PROCESS OF HYDROTREATI NG HEAVY HYDROCARBON O L [Field of the Invention] The
present invention relates to processes of hydrotreating heavy hydrocarbon
oil. More specifically, the present invention relates to a process of
hydrotreati ng capable of producing a low sulfur heavy fuel oil with a

sul fur content of 1 percent by nass or less at a |lower cost, froma
feedstock consisting of a heavy hydrocarbon oil derived froma heavy crude
oil with an APl degree of 30 or below, wthout |owering the degree of

denetal |'i zati qn. ckar I els) ducing a | ow
sul fur heavy ?E@ICEE)%B%EI 5?5%%52?Rﬁg%mgﬁ%%egaé'@D%?égg‘gtog\{:k&%gnsi sting of
a heavy hydrocarbon oil containing nore sulfur and netal conponents,
through a fixed bed reactor filled with two types of catalysts, i.e., a
denetal |i zation catal yst and a desul furization catalyst so as to reduce

the sul fur &ttt 06f titfe ¥REBEEEAR] When a heavy hydrocarbon o

(feedstock) is Dbrought into contact with a hydrotreating catalyst, a :
desul furi zati on FRECPIIGT PREULS VY DY FeARLNY TSUPHACLBAPENST s in the

feedstock, i.e., renoving -1
hydrotreating heavy hydrocarbon oil. More

spécifically,'the present invention relates to a
process of hydrotreating capable of producing a low
sulfur heavy fuel oil with a sulfur content of 1 percent
by mass or less at a lower cost, from a feedstock
consisting of a heavy hydrocarbon o0il derived from a
heavy crude oil with an API degree of 30 or below,

without lowering the degree of demetallization.

[Background of the Invention]

A process of producing a low sulfur heavy fuel oil
is known, in which to pass a feedstock consisting of
a heavy hydrocarbon oil containing more sulfur and
metal components, through a fixed bed reactor filled
with two types of catalysts, i.e., é demetallization
catalyst and a desulfurization catalyst so as to reduce
the sulfur content of the feedstock.

When a heavy hydrocarbon o0il (feedstock) 1is
brought into contact with a hydrotreating catalyst, a
desulfurization reaction occurs thereby removing

sulfur components in the feedstock, i.e., removing
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sul fur components from organi c sul fur conpounds such as benzot hi ophenes,

di benzot hi ophenes, nercaptans, thioethers, and dithioethers. In addition to
the desulfurization reaction, there occur a denetallization reaction
removi ng netal conponents such as nickel, vanadium iron, and sodium a
cracking reaction, a denitrification reaction at the sane tine. However,
as these reactions proceed, they involve the secondary formations of cokes
and netal s which deposit in the pores or on the surface, of the
hydrotreatin catal yst. These_deposits poi son the active sites on the

hydr ot r eat SHg Tk of YEPORAD ChUSECR PEAFT OnS FhT{fe CARMAPPSE &UG Vi ti es
such as desulfurization activity. Furthernore, the deposits are built up in
and plug tRé §ﬁﬂ%%tbﬂQHﬁ9%%Fal9§@QﬂﬁPE§&§@Wf%%@ucF@6ﬁ49ﬁ@ﬁé' catal ytic
activities. In general, the lower the APl degree of a feedstock, the
great er théhemqﬁheéémp@UﬁﬁsdléhéQﬂﬂhﬁr§uch185wﬁ%k@ioanﬁcvéﬂaalum
contained in the heavy hydrocarbon oil derived fromthe feedstock,
resul ti ng desan Bwhanedd cdearepeaticon raheref adwurcat al yst. Therefore, when
a heavy hydrocarbon derived froma feedstock with a | ow APl degree is
treated, itemetaktégsaror oredrastiicral tympeduce naealhrorghpuentthe
nol ecul es containing netals in the heavy hydrocarbon

such as nickel, vanadium, iron, and sodium, a cracking

reaction, a denitrification reaction at the same time.

However, as these reactions proceed, they involve the

secondary formations of cokes and metals which deposit

in the pores or on the surface, of the hydrotreating

catalyst. These deposits poison the active sites on

the hydrotreating catalyst and cause a reduction in the

catalyst activities such as desulfurization activity.

Furthermore, the deposits are built up in and plug the

pores of the catalyst and cause a reduction in the

catalytic activities. 1In general, the lower the API

degree of a feedstock, the greater the sulfur compounds

and metal such as nickel and vanadium contained in the

heavy hydrocarbon oil derived from the feedstock,

resulting in an enhanced deactivation rate of the

catalyst. Therefore, when a heavy hydrocarbon derived

from a feedstock with a low API degree is treated, it

is necessary todrastically reduce the throughput., The

molecules containing metals in the heavy hydrocarbon

0il are large in size and poor in reactivity and thus
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oil are large in size and poor in reactivity and thus -2 | ower the degree of
denetal li zati on and adversely affect the subsequent devices. Low sul fur
heavy fuel oils are used for electric power, boilers, ships, and industri al
furnaces. Wien an attenpt is made to collect a | ow sul fur heavy fuel oi
froma feedstock consisting of a heavy hydrocarbon oil derived froma heavy
crude oil containing sulfur and netal conponents in anmounts |arger than
those of ordinary crude oil and having an APl degree of 30 or below by the

conventi onal_ processes, it requirg i . __reaction_ tenperature and is
acconpani ego“petrn %ﬁraerraer%%?yggnﬁaeﬁncegjgggéczﬁt\fa??oﬁnpatae Vo?rf'ﬁ%ycat al yst,

resul ting i%é? rengﬁkabl short ened Iéfe time thereof. Therefore, it was
regarded s@5&tnti alfy SHBSIPERE (A VhrEduce a | ow sul fur heavy fuel with a

sul fur content of 1 rcent by mass qQr l.ess, by the cgnventional

processes. As tH%OVe§§ﬁFP§rﬂﬁ V&rg§88a06ﬁ6bﬁﬁggqﬁﬁd ﬁ@&v?aé%ﬂﬁ%16ils with
a | ow APl degree can not be _utilized effectivejy.détisclosure of the

| nvent i on] PAY e PRSUPES ofs Bb@ Bnst Ve #BYESCH &hdt 3FB@FSS ¢ hé'peRsent

i nvention was acconplished on the basis of
an attempt is made to collect a low sulfur heavy fuel

01l from a feedstock consisting of a heavy hydrocarbon
cil derived from a heavy crude oil containing sulfur
and metal components in amounts larger than those of
ordinary crude oil and having an API degree of 30 or
below by the conventional processes, it requires higher
reaction temperature and i1s accompanied with a
remarkably enhanced deactivation rate of the catalyst,
resulting in a remarkably shortened life time therxeof.
Therefore, it was regarded substantially impossible to
produce a low sulfur heavy fuel.with a sulfur content
of 1 percent by mass or less, by the conventional
processes. As the result, there arose a problem that
heavy crude o0ils with a low API degxee can not be

utilized effectively.

[Disclosure of the Invention)

As the results of extensive research and study,
the present invention was accomplished on the basis of
the finding a process of producing a low sulfur heavy

fuel o0il with a sulfur content of 1 percent by mass or



the finding a process of producing a |ow sul fur heavy fuel oil with a

sul fur content of 1 percent by nmass or -3 less efficiently, which process
makes it possible to treat a heavy hydrocarbon oil derived froma heavy
crude oil wth an APl degree of 30 or |ower, which has been regarded as

i npossible to be treaded, by hydrotreating a mx oil, of a heavy

hydr ocarbon oil derived froma heavy crude oil with an APl degree of 30 or
| ower and a heavy hydrocarbon oil derived froma light crude oil with an

APl degree,of 35 . gr.eat ci fic_anmount mathout t he
degree of d&met a??%igllle t%v%ll'ﬁhig' &rft g ehladeH t’r‘fla‘(D I%V\f gg t he
catalyst. That is,. the esent ventlo elates rocess of

hydr ot r eat irfg & KeBG¢ Y HPEVgé'e?rctﬁ)ﬁ 8f’|?l ‘?Tf)iw?l nt) TRPA? SYF %Y i Hgi @i x oi |

of 100 parts by , volune_qf a heavy hydrqcarbqn oil derlved froma heavy
crude 0|I\ﬁ%#\%htﬁP?ndéﬁﬁeg%ﬁr%% 6¥ P8s8 Tand®"RF t 0¥ P#660 P tRe Y vol une
of a heavy hydrocarbon oil derived froma light crude oil with an API
degree of IF AT GREaderimpesadale ﬁr%cmecér@qgwmmwﬁéa@fer%m@i| with a
sul fur content of 1 percent by mass or |ess. The present invention also

rel ates theé Bigresadi et pheedsshuaratmrbhe aik ¢ rivednfaest ads@ @dyunder

crude oil with an API degree of 30 or lower and a heavy
hydrocarbon oil derived from a light crude 0il with an
API degree of 35 or greater, in specific amounts,
witHOut lowering the degree of demetallization while
retarding the deactivation rate of the catalyst.

That is, the present invention relates to a
process of hydrotreating a heavy hydrocarbon o0il,
comprising hydrotreating a mix oill of 100 parts by
volume of a heavy hydrocarbon oil derived from a heavy
crude o1l with an API degree of 30 or less and 30 to
1000 parts by volume of a heavy hydrocarbon o0il derived
fromalight crude oil with an APT degree of 35 or greater
so as to produce a low sulfur heavy fuel oil with a sulfur
content of 1 percent by mass or less.

The present invention also relates the aforesaid
process whexein the mix o0il is hydrotreated under
conditions of a hydrogen partial pressure of 7 to 25
MPa, an LHSV of 0.01 to 10 h™!, a reaction temperature
of 250 to 450°C, and a hydrogen/oil ratio of 500 to 8000

SCF/BEBL.



conditions of a hydrogen partial pressure of I to 25 MPa, an LHSV of 0.01
to'10 h-1, a reaction tenperature of 250 to 450C, and a hydrogen/oil ratio
of 500 to 8000 SCF/BBL. -4 Further, the present invention also relates to
the aforesaid process wherein a catalyst with a surface area of 1.0 x 10
to 1.0 x 109 n2/nB8 and a pore volume of 0.20 to 0.60 M3/m is used, the
catal yst being fornmed by building up one or nore catal ysts each conprising
0.03 to 10 percent by nol of at |east one nmetal selected fromthe G oup
VIII netals of t | odi . 0 Rercent by mle. of at |east
one netal sel ectggrpcf%o% ttr?\é%}e g@?@%?%ﬁ:g%’r ?%’e g rla% mg B
supported on a cataggst suggort nalnlé ? m na. T resent

i nvention 19 682désHT B s e er Xﬁt'ﬁﬁ§ edvy YEritfe®oil with
an APl degree of 30.0 | ess; used, herein dengte rude oi l whose API
degree cal®ufat 8% Byotﬁie]f%l I‘iﬂmlnggfﬁr ?am?émgoaa Pedore gpplume
degree=141. 5/(speC|f|c graV|t 60/ 60F)-131. 5. The specific gravity in the
above formAh Gehbted 0 S FdiTi & Sgha¢cty tﬁ§a§é|té&¥5nt é%:%b?la%%ém\ﬁ/idth JIS K

by building up one or more catalysts each comprising

OSG

0.03 to 10 percent by mol of at least one metal selected
from the Group VIII metals gf the periodic table and
0.1 to 10 percent by mole of at least one metal selected
from the Group VIB metals or the periodic table,

supported on a catalyst support mainly composed of

alumina.

The present invention will be described in more
detail below,

The heavy crude o0il with an API degree of 30 or
less used herein denotes a crude oil whose API degree
calculated by the following formula is 30 or less:
API degree=141.5/(specific gravity 60/60°F)-131.5.

The specific gravity in the above formula denotes
a specific gravity measured in accordance with JIS K
2249 "Crude petroleum and petroleum
products-Determination of density and petroleum
measurement tables based on a reference temperature
(15°C).

The heavy crude oil used in the present invention
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2249 "Crude petrol eum and petrol eum products-Determ nation of density and
petrol eum neasurenent tables based on a reference tenperature (15C). The
heavy crude oil used in the present invention -5 has an APl degree of 30 or
| ess, preferably 29 or less, and nore preferably 28 or |less. A heavy crude
oil with an APl degree of greater than 30 can be treated without using the
process of the present invention because the heavy hydrocarbon derived from

the crude oil is sufficiently high in reactivity Specific exanples of the
heavy crude oil a APl degree of. 30 or S resent
invention Eh%lalﬁjeA%i (‘Jf]?? 8?u8§ °rAi»%BFanPﬁ8§Wa§?§& gl?reja%ﬁs ‘Al Rayyan
crude oil. g heavy hg?roc rbo%t0|l erived fromthe heav rudg oil with
an APT degridtd B¥O B9 Ry € f 858 Bdeh rsessi dde PEHERi T eﬁlﬁe% Rt by nass
or nore, preferab 80 percent by nas nore, pore preferably 90 percent
by nmass or dre, TBReC pref 8R &[Tyt @n H&r €8k PBy T x&SL &F WidrROBF a

fraction with a distillation tenperature of 300C or higher, produced upon
at nospher i 1Dt GaeHANP APSEINT &T b0 L $RAVYI BV 884 igin Pecause the

heavy hydrocarbon derived from the crude oil is
sufficiently high in reactivity.

Specific examples of the heavy crude oil with an
API dégree of 30 or less, used in the present invention
include Khafji crude 0il, Arabian heavy crude o0il, and
Al Rayyan crude oil.

The heavy hydrocarbon oil derived from the heavy
crude oi1l with an API degree of 30 or less denotes a
residue containing 70 percent by mass or more,
preferably 80 percent by mass or more, more preferably
90 pexcent by mass or more, and more preferably 95§
percent by mass ormore of a fractionwithadistillation
temperature of 300°C or highexr, produced upon
atmospheric or vacuumdistillation of a heavy crude oil
with an API degree of 30 or less.

There i1s no particular restrictioh on the
characteristics of the heavy hydrocarbon cil derived
from the heavy crude oil with an API degree of 30 or
less. Typicai characteristics are as follows:

Specific gravity (15/4°C): 0.9700 to 1.100

Sulfur content: 4.0 to 870 percent by mass
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with an APl degree of 30 or less. There is no particular restriction on the
characteristics of the heavy hydrocarbon oil derived fromthe heavy crude
oil with an APl degree of 30 or |less. Typical characteristics are as
follows: Specific gravity (15/4C): 0.9700 to 1.100 Sulfur content; 4.0 to
8.0 percent by mass -6 Metal content (N +V): 70 to 200 ppm by nmass

Resi dual ‘carbon content: 10 to 20 percent by nmass. The distillation
tenperature used herein denotes a tenperature neasured in accordance with

"6. Vacuum distjllation test method’ described,iin JI.S K 2254 "Petrol eum
pr oduct s- Det er mi H&tion of *§F&S I{[\g ggr)'n ?ﬁoarta%t%biiastplpé%ﬁ?yﬂ‘@sﬁ ght crude

oil with an APl degr.ee of 35 or reater. used _herein denotes a crude oi
whose APl degr eeg‘e%aﬁ C&ﬁ‘ Lt%qulwnt %‘éngﬁ&)te:- zgsEPi %gé’ % of ﬁ{}}tab Y38 Sor

greater. The light cryde oil used in the present invention has an API
degree of 35 or gP&afldSTiteRELsH ¥ eFP K B UL §r BALEr Nedifd it pF&Ferabl y 36

or greater. Alight crude oil with an APl degree of less than 35 is not
pr ef er abl e HecADBE LRI B8 fREL SHT gt dRagOFR@nce with "6. Vacuum

distillation test method" described in JIS K 2254
"Petroleum products-Determination of distillation
characteristics”.

The light crude oil with an API degree of 35 or
greater used herein denotes a crude 0il whose API degree
calculated by the above-described formula is 35 or
greater.

The light crude o0il used in the present invention
has an API degree of 35 or greater, preferably 35.5 or
greater, and more preferably 36 or greater. A light
crude o0il with an API degree of less than 35 is not
preferable because the effect of retarding the
deactivation of the catalyst can not be attained due
to the reduced reactivity of the heavy hydrocarbon oil
derived from the light crude oil.

Specific examples of the light cxrude oil with an
API degree of 35 or greater, used in the present
invention include Arabian extra light crude oil,
Lower-Zakum crude oil, and Murban crude o1il.

The heavy hydrocarbon oil derived from the light

crude oil with an API degree of 35 or greater denotes



deactivation of the catalyst can not be attained due to the reduced
reactivity of the heavy hydrocarbon oil derived fromthe light crude oil.
Speci fic exanples of the light crude oil with an APl degree of 35 or
greater, used in the present invention include Arabian extra |Iight crude
oil, Lower-Zakum crude oil, and Murban crude oil. The heavy hydrocarbon oi
derived fromthe light crude oil with an APl degree of 35 or greater
denotes -7 a residue containing 70 percent by nass or nore, preferably 80

percent by nass Qr, nore nnre.prefgéabgy 90 pgrcent by mass or nore, and
more pref erabl § 595 Y Der RBAE 0V Hhs S oP SRS bf P¥ 13T i Bh WAHF
e of 300C or higher, produced upon gtnnggheric or
g oF &

Vacuum di sURFFSERGE of B 18 GhEREUaE BRES R ROZS AP Yor
greater. There is no particular restriction on the characteristics of the
heavy hydr ot@rB8& ST deYi VéF S 1P BnPPRE /1 ikt BPdde DY PLGFLR h AP degree
of 35 or greater. Typical characteristics are as follows: Specific gravity
(15/4C): 0.D4poend BYIHOYS Sumogre edm dritacientwl Bhe gdrsdeht 1B igdss  Met al
content (Ni+V): 3 to 30 ppm by nass
temperature of 300°C or higher, produced upon
atmospheric or vacuum distillation of a light crude oil
with an API degree of 35 or greater.
There 1s no particular restriction on the
tharacteristics of the heavy hydrocarbon o0l1l derived
from the light crude oil with an API degree of 35 or
greater. Typical characteristics are as follows:
Specific gravity (15/4°C): 0.9100 to 0.9500
Sulfur content: 1.1 to 3.0 percent by mass
Metal content (Ni+V): 3 to 30 ppm by mass
Residual carbon content: 2 to 8 percent by mass.
In the present invention, 100 parts by volume of
the heavy hydrocarbon o0il derived from the heavy crude
0il with an API degree of 30 or less is mized with 30
to 1000 parts by volume, preferably 40 to 900 parts by
volume, and more preferably 100 to 700 parts by volume
of the heavy hydrocarbon oil derived froh the light
crude oil with an API degree of 35 or greater. 1If more
than 1000 parts by volume of the heavy hydrocarbon oil

derived from the light crude oil with an API degree of

35 or greater is mixed with 100 parts by volume of the
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Resi dual carbon content: 2 to 8 percent by nmass. In the present invention,
100 parts by volunme of the heavy hydrocarbon oil derived fromthe heavy
crude oil with an APl degree of 30 or less is mixed with 30 to 1000 parts
by vol une, preferably 40 to 900 parts by volume, and nore preferably 100 to
700 parts by volune of the heavy hydrocarbon oil derived fromthe |ight
crude oil with an APl degree of 35 or greater. If nore than 1000 parts by
vol une of the heavy hydrocarbon oil derived fron1the Iight crude oil with
an APl degree_ 0

or_qgreater.is,mxe %ﬁ y volunme. of the -8
noavy hydr GLe BB EAF G TRAY 7+ br B he TRehy 7 dE G195V GFOGA BAL degr ee
of 30 or less, the effects of the esent invention %%n not bg at t ai ned
because the"+&kian &P e‘ﬁéﬁ\?yolﬂfy cQFf bof Sder i M8 FrOMITR PEabPecrude
oil will be reduced, If the ampbunt of the heavy _hydrocarbon oil derived
fromthe | iRpESERGdeDEEN G M Cah A bfegitde ite 3P of2yF@ak BP F3LFE&ss t han
30 parts by volune or less, the effect of retarding the deactivation rate
of the cat®¥§stheaneasy bedneanrnben As 1 ongdab roRe téfef &V vfcrhdepr esent
invention are not adversely affected, the mx oil. may be blended wth a
heavy hydrd@&lb@nhﬁIb@eIEd@@ﬁdcwnEinﬁbﬁu@Nﬁ@M@ of the heavy

hydrocaibon 01l derived from the light crude o0il with
an API degree of 35 or greater is less than 30 parts
by volume or less, the effect of retarding the

deactivation rate of the catalyst can not be attained.

As long as the effects of the present invention
are not adversely affected, the mix oil may be blended
with a heavy hydrocarbon oil derived from a medium crude
01l with an API degree of greater than 30 and less than
35. There is no particular restriction on the content
ratio of the heavy hydrocarbon o0il. However, in order
that the effects of the present invention are
sufficiently exerted, the heavy hydrocarbon o0il is
desirously contained in an amount of 30 parts by volume
of 100 parts by volume of the whole mixture.

There is no particular restriction on the
characteristics of the medium crude oil. Typical
characteristiés are as follows:

Specific gravity (15/4°C): 0.9500 to 0.8700

Sulfur content: 3.0 to 4.0 percent by mass

Metal content (Ni+V): 30 to 70 ppm by mass

-G



oil with an APl degree of greater than 30 and less than 35. There is no
particular restriction on the content ratio of the heavy hydrocarbon oil.
However, in order that the effects of the present invention are
sufficiently exerted, the heavy hydrocarbon oil is desirously contained in
an amount of 30 parts by volume of 100 parts by volunme of the whole

m xture. There is no particular restriction on the characteristics of the

medi um crude oil. Typical characteristics are as follows: Specific gravity
(15/4C): 0.9500 o _0.97 Sul fur content: 3.0 4.0 percent by mass Metal
content (N +V): %5 stlggﬁ%lopcparﬁu%glnnﬁggte-n% ‘R@sit(?u;;a ESFES%P%??M érh%/s.s Bto 10

percent by mass. Next, the mix oil is hydrotreated. There is no particular

restriction on the conditions for the hydrotreating of the present

i nvention. The hydrogen partial pressure is referably from7 to 25 MPa,

nore preferably PP&h-9 tt}ge 32XV 1 ahd Hé!fderop’f%?%‘ﬁﬁgl'y from10 to 21 MPa. If

the hydrogen partial pressure at the inlet is |less than 7 MrPa, the life

time of the catal P&t ewoud dhBePSHdrt@hedr dRs %o Fhé s ssFl@ formation of

cokes thereon. It :
conditions for the mydrotreating of the present

invention. The hydrogen partial pressure 1is
preferably from 7 to 25 MPa, more preferably from 9 to
22 MPa, and more preferably from 10 to 21 MPa. If the
hydrogen partial pressure at the inlet i1s less than 7
MPa, the life time of the catalyst would be shortened
due to the excessive formation of cokes thereon. If
the hydrogen partial pressure is greater than 25 MPa,
the process would be unpractical in economical view due
to the necessity to drastically increase the
construction cost of reaction towers and peripheral
devices.

The LHSV is preferably from 0.01 to 10 h™!, more
preferably from 0.02 to 8 h™?, and more preferably from
0.04 to 6 h™*. If the LHSV is less than 0.0l h™', the
process would be unpractical in economical view due to
the necessity of drastically increasing the
construction cost of reaction towers. If the LHSV is
greater than 10 h™!, a sufficient catalytic activity
may not be exerted.

There is no particular restriction on the reaction
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the hydrogen partial pressure is greater than 25 MPa, the process woul d be
unpractical in economcal view due to the necessity to drastically increase
the construction cost of reaction towers and peripheral devices. The LHSV
is preferably from0.01 to 10 h-1, nore preferably from0.02 to 8 h"1, and
nore preferably from 0.04 to 6 h-1. If the LHSVis less than 0.01 h-1, the
process woul d be unpractical in econom cal view due to the necessity of
drastically increasing the construction cost of reaction towers. If the LHSV
is greater_tha

n 10 h-1, a sufficient catalytic activi may not be
exerted. THE eig%ﬁthm%?%EF§P§%£tW?¥t#&n%ﬁﬁ?ﬁ@epb ?%nvgﬁﬂ?W%de whi ch,
t her ef or e, n%g be sglected fromyvarious  processes such as fixed bed and
movi ng bed REACEF SRS moteR. 2A SiidRA bRA &4 iBAYABde B9 pF8R&EAY used.
There is no Bfrticular,restriction on_ the catalyst wused in the present
i nvention. MR9¢s- prdf EL&6I1% bed arIct doBaf@dastl sk he fes@rlat i fd-of 1.0 x
10" to 1.0 x 109 n2/nB8 and a pore volunme of 0.20 to 0.60 n8/n8, formed by
bui | di ng up one BbBEE catal9RIL eheH laghpeisdinigc 0103 oRdN® gqedraeyietby nol of
at | east one netal selected from

used in the present invention., It is preferable toused
a catalyst with a surface are of 1.0 x 107 to 1.0 x 10°
m?/m® and a pore volume of 0.20 to 0.60 m®/m?®, formed
by building up one more catalysts each comprising 0.03
to 10 percent by mol of at least one metal selected from
the Group VIII metals of the periodic table and 0.1 to
10 percent by mole of at least one metal selected from
the Group VIEB metals or the periodic table, supported
on a catalyst support composed of mainly alumina.

Examples of the support include alumina,
alumina-silica, alumina-boria, alumina-titania,
alumina=-zirconia, alumina-magnesia,
alumina-silica-zirconia, alumina-silica=-titania,
various zeolites, and supports produced by adding a
porous inorganic compound such as various clay minerals,
for example, zeolite and montmorillonite to alumina.

Examples of the Group VIB metals of the periodic
table include chromium, molybdenum, and tungsten.

Examples of the Group VIII metals of the periodic tables

include iron, cobalt, and nickel.

These metal are usually used in combination.
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the Goup VIII netals of the periodic table and 0.1 to 10 percent by nole
of at least one netal selected from the Goup VIB netals or the periodic
tabl e, supported on a catalyst support conposed of mainly alum na. Exanpl es
of the support include alumna, alumna-silica, alumna-boria,

alum na-titania, alum na-zirconia, alum na-nmagnesia,

alum na-silica-zirconia, alumna-silica-titania, various zeolites, and
supports produced by adding a porous inorganic conpound such as various

cl ay niner 0 lit.e and ntnorillonite to alum na.

Exanpl es o quliiSUSKégkﬁﬁﬁ g(ﬁh?hﬁoﬂgg i £°7t AB% Y9TI ude chroni um
nnlybdenu Exanpl of th VIIl netals of the periodic
t abl es éPégé i ﬁi gﬁgﬁnFm'aﬁﬂ’ %&eFOﬁﬁﬁ%g%gﬁﬁtal are usually used in
conblnatlon -11 Specific exanples of the combjnation include

ni ckel - nol JodefRhT ERB5 1< o) PBEiRiT CoRpéken Ldeamm, and

ni ckel - cobal t - nol ybdenum and tungsten-cobalt-nickel. These netals are
supported GHYuRGetan-¢ekrel brngstkdl sulfheesf srahalh eRe FruERRArtedventi on,

the catalyst may be produced by any of the known nethods. Exanples of the
in metal oxide or metal sulfide form.

In the present invention, the catalyst may be
produced by any of the known methods. Examples of the
methods include immersion, impregnation, and

coprecipitation methods.

The sulfur content of the heavy fuel 0il produced
by the process of the present invention is 1 percent
by mass or less, preferably 0.8 percent by mass or less,
and more preferably 0.6 percent by mass or less.

When the sulfur content of the produced heavy fuel
0il is in excess of 1 percent by mass, the deactivation
rate of the catalyst is low even though a heavy
hydrocarbon oil derived from a heavy crude oil with a
less API degree is treated. It is thus not necessary
to mix the heavy hydrocarbon oil with a heavy
hydrocarbon oil derived from a light crude ocil with a
large API degree, resulting in no necessity to use the
present invention.

There is no particular restriction on the lower

limit sulfur content of the low sulfur heavy fuel oil
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met hods i nclude inrersion, inpregnation, and coprecipitation nmethods. The
sul'fur content of the heavy fuel oil produced by the process of the present
invention is 1 percent by nass or less, preferably 0.8 percent by mass or

|l ess, and nore preferably 0.6 percent by nass or |ess. Wien the sul fur
content of the produced heavy fuel oil is in excess of 1 percent by nass,
the deactivation rate of the catalyst is |ow even though a heavy

hydr ocarbon oil derived froma heavy crude oil with a |ess APl degree is

treated. It is thua BOt Becessa2¥ to mx_the hegx% hxdrocarbon il wth a
heavy hydPICHHoR%PY §EFi PEE ST WV EEHE Ctudd  OF B VGifrh 18 ALHGE AP
degree, resulting in no necessity to use the resent invention. There is no
parti cul ar tPe¥RX %t h Sh tiHe 3 OWRR tagisAys secﬁgﬁff:téoﬁtfe’ﬁpeoprtelfee'l*%w sul f ur
heavy fuel oil -12 produced by the present invention. However, in order to
make use of RN BHPANt A§EodLNT T k1B 16hB ISl L Vi Ayt PGT,CEME | ower
limt is preferably 0.05 percent by mass or nore and nore preferably 0.1
percent byDb¥agesspempoge e AEAN S weheF ok Livs Ocdr Pieed out hntmasshe

sul fur content reaches |ess than 0.05 percent by nass,
or more. If desulfurization is carried out until the

sulfur content reaches less than 0.05 percent by mass,
the deactivation rate of the catalyst is rapidly
increased regardless of the characteristics of the
feedstock.

The sulfur component (sulfur content) used herein
denotes a sulfur content measured in accordance with
"6. Radiation Excitation Method" described in JIS K
2541 "Crude o0il and petroleum products-Determination

of sulfur content”".

(Applicability in the Industry]

The present invention makes it possible to collect
a low sulfur heavy fuel ©¢il with a sulfur content of
1l percent by mass or less, from a heavy crude o0il with
an API degree of 30 or less, which has been regarded
as impossible to be treated, without lowering the
demetallization rate. As a result, the throughput of
cheap heavy crude oils can be increased, thereby

increasing the economical efficiency of a refinery.
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the deactivation rate of the catalyst is rapidly increased regardl ess of
the characteristics of the feedstock. The sul fur conponent (sulfur content)
used herein denotes a sulfur content measured in accordance with "6.

Radi ati on Excitation Method" described in JIS K 2541 "Crude oil and

petrol eum products-Determ nation of sulfur content”. [Applicability in the
I ndustry] The present invention nmakes it possible to collect a |ow sulfur
heavy fuel oil with a sulfur content of 1 percent by mass or less., froma

heavy crude oil with an APl _degree of 30 qor |ess, which has been regarded
as inpossi bi®eth Yo s e BdC ARiTHRE PB&BF&H@ fﬁgeWﬁﬁﬁﬁéllization rate. As

a result, the throughput of c¢heap heavy crude oils can_be_ increased,

thereby increasfR§ tHe 22BROAPIATeFPRCcHeddy BF FeFefiR&d . 10 1MOFBest Mode
for Carrying out _the Invention] The present invention will be described in
nore detaidstaith Vafidt enRECTENARe I T BRI AG b eseBdmPi&s nbit inited

thereto. (Exanple 1) A mxture of 100 parts by volune of heavy feedstock
is not limited thereto.

(Example 1)

Amixture of 100 parts by volume of heavy feedstock
1 (heavy hydrocarbon oil derived from a heavy crude oil
with an API degree of 30 or less) and 400 parts by volume
of light feedstock 1 (heavy hydrocarbon oil derived
from a light crude o0il with an API degree of 35 or
greater) as set forth in Table 1 was hydrotreated using
a catalyst system as set forth in Table 2 under
conditions of a hydrogen partial pressure of 17 MPa,
a hydrogen/oil ratio of 5000 SCF/BBL, an LHSV of 0.24
h™!, and the sulfur content of the resulting oil of 0.3
percent by mass. The results are set forth in Table
3.

(Example 2)

Hydrotreating was conducted using the same
catalyst and reaction conditions as those used in
Example 1 except using a feedstock produced by mixing
heavy feedstock 1 and light feedstock 1 at a ratio of

100 parts by volume : 233 parts by volume. The results
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1 (heavy hydrocarbon oil derived froma heavy crude oil wth an APl degree
of 30 or less) and 400 parts by volunme of |ight feedstock 1 (heavy
hydrocarbon oil derived froma light crude oil with an APl degree of 35 or
greater) as set forth in Table 1 was hydrotreated using a catal yst system
as set forth in Table 2 under conditions of a hydrogen partial pressure of
17 MPa, a hydrogen/oil ratio of 5000 SCF/ BBL, an LHSV of 0.24 h-1, and the
sul fur content of the resulting oil of 0.3 percent by mass. The results are

set forth in _Table . . ) drotreating was conducted using the
sane cataﬁggt%gﬂﬂ ?g E@Fé%pggﬁﬁﬁﬁigzs as those used in Exanple 1 except

using a feedstock produced by m xing heavy feedstock 1 and |ight feedstock
1 at aratio of 100 parts by volunme : 233 parts by volume. The results -14
are set forth in Tabéi 3. (Exanple 3) Hydrotreating was conducted using the
sane cataﬁ§§ﬁmﬂﬁfr ction conditions as those used in Exanple 1 except

using a feedstock produced by m xing heavy feedstock 1 and |ight feedstock
1 at a ratio of Hydrotreating was conducted using the same

catalyst and reaction conditions as those used in

Example 1 exXxcept using a feedstock produced by mixing
heavy feedstock 1 and light feedstock 1 at a ratio of
100 parts by volume : 100 parts by volume. The results

are set forth in Table 3.

(Example 4)

Hydrotreating was conducted using the same
catalyst and reaction c¢onditions as those used in
Example 1 except using a feedstock produced by mixing
100 parts by volume of heavy feedstock 2 (heavy
hydrocarbon 0il derived from a heavy crude oil with an
API degree of 30 or less) and 100 parts by volume of
light feedstock 2 (a heavy hydrocarbon 0il derived from
a light crude oil with an API degree of 35 or greater).

The results are set forth in Table 3.

(Comparative Example 1)
Hydrotreating was conducted using the same
catalyst and reaction conditions as those used in

Example 1 except using heavy feedstock 1 set froth in

-15-



100 parts by volume : 100 parts by volume. The results are set forth in
Table 3. (Exanple 4) Hydrotreating was conducted using the sane catal yst
and reaction conditions as those used in Exanple 1 except using a feedstock
produced by m xing 100 parts by volune of heavy feedstock 2 (heavy

hydr ocarbon oil derived froma heavy crude oil with an APl degree of 30 or

| ess) and 100 parts by volune of |light feedstock 2 (a heavy hydrocarbon oi
derived from a Iight crude oil mﬁth an APl degree of 35 or greater) The

results ar rth i_n Tab aratlv a 1 drotreating was
conduct ed % ge sar?ef L%‘g}-‘ygt ‘an rearcet? E)é‘og%etl o%%kg Ighogg used in

Exanple 1 %$ﬁéf §S|ng heavy feedstock 1 set froth in -15 Table 1 as a

f eedst ock. esults are set forth in Table 3. (Conparative Exanple 2)
Hydrotreati ng was conducted using the same catalyst and reaction conditions
as those used in Exanple 1 except using heavy feedstock 1 set forth in

Table 1 as a feedstock and the LHSV was changed to 0.12
(Comparative Example 2)

Hydrotreating was conducted using the same
catalyst and reaction conditions as those used in
Example 1 except using heavy feedstock 1 set forth in
Table 1 as a feedstock and the LHSV was chénged to 0.12

h™'. The results are set forth in Table 3.

(Comparative Example 3)

Hydrotreating was conducted using the same
catalyst and reaction conditions as those used in
Example 1 except using heavy feedstock 2 set.forth in
Table 1 as a feedstock and the LHSV was chahged to 0.12

h™!., The results are set forth in Table 3.

Table 1
Feedstock Foadetark 1| Foedetonk 2| Fecduock 1| Foadstock 2
API Degree of Feedstock 249 21.7 39.6 39
300°C+Fraction vol% 99.9 99.9 99.9 99.9
Specific Gravity (15/4°C) 1.007 0.9854 0.9209 0.9388
Sulfur Content mass% 5.4 4.4 24 2.6
Ni+V Content mass ppm 131 ' 116 25 9
Residual Garbon Content mass% 15 13.8 38 2.6
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h-1. The results are set forth in Table 3.
Hydrotreating was conducted using the sane

as those used in

set forth in Table 3. Table 1 Feedstock Heavy Heavy |ight Light
Feedstock 2 API

(Conpar ative Exanpl e 3)
catal yst and reaction conditions

Exanpl e 1 except using heavy feedstock 2 set forth in
Table 1 as a feedstock and the LHSV was changed to 0. 12

Feedst ock 2 Feedstock |

0.9854 0.9209 0.9388 Sul fur
mass ppm 131 116 25 9 Resi dual

Cont entaﬁ%

hThe results are

Feedst ock |

Degree of Feedstock 24.9 27.7 39.6

39 300C*Fraction vol %99.9 99.9 99.9 99.9 Specific Gavity (15/4C) 1.007

s%5.4 4.4 2.42.6 N +V Content
ent mass%lS 13.8 3.8 2.6 -16

Tabl e 2 Sugported [Metal Catal yst| Surfade Pore é ) t al lys SAdlak JSt Area
Vol unme Suppq ocr::talllsr: Layer n?sjumiscemy r'g%ré\/b Ni Cat al y3{PPARTOY HBI % Lagfs vol %
V
Layer Catalyst A;;'aa O?!L/Jm:’e Support Mo Ni Catalyst
m/m m/m mol% mol% Layer
vol%
First
Catalyst A 79%10 0.34 Alumina 6.1 3.2 333
Layer
Second
Catalyst B 1.1x10° 0.39 Alumina 8.3 45 334
Layer
Third
Catalyst c 1.4%10° 0.37 Alumina 8.3 45 333
Layer
Table 3
Examples Comparative Examples
1 2 3 4 1 2 3
Mix Ratio vol%
Heavy Feedstock 1 100 | 100 | 100 0 100 | 100 0
Heavy Feedstock 2 0 0 0 100 0 0 100
Light Feedstock 1 400 233 100 0 0 0
Light Feedstock 2 0 0 0 100 0 0
Hydrogen Partial Pressure MPa 17 17 17 17 17 17 17
LHSV h! 0.24 0.24 0.24 0.24 0.24 0.12 0.12
Hydrogen/Qil Ratio SCF/BBL | 5000 | 5000 | 5000 | 5000 | 5000 | 5000 | 5000
Sulfer Content of ‘
Produced Oil mass % 03 0.3 0.3 0.3 0.3 0.3 03
Reaction Temperature upon o
Initiation of Hydrotreating 363 368 372 370 330 873 373
Catalyst Deactivation rate  °C/day 0.11 0.16 0.19 0.18 09 0.42 0.38
Average Demetalization rate mass% 83 87 85 84 70 75 74
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First Catalyst A 7.9 x 10' 0.34 Alumna 6.1 3.2 33.3 Layer Second Catalyst
B 1.1 x 10 0.39 Alumna 8.3 4.5 33.4 Layer Third Catalyst C 1.4 x 10" 0.37
Alumina 8.3 4.5 33.3 Layer Table 3 Exanples Conparative Exanples 1 2 3 4 1
2 3 Mx Ratio vol % Heavy Feedstockl 100 100 100 O 100 100 O Heavy
Feedstock 2 0 0 O 100 O O 100 Light Feedstock 1 400 233 100 0 0 O O Light
Feedstock 2 0 0 0 100 0 0 O Hydrogen Partial Pressure MPa 17 17 17 17 17 17
17 LHSV h 1 0.24 0.24 0.24 0.24 0.24 0.12 0.12 Hydrogen/O | Ratio SCF/ BBL
5000 5000 5000 5000 5000 5000_5000 ,Sul fer nt ent 0%9 S.%0Q,30.30.30.3
0.3 0.3 0.3 ProfficB8PG4¢ Realf P8 tRspEt 2L OFE Gt g§§ 368 370 390

375 373 Initiation of Hydrotreating
3, the deactivation rate of the catalyst was able to

be drastically retarded by the process of the present
invention, i.e., by hydrotreating a feedstock produced
by mixing a heavy hydrocarbon oil derived from a heavy
crude oil with an API degree of 30 or less with a heavy
hydrocarbon 0il derived from a light crude oil with an
API degree of 35 or greater in predetermined amounts.
In order to make a one year operation possible, the
deactivation rate of the catalyst is required to be
0.20°C/day or shorter. With regard to the average
demetallization rate, the process of the present
invention can maintain 80% or greater that isgeneraily
required.

On‘the contraxy, in Comparative Example 1 using
the heavy hydrocarbon oil derived from the heavy crude
0il with an API degree of 24.9, the deactivation rate
was 0.9°C/day which is extremely high, and the
demetallization rate was decreased to 70%.

In Comparative Example 2 wherein the throughput
of the heavy hydrocarbon derived from the heavy crude
0oil with an API degree of 24.9 was halved, the
deactivation rate was 0.42°C/day which is high, and the
demetallization rate was decreased to 75%.

In Comparative Example 3 wherein the heavy
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Cat al yst Deactivation rate Cday 0.11 0.16 0.19 0.18 0.9 0.42 0.38 Average
Denetal i zation rate mass% 83 87 85 84 70 75 74 -17 As apparent fromthe
results set forth in Table 3, the deactivation rate of the catal yst was
able to be drastically retarded by the process of the present invention,
i.e., by hydrotreating a feedstock produced by m xing a heavy hydrocarbon
oil derived froma heavy crude oil with an APl degree of 30 or less with a
heavy hydrocarbon oil derived from a Iight crude oil with an APl degree of
35 or greate redet er. d anoul l.n. order K 0. r.
operation t&sm g,r%toﬁleo%ﬂe |Q7afe| o 1:'1-1 r%%%v at:rr%deetaéi sfr e%gﬁr ed to be
0. 20C/ day ar Zﬁgitgr. Wth gegajr to hedavera denet aI %l zation rate, the
process of % eSEH T n¥ i'on’ cah ﬁal M %6&/ &t grr% ?e?" *that is
general ly ired. On the contrar ative a using the
heavy hydr &caw Lo?l?gialy H@r"ic&bd'sf g h@%mé{%ta&gx Z\r;g)‘ihoﬁnr%\b? degree
of 24.9, the deactivation rate was 0.9C/ day which is extrenely high, and
the dermetalasaff6nerssd was déd&eased to 70% In Conpar ati ve Exanple 2
wherein the throughput of the heavy hydrocarbon derived fromthe heavy
crude
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oil with an APl degree of 24.9 was halved, the deactivation rate was

0. 42C/ day which is high, and the denetallization rate was decreased to 75%
I n Conparative Exanple 3 wherein the heavy -18 hydrocarbon oil derived from
the heavy crude oil with an APl degree of 2.7.7, the deactivation rate was
0.38C/ day which is high, and the .denetallization rate was decreased to 74%
-19 Cains 1. A process of hydrotreating a heavy hydrocarbon oil,
conprising hydrotreating a mx oil of 100 parts by volune of a heavy
hydrocarbon oil derived froma heawg crude oil wth an APl degree of 30 or
less and 30 to 1000 parts by vol ume”df18%heavy hydrocarbon oil derived
froma light crude oil with an APl degree of 35 or greater so as to produce
a low sul fur heavy fuel oil with a sulfur content of 1 percent by nass or

| ess. 2. The process according to claim1, wherein the mx oil is

hydr ot reat ed undér- chdR¥PERS Sofota hydregeira pardi & hR2%€¥ure of 7 to 25

MPa, an LHSV of 0.01 to 10 h-1, a reaction tenperature of 250 to 450C, and
a hydrocarbon oil, comprising hydrotreating a mix oil of

100 parts by volume of a heavy hydrocarbon oil derived
from a heavy crude oil with an API degree of 30 or less
and 30 to 1000 parts by volume of a heavy hydrocarbon
oil derived from a light crude oil with an API degree
of 35 or greater so as to produce a low sulfur heavy
fuel oil with a sulfur content of 1 percent by mass or

less.

2. The process according to claim 1, whe;ein the
mix oil is hydrotreated under conditions of a hydrogen
partial pressure of 7 to 25 MPa, an LHSV of 0.01 to 10
h~!, a reaction temperature of 250 to 450°C, and a

hydrogen/ocil ratio of 500 to 8000 SCF/BBL.

3. The process according to claim 1 or 2, wherein
a catalyst with a surface area of 1.0 x 10’ to 1.0 x
10° m*/m® and a pore volume of 0.20 to 0.60 m*/m? is used,
the catalyst being formed by building up one or more
catalysts each comprising 0.03 to 10 percent by mol of
at least one metal selected from the Group VIII metals

of the periodic table and 0.1 to 10 percent by mole of
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hydrogen/oil ratio of 500 to 8000 SCF/ BBL. 3. The process according to claim
1 or 2, wherein a catalyst with a surface area of 1.0 x 107 to 1.0 x 109
n2/ m8 and a pore volume of 0.20 to 0. 60 nmB/nB is used, the catalyst being
formed by building up one or nore catalysts each conprising 0.03 to 10
percent by nol of at |east one netal selected fromthe Goup VIII netals

of the periodic table and 0.1 to 10 percent by nole of -20 at |east one
netal selected fromthe Goup VIB netals or the periodic table, supported

on a Catm)Q% f@gger%newﬁéygiqgngg%%éﬁffg%nEQg'Gi%%p VIB metals
or the periodic téble, supported on a catalyst support

mainly composed of alunina.
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