity is not sufficiently
manifested in consideration of the large amount used, thus
making the usage uneconomical, and besides the desulfurization
activity is liable to be lowered. The amount thereof is
particularly preferably in the range of 1 to 18% by weight from
the viewpoint of the working effect on the enhancement of
hydrogenation activity.
The carrier comprising alumina and a silicon compound
added thereto can be prepared, for example, by a process which
comprises the steps of adding, in a prescribed proportion, a
silicon compound to alumina or a precursor thereof having a
moisture content of not less than 65% by weight; kneading with
heating the resultant mixture at a temperature of around 60
to 100°C for at least one, preferably at least 1.5 hour; and
thereafter carrying out molding, drying and firing by a
publicly known method. Kneading with heating for shorter than
one hour involves a fear of causing insufficient kneading and

poor dispersion state of silicon atoms. A kneading

temperature departing from the above-ptescribed range
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any of the above netallic conmponent in an anmpbunt exceedi ng 135 ppm by

wei ght remarkably shortens the service |ife of the catalyst owing to the
accurrul ation of the metallic conmponent, while that containing asphalten in
an anmount exceedi ng 12% by wei ght nmarkedly shortens the service life of the
catal yst on account of carbon deposition, whereby both the cases are nade

unf avor abl e. Iﬂg?in?#e% shEREYOa L lb%’i@p%%ed fs%ds%ﬁ]é atoms

hydr ot r eat ment ude oi I "or crude orl I"ch nap a fraction is

renoved' i n t hgrhygs odagd! f whbZadd PoicH kel Mo eSSt s iNERR! E8Ripolmd St Of
all, the reaction tenperature therein is preferably in the range of 300 to

450[err] C. A magche %ﬂﬁ@ebﬁ%r&ddwiﬁgntbm ﬂé@:@%s@.@:&[seiﬁ]£s|ft@€§r5ﬁb| y
| owers the rate of reaction, ereas that higher than 450[err]C leads to

the formati onsolutishoh@csoich (Mt dompokial 98 dhesobived yhi watrehyith

remar kably shortens the service life of the catalyst. For the reasons

menti oned aboheatihg.reaction tenperature therein is nore preferably in the
range of 360 to 420[err]C. The reaction pressure, that is, the partial
pressure of hydrogeAsishepdfimindlprecursios,orentiqmigonade 80 the adomigdcnp.
A reaction pressure therein | ower than 30 kg/cn2 remarkably shortens the
service |ife DrechEseEs o$3me aseddese dhathwerepesempbifigd cin Hdeaceous
solid, whereas that higher_than 200 kg/cn2 is uneconom cal fromthe

vi ewpoi nt of EBEEFEABRIORRT GHhe mArnier péasbascabdtyHndd) in the first

and second aspects of the invention. There are usable, as a
silicon compound, any of various compounds that are convertible
into silicon oxide by means of firing in addition to silicon
oxide itself. Examples of such compounds include silicic acid,
metasilicic acid, hexafluorosilicic acid, an alkali metal salt
thereof, silicon fluoride, silicon chloride, silicon sulfide,
silicon acetate, siloxane, siloxene, halogen-substituted
derivative therefrom, alkyl-substituted derivative therefrom
and aryl-substituted derivative therefrom. Of these, an
alkali metal salt of silicic acid is preferable because of its
water resistance, heat resistance and durability.

The average pore diameter of the aforesaid catalyst is
preferably in the range of 50 to 200 A. A pore diameter thereof
smaller than 50 & results in that the deterioration of the
catalyst is markedly accelerated, whereas that larger than 200
A causes a fear of lowered catalyst strength.

The catalyst may be used alone or in combination with
at least one other. Likewise, the reaction system using the

catalyst is not épecifically limited, but may be selected for
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above, the partial pressure of hydrogen is nore preferably in the range of
100 to 180 kg/cnR. The hydrogen/oil ratio is preferably in the range of 300
to 2000 Nnferr]/KL. A hydrogen/oil ratio | ess than 300 Nmerr]/KL results
in failure to sufficiently proceed with the hydrorefining, whereas that
nore than 2,000 NnB/KL is uneconom cal fromthe viewpoint of equipnent

design. For tijger eRSANEiRED BN CEI1HEAY Bedl Bédf,ifﬂd')@fﬁﬁ_cbécﬁ?éxﬁ ithei Re.
preferably in the range of 500 to 1,000 Nnferr]/KL. The liquid hourly space

vel ocity (LHSYh hadptede} ad! ¥ndvwh tdetetangezatibn lcheaBy$k hiayl beAndddSV | ess
than 0.1 hr-1 results in failure to assure sufficient rate of treatnent
fromthe econacroallingi td the waventhefeaethhsat inothet faed 3oill him 1 causes
the defect of an insufficient reaction tine, thereby failing to conplete

t he hydr ot r eatombinatiomevitdedhei dforesaideatadgohsimiiiei Hirst stage, of he
LHSV is nore preferably in the range of 0.15 to 0.5 hr-1. The reaction
condi ti ons i ncekalyatebed iy dnodmount wf AbaytclddsoodP? by wdlumer based
basically the sane as those in the case of hydrodesul furizing crude oil
from whi ch napht khef kabal ovelume g \ide cakalystes prhe @%t@q{léziaﬁépéase
hydrogen partial pressure and hydrogen/oil ratio within the above-nenti oned
range to corrpSﬁ§§£¥sForW\1%/e‘F$ stan pregerably, gHBREASHFRS FatAlgsture.

The catalyst b be used: i bhe LorSay Mgl QeSS iAaL | QL RLER, LR
content of metals in the petroleum products. Examples of such
catalyst include a demetallization catalyst, for example, a
catalyst with 100 & or larger average pore diameter comprising
at least one metal selected from the metals each belonging to
any of the groups 6, 8, 9 and 10 of the Periodic Table which
metal is supported on a carrier such as an organic oxide, an
acidic carrier or a natural mineral, in an amount of about 3
to 30% by weight expressed in terms of oxide based on the total
weight of the catalyst, specifically, a catalyst with 120 &
average pore diameter comprising Ni-Mo supported on alumina
in an amount of 10% by weight as oxide based on the total weight
of the catalyst.

After crude oil or crude oil from which naphtha fraction
is removed is collectively hydrodesulfurized in the foregoing
way, the resultant treated oil is fed in an atmospheric
distillation tower, where the oil is separated into various
products such as naphtha fraction, kerosene fraction, gas oil
fraction and residue on atmospheric distillation. The

operational conditions for the atmospheric distillation tower,
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be selected for preferable use fromthe catalyst (A) in the above-nentioned
first and second aspect of the invention and at |east one netal selected
fromthe netal s each belonging to any of the groups 6, 8, 9 and 10 of the
Periodic Table, which netal is supported on alumna carrier or alum na

I ncorporated with a silicon conmpound as a carrier. The preferable netals in

the catal yst gliide d Wigaen B0 aRbYREeORAS dr P itodiskorging Lo the

group 6 of t he bI e; nic and cobalt "as a netal bel ongi ng

to any 'of th %Et?)%ﬁcaal Ql&@li’ilﬁ @i oiThereedmllpplrergiling dx he
group 6 and the bel onging to an@ of the g?%ﬁps 8, yggand 10 rrgay each

be used al Onepé’ErdIbtﬁ@'ﬁ@fﬂ@_thé_sW ifchidd esahldpea didyeratnreaotiahowyr ,
exanpl es of preferabl e conbination include N -M, Co-M, N-W N -Co- b

because of theoe td gisdRaiaadenaapressacei of t ytmospliemid quretsige soaldidn. A
met hod in which alum na carrier or alumna incorporated with a silicon
conpound as akgAemid@&r is nmade to support at |east one netal selected from
the nmetal s each belonging to any of the groups 6, 8, 9 and 10 of the

Peri odi ¢ Tabl e and Bjhecawmyimng sfutt h@eﬁpaegobn%est%pfﬁlkdﬂ% thee sane as
the nmethod in the catalyst (A) in which the carrler conposed of,

al um na/ bor i ahydredesizl r gtepalitnilfanede possible @ QontFdyg heat
conmpound, alumna/titania or alum nal/zirconia is nade to suptport t he net al

and the anounfeesvers anmhHatdyneuztait the eaeabiondle C8t al yst

(A), respectively. . .
addition, the construction cost can be curtailed by

transferring hydrosulfurized /il to a petroleum refinery
located at other place to separate the petroleum products in
order to effectively utilize an existing atmospheric
distillation tower for crude oil.

In the present invention, hydrotreatment is applied to
at least one from the kerosene fraction and the gas oil fraction
that have been separated in the aforesaid atmospheric
distillation. The following reaction conditions are applied
to the hydrorefining unit to be used in the above
hydrotreatment.

First of all, the reaction temperature therein is
preferably in the range of 300 to 450°C. Areaction temperature
therein lower than 300°C results in failure to improve the smoke
point of the kerosene fraction, whereas that higher than 450°C
leads to the deterioration of the hue of the gas oil fraction,
thereby deteriorating the qualities of kerosene and gas oil
fractions. For the i:easons mentioned above, the reaction

teniperature therein is more preferably in the range of 360 to
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In the case of using the carrier conprising alumna and a silicon conpound
added thereto, the silicon conpound is preferably contained in an anount of
0.5 to 20% by wei ght based on the whole anmobunt of the carrier. An anount
t hereof less than 0.5% by weight limts the working effect on enhancing the
hydr ogenati on activity, whereas that nore than 20% by weight is
unf avorabl e, 420te.t theeweactdornpredsuie, hdtodepatherpantiiali pyessunot
sufficiently manifested in consideration of the |arge anmount used, thus
maki ng t he usefehydregennis prefanablysiidesbehranigs ubf U130 Zx 209 kgV/cmfty is
liable to be |l owered. The ampbunt thereof is particularly preferably in the
range of 1 toAlgeaetvior|pressursmthereinelpuwentthantd® ki ngemarkablyn t he
enhancenent of hydrogenation apti\ﬂiﬁé_ The carrier conprising alumna and a
silicon conpo§hertgmedthpcterticaadife plcphrcaatpbystesause L £h6 ocess
whi ch conprises the steps of adding, in a prescribed proportion, a silicon
conpound to aSﬁﬁ?ﬁ%{tb‘Pn é’fp?%m%%ﬁeqqﬁﬁgi}gh er§asg %"s?‘&g eEd“rﬂaéhibgf not
| ess than 65%%bz wei.ght kneadqurgith eathggthetr ul t ant 'ﬁture at a
tenperat ure off 9AFBUAT BBCYINABHIET AT IS XLeVRRERT STcCaV RSN APFLAR - | cast
1.5 hour; and e f ryi t | di ng rving. L L by. a
publicly knomﬁgge{:ﬁ%d£g%§tg%iﬂnéd{%qq%dhg§’9 ?’ﬁg F’ 8g éhgg%gd?%%é’n&%%’e 0fvlfour
i nvol ves a fe | ' 1.Cd : ngﬂgi Nde PRAY 4 i,anaState
of silicon at ggggéggﬁtﬁéeglgfggfféefn%%@g{jgg epalrr%g%ggﬁ.om ttgef@ﬁ(%/gﬁ ’
above-prescri Bgd h§4B6g€/0il ratio is preferably in the range of 300 to
5,000 Nm3/KL. A hydrogen/oilsratio less than 300 Nm3/KL
results in failure to sufficiently proceed with the reaction,
whereas that more than 5000 Nm3/KL is uneconomical from the
viewpoint of equipment design. For the reasons mentioned
above, the aforesaid ratio is preferably in the range of 500
to 1,000 Nm3/KL. The liquid hourly space velocity (LHSV) is
preferably in the range of 1.0 to 10.0 hr-l. An LHSV less than
1.0 br-l results in failure to assure sufficient rate of
treatment from the economical point of view, whereas that more
than 10.0 hr-l causes insufficient reaction time, thereby
failing to obtain satisfactory yield of cracked oil. For the
reasons mentioned above, the LHSV is more preferably in the
range of 1.5 to 5 hr-1l.

As the hydrogenation catalyst to be used in the
hydrotreatment, mention is made of the catalysts same as those
exemplified as the catalyst to be used in the above-mentioned
hydrodesulfurization step. The hydrogenation catalyst may be

used alone or in combination with at least one other. The

71



unfavorably results in failure to highly disperse silicon atons or the

| i ke. The addition of the aforesaid silicon conpound nmay be carried out,
according to the necessity, in a state of solution in which the conmpound is
di ssolved in water with heating. As the alum na precursor, nention is nade
of the alum na precursors sanme as those that were exenplified in the

description ogegmoz,talgg%_eénrﬁgihHeth%aéﬂ%%,1{fg nok ¢ ffl%%ﬁ%gg%r@%%s of

aspects of the 1 nve ere"are usa as a slticon co

vari ous comww% .%reﬁ.e%‘ﬂgﬁe%}:b{lé’egﬁ&n St 1P el $2uMiTBaNBe!

firing in ad o silicon oxide Its Exanpl es "of such conpounds

i ncl ude siIicﬂé%fﬁé(%ednah@§ghgchgkggid, hexafl uorosilicic acid, an alkali
metal salt thereof’, silicon fluoride, silicon chloride, silicon sulfide,

silicon acetate, sil@d¥dfing itooxneeribehogspestivy ithe! ¢dveREiVR] i M€ is
therefrom al kyl-substituted derivative therefromand aryl -substituted

derivative thridd poBsiblet Boseff@rtididlyl caleyadbusailie diydsorbtocmang bf s
pref erabl e because of its water resistance, heat resistance and durability.
The average pkaxogbmoratnet gals bht aéowelhiab ddtenlhysirodesplfarizdtion oft he
range of 50 to 200 A. A pore dianeter thereof smaller than 50 A results in
t hat the det ehéawytoidn @raducechtighygualstyrskexeseneacrel gogt @dl dher eas
that |arger than 200 A causes a fear of |owered catalyst strength. The
catal yst may becxgased | giaatities,cardi APV PRtERlquiy FefdReIy: her .

Li kew se, the reaction systemusing the catalxst | S not specificallx
limted, but @ﬁﬁ;gﬂpqﬁﬂegx(gfppgptggy performing the hydrotreatments Of

- kerosene fraction and gas oils fraction in the steps of
collectively hydrodesulfurizing crude oil or crude oil from
which naphtha fraction is removed and subsequently
atmospherically distilling the resultant desulfurized
petroleum.

The sixth aspect of the invention relates to a process
for hydrotreating a hydrocarbon oil.ﬁhich comprises the steps
of demetallizing crude oil or crude oil from which naphtha
fraction is removed as the feed oil by bringing the feed oil
into contact with a demetallization catalyst; separating the
effluent from the demetallizing step in a high pressure
gas-liquid separating vessel into gaseous components and
liquid hydrocarbon components; subsequently hydrorefining the
resultant gaseous components by bringing them into contact with
a hydrorefiﬁing catalyst; hydrodesulfurizing the resultant
liquid hydrocarbon components by bringing them into contact
with a hydrodesulfurization catalyst; combining said

hydrorefined gaseous components and said hydrodesulfurized
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use fromfixed bed, fluidized bed, noving bed and the like. In addition, a
known denetal lization catalyst may be used according to the content of
netals in the feed oil in conbination with the aforesaid catalyst in the
first stage of catal yst bed in an anmount of about 10 to 80% by vol une based
on the total volune of the catal ysts. The denetallization catal yst, when

used, can prefeqabd YnPaidiaSor Ronpdnahtst idebeal eombi B fahgetal s and
at the sanme time, decrease the content of metals in the petrol eum products.

Exanpl es of Suﬁﬁoﬁg&@fﬂ@dliyﬂcdi@ﬁliiiﬁémah@ rbgalt oig CadrbMedt idmoreeexanpl e,
a catalyst wwth 100 A or |arger average pore dianeter conprising at |east

one netal sel pebadcé hydrotarbeharhctdohshil fieyieng iwadovildhgttendgsy oupa 6,
8, 9 and 10 of the Periodic Table which netal is supported on a carrier

such as an orgaochcobtherle, an acidic carrier or a natural mneral, in an
anount of about 3 to 30% by wei ght expressed in terns of oxide based on the
total weight of theInafigySt issplewt iacsthematic dildoksflowtdidPtamodvanage
pore di ameter conprisi ng‘ Ni - Mo supported on alumna in an anmount of 10% by
wei ght as oxi 68appiePbhydretreahingeprfiness fohea dydapgarbonieik 18 the oil
or crude oil from which naphtha fraction is renoved is collectively

hydr odesul f ur F88hi aspeet 1ok dhtg AVRRELIOBe resultant treated oil is fed in

an atnospheric distillation tower, where the ojl is separated into _various
products such as naSt HLF BRAGRSS, (EHHEEc REEFPAEEM JPAY (PR, IHEEOARSERI oR and

residue on at v 59&{1{1&&91}1}5 [ ilslt‘:i 'lgqlzio;lx-hi?ower, where the naphtha fraction

is removed, and the resulting naphtha-free crude petroleum may
be demetallized. When the sulfur content in the naphtha
fraction need not be lowered to less than 1 ppm, for example,
in the case of applying the naphtha fraction to the rawmaterial
for an ethylene production plant, the crudel oil as such may
be directly demetallized without being fed to the preliminary
distillation tower for the removal of the naphtha fraction.

As already described in the description of the first and
second aspects of the invention, the crude oil to be fed to
a preliminary distillation tower or a demetallizing step is
preferably subjected in advance to desalting treatment. The
treatment conditions in the preliminary distillation tower for
crude oil are the same as in the first and second aspects of
the invention as described hereinbefore.

There is used in the sixth aspect of the invention, crude
oil or crude o0il from which naphtha fraction is removed, which
contains at most 135 ppm by weight of at least one metallic

component selected from among vanadium, nickel and iron and
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operational conditions for the atnospheric distillation tower, 69 whi ch
are al nost the sane as those for a process for atnospherically distilling
crude oil presently prevailing in petroleumrefineries, include usually a
tenperature of about 300 to 380[err]C and a pressure of atnospheric

pressure to 1.0 kg/cnferr]G By carrying out the foregoing step follow ng

the hydrodesylf waﬁ?é_ 293 %Og%efghti S f?;sggl[aa%ﬁi.b' fnd G Eﬂec&a?éiﬂﬁfgover y

and greatly curtal erati ona1E I'n addition, e construction

cost can be ciud el e Rbdveret£11idechpehent! fianZatowid ekeeddRRfdzeUM

refinery | ocated at other place to separate the petrol eum productS in order

to effectivelypmitiy ivelight PemdirkAB1{t SREPEEHS Gl Hdrvidld QA feower ther crude
oil. In the present invention, hydrotreatnent is applied to at |east one

fromthe ker anamjs*@@stvﬁgg e6dHehgc@@tuDitidd oft tHe nidvall 1iaveotgsient
separated in the aforesaid atnospheric distillation. The follow ng reaction

condi tions arehiipltibat tontéinivyglasphhilkengiwan anouire exxssedimgt h2% diyove
hydrotreatment. First of all, the reaction tenperature thereinis
preferably i rweight aegkedly3shorbtedsOiley seCvica iefetoDrihecrptadysat eon
therein lower than 300[err]C results in failure to inprove the snoke point
of the ker osemecduntctafonarbhe rdapositdonhi yherebhdothsbhergdses aggsnade t he
deterioration of the hue of the gas oil fraction,

unfavorable.

The following reaction conditions are applied to the
demetallizing treatment of the rude oil or crude oil from which
naphtha fraction is removed in the demetallizing treatment step
in the present invention. First of all, the reaction
temperature therein is preferably in the range of 300 to 450°C.

A reaction temperature therein lower than 300°C remarkably
lowers the rate of reaction, whereas that higher than 450°C
leads to the formation of carbonaceous solid {coke), thereby
remarkably shortens the service life of the catalyst. For the
reasons mentioned above, the reaction temperature therein is
more preferably in the range of 360 to 420°C. The reaction
preséure, that is, the partial pressure of hydrogen is
preferably in the range of 30 to 200 kg/cmZ. A reaction
pressure therein lower than 30 kg/cm? remarkably shortens the
service life of the catalyst because of the deposition of
carbonaceous solid, whereas that higher than 200 kg/cm? is
uneconomical from the viewpoint of equipment design. For the

reasons mentioned above, the partial pressure of hydrogen is

more preferably in the range of 100 to 180 kg/cm2. The
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thereby deteriorating the qualities of kerosene and gas oil fractions. For
the reasons nentioned above, the reaction tenperature therein is nore
preferably in the range of 360 to 70 420[err] C. The reaction pressure,
that is, the partial pressure of hydrogen is preferably in the range of 30
to 200 kg/cnferr]. A reaction pressure therein |ower than 30 kg/cnierr]

remar kably shgy 1‘%5@;% 1SeR¥i6Sid rakabll¢ LRitde) $hn§e @IS0 00to 121900
deposi tii on of ntalg’g'ous sol ?Ja IpV\fr%eregs ?hat hi gheIr1 t han 200 kg/cnﬂ S

unecondni cal ﬁxﬁ%.heAVh _ é’ﬁ/dlfl HYLONESEs dHAngB00 w3 /KIeresatodsin
menti oned above, the partial pressure of hydrogen is nore preferably in the

range of 100 £ 1k keo/suffddilentIipdstcdoritpitheraidrores ipiaigestedteas n t he
range of 300 to 5,000 Nnferr]/KL. A hydrogen/oil ratio | ess than 300

N err] /KL reshdt smore €lsn 2,0 00w/ KL t5 amdopnpmicaddf vem hetei evepiriton,
whereas that nore than 5000 Nnferr]/KL is uneconom cal fromthe viewpoi nt
of . equi pment afesqyiprient desigeasdnsr e itsesenshoestichedabbeesaithe atio
is preferably in the range of 500 to 1,000 Nn8/KL. The liquid hourly space
vel ocity (Lmon@qudetan:agws mﬁremerfm@blmlqt@et@am hFqeite)l,00h LHSV
| ess than 1. /{ig‘r results in failure to assure sufficient rate af

treatnent f rcNﬂl3t -ecEherﬂtlcﬂilldeP%l}bﬁPﬁFGVVem"é’aémtlﬂ‘éi igopeeteraPlin. o

hr-1 ff t tion t by failing to obt
Caii sfact ory J8 OHRP e od -4 £ Pop’ BhEL+ cABoHESHehPFB LA thve P he

LHSV i r r
HS s fore p res(?flail-.bsI ¥Ln| ri:"a:L %rgea ea&?éurle sutoflclent rate of treatment

from the economical point of view, whereas that more than 3.0
hr-1 causes the defect of an ins‘ufficient reaction time, thereby
failing to complete the demetallizing treatment of the feed
oil. For the i:éasons mentioned above, the LHSV is moré
preferably in the range of 0.5 to 2 hr-l.

The reaction conditions in the case of
hydrodesulfurizing crude oil as such are basically the same
as those in the case of hydrodesulfurizing crude oil fromwhich
naphtha fraction is removed, but it is preferable to increase
hydrogen partial pressure and hydrogen/oil ratio within the
above-mentioned range to compensate for lowering of the
hydrogen partial pressure.

As the catalyst preferably usable as the above-mentioned
demetallization catalyst, mention is made of a publicly known
demetallization catalyst for heavy oil, for example, at least
one metal selected from the metals each belonging to any of
the groups 6, 8 and 10 of the Periodic Table, which metal is

supported on an alumina carrier. The preferable metals in the
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As the hydrogenation catalyst to be used in the hydrotreatnment, nention is
made of the catal ysts sane as those exenplified as the catalyst to be used
in the above-nenti oned hydrodesul furization step. The hydrogenation

catal yst may be used alone or in conbination with at | east one other. The
71 reaction systemusing the catalyst is not specifically limted, but

ey be sel ect gL oot SncLAR Lokl nd hithaShib S  TAABERELATE e

| i ke. According tot asp vent 1 on, IS ma possT bl e

to effectivel ¥oCehé Ygratip (R ¥he0PLIHHE BITRb1 LETAREMI cXed 4Ra ebbaPe Wel |
as the hydrodesul furization of heavy oil, produce high-quality kerosene and

gas oil in ingseasfst{dallonge q ﬁadaﬁ*fﬁﬁitfhb bupkegm g efidgiy ogathemrent ,
by separately perform ng the hydrotreatnments of kerosene fraction and gas

oi | fraction samébhe Mieepmtall dellbaginyety biyslrpeagld Wndzivhe mewde oil or
crude oil fromwhich naphtha fraction is renoved and subsequently

at nospheri cal bglonging | toaihef el gaoupsesyl § uand ad) peyr elaehnbeThgedi Xt h
aspect of the invention relates to a process for hydrotreating a

hydr ocar bon oalonéiorhimwoopbisakicmeithepsledstdenedheirzi nin partécolar pr
crude oil from which naphtha fraction is renmoved as the feed oil by

bringi ng t he exatpbes dfnpreferatssa copbinatiumdnglude i-de ,cCo-MysNi-W,
separating the effluent fromthe denetallizing step in a high pressure

Ni-Co-Mo because of their high hygrogenation activity and
limited deterioration.

The amount of any of the above metals to be supported
on the carrier is not specifically limited, but may be suitably
selected according to various conditions. The amount thereof
is usually in the range of 1 to 35% by weight expressed in terms
of the oxide thereof based on the whole amount of the catalyst.
An amounf thereof less than 1% by weight results in failure
to sufficiently exert the working effect as a demetallizatién
catalyst, whereas that more than 35% by weight leads to
economical disadvantage in that the enhancement of the
demetallization activity is not remarkable in consideration
of the amount supported. The amount fhereof is particularly
preferably in the range of 5 to 30% by weight from the viewpoints
‘of demetallization activity as well as economical efficiency.

The reaction system using the above-mentioned catalyst
is not specifically limited, but may be selected for use from
fixed bed, fluidized bed, moving bed and the like.

'I‘here is employed in this aspect of the invention, a

process in which after the demetallizing treatment, the
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gas-liquid separating vessel into gaseous conmponents and |iquid hydrocarbon
conponents; subsequently hydrorefining the resultant gaseous conponents by
bringing theminto contact with a hydrorefining catalyst;

hydr odesul furizing the resultant |iquid hydrocarbon conponents by bringing
theminto contact with a hydrodesul furization catal yst; conbining said

yd oCas bon coRBanNESL s T 58 SERhiar o AT e S ialim advalithl

hydr ocak bon conponent's Tnto a conbl na n rica i ng

the resulllng 150, aado0d dopbh@RisCatt iefAMDAPIF AN a8 ERE1TILN 2

boi i ng range each other. In Fig. 71 a schematic | ow

di agram of an egtef AHErBoER AN TR sl AFe asEYsF OCTPAUTited.n the
si xth aspect of the invention. In this process, crude petrol eum may be

i ntroduced i nTheptehtticrief fAnshltl, e diresely Wit ridagedqpBiliges ket i On
I's renmoved, and the resulting naphtha-free crude petrol eum nmay be

denetal | i zed. péieiallhpressite cHhydrogen tddadpielad),r shéraby Neakriay be

| onered to less than 1 ppm for exanple, in the case of applying the
napht ha fract e hydrbéreatment cefficiencyn @nhyhiésecpseduchen id ased t he
crude oil as such may be directly denetallized without being fed to the
prelimnary diasthilghapressuvecgasoliqitsd reeparatiog vesspdphwherérthei on. As
al ready described in the description of the first and second aspects of the
i nvention, thdaseeys eprmpepents fardiloiquid components are separated from

each other without considerably altering the temperature and
pressure of the reaction effluent.

The liquid hydrocarbons as the liguid components thus
separated under a high pressure are hydrodesulfurized under
the following reaction conditionms.

First of all, the reaction temperature therein is
preferably in the range of 300 to 450°C. A reaction temperature
therein lower than 300°C remarkably lowers the rate of reaction,
whereas that higher than 450°C leads to the formation of
carbonaceous solids (coke), thereby remarkably shortens the
service life of the catalyst. For the reasons mentioned above,
the reaction temperature therein is more preferably in the
range of 360 to 420°C. The reaction pressure, that is, the
partial pressure of hydrogen is preferably in the range of 30
to 200 kg/cm2. A reaction pressure therein lower than 30 kg/cm?2
remarkably shortens the service life of the catalyst because
of the deposition of carbonaceous solid, whereas that higher
than 200 kg/cm? is uneconomical from the viewpoint of equipment

design. For the reasons mentioned above, the partial pressure
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a prelimnary distillation tower or a denetallizing step is preferably
subj ected in advance to desalting treatnent. The treatnent conditions in
the prelimnary distillation tower for crude oil are the sane as in the
first and second aspects of the invention as described herei nbefore. There
Is used in the sixth aspect of the invention, crude oil or crude oil from

whi ch napht nayf KIBELORN 1S AP ERSLeBLEP 180k aRgaEIRY 3B 00Rgydu2 e ght

of at lLieast one I ¢ conponent sel ected from anong vanadi um ™~ ni ckel and

iron and 73 pphathyliEgeh?¥illy raRighis oprasahaiiyerin the eange of 3e®riai ni ng
any of the above netallic conmponent in an anmpbunt exceedi ng 135 ppm by

wei ght remar kahjoo Sho/kens Ahgy@esgéilll fratdb flbescahahy300 ammInKIi o t he
accurrul ation of the metallic conmponent, while that containing asphalten in

an anmount excessliltg hadoflag 1eeiegltc sarkidignishprpmoceddarivdr thee |ife of the
catal yst on account of carbon deposition, whereby both the cases are nade
unf avor abl e. Hydrddesulfiurd zatdohi, onheveas tilats more tlph i 20 40 NmAEKL is
denetal lizing treatnent of thetrude oil or crude oil from which naphtha
fraction is remeccxbriicalhéromnehavierpoint rebeguipnentpdesiqhe Fosseif
invention. First of all, the reaction tenperature therein is preferably in
the range of Be®@sons mspLipppdabaveeddia afoxesdicl ratie iSM9%s PresREabihan

300[err]C remarkably lowers th t f ti hat _hi gh h
450[ o1 1] C | oot 5 IREIFOPRRRIG oot » 030 BURAIoLS THEI o ROP T L PRy

velocity (LHSV) is preferably in the range of 0.1 to 3.0 hr-1,
An LHSV less than 0.1 hr-l results in failure to assure
sufficient rate of treatment fromthe economical point of view,
whereas that more than 3.0 hr-l causes the defect of an
insufficiént reaction time, thereby failing to complete the
hydrodesulfurization of the feed oil. For the reasons
mentioned above, the LHSV is more preferably in the range of
0.15 to 0.5 hr-1,

The catalyst to be used in this hydrodesulfurizing step
is not specifically limited, but may be seleéted for use from
various catalysts. Examples of preferably usable catalysts
include the catalysts same as those exemplified as the
hydrodesulfurization catalyst in the above-described fifth
aspect of the invention. The catalyst may be used alone or
in combination with at least other ome.

On the other hand in this aspect of the invention,
hydrorefining is further applied, under the following reaction
conditions, to the gaseous components that has been obtained

through the gaé liquid separation after the demetalliéing
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remar kabl.y shortens the service life of the catalyst. For the reasons
ment i oned above, the reaction tenperature therein is nore preferably in the
range of 360 to 420[err]C. The reaction pressure, that is, the partial
pressure of hydrogen is preferably in the range of 30 to 200 kg/cn2. A
reaction pressure therein | ower than 30 kg/cn2 remarkably shortens the
service life g} %Q@eﬁgtalyst because of the deposition of carbonaceous
sol i d, whereas Pha rgher than 200 kg/cnierr] is uneconomnmical fromthe

vi ewpoi nt of equi pnpRLsdesEagn ] Fand '}I%J&%%w%eﬂgaﬂeﬂfgl 188%’%1xit8%?kpa” | al

pressure of hydrogen 1s nore preferably 1n the range o g/ cn2.

The 74 hydpegear@bly ialtl: randé 8kCIFPLY 450°ENe X 2BGEt Pbn $@RpELaLufeO
Nnferr]/KL. A hydrogen/oil ratio | ess than 300 Nrjerr]/KL resulfts in

failure to suthegbentlawdd BxaedonrtrebiatByidl eaeitre RS MFHRRSLRL ShokB' €
than 2,000 NnB/ KL i s uneconom cal fromthe viewpoint of equi pnment design..

For the reasopsinendt eheckatisisne Fraction pticteast timt highee #Haf esabty in
the range of 500 to 1,000 N8B /KL. The liquid hourly space velocity (LHSV)

I s preferabl yleadshe rthegdebérDoratini3 of th¢ dme] of Athd gay ok £rhbanof, 1
hr{err] 1 results in failure to assure sufficient rate of treatnent from

t he econoni cakthgpoehy déterioratiing dde gnallitbes ofiakeBogene [and jgasagids t he
defect of an insufficient reaction time, thereby failing to conplete the
denet al | i zi ngfraekiaaf: dJfon Hber geasens. meptioned rabkets thenteasddoabove,

the LHSV is nore preferablﬁ/ in the range of 0.5 to 2 hr-1.
temperature therein is moreé preferably in the range of 360 to

420°C. The reaction pressurej that is, the partial pressure
of hydrogen is preferably in the range of 30 to 200 kg/cm2.
A reaction pressure therein lower than 30 kg/cm? remarkably
shortens the service life of the catalyst because of the
deposition of carbonaceous solid, whereas that higher than 200
kg/cm? is uneémnbmical from the viewpoint of equipment design.
For the reasons mentioned above, the partial pressure of
hydrogen is more preferably in the range of 100 to 180 kg/cm2.
The hydrogen/oil ratio is preferably in the range of 300 to
5,000 Nm3/KL. A hydrogen/oil ratio less than 300 Nm3 /KL
results in failure to sufficiently proceed with the
hydrotreatment reaction, whereas that more than 5,000 Nm3/KL
is uneconomical from the viewpoint of equipment design. For
the reaséns mentioned above, the aforesaid ratio is more
preferably in the range of 500 to 1,000 Nm3/KL. The liquid
hourly space velocity (LHSV) is preferably in the range of 1.0
to 10.0 hr-l., An LHSV_less than 1.0 hr-1l results in failure

to assure sufficient rate of treatment from the economical
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The reaction conditions in the case of hydrodesulfurizing crude oil as such
are basically the same as those in the case of hydrodesul furizing crude oi
fromwhi ch naphtha fraction is renoved, but it is preferable to increase
hydrogen partial pressure and hydrogen/oil ratio within the above-nenti oned
range to conpensate for |owering of the hydrogen partial pressure. As the

catal yst prefer.ahly u I - ' d ' '
et on i s o a8y PRkl Ch ey B a8 T L TR eay o
or exanple, at . e . i
any of the grlgtuspﬁ?tlgggnag%g%?ﬁtekgﬁé’gﬁ%%:ayya%lgs h%i%gﬁ%rrg?gﬁl ioggl "o to
supported on an Qldd g CHEIfor EPECREGTEINAP! PolBiid TeaBohBametitioned

ude tungs g ﬁy

catal yst i ncl n~and no enum as a netal belonging to the group

6 of the Perigdive TapeerpaPdiBi fked SreEsaily ias theTehage bet ongh ng 20 any
of the groups 8, 9J a_n(? 10 of the sane. The rreyt al bel ongigg to the group 6
and the netalphbal onging to any of the groups 8, 9 and 10 may each be used
alone or in conbination with at |east one other. In particular, exanples of

pref erabl e conbi natime HyddoieEibtinybcaCaiybt b -b¥ ddedCdaMihiscause of
t heir high hydrogenation activity and limted deterioration. The anmount of
any of the ahiopdromfilnsnigo treatmppor stepois t et cepedidiicad lyod impsedt i cal | y
limted, but may be suitably selected accordi nc};1 to various conditions. The
amount t her edixamples of usable catalyst include the catalysts same as those
exemplified as the hydrodesulfurization catalyst in the
foregoing fifth aspect of the invention. The catalyst may be
used alone or in combination. with at least one other. The
reaction systemusing the catalyst is not specifically limited,
but may be selected for use from .fixed bed, fluidized bed,
moving bed and the like.
After crude oil or crude oil fromwhich naphtha fraction
is removed is demetallizingly treated, the treated petroleum
is separated, in advance, into gaseous components and liquid
hydrocarbons as liquid components, both the components are
separately treated, and the resultant treated oils are combined
together and is fed in an atmospheric distillation tower, where
the combined oil is separated into various products such as
naphtha fraction, kerosene fraction, gas oil fraction and
residue on atmospheric distillation. The operational
conditions for the atmospheric distillation tower, which are
almost the same as those for a process for atmospherically

distilling crude oil presently prevailing in petroleum

refineries, include usually a temperature of about 300 to 380°C
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Is usually in the range of 1 to 35% by wei ght expressed in terns of the

oxi de thereof based on the whole anount of the catal yst. An anpbunt thereof
| ess than 1% by weight results in failure to sufficiently exert the working
effect as a denetallization catalyst, whereas that nore than 35% by wei ght

| eads to econom cal disadvantage in that the enhancenent of the

denet al | i zat i gqy agt 'féééﬁriesg?ohtftﬁg?}[’llég% gﬁ?#‘%’gmiwr atg ?eg/tghlz{;he anmount

suppor tied. The anount there s p preferably e range of 5

to 30%'by weight frgmddigewingveRitntheOtodgBing | s€ad) ObAGWitigt Xhas wel | as

econom cal efficiency. Thé reéaction system using the above-nenti oned

catal yst i s nefdsdRaidlifadizingi ﬁhﬁeﬁydbuieﬂﬁﬂir% Sedmet a4 fier mage from

fi xed bed, fluidized bed, noving bed and the |ike. There is enployed in
this aspect ofoddiblienienicomtrigepheaessecovedy cdndifgreatillye caeratial thei ng
treatnment, the 76 effluent fromthe denetallization step is separated in
advance i nt o epemhionadngeostnt sImratidiitdeng hhdr corstaonstian costl! cauike
conponents, and both the conponents are separately treated. The reaction

ef fl uent, wheenxtaidsd pyhpuansfenrinag hysrosulfnrsipedtohl tor asperxokgum
hydrogen to be | owered, thereby Iomeringathe hydrotreatnment efficiency. In

this case, theekinerydasated gt pthssuptagaste|spparateihe: Pefrodsyn |
where the gaseous conponents and | i quid, copponents are separated from each
ot her wit houtP’E‘?fi&‘f"cFeﬂé’oI%Fdﬁrt &P ﬁﬁg?ﬁElY etettree A eﬁ&éé‘éﬂﬂe of the
reaction efflé%ﬁgspheric distillation tower for crude oil.

According to the sixth saspect of the invention, it is
made possible to produce keros'ene and gas oil that are favorable
and stabilized in quality in increased amounts and to simplify
petroleﬁm refinery equipment by assuring intermediate
fractions with high degreé of saturation through the
hydrocracking of residual oil in the collective
hydrodesulfurization of crude oil or crude oil from which
naphtha fraction is removed.

The seventh aspect of the invention relates to a process
for hydrotreating a hydrocarbon oil which comprises the steps
of hydrodesulfurizing crude oil or crude oil from which naphtha
fraction is removed as the feed oil in the presence of hydrogen
by bringing the feed oil into contact with a catalyst;
separating the effluent therefrom in a high pressure gas-liquid
separating vessel 1 into gaseous components 1 and liquid
hydrocarbon components 1; hydrocracking the resultant liquid

hydrocarbon components 1 in the presence of hydrogen by

bringing them into contact with a catalyst; subsequéntly
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The |iqui-d hydrocarbons as the |iquid conmponents thus separated under a
hi gh pressure are hydrodesul furized under the follow ng reaction '
conditions. First of all, the reaction tenperature therein is preferably in
the range of 300 to 450[err]C. A reaction tenperature therein |ower than
300[err]C remarkably |l owers the rate of reaction, whereas that higher than

450 Cl ' f e lind ’

rema[ (rark;LI y gﬁgra{n%%sﬁﬁeg %(%:EBP%%% cg;%.? f;g"thl.e é%#fl?%g& rfgtgh;g{r.iis%gy
tioned ab ' i bR | ; in th

ment i oned a Oﬁgdﬁggfaeéfz]ﬁg 'érif;éeé SHRY & HohbilaEesh; | §n&méﬁnc5§%{éirz§ﬁm n the

range of 360 t reaction pressure, that I1s, the partial

pressure of hygdspgenihg Phe RISl ngn cbBihate6n o FrddncdByligbeaEbon
Areactionpressure therein | owerthan30 kg/cnferr] renmarkably Shortens the

service life gratbeosetdl feérdifcalsa Moilliagdepaget £66m 0dadinrdxACEOUS
solid, whereas that higher than 200 kg/cnR is uneconom cal fromthe

vi ewpoi nt of equi pnEnt thesiprocdsy, tdmdecaddnmayebei dnedodbesd,in e parti al
pressure 77 of hydrogen is nore preferably in the range of 100 to 180
kg/ cnferr]. Theehjmingey/distildatdonsteowerf ewhbrg the nhphthagirafti’dfDiso
2,000 NnB/KL. A hydrogen/oil ratio less than 300 NnB/KL results in failure
to sufficient rgmpvedecandi the trrRsuhtdmgd daphthar-£ee oprudd cphdnanhde nore
than 2,000 Nnferr]/KL is uneconom cal fromthe viewpoint. of equi prment

desi gn. For tFeliegtivelyehydeiasufordzedhe When kg FHHUL GoptePtein

pref erabl . in,jhe,: 300E.of, 500 0,190 NIEL o108 LoWAZH ! ppace

for example, in the case of applying the naphtha fraction to
the raw material for an ethyiene production plant, the crude
oil as such may be collectively hydrotreated without being fed
to the preliminary distillation tower for the removal of the
naphtha fraction.

As already described in the description of the first and
second aspects of the invention, the crude oil to be fed to
a preliminary distillation tower or a hydrotreating step is
preferably subjected in advance to desalting treatment. The
treatment conditions in the preliminary distillation tower for
crude oil are the same as in the first and second aspects of
the inventién as described hereinbefore.

There is used in the seventh aspect of the invention,
crude o0il or crude oil from which naphtha fraction is removed,
which contains at most 135 ppmby weight of at least onemetallic
component selected from among vanadium, nickel and iron and
at most 12% by weight of asphalten. The crude oil containing

any of the above metallic components in an amount exceeding
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velocity. (LHSV) is preferably in the range of 0.1 to 3.0 hr[err]. An LHSV
|l ess than 0.1 hr-1 results in failure to assure sufficient rate of
treatment fromthe econom cal point of view, whereas that nore than 3.0
hr[err] causes the defect of an insufficient reaction tine, thereby failing
to conplete the hydrodesul furization of the feed oil. For the reasons

V1 The caciyER oY peil ERREERAGLF ARkt HHE, SAMARALIER O e ©

e urizing step I's not

speci fircal |y dJdgihad. oy g[ﬁtggt GBI o¥SEhd MRPalak bWttty St S-

Exanpl es of preferably us alysts 1 nclude the catal ysts sane as those

exenpl i fied %‘I‘%ﬂﬁ tRAQr eéﬁéé'iﬁiﬂﬁ]éﬁbhamtéﬁtﬂi %8t ahbuid @xR@4E ngeEPE ivyed

fifth aspect e I nvention. e Catalyst may be used alone or in

conbi nati on Wdihal Ma@kel19t SEoreatss 1P tBevebaelif@rst ithet basadpPedn of
the invention, hydrorefining is further applied, under the follow ng

reaction condidddiift. oifOcaiifor) dePoes tEORDoMesteby bathhelte kasksohtaimeld
through the gas liquid separation after the denetallizing 78 treat ment.

First of all, udflevormddiei.on tenperature therein is preferably in the range
of 300 to 450[err]C. A reaction tenperature therein |lower than 300[err]C
results in fail ure The ifolleowingheesabiionpobndibionshanerappdieds tacthen,
whereas that higher than 450[err]C |l eads to the deterioration of the hue of
the gas oil fhydradesulfurization of the crude oil or crude oil from which
| naphtha fraction is removed in a hydrodesulfurizing step.
First of all, the reaction temperature therein is preferably
in the range of 300 to 450°C. | A reaction temperature therein
lower than 300°C remarkably lowers the rate of reactionm,
whereas that higher than 450°C leads to the formation of
carbonaceous solid (coke) on the catalyst, thereby remarkably
shortens the service life of the catalyst. For the reasons
mentioned above, the reaction temperature therein is more
preferably in the range of 360 to 420°C. The reaction pressure,
that is, the partial pressure of hydrogen is preferably in the
range of 30 to 200 kg/cm?, A reaction pressure therein lower
than 30 kg/cm? remarkably shortens the service life of the
catalyst because of the deposition of carbonaceous solid,
whereas that higher than 200 kg/cm? is uneconomical from the
viewpoint of equipment design. For the reasons mentioned
above, the partial pressure of hydrogen is more preferably in
the range of 100 to 180 kg/cm?. The hydrogen/oil ratio is
preferably in the range of 300 to 2,000 Nm3/KL.. A hydrogen/oil

ratio less than 300 Nm3/KL results in failure to sufficiently
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thereby deteriorating the qualities of kerosene and gas oil fractions. For
t he reasons nentioned above, the reaction tenperature therein is nore
-preferably in the range of 360 to 420[err]C. The reaction pressure that is,
the partial pressure of hydrogen is preferably in the range of 30 to 200
kg/cnR2. A reaction pressure therein lower than 30 kg/cnferr] remnarkably

hort th i .| . : d L d f
Shor oS e SHMP wiEhouRl e ofRbALYGE heeRus e aloditn RROSLAL MM
from the vi ewpaidtpah ?9ﬁbé’r‘iﬁﬁﬁ/1&.e%gﬂne58ﬁoxﬂﬂ9ai GAANEHERHL bwpeThialave,

the partial pressure o ydrogen 1s nore preferably in the range of 100 to

180 kg/ cnferrdan; He981/, O for Al deadingf aeaklivnba abevepngse of 300 to
5,000 Nni err]d/%LljBﬁ%l{?/deoggn/oi Ioratio | ess than 300 Nni err]/&L results in

failure to suffdrdsiild YaRioGeehlore iPrefeeaby¢rin rthat renje bEBU0 0,1 W0 eas
that nore than 5,000 Nnferr]/KL is uneconom cal fromthe viewpoi nt of

equi prent  desymRYKIROr Thé 4 ilpdgonsury spavedrelmidy (hBSWf dsepreferaliliyo i s
nore preferably in the range of 500 to 1,000 Nnferr]/KL. The liquid hourly
space vel oci tin (tHdS\Harige mfeledabby3if hihel s aAgelBSVI1l@ssothan O Hr[err]. An
LHSV Iess than 1.0 hr[err] results in failure to assure sufficient rate of
treat ment fromrtheesebhoninfailgre tpasparesufifdyioptcraks ofhbredgrant han
10.0 hr[err] causes insufficient reaction tine, thereby failing to é)btai n
sati sfact ory $¥emghet eépaeﬂéﬁal)iB".lnFont‘fﬂeeWeétfg‘&F§aﬁeﬁ¥?BMeagt}% the

LHSV is nore preferably in the range of 0.5,t0 2 . .
II?::-E%L causes}/ the defect of'an cinsuf%icgent reaction time, thereby

failing to complete the hydrodesulfurization of the feed oil.
For the reasons mentioned above, the LHSV is more preferably
in the range of 0.2 to 0.8 hr-1l.

| The catalyst to be used in this hydro&esulfurizing step
is not specifically limited, but may be selected for use from
various catalysts. Examples of preférably usable catalysts
include the catalysts same as those exemplified as the
hydrodesulfurization catalyst in the above-described fifth
aspect of the invention. The catalyst may be used alone or
in combination with at least one other.

Tt is further preferable from the viewpoint of service
life of the catalyst in the present invention to divide the
catalyst bed into two stages, and simultaneously pack, in the
upstream stage, with a catalyst having an average pore diameter
of 200 to 5,000 &, preferably 1,000 to 3,000 &, and in the
downstream stage, with a catalyst having an average pore
diameter of about 80 to 120 A.

The reaction conditions in the case of
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hr-1. The hydrorefining catalyst to be used in this hydrorefining treatnent
step is not specifically imted. Exanples of usable catal yst include the
catal ysts sane as those exenplified as the hydrodesul furization catalyst in
the foregoing fifth aspect of the invention. The catalyst may be used
alone or in conmbination with at |east one other. The reaction system using
the catal yst |{s,not spegifically |linited, but y_be .sel.ected r use from
ived bed f1 BFAPOResEERTIME Sundl B30 R osniR LR AR R tBP: 786 ac
oi I fromnhich f | On_LS U ' | i z] G aAEdn s She
gg‘r{mc{% iﬁlccthe Q%%é qfﬁl@%f&é&l%?ﬁ%&égséf@c% ¥)15. ﬁhl&ﬁ'

treated petroleu separa vance, 11 oOusS~ cofrponent s~ and

| i qui d hydroc 43U d s o][r%}&mp&is o sth 95%

separately trgépfe?gﬁagﬁrdaét%eanr égu ant t'r gg?e%@(}fsl grg?cho ittz)egﬁtgga%?%er
and is fed i NppAr8LaRSPIRLIf1 Prifddurdl hAB hPUBSgedNSIP S L WIRhARILRE! 1S
separated int o?ygééous prodétjlc{ﬁs such as napgt hag?rapt I on, kerosene
fraction, gasaBblelféntitibdhngRs dUeomPeAbaREPRSEI fowdSind X ithie The
operational conditions for the atnospheric distillation tower, which are
al nost the sappdasgéRop@riiyl pryseaees for atnospherically distilling crude
oil presently prevailing in petroleumrefineries, include usually a

t enperature of abourh806rade 3&] ewhilch Sas beendsabpjeeteadreoof at nospheric
pressure to 1.0 kg/cnierr]G By carrying out the foregoing step, follow ng
t he hydrodesulfurization in the above manner is separated into

gaseous components 1 and liquid hydrocarbon components 1, and
then the latter components are/hydrocracked. For the purpose
of such gas-liquid separation, there is employed a high-
pressure gas-liquid separating vessel for its capability of
separation without considerably altering the temperature and
pressure of the reaction effluent. The following reaction
conditions are applied to the hydrocracking step. First of
all, the reaction temperature therein is preferably in the
range of 300 to 450°C. A reaction temperature therein lower
than 300°C remarkably lowers the rate of reaction, whereas that
higher than 450°C leads to the progress of overcracking and
uneconomically lowers the yield of the intermediate fractions
through increase in the yield of gases. For the reasons
mentioned above, the reaction temperature therein is more
preferably in the range of 360 to 420°C. The reaction pressure,
that is, the partial pressure of hydrogen is preferably in the
range of 30 to 200 kg/cm2?. A reaction pressure therein lower
than 30 kg/cm? results in the deterioration of intermediate

fractions characteristics such as hue and smoke point whereas
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hydr odesul furi zi ng  and hydrorefining steps, it is made possible to contrive
heat recovery and greatly curtail the operational cost. In addition, the
construction cost can be curtailed by transferring hydrosul furized oil to a
petroleumrefinery |located at other place to separate the petrol eum
products in order to effectively utilize an existing atnospheric

oLl o PR EBEx S 0b /B2 SR cbohREa #id BR Rl

“invention pr oduce er osene and gas oi | at are

favorabl e ang, ‘e?{}& ﬁfé aasﬂ Al oy H Teaadad aaaumbﬁean&bmwﬁa i fy
petrol eum refi ner qui prent y assuring internediate fractions with high

degree of satyyatifAnprBE8HHEE 6f‘€hy*bﬂi ri‘s‘kmﬁﬁe rdéfRs iQi theé ca
col |l ective hydrodesulfurization of crg%gae oil or crude m?lfrom whi éik?@

napht ha fractdfn00Sté A¥OVRE/cnid\e TRechydreFRedilotatie ispeafepableliai es to
a process for hydrotreating a hydrocarbon oil which conprises the steps of

hydr odesul f urlvd naungeude 300 o Zy00de NoR /KLt oA \iyidriegeapbi hardt e tliess i s
renoved as the feed oil in the presence of hydrogen by bringing the feed
oi | into conttden 300 M /Kitxesilits $rfadiduiregta soféicienhly pProceprdomtn a
hi gh pressure gas-1iquid separating vessel 1 into gaseous conmponents 1 and
li quid hydr oceibgieacsiponandsin theydeberherahion RE tbeurharactemkftdcs

hydr ocar bon conponents 1 in the presence of hydrogen by b t
contact with %fngggapggiuctsgggghggmlﬂy whereas ¥.hat%nore Xharrl '2“%'0?)911&73 g into

is uneconomical from the viewpoint of equipment design. For
the reasons mentioned above, the aforesaid ratio is more
preferably in the range of 500 to 1,000 Nm3/KL. The liquid
hourly space velocity (LHSV) is preferably in the range of 0.1
to 3.0 hr-1. An LHSV less than o.1l hr-1 results in failure to
assure sufficient rate of treatment from the economical point
of view, whereas that more than 3.0 hr-1 causes an insufficient
reaction time, thereby failing to achieve sufficient yield of
cracked oil. For the reasons mentioned above, the LHSV is more
preferably in the range of 0.2 to 0.8 hr-1,

Examples of the catalysts usable in the above-mentioned
hydrocraéking treatment include a publicly known zeolite-based
catalyst for cracking residual oil which is described, for
example, in Japanese Patent Publication No. 24106/1992, column
3, line 18 through column 6, line 30. There is specifically
usable a catalyst comprising at least one metal selected from
the metals each belonging to any of the groups 6, 8, 9 and 10
of the Periodic Table which metal is supported on a carrier

composed of crystalline aluminosilicate  preferably iron-
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conbi ni ng sai d gaseous conponents 1 and the effluent fromthe hydrocracking
step into a conbination; and atnospherically distilling the resulting

conbi nati on to produce hydrocarbon fractions different in a boiling range
fromeach other. In this process, crude oil may be introduced in a
prelimnary distillation tower, where the naphtha fraction is renoved, and

th I ti = ' b I yel | furized.
Wien the sul {oPReoRtan PRufiSailcaeE b 8 ATRLEED PO Sho SR ol [ oee

than 1 ppm f@ﬁoeqm& ®xide.! en& atovel cappiyt r&ﬂs*l%t@agﬁéf'@:éﬁffwfoﬂot 0

the raw naterial Tor an ethylene production plant, the crude oll” as such
may be col | ecthvedy pyye o§heded rvhl 8ostaleiny alethinesinecrEelddd 9o o

distillation tower for the renoval of the naphtha fraction. As already
described in Lbe Peswsiglit ¥F on tikeorbahst arideecadaarpeet ofofirbhe

I nvention, the crude oil to be fed to a prelimnary distillation tower or a
hydr ot r eat i ngcettpiningrafuaialdsi lichjtectindthe edvaber lessiddmn i10§ by
treatment. The treatnment conditions in the prelimnary distillation tower
for crude oilwaight heeswts 4 failure ftior sufficientdonexaerbethe efffecheas
invention as described hereinbefore. There is used in the seventh aspect of
t he inventi ontherhydresracking qadadystir wheraas hthapmoke fehan i%9% by
renoved, which contains at npst 135 ppm_ by weight of at |east one netallic
conmponent sel Weight { 1% reeerai caddadddFadrankageans) | sratdeaetfest ap% by

wei ght of asphalten, The crude il containing,any of the ahove netallic
conmponent s i n®BRaBGHG hedrqerfckjngo activity "is not so exhibited as

expected considering the amoght used. The carrier consists
particularly preferably of 30 to 70% by weight of iron-
containing aluminosilicate and 70 to 30% by weight of an
inorganic oxide. |

Examples of the inorganic oxide to be used in the
iron-containing aluminosilicate carrier include alumina such
as boehmite gel and alumina sol, silica such as silica sol and
porous oxide such as silica-alumina. Of these, alumina is
preferably usable in particular.

The preparation and properties of the catalyst
comprising the iron-containing aluminosilicate. as the carrier
is detailed in the description of the catalyst (A) in the first
and second aspects of the invention.

In this aspect of the invention, the gaseous components
1 separated in the high-pressure gas~liquid separating vessel
after the aforestated hydrodesulfﬁrization may be subjected,
as necessary, to further hydrorefining treatment under the

following conditions.
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135 ppm by wei ght remarkably shortens the service life of the catalyst

ow ng to the accunulation of the netallic conponent, while that containing
asphalten in an anmount exceedi ng 12% by wei ght narkedly shortens the
service life of the catalyst on account of carbon deposition, whereby both
the cases are made unfavorable. The follow ng reaction conditions are

applied to the hydrgdesul furizatiqn of the crude oil_ or crude oil, from
whi ch napht ha fract?ﬁﬁsl}:jso#'e e c}f%ra? d‘togd%?ﬁ??ﬁﬂ"'ﬁ%g l%?xé%l.n Fr% st of
1, th ' ,at ey o bly.. 0t
e 1 S PE Bk ST R AR BRI e BSREE0) ) rhaobl, LRRE RLp200 o

| overs the ra&ﬁFeéiﬁq%%&%axy@ﬁfg§?§ggi§ﬂ%g RekekBath 4@%&5?1194@@3%} 0

the formati on of carbonaceous S the cata her

remarkabl y shopbensst a6 S Mt W Qfsolbe 16aka! ¥5t the R9Foditisd gﬁﬁsons

menti oned above, the reactionh tenperature therein 1s nore prefer y in the

range of 360 hoefdPh€kiAG; Jﬁ&bdxﬁ)%ﬁ?daqllgp&%%ﬂﬁg £Het¥ié1d tde N tial
pressure of hydrogen is preferably in the range of 30 to 200 kg/cn2. A

reaction presspterhbéigtd firawrsionhprodickaiarBughMxidimddse shajdLpsellie
service life of the catal yst because of the deposition of carbonaceous

sol i d, wher ea®orhthehrgisond wentidhddy/abokrel, S thaetoaotior tédmpendture

vi ewpoi nt of equi pment design. For the reasons nentioned above, the parti al
pressure of hylievgén is moxecppeférabby yin rchehrangegef 360100 420°180 hecnp.
The hydrogen/oil ratio is preferably in the range of 300 to 2,000
Nnferr]/KL. ArgpatdoRiPEessus, dhassist ehe reotiad/ preseexe tof hydregenre to

sufficiently | .
is preferably in the range of 38 to 200 kg/cm?, more preferably

100 to 180 kg/cm2. Although the pressure at around 30 kg/cm?
is sufficient, it is determined by the reaction conditions in
the preceding hydrodesulfurization, since it is economical to
feed the gaseous components in the high-pressure gas-liquid
separation vessel as such to the reactor. The hycirogen/oil
ratio is preferably in the range of 200 to 2,000 Nm3/KL, more
preferably 500 to 1,500 Nm3/KL. The above ratio, although
sufficient at around 200 Nm3/KL, is determined by the reaction
conditions in the preceding hydrodesulfurization, since it is
economical to feed the gaseous components in the vessel as such
to the reactor. The liquid hourly space velocity (LHSV) is
preferably in the range of 0.5 to 8.0 hr-1, An LHSV less than
0.5 hr-l results in failure to assure sufficient rate of
treatment from the economical point of view, whereas that more
than 8.0 hr-l causes an insufficient reaction time, thereby
failing to achieve satisfactory yield of cracked oil. For the

reasons mentioned abéve, the LHSV is more preferably in the
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83 proceed with the hydrodesul furization reaction, whereas that nore
than 2,000 NnB/ KL is uneconom cal fromthe vi ewpoi nt of equi pnent design.
For the reasons nentioned above, the aforesaid ratio is nore preferably in
the range of 500 to 1,000 NnB/KL. The liquid hourly space velocity (LHSV)
Is preferably in the range of 0.1 to 3.0 hr[err]. An LHSV less than 0.1

hr-1 results E:Qn&éibf‘.rf.éotvﬁ%}tf% fficient rate of treatnent fromthe

econom cal point~of View, eéreas that nore than 3.0 hr[err] causes the

def ect of an !“SUTf&‘ﬁéeﬂ%df«?féfiﬁh | dBbally3?’ €BY bbahbeAgihOkePl ete the
hydr odesul furization of The feed oil. For “the reasons nenti oned above, the

LHSV is nore pyatefébiying drtathmndeisindt %géei(i;i%,atm?;lliﬂi@@,amttyﬁayt 0 be
used in this hydrodesul furizing step is not specifically Iimted, but may

be sel ected fbe sslediedTypseUSraeiyaki6is cabadypkes wiiichr Sf:@ltgbﬁ.walliﬁm e
catal ysts include the catalysts sane as those exenplified as the

hydr odesul f ur exetmpdif ted dyyshe icathlgsib@/eidadey fhest fand seespdaspeétshe
i nvention. The catal yst nay be used alone or in conmbination with at | east
one ot her. |t oifstharinvwentioaf;catibleast onethetal agisictedofremrulicmetale of
the catalyst in the present invention to divide the catalyst bed into two
stages, and seaghtkelonging gaary ohthegroppseady Stand 100 bhe Pexiadjct
havi ng an average pore dianeter of 200 to_ 5,000 A preferably 1,000 to
3,000 A, and Fﬁgﬂ-ﬁewm%éﬂerf@dmlﬂ 8HRPOT ke QR Gafaryaer h%iﬁmglsaﬁia%ﬂage

pore silica or the like as is the case with the catalyst (A&); and
the catalysts same as those tofbe used in the above-mentioned
hydrodesulfurization and hydiocracking.

Such hydrorefining catalyst preferably has an average
pore diameter of 20 to 60 A. An average pore diameter thereof
smaller than 20 & results in failure to sufficiently proceed
with the reaction on account of unreasonably high diffusion
resistance inside the catalyst, whereas that larger than 60
A causes smaller specific surface area; thereby failing to
achieve sufficient rate of reaction.

In this aspect of the invention, there is preferably used
a process in which the effluent fromthe hydrocracking treating
step is separated into gaseous components 2 and liquid
hydrocarbon components 2 in the high-pressure gas-liquid
separating vessel; the combination of the aforesaid gaseous
components 2 and the gaseous components 1 from the high-
preésure gas-liquid separating vessel 1 in the above-mentioned
hydrodesulfurization step is brought into contact with the

hydrorefining catalyst under the conditions including 30 to
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di aneter -of about 80 to 120 A. The reaction conditions in the case of 84
hydr odesul furi zing crude oil as such are basically the sane as those in the
case of hydrodesul furizing crude oil fromwhich naphtha fraction is renoved,
but it is preferable to increase hydrogen partial pressure and hydrogen/oil
ratio within the above-nentioned range to conpensate for |owering of the

hydr ogen par tj @) xB/8asYiessthe CoHEe it 0%p tinhinRaR) 5UBI 651689 he-1
the a

hydr odesul furi zatron i ove manner i s separated i'nto gaseous

conponents 1 iy ldrdizéonxer 2¢abbOoRmE KR ARloyeh/o03ndrhkes; t Badl ehéer
conponents are hydrocracked. For the pur pose of such gas-l1quid separation,

there is enplaundsi ratiiicin ofPERE G fedifs cbinfibhén € Peas icdhtaetedl ah@rtlid s
capability of separation without considerably altering the tenperature and

pressure of tdiovecadigudd afytiroeatrbod heohpdramin@ risacubgecteddicbi ons are
applied to the hydrocracking step. First of all, the reaction tenperature
therein is preimyspgheriion dils¢ilaagiont Iic-h prédseser brifngsd abauti tie
tenperature therein |lower than 300[err]C renmarkably | owers the rate of
reaction, wheadscantdgst offi inproveémentstdbethé Grokedpoint tdfekprogenes tfe

over cracking and unecononically lowers the yield of the internediate
fractions thringef wase£dd /i Fetpaeyindex of e samp@and,dhecddbBs menti oned

above, the reaction tenperature therein is_nore preferabty in the range of
360 to 420[err]C. THe the,atmesPheRic fistillation tower according to the

invention, the combined 0il is separated into various products
such as naphtha fraction, kerosene fraction, gas oil fraction
and residue on atmospheric distillation. The operational
conditions for the atmospheric distillation tower, which are
almost the same as those for a process for atmospherically
distilling crude oil presently prevailing in petroleum
refineries, include usually a temperature of about 300 to 380°C
and a pressure of atmospheric pressure to 1.0 kg/cm2G.

By carrying out the foregoing step, following each
hydrotreating step, it is made possible to contrive heat
recovery and greatly curtail the operational cost. In
addition, the construction cost can be curtailed by
transferring hydrosulfurized oil to a petroleum refinery
located at other place to separate the petroleum products in
order to effectively utilize an existing atmospheric
distillation tower for crude petroleum.

According to the seventh aspect of the invention, it is
made possible to effectively carry out hydroreforming of

kerosene and gas oll in combination with the hydrocracking of
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that is, -the partial pressure of hydrogen is preferably in the range of 30
to 200 kg/cnferr]. A reaction pressure therein |ower than 30 kg/cnR results
in the deterioration of intermediate fractions characteristics such as hue
and snoke poi nt whereas 85 t hat hi gher than 200 kg/cnR is uneconom cal
from the viewpoi nt of equi pnment design. For the reasons mentioned above,

the partial Pressyie) ol IE0gR0e R TUAPREAIAPLL! hdharRREeoply 100 O

180 kg/cnjerr 1T ratio 1s preferably in the range o 00 to
2,000 Nnferr] iy stadindzedciv Qualidy £n linesehbaa adhnhial Sﬁ&]dd%iﬁ\ﬁ’fi‘f} S In

failure to sufficiently proceéed with the reaction and in the deterioration

of the char ac;aeﬁ:gslém A f i yoleRfld pinett b eds ut i nghbiasmddialtemor e t han
2,000 Nnferr]/KL is uneconom cal fromthe viewpoi nt of equi pnent design.

For the reasofsaceidnnectiohtyh ddyeeel ofesataraeion tisrouyte theeferably in
the range of 500 to 1,000 Nmerr]/KL. The liquid hourly space velocity
(LHSV) is prehpdnitryackinddeof aepdidutalOoilt dn3the edEledtiven LHSV | ess t han
0.1 hr[err] results in failure to assure sufficient rate of treatnent from
t he econoni cahygoodeswkfusicetinme ofasrudet omibr er t trwmdes. @i hrfrbrc atbded an

i nsufficient reaction tinme, thereby failing to achieve sufficient yield of
cracked oi | . Fephthe fragtion fsntepwyg@dabove, the LHSV is nore preferably

in the range of 0.2 to 0.8 hr-1. Exanples of the catalysts usable in the
above- nenti oned hydkasthe Ghepighid asRect oL thR18VERbioR PFovides a fuel

zeol it e-based talyst faor cracking resjdual oil whi¢h | s described,. for
ogf'co position havEnggspeciéic charactergstics which can be

produced through the method of ¥he present invention (the first
to seventh aspects).

The fuel oil composition according to the present
invention is reqﬁired to have a boiling point range at
atmospheric pressure of 215 to 380°C as distillation
characteristics. A fraction having a boiling point lower than
215°C, when contained in a large amount, brings about such
disadvantage as limited usage in summer, and a fraction having
a boiling point higher than 380°C, when contained in a large
amount, causes the problem that particulate substances in
exhaust gas increase. For the reasons mentioned above, the
composition preferably contains a fraction with 220 to 375
boiling point range in a proportion of at least 50% by weight,
preferably 60 to 100% by weight. Within the aforesaid
preferable range, hue-worsening substances decrease, thus
advantageously attain an object of the present invention.

In addition, sulfur content therein is at most 0.03% by

weight, preferably at most 0.02% by weight. A sulfur content
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exanpl e, ‘i n Japanese Patent Publication No. 24106/1992, colum 3, line 18
t hrough colum 6, line 30. There is specifically usable a catal yst
conprising at |east one netal selected fromthe netals each belonging to
any of the groups 6, 8, 9 and 10 of the Periodic Table which netal is
supported on a carrier conposed of crystalline alumnosilicate, preferably

ron- 86 cqgial ohg ¢lo4Y 195 hldiGhte Blsls LS Ysfoed oA IBRANd an

i norgani ¢ oxi The above carrier “consists preferably to 90% by

wei ght bf ir OBrSQgé@Eﬂ}é‘gzs@ B RSk 'dcﬁﬁb@i@ﬂ@nggs t0 £H@% Hy1 e &hbita%]eefn

I nor gani ¢ oxi de. content of iron- cofitaining alumnosilicate in

carrier |less éhﬁﬂné@éxbﬁoﬂﬁﬁéﬁﬁ thestitdrd Rebalhtién lahdHhé i cdi@llysk LELrt
the effect as the hydrocracki ng catal yst, ereas that nore than 90% by

wei ght i s ecothdi erddtmetits offvaxhagsO gas s Mt drioraitedst tinns daiddaigngo
hydr ocracki ng activity is not so exhibited as expected considering the
amouht used. 3dbeatnrtherolsistsi Ufs the preseat! ynpertbombl whef aBoveo 70% by
wei ght of iron- containing alumnosilicate and 70 to 30% by wei ght of an
i nor gani ¢ oxi preférabie eaamge diicl | 0% ganilowexilje wed.ght is ethviarapfie for

I ron-containing alumnnosilicate carrier include alum na such as boehmte
gel and al uni aktadbningjan cebirath ofs tdie present invepbieue oxi de such as
silica-alumna. O these, alum na is preferabl )ﬁ usable in particular. The
preparation and prolf@FePe_r oftheh ASEH: gp{8F of the composition is at most

0.8, preferably at most 0.7. A hue thereof more than 0.8
involves a fear of causing préActical problems.

Next, the composition is required to have a content of
bicyclic aromatic components of at most 5% by volume. A content
thereof more than 5% by volume'-involves a fear of worsening
the hue. The preferable content thereof from the aspect of
hue is at most 4% by volume. The bicyclic aromatic components
signify, for example, naphthalene, biphenyl and derivatives
thereof.

Further, the composition is required to have a content
of 'tricyclic aromatic components of at most 0.5% by volume.
A content thereof more than 0.5% by volume involves a fear of
worsening the hue. The preferable content thereof from the
aspect of hue is at most 0.4% by volume. The tricyclic
components signify, for example, benzanthracene, perillene,
benzofluoranthene,benzopyrene and derivatives thereof.

Furthermore, the composition is required to indicate at
least 30% in the transmission factor at 440 nm of the visible

spectrum of the extract therefrom into N,N-dimethylformamide.
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conprising the iron-containing alum nosilicate as the carrier is detailed
in the description of the catalyst (A) in the first and second aspects of
the invention. In this aspect of the invention, the gaseous conponents 1
separated in the high-pressure gas-liquid separating vessel after the

af orestated hydrodesul furization may be subjected, as necessary, to further
hydrorefinin reat ment . r fql | .gw I 4d ' f all,
: %t %ﬁﬁg?lﬁ{‘ﬁ?legé] %%ct&gecheQJ&og}Aﬂéér%% ¢Rad §d9ﬁ£'énd§ £o refdridb1y

the regction erern1s 'y 1n the range of 300 to

450(errl C - Aiaac! ik§) hREPBEALHECoblifssl o1 diovembhBredaphsLs] C remar kably

| owers the ra react1on, whereas that higher than 450[err]C |l eads to

the progress gﬁaﬁﬁrs@i%kkaatoﬁm@@ £Em tHeO¥Epe Y dfhRuyiiel dtdfedsie
i ntermedi ate fraction products through increase in gas yield. For the

reasons mentigged ghavRethb8s' £&E e diRAY atithe N, Nedtnethyl fmmamide
preferably in the range of 360 to 420[err]C. The reaction pressure, that

i's, the partigld Fasdererafinaydongapei deseeimsdhiy e tnderamgatddbnéd to
200 kg/cnferr], nore preferably 100 to 180 kg/cnferr]. Al though the
pressure at agexkichd®@degpde.is sufficient, it is deternmined by the
reaction conditions in the precedi ng hydrodesul furization, since it is
‘economi cal to feed The frlknild composétioni havieg htkm-ghavxesmentdesed qui d
separation vessel as such to the reactor. The hydrogen/oil ratio is
preferably i nspérifinmghaghaczesisbios oo RaSiky beprodycedbnAny s6othe
1,500 NnB/KL. The above ratio, although

hydrotreating methods forga hydrocarbon oil in the first to
seventh aspects of the present invention.

The fuel oil composition according to this aspect of the
invention is minimized in sulfur content and excellent in hue,
thus making itself well suited for use, for exainple, as a fuel
oil in a Diesel engine.

In the following, the present invention will be described
in more detail with reference to examples, which however, shall
never limit the present invention thereto.

Example 1

There was used, as the feed oil, an Arabian heavy crude
oil which had been desalted and from which naphtha fraction
(C5 to 157°C) had been removed. The properties of the feed

oil are as follows.

Density (15°C) 0.9319 g/cm3
Sulfur 3.24% by weight
Nitrogen 1500 ppm by weight
vanadium 55 ppm by weight
Nickel 18 ppm by weight
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sufficient at around 200 Nnferr]/KL, is determ ned by the reaction
conditions in the precedi ng hydrodesul furization, since it is economcal to
feed the gaseous conponents in the vessel as such to the reactor. The
liquid hourly space velocity (LHSV) is preferably in the range of 0.5 to
8.0 hr[err]. An LHSV less than 0.5 hr[err] results in failure to assure

sufficient rgje of treatnent f ' I nt '

that more hAPERS s N ERETRGHE S TSR S o 1o
ailing to a Ve Sat or, h§b d oil. t

ment i oned abgé\}%, ot%hle%%ﬁg%ilgé r‘ﬂ%rgggrgf g%ag?ga?' t(r)\:a 882§%f%a§geﬁ§f§§§?8 to

5.0 hr-1. Theldi e(f>| gi—,rbgcciat alyst to be used in thegaydgopgf waight
treatnment is not specifically imted, but nmay be selected for use from

various catal ysts, nrigmrpbhétﬁthwge@dnepog&eﬂahiddmsunyhﬁf 2ot Byyedlum® i n

the first and seco aspects of "the invention; at |east one netal selected

fromthe netas 9rcbakahgsei Ny defmeral 19kat én s Dteby st afailabled 4f tife t he
Periodic table which nmetal is supported on a carrier such as alum na,

silica or themdiketpsand 8oite bgaselime hof hehe atatialyist( B) whaol ¢cdealysts ysts
sane as those to/be used in the above-nentioned hydrodesul furization and
hydr ocr acki ngareéSshbwh)iar Talele hivag paclked st thasfarde in Al G mbl bk bikehor e
dianeter of 20 to 60 A. An average pore dianeter thereof snmaller than 20 A

resul ts in fa{miy etulmlar friegickor.y Pubsementiih thee feedc PPESRORUBC¥RRINt Of
unr easonably high diffusion
subjected to hydrotreatment by passing itself through the

reactor under the reaction conditions including a hydrogen
partial pressure of 130 kg/cm?, a hydrogen/oil ratio of 800
Nm3/KL, a reaction temperature of 380°C and an LHSV of 0.4 hr-1.

The hydrotreated petroleum thus obtained was
fractionated into naphtha fraction (C5 to = 157°C boiling
range), kerosene fraction (> 157°C to =< 239°C boiling range),
gas oil fraction (= 239°C to = 370°C boiling range) and
residue (> 370°C boiling range), and evaluations were made of
the properties of the fractions thus obtained. The results
are given in Table 2.

In addition, storage stability tests were made of the
kerosene fraction and the gas oil fraction by a specific method
in which 400 mL of sample was placed in a 500 mL glass vessel
with a vent, which was stored in a dark place kept at 43°C for
30 days, and the results before and after the storage stability
test were evaluated. The results are given in Table 3.

It can be seen from Table 3 that high-quality kerosene

and gas oil each having.stabilized hue on storage can be
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resi stance inside the catal yst, whereas that |arger than 60 A causes
smal | er specific surface area, thereby failing to achieve sufficient rate
of reaction. In this aspect of the invention, there is preferably used a
process in which the effluent fromthe hydrocracking treating step is
separated i nto gaseous conponents 2 and |liquid hydrocarbon conponents 2 in

e LA SERRAGh e ol e iR MRl

af oresai d gaseous conpone conpo romt

pressure gas-4idldbsadiaAhagi ¥R Shehyy druddipiabove- ment i oned

hydr odesul furization step Is broug 0 contact with the hydrorefining
catal yst undegiy &onditions including 30 to 89 200 kg/cnR pressure,
300 to 450[err enperature, 0.5 to 8.0 hr[err] LHSV and 200 to 2,000

Nn{err]/KL hydrogenfid brboabii@ie dnlEkARpTeMbivAsitapeatfed 86 @AIFOUEL the
conponents thus contacted and the above |iquid hydrocarbon conponents 2 is

subj ect ed t 0 BidFeatmendi ofi thet fead Gl hexreygeshalr ithgs cabaliysthe.

advant age of inprovenments in the snoke point of kerosene, the hue of gas
oi |, cetane iculgposiftiine asashoundinhPablekel danstilseiagnofpRhe?ilky diclunid ati on
tower according to the invention, the conbined oil is separated into
various produzf $heuchtaiyatpht(denetadiisatieeroataky st ayaiidablgaen dihe
fraction and resi due on atnospheric distillation. The operational

condi tions fdnarket)at F9SphErvalumes of the eatalyidr C apd Haby ¥rhwae afhe

same as those for a process for atnospherically )
the catalyst B was packed in that order in a 2000 mL tubular

reactor and that the reaction temperature was altered to 390°C.

The hydrotreated petroleum thus obtained was
fractionated in the same manner as in Example 1, and evaluations
were made of the properties of.the fractions thus obtained.
The results are givén-in Table 2. In additiomn, storage
stability tests were made of the kerosene fraction and gas oil
fraction in the same manner as in Example 1. The results are
given in Table 3.

It can be seen from Table 3 that high gquality kerosene
and gas oil each having stabilized hue on storage can be
produced in increased quantity from Arabian heavy crude oil
which had been desalted and from which naphtha fraction had
been removed.

Example 3

The procedure in Example 1 was repeated to carry out the
hydrotreatment of the feed oil except that the catalyst
composition as shown in Table 1 cbnsisting of 20% by volume

of the catalyst A (demetallization datalyst available on the
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distilling crude oil presently prevailing in petroleumrefineries, include
usual ly a tenperature of about 300 to 380[err]C and a pressure of

at nospheric pressure to 1.0 kg/cn2G By carrying out the foregoing step,
foll owi ng each hydrotreating step, it is nade possible to contrive heat
recovery and greatly curtail the operational cost. In addition,. the

et 7 of oum 1 ot PGS Gt S84 P SpllinSint ARRCELALID: W UalCHd Age 10 °

petrol eum refinery er ace to se

products in Oéﬁﬁért?% ;% T f5dd YRl XububirZ eaBL6x! 8hd %ﬁ@&?%&&iou

distillation tower crude petroleum According to e seventh aspect of

the inventi ontenpetstdis Grdtp elitRiredt @oehibgetivel y carry out hydroreform ng
of kerosene and gas oil in conmbination with the hydrocracking of 90

residual oil, produgge key@streaed greroleunnghusr 6btayRedblas and
stabilized in quality in increased amounts and to sinplify petrol eum

refinery equi practidyatessinithy satenanientas in @xhinphe 1) 4id brghuaeiowse of

saturation through the hydrocracking of residual oil in the collective

hydr odesul f ur wene i madefof rilde propentiesudE vhe frarbhiwmscthuspbbhaifedcti on

is renmpoved. Lastly the eighth aspect of the invention provides a fuel oi

conposi ti on h@henyespkes faxe givenctisr Tabiles2whi Th additionyr sdoradet hr ough

the method of the present invention (the first to seventh aspects).
stability tests were made of the kerosene fraction and gas oil
fraction in the same manner as in Example 1. The results are
given in Table 3. /

It can be seen from Table 3 that high quality kerosene
and gas oil each having stabilized hue on storage can be
produced in increased quantity from Arabian heavy crude oil
which had been desalted and from which naphtha fraction had
been removed.

Example 4

There was used, as the feed o0il, an Arabian light crude

~0il which had been desalted. The'properties of the feed oil

are as follows.

Density (15°C) 0.8639 g/cm3

Sulfur 1.93% by weight

Nitrogen 850 ppm by weight

Vanadium 18 ppm by weight

Nickel 5 ppm by weight

Naphtha fraction (C5 to 157°C) 14.7% by weight
Kerosene fraction (> 157°C, = 239°C) 14.2% by weight
Gas oil fraction (> 239°C, = 370°C) 25.6% by weight
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The fuel .0il conposition according to the present invention is required to
have a boiling point range at atnospheric pressure of 215 to 380[err]C as
distillation characteristics. A fraction having a boiling point |ower than
215[err] C, when contained in a |arge anount, brings about such di sadvant age
as limted usage in sumer, and a fraction having a boiling point higher
than 380[ err] frsYRES nﬁ'?d‘*tﬁd in a large amount, causegstdye Qs St hat
particul ate substances in exhaust gas increase. For the reasons nentioned
above, the conpositippy. I q-!,q&g@ j i

boi i ng poi nt range‘ﬂi%% %irogd;e?pu?rétiy%n of alltagsl1 ?Iéi'(ss{il% %/%%/dmv\%gﬁfgy tga(ﬁ%bl y

60 to 100% bynygi&btteatiidrit of Rherirecasaid BkeESEabhet MeNWredt4GoiOr Seni ng
subst ances decrease, thus advantageously attain an object of the present

invention. |ncefditions wiiref ltépad &y thbseecinciwiialg ERydfbdEilphytiei ght
preferably at nost 0.02% by weight. A sulfur content 91 nore than 0.03%
by wei ght caupeesstuee prHl20nkylian? | he meactieat tempesatwie tdfi $968¢poandi on
as a fuel oil in a Diesel engine can not neet the future regulation and the
catal yst for aheLES®avfrehit3®fhunlhaust gas is deteriorated, thus failing to
attain the object of the present invention. The above preferable range of
0.02% or | ower by w&hghhydxotzeaheth petroleym fhnsngbhained eeas of t he
present invention. Mreover, the ASTM color of the conposition_is at nost
0.8, preferabfyagtigpated ip the pame maapesfasyhp Exampded gand evaluations

were made of the properties of the fractions thus obtained.
The results are given in Tablé 2. In addition, storage
stability tests were made of the kerosene fraction and gas oil
fraction in the same manner as in Example 1. The results are
given in Table 3.

It can be seen from Table 3 that high quality kerosene
and gas o0il each having stabilized hue on storage can be

produced from Arabian light crude oil which had been desalted.

Comparative Example 1

The procedure in Example 1 was repeated to c.arry out the
hydrotreatment of the feed oil except that the catalyst
composition as shown in Table 1 consisting of 20% by volume
of the catalyst A (demetallization catalyst available on the
market) and 80% by volume of the catalyst D was packed in that
order in a 1000 mL tubular reactor..

The hydrotreated petroleum thus obtained was
fractionated in the same manner as in Example 1, and evaluations
were made of the properties of the fractions thus obtained.

The results are given in Table 2. In addition, storage
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I nvol ves -a fear of causing practical problens. Next, the conposition is
required to have a content of bicyclic aromatic conponents of at nost 5% by
vol une. Acontent thereof nore than 5% by vol une involves a fear of

wor seni ng the hue. The preferable content thereof fromthe aspect of hue is
at nost 4% by volune. The bicyclic aromatic conponents signify, for

4 | | ' f. h h
Compost i Sﬁpf%@?‘*e%'l&?tﬁleﬁbgﬁg %reeaﬁgggﬁ#ﬁ%?‘%’?gfﬁe?r% E%S"&i’i:ﬁf’;;ﬁﬁ B3 dtnent s
¢ &0 A . n 0
“nval ves a 1 daa o ofb A Ehe R nalhekrgh I FRARBIECET o AeB FERLPR AR o

the aspect ofgfiu i apiesi, 0. 4% by volume. The tricyclic conmponents
signify, for exanple, benzanthracene, perillene,

benzof | uor ant hene, banzoRy HRNGedRdroh | ¥abiy eF dHiR @8k kKEYOEERE F@E&‘% €
conposition is required to indicate at |east 30%in the transm ssi factor

at 440 nm of dile obtauibled Fromt AuabOAN!heaw)idhfde (i &hiel hAHObeen
N, N- di et hyl f or ram de. 92 A transm ssion factor thereof |ess than 30%

tends to renaldsditedvandefréomarhich naphtiea Cymeedioh had bEea penbesabire
transm ssion factor thereof fromthe aspect of hue is at |east 35% The

met hods for exsatdsfactaryhinNgdabiktyy| ¥ieldirmb hued dnostoengeni nati on are
described in the under-nentioned working exanples. The fuel oil conposition
havi ng the alf&mpagativenfxample 2

The procedure in Example 4 was repeated to carry out the
hydrotreatment of the feed oil except that the catalyst
composition as shown in Tablé 1 consisting of 20% by volume
of the catalyst A (demetallization catalyst available on the
market) and 80% by volume of the catalyst D was packed in that
order in a 1000 mL tubular reactor.

The hydrotreatéd petroleum thus obtained was
fractionated in the same manner as in Example 1, and evaluations
were made of the properties of the fractions thus obtained.
The results are given in Table 2. 1In addition, storage
stabil_ity tests were madé of the kerosene fraction and gas oil
fraction in the same manner as in Example 1. The results are
given in Table ‘3.

It can be seen from Table 3 that the kerosene and gas
oil obtained from Arabian heavy crude oil which had been
desalted and from which naphtha fraction had been removed are

unsatisfactory in quality, yield and hue on storage.
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specific'characteristics can easily be produced by any of the hydrotreating
nmet hods for a hydrocarbon oil in the first to seventh aspects of the
present invention. The fuel oil conposition according to this aspect of the
invention is mnimzed in sulfur content and excellent in hue, thus naking
itself well suited for use, for exanple, as a fuel oil in a Diesel engine.
In the followi ng, the present invention will be described in nore detai

W th reference to exanpl es, whi ch howepghsle shal | never limt the present

i nventi'on thereto. Exanple 1 There was used, as the feed oil, an Arabian
heavy crude oil which had been desalted and from whi ch naphtha fraction (C5

to 157[err] C had been.renbyved. The properfchés Eckﬂﬁﬂsﬂ%tﬂﬂstﬁaeaﬁﬁat
foll ows. Dengity (15[erﬁ]g§ 0.9319 g/cnjergn] Hulfgr p3. 2j4% by
wei ght Ni trogén Compositigdd PPM Dy wer ght Vanagdi um 55 ppn} by
wei ?ht i\li ck([al | wt.:gl%aQQ&noQ cgglgpt 93 Ker osen Ifract on ((>
157[err] C rr] 239 8% hyy g or act i >
239[err]C, [¢rr] 37( ﬁ£ﬁ+ ) 25.8°ob§ﬁae ghf%% du£5(> Sggferﬂ(D
64. 4% by wei ght Ther, Eon_c q,_tal gt conposi tji on_conssi st ng| of (20% by _vol e
of the catal yst A (de Jza on, catal ysf avai ljabl € on the
um:Lnos:L icate
boron dispersibility,
Carrier found/theoretical (%) - 91.9 - -
Physical properties of
iron-containing
aluminosilicate . /
Fey03/8i05 (molar ratio) - - 0.031 -
§i07/A1303 (molar ratio) - - 22.3 -
lattice constant (&) - - 24.32 -
content of inert iron - - 1.0 -
on TPR(%)
peak temperature in high - ' - 996 -
temp. side on TPR(°C)|
Composition,
wt.% based on catalyst
Catalyst| nickel oxide 2.5 - - 3.7
molybdenum oxide 8.0 14.0 10.0 12.1
cobalt oxide - 3.7 4.0 -
Specific surface area (mZ/q) 220 228 445 220
Pore volume (ml/g) 0.60 0.71 0.62 0.60
Average pore diameter (&) 118 124 158 110

Catalyst A: Demetallization catalyst available
on the market
Catalysts B, C and D: Desulfurization catalyst

available on the market
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mar ket) and 80% by vol une of the catalyst B which catal ysts are shown in

Tabl e 1 was packed in that order

in a 1000 mlliliter

(mL) tubul ar

reactor.

Subsequently the feed petrol eum was subjected to hydrotreatnment by passing
itself through the reactor under the reaction conditions including a

hydr ogen part

i al

pressure of 130 kg/cnR, a hydrogen/oil
NnB/ KL, a reaction tenperature of 38031 @-and an LHSV of 0.4 hr[err].

rati o

of 800
The

hydr ot rieat ed petrol eum thus obtai ned was fractionated i nto naphtha fraction
(C5 to'[err] 157[err]C boiling range), kerosene fraction (> 157[err]Cto

[err] 239[err
370[ err] C boi

eval uati ons w

results are g
made of the k
in which 400

whi ch was sto
results befor
results are g
ker osene and

produced from

Ar abi an heavy

COOr TNy Tange), ORSerlh! o1l J6F4iRt/oRREfdy| Sultue|Ritzobén|[ err]
ing range) and resi lppdsie3dflRbpdL] BBRET @ntaRgebnteaitd
ere madefof the propprtdwesspf [tdieidd qeyé®p (e |obi.pphgd. The
ven in Jable 2. In ad_d(ition, SR ] stabllity tlests wdre
xgﬁgﬁelﬂrrg@ﬁ&hé)n andfthe gas di [ 116 aicdJ7@n7 byo aespeci ixc |met hod
L of sanpl&-av@sordl aped in a 00 nl gl ass yessel (wth a{vent,
ed i n algldokend ace kept 9a8 43[ avtd d ¢d.mes5B) dapz,| and t he
b and af §erstdeeiat or pge stabillity test wer¢ eval yated. The
ven in Jedd eiB. |t fan2Be8sedn 20rom THI78 | 30tdatf hi gR-qual ity
jas oi | g¢actrdedyvomng ptabilizedq hue oh storgge car] be 94|
t he resighsddbor ned py rsdrbvi rlg 5r$a9ht%e9219ﬁict’i49n f roddsal t ed
Falipfe Q[RaphEERMPI € P 0 5.3 | 0.7418| 0.01 1>
fraction
Kerosene 9.8 15.0 | 0.8027| 0.002 5
fraction /
Gas oil 25.8, 27.5 }0.8391]| 0.01 35
fraction
Residue 64.4 44.8 | 0.9342| 0.64 1700
Example 3 [Naphtha 0 10.2 1 0.7355| 0.030 1>
fraction ' .
Kerosene 9.8 22.2 10.8031]| 0.006 7
fraction
Gas oil 25.8 24.1 |0.8330] 0.05 50
fraction
Residue 64.4 35.0 | 0.9335 1.10 2000
Example 4 [Naphtha 14.7 15.3 | 0.7282| 0.002 1>
fraction
Kerosene 14.2 16.7 }0.7958] 0.001 5
fraction :
Gas oil 25.6 27.9 | 0.8463}| 0.02 79
fraction
Residue 45.5 33.6 | 0.9145| 0.21 800
Compara- |Naphtha 0 1.2 [0.7656] 0.009 1>
tive fraction :
Example 1 Kerosene 9.8 12.1 | 0.7969| 0.002 - 13
fraction
Gas oil 25.8 27.1 {0.8483| 0.05 130
fraction
Residue 64.4 57.6 |0.9353| 0.55 1700
Compara—- |Naphtha 14.7 15.2 | 0.7240| 0.005 1>
tive " fraction
Example 2 Kerosene 14.2 16.8 | 0.7888| 0.001 11
fraction
Gas oil 25.6 26.1 | 0.8456| 0.04 120
fraction
Residue 45.5 35.1 j0.9198| 0.30 1300
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The procedure in Exanple 1 was repeated to carry out the hydrotreatnent of

the feed oi

except that the catal yst conposition as shown in Table 1

consi sting of 20% by vol une of the catal yst A (denetallization catalyst

avai l abl e on the market),
of the catalyst B was packed in that order

react or

30% by volunme of the catalyst C and 50% by vol une
in a 2000 nL tubul ar

and

that the reaction tenperature was al tgfe tQ2390[err] C. The hydrotreated
petrol eum t hus obtained was fractionated i n the same nanner as in Exanple
1, and 'eval uations were nade of the propertles of the fractlons t hus

obtalned The
tests were nmad

manner as in EXaane i
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order

in-a 1000 nL tubul ar

altered to 400[err]C. The hydrotreated petrol eumthus obtained was
fractionated in the same manner as in Exanple 1, and eval uati ons were nade
of the properties of the fractions thus obtained. The results are given in

Tabl e 2.

I n addi ti on,
fraction and gas oil

resultssare given in Table 3.

that hi gh quality kerosene and gas oil

/

reactor and that the reaction tenperature was

storage stability tests were nmade of the kerosene
fraction in the sgggigagner as in Exanple 1. The
It can be seen from Table 3
each having stabilized hue on

storage can bgproducedyimm i Croease(% C _LHII[y rom gaT)oilﬁn ne%vx crudg oil
whi ch had beer} desal t ed fand-—FFoRrmhi-EA—raphhalactror gl Been—erpyed.
Exanpl e 4 Therte was used, Bae befiers o o Iaft%lfh \r Big eyt Byeudétesi | [ which
had been desallted. The|pr eperddecs jof strzrafeed|oi Istarageas |f ol stonsge Depsity
(15[ err]C Qxﬁégﬁg lg/ jﬁiﬁa&ﬂ c%lﬂnt‘ lé'é{bolt color AS‘TJM %g%l.by ‘ﬂ%h'ﬁ h:IolN':t ogen
850 ppm by weijght Vanadilum :"99 vvel ggt Ni clqel 5
ppm by wei ght HNephtha—taett \J|3I0 -o—35-+ e'rr‘ 043 206 y
wei ght Ker oserfe*FPae 3 of vab°15ﬁ°éﬁ¥l]seﬂbqlér F?lozsgpﬁ"f‘l‘% pejor | ASTM cplopog phy
weight Gas oill fraction|(> 28%err]iC, [ewrd] 370[errpA 0.85. 69 by
wei ght 96 Example 3 [Saybolt color|Saybolt color| ASTM color | ASTM color
+30 +29 0.4 0.5
Example 4 Saybolt color|Saybolt color| ASTM color ASTM color
+30 +29 0.5 0.6
Comparative (Saybolt color Saybolt;coloxr| ASTM color. ASTM color
Examile 1 +30 +23 0.5 0.9
Comparative |Saybolt color|Saybolt color} ASTM color ASTM color
Example 2 +30 +24 0.6 0.9
Example 5

Hydrotreatment of the feed oil same as in Example 1 was

performed by the use of the catalyst composition as shown in

Table 4 consisting of 20% by volume of the catalyst A

(demetallization catalyst available on the market) and 80% by

volume of the catalyst B (alumina/phosphorus based catalyst)

which was packed in that order in a 1000 mL tubular reaction

under the reaction conditions including a reaction temperature

of 380°C, a hydrogen partial pressure of 130 kg/cm?, a

hydrogen/oil ratio of 800 Nm3/KL and an LHSV of 0.4 hr-l,

The hydrotreéted petroleum thus obtained was

fractionated in the same manner as in Example 1, and evaluations

were made of the properties of the fractions thus obtained.

The results are given in Table 5.
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Residue (> 370[err] Q) 45. 5% by wei ght The
procedure in Exanple 1 was repeated to carry out the hydrotreatnent of the
feed oil except that the reaction conditions were altered to those

i ncluding a hydrogen partial pressure of 120 kg/cnR, a reaction tenperature
of 395[err]C, and an LHSV of 0.35 hr-1. The hydrotreated petrol eumthus

obtai ned was fracitjonated in the sane nney as in anmpl.e 1 nd .

eval uat,i ons V\%T’%D &Psitﬁe‘”%?%ﬂ'@g?i %gat&ﬁ {‘%‘)?‘?% 'I&QNELPHL@‘gHFﬁiWe]d. The
results are gipven jin Table 2. In addition,,storage stability tests were
made of the kEF{SEH® flr‘bz‘ﬁ?oﬁa’%&‘%roﬁﬁ a ;&a'mgﬁei iu't r#é‘esiﬁi?uﬁ%ﬁnge as in
Exanple 1. The.resul e given in Table 3. ' -t
can be seen f?b%?nfajbrﬁzra?]t%a' hi gh quality kerosene and gas oil each having

an be seen ene and |
whi ch had been desat fet b S8el BRI b MR HIZh alilter kbl . |
was repeat ed hfd °§dd Yo Lilleddif HAXAmgt %%a%m&e@fhﬁ@eoﬁ eschRide @areRe that

the catal yst conpdsition as shown I'n Table 1 consisting of "20% by vol une of
the catalyst ?r&éﬁ‘é@& adfdnm&aamaﬁqieﬂvéﬁbraualéﬂblwaien_ hd® pERinkabsaprely 80%
by volunme of the catalyst D was packed in that order in a 1000 niL tubul ar
reactor. The Hydreidn¥hadhpeipotiel Mridewsoabhad Rén\eembiadtbprdiredel &f t he
same nmanner as in Exanple 1, and eval uati ons were made of the properties of
t he fracti onsusing ®i aa hemiinallphospholctis basedi watalystiable 2. I n addition,
st orage 97

Example 6

The procedure in Example 5 was repeated to carry out the
hydrotreatment of the feed oil except that the feed o0il same
as in Example 4 was used and the reaction conditions were
altered to those including a reaction temperature of 395°C,
a hydrogen partial pressure of 120 kg/cm2, an LHSV of 0.35 hr-1,

The hydrotreated petroleum thus obtained was
fractionated in the same manner as in Example 1, and evaluations
were made of the properties of the fractions thus obtained.
The results are given in Table 5. In addition, storage
stability tests were made of the kerosene fraction and gas oil
fraction in the same manner as in Example 1. The results are
given in Table 6.

It can be seen from Tables 5 & 6 that high quality k_erosene
and gas oil each having stabilized hue on storage can be
produced from Arabian heavy crude oil which had been desalted
and from which ﬁaphtha fraction had been removed by virtue of

using the alumina/phosphorus based catalyst.
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stability. tests were made of the kerosene fraction and gas oil fraction in
the sanme manner as in Exanple 1. The results are given in Table 3. It can
be seen from Table 3 that the kerosene and gas oil obtained from Arabi an
heavy crude oil which had been desalted and from whi ch naphtha fraction had
been renoved are unsatisfactory in quality, yield and hue on storage.

Conparative Eﬁﬁgﬁlg 27The procedure in Exanple 4 was repeated to carry out
t he hydrotreat he feed oil except that the catal yst conposition as

h in Table 1 | St % t
?dgmrrgt :atl i a;at i60n ggt a e;bkggsgﬁéglﬁeg%ﬁ%ﬁﬁgrgenggée!{%]peegﬁ%%%é?‘taﬁ%?ﬂﬁeth& t he
talyst D ' ' 100 | h
Py ot reat ed SEEN Gnatient” o5 HEL gl doft hdlpt e Byt D o as
n Bample 1 afbaaidlial haNsneRhei Ffeetd 4 MR iioRantl 88 20s!BF Jdiihld Ons
t hus obt ai ned. e results are given in Table 2. I'n addition, storage

stability testse Wil cAREEySE A NRAiRLAI25atisRéPa BNt 3RAiTabIbr SR idHRN I N
the sane manner as in Exanple 1. The results are given in Table 3. It can

be seen from Tt Ehd 809D KebLERAE LRARNKISSAT skt phTeRind AN ediaan

heavy crude oil which had been desalted and fromwhich naphtha fraction had

been renoved dsasedataliyat!)onys ipacked fhythat @rdedninhad 000 flotwglard8
reactor. |

The hydrotreated petroleum thus obtained was
fractionated in the same manner’as in Example 1, and evaluations
were made of the properties of the fractions thus obtained.
The results are given in Table 5. In addition, storage
stability tests were made of the kerosene fraction and gas oil
fraction in the same manner as in Example 1. The results are
given in Table 6.

It canbe éeen from Tables 5 & 6 that high quality kerosene
and gas oil each having stabilized hue on storage can be
produced in increased quantity from Arabian heavy crude oil
which had been desalted and from which naphtha fraction had
been removed by virtue of using the alumina/magnesia based
catalyst.

Example 8

The procedure in Example 5 was repeated to carry out the
hydrotreatﬁent of the feed oil except that the catalyst
composition as shown in Table 4 consisting of 20% by volume
of the catalyst A (demetallization catalyst available on the

market) and 80% by volume of the catalyst D (alumina/calcia
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Tabl e 1 Catal yst Cat al yst Catal yst Catal yst Catal yst A

B C D Conposition, wt.% based on carrier alum na
100 90 35 100 boria - 10
- - iron-containing - - 65 -
al um nosilicate boron dispersibility, Carrier found/theoretical (%
- 91.9 based catalyst) R}a\espaekearmama@areérlmr& qoobamlﬂwular
alum nosilicate [err] (m)lar rati o) - 0. 03 - [err]
(rmlar Fati o) reactor. - 22.3 - lattice constant ([err])

- 24. 32 - content of inert iron
1. 0 - on TPR( ZThephgdrbenpatad upetrcméurg thus obtalned was 996
- tenp. side on TPR([err] C) Conposi tion, . % based on catal yst Catal yst
ni ckel oxi de fractionated in £hé&same manner as in-Example B, andevalsartionsxi de
8.0 14.0 10.0 12.1 cobalt oxide 3.7
4.0 ' - were made of the properties of the fractions thus obtained.

The results are given in Table 5. In addition, storage
stability tests were made of the kerosene fraction and gas oil
fraction in the same manner as in Example 1. The results are
given in Table 6.

It can be seen from Tables 5 & 6 that high quality kerosene
and gas oil each having staﬁilized hue on storage can be
produced in increased quantity from Arabian heavy crude oil
which had been desalted and from which naphtha fraction had
been removed by virtue of using the alumina/calcia based
catalyst.

Example 9

The procedure in Example 5 was repeated to carry out the
hydrotreatment of the feed o0il except that the catalyst
compos_ition as shown in Table 4 consisting of 20% by volume
of the catalyst A (demetallization catalyst availabié on the
market) and 80% by volume of the catalyst E (alumina/titania
based catalyst) was packed in that order in a 1000 mL tubular
reactor.

-The hydrotreated petroleum thus obtained was
fractionatéd in the same manner as in Example 1, and evaluations
were made of the properties of the fractions thus obtained.

The results are given in Table 5. In addition, storage
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Specific-surface area (n2/g) 220 228 445 220 Pore vol unme
(m/Q) 0. 60 0.71 0.62 0. 60 Average pore dianeter (A
118 124 158 110 Catalyst A Denetallization catalyst

avai l abl e on the market Catalysts B, C and D:. Desul furization catal yst
avai l abl e on the market 99 Table 2-1 Feed oil Product Density Sul fur

Ni trogen co Eiﬂ Ff%@&@s éé&@fnﬁh@ &P%h@nkefégﬁﬁltfrﬁ%l% and gabi eI

(g/an) (vvt Exanpl e 1 Napht ha

0.7537" 005f.ract10111>1nf {:Bétseﬁﬁb kenhpeenas in Example918 The ria%uﬂ!ts(hﬂe%l
0. 002 6 fraction Gas oil 25.8 29.0 0.8475 0.01

43 fraction Rgﬁékueln Table 6. 64.4 55.0 0.9298. 0.48 1100 Exanpl e
2 Napht ha 0 5.3 0.7418 0.01 1> fraction

Ker osene Pt &an be séén Frof BiWes b .s0®2hat high dud kit kerosare oi |
25. 8, 27.5 0.8391 0.01 35 fraction

and gas oil each having stabilized hue on storage can be
produced in increased quantity from Arabian heavy crude oil
which had been desalted and from which naphtha fraction had
been removed by virtue of using the alumina/titania based

catalyst.

Example 10 /

The procedure in Example 5 was repeated to carry out the
hydrotreatment of the feed oil except that the catalyst
cciinposition as shown in Table 4 consisting of 20% by volume
of the catalyst A (demetalliéation catalyst available on the
market) and 80% by volume of tlie catalyst F (alumina/zirconia
based catalyst) was packed in that order in a 1000 mL tubular
reactor.

The hydrotreated petroleum thus obtained was
fractionated in the same manner as in Example 1, and evaluations
were made of the properties of the fractions thus obtained.

The results are given in Table 5. In addition, storage
stability tests were made of the kerosene fraction and gas oil
fraction in the same manner as in Example 1. The results are
given in Table 6.

It can be seen from Tables 5 & 6 that high quality kerosene
and gas oil each having stabilized hue on storage can be

produced in increased quantity from Arabian heavy crude oil
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Resi due - 64. 4 44.8 0.9342 0.64 1700 Exanpl e 3 Napht ha
9.8

0 10.2 0.7355 0.030 1> fraction Kerosene .
22.2 0.8031 0.006 7 fraction Gas oil 25.8 24. 1
0.8330 0.05 50 fraction Resi due 64. 4 35.0 0.9335
1.10 2000 Exanpl e 4 Napht ha 14. 7 15.3 0.7282 0.002

fraction ons " Srfé had been,gefd1éed and ffedh Jiifh Japhell eraction hag
postduet |, pepndbidved by*¥ideud, 8k 'Rsifly e alynidd)hiCuaNiatpashlPnt N

Ker osene cata%?%ﬂi 12.1 0.7969 0.002 13 fraction Gas oi
25.8 27.1 0.8483 0.05 130 fraction Residue 64. 4
57.6 0.9353 0.55 1700 Conpara- Napht ha 14,7 15.2
0.7240 0.005 1> tive fracti on Exanpl e 2 Kerosene
14. 2 16.8 0.7888 0.001 11 frapdphxe 43as oil 25. 6
26.1 0.8456 0.04 120 fraction Residue 45.5 35.1
0.9198 0.30 1300
Catalyst A B Cc D E F
Composition,

wt.% based on carrier
Alumina 100 {94.5!90.0190.0]89.8}89.5
Phosphorus oxide - 5.5|] - - - -
Carrier [Magnesia ‘f - - flo0.0}f - - -
Titania . - - - - }110.2) -
Zirconia - - - - - J1o0.5
Calcia - - - 10.0f - -

Dispersibility -
found/theoretical (%)
Composition,
wt.$ based on catalyst
Catalyst|Nickel oxide . 2.513.713.8}3.7)3.7]3.8
Molybdenum oxide 8.0 {12.0(12.1|12.0({12.1{12.0
Specific surface area (m?/g)| 200 | 222 | 218 | 220 | 222 | 232

Pore volume (ml/g) 0.60l0.64]0.65|0.63]/0.60]0.59
Average pore diameter (&) 118 | 104 [ 105 | 104 | 95 96

Catalyst A: Demetallization catalyst

Catalysts B, C, D, E and F: Desulfurization catalyst
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100 Tabl e 2-2 Snpke Cetane Carbon Vanadi um Ni ckel point Index residue

content content (mm (Wt.%9 (Wm.ppm (w.ppm Exanple 1 Naphtha
- - - - - fraction Kerosene 23.5 - -
- - fraction Gas oil - 59 - - -
fraction Residue - - - 6.1 25 11 Exanple 2
Napht ha - - - = - fraction Kerosene
21.0 «+ - - - - fraction Gas O'F?ble 5-1 - 60 -
- ' - fraction Residue - - 8.3 14 8
hil o f v ot
| . . - en
- - frgction Rgsidue ety | sition|(gresdy k. &) (:gppm) 5
{wt.%)
- jJExample 5 Naphtha o 1.2 0.7538 0.004 1>
fraction
Kerosene 9.8 12.5 | 0.7950] 0.002 11
fraction '
Gas oil 25.8 28.9 0.8477 0.01 50
fraction
Residue 64.4 55.2 0.9300 0.46 1220
Example 6 |Naphtha 14.7 15.5 | 0.7280 0.001 1>
fraction :
Kerosene 14.2 16.9 | 0.7955| 0.001 9
fraction /
Gas oil 25.6. 27.7 | 0.8465| 0.02 88
fraction
Residue 45.5 44.4 10.9144| 0.20 980
Example 7 |Naphtha 0 1.0 0.7533| 0.003 1>
' fraction _
Kerosene 9.8 11.0 | 0.7940 | 0.003 10
fraction
Gas oil 25.8 30.9 0,.8478| 0.02 45
fraction
Residue 64.4 56.1 | 0.9305]| 0.42 1210
Example 8 |[Naphtha _ 0 1.0 $0.7532| 0.003 1>
fraction
Kerosene 9.8 11.0 | 0.7940}| 0.003 11
fraction :
Gas oil 25.8 30.7 [0.8476] 0.02 46
fraction
Residue 64.4 56.0 | 0.9307| 0.44 1205
Example 9 |Naphtha 0 1.2 |0.7538| 0.004 1>
fraction
Kerosene 9.8 12.3 {0.7948| 0.002 11
fraction
Gas oil 25.8 28.7 10.8475} 0.02 50
fraction
Residue 64.4 56.1 | 0.9310| 0.43 1120
Example 10 Naphtha 0 1.2 | 0.7533 0.003 1>
fraction
Kerosene 9.8 12.7 | 0.7954| 0.002 11
fraction
Gas oil 25.8 28.7 | 0.8474] 0.02 50
fraction
Residue 64.4 56.5 | 0.9308| 0.44 1120
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ASTM col or ASTM col or +30

0.5 Exanple 2 Saybolt col or Saybolt color ASTM
col or ASTM col or +30 +29 0.4 0.5 Exanmple 3
Saybolt col or Saybolt color ASTM col or ASTM col or +30 - 429

0.4 0.5 Exanple 4 Saybolt color Saybolt color ASTM col or ASTM
col or +30 +29 0.5 Table 60. 6 Conparative Saybolt col or
Saybol t ; col or ASTM col or ASTM col or Exanple 1 +30 +23

0.5 0.9 Conparative Saybolt col or Saybol t color ASTM col or ASTM
col or Exanpl e 30 gas ol g EXapple 5
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+28 0.4
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Example 10

Example 11

There was used, as the feed o0il, an Arabian light crude
oil which had been desalted. The properties of the feed oil
are as follows.

Density (15°C) 0.8639 g/cm3

Sulfur 1.93% by weight
Nitrogen 850 ppm by weight -
Vanadium 18 ppm by weight
Nickel 5 ppm by weight
Asphalten 1.0% by weight

Naphtha fraction (C5 to 157°C) 14.7% by weight

Kerosene fraction (> 157°C, = 239°C) 14.2% by weight
Gas oil fraction (> 239°C, =< 370°C) 25.6% by weight

Residue (> 370°C) 45.5% by weight
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stability tests were nmade of the kerosene fraction and gas oil fraction in
the sanme manner as in Exanple 1. The results are given in Table 6. It can
be seen from Tables 5 & 6 that high quality kerosene and gas oil each
havi ng stabilized hue on storage can be produced from Arabi an heavy crude
oi | which had been desalted and from whi ch naphtha fraction had been

renoved by virtue ofhéiptRE ddt@13s¢BdPIYILIRAC IS RS SR8 volumaPl € 6

The procedure in Exanpld 5 was repeated to carry out the hydrotreatnment of
the feed oi |l eRog datallyklheAf eHrk @yl vodume asf ivhebxatpl gs¥ Bvandused wnd t he
reaction conditions were altered to those including a reaction tenperature
of 395[ err] C, valinysl raff) ethep avattiadlyspr Aswhieh ofatifDyddy and, showhHBy TdbIe 35
hr[err]. The hydrotreated petrol eumthus obtai ned was fractionated in the
sane manner a% amd Buppoirded, onnll wiida awiraieryevas rpatzkest imhshptopeder es of
-the fractions thus obtained. The results are given in Table 5. In addition,
storage stabiinty k00 slnbpbubateredchare kEnbsegeenthy tiheh ferd gid s
fraction in the same manner as in Exanple 1. The results are given_ in Table

6. It can be Sekjeeteshtmiiysyolrgagmenst by BASELRY i 1ysedd Jdoomlndhgas oi |

each having stabilized hue on storage can be produced, from Arabi.an heavy
crude oi | whi ERPRIRT eRartRIs andey &%& FeaRtHA cﬁ°¥é&ﬁ&9ﬁ§f%ﬂ%ﬁﬁq%99héd been

removed by viflye oln Y1 ot S S ST M YD IS RS PRI e HSY 1205
of 1000 Nm3/KL and a IHSV of 0.4 hr-1l, while the reaction
temperature was raised so that the content of sulfur in the
product petroleum was maintained at 0.30% or less by weight
even if the catalyst performance was deteriorated. The
reaction temperature was 385°C after 100 days from the start
of the reaction. Thereafter the flow direction of the feed
oil was reversed. Thus the reaction temperature was as high
as 395°C after the elapse of further 50 days therefrom.
Example 12

There was used, as the feed oil, an Arabian heavy crude
0il which had been desalted and from which naphtha fraction
(C5 to 157°C) had been removed. The properties of original

crude oil are as follows.

Density (15°C) 0.9319 g/cm3
Sulfur 3.24% by weight
Nitrogen 1500 ppm by weight
Vanadium 55 ppm by weight
Nickel 18 ppm by weight
Asphalten _ 5.01% by weight
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Exanpl e 7- The procedure in Exanple 5 was repeated to carry out ‘the
hydrotreat ment of the feed oil except that the catal yst conposition as
shown in Table 4 consisting of 20% by volunme of the catal yst A
(denetal l'i zati on catal yst available on the market) and 80% by vol une of the
catal yst C (al um na/ magnesi a based catal yst) was packed in that order in a
1000 ni tubul reactqQr.. The h ofre etroleumthu tai ned.
fracti onated ?A{na [ %g'as?ﬁgc;gﬁﬁﬂexggs;:?hfgﬁ%& e 1, and ev%l'ggt ?Sn‘g’ei}\g made
of the property £t I 0QSs t gLped, The resulbs,ar Lven in
Table 5. In 61cﬁ§§%%¥e S g%ggéhsggbﬁﬁ?f§'g%s?ggmgpe nade%§Fb%h89k§?g§%ﬁe
fraction and [4y f Lt i oS a 8 as in apl .1
results are g?%%%q#ﬁ'fgﬁﬁghga 6? ggﬁ %én%%§ﬁ6f§2n1Table§35%§ gytﬁ%%Gﬁth
qual ity kerosegasiiué 43S 39ipkcgach having stabilized hue ganast pyageigre be
produced in increased quantity from Arabi an heavy crude oil which had been
desal ted and from whikgh BRe bhalyseconposhitoReDhsi8aNghDI0Y byt e
usi ng the al um na/ nagnesi a based catal yst. Exanple 8 The procedure in
Exanpl e 5 was ¢l edthlbysdray 408t biyheohymls @ifr ehbneataDfst e ahdeslo®iby
except that the catal yst conposition as shown in Table 4 consisting of 20%
by vol une of tvmluw aify theAcadailgstlAiwlaiclo caatlyistst aaeashawh eiwrable
mar ket) and 80% by vol une of the catalyst D (alum na/calcia

7 and supported on alumina carrier, was packed in that order

in a 1000 mL tubular reactor. Subsequently the feed oil was
subjected to hydrotreatment by passing itself through the
tubular reactor under the reaction conditions including a
hydrogen partial pressure of 135 kg/cm?, a hydrogen/oil ratio
of 1000 Nm3/KIL. and a LHSV of 0.3 hr-1, whilé the reaction
temperature was raised so that the content of sulfur in the
product petroleum was maintained at 0.50% or less by weight
even if the catalyst performance was deteriorated. The
reaction temperature was 389°C after 100 dafs from the start
of the reaction. Thereafter the flow direction of the feed
oil was reversed. Thus the reaction temperature was as high
as 399°C after the elapse of further 50 days therefrom.
Example 13

There was used, as the feed oi%gn Arabian heavy crude
oil-based residue on atmospheric distillation. The '

properties of the feed o0il are as follows.

Density (15°C) 0.9798 g/cm3
Sulfur 4.13% by weight
Nitrogen | 2500 ppm by weight
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104 based catal yst) was packed in that order in a 1000 nL tubul ar
reactor. The hydrotreated petrol eumthus obtained was fractionated in the
same nmanner as in Exanple 1, and eval uati ons were made of the properties of
the fractions thus obtained. The results are given in Table 5. In addition,
storage stability tests were nade of the kerosene fraction and gas oi

fraction in the sanme manner as |} : ~nkne results are given in Table
6. It can be $3BH +¥Bm Tabl es 5é§4 @?@ [ h-Equality ker osene and gas oil

each havi ng sﬁg@*&ized hue on sﬁ@ﬁﬁﬁgdﬁﬁq“ggﬁﬁgoduced in increased quantity
ad "been “des

from Arabi an heavy crude oil whic alted and from whi ch napht ha

fraction had Rgﬁgaggﬁﬁved by\nrgyggq%§wgﬂ§hghe al um na/ cal ci a based

catal yst. Exanp e procedure in anpl'e 5 was repeated to carry out

the hydr ot r eagggpiuef (3 he7deed o8lag Biei t he catal yst conposition as
shown in Table 4 consfsting of 2096b§ﬁ§olué£ﬁ%f the catal yst A

(demetal | i zation caRbiheayid B¥tecopdsie it kensistichPoL:ng Movakene! t he
catalyst E (alumina/titania based catal yst) was packed in that order in a

1000 mi tubul gf tReciatalyEie Ahy4odibe aioddmeed s otle mattialysbbB cnd B 0kaby

fractionated in the sane manner as in Exanple 1, and eval uations
volume of the catalyst A which catalysts are shown in Table
7 and supported on alumina carrier, was packed in that order
in a 1000 mL tubular reactor. Subsequently the feed oil was
subjected to hydrotreatment by passing itself through the
tubular reactor under the reéction conditions including a -
hydrogen partial pressure of 135 kg/cm?, a hydrogen/oil ratio
of 1000 Nm3/KL and a LHSV of 0.25 hr-!, while the reaction
temperature was raised so that the content of sulfur in the
product petroleum was maintained at 0.50% or less by weight
even if the catalyst performance wés deteriorated. The
reaction temperature was 392°C after 100 days from the start
of the reaction. Thereafter the flow direction of the feed
oil was reversed. Thus the reaction temperature was as high
as 402°C after the elapse of further 50 days therefrom.
Example 14

The procedure in Example 11 was repeated to carry out

the hydrotreatment of the feed oil except that the catalyst
C as shown in Table 7 was employed in place of the catalyst
B. As a result, the reaction temperature was 378°C after 100
days from the start of the reaction. Thereafter the flow

direction of the feed 6il was reversed. Thus the reaction
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were made of the properties of the fractions thus obtained. The results are
given in Table 5. In addition, storage 105 stability tests were nmade of
t he kerosene fraction and gas oil fraction in the sane manner as in Exanple
1. The results are given in Table 6. It can be seen from Tables 5 & 6 that
hi gh quality kerosene and gas oil each having stabilized hue on storage can

be produced in increased quanti from.Arahi ¢ (o] | ad
been desal t ed PRPTF W%@haﬁaltb%qlhaasf P?ét ?o%gﬁggatbv%ee%l% %gvke)g %@‘%{]ue of
usi ng t:he aIug@r@%ﬁétt .f%f%%iFd catal yst. Exanple 10 The procedure in
Exanple 5 was™Te e 0 carry out the hydrotreatnment of the feed oi

I

except that t t conposition as shown in Table 4 consisting of 20%
by vol une of st A (denetallization catalyst available on the

market) and 80% by ¥gpé UsRBocdadite 15 ERRIBY e M1 { abad Fepettietd Rbachasgdout
catal yst) was packed in that order in a 1000 nL tubul ar reactor. The

hydrotreated prérRy@toREdHIIMIR! JMeHeVBEed 611 iRIRM that! kRheseatalpstner as
in Exanpl e 1, and ‘eval uations were nade of the properties of the fractions

thus obt ai nedp d§eshewn!! iF Tabiegi7veasi empabdyed Sin Ipladdidfi dhe sabahpst

stability tests were nmade of the. kerosene fraction and gas oil fraction in

t he sane mannBt ass iar&sabp) eehk réaetionutempaarature was 380°C after 100
days from the start of the reaction. Thereafter the flow
direction of the feed oil was reversed. Thus the reaction
temperature was as high as 387°C after the elapse of further

50 days therefrom.

Comparative Example 3

The proéedure in Examéle 11 was repeated to carry out
the hydrotreatment of the feed oil except that the flow
direction of the feed oil was not reversed after 100 days from
the start of the reaction. As a result, the reaction
temperature was 405°C after 150 days from the start of the
reaction.

Comparative Example 4

The procedure in Example 12 was repeated to carry out
the hydrotreatment of the feed oil except that the flow
direction of the feed oil:: was not reversed after 100 days from
the start of the reaction. As a result, the reaction
temperature was 414°C after 150 days from the start of the
reaction.

Comparative Example 5

The procedure in Examplé 13 was repeated to carry out
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given in .Table 6. It can be seen fromTables 5 & 6 that high quality
kerosene and gas oil each having stabilized hue on storage can be produced
in increased quantity from Arabi an heavy crude oil 106 whi ch had been
desal ted and from whi ch naphtha fraction had been renoved by virtue of
using t he alunina/zirconia based catal yst. Table 4 Catal yst

foo 94.5 90. oté‘g BY§5°§’:§5“§Q‘E‘E8‘§$#&‘%§Q\§<‘¥ éoiliag§gegg ERLE! Ehe é&%’é@ M

- Carri eyiMagRes8hef the feed oil was not revsrged HrQr 100 days from

Tltanla - Zlrconi a
. - 10.5 GakCkRart of the reactiom. As a result, the bbdbtion -
Di spersibility 90 88 87 89 86 found/theoretlcal
(% Conpositi eempéra¥ubasess o ext al fsdr Gxloaldnyk &slraiﬁe£hexsd&rt of the
2.5 3.7 3.8 3.7 3.7 3.8 Ml ybdenum oxi de 8.0 12.0 12.1 12.0
12.1 12. 0 Spegichctisniface area ([err]/g) 200 222 218 220 222 232 Pore
vol ume (m/g) 0.60 0.64 0.65 0.63 0.60 0.59
Table 7
Catalyst (wt.%) A B C D
Composition{Nickel oxide 2.5 | 3.7 | 3.7 | 4.0
Molybdenum oxide o 8.0 | 12.1{12.0f15.0
Alumina ,.f _ 89.5[184.2| 79.0] 73.0
Phosphorus - - 5.3 -
Boria - - - 8.0
Physical Specific surface area (mz/g) 200 | 200 | 230 | 230
properties |Pore volume (mL/g) 0.600.53]0.64}]0,71
Average pore diameter (A) 118 | 110 95 100

Proportion of pore volume for each poreH

size range to total pore volume(%)

80 to 200 & 70.4 - -~ -
200 to 800 & 9.1 - -~ -
800 & < 15.0 - ~ -
70 to 150 & - 88.6| 86.5]| 85.0
150 & < - 7.2} 8,0 7.3

Example 16

There was used, as the feed o0il, an Arabian heavy crude
oil which had been desalted and from which naphtha fraction
(C5 to 157°C) had been removed. The properties of the feed
oil are as follows.
Feed 0il A

Density (15°C) 0.9319 g/cm3
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Average pore dianmeter ([err]) 118 104 105 104 95 96 Catal yst A
Denetal li zation catal yst. Catalysts B, C, D, E and F. Desul furization

catal yst 107 Tabl e 5-1 Feed oil Product Density Sul fur N trogen
conposition conpo- 15[err]C content content (w.% sition (g/cnferr])
(Wt.9%9 (Wm.ppm (WM. % Exanple 5 Naphtha 0 1.2 0.7538

11 1raction R O OO e by weggng %y 00 1570y O T 500

fracti on Resi 64. 00 O0.46 1220 Exanple 6
Napht ha %09?4. 7 1?5500' @pygégzwggggﬁ 1> fraction Kerosene

14.2 16y 92t #955 0. 001 g¢ %f kRGGHeN Gas oil 25. 6
277 0.8465 VA 5o 120 REm By iRGh 45.5 44. 4
0.9144 0. 20 yjckel 980 Exanpl e 18 NaROHA weight 0 1.0 0.7533
0. 003 1> fraction Kerosene g 8 11.0 0.7940 0.003
10 Iron | 1.5 ppm by weight

Asphalten 9.9% by weight

Kerosene fraction (> 157°C, = 239°C) 9.8% by weight

Gas oil fraction (> 239°C, = 370°C) 25.8% by weight

Residue (> 370°C) _ 64.4% by weight

As shown in Fig. 4, the aforesaid feed oil was subjected
to hydrotreatment under the Ireaction conditions as given in
Table 9, based on the assumption of the process using a
hydrorefining unit éomprising, in combination, a
countercurrent moving bed reactor to which the catalyst A is
fed as the first stage, and a fixed bed reactor packed inside
with the catalyst B containing boron as the second stage. 1In
practice, the countercurrent moving bed reactor as the first
stage was composed of a plurality of fixed bed reactors (250
mL) as shown in Fig; 5 in parailel packed inside with the
catalyst A as shown in Table 8, and was operated so as tomaintain
the activity of the catalyst A at a level almost equal to the
catalytic activity of the countercurrent moving bed by changing
one reactor to other one every 7 to 10 days. The fixed bed
reactor (1000 mL) as the second stage was packed inside with
the desulfurization catalyst B (average pore diameter of 100
A) as shown in Table 8. The product oil was accumulated for

a period of 2 to 3 months so that the average chemical
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fraction.Gas oil 25.8 30.9 0.8478 0.02 45 fraction

Resi due 64. 4 56.1 0.9305 0.42 1210 Exanpl e 8 Napht ha
0 1.0 0.7532 0.003 1> fraction Kerosene 9.8
11.0 0.7940 0.003 11 fraction Gas oil 25.8 30.7
0.8476 0.02 46 fraction Residue 64. 4 56.0 0.9307

0.44 1205 Exanmpl e, 9 ht ha . 0 1. 0. 7538 . 004
o act o kEPBEBsEe fo VHELBbE, can simu1as8qly jexprads heghemical, )

Recidue - Gompogition of Y prodyefpferSidgd undihls pbratpediciofiil "
12.7 0.7054 thSFGeual Jrédttion systih %%fiﬁmgtﬁw&gg?sﬁg’ 4087 0. 8474
21% 108 80QbsEgedn Oy RestidlUfydrotreated Pétfoleum tRfs DbtthiI wad: 44
fractionated by means of distillation in an atmospheric
distillation tower into naphtha fraction (C5 to = 157°C
‘boiling range), kerosene fraction (> 157°C to = 239°C boiling
range), gas oil fraction (= 239°C to = 370°C boiling range)
and residue (> 370°C boiling range), and evaluations were made
of the properties of the fractions thus obtained.

In addition, storage si:ability tests were made of the
kerosene fraction and the gas oil fraction by a specific method
in which 400 mL of sample was placed in a 500 mL glass vessel
with a vent, which was stored in a dark place kept at 43°C for
30 days, and the results before and after the storage stability
test were evaluated. The results are given in Tables 10 and
11.

It can be seen from Tables 10 & 11 that high-quality
kérosene and gas oil each having stabilized hue on storage and
minimized in the contents of metallic components and nitrogen
components can be produced from the residue formed by removing
naphtha fraction from desalted Arabian heavy crude oil by
virtue of using the above-mentioned catalyst containing boron
as an effective ingredient.

Example 17
| There was used, as the feed o0il, an Arabian light crude

0il which had been desalted. The properties of the feed oil
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Tabl e 5-2 Snmoke Cetane Carbon Vanadium N ckel point |Index residue

content content (mm (Wt.%9 (Wm.ppm (W.ppm Exanple 5 Naphtha
- - - fraction Kerosene 23.5 - - -
fraction Gas oil - 60 - - fraction
Resi due - - 6.0 23 10 Exanpl e 6 Napht ha
- - PP : fraction Kerosene 23.0 - - - fraction
Gas oi |+ are as fOll%%?' - - - fraction Residue
¥
- - Fefd3oil B 8 4 Exanpl e 7 Napht ha _ - _
: _ - f‘aCTToﬁ_Kerosene 23.5 . - - - fraction Gas oi
- 60 Demsity (15°C) 0.8639 f§AGE3 on Resi due - -
5.4 22 nple 8 hbphtha - -
- - fgatfapen Kerosene 1.93% B3P .weight - - - - fraction
Nitrogen 850 ppm by weight |
Vanadium 18 ppm by weight
Nickel 5 ppm by weight
Iron 7.0 ppm by weight
Asphalten 3.8% by weight
Naphtha fraction (C5 to 157°Q) 14.7% by weight
Kerosene fraction (> 157°C, = 239°C) 14.2% by weight
Gas oil fraction (> 239°C, = 370°C) 25.6% by weight
Residue (> 370°C) ' 45.5% by weight

The procedure in Example 16 was repeated to carry out
the hydrotreatment of the feed oil except that the
hydrotreatment thereof was performed under the reaction
conditions given in Table 9 by using a fixed bed reactor in
the second stage packed inside with the desulfurization
catalyst C containing a phosphorus component.

The hydrotreated petroleum thus obtained was
fractionated in the same manner as in Example 16, and
evaluations were made of the properties of the fractions thus
obtained. The results are given in Table 10. In addition,
storage stability tests were made of the kerosene fraction and
gas oil fraction in the same manner as in Example 16. The
results are given in Table 1l.

It can be seen from Tables 10 & 11 that high quality
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Gas oil , - 61 - - - fraction Residue

- 5.2 22 11 Exanpl e 9 Napht ha - -

- _ - - fraction Kerosene 23.0 - - - -
fra_ctlon Gas oil - 59 - : - - fraction
Resi due - - 5.8 ° 25 : 12 Exanpl e 10 Napht ha

] -, fr a(;gqqgﬁse@gsamygas 0il each hav:lig&t%ga 113784 Hue on storage and

fracti on Resi due |, -
Tabl e 6 Ker odEfHmized ig & the content&a%fgte gtcl%nﬁp(ﬁgé S fadd &uél after

Hue before f .
Exanple 5 S4& &ﬁ-_lr gaﬁ%ﬁroduc at ﬂ%@%ﬁ an 308 _%!l'\i"/luggl ?)%ﬁ E:«g%ﬁfhe
:g?or ASTM afoq AbeengéiesaltgdG Eiagﬂ@ué oﬁad’éi‘ﬁié t‘}ﬁa' %Jboséybalthlygtor ASTM

containing phosphorus as an effective 1ngred1ent.
Example 18

The procedure in Example 16 was repeated to carry out
the hydrotreatment of the feed oil except that iron-containing
aluminosilicate catalyst D was used in the second stage fixed
bed reactor, and the reaction/conditions as given in Table 9
were applied.

The hydrotreated petroleum thus obtained was
frac'ﬁionated in the same manner as in Example 16, and
evaluations were made of the properties of the fractions thus
obtained. The results are given in Table 10. In addition,
storage stability tests were made of the kerosene fraction and
gas 0il fraction in the same manner as in Example 16. The
results are given in Table 11.

It can be seen from Tables 10 & 11 that high quality
kerosene and gas oil each having stabilized hue on storage and
markedly improved in smoke point and cetane index can be
produced in increased quantity from Arabian héavy crude oil
which had been desalted and from which naphtha fraction had
been removed by virtue of using the above catalyst.
Comparative Example 6

The procedure in Example.17 was repeated to carry out

the hydrotreatment of the feed oil except that desulfurization
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Example 7 Saybolt col or Saybolt color ASTM col or ASTM col or +30
0

+29 .4 0.6 Exanple 8 Saybolt col or Saybolt color ASTM
col or ASTM col or +30 +28 0.4 0.5 Exanmple 9
Saybolt col or Saybolt color ASTM col or ASTM col or +30 +28

0.4 0.6 Exanple 10 Saybolt col or Saybolt color ASTM col or ASTM

col or +30 There was

Used as the PRAMNTY E ponnssch i {6 SEPORE SEROSH N BP% S5RCRELA)  ed.
05630 o ferr] Sul rHfe Hfdrdtiedted Bresyof® calE bidinddidd |
?8&?&%&%’?@?@%%%%%% the same Taéﬁ/?gsggmgiy%\éﬁ%?p]h%\"hl?s? Iraéllc ion (C5to
157[err] G [ e?\rrTlx%%j[oenrsr ]wg)re héad %P%h@ﬁﬂi%}%%ﬁé? ﬁﬁeﬁﬁé %&ﬂoﬁ%rthus

157[err] C, y wel ght Gas ol action (>

239[err] C [ epptafd er the) results are giveén 60 apiRi dlt, Repi da@i€son,
370[err] © 45.5% by weight 110  Then the

cat al yst conpesoiags stabilityngestis ¥8Yeyadwbirghekeirbeenotftaciion, add% by
vol une of the catalyst B and 30% by vol unme of the catal yst A which
catal ysts aregasootl i fracsthilon in the same manner as in Example 16. The
results are given in Table 11.
It can be seen from Tables 10 & 11 that the kerosene and
gas oil obtained from Arabianfheavy crude oil which had been
desalted without the addition of the third component such as
phosphorus, boron or the like are unsatisfactory in quality,
in every respects to metal content, hue, smoke point and cetane
index as compared with the kerosene or gas oil produced by the

use of the desulfurization catalyst incorporated with any of

the third components.

Comparative Example 7

The procedure in Example 16 was repeated to carry out
the hydrotreatment of the feed oil except that desulfurizatiox}
catalyst E was used in the second stage fixed bed reactor.

The hydrotreated petroleum thus obtained was
fractionated in the same manner as in Example 16, and
evaluations were made of the properties of the fractions thus
obtained. The results are given in Table 10. In addition,
storage stability tests were made of the kerosene fraction and
gas oil fraction in the same manner as in Example 16. The

results are given in Table 11.
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7 and supported on alumna carrier, was packed in that order in a 1000 ni
tubul ar reactor. Subsequently the feed oil was subjected to hydrotreatnent
by passing itself through the tubular reactor under the reaction conditions
i ncluding a hydrogen partial pressure of 135 kg/cn2, a hydrogen/oil ratio
of 1000 Nmerr]/KL and a LHSV of 0.4 hr[err], while the reaction
temperature vas raifeq. 30 yhabehNer 6N EPiL W I, LhakNend B

at™ 0. 30% or

. ene
pet rol eum was mai ntai ne | ess by wei ght ‘even it the caté1yst

per f or rrance vn?,ﬁ]c&aserdﬂr %g;%q%nzaeffé.ﬁ%@a;jhéfrﬂ&r@t Brfq¥asi B8yheeh Ifacgf t er

100 days fro € start of the reaction ereaftér the flow direction of
the feed oi | w&as lRWNted withyst (R AGLIeN 6L/ P YA oPsnasit Hubh as
395[err] C after the el apse of further 50 days therefrom Exanple 12 There
was used, as d'¢phbepHofhs, bvtofrabitde lHaryvire undatisFavboey ihogudies
desalted and from wni ch naphtha fraction (C5 to 157[err]C) had been
renoved. The ix epelyimsspdcts tgimetlalceomisent | haee sxoKeopbbms anbaresidne
(15[ err] O 0.9319 g/cnferr] Sul fur 3.24% by wei ght Nitrogen
1500 ppm by wimdgr adacemipamed with the Kexqsemebyr wgeisghilNpuddsiced by the
18 ppm by wei ght Asphal ten 5. 01% by wei ght Naphtha fraction (C5
to 157[ err] Cjuse of the desulfugbzationicgbalKetotreerporatadwith agy[afr] C,
[err] 239[err] O 25. 8% by wei ght

the third components.

Table 8
/

Catalyst (wt.%) A B c D E
Composition|al, O3 89.5[73.0|75.4}29.21}80.8

B203 - {80 | - | - -

P05 - - 0.7 - -

Sioy - - ] - 50.9 -

CoO -~ 4.0 | 2.8 ] 5.6 -

Nio ' 3.0 - - - 4.7

Fe,03 - - - 2.6 -

MoO3 . 4.5 |15.0|11.6|11.7 | 14.5
Physical |[Specific surface area (m2/g)| 220 | 230 | 250 | 445 | 220
properties |[Pore volume (mL/g) 0.6510.71|0.60(0.62]0.71

Average pore diameter (&) 120 | 100 | 100 | 158 | 100
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Gas oi
Resi due (> 370[err]

Q)

fraction (> 239[err]C,

[err] 370[err] Q)

25. 6% by wei ght
64. 4% by wei ght Then the

catal yst conposition consisting of 30% by volunme of the catalyst A 40% by
vol une of the catalyst B and 30% by vol unme of the catal yst A which

catal ysts are shown in Table 7 and supported on alum na carrier,
in a 1000 nlL tubular

in that order

reactor. Subse

was packed
quently the feed oil was

subj ected to hydrotfe

-under the reaction g

kg/cnferr],
hr{err], while the

sul fur in the produ
even if the catalys
was 389[err]C after
flow direction of t
was as high as 399]
Exanpl e 13 There wa
resi due on at nosphe
follows. Density (1
wei ght Ni trogen

Table 9
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T Ry passin§ rSert tnr
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Vanadi um
Asphal t en

85 ppm by wei ght Ni ckel
8. 0% by wei ght Residue (> 370[err]C 93. 4% by wei ght

26 ppm by wei ght

Then the catal yst conposition consisting of 30% by vol une of the catalyst
A, 40% by volume of the catal yst B and 30% by vol une of the catalyst A

whi ch catal ysts are shown in Table 7 and supported on alum na carrier,
. A 1000 nd

Suihoc ooy

I’Lﬁ_l'\f oL

was

packed in that ordet +000—H—t-tbtH-ar—+eactor—Subsegyentty—the feed
oi | vvas:subj ected tjo otreat mgnt by passing itgelf thrqugh the fubul ar
react or under the rfe n condi §i ons ingl udi ng af{hydrogent partial | pressure
of 135 kg/cnierr], mlﬁyg ogen/ of| rati o «of 1000RI err]/ K} and a PHSV of
0.25 hr[err], whilg °t§evr eact itoff {tremper atjur e'was 't ai sled sig that 't ig¢ content
of sulfur in the pr(féj_oot« petrol 8im was mali ntai ne8fat 0.5@% or |es8|by
wei ght even if theJo&atnaﬂyst perf @r mance s deterjorated. | The rea¢tion
t enperature was 394[gegr-§C-after :OO days romthe start of} the reag¢tion.
Thereafter the fl oveh t+or—ofthe—feet—otrt—wastreversed—thtus—the
reaction tenperaturle was} as highjas 402[err]C afte=r t he ellapse of further
50 days therefrom @&nﬁ e 14 ,TR¢ procedife in EXqnple dfipwasirepBated to
carry out the hydrctgreﬂg%rrent of “lhe feedjoil exc&pt that Yhe catal’yst C as
shown in Table 7 wds & oyed injplace of] the catfl yst B. |JAs a restlt, the
reacti on tenperaturlgswas] 378[errJC after 100 days|fromtheg start of the
reaction. Thereaft rg thE| f1ow diorectloncp the feegq oi'l \Qs reverged. Thus
0 4 o « 2 ® ~ 0 n 0 0
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tenperature was as high as 385[err]C after the el apse of further 50 days
therefrom Exanple 15 The procedure in Exanple 11 was repeated to carry out
the hydrotreatnment of the feed oil except that the catalyst D as shown in
Tabl e 7 was enployed in place of the catalyst B. As a result, the reaction
tenperature was 380[err]C after 100 days fromthe start of the reaction.
Thereafter the flow direction of the %@ g oLl was reversed. Thus the
reactiqn tenperature was as high as 3 ?ﬁ Fr? after the el apse of further
50 days therefrom Conparative Exanple 3 The procedure in Exanple 11 was
repeated to Ccpdy—out—t —feed ol —except—thatt he
flow directioh of the fked okérosese farcvioner sed af t €as 190 fractipr om the
start of the [eaction. [RfeqshPsditicolbbfl ISkl dBud qRBEN %%ﬂ Wast#h5[lerr] C
after 150 dayp fromthe[ Start e actlon hogfara Ve txanggge The

procedure in Exanple lzaﬁﬁf%em Ed tc c%rrx g y rotrdatment [of the
Ihat reverised

feed oil exceht_that thiste¥as® d& %‘quienr qfimm

after 100 daypxbioie tbe| stagd df the rdactiaom. Asoa4renﬂé.5t e regpactfi on
tenperature WAs 4I4]errjcC aiter Lbugaays fromijne star{ ol fng reactilon.

Conpar at i ve EJEXABRY 47 The ti%cddurt?dinlexdipbe [13%As Jopbat od + £%arry out
Example 18 |  +30 +28 24.0 0.5 0.6 62
Comparative +30 +25 23.5 0.6 0.8 59
Example 6
Comparative +30 +24 22.5 0.6 0.9 58
Example 7

Example 19

There was used, as the feed o0il, an Arabian heavy crude
oil which had been desalted and from which naphtha fraction
(C5 to 157°C) had been removed. The properties of the feed

oil are as follows.

Feed o0il A

Density (15°C) 0.9319 g/cm3

Sulfur 3.24% by weight

Nitrogen 1500 ppm by weight

Vanadium 55 ppm by weight

Nickel 18 ppm by weight

Iron 1.5 ppm by weight

Asphalten 9.9% by weight

Kerosene fraction (> 157°C, = 239°C) 9.8% by weight
Gas oil fraction (> 239°C, = 370°C) 25.8% by weight
Residue (> 370°C) 64.4% by weight
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114 the hydrotreatnent of the feed oil except that the flow direction of
the feed oil was not reversed after 100 days fromthe start of the
reaction. As a result, the reaction tenperature was 416[err]C after 150
days fromthe start of the reaction. Table 7 Catalyst (wt.%

A B C D Conposition N ckel oxide 2.5 3.7

3.7 4.0 Mol ybd
89.5 84,2 79y0 33”81 O)Ifﬁl}g%ﬂb;.ﬁglg. 6, the aforesald %ee&01%Awas subgeg@egfi

Bori a si cal vpeC|f|c

surf ace area £Ry bYPppyFeatment jypden she segction 5%3#?%/ PR 450, VE0N dfte
(ML10) | oo Tobgeot, oiled 7 B AUST 860 RE" B BOE b4 ol T])

118 110 95 on of pore Vvo eac Size ran

total pore VOII&H‘E()&f%):Lﬁg %Q@t[c%tﬁﬂrlslng, 48,58 comb1nat10n70 4 200 to 800

[err]

15.0 - countezguﬂ?eﬂ@%&mg bed_reactor to which thé&:@tﬁif_‘){I 48 150
[err] < 7.2 8.0 7.3 Exanple 16 ere was

used, as the ffeadagithe Firdtabtage hemty aCcEilled dd Wahehokashdlea idesakt ed
and f rom whi ch naphtha fraction

with the combination of the catalyst B containing boron with
a pore diameter of 80 & or larger and the catalyst F with a
pore diameter of smaller than 80 & as the second stage. In
practice, the countercurrent'thoving bed reactor as the first
stage was composed of a plurality of fixed bed reactors (250
mL) as shown in Fig. 5 in parallel packed inside with the
catalyst A as shown in Table 12, and was operated so as to
maintain the activity of the catalyst A at a level almost equal
to the catalytic activity of the countercurrent moving bed by
changing one reactor to other one every 7 to 10 days. The fixed
bed reactor (1000 mL) as the second stage was packed inside
with the sulfurization catalyst B (average pore diameter of
100 A) as shown in Table 12 and the catalyst F (average pore
diameter of 60 &) as shown in Table 12 so that the catalyst
B comes on the upstream side for the flow of the feed 0oil. The
produc£ petroleum was accumulated for a period of 2 to 3 months
so that the average chemical composition thereof can
simulatedly express the chemical composition of the product
petroleum which is obtained from the actual reaction system
as illustrated in Fig. 6. Subsequently, the hydrotreated

petroleum thus obtained was fractionated by means of
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(C5 to 157[err]C) had been renoved. The properties of the feed oil are as

follows. Feed oil A Density (15[err]C 0.9319 g/cnferr] 115 Sul fur
3.24% by wei ght Nitrogen 1500 ppm by wei ght Vanadi um 55
ppm by wei ght Ni ckel 18 ppm by weight Iron 1.5
ppm by wei ght Asphal t en 9.9% by wei ght Kerosene fraction (>

230 orr1C. [ oPHPATEREIH] dp an atnospReCid ate¥SaTdh koo LA0EhBREAS | o,
yar ot real mont FAALP L RES 1 EhcE bh eon ok Ry c R lehn e LG 0F O

the assumpt | 0g>0fsjeeBr 20935°usha fd ARG P a9 1FiackIBRI {31 pgookn

conbi nat i on, countercurrent noving r to which the catalyst Ais

fed as the fi st StH@ec B fnd riffeYathd FeSidie R3HERP Béiﬂfnq\&hhgé?,e
catal yst B containing boron as the“second stage. I n practice, the

count er cur r enapADevADuPELbL Ielre’ made! & dHd Propbatedest GHY FFadt26ns
plurality of fixed bed reactors (250 nL) as shown in Fig. 5 in parallel

packed i nsi dettushobbaineédal yst A as shown in Table 8, and was operated so
as to maintain the activity of the catalyst A at a level alnost equal to
t he In addition, storage stability tests were made of the
kerosene fraction and the gas oil fraction by a specific method
in which 400 mL of sample was placed in a 500 mL glass vessel
with a vent, which was stored.in a dark place kept at 43°C for
30 days, and the results before and after the storage stability
test were evaluated. The results are given in Tables 14 and
15.

It can be seen from Tables 14 & 15 that high-quality
kerosene and gas oil each having stabilized hue on storage and
minimized in the contents of metallic components and nitrogen
components can be produced from the residue formed by removing
naphtha fraction from desalted Arabian heavy crude oil by

- virtue of using the combination of the catalyst with a pore
diameter of 80 A or larger and the catalyst with a pore diameter
of smaller than 80 A.

Example 20

There was used, as the feed oil, an Arabian heavy crude
.0il which had been desalted. The properties of the feed o0il
are as follows.

Density (15°C) 0.8639 g/cm3

Sulfur 1.93% by weight
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catalytie activity of the countercurrent noving bed by changi ng one reactor
to other one every 7 to 10 days. The fixed bed reactor (1000 nL) as the
second stage was packed inside with the desul furization catalyst B (average
pore dianeter of 100 A) as shown in Table 8. The product oil was

accunul ated for a period of 2 to 3 nonths so that the average chem cal 116
conposition thereof can sinulatedly express .the chem cal conposition of the

Y
product, petr oNEtERIR ch i s obt FHPHEY AR M§d98Et ual reaction system as
|Iblt ustrlgt ed i{??g%?jr%ﬁ.t%b;equeﬁ]?fm tbsl_eg{%%ﬁlg_reat ed petrgl eumht hus
obt ai ned was ated by ne [ ion in an atnmospheric
distillation I nt o napht ha. f t. . to [err] 157[err] C boiling
range), kerosl[élg%f ]Fact ion (> 1?’7[%]1@33’09( ertr] 239[err] C boiling range),

gas oil fract 'f&l( [err] 239[errd G t;ﬁm[ q;a{ ]weg_lag[terr] C boiling range) and
an

residue (> 370[err]C boiling range), evaluati ons were made of the
properties ofzéglgﬁajgéfpt ions thug @bl RRAqHn addi tion, storage stability

tests were made of the kerosene fraction dand the gas oil fraction by a

speci fi c met hggphehahfrdetdidh niesokosaspreywas pl aced im@.@%ggregbnas

vessel wth a vent, which was stored in a dark place kept at err]C for
30 days, and kKéeosemell fradision q>ang7att es 2@ gh)or age sk4fdd ibyy wedghtwer e
eval uated. The results are given in Tables 10 and 11. It can be seen from
Tabl es 10 & 1Gas hail hfxgetgion i(Dy 288CGseEe 3MPMas oi | &ikl6thdy mgight
stabilized hue on storage and :

Residue (> 370°C) ’ 45.5% by weight

Subsequently the proceld’ure in Example 19 was repeated
to carry out the hydrotreatnient of the feed oil except that
the foregoing feed oil was hydrotreated under the reaction
conditions as given in Table 13 by the use of a fixed bed reactor
in the secoﬁd stage packed inside with the combination of
phosphorus-containing catalyst C with 80 A or larger pore
diameter and catalyst G with a smaller pore diameter so that
the catalyst C comes on the upstream side for the flow of the
feed oil.

The hydrotreated petroleum thus obtained was

fractionated in the same manner as in Example 19 and evaluations
were made of the properties of the fractions thus obtained.
In addition, storage stability tests were made of the kerosene
fraction and gas oil fraction in the same manner as in Example
19. The results are given in Tables 14 & 15.

It can be seen from Tables 14 & 15 that high-quality

kerosene and gas oil each having stabilized hue on storage can

be produced even in the case of collective treatment for crude
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mnimzed in the contents of netallic conponents and nitrogen conponents
can be produced fromthe residue fornmed by renoving naphtha fraction from
desal ted Arabi an heavy crude oil by virtue of using the above-nentioned
catal yst containing boron as an effective ingredient. Exanple 17 There was
used, as the feed oil, an Arabian light crude oil which had been desalted.

e o Py 2ag 05 SSy Byl pr 88 BoBia S o By s BT BRRR g
850 m by wei ' . hobt _Nick 5
ppn1E5 me?ghthg?§ﬁ¥ggagh&n%hat W1Eb(fﬁ%i#quk&épgﬁpgg58§%§téiﬁmeter' 3.8%
b i ght Na [ C5 to 157 14. 7% b i ght
Kérgggge fragg?%%pgéég%;fgrg]c,.ferr][ggg%érr]c3 14.2@6byym2?5ﬁt

Ga il f ti > 9 9 Lght
e e T

P T oxco SRR Arenl el et pixida, BoLre R Lsg) (he
reaction condigasORgdgb¥efined Takder LHY resiction tonadtPefls r#8c§Dierd Mn
Table 13 by the use of a fixed bed reactor in the second stage
packed inside with the combination of boron-containing
catalyst D with 80 & or larger pore diameter and catalyst F
with a smaller pore diameter/

The hydrotreated petroleum thus obtained was
fractionated in the same manner as in Example 19, and
evaluations were made of the properties of the fractions thus
obtained. The results are given in Table 14. In addition,
storage stability tests were made of the kerosene fraction and
gas oil fraction in the same manner as in Example 19%9. The
results are given in Table 15,

It can be seen from Tables 14 & 15 that high quality
kerosene and gas oil each having stabilized hue on storage and
markedly improved in smoke point and cetane index can be
produced in increased quantity by the combination of the
boron-containing catalyst with 80 A or larger pore diameter
and the catalyst with smaller than 80 & pore diameter.
Example 22

The procedure in Example 19 was repeated to carry out
the hydrotreatment of the feed oil A except that the feed oil

was hydrorefined under the reaction conditions as given in
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t he second stage packed inside with the desulfurization catalyst C

cont ai ni ng a phosphorus conponent. The hydrotreated petrol eumthus obtained
was fractionated in the sane manner as in Exanple 16, and eval uations were
made of the properties of the fractions thus obtained. The results are
given in Table 10. In addition, storage stability tests were made of the

FLOTET SRR Wl b SR O U
s Y e P Y
CoMponnt's, cagbgedr BIHESH AieY A SAUSIUE © Wien k|l S hatkreen

effective i nggedmegbr. Exanpl e 18 The procedure in Exanple 16 was repeated
to carry out the hydrotreatnment of the feed oil except that iron-containing

al um nosi | i cate cat ghgshy8@roepeatssd patridiRusecdng dbedenédxpdsbed reactor,
and the reaction conditions as given in Table 9 were applied. The

hydrotreat ed gehealiotnatédusn otlidisk wWaainkraak dnaEgdmple t h®, s nmanner as
I n Exanpl e 16, and eval uati ons were made of the properties of the fractions
t hus obt ai nedevahaatienstwexs emadevef e pabpertdes lof alldi frastions thus
obtained. The results are given in Table 14. In addition,
storage stability tests were made of the kerosene fraction and
gas oil fraction in the same /manner as in Example 19. The
results are given in Table 15.

It can be seen from Tables 14-.& 15 that high quality
kerosene and gas 0il each having stabilized hue on storage and
markedly improved in smoke point and cetane index can be
produced in increased quantity from residual oil formed by
removing naphtha fraction from crude oil by the combination
of the iron-containing aluminosilicate catalyst with 80 X or
larger pore diameter and the catalyst with smaller than 80 A
pore diameter. .
Example 23

The procedure in Example 19 was repeated to carry out
the hydrotreatment of the feed oil B except that the feed oil
was hydrorefined under the reaction conditions as given in
Table 13 by the use of a fixed bed reactor in the second stage
packed inside with the combination of catalyst B with 80 A or
larger pore diameter and catalyst F with a smaller pore diameter

so that the catalyst F comes on the upstream side for the flow
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storage stability tests were nmade of the kerosene fraction and gas oi
fraction in the same manner as in Exanple 16. The results are given in
Table 11. It can be seen from Tables 10 & 11 that high quality kerosene and
gas oil each having stabilized hue on storage and markedly inproved in
snmoke poi nt and cetane index can be produced in increased quantity from

Ar abi an heavxﬂgéﬁpe i mhhch had been desalted and from whi ch napht ha
fractiaon had S Yol y virtue of using the above catal yst.

Conpar ati ve Exanpl em% ﬁgf@ggggggﬁegégrﬁ@ﬂﬁlﬁﬁsu f iheeedagd to carry out

t he hydrotreatnent 0 xce t hat urization 119

catal yst E Wagrdt3abrateldn £H"Sad dfiniid b 6 Hx3ApET 197NgngYdr Ot 1 eal ed

petrol eum t hus obtai ne s fractionated in the same rmanner as in Exanple
16, and eval ya}d Qi (WRise wERdanfie Dretne se8fof Rihd FREELDORS tihis
obtained. The results are given in Table 10. In addition, storage stability

tests were nmeglefinddle ¥REOBESE] {3 aptd Qivaid igaTable faactimraddition,sane
manner as in Exanple 16. The results are given in Table 11. It can be seen

from Tabl es Iércrakie Bitabil ity kst seweranadgost aihe kétosers firaction and

Ar abi an/ heavy crude oil which had been desalted w thout the addition of the

third conponegds il faaqiionpiar the bamermannehesd ke Examplesddi.sfEre ory in

quality, in every respects to netal content, hue, snoke point and cetane
results are given in Table 15.

It can be seen from Tables 14 & 15 that high quality
kerosene and gas oil each with favorable properties and

minimized in sulfur content can be produced:

Table 12
Catalyst (wt.%) A B Cc D E F G
Composition{ Aly03 89.5[80.8]75.4|73.0}{29.2|71.7| -
B,03 - -1 -1|80]| - | -1 -
P50s5 - - 0.7 - - - -
5i0, -1 -1-1 - |s0.5] - [s1.2
Co0 . - - 2.8] 4.0} 5.6 | 5.4} 4.1
NiO 3.004.7f - | -} - -1} -
Fey03 ' - - - - |2.6] - -
MoO3 4,5114.5|11.6}15.0]11.7|20.8|14.7
Physical Specific surface 220 | 220 | 250 | 230 | 445 | 250 | 28B5
properties area (m2/g)
Pore volume (mL/g) |0.65}0.71|0.60}0.7110.62|0.38|0.33
Average pore 120 | 100 | 100 ) 100 | 158 | 60 20
diameter (&)
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i ndex as-conpared with the kerosene or gas oil produced by the use of the
desul furi zation catal yst incorporated with any of the third conponents.
Conpar ative Exanple 7 The procedure in Exanple 16 was repeated to carry out
the hydrotreatnment of the feed oil except that desul furization catalyst E
was used in the second stage fixed bed reactor. The hydrotreated petrol eum
t hus obtained was fractionated in the sane manner as in Exanple 16, and

eval uatii ons were nhdg of [t hg properthes of the frdctions thus obtained. The
results are given |f|Table 40. In additign, storage stability tests were
made of the kerosepdilf ratti 8ngape gas @ ko frgckipn in the same nanner as in
. [o1) -1 * G .
Exanpl e 16. The regtg'ts Ar €EggP ven Pnl Tdble ™1E. o ¥2( It can be seen from
Tables 10 & 11, thhtk{t he| kekosene and gas oil obtgined from Arabi an heavy
crude oil which ha{i®jeen|de8alted wifhout the addiftion of a third conponent
such as phosphorus| offoron or the |ike are unsatisfiactory in quality, in
every respects to |gflal ¢onfent, hue; snmeke pojnt [and cetane index as
. 0 . b
conpared with the keflosehe gr3@§ i p‘iedgcﬁd"ztﬁ the use of the
desul furization cald|yst |i ngof pofaf’ef W th “afyeof [t he third conmponents.
Table 8 Catal yst (W% 3 A B C D E Conposition [err]
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Exanpl e 18 +30 +28 24.0 0.5 0.6 62 Conparative

+30 +25 23.5 0.6 0.8 59 Exanple 6 Conparative +30
+24 -+ 22.5 0.6 0.9 58 Exanple 7 Exanple 19 There was used,
as the feed oil, an Arabi an heavy crude oil which had been desalted and

from whi ch naphtha fraction (C5 to 157[err]C) had been renoved. The
properties of the feed oil are as follgg/i. E ed oil A Density (15[err]Q
0.9319 «g/cnferr] Sul fur h 5 wei ght Nitrogen

-1500 ppm by wei ght Vanadi um 55 ppm by wei ght N ckel

18 ppm by wei ght—+on 1.5 ppm-bywei

9. 9% by wei ghf Ker osene| f r ackemnsepe f18Ftianr | C [ er r [ca838i[le frddlion
9.8% by weight Gas oil Ifﬂﬁéq@h%bl(t>coa39{eréﬂ&e [|86é |(a8¥®[R164)C)|cetane

25. 8% by wei ght Resi due 370] 64. 4% by
wei ght 124 AS shown Bgfi‘—re ‘é%{% df PEEE PFEES oIt R wad S0BF%dted to
hydr ot r eat men Il‘nm?argﬁdl t i dFa) o stﬁ*(ﬁgﬁ 1FEoxass o 13 ___based on
the assunpti ofex@hpidn@o pf ocefs Uysi ngpga Hydrarefini pgsunit eor|i sigeg, |in
combi nation, E

Example 20 +30 +29 25.0 0.4 0.5 60

Example 21 +30 +29 28.0 0.4 0.4 62

Example 22 +30 +29 24.0 0.5 0.6 62

Example 23 +30 +29 27.5 0.4 0.4 63

/
Example 24 ‘

There was used, as the feed 0il, an Arabian heavy crude
0il which had been desalted and from which naphtha fraction
(C5 to 157°C) had been removed. The properties of the feed

oil are as follows.

Feed o0il A

Density (15°C) 0.9319 g/cm3

Sulfur 3.24% by weight

Nitrogen 1500 ppm by weight

Vanadium 55 ppm by weight

Nickel 18 ppm by weight

Kerosene fraction (> 157°C, =< 239°C) 9.8% by weight
Gas oil fraction (> 239°C, =< 370°C) 25.8% by weight
Residue (> 370°C) . 64.4% by weight

Then the catalyst composition consisting of 20% by volume
of the catalyst A and 80% by volume of the catalyst B which

catalysts are shown in Table 16 was packed in that order in
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countercurrent noving bed reactor to which the catalyst Ais fed as the
first stage, and a fixed bed reactor packed inside with the conbination of
the catal yst B containing boron with a pore dianeter of 80 A or |arger and
the catalyst F with a pore diameter of smaller than 80 A as the second
stage. In practice, the countercurrent noving bed reactor as the first

st age was congosed of, own

. | i f_ fixed bed 250 i
n'Fig..S in okl gﬁli‘aiiéé?i<hé5d€uwi%‘fme§ea£§?‘“ SeendAg ine feddol o
12, ' t t ' Ln th | Vi f th I
eiel 'al most BdaleroSthISRS e iteryRede oY ST i SHECRBY, ng
h ' t . T | bed
reactor (1000 RE R o bRk RHS PE P BRI foh€ $Hi1 8RRy J Nakobed D¢

sul furi 2at T onpa st by ShrBud 'S0 AP AnaTeh oy dloddil/ i Gneiown pRoTabl e

12 and the ca average pore as shown in Table 12

so that the Cghdl¥f] Br&2FBfor tehBeriPits &304 ahflard RASYI #V00h HRe, T eed
oil. The product petrol eumwas accunulated for a period of 2 to 3 nonths

so that the averageraBeRy@rbtEOAPAS I LI @BlusCabtalifibliakgsl y express
the chem cal conposition of the product petrol eumwhich is obtained from

the actual regghbelofytédnigso i ndplilatfadction §c56toSEhasgeenbbylinge
hydrotreat ed petrol eum thus obtai ned was fractionated by neans of 125

distillation irange)atkexgeend Erdction l(at 1HTPC aoes i289°Mbpil hag fraage)en (C5

to [err] 157[err]C boiling range), kerosene fraction :
gas oil fraction (= 239°C to = 370°C boiling range) and
residue (> 370°C boiling rangé). As a result, the yields of
naphtha fraction, kerosene fraction, gas oil fraction and
residue fraction were 1.2%, 12.5%, 28.9% and 55.2% each by
weight, respectively.

Subsequently, the kerosene fraction was subjected to
hydrotreétment under the reaction conditions ihcluding a
hydrogen partial pressure of 130 kg/cm?, a hydrogen/oil ratio
of 800 Nm3/KL, a reaction temperature of 380°C and an LHSV of
2.5 br-1, by pass itself through a tubular reactor packed inside
with the hydrogenation catalyst C as shown in Table 16. The
properties of the hydrotreated kerosene fraction are given in
Table 17.

It can be seen that the kerosene which is excellent in
quality, minimized in the contents of sulfur and nitrogen and
improved in smoke point can be obtained by hydrotreating
distilled kerosene fraction.

Example 25

The procedure in Example 24 was repeated to carry out
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(> 157[err]Cto [err] 239[err]C boiling range), gas oil fraction ([err]
239[err]Cto [err] 370[err]C boiling range) and residue (> 370[err]C

boi li ng range), and eval uations were made of the properties of the
fractions thus obtained. In addition, storage stability tests were nade of
t he kerosene fraction and the gas oil fraction by a specific nmethod in

whi ch 400 ni of d | 5Q0 I th
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|ts bef t t t ab ty.t I t Th
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t hat hi gh- t

Stor age and iy SRS, SRABEIGR AR rd B ULLeN A oHl bk dh HTe 1

conponents cajy be produced fromthe reS|due f or med by removi ng napht ha

fraction from desal ted Arabian heavy crude oil by virtue of using the

conbi nation of the palaiype ¥ebh hdOhedkarBhehe Gfhféh AsObxbal yehtang t he
catalyst with a pore dianeter of snmaller than 80 A Exanple 20 There was

used, as the qe€riwy,) miaimAzali b teA¥gnEenes of mevhlshamtbailbeogefeasd t ed.
The properties of the feed oil are as follows. Density (15[ err]C 0. 8639

g/cnferr] Sulifmproved in smokelpSiith lmanvbegbbtdPfied by the hydrotreating

distilled kerosene fraction.

Table 16
/

Catalyst (wt.$%) A B o
Composition| Al,03 89.5 | 79.9 | 62.4
B203 - - 7.7

P,05 - 4.5 -

SiOz - - -

CoO - - -

Nio 2.5 3.7 4.4

Feqo03 - - -

MoO3 8.0 11.9 -

W03 - - 25.6
Physical Specific surface area (m?/g) 200 | 202.0| 276.8
properties |Pore volume (mL/g) 0.6 0.56 0.92
Average pore diameter (&) 118 | 55.97 | 66.99
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storage can bexafwrkicagl even in the case of collective treatment for crude
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There was used, as the feed 0il, an Arabian heavy crude

oil which had been desalted aid from which naphtha fraction
(C5 to 157°C) had been removed. The properties of the feed
oil are as follows.

Feed oil A

Density (15°C) 0.9319 g/cm3

Sulfur 3.24% by weight
Nit;Ogen 1500 ppm by weight
vanadium 55 ppm by weight
Nickel | 18 ppm by weight

Kerosene fraction (> 157°C, = 239°C) 9.8% by weight

Gas oil fraction (> 239°C, = 370°C) 25.8% by weight
Residue (> 370°C) 64.4% by weight
Then the catalyst A (demetallization catalyst) as shown
in Table 18 was packed in a 200 milliliter (mL) tubular reactor.
Subsequently the feed oil was subject to hydrotreatment by
passing itself through the reactor under the reaction
conditions including a hydrogen partial pressure of 130 kg/cm?,

a hydrogen/oil ratio of 800 Nm3/KL, a reaction temperature of
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oil by the conbination of the catalyst with 80 A or |arger pore dianeter

and that with smaller than 80 A pore dianeter. Exanple 21 The procedure in
Exanpl e 19 was repeated to carry out the hydrotreatnent of the feed oil B
except that the feed oil was hydrorefined under the reaction conditions as
given in Table 13 by the use of a fixed bed reactor in the second stage

packed i nsi de_y t he comhi patio f _boron-containing catalyst Dwith 80
[err] or Iargé%%‘gr ‘gi%ﬂré[f Vé’rfd%%téﬁ%t Fwth a smaller pore dianeter.

The hydrotreated pettol.eum thus ohtaiped, was fractjonated in the sa

manner as i n Exanpl tﬁﬁ&yiﬁf}rme%a??gﬁglw&é’q‘rﬁdgt’g?l’?‘ﬁ Vﬁsoﬁgpflf‘@gg%f t he
fractions thu t al T LtS,ar i | re | di_tion,

st orage st abi ﬁl?§ ?ées (g‘lﬁ/\eérbgnﬂr?g%gl ttgf Atqhgnge;(ggg%g g‘?’&ﬁ%nﬁtsar#d]l g'gls %oi |
fraction in t a é@];ﬂ{:r %SAF : 9. qqﬁ,#,! ' LN
Table 15. It ggﬂﬁﬁeseen_ _rso é%lgléa%gge% t%‘ie}t?s% g %@aﬁ:?lt%ygbérgggéne and
gas oil each Babofleta il ivicid MyRreRr8hesdden 2B \pedotBiOyadked
snoke point and cetane i ndex can be produced I n increased quantity by the
conmbi nat'i on ofingige Q@Iﬂﬂt@x@hﬁ%&f&j&éﬁl@i YataWbh BGAsAsibwhai®@apier €8

di aneter and the catalyst with smaller than 80 A pore dianeter. Exanple 22
The procedur euhdeExel®| reddct Wit conpdatietst dncdudyngua hydrdyel arddialent of

the feed oil A except that the feed oil was hydrorefined under the reaction
condi ti ons aspgesswrenof 130 kg/cmZ, a hydrogen/oil ratio of 800 Nm3/KL,

a reaction temperature of 380°C and an LHSV of 2.0 hr-%, to
produce gaseous components A2 .‘/ Further, the liquid components
Bl were hydrotreated in a tubular reactor packed inside with
the desulfurization catalyst C as shown in Table 18 under the
reaction conditions including a hydrogen partial pressure of
130 kg/cm2, a hydrogen/oil ratio of 800 Nm3/KL, a reaction
temperature of 380°C and an LHSV of 0.5 hr-1, to produce liquid
components B2,

Thereafter the gaseous components A2 and the liquid
components B2 were mixed and the resultant mixture was
fractionated into naphtha fraction (C5 to = 157°C boiling
range), kerosene fraction (> 157°C to = 239°C boiling range),
gas oil fraction (= 239°C to = 370°C boiling range) and
residue (> 370°C boiling range), and evaluations were made of
the properties of the fractions thus obtained. The results are
given in Table 19.

It can be seen that the kerosene which is excellent in
quality, minimized in sulfur content and improved in smoke

point can be obtained by individually hydrotreatin(; the gaseous
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128 Table 13 by the use of a fixed bed reactor in the second stage
packed inside with the conbination of catalyst Ewth 80 A or |arger pore
di aneter and catalyst Gwith a snmaller pore dianeter. The hydrotreated
petrol eum t hus obtai ned was fractionated in the same manner as in Exanple
19, and eval uations were made of the properties of the fractions thus
obt ai ned. The results are glven iin Table 14. In addition, storage stability

tests were metRRRANANES ddquid, gempeRents) Ekﬁ?(ﬂqPQ¥4¥ﬂﬁ'on in the sane

manner 'as in 5éaggle %g. The results are given in Table 15. It can be seen
from Tabl es % t high quality kerosene and gas oil each having

bilized h K d d
“ndex can be. produchle (HE9 %»"Igéiéaeéaéﬂpﬁ%%e | e P bRty
i t f
gfgﬁvt?,%t Q?Eﬂ%ﬁ&%turfﬁ%n;s. | eaPebE nl b rolf STE MY itReR kBTs
t t 8 23
The pr ocedur 1o e afabigh Al aﬁ*ﬁééﬁée 2y CSPé\y% A Ry fEar il %
the feed oil &watffé&tmwaeeheee Bb{:ai\ﬁstﬁaldké’f@ééﬂlﬁchl&&&'bnt baokeact i on

conditions as given in Table 13 by the use of a fixed bed reactor in the

second stage 5@5ﬂ5¥¥1éynd¥é\glb@ntﬂg gaphpenay| on of catalyst B with 80 [err]
or

It can be seen that the kerosene fraction excellent in
quality and improved in smoke point can be obtained by

individually hydrotreating tbé gaseous components and liquid

components thus separated.

Table 18
Catalyst (wt.%) A B C
Composition| Al,03 89.5 | 62.4 | 79.9
B,03 - 7.7 -
P,0s - - 4.5
$i0, - - -
CoO - - -
Nio 2,5 4.4 3.7
Fey03 - - -
MoO3 8.0 - 11.9
WO3 - 25.6 -
Physical Specific surface area (m2/q) 200 | 276.8 | 202.0
properties |Pore volume (mL/g) 0.6 0.93 0.56
Average pore diameter (A) 118 | 66.99 | 55.97
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| arger pore dianeter and catalyst F with a smaller pore dianeter so that
the catal yst F cones on the upstream side for the flow 129 of the feed
oil. The hydrotreated petrol eumthus obtained was fractionated in the sane
manner as in Exanple 19, and eval uations were nade of the properties of the
fractions thus obtained. The results are given in Table 14. In addition,
storage stability tests were made of t $% erpsene fraction and gas oi
fractiom in the same nanner as in Exaﬁg 99'7 The results are given in
Table 15. It can be_seen from Tables 14 & 15 that high quality kerosene and

gas oil each wth fiavorabl e prpperg] an L. Zed Jn content can
be produced. Table |12 CatalystP(mﬂ. A”kﬂ%@d%% D%'ldl'l'éﬁr F G
Conposition [err] B9. 5Pty 7@.4%?:91’&29.? 7gontent [ érr|

- - - 8.0 - - - - - iy 7 |- m - -1 [ er Fdom -
- - - 50.5 -8 2CoO" (o) _(Pp_) [ O Eggf) 5.4 4.1
Ni O 3.|@xamp1€ 26 - - 39.6 - -Herr] 4 - - -

- 2.6 - - Jerr 5 14 5({I1.6 1I5. 0 4.7 20.8 1Z}7 Physica
Specific surface [ex<@le2P0 PSO 3430 445 25D1 285| properties area

(nm2/ g)

Example 28

There was used, as the feed o0il, an Arabian heavy crude
oil which had been desalted gﬁd from which naphtha fraction
(C5 to 157°C) had been removed. The properties of the feed

oil are as follows.

Feed 0il A

Density (15°C) 0.9319 g/cm3

Sulfur 3.24% by weight

Nitrogen 1500 ppm by weight

Vanadium 55 ppm by weight

Nickel 18 ppm by weight

Iron 1.5 ppm by weight

Asphalten 9.9% by weight

Kerosene fraction (> 157°C, = 239°C) 9.8% by weight
Gas oil fraction (> 239°C, = 370°C) 25.8% by weight
Residue (> 370°C) 64.4% by weight

As illustrated in Fig. 8, the feed oil and hydrogen were
fed in a 1000 mL hydrodesulfurizing reactor, where the feed
oil was subjected to hydrodesulfurization reaction in the

presence of the catalyst A as shown in Table 20. The reaction
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Pore volunme (nL/g) 0.65 0.71 0.60 0.71 0.62 0.38 0.33 Average pore

120 100 100 100 158 60 20 diameter (A) 130 [err] [err] Tabl e
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properties of h&ﬁ&?o&@ﬁdwere fed in a 1000 mL hydrocracklng un:Lt, where the
reaction liquid was subjected to hydrocracking in the presence
of the catalyst D as shown in Table 20. The combination of
the product oil from the hydrocracking reaction and the gas
separated from the separating vessel was subjected to
atmospheric distillation.

The reaction conditions An each of the reactors are given
in Table 21. The catalyst A as given in Table 20 was prepared
by impregnating alumina carrier with the aqueous solution of
the components shown in Table 20. The catalyst D as given in
Table 20 was prepared by impregnating the mixture of iron-
containing type-Y zeolite and alumina as the carrier with the~
aqueous solution of the metallic salt.

Subsequently, the hydrotreated petroleum thus obtained
was fractionated by means of distillation in an atmospheric
distillation tower into naphtha (C5 to = 157°Cboiling range),
kerosene fraction (> 157°C to é_ 239°C boiling range), gas oil
fraction (= 239°C to = 370°C boiling range) and residue
(> 370°C boiling range), and evaluations were made of the
properties of the fractions thus obtained.

In addition, storage stability tests were made of the
kerosene fraction and the gas oil fraction by a specific method
in which 400 mL of sample was placed in a 500 mL glass vessel

with a vént, which was stored in a dark place kept at 43°C for
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oil are as follows. Feed oil A Density (15[err]C 0.9319 g/cnferr]

Sul fur 3.24% by wei ght N trogen 1500 ppm by wei ght
Vanadi um 55 ppm by wei ght Ni ckel 18 ppm by wei ght
Kerosene fraction (> 157[err]C, [err] 239[err] QO 9. 8% by wei ght
Gas oil fraction (> 239[err]C, [err] 370[err]C 25. 8% by wei ght

Resi due (> 37Q].e ) % ' .- Then the
cat al yst conp%g)i é%%sﬁ, ggrc]lsilzl%% Irﬁautl)Fsﬁﬁ%%ﬂ/e %‘I‘] l?r% i %éégggg%?# %LALléﬁg 80%
by vol ufe of c y eh a r i QT
packed in t hatéé%rt dgrreilllgné‘%gghmg 1 % lr‘:ngﬁaif}:?t%é %%V‘y)é nt SBU arf?%%cét,\%?lfi
Subsequently tye feed oil was subject to hydrotreatnment by passing itself -
t hrough the reactor under the reaction conditions including a hydrogen
partial pressure of 1d3@alkgbenkeen] frémhyabaeW0idnd 23 enak BHErANBLLL, a
reaction tenperature of 380[err]C and an LHSV of 0.4 hr[err]. The
hydrotreat ed paftadhedkéitvientand gad o¥lSifpicveddatsmbiepoimaphtetanact i on
(C5 to [err] 157[err]C boiling range), kerosene fraction (> 157[err]Cto
[err] 239[err lifidex,| regpeatiesly gaincel tie datemmeffiate |fr2d3iens] Cich inerr |
370[err]C boiling range) and residue (> 370[err]C boiling range). As a
result, the yipdm$fin eempeients are fommelddyoskabyfiracrackingef radiduadcti on
and residue frqa?ion were 1.2% 12.5% 28.9% and 55. 2% each by

oil.

Example 29
There was used, as the féed oil, an Arabian light crude
oil which had been desalted. The properties of the feed oil

are as follows.

Feed o0il B

Density (15°C) 0.8639 g/cm3

Sulfur 1.93% by weight

Nitrogen 850 ppm by weight

Vanadium 18 ppm by weight

Nickel 5 ppm by weight

Iron 7.0 ppm by weight

Asphalten 3.8% by weight

Naphtha fraction (C5 to 157°C) 14.7% by weight
Kerosene fraction (> 157°C, = 239°C) 14.2% by weight
Gas oil fraction (> 239°C, = 370°C) 25.6% by weight
Residue (> 370°C) 45.5% by weight

As illustrated in Fig. 8, the feed o0il and hydrogen were
fed in a 1000 mL hydrodesulfurizing reactor, where the feed

oil was subjected to hydrodesulfurization reaction in the
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wei ght, r-espectively. Subsequently, the kerosene fraction was subjected to
hydr ot r eat ment under the reaction conditions including a hydrogen parti al

pressure of 130 kg/cnierr], a hydrogen/oil ratio of 800 NnB/KL, a reaction
tenperature of 380[err]C and an LHSV of 2.5 hr-1, by pass itself through a
tubul ar reactor packed inside with the hydrogenation catalyst C as shown in
Tabl e 16. The properties of the hydrotreated kerosene fraction are given in

Table 17. It PARSBRCS &R thR-FatakySte Ca® oA &n Table 28r | JFle LRaghaPRt y,

mnimzed in the_contents o ul] fur ,and nitrogen and jpproyed i n snoke
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it rogen and PRarageh P g iR B 10U¢ r RyiEBePaEkeR Supte (R ER, EEE, g
distilled ker eggpeibhAGdud wds ¥udj66+681& H§lrb¥kading in the presefice B

- of the catalyst D as shown in Table 20. The combination of
the product oil from the hydrocracking reaction and the gas
separated from the separating vessel was subjected to
atmospheric distillation. /

The reaction conditions in each of the reactors are given
in Table 21. The catalyst C as given in Table 20 was prepared
by impregnating alumina carrier with the aqueous solution of
the components shown in Table 20. The catalyst D as given in
Table 20 was prepared by impregnating the mixture of iron-
containing type-Y zeolite and alumina as the carrier with the
agueous solution of the metallic salt.

In the same manner as in Example 28, the resultant
hydrotreated oil was fractionated into each of the fractions,
and evaluations were made of the properties of the fractions
thus obtained. In addition, storage stability tests were made
of kerosene and gas oil fractions. The results are given in
Tables 22 and 23, respectively. It can be seen from the tables
that the intérmediate fractions having favorable properties
comparable to those in Example 28 can be produced in increasgd
quantity even in the case of using desalted Arabian light crude

oil as the feed oil.
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Compositi-on [err] : 89.5 79.9 62.4 [err]

- - 7.7 [err] 4.5 Si2 coo N O

2.5 3.7 4.4 [err] [err] 8.0 11.9 - [err]

- - 25. 6 Physi cal Specific surface area (n2/g) 200 202.0 276.8
properties Pore volune (nL/g) 0.6 0.56 0.92 Average pore

di aneter (A 118 55.97 66.99 135 Tabl e 17 Snoke Ni t rogen

Sul fur « DeEZamD18 30 ¢ cont ent cont ent 15[ err] C (mm
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presence of the catalyst B as shown in Table 20. The reaction

products were fed in a high-pressure gas-liquid separating
vessel, while the temperature and pressure after the reaction
were preserved. The reaction liquid thus separated and
hydrogen were fed in a 1000 mL hydrocracking unit, where the
reaction liquid was subjected ‘ffo hydrocracking in the presence
of the catalyst D as shown in Table 20. On the other hand,
the gaseous components produced in the high-pressure gas-
liquid separating vessel were introducéd in a 100 mL
hydrorefining reactor to bring the gas into contact with
catalyst E. Thereafter the combination of the product oil from
the hydrocracking reaction and the gas from the hydrorefining
reactor was subjected to atmospheric distillation.

The reaction conditions in each of the reactors are given
in Table 21. The catalysts B & E as given in Table 20 were
prepared by impregnating alumina carrier with the aqueous
solution of the components shown in Table 20. The catalyst
D as given in Table 20 was prepared by impregnating the mixture
of iron-containing type-Y zeolite and alumina as the carrier
with the aqueous solution of the metallic salt.

In the same manner as in Example 28, the resultant
hydrotreated o0il was fractionated into each of the fractions,

and evaluations were made of the properties of the fractions

143



Sul fur - 3.24% by wei ght N trogen 1500 ppm by wei ght

Vanadi um 55 ppm by wei ght Ni ckel 18 ppm by wei ght
Kerosene fraction (> 157[err]C, [err] 239[err] Q) 9. 8% by wei ght Gas
oil fraction (> 239[err]C, [err] 370[err] Q) 25. 8% by wei ght

Resi due (> 370[err] C) 64. 4% by wei ght Then t he
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guent e

I n a high-pressure separ ating vesse gaseous conponents

Al were hydrg@ ﬁ@éﬁs& et%%%eaes tﬂ*dﬁ?ﬁéﬁﬂu it 1 abmidhtl.he

hydr ogenati o s shown in e 18 under” the reaction conditions
including a N,@i#‘[@‘%_g%ﬁlrtlaI pressure of 130 kg/cnierr], a hydrogen/oil
rati o of 800 err , a reaction tenperature of 380[err]C and an LHSV of
2.0 hr-1, to producas gade@tyatedpinerig. AD, fEhet feed ¢ilk A andi bydoegement s
Bl were hydrotreated in a tubular reactor packed inside with the

desul furi zat iwereated yist aC1890shbvwhydrodesiifurd zinge reassor, where the

feed oil was subjected to hydrodesulfurization reaction in the
presence of the catalyst B as §’llown in Table 20. The reaction
products were fed in a high-pressure gas-liquid separating
vessel 1, while the temperature and pressure after the reaction
were preserved. The liquid components 1 thus separated and
hydrogen were fed in a 1000 mL hydrocracking unit, where the
reaction liguid was subjected to hydrocracking in the presence
of the catalyst D as shown in Table 20. Furthef, the effluent
from the hydro’crack_ing reaction was separated in a high-
pressure gas-liquid separating vessel 2 into liquid components
2 and gaseous components 2, while the temperature and pressure
after the reaction were preserved. The gaseous components 1
and 2 obtained in the high-pressure gas-liquid separating
vessel 1 and 2, respectively were combined and fed in a 100
mL hydrorefining reactor to bring the gases into contact with
catalyst F.

In the same manner as in Example 28, the resultant liquid
components 2 and the gaseous components from the hydrorefining

were fractionated into each of the fractions, and evaluations
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reaction -conditions including a hydrogen partial pressure of 130 kg/cn2, a
hydrogen/oil ratio of 800 NnB/KL, a reaction tenperature of 380[err]C and
an LHSV of 0.5 hr[err], to produce liquid conmponents B2. Thereafter the
gaseous conponents A2 and the |iquid conponents B2 were m xed and the
resultant m xture was fractionated into naphtha fraction (C5 to [err]
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i quid conponentS thus separat ed. The procedure 1 n Exa

was repeat ed hﬁvﬁﬂ?rfa%faﬁw@rsﬂbﬂc%aﬁﬂfﬂﬁ a@&_??ﬁk éi‘ﬁha’ifﬂﬁgf%f&ﬂlé’vﬁﬁe
altered to a desalfed Arabi an heavy crude oil. The resul fant hydrotreated

oi | was fract iag@abbdali fe@bbpi futiivkeiyeEorerinial the IS dYaikd ogd.are
given in Table 19. It can be seen that the kerosene fraction excellent in
quality and i nproved in snoke point can be obtained by individually
hydrotreati ng the gaseous conponents anable (20 d

Catalyst (wt.%) A B c D E F
Compo- Al,0;3 7/ 173.0{75.4(80.8[29.2]|68.2 -
sition ByO3 : 8.0 | - - - 17.3} -
P,Og - 0.7 - - - -
5i0, -1 - | - |s0.9] - [s1.2
Co0 4.012.8 - 5.6 - 4.1
Nio - - 4.7 - 3.7 -
Fey03 - - - 2.6 - -
MoO3 15.0)11.6]14.5]11.7 - 114.7
VO3 = -} -1 - la23.8] -
Physical|specific surface area (m2/q)| 250 | 230 | 220 | 445 | 250 | 285
z’;:l:er' Pore volume (mL/g) 0.60}0.71}0.71]0.62}0.38]0.33
Average pore diameter (&) 100 | 100 {100 | 158{ 60 | 20
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Physi cal

200 276.8 202.0 properties Pore vol une

0.6 0.93 0.56 Average pore dianeter (A

118 66.99

-9
4 79.9 [err]
4.5 [err]
4.4 3.7 [err] [err]
25.6 -

89.5 62.
5

2.

[err]
[err]

CoO N O
11.9 [err]
Specific surface area (nferr]/g)

(m/g) .

7

7.

conponents thus separated. Table 18 Catal yst (w

C Conposition
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oil are as follows. Feed oil A Density (15[err]C 0.9319 g/cnferr]

Sul fur 3.24% by wei ght N trogen 1500 ppm by wei ght
Vanadi um 55 ppm by wei ght Ni ckel 18 ppm by wei ght
I ron 1.5 ppm by wei ght Asphalten 9. 9% by wei ght
Kerosene fraction (> 157[err]C, [err] 239[err]C 9.8% by wei ght Gas
oil fraction (> 239ferr}-G; by wei ght
Resi due (> 370[err]f) =2 . 4% by wei ght As
illustrdted in Fig.|8,4t9e feed of | and hydrogen re fed ifn a 1000 niL
hydrodesul furizing {gagtygr, wher®| the feed oil was| subjectgd to
hydrodesulfurization"rg tion intfheipresgncer of t+he catafyst A as shown in
Tabl e 20. The react {#n3139 pradduct s wetfe fed imf a hi ghjressure
gas-liquid separati hg ¥disel, whije the t¢nperaturf and pressure after the
reaction were prese efl.3{The reacFion liqyid thus peparatedq and hydrogen
were fed in a 1000 g& ?@nrjf;cqfack% g—h-t—Pwhere—thp—reaet+qn | i quid was
subj ected to hydrocyacking in thel presencg of the gatal yst {D as shown in
Tabl e 20. The conbi N§tE@ of , t he?produgt Qi frprft he hydi¥gcr acki ng
reaction and the ga ﬁs‘é%’rat ed fTbmthe $¢parating| vessel Yas subjected to
atnospheric distill &fi§
o o
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The reaction conditions in each of the reactors are given in Table 21. The
catalyst A as given in Table 20 was prepared by inpregnating al um na
carrier with the aqueous solution of the conponents shown in Table 20. The
catalyst D as given in Table 20 was prepared by inpregnating the m xture of
iron- containing type-Y zeolite and alumna as the carrier with the aqueous

solution of the netallic salt.
t hus obtai ned was fractionated by nean

Subsequ

Hhid pd

distill&tion tower into naphtha (C5 to [err] 157[err]C boiling range),
boiLi ;

he hydrotreated petrol eum
tillation in an atnospheric

ker osene fractdon+{(=-157[ oi |
fraction ([err]] 239[err]iC_t o Hegpegne3¥fdadyiph C boi e (>
370[err] C boi lfi ng range)aued {Saydbat &8idANS shiske ( of
the fractions {t hus obt ai ZAQTTTON, Storade STa » made
of the keroserne fracti of racti | in
which 400 mL df—sanaple r 5000 _gllsfo ,
whi ch was st origghnipie 82814 A4 arr]C 60r 1400.5 30 days, |and
the results bgrore -ang 2 P StapiTJ[ty_test| were eyaluated. The
results are gi B} : 692 dand 23
that there ardpphidpabnagd opé.s miroyegd in smake [poispt and
cet ane i ndex, S iV Te dirqre Tfacgli rifch cbn
paraffin corrp(ﬁ% IER Nreh 56%?136" .ﬂ%“{a. cglrrlzual 62

Example 32 /

There was used, as the feed oil, an Arabian heavy crude
0il which had been desalted and from which naphtha fraction
(C5 to-157°C) had been removed. The properties of the feed
oil are as follows.

Density (15°C) 0.9319 g/cm3

Sulfur 3.24% by weight
Nitrogen 1500 ppm by weight
Vanadium 55 ppm by weight
Nickel 18 ppm by weight

Kerosene fraction (> 157°C, <= 239°C) 9.8% by weight

Gas oil fraction (> 239°C, = 370°C) 25.8% by weight
Residue (> 370°C) 64.4% by weight

Then the catalyst composition consisting of 20% by volume
of the catalyst A (demetallization catalyst) and 80% by volume
of the catalyst B which catalysts are shown in Table 24 was
packed in that order in a 1000 milliliter (mL) tubular reactor.

Subsequently, the feed 0oil was subject to hydrotreatment by
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oil. Exanple 29 There was used, as the feed oil, an Arabian |ight crude oil
whi ch had been desalted. The properties of the feed oil are as foll ows.

Feed oil B Density (15[ err]C 0.8639 g/cnferr] Sul fur 1.93%
by wei ght N trogen 850 ppm by wei ght vanadi um 18 ppm by
wei ght Ni ckel 5 ppm by weight Iron 7.0 ppm by

wei ght Asphal ten 3. 8% by wei ght Naphtha fraction (C5 to 157[err] O

14. 7% by: wei ghpas@ing ckkselfadhrongh>thg7reaetor prdey tigp[reactdpn

14. 2% by' wei ght Gas oil fraction (> 239[err]C [err] 370[errg C%

25. 6% by wei gh€oR@LEipnRs incinding @ hydrogen partial pressure of 130 kgécméy, py
weight As illustrated in Fi,g. 8, the feed oil and hydrogen were fed in_a
1000 ni hydr od@stHdna9en/ad1r sattg ot @H@r@“&@*# 8et® ‘FP‘%&&%’@&F@H‘@@ b

Shoun i n Tabl 396 TS b dh 9 d34cPEher e Tod i a highepressure
P U R LR R R
were fed in a E'gggt{gm hlyiql{eo G lﬂrggtﬁghgte&hfﬁ@otrrfphtha fraction (C5 to
= 157°C boiling range) ,. kerosene fraction (> 157°Cto = 239°C
boiling range), gas oil fraction (= 239°C to = 370°C boiling
range) and residue (> 370°C boiling range), and evaluations
were made of the properties ,Jf the gas oil fractions thus
obtained. The results are given in Table 25.

It can be seen that colorless gas oil excellent in hue
is obtained from desalted naphtha-fraction-free Arabian heavy
crude oil by virtue of using the alumina/boria based catalyst.

| The properties of the catalysts A ahd B are given in Table
24,
Example 33

The procediu:e in Example 32 was repeated to carry out
hydrotreatment except that desalted Arabian light crude oil
was used as the feed oil and that hydrogen partial pressure
and LHSV were altered to 120 kg/cm? and 0.35 hr-1, respectively.

The properties of the feed oil are as follows.

Density (15°C) 0.8639 g/cm3
Sulfur 1.93% by weight
Nitrogen 850 ppm by weight
Vanadium - 18 ppm by weight
Nickel 5 ppm by weight

149



reaction tiquid was subjected to hydrocracking in the presence of the
catalyst D as shown in Table 20. The conbi nati on of the product oil from

t he hydrocracki ng reaction and the gas separated fromthe separating vessel
was subjected to atnospheric distillation. The reaction conditions in each
of the reactors are given in Table 21. The catalyst C as given in Table 20
was prepared 5¥ inpre%ﬁgtlng alumna carrier wiwth the aqueous sol ution of
the conmponent ifrarkare 16> Tﬁelééf%)yst D as gi vd#-i7% Papweightuas

repared by inpre natln the mxture of iron: ontalnln pe-Y zegljite and
gluﬁina asythgP : QFﬁlpﬁe(ﬁqGEBUQ'sﬁ% 39? ) of theqﬁeﬁélpycwgégpt I'n
t he sanme manne J anl e re hydrotr
fracti onated i ﬁ§§Ftﬁﬁé %?a@%pgﬂs é%ﬁh%gbéluationggwgg %Naﬁslghtthe

properties of rac hus obtalned I n addition, rage sta lity
tests were ma e%ﬁ ol sgﬁé éﬁd gas oil fractions. The 4§§§%t ﬁ#en I n
Tabl es 22 and 23, e%_l \(ﬁ,loy ougs %?e SrS€§ frq@t&es&%gn%s that the

intermediate fracti I ons hnavl ng avora roper I ts conmpar a o those in

Exanpl e 28 Calrlgﬁfﬁ%x%%'t%ﬂd iR | gr Ei‘éﬁ 1?:':‘@8&6%?&1 Béffé‘ et Hf’an?x%%eggf {HS1 ng

desalted Arab crude 0| as t ed oi Exanpl e

i Ilustrated i ngkingp1ed32t hgnd @9&1@5&&;@%:&%&&8%& YRopekeses b th8Qhdl

hydr odesul furi zi ng reactor, where the
oil fraction. The results are given in Table 25.

It cah be seen that colorless gas o0il excellent in hue
is obtained from desalted Ar;bian light crude oil by virtue
of using the alumina/boria based catalyst.

Example 34

The procedure in Example 32 was repeated to carry out
the hydrotreatment of the feéd oil except that the catalyst
C as shown in Table 24 was employed in place of the catalyst
B. The results are given in Table 25.

It can be seen that colorless gas oil excellent in hue
is obtained from desalted naphtha-fraction-free Arabian heavy
crude oil by virtue of using the alumina/boria based catalyst.
Example 35

The procedure in Example 32 was repeated to carry out
the hydrotreatment of the feed oil except that the catalyst
D as shown in Table 24 was employed in place of the catalyst
B. The results are given in Table 25.

Comparative Example 8§
Hydrodesulfurization was applied to a straight run gas

oil obtained by distilling Arabian heavy crude oil with the
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feed oil was subjected to hydrodesul furization reaction in the presence of
the catal yst B as shown in Table 20. The reaction products were fed in a
hi gh- pressure gas-1liquid separating vessel, while the tenperature and
pressure after the reaction were preserved. The reaction liquid thus
separated and hydrogen were fed in a 1000 nL hydrocracking unit, where the
reaction |iquid was subjected to hydrocracking in the presence of the
cat al yst D as cstt@MysitnB Tsside in(Examplend2 ot [Ehe paoperties f sbesfeedddent s
produced in the high-pressure gas- liquid separating vessel were introduced
in a 100 nL hy&eoRsf fAiLAgWEeactor to bring the gas into contact with
catalyst E. Thereafter the conbinationE?f ghe product oil fromthe
hydr ocr acki ng De@gdt¥olkland}t he Ja8>B7of/€M2 hydrorefining reactor was
subj ected to gﬁgps heric distillati%n The,reaction conditions in each of
the reactors I¥ven in Tabl e 12B3%TRE ¥eidMysts B & E as given in Table
20 were prepar by inpregnatin lum ng carrier with the aqueous sol ution
of the conpongﬁg§°éﬁ8wn in Tabl Ogopp$hﬁycg?§g§gt D as given in Table 20
was prepared by inpr ' ' 1 f ol - t gl ni Ve s 2ealite
ﬁ%@é&é&ﬁﬁﬁ‘cﬁ&!ﬁd%ﬁ {:fathfigi} gagagggr%eﬁgﬁﬁ $28

and alum na as the carrirer w € aqueous solu IC salt.

In the sane %ﬁa%sﬁé%‘?gﬁ@i' 169 Xﬁs?@mﬁ%&%&&?hsﬁ]&@ﬁﬁlﬁ%hé%éf&l S

fractionated into eac ( e fracti ~evaluations were nade t he
properties of ghg { ?ré%iél@'?ﬁ’ 166 m1 uhhds 1M pbaeLion '&oﬁﬁét‘ibﬁ&ixﬁﬂ%ﬁ%

stability tests were made
a hydrogen partial pressure of 30 kg/ em?, a hydrogen/oil ratio
of 200 Nm3/KL, a reaction temperature of 395°C and an LHSV of
4 hr-i,
After 4000 hours of operation, evaluations were made of
the properties of the hydrotreated oil. The results are given
in Table 25.
It can be seen therefrom that colorless gas oil with
favorable hue can not be produced by hydrotreating straight-run

gas oil with an alumina/boria based catalyst alomne.

Comparative Example 9

The procedure in Example 32 was repeated to carry out
the hydrotreatment of the feed oil except that the catalyst
E as shown in Table 24 was employed in place of the catalyst
B. The results are given in Table 25.

It can be seen therefrom that colorless gas oil with
favorable hue and a sulfur content of about 0.05% by weight
or less can not be produced with an alumina carrier alone, and

that the hue worsens with a decrease in sulfur content.
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of kerosene and gas oil fractions. The results are given in Tables 22 and
23, respectively. It can be seen fromthe tables that kerosene and gas oi
each having nore preferable properties are obtained by hydrorefining
treatnent. Exanple 31 As illustrated in Fig. 10, the feed oil A and
hydrogen were fed in a 1000 nL hydrodesul furizing reactor, where the feed
oil was subjected to hydrodesul furization reaction in the presence of the
catal yst, B as shown in Table 20. The r®ableo24 products were fed in a

hi gh- pressure gas-1liquid separating vessel 1, while the tenperature and

pressure after[the react¢&gl¥\&re preser Jeghtalfacdtbq{icdtaofRra@een] sadal hus
separated and hydrogen were Ted in a 10QQyst A|Yg&0@] agkd RY14ed bliyderp the
reaction |iqui ¢ was thgctgg t o pydrocriacking in the pregence ¢f the
catal yst D as $hown il Table 20. _ﬁ%rther, the effl dgent fromth

hydr ocracki ng feacti gn R84 s¥H&RERI€H in|a higl- pregsure gas-liquid
separating vesgel 2 intoalirduad conponert sio®2 gndogagedus ¢orgsongntieo 2
whil e the tenpgraturg angof.essure afterf the reaggiqn wer ¢ presérved. { The
gaseous conpontptg.& and g ogtained in tlhe hidh-pregsyr as-|iquid
separating ves$er-1%and BIOFPE&PECti vel y {were donbi ned ddd{fed ih a~ 100 niL
hydrorefining feactor{_tosbHicag the gased intolconta¢t wi cltallyst F} In
the same mannef as i NpEXaPhSspidrud he rgsultart |iqdid copponenys 2 apd the
gaseous conpongnts frorgitepgrgﬂ, %%yefi ni ng V\_/eré Eraryi gpaf ¢dyj Rt ¢ eachl of

the fractions, {and evjal uations
found/theoretical (%)

Active Composition, wt.%

;ZZ;E- based on catalyst ,/
cobalt oxide 2.5 3.7 - - -
nickel oxide - - 3.7 3.7 3.7
molybdenum oxide 8.0 14.0 12.0 12.1 12.1
Specific surface area'(mzlg) 200 228 222 250 220
Pore volume (mL/g) 0.60 | 0.71 | 0.64 [ 0.60 | 0.60
Average pore diameter (&) 118 124 | 104 102 110
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were made of the properties of the fractions thus obtained. In addition,
storage stability tests were nade of kerosene and gas oil fractions. The
results are given in Tables 22 and 23, respectively. It can be seen from
the tables that both kerosene having favorabl e snoke point and gas oi
havi ng favorabl e hue are obtained by further hydrorefining the hydrocracked

oil. Table 20 Catal yst (Wm.% A B C D E F
Conpo- . [err] 73Tab¥s . 2580.8 29.2 68.2 - sition
[err] 8.0 - - - 7.3 - f[err]
- 0.7 - . - sulfw@l INitrogen] Hue | Aromatic content |fransmisd£iG@n -
81.2 CoO _ content | cohtentpP. 8 - 5. vols) 4. 1£dditGr at 440
- - 4.7 |- 3. 7| (wrs) e (%ek-ppm)| (RS [picyclic |tri/poly-|nm of extracR®l 6 -
- [err] 5.0p1{ €lo4)p 11. 7 foyclic 7 [ bwtol DMF (%)
- - - 2B .8 .- Physicall spegif]c,surfac refp ( rr}/ Q) 0 280
220 445 250 i’fﬁ%"lﬁr:’g)eﬁlﬁpore g%l urreo(‘irer 9)9_43\ HLS_ 60 0.7 éo. 71} 0. 62
0.38 0.33 Averhge PQH dpagetpr §48 oP0] 109G, 1p0 ,158 (60 3P 145
[err] ’

Example 34| 0.01 50 0.4 2.7 0.2 88

Example 35 0.01 48 | 0.4 | 2.9 0.2 87

Compara- | 0.02 22 1.2 7.1 0.6 20

tive

Example 8

f

Compara- | 0.05 130 1.0 6.7 0. 5 28

tive

Example 9

The methods for extraction into DMF (dimethylformamide)
and determination are as follows.

(1) To 100 mL of fuel oil composition sample (abbreviated
to “sample”) is added 100 mL of DMF with shaking for 3
minutes in a separatory funnel, |

(2) After the complete separation between the sample and DMF,
DMF as the lower layer is taken out.

(3) The procedures in steps (1) and (2) are repeated 5 times,

(4) 200 mL of cold water is gently placed in 500 mL of extract
in DMF and the mixture is allowed to stand.

(5) Colored substances floating on the surface of the liquid
is separated awéy.

The determination of the colored substances can be made

using transmission factor at 440 nm of the visible spectrum
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[e [err] © Table 23 Kerosene fraction Gas oil fraction Hue

(Saybolt color) Snoke Hue (ASTM color) Cetane Before Af ter poi nt

Before After | ndex storage storage (mm) storage storage Exanple
28 +30 +28 24.0 0.4 0.5 60 Exanple 29 +30

+29 25.0 0.4 - 0.5 60 Exanple 30 +30 +29 26.5

0.4 0.4 62 Exanple 3 +%9 +29 25.5 0.4 0.4

62 Exanpl e 32 PFhé& SoRyentdgnalmethedseed oil, an Arabi an heavy crude oi

Yy

whi ch had b | ted d f whi ch ht ha f ti C5 to 157 C
ha:ijeen rerergMn 5 ﬁ%@f&? Rg]gl‘} 'gt hgaPeedaoi lragr :aogs(fol I gws_. [Dg:lg ti/
Ncrogen ) o ESHIRN Y SBRRFOTARE Y, the hyarottedtndBkOHs g g,
Ni ckel \ej j

230 err)q  PyarocaybellRLRy LG HadRaRENnC kBT AlAdnony Rl Sant

370 C %%Eﬁ j j

64. Bfoe/g [)]y \)/vei gfﬁrqﬁ%} r? %ﬁ%ﬁz ta %/5{ Qg%ﬁpg%é? ﬁh(? néi%%é‘ fi[s‘tﬁl:%% ng 058&)1gycov1(§)|rune

of the catal yslord (18RI abbhéRiboMF ARl afldgcis RAKNBY ¥P! cdBLlectively

hydrotreating crude oil or crude oil from which naphtha

fraction is removed, and besides to prolong the service life
of the catalyst, extend the continuous operation period of the
process equipment and simplify/ a petroleum refinery equipment

through the use of a specific production process.
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of the catalyst B which catal ysts are shown in Table 24 was packed in that
order in a 1000 mlliliter (mL) tubul ar reactor. Subsequently, the feed oil

was subject to hydrotreatnment ' itself through the reactor
under the reaction conditions ﬂmmmﬂwlmhwgen partial pressure of 130
kg/cmerr], a hydrogen/oil rati e M /KL, a reaction tenperature
of 395[err]C and an LHSV of 0.4 hr[err]. The hydrotreated petrol eum

obt ai ned af t eELABME hours react ion time was fractionated into naphtha
(S157[err]C to [orr 11230k SEPPESBAIGT HEGFAREEILLngs BIUrTaRERnLE PBAFD

boi 1 ng. r ange OMBRASERCPYB LR VARHE SHAHE GHL R BRBPE: Of Lot b (HThs of |
[ractions thugghtahnesactlicn EFUAEAALE du/eh prlaBhEcZSe Ll cha s scen
a1 G na bor |  BMRELSEaFL oL A pEE: Ui ReRa1 BEAKLEEHPbn SOl

given in Tabl eogdi sEXAGPLE thd m%aﬂéoéééﬂrﬁei&m%eﬁﬁghc}!@%ﬂeeg%g}xﬁgm;g

carry out hydrotreatnment except that desalted crud
used as the fegegdg oiglamdd ot PLhEVEEEIRI PPab1E] sAfiaSRe¥ L BEEng Haypereed

altered to 120 kg/cnferr] and 0.35 hr[err], respectively. Thé properties of
the feed oil @neadsld#¥d owe. carrier selected from the group consisting of
alumina/boria carrier, a éarrier containing metal-containing
aluminosilicate, alumina/phog"phorus carrier,
alumina/alkaline earth metal compound carrier,
alumina/titania carrier and alumina/zirconia carrie}:.

(2) A process for hydrotreating a hydrocarbon oil which
comprises hydrotreating crude oil or crude oil from which
naphtha fraction is removed,' in the presence of a catalyst
comprising (A) at least one metal selected from the group
consisting of the metals each belonging to any of the groups.
6, 8, 9 and 10 of the Periodic Table, said metal being supported
on at least cne carrier selected from the group consisting of
alumina/boria carrier, a carrier containing metal-containing
aluminosilicate, alumina/phosphorus carrier,
alumina/alkaline earth metal compound carrier,
alumina/titania carrier and alumina/zirconia carrier; and (B)
a demetallization catalyst in combination with (A).

(3) The process according to Claim 1 or 2‘ wherein the
metal belong to any of the groups 6, 8, 9 and 10 of the Periodic

Table is tungsten, molybdenum, nickel or cobalt.
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Density (A5[err]C)  0.8639 g/cnferr] Sulfur 1.93% by wei ght

Ni t rogen 850 ppm by wei ght 18 ppm by wei ght
Ni ckel 5 ppm by wei ght 1umwulgm!uct ion (C5 to

157[ err] Q) 14. 7% by wei ght© Ketosené fraction (> 157[err]C,
[err] 239[err]C 14. 2% by weight Gas oil fraction (> 239[err]C,
[err] 370[err] O 25. 6% t%rwei ght .Resi due (> 370Ler rvlC )

45.5% by wei ght Af t d#)4088e RRASESS agFRFILRgnto (Haim duPt atit “%Rﬁld’t tB&t ed
oil was'fractionated in %he sane rra%rwer %'—}éiﬁn Exaqpl e 32, .and eval uati ons
were made of SPSFAETi EONEAIRLRS FRtTContainIng aHfmipgsil{cate eliden in
Tabl e 25. It can be _seen, that colorless lgas .01 | excell em&.i n,hue is

obtai ned from 8§§&FFeS°RF%Péﬂ9|+5 ~& I3t @‘;WPPEEE o aany] ng the

| um na/ bori a based g3 I ' 3
Fepeated Lo carry odt N nERyRE G FEAATSRT SO0 R TREH & PR S e e
catalyst C as aiRaiinenod2bhCnéda}asonBndl/ 4% kiePhPaRiRA/ 1A LRI IS NS

The results are given in Table 25. | an be seen that co ess gas oil
excel lent in Ré@ails c@h?éhﬂedcifﬁi@ﬂeﬁ@hﬁéiﬁ@mht RAICHAGt benthéeBo¥K ab¢ an

heavy crude oil by virtue of using the alum na/boria based cat al yst.
Exanpl e 35 magnesia and calcia. |

(6) The process according to Claim 2 wherein the
demetallization catalyst comprises atrleast one metal selected
from the group consisting ofl/‘the metals belonging to any of
the groups é, 8, 9 and 10 of the Periodic Table, said metal
being supported on an inorganic oxide, an écidic carrier or
a natural mineral, said catalyst having an average pore
diameter of 100 A at the smallest.

{(7) The process according to Claim 2 wherein the content
of the demetallization catalyst is in the range of 10 to 80%
'by volume based on the total volume of the catalyst.

{8) A process for hydrotreating a hydrocarbon oil which
comprises hydrotreating a hydrocarbon oil containing at least
one from among asphalten, sulfur and a metal component in the
presence of a catalyst by reversing the flow direction of the
hydrocarbon oil against the catalyst according to the extent
of the deterioration of the catalyst performance after the
elapse of a prescribed treatment time.

(9) The process according to Claim 8 wherein the
catalyst is divided into an (a) catalytic component having a

specific surface area of 100 to 250 m2/ g, a specific pore volume
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The procedure in Exanple 32 was rep I t he hydrotreat ment of
the feed oil except that the catal yﬁmﬁﬂi}lﬂl tﬂil “mfrabl e 24 was enpl oyed
in place of the catal yst B. The resul c ia Tabl e 25. Conparative
Exanpl e 8 Hydrodesul furization was applied to a straight run gas oil
obtained by distilling Arabian heavy crude oil with the 150 catal yst B

used in Exanple 32. The properties of the feed oil, are as fol Sit
(15[err]C)  ©of. 5Bt kel &MY dgupf Bpre volume ratip @f /M%ﬁek‘@ﬁi“nﬁ% oge%

Eﬁlﬁuf’ﬁi“ féﬁ%ﬁ?&%ﬁéﬁ%&%&&%ﬁ?@ (0 45F paskriap Ene BRIE SREe HS gy >
vol une o |

pressure of 39 RRF WEL ée%éﬁ%éteh?ﬂqf°s?§%%f%r?§?d£oﬁo.‘$ﬂ@"§ i ptoBR g
enper at ure

ongat I on, Og g *%@Jﬁ? gge? ropei’ | efs‘tfg uﬁ%%ﬁ?#rga{%ﬁ oil.

The resul ts ape,Ohyeod iy 180116 R geaﬁae hepaegs 4has oj g0 Bdaal ofokge! ess

gas oil with e hue"can pro uce otreating

SCBL;I;?QE . \r/gn E)g(gﬁeohhgv‘#t b f"rbaﬁ:lali'?s[&a/czgﬁtbbﬁeﬁﬁsﬁéivﬁ?é &l Yepeddlfake surface
area of 150 to 300 m?/g, a specific pore volume of 0.3 to 1.2
cm3/g, a pore volume ratio of pores having 70 to 150 A diameter
being 80 to 95% based on the whole pore volume and a pore volume
ratio of pores having 150 & o:f larger diameter being 5 to 20%
based on the same, said catalytic -components being alternately
placed in the order of (a), (b) and (a) for the flow direction
of the hydrocarbon oil.

(10) A process for hydrotreating a hydrocarbon oil
which comprises hydrotreating crude oil or crude oil fromwhich
naphtha fraction is removed, said crude oil containing at most
135 ppm by weight of at least one metallic component selected
from the group consisting of vanadium, nickel and iron and at
most 12% by weight of asphalten through the consecutive steps
of @ bringing the hydrocarbon oil into contact with a catalyst
in a moving-bed type hydrorefining unit under a pressure of
21.8 to 200 kg/cm2, at a temperature of 315 to 450°C, at a liquid
hourly space velocity (LHSV) of 0.5 to 2.5 hr-1 at a hydrogen/oil
ratio of 50 to 500 Nm3/kiloliter (KL) to proceed with
hydrotreatment; thereafter ® carrying out hydrotreatment in
a fixed-bed type hydrotreating unit packed inside with a

hydrotreatmeni: catalyst under a pressure of 30 to 200 kg/cm?,



The procedure in Exanple 32 was re t the hydrotreatnent of
the feed oil except that the catal m],ﬁ "ﬂmm m Tabl e 24 vvas enpl oyed
in place of the catalyst B. The reswlts ace given+n Table It can be
seen therefromthat colorless gas oil with favorabl e hue and a sul fur

content of about 0.05% by weight or |ess can not be produced with an

al um na carri er al one, d t hat u sens Ww r l,f
content s 151 ?aB‘FW ‘t%ﬁ&ffyé&?t 15896, %t é&tfags"e%tﬁ ?%&?Pla% Sfuiat ;r
Cata- |yst Al tta Ey&ggﬁn/ofigoral%l%g% 50(901%2%05' 8‘“16‘#"0% t%g% tﬁer@“ er

al um na

;-) 5 19 carry |nlg out disti1152ibh %o pro@@@é BgﬁEBéarbon oil f%actlons

bor on/ phosphor 9 91.5 -
found/theoreti cal d?&Qb!cb@é b011%n% ra%e 0;1%:‘1%%3‘-011 Q%gsegd on cat al yst
dient cobalt oxide (1), The? 2P oces§ dccording to Claim 10 whePbffCtn&xide

- - 3.7
catalyst bed in the fixed-bed type hydrotreating unit is
divided into at least two stages each being packed with a
catalyst having a different average pore diameter from each
other.

(12) The process accorfi’ing to Claim 10 wherein the crude
oil or crude oil from which naphtha fraction is removed, is
fed in the moving-bed type hydrorefining unit in the flow
direction countercurrent to the catalyst.

- {13) The process according to Claim 10 wherein the
effluent from the moving-bed type hydrorefining unit is
incorporated further with hydrogen and subsequently is
hydrotreated in the fixed-bed type hydrotreating unit.

(14) A process for hydrotreating a hydrocarbon oil
which comprises the steps of hydrodesulfurizing crude oil or
crude oil from which naphtha fraction is removed as the feed
oil in the presence of hydrogen by bringing the feed oil into
contact with a catalyst; atmospherically distilling the
resulting hydrotreated oil to separate it into naphtha fraction,
kerosene fraction, gas oil fraction and heavy oil fraction;
and hydrotreating at least one fraction from the kerosene
fraction and the gas oil fraction thus separated by bringing

the at least one fraction into contact with a hydrogenation
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LT e 5 I i 7

0. 60 0.71 0. 64 : 0. 60 Avéradge pore di aneter

124 104 102 110 152 Tabl e 25 Sul fur Nitrogen Hue Aromati c
content Transm ssion content content (vol % factor at
440 (W9 (wt - ﬁET@ (tASTM bicycli tri/poly- nmof extract color)

cyclic + into *Exanpl e32 0.01 43 0.4 3.4 . 0.4

gg Exa(r)r?l4e33 20701 (15355 'I.‘Beopgoces%égcg(oar[%n&% 2618}1“ 149§heE%( I€€>4 0. 01
0.2

Exanpl e 8 Conpgf?@?ﬁrﬁ&lgggl%iéﬁn o the %eta o1t /34 caryied &by b%g[]_%% t | ve

Exanpl e 9 The (iRl hada 691 fadd %Q:tnLt%t' #ien M ﬂi&éﬂ%‘é‘ hpagarm gﬂeﬁﬁe
determ nation are as follows. (1) To 100 nL of fu conposition

sanpl e (abbreymBeded Q00SRGPLMAZ Jat & ati2ebt oV 45{04@ athal inmg v or
mnutes in a separatory fuhnel. (2) fter the conplete separation betvveen

the sanpl e andbObFL to 3.0 hr-1 at a hydrogen/oil ratio of 300 to 2000 Nm3/KL.
(16) The process according to Claim 14 wherein the
hydrotreatment of the at least one fraction from the kerosene
fraction and gas oil fraction is carried out under a pressure
of 30 to 200 kg/cm? at a temperadture of 300 to 450°C at an LHSV
of 1.0t0 10.0 hr-1 at a hydrogen/oil ratio of 300 to 5000 Nm3/KL.
(17) A process for hydrotreating a hydrocarbon oil
which comprises the steps of demetallizing crude oil or crude
oil from which naphtha fraction is removed as the feed oil by
bringing the feed o0il into contact with a demetallization
catalyst; separating the effluent from the demetallizing step
in a high pressure gas-liquid separating vessel into gaseous
components and liquid hydrocarbon components; subsequently
hydrorefining the resultant gaseous components by bringing
them into contact with a hydrorefining catalyst;
hydrodesulfurizing the resultant liquid hydrocarbon
components by bringing them into contact with a
hydrodesulfurization catalyst; combining said hydrorefined
gaseous components and said hydrodesulfurized liquid
hydrocarbon components into a combination; and atmospherically
distilling the resulting combination to produce hydrocarbon

fractions different in a boiling range from each other.
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DMF as the | ower |ayer is taken ouE; (3) The procedures in steps (1) and

(2) are repeated 5 tinmes. (4) lﬂmummﬂl ter is gently placed in
500 nL of extract in DVF and thell "ﬂﬂ I d to stand. (5) Col ored
substances floating on the surface 6f the'lisqui*d i s separated away. The

determ nation of the col ored substances can be nade using transm ssion
factor at 440 nmof the visible spectrum 153 hy a conventional ngthod.

| NDUSTRK AL APPLI CABI{LBPY AcBERRRTR) FQF thdingtaeaddngop PRECRGRFRRR cdthrent of
R L

i t b Lect] hyd i j |
crude of | 17oRAFG A bR, dhpfithe FEpiFidn 2 a%hbTRa.4% g fBed,
t i i fs { | i iod of
(he proeese egityhitRE FPANLR os bR By BPLIOIY P26 B A0S, ©
the use of a %Q:‘?ﬁ:;? lthEEg%’%E!tﬁﬂxﬁf:g‘r}eéﬁaraﬁ‘hg théld¥ Madnt) thePLPF&RS A OF

hydrotreating a rocar bon oi
a high pressure gas-liquid separating vessel 1 into gaseous

components 1 and liquid hydrocarbon components 1;
hydrocracking the resultant liquid hydrocarbon components 1
in the presence of hydrogen by bringing them into contact with
a catalyst; subsequently compining said gaseous components 1
and the effluent from the hydrocracking step into a
combination; and atmospherically distilling the resultihg
combination to produce hydrocarbon fractions different in a
boiling range from each other.

(19) ihe process according to Claim 18 wherein the
gaseous components-l that are separated in the high pressure
gas-liquid separating vessel 1 are further hydrorefined by
being brought into contact with a hydrorefining catalyst; the
effluent from said hydrorefining step ié combined with the
effluent from said hydrocracking step; and the resultant
combination is subjected to atmospheric distillation.

(20) The process according to Claim 18 wherein the
effluent from said hydrocracking step is separated in a high
pressure gas-liquid separating vessel 2 into gaseous
components 2 and liQuid hydrocarbon components 2; the
combination of the gaseous components 2 and the gaseous

componexits 1 is subjedted to hydrorefining treatment by being
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conpri ses hydrotreating crﬁdeﬂbil-or crude oil from which naphtha fraction
is renoved, in the presence mu/m Hﬂ‘{pri sing (A) at |east one netal
sel ected fromthe group consﬂ“lmm“ I | Bt'al s each bel onging to any of .

S

the groups 6, 8, 9 and 10 of fhePeri ddi ¢ Table, said netal bei ng supported
on at |least one carrier selected fromthe group consisting of alum na/boria

S 5 oo RO LT PO LAt s o
alum nal {1 Nk eGRaeker eHie ot ELA AN Ry SRR A Al 4 B RERRSLY
crude oi | frog;ygl QQ‘BaE!ilgﬁ'fdfﬁ ocdkon Pdnt ”gt hEoE%Sé&&C%QEh@
catal yst conpri sing z'A) at' T east one netal sélecte fomthe gro

consi sting of a%sgﬁggié a3sbiPrAvising to any of the groups 6, 8, 9 and 10
of the Periodic Table, said netal being supported on at |east one carrier

sel ected fromthe greuy cANEuSL idHl PorposiitAdnbahlidhCabmpLisesd £arrier
cont ai ni ng netal -contai ning alum nosilicate, alum na/phosphorus carrier,

al um na/ al kal hydreearbonted il thephasch Gailiay, pelntrirangel &8 tmospherde and
alumnal/zirconia carrier; and (B) a denetallization catalyst in conbination
with (A). (3) pilessprecefs2hbcbo disfa,o aClsalfutr conenheofi at trimsstn®t.Q3%

bel ong to any of the groups 6, 8, 9 and 10 of the Periodic Table is
tungsten, nol Pydeedghtai 2kte @ccosiddng. te55STH of at most 0.8, a content.

of bicyclic aromatic compounds of at most 5% by volume and a
content of tricyclic aromatig’ compounds of at most 0.5% by
volume, and shows at least 30% in the transmission factor at
440 nm of the visible spectrum of the extract therefrom into

N,N-dimethylformamide.
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(4) The process according to Claim1l or 2 wherein the carrier containing
netal -containing alumnosilicate is a carrier containing iron-containing
alum nosilicate. (5) The process according to Claim1l or 2 wherein the

al kaline earth netal conpound in the alum na/al kaline earth nmetal conpound
carrier is magnesia, cal cia, or the both of magnesia and calcia. (6) The
process accordl the denetallization catal yst conprises
at | east one gr oup consisting of the netals

bel hg t f th Par.i 1. id
et SPgLe?ng"sﬁB{,o?t aas%%gz%&%%a?gam 3 et £or gt i %Qﬁﬁkéﬁnﬂﬁ?*ﬁb Hiural
' I d dj

?ngﬁlrgst S?I7) ‘?‘ﬁ%&%%%i l{@ﬂ—%lo g'tﬁvﬁ%f%al m?lg erellq{lf? e content o t he
demetal | 1 zal | 0§81 G] ¥ Frdu® whach"s BRoge %ackd oh01 80PEMRY AP PR GRS ERe ON
the total volunme of the cata yst ? process for hydrotreating a

hydrocarbon oplqpbt FbaGREmE '&@Stﬂw@r(ﬁhbeé&&ngyauéiﬂé Og P ©id cont ai ni ng
at | east one from anong asphalten, sulfur and a nmetal conponent in the

presence of angatretysitment @iadlyst;t hepfdapsglicapabilenodfprdionyiagoehs bon
oi | against the catal yst according to the extent of the deterioration of
the catal yst pertdeeullfe &f ¢het batglpgise abracpsescapalkle tofeakrending me.
(9) The process according to Claim8 wherein the catalyst is divided into
an (a) catal ythe conpimerds haperat imns periibidcof utheqerogessofequipment25a
nk2/ g, a specific pore volune 156

process simplifying a petroleum refinery equipment; and the

like. There are used, as hydfotreatment catalysts in the
hydrotreatment of a hydrocarbon oil, the metals each belonging
to any of the groups 6, 8, 9 and 10 of the Periodic Table which
metals are supported on a carrier composed of alumina/boria,
metal-containing aluminosilicate, alumina/an alkaline earth
metal compound, alumina/phosphorus, alumina/titania or

alumina/zirconia.



of 0.4 to 1.5 cnferr]/g, a pore volune ratio of pores having 80 to 200 A
di aneter being 60 to 95% basedon the whol e porevol une, a pore volune ratio
of pores having 200 to 800 [err] dianeter being 6 to 15% based on the sane,
and a pore volune ratio of pores having 800 [err] or |arger dianeter being
3 to 30% based on the sane and a (b) catal yst conponent having a specific
surface area of 150 to 300 nferr]/g, a specific pore volune of 0.3 to 1.2
cnferr]/g, a pore volune ratio of pores hagying 70 to 150 [err] dianeter
being 80 to 95% based on the whole pore vgune and a pore volune ratio of
pores having 150 [err] or/ | aeger dianmetermudbeing 5 to 20% based on the
same, said catalytic conponer®s bei g al t&natel y placed in the order f
(a), (b) and (a) for the rovEdl rec@ on_ofdt he hydrocarbon oil. (10) Aud
process for hydrotreating a drocal'('po % whi ch conprises hydregtreating
crude oil or crude oil fromwrich n raction is renovedZ s@d _cr@de
oil containing at nost 135 ppa by ng% of =t | east one neta@id=c nent
sel ected fromthe group consig&Eing @f i@m nickel and ir@ diFatEnost

12% by wei ght of asphal ten th:tough de '-boqgegutive steps of [&&r bl £0
the hydrocarbon oil into: cont a-l-lyst in a noving- @d y@ O-Q
hydrorefining unit under a przssure f o 200 kg/cnferr] catZz W =
atenperature of 315 to 450[er ]C a i@ hourly space veE)cﬂg,",'y:{
of 0.5 to 2.5 hr[err] at a /by rr\rmnlhél I<9rd¥-'|© of 50 to 500 T 9;
Nrferr]/kiloliter (KL) t® rg:ee w4 h ydlﬂ\otreatrrent therea&e [& ,‘]Bcg
carrying out hydrotreat idnt i xed- bed jtype hydrotreati ngz:nly.‘ ﬂacﬂrech
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157 at- a tenperature of 300 to 450[err]C, at an LHSV of 0.1 to 3.0
hr[err] at a hydrogen/oil ratio of 300 to 2000 Nnferr]/KL; and further

[err] carrying out distillation to produce hydrocarbon oil fractions having
a different boiling range fromeach other. (11) The process according to
Claim 10 wherein the catalyst bed in the fixed-bed type hydrotreating unit
is divided into at | east two stages each being packed with a catal yst
having a different average pore dianeter fromeach other. (12) The process
according to Caim10 wherein the crude oil or crude oil from which naphtha
fraction is renoved, is.fed in the anHEgBGEd ype hydrorefining unit in
the flow direction countercurrent to t alkyst. (13) The process
according to Claim10 wherein the effluent fromthe novi ng-bed type
hydrorefining unit is incorporated further with hydrogen and subsequently
.is hydrotreasafﬁgn the fi xe&d-bed type hydrotreat¥mg unit. (14) A process

“for hydrotre a hydro oil which conpr e steps of

hydr odesul fu ing crude oil g@r ude oil from whicl htha fraction is
removed as the feed oil in thg sence of drogen ringing the feed
oil into contact with a catal) at nospherically distilfling the resulting
hydrotreated oil to separate i to naphtha fracti —ker osene fraction,
gas oil fraction and heavy oil on—>and hydr ot r e&t+ t ¥east one
fraction fromthe kerosene

FIG.3
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fraction.and the gas oil fraction thus separated by bringing the at | east
one fraction into contact with a hydrogenation 158 catal yst. (15) The
process according to Caim 14 wherein the hydrodesul furization of the feed
oil is carried out by bringing the feed oil into contact with the catal yst
under a pressure of 30 to 200 kg/cnferr] at a tenperature of 300 to
450[err]C at an LHSV of 0.1 to 3.0 hr-1 at a hydrogen/oil ratio of 300 to
2000 Nnferr]/KL. (16) The process according to Caim 14 wherein the
hydrotreatment of the at |east one fraction fromthe kerosene fraction and
gas oil fraction is carried out under a pressure of 30 to 200 kg/cnR at a
tenperature of 300 to 450[err]C at an LHSV of 1.0 to 10.0hr[err] at
ahydrogen/oil ratio of SOQ:@Q 5000 NmB/ KL. (17) A process for hydrotreating
a hydrocarbon-oil which coimudi sex the steps of denmetallizing crude oil or
crude oil from which naphgpégfcn;}ion is renmoved as the feed oil by
bringing the feed oil int@ @ with a denetallizatiQn catalyst;
separating the effl uent fE@@ﬂt gdenetal | izing step in prdssure
gas-liquid separating vessel,intq gaseous conponents an ydr ocar bon
conponents; subsequently iydtode*ining the resultant ga onents by
bringing theminto contaj hydrorefining catalys

hydr odesul furizing the r *s&tﬁnt qui d hydrocarbon com

theminto contact with a|hyffr@desyf furization catal yst;
hydr or ef i ned
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gaseous conponents and said hydrodesul furized |iquid hydrocarbon conponents
into a conbination; and atnospherically distilling the resulting

conbi nati on to produce hydrocarbon fractions different in a boiling range
fromeach other. 159 (18) A process for hydrotreating a hydrocarbon oil
whi ch conprises the steps. of hydrodesul furizing crude oil or crude oil from
whi ch naphtha fraction is renoved as the feed oil in the presence of
hydrogen by bringing the feed oil into contact with a catal yst; separating
the efftuent therefromin a high pressure gas-liquid separating vessel 1

i nto gaseous conponents 1 and |iquid hydrocarbon conponents 1;
hydrocracking the resultang, |iquid hydrocarbon conponents 1 ip,the presence
of hydrogen by bringi nggth2Zm into, contact with a catal yst;gsul@®equently
conbi ni ng sai d gaseous fonggpnehtF 1 and the effluent fromiEheihyadod acking
step into a conbi nati orr agd anspher'i cally distilling thE r SulQi

conbi nation to produce %ydﬁ)c& b% fractions different in bak | i%g ange
fromeach other. (19) T™e § ocksB according to Caim 18 w2Zren tHeugaseous

components 1 that are sepanatqd ijn the hi gh pressure gas-| ihqui pakati ng
vessel 1 are further hyg@irofefilned by bei ng brought into contadt thi a
hydr or ef i ni ng cat al ystg fromsaid hydrorefi }

conbi ned with the effliuent = &om sai §i hydrocracking step; |and 912 resul f ant
conbi nation is subjectjed tgg & nosphgric distillation. Eg
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(20) The .process according to Caim18 wherein the effluent fromsaid

hydr ocracking step is separated in a high pressure gas-liquid separating
vessel 2 into gaseous conponents 2 and |iquid hydrocarbon conponents 2; the
conbi nati on of the gaseous conponents 2 and the gaseous conponents 1 is
subj ected to hydrorefining treatnent by being 160 brought into contact
with a hydrorefining catalyst; and thereafter the effluent fromthe
hydrorefining step is conbined with said |iquid hydrocarbon conponents 2,
foll owed by the atnospheric distillation. (21) A fuel oil conposition which
conprises a hydrocarbon oil that has a boiling point range at atnospheric
pressure of 215 to 380[err]C, a sulfur nt,_of at nost 0.03% by wei ght,
a hue according to ASTM of ‘at nobst 0. 8, ngynt of bicyclic aromatic
conpounds of at nobst 5% by volume and a content of tricyclic aromatic
conpounds of at nost 0.5% by volunme, and shows at |east 30%in the

transm ssion factor at 440 nm of the visible spectrumof the extract
therefrominto N, Ndi net hyl formanm de. 161
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