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SPECI FI CATION TITLE OF THE | NVENTI ON METHOD OF MANUFACTURI NG GAS
Q'L CONTAI NI NG LOW SULFUR AND LOW AROVATI C- COVPOUND
BACKGROUND OF THE I NVENTION 1. Field of the Invention Thi s
invention relates to a nethod of manufacturing gas oil containing
"l owsul fur and | owaromati c-conpound and, nore particularly, it relates to
~a method of manufacturing gas oil cHEREQIRLCATION sul fur and
| ow- aromati c-conpound from distilled petrol eum 2. Background Art
In current JIENLE OB THE INNENKION| engines is typically prepared by
m xing a desulfurized gas oil fraction obtained by treating straight-run
gas oil in an ordi nar yMEGEOD| OFr MANUFAGTURING gBAS rQRL gG@NTAININGCt i on, a
straight-run Kkerosene fraction and a gas oil fraction obtained froma
cracking facility and nor LOW-FBUTEURaAND EOWFAROMATICACOMPOUND % by wei ght.
However, the preval ent environnmental viewin this country requires a
further redu@ACKGROUND COF CTHE cENVENTION of NOx and particul ate substances
‘in the diesel engine exhaust gas and it is stipulated by |aw that the

1. Field of the Invention

This invention relates to a method of manufacturing

gas 0il containing low-sulfur and low-aromatic-compound and,

more particularly, it relates to a method of manufacturing

gas oil containing low-sulfur and low-aromatic-compound from

distilled petroleum.

2. Background Art
] In current Japan, gas oil for diesel engines is
typically prepared by mixing a desulfurized gas oil fraction
obtained by treating straight-run gas o0il in an ordinary
desulfurizer, a straight-run gas oil fraction, a straight-run
‘kerosene fraction and a gas oil fraction obtained from a
cracking facility and normally contains sulfur by 0.1 to 0.2
$ by weight. However, the prevalent environmental view in
this country requires a further reduction in the
concentration of NOx and particulate substances in the diesel
engine exhaust gas and it is stipulated by law that the
sulfur concentration in gas oil has to be reduced from the

current level of 0.2 wt% to as low as 0.05 wt%.
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sul fur concentration in gas oil has to be reduced fromthe current |evel
of 0.2 wtw%to as low as 0.05 w % 2
Additionally, it is a popularly accepted theory that aromatic conpounds
contained in gas oil can give rise to NoX and particul ate substances in

t he di esel engi ne exhaust as as they |l ower the cetane value of gas oil,
maki ng a reduction inHﬂﬂééiﬂﬂ@éﬁWbaﬁﬁoﬁsoﬁ Poondardycenpented sheogygent
problemto be solved. In particular, in view of the fact that cracked gas
oil that is dhathangmadfic lagmpoungisalopniteinedcinngasacilli chesgavg aisectted
to see an ever increasing demand as a basic conponent of gas oil contains
aromat i ¢ conpwan@nd @eax Yimude teosedsteacesn inarheatiespl enginedexbaulss
aromat i c- compound concentration in gas oil should be very significant.

A nobl e net algasy@s ddieyt siwexrhdthec metace vellye bfdgegenale makdag @
conmpounds is preferably used for manufacturing gas oil containing

| ow ar onat i credyotit inH@key @onceintyatd ono bife afemaltity pempatiadgstancan be
severely poisoned by sul fur conmpounds and hydrogen sulfide, oil has to be

suf fici ently it protadmd bedsegeedsul Tndpaptagutad, byn hewpogicehe of

desul furization has to be renoved satisfactorily before reducing the

concentrati oFsft aHaMidracked gas oil that is drawn out of fluid
catalytic cracking facilities and expected to see an ever
increasing demand as a basic component of gas oil contains
aromatic compounds to a large concentration, any attempt to
reduce the aromatic-compound concentration in gas oil should
be very significant.

A noble metal type catalyst that can actively
hydrogen;te aromatic compounds is preferably used for
manufacturing gas o0il containing low-aromatic-compound.
However, since a noble metal type catalyst can be severely
poisoned by sulfur_compounds and hydrogeh suifide, oil has to
Je sufficiently desulfurized and hydrogen sulfide produced by
the ﬁrocess of desulfurization has to be removed
'satisfactorily before reducing the concentration of aromatic
compounds by means of a noble metal type catalyst.

Thus, currently, the process of manufacturing gas
oil containing low-sulfur and 1ow—aromatié-compound proceeds

as follows. In the first step of operation, feedstock oil is

put into contact with a hydrotreating catalyst in the
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conmpounds by neans of a noble netal type catal yst. Thus,
currently, the process of manufacturing gas oil containing |owsulfur and
ow aromati c- conpound proceeds as follogf. In the first step of operation,
feedstock oil is put into contact with hydrotreating catalyst in the

3 presence of hydrogen for, desul furization at high tenperature and under

hi gh pressur BrespBRe Phehydzgger forcdsrudfurizariongateblighcbapaReaturs
separated fromthe |iquid conponent to renpove any .gaseous congonent bef ore
hydr ogen sul Bp@eundp¥sbhigbdPraseHEe i qfheneofipeneredustsisi ppededs andnlbe
at mospheric pressure. Thereafter, the obtained oil that contains sulfur
conpounds t o9aSPeHEc EAMPOREBtt L5t BERaratedt from theat higuidlt FORPABENE Het al
type catalyst to reduce the concentration of aromatic conpounds while
rai sing the rpmeveupayagaseousdchapenegtt hefore hydnogenrsydfiidas to a
predeterm ned tenperature by neans of a heat exchanger (Al ChE 1993 Spring
Nat i onal MeetiisgoRwedr int the70éini8) component, ist stvippedeeffrenderes
conplicated equi pment and is conmercially not feasible because of the
| arge pl ant atslospherpoepiressueet nefthezadfaeh| ghheuobtaijnedsoil th&UMVARY
OF THE | NVENTI ON _
contains sulfur compounds to a reduced concentration is put
to contact with a noble metal type catalyst to reduce the
concentration of aromatic compounds while raising the
pressure again and heating the o0il with hydrogen gas to a
predetermined temperature by means of a heat exchanger (A1ChE
1993 Spring National Meeting Preprint, (70e), 5). Howevéf,
this process requires complicated équipment and is

commercially not feasible because of the large plant and

equipment investment and a high running cost.

SUMMARY OF THE INVENTION
- It is therefore the object of the invention to
prbvlde a method of manufacturing gas oil with a sulfur
concentration of not higher than 0.05 wt$% and a reduced
conﬁentration of aromatic compounds from sulfur containing
distilleﬁ petroleum.

As a result of intensive research efforts, the
inventors of the invention have found that gas oil containing

low-sulfur and low-aromatic-compound can be produced from



It is therefore the object of the invention to provide a nmethod of

manuf acturing gas oil with a sulfur concentration of not higher than 0.05
W % and a reduced concentration of aromatic conpounds from sul fur
containing distilled petroleum . 4 As aresult of intensive
research effaorts, the inventors of the invention have found that gas oi
contai ning CdRtIES PEIFOISH™ Py EERRS: 8fpautoc§heBe PEAEALEER L PEm

4 distilled petroleum by nmeans of a two-step hydrotreatin process that

i s conduct ed PFRFESSs FgY i@ comdiuatsds under SPec’-fl‘?hGQPdé%&SP&i'ng to the
present invention, the above object is achieved by providing a nethod of
manuf acturing gas oi | T&-aadcirdisag §Q the RRESPBER- APYABLLENe offpSuABOve
said nethod conprising a first step of putting distilled petroleum to
contact w t holpjsecdyds gehieyedhdypproviddngf agmefihadopfeBenB§ackuaingt ges
reduce the sulfur concentration to not higher than 0.05 wt% and a second
step of reduoidgcondaiaing tlicy-sahfvam@ndodownaramaticr-gompoupdessadd of a
noble netal type catalyst, characterized in that at |least a pair of high

tenperat ur e Imedihaar exmprd stjagy la e ts grepabdr pusténgadiatgddetepeteolenm
two steps to separate the gaseous and |iquid conponents of distilled
pet rol eum andchybmgat gatlohydrogen gas in the presence of a

hydrotreating catalyst to reduce the sulfur concentration to
not higher than 0.05 wt% and a second step of reducing the
aromatic compound concentration in the presence of a noble
metal type catalyst, characterized in that at least a pair of
high temperature high pressure gas liquid separators are E
arranged between the two steps to separate the gaseous and
liguid céﬁponents of distilied petroleum and hydrogeh gas or
hydrogen containing Qas is introduced into the liquid
component in each of the separators.

For the purpose of the present invention, distilled
Jpetroleum preferably contains sulfur and sulfur compounds to
a co;centration between 0.1 and 2.0 wt%$ and has a boiling
point between 150 and 400°C. For the purpose of the present
invention, distilled petroleum may be distilled oil obtained
by distilling crude oil under atmospheric or reduced pressure
or by distilling an oil'product of fluid catalytic cracking
(FCC) or fhermal cracking. Any of these different distilled

petroleums may be used independently or as a mixture.



hydrogen containing gas is introduced into the liquid conponent in each of
t he separators. For the purpose of the present invention,
distilled petroleumpreferably contains §u|fur and sul fur conpounds to a
concentration between 0.1 and 2.0 wt % and~has -a boiling point between 150
and 400[err]C. For therurp se of the present invention, distilled .
petrol eum may be di-sti IF%d &9 BMPASG P freypresentydnyendd ofi| ddstdd led
atmospheric or reduced pressure or by distilling an oil product of fluid
catal yti c cr Rt eun-d® ryeferably amisture ofndistidpede odilf Pbtadned
distilled petroleuns may be used independently or as a m xture.

5 byo digtd Iddnsb e ik mrosusdedf ifduddt cotalytdci cragkipet r ol eum
is preferably a m xture of distilled oil obtained by distilling an oi
product of fI(FCE ) sralthemmadr ;rackgng POY) ddstifdednbidr abteigedndy
distilled oil obtained by distilling crude oil under atnospheric or
reduced pressidisdilliing rcanide ailnwhinden ladmdisphielriied ogi redbtednpaelsgure.
distilling an oil product of fluid catalytic cracking (FCC) or thernal
cracki ng and Thee méitsita ldteavhdidh diftenidietilyledi otiill bbtgiaceddby dikstidddng

at nospheric or reduced pressure are mxed is between 1:99 and 99:1 and
preferably bamnwedl HrdihcemdHEIGA catalytic chrackihg (EFCE)serofthelrmal
present invention,

cracking and the distilled oil obtained by distilling crude
oil under atmospheric or reduced pressure are mixed is
between 1:99 and 99:1 and preferably between 10:90 and 50:50.

For the purpose of the present invention,
desulfurization of distilled petroleum mainly take place in
the first step and the concentratibn of aromatic compounds is
réduced iﬁ the second step. The operation of separating the
gas and liquid components is repeated at least twice between
the first step and the second step, and hydrogen gas or
hydrogen containing gas is introduced into the separated
Jiquid in order to reduce the concentration of hydrogen
,sulfide gas dissolved in the liquid.

The hydrotreating operation of the first step is
conducted at temperature between 300 and 450°C, preferably
between 330 and 400°C, when measured at the outlet of the
catalyst layer.

The hydrotreating operation of the first step is

conducted under hydrogen partial pressure of between 30 and
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- desul furization of distilled petroleumnmainly take place in the first step
and the concentration of aromatic conpounds is reduced in the second step.
The operation of separating the gas and Liquid conponents is repeated at

| east twice between the first step and the second step, and hydrogen gas

or hydrogen ai ni g gas.i.s troduced ipto t% p liquid in
order to red&%@PFﬁ@Q%bnc ﬁ??ﬁf?hﬂ geﬁva?ngh a I}éﬁ QSZE di ssol ved in the
| i quid. The rotreatin eratio f the first step is
conducted at tenper aturIé?/ %t[?prpd %@[ PETEPAENM ¢S bet ween 330
and 400C, when neasured at the out |l et of "the catalyst | ayer .
The hydr ot r eSS fETARathissh 8k a F@ts (diawis, Iioé‘rlé’oméfel}ﬁd’é’tyh}&ﬁsyden
parti al pressure of between 30 and
150 kg/ cni er OFf, Btataam 41 e P50 BRre @ra&swaklsr etween 0. 5 ang n6 t he
first step, d|§t|IIed petroleumis preferably fed at a rate (liquid hourly
space vel oci fy-1HS\p the Hersketer . hudrogem(gas |is muefenadiler 499 Petdween
0.5 and 6 h [err] In the first step, hydrogen gas is preferably fed at a
rate of bet waate2E dearwaa0@0dangh|S, 446 sqfi/dbdr,amore prefeangb3q0 and
2,000 scf/bbl, in ternms of hydrogen gas/oil ratio.
between' 500 and 2,000 scf/bbl, in terms of hydrogen gas/oil
ratio.
The hydrotreating catalyst of the first step may be
a catalyst normally used for ordinary hydrotreatment of
distilled petroleum and realized by using a'porous inorganic
oxide carrier carrying a hydrogenation active metal. For the
purpose of the present invention, materials that can be used
for a porous inorganic oxide carrier include alumina,
titania, boria, zirconia, silica-alumina, silica-magnesia,
alumina-magnesia, alumina-titania, silica-titania,
alumina-boria and alumina-zirconia. The use of alumina or
Silica-alumina is particularly preferable.
= Hydrogenation active metals include chromium,
molybdenunm, - tungsten, cobalt'and nickel. Any of these metals
may be used independently or as a mixture. The use of a
mixture of cobalt-molybdenum, nickel—molybdenum or
nickel-cobalt is particularly preferable. Any of these

metals can lie on the carrier in the form of metal, oxide,

sulfide or a mixture thereof. For the purpose of the present
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The hydrotreating catalyst of the first step may be a catalyst normally
used for ordinary hydrotreatnent of distilled petroleumand realized by
Using a porous inorganic oxide carrier carrying a hydrogenation active
netal. For the purpose of the present i ndention, materials that can be
used for a porous jnorganic oxide carrier_include alumna, titania,

boria, zircomWention., & Gty stiTealdaad)ysiusing Afriedamiagnesarsier of
alum na-titania, silica-titania, , alumna-boria and alum na-zirconia. The
use of al uni IERXFYing |theregn AGHL VS NRtals @faqopajitemelybdenum,
Hydr ogenati on active netals include chromum nol ybdenum tungsten, cobalt
and ni ckel . AxFkslmekbdanug ©r RACHA eakelith dep orederioplyr ugeda im ther e.
The use of a mxture of cobalt-nolybdenum nickel -nol ybdenum or
ni ckel - cobal tfiEstpFEeRul arly preferable. Any of these netals can lie on
the carrier in the formof nmetal, oxide, sulfide or a mxture thereof.
For the purpose of the Angedumwn technique such as impregnation and 7
i nvention, a catalyst realized by using an alum na carrier of carrying
t hereon acti oprscin tHtimbalay rhd ysdeh g makiec lee lcanwlipd earyoone or
ni ckel -cobalt is preferably used in the first step. Any known
t echni que suaiors thgn egeatactnivendhetals. The rate at which the carrier
carries one or more than one active metals is between 1 and
30 wt%, more preferably between 3 and 20 wt%, in terms of

their respective oxides.

The catalyst may take any form such as that of
particulates, tablets, cylindrical columns, trefoils or
quatrefoils. The hydrotreating catalyst of the first step

-

may preferably pe sulfurized in advance before it is actually
put to use.

The hydrotreating react;dn column to be used for
the first step may be of a fixed bed type, a fluid bed type

.Or an expansive bed type, although a fixed bed type is
,particularly preferable.

The mode of contact of hydrogen and distilled
petroleum in the first step may be that of_parallél rising
flow, perallel falling flow or counterflow.

For the purpose of the present invention, distilled
petroleum is desulfurized in the first step until the sulfur

concentration is reduced to not higher than 0.05 wt%.
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coprecipitation may be used to make a carrier carry one or nore than one
active nmetals. The rate at which the carrier carries one or nore than one
dctive netals is between 1 and 30 wt% nore preferably between 3 and 20
W% interns of .their respective oxides8 The catal yst may take
any formsuch as that of particulates, tabl ets, cylindrical colums,
trefoils or quatrefoi IEOT THE BuFRAS AT r?ij\%alrﬁ%@tt dmvent ifon, s @ ts tle@s tmay
preferably be sulfurized in advance before it is actually put to use.

The hydr ot r ed® iRRLT R thigh ceanperatyirs highl frassune gas diiastidh nay be of
a fixed bed type, a fluid bed type or an expansive bed type, although a
fixed bed tyReparatens atg arganged detiveen the first step ande thle cmccndt
of hydrogen and distilled petroleumin the first step may be that of

paral | el risigkep{| dhesmrseparatorns iane [dowmentedhun ackies. For
t he purpose of the present invention, distilled petroleumis desulfurized
in the first step unti lA trnextutd wWf gam @ rldiquid icomiedudednt aheotf iisgher
than 0.05 wt % 8 For the

purpose of t hete eisenfed nuenthieonEimit Imagt tempeaiaturle high peeseldidligashi gh
pressure gas |iquid
liquid separator to separate the mixture into gas and liquid.
After introducing hydrogen gas or hydrogen containing gas
into thé liquid, the latter is fed to the second high
temperature high pressure gas liquid separator to separate it
further into gas and liquid. Then, hydrogen gas or hydrdgen
containing gas is introduced again into the obtained iiqufd
béfore it is fed to the second step of hydrogenation. By
repeatiné at least twice the operation of introducing
hydrogen gas or hydrogen containinglgas into the liquid
produced by the gas/liquid separation process, the hydrogen
sulfide concentration in the liquid can be significantly
TJreduced.
> “ All the high temperature high pressure gas liquid
separators artanged between the first and second steps are
operated for gas/liquid-separation at temperature of between
200 and 450°C, preferably betﬁeen 220 and 400°C, and under
pressure of between 30 and 150 kg/cmz, preferably between 50
and 100 kg/cmz.

For the purpose of the present invention, hydrogen



separators are arranged between the first step and the second step. - These

separators are connected in series. A mxture of gas and liquid
¢omng fromthe first step is fed to the first high tenperature high
pressure gas |iquid separator to separaﬂb the m xture into gas and |iquid.

After introducing hydrogen gas or_ hydrogen containing gas_into the |iquid,
the latter | 92FcBeeds: k& becBNIShPYHTrogeRpars: uFBSKPEA PYE%9deB gas | i quid
separator to separate it further into gas and liquid. Then, hydrogen gas
or hydrogen ces¥eidndnggdgss cratrpinsohydeagdaparretatabiebBbhatné@verqlfan
before it is fed to the second steg of hydrogenation. By repeating at

| east twi ce BRevegdramozse preifprebdicrad lpyerogbangf8 velfydr Bydrogen

cont-aining gas into the liquid produced by the gas/liquid separation

process, thechpdedgdng gaisf ige acoissnrearfon gasepus| pyaddctanfba
significantly reduced. Al'l the high tenperature high pressure
gas liquid gsepartiom toweraagddubzreactedt hgdrogen gad ssdoadntadps ase
operated for gas/liquid separation at tenperature of between 200 and

450[ err] C, ppefiecdipay Hegwedied2@ hydréget, gasg hpdeocapbessgas, ofinbetween

30 and 150 kg/cnferr], preferably between 50 and 100 kg/cnfierr]

For the purpgae ehd hydiogeanisulfidet gas,. hydr eépengaseous mixture is
recirculated for use, the concentration of hydrogen sulfide
gas has to be reduced to a predetermined level by treating
with amine compounds, or the like.

Preferably pure hydrogen gas is introduced into the
liquid produced by the high temperature high pressure gaéf'
liquid separators arranged between the first and second
steps. If hydrogen containing gas is used instead, the
concentration of hydrogen sulfide gas in it is preferably not
higher than 2,000 volppm, more preferably not higher than
1,000 volppm. When hydrogen containing gas is introduced

«~into the liquid produced by the last high temperature high
pressure gas liquid separator, the concentration of hydrogen
sulfide gas in it is preferably not higher than 500 volppm.

The rate at which hydrogen containing gas is
introduced into the liquid produced by the high temperature
high pressure gas liquid separators is preferably between 200

and 5,000 scf/bbl, more preferably between 500 and 3,000

scf/bbl, in terms of hydrogen/oil ratio.



9 gas needs to be pure hydrogen gas, whereas hydrogen containing gas
contai ns hydrogen preferably by not |lower than 50 vol% nore preferably
not | ower than 60 vol % Hydrogen containing gas is a mxture of a gaseous
product of a reaction tower and unreacted0hydrogen gas and contains as
princi pal ingredients hydrogen gas, hydrocarbon gas, inert gas and
hydrogen sul fide gas. nFﬁe€@§S@@@s Lifawddr ares sepasated| Anegasoligyédd t he
concentration of hydrogen sulfide gas has to be reduced to a predeterm ned
| evel by. tr e@epagFatnmsh adnivighc depperadure, shmekhRd according to the
Preferably pure hydrogen gas is introduced into the | i qui d produced by
the high tenpresente imvgintioss Sane pgoyidel agsepaseparat efﬁlaneaqgemubbt ween
the first and second steps. |f hydrogen containing gas is used instead,
the  concenhighean thianhytivadgef sulcomparghiei neitholsthatf cambligrsopbut the
hi gher than 2,000 vol ppm nore preferably not higher than 1, 000 vol ppm
When hydrogegasﬁﬂﬂﬁuﬂdu;qyardtinbnb@edamadn bthOWheehpqnadupeoduced by the
l'ast high tenperature high pressure gas |iquid separator, the

concentrati opdefi tivia1ds) siwde Bydgegenngbs b Byaregahl ¥oneaihigfgegakhan
500 vol ppm The rate at which hydrogen containing gas is

introduced i Ris0 iNtedauddd] aYf Q@aead tidcehenktbglthke mgﬁaautoemubtghtaéessur e
gas liquid separators is preferably between 200 5,000 scf/bbl, nore
preferably beiomemtadtid oF MWAroges shltleidenchatBEngl RudtRgeniguliaratio.
product is dramatically reduced. Thus, a noble metal type
catalyst that can be severely poisoned by sulfur compounds
can be used in the second step. Still additionally, with a
method according to the presenf invention, the equipment for
reducing the concentration of hydrogen sulfide can be
operated’without reducing the temperature and the pressure to
ambient temperature and the atmospheric pressure
‘respectively. |
In the second step, the concentration of aromatic
~compounds in gas oil is reduced by hydrogenation.
| The hydrogenating operation of this second step is
conducted at temperature between 200 and 400°C, preferably
between 220 and 350°C, when measured at the outlet of the
catalyst layer.
The hydrogenating operation of this second step is

conducted under pressure between 30 and 150 kg/cmﬂ

preferably between 50 and 100 kg/cmz, in terms of the partial



10 Since gas and liquid are separated in gas liquid separators
at high tenperature, a nethod according to the present invention can
provi de a separation efficiency nmuch higher than that of a conparable

met hod that carriers out the gas/liquid ddparating operation at | ow
tenperature. Additionally, . since hydrogen gas or hydrogen contai ni ng gas

i s introducedPER®SFRER1OF RYATPIRR: the |iquid product, the concentration of
- hydrogen sulfide contained in the liquid product is dramatically reduced.
Thus, a noble netal typEd the$§3¢nq hgterafbrtiklad AstiRieishdd by sul f ur
conpounds can be used in the second step. Still additionally, with a

met hod accor de¥gferably fedsahtai et ( biquiddeupiprapace oreloaidsti Y he

concentration of hydrogen sulfide can be operated without reducing the

tenperat ure arfl hétweers@ud cand 10 enmorenperefevaklynbetweent hoapdhe? i c
pressure respgctively. In the second step, the concentration
of aromatic kdmpounds in gas oil is reduced by hydrogenation
The hydrogenating operation of this second step is conduct ed at
t enper at ure bet ween 2001mnthd(fecHndrateap abhydrodet veses) 1 eS80y fdidkn
measured at the outlet of the catal yst | ayer. _ :
at a rate of between 200 and 5,000 scf/bbl, more preferably
between 500 and 3,000 scf/bbl.

The hydrogenating catalyst of the second step may
be a noble metal type catalyst carried on a carrier. For the
purpose of the present invention, the noble metal is selected
from ruthenium, rhodium, palladium, iridium, osmium, platfnum
and a mixture thereof, of which ruthenium, palladium and
platinum are preferable because of their high hydrogenation
potential.

For the purpose of the present invention, materials
that can be used for a carrier include zeolites, clay
Jcompounds, sedimentary compounds, porous inorganic oxides and
a mixture thereof, of which zeolites and clay compounds are
preferably used because of their high sulfur resistance
properties.

Further, into the catalyst any additives can be
added. The preferable ones are boron, phosphorus, vanadium,

molybdenum, manganese, nickel, cobalt, iron, copper,

tantalum, niobium, silver, tungsten, rhenium, gold, rare



The hydrogenating operation of this second step is conducted under
pressure between 30 and 150 kg/cnferr], preferably between 50 and 100
Kg/cmerr], in terms of the partial pressure of hydrogen

In the second step, distilled petroleumi§2 preferably fed at a rate

(l'iquid hourl ace vel ocit ys LHSV) f between 0.5 and 10 h[err], nore
preferably be%% ne 9 arﬁ%lélﬂ 1T dcériv‘_"m"es‘l n the second step,
hydrogen gas is prefergﬁkg fed , at a rate of between 200 and 5,000 scf/bbl,

nore preferably betwe CRLEIPR 9B R MAgdsy to carry any ofthe active
hydrogenatin%}catal st of the second step may be a noble netal type

catal yst car MR PH means &f dnawie teshinicue such,aspdapsegrati@ni on,
the noble netal is selected fromruthenium rhodium palladium iridium
osnmium pl at IGRRReHRL B@HHoR @R ione@xghange .whiThe matee gituwhish 8¢ um and
plati num are preferabl e because of their high hydrogenation potential.

For t he purp&SEyiern anries hhe gadeated aahice metalt ist bedawelen @sdd angr a
carrier include zeolites,sgégérconpounds, sedi ment ary conpounds, porous

i nor gani ¢ oxildegnd marey atHar dsfitween hiSclandedl wtds and cl ay
conpounds are .

The catalyst of the second step may take any form
such as that of particulates, tablets, cylindrical columns,
trefoils or quatrefoils.

The hydrogenating catalyst of the second step may
preferably be treated for hydrogenation in advance before it
is actually put to use.

The hydrogenation reaction column to be used for
the second step may be of a fixed bed type, a fluid bed type
or an expansive bed type, although a fixed bed type is
particularly preferablef

The mode of contact of hydrogen and distilled

Jetroleum in the second step may be that of parallel rising

flow, parallel falling flow or counterflow.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Now, the present invention will be described
further by way of examples, although it ié not limited by the

examples in any means.



preferably used because of their high sulfur resistance properties.
" Further, into the catal yst any additives can be added. The preferabl e ones
dre boron, phosphorus, vanadium nol ybdenum manganese, nickel, cobalt,
iron, copper, tantalum niobium silver,3ungsten, rhenium gold, rare
12 earth nmetals, and their derivatives. The carrier can be
made to carrfEXaRd® tle active netal by means of a known techni que such
as inpregnation, coprecipitation or ion exchange. The rate at which the
carrier carries the selAsctdFtddliofe pedtraleun,bat mEfuge] odddcongaindndnor e
preferably between 0.5 and 3 w% The catal yst of the second
step may t ak@tmegphemihc sigmaight iddistdfl ledionc giast o4l babBEt &, apgl Laghitca
colums, trefoils or quatrefoils. The hydrogenati ng catal yst
of the seconeystlep aidy (LOCY atdainede finopaeedludd badadgeidat coackingdvance
before it is actually put to use. The hydrogenation reaction
columm to be (FOo) foyr 20 e wast usedstaryd sap jleectell zof axedobstepype, a fluid
bed type or an expansive bed type, although a fixed bed type is
particul ar| y hyiddiogjerldtion process under the conditions listed in Table 1.
A pair of high temperature high pressure gas liquid
separators were arranged between the first and second steps
and hydrogen gas was introduced into the separated liquid
products of the separating operations using the separators.
The operating conditions of the high temperaturé high
pressure gas liquid separators are also listed in Table 1.
The sulfur concentration of the mixture oil was 0.98 wt% and
the concentration of aromatic compounds was 39 % when tested
with FIA. A commercially available hydrotreating catalyst
comprising an aluminum carrier carrying a 5 wt% of CoO and a
15 wt% of MoO, was used for the first step. The catalyst was
<~Sulfurized in advance before it was actually put to use by a
conventional method. The hydrogenating catalyst of the
second step was prepared by using acidic Y-type zeolite
powder containing $1i0, and Al.zo3 to a content ratio of 20,
impregnating it with a mixed solution of platinum chloride
and palladium chloride to cause it to carry the noble metals,
drying it and thereafter baking it at 300°C for three (3)

hours. The noble metal content of the catalyst was 0.8 wt%.



The node of contact of hydrogen and distilled petroleumin the second step
may be that of parallel rising flow, parallel falling flow or counterfl ow.
DETAI LED DESCRI PTI ON OF THE PREFERRED E | MENTS Now, the
present -invention will be described further by way of exanples, although
it is not ligited hy.the exanpl es _in_any nean ,

13 (Exanplegkﬁe o? the Cheﬂ§cgﬁsPFPP85 5§Fr8?egﬁf SuﬁP%FuPéloPF Egﬁtaining
at nospheric straight distillation_gas oil by .80 %and |light _cycle oi

(LCO) obtain &rﬁFoﬁngfPﬁpdtggfa t%@ec?SSR%ﬂgStFECEfebﬁgﬁe é@%&?guégd and
subj ected to_a _two-ste hydr ogenati on process under _the conditions Iigted
in Table 1. TAP3& f-of Ritghtpé%pé? GPBCRPERafieRs PE FROMALHG; gompounds
separators were arran%ed bet ween the first _and second steps. and hydrogen
gas was i ntrd@ud@®lentdo aFRe theser 2fcg2epi QildwhgpodastedoritheFiBpar ati ng
operations using the separators. The operating conditions of the high
tenperature high pressure gas liquid separators are also listed in Table
1. The sulfur concentration of the mxture oil was 0.98 w% and the
concent r at i orf Compgrerdviec Exgmpdends was 39 % when tested

The distilled petroleum and the catalysts as well
as the test conditions of this example were same as their
counterparts of Example 1, éxcept that only one high
temperature high pressure gas liquid separator was used. The

obtained results are also shown in Table 1.

(Comparative Example 2)

- The distilled petroleum and thé catalysts as well'
as the test conditions of this example were same as their
counterparts of Example 1, except that no high temperature
high pressure gas liquid separator was used. In other words,

.the product of the first step was directly fed to the second

step. The obtained results are also shown in Table 1.



with FIA. A commercially avail abl-e hydrotreating catal yst conprising an
alum numcarrier carrying a 5 % of CoO and a 15 w % of MoO3 was used for
tthe first step. The catal yst was sulfurlﬁﬁ i n advance before it was
actually put to use by a conventional od. The hydrogenati ng catal yst
of the second step was prepared by using acidic Y-type zeolite powder
contai ni ng Si C('Eﬁ“?f e ahl A [err]O[err] to a content ratlo of 20,

i npregnati ng i d a

chloride to dause it to carrythe noble rretl yip

baking it at E?ﬂ“ep'%ébl Efé";f:fffl;vg tfhe

cat al yst was {B—8—w +4
&d:orﬂhom‘fotmsmbput oil of the¢ first sfep and that of the
r eRedction Pressued(kgom®) Tabl e 1. Nofe that %hge concer@rlati ons 085
o uRerstion Terpetsiture TCGire those of |gas oi 869nhen tesi6dd with FBER

chem cal prop
second step
Ex &L The distilled pétdpl eum aAd {t he 4.5
Hydroges/Qil fiatie ésetdondi ti ons of this1808hple w99 lsane 54500

aromatic co
(Conparative
catal ysts as

J\

their count qr pa f cept that only ong high tenmperature

! ¢ 8il Prodftcep y g np

hi gh pressure f"égo (ﬁggyar'atrgr was used] The ogggt Ai ned ggsul ts argody §o
shown in Tablle Aromatic Compounds (%) 36 36

<Gas Liquid Separation/Gas Mixing Step>

No.1

Pressure (kg/cm?) : 55 55 -
Temperature (°C) - 369 369 -
Hydrogen Introduction Rate 1500 1500 -

Hydrogen/Oil Rate (scf/bbl)

No.2

Pressure (kg/cm?) 55 - -
Temperature (°C) 369 - T -
Hydrogen Introduction Rate 1500 - -

Hydrogen/Oil Rate (scf/bbl)
<Conditions™ for 2nd Step>

Reaction Pressure {(kg/cm?) 55 55 55

Reaction Temperature (°C) _ 300 300 300

LHSV (h™) 1.5 1.5 1.5

Hydrogen/Qil Ratio (scf/bbl) 1500 1500 .=
<Properties of 2nd Step Oil Product> :

Sulfur Content (wt%) 0.030 0.031 0.033

Aromatic Compounds (%) 17 24 34

]

(Exaﬁple 2)

The distilied petroleum and the catalysts of this
example were same as their counterparts of Example 1 but the
test conditions as listed in Table 2 were used. The obtained
results are shown in Table 2. Note that the concentrations
of aromatic compounds in Table 2 are those of gas 0il when

tested with FIA.



(Conpar ati ve Exanpl e 2) The distilled petroleum and the
catalysts as well as the test conditions of this exanple were sane as
ttheir counterparts of Exanple 1, except #]at no high tenperature high
pressure gas liquid separator was used. IT" other words, the product of the
first step was directly fed to the second step. The obtained results are
al so shown i rf CRMRarative Example 3) 15

[ Tabl e 1] Exanple 1

Conpar ati ve Cbnparatixhﬁ distilled petroleum and the catalysts of this
Example 1 Example 2 <Conditions for 1st Step> Reaction Pressure
(kg/cn{err]) example were same; ;s their cowsterparts of Exampmde;d: iancept

Tenperature ([err] Q) 369 369

369 LHSV (h[®@mat)only one high temperature high presssuge gas liquidb

4.5 Hydrogen/QO | Ratio (scf/bbl) 1500 1500

1500 <Pr opessepaatdr s Sisgd O | THe deksatt corglltfignsCast dhtstled %n Table 2
0. 033 0. 033 0.033 Aromatic Conpounds (% 36

36 wedfe udend. Uthel distpmiresd ardgbdstsManen@lSiceghowin.in TRbdss B e
(kg/cnferr]) 55 55 _
Tenperature ([err] C 369 ' 369 Hydrogen

| ntroduction Rate : 1500 1500 Hydrogen/ G| Rate
(scf/bbl) (dombard s B ake caf err]) 95
Tenperature ([err] O 369 Hydr ogen | ntroduction
Rat e TP Wistilled petroleunthdHd Gty Qdtdidistd o /s

<Condi tions for 2nd Step>
example were same as their counterparts of Example 1 except

that no high temperature high pressure gas liquid separator
was used. The test conditions as listed in Table 2 were
used. In other words, the product of the first step was

directly fed to the second step. The obtained results are

also shown in Table 2.



Reaction Pressure (kg/cnferr]) 55 55

Reacti on Tenperature (C 300 300

300 LHSV (h[err]) 1.5 1.5

1.5 Hydrogen/G | Ratio (scf/bbl) 17 . 1500 1500
<Properties of _2nd Step O Product> Sulfur Content (W%

0. 030 olBahle 2 0.033 Aromatic Conpounds (%

17 4 __ 34 xanple 2 . The distilled
petrol eum andl the catalysts of this exanpl S thelr
counterparts Jof Exanple 1 but the test con.YE’YS‘H‘E g =°‘ en 'F 'i ave
were used. THe—ebtai-Rred e—ShevwR—iHA—Fabl-e—2—Not-e—-+
concentratio <Cm-fd|t|anismmsusmpsnpounds in Taple 2 are fhose of gas 0|I vvhe
tested with Hl AReaction Pressure (kg/cm®) 6516 (Conmsrfati ve 65
Exanpl e 3) Reaction Tmrailrstﬁcl)l ed petrol elim and 86%| cat al y38s| of t hi 869

exanpl e were fsak#SVdhheir counterparts of arrpl e 4B pxcept 486hat onl y 4én
hi gh t enper atjur Bydiegen/QirRatia dackbblias | i quid $epar a@®l0 lhvas us@af0 [The t e2500
conditions as '#:%E&ﬁjes I@Q&;?o?m: e used. | The obtai ped resultls are al so

shown in Tabllje lfur Co N )a at1ve anple 4 0.010 Theygtosit 1 11 €dg 910
petrol eum andg t HdundLle)t Ni s exanpl ¢ were 'SﬁTe as theygr 35
counterparts f E)&allpl e—t—except—that—ro—rgtr—tenperptore—hr gy pressure
gas liquid ssg aﬁﬁ ldgquid Separation/Gas Mixing Step>
Pressure (kg/em?) 65 65 -
Temperature (°C) 369 369 -
Hydrogen Introduction Rate 2500 2500 -
Hydrogen/Qil Rate (scf/bbl)
\ No.2 -
Pressure (kg/cm?) 65 - .-
| Temperature (°C) 369 - ' T -
Hydrogen Introduction Rate 2500 | - -

Hydrogen/Qil Rate (scf/bbl)

<Conditions for 2nd Step>

Reaction Pressure (kg/cm?) 65 65 65

Reaction Temperature (°C) 320 320 320

LHSV (h™) 1.5 1.5 1.5

Hydrogen/Qil Ratio (scf/bbl) 2500 2500 -
‘<Properties of 2nd Step Oil Product> .

Sulfur Content (wi%) 0.009 0.009 _ 0.009

Aromatic Compounds (%)

As seen from the above examples and comparative
examples, a hydfotreating method according to the invention
is very effective to produce gas o0il containing low-sulfur
and lbw-aromatic-compound,

Since at least a pair of high temperature high
pressure gas liquid separators are installed between the

first and second steps and hydrogen gas or hydrogen



£

was used. The test conditions as listed in Table 2 were wused. In other
words, the product of the first step was directly fed to the second step.
The obtained results are also shown in Table 2.

17 [Table 2] 18 Exanpl e 2
Conmparative Conparative

Exanpl e 3 copbfdndng gasdd didroduged dnte dhe lagnid progusts @fe the

(kg/cnferr]) L. 65 65 N 65 Reaction
Tenperature @& Ajiguid separators to regyice the concepyration of hydrogsn,
(hlerr]) 4.5 4.5 4.5

Hydr ogen/ O | sRdifiidle simtsdined in the liquid prpgggt, one or moge than one
2500 <Properties of 1st Step G| Product> Sulfur Content (w%

0. 010 @k)E) metal type GEralyshmadan benysedddn( #he second step to
35 35 35 <Gas Uquid Separation/Gas M xing Step>
No.1 Pressurreducg diHeeradncentration of aromatic compo@hds in the 65
Tenperature (C _ ' 369 369 Hydrogen
| nt roduct i on geediduced gas oil. 2500 2500 Hydr ogen/ QG |
Rate (scf/bbl) No. 2 Pressure (kg/cnferr]) ' 65
_ Tenperature ([err]C 369 Hydr ogen

| ntroduction Rate _ 2500 - Hydr ogen/ G |
Rate (scf/bbl) <Conditions for 2nd Step> Reaction Pressure (kg/cnferr])
65 65 65 Reaction Tenperature ([err]C

320 320 320 LHSV (h[err])

1.5 1.5 1.5 Hydrogen/ G| Ratio (scf/bbl)

2500 2500 <Properties of 2nd Step G| Product> Sulfur Content

(Wm 9% 0. 009 0. 009 0.009 Aromatic

. Conpounds (% 9 17 30
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As seen fromthe above exanples and conparative exanples,_a hydrotreating
met hod according to the invention is very effective to produce gas oil

contai ning | owsul fur and | ow aronmati c- compound. [ ,ﬁ [[ ] [

| east a pair of high tenperature high prEsure gas l)i (m 'jﬂu u@”ﬂgmme
I nstal |l ed be i St d second steps and hydrogen gas drrogen
15 WL 2 Bt a3

cont ai ni u¢eéd into the liquid product of the gas liquid
separators tqQ requce . .the caoncentration.of hydrogen__sulfide contain in
The T baui d produds ResREcL AL SeRuEAsruite fB| BlnpantesbiRaadaasPL el e
used in the second step to. reduce the concentration,of aronmati¢ conpounds
in the prod@@@dq§§§Qﬁ%matlc'°°mp° OMBTESAPRED Eé?StlsgeR tﬁngbpg
manuf acturin as _qQil_containing | owsul fur  and | Qqw aromati c-conpound
conpri sing a9 ledepedrdeum 1o condect ¥dthePYEFegRP: §280AtalPeuni th

hydrogen gas in the presence of at |east one hydrotreating catal yst or a
m xture - presence of at least one hydrotreating catalyst or a mixture

thereof to reduce the sulfur concentration to not higher than
0.05 wt$ and a second step of reducing the aromatic compound
concentration in the presence of at least one noble metal
type catalyst or a mixture thereof, characterized in that at
least a pair of high temperature high pressure gas liquid
separators are arranged between the two steps to separate the
gaseous and liquid coméonents of distilled petroleum and -
hydrogen gas or hydrogen containing gas is introduced into

-

the liquid component in each of the separators.

2. A method according to claim 1, wherein distilled .
petfoleum is a mixture of distilled oil obtained by
.distilling an oil product of fluid catalytic cracking (FCC),
distllled oil obtained by distilling an oil product of
thermal cracking and distilled oil obtainéd by distilling

crude o0il under atmospheric or reduced pressure.

3. A method according to claim 1, the gas liquid separators
are operated at temperature between 200 and 450°C and under

pressure between 30 and 150 kg/cm{



T —

t hereof to reduce the sul fur concentration to not higher than 0.05 wt % and
a second step of reducing the aromati c conpound concentration in the
presence of at |east one noble netal type catalyst or a m xture thereof,
characterized in that at F MARBFACTORTNG o BGhi gh pressure
gas liquid separators are 2 Aﬂ@ﬂﬁﬂkﬁﬁigﬁh S to separate the
gaseous and liquid conponents of disti |BBSFRAGE ol eum and hydrogen gas or
hydrogen containing gas is introduced into the li.quid conponent in each_of
t he separators. 2. Rhewehss EQQUidﬁﬁgatBeﬁthnﬁg,mﬁh@fé?ﬁuﬁiggi9§§d°ll
petroleumis a mxture of distilled oil obtained by distilling an oi
product of ftontadatagylow-endékrngndFloy-argnstictedmpoundpt gahddmeyhod
distilling an oil product of thermal cracking and distilled oil obtained
by distillingompridéngi b fddst stepsplieputtingrdistililpdepetireleum 80 A
met hod according to claiml1, the gas liquid separators are operated at
t enper at ure kehwaer ZA%hahgdibgenagdsutdetheppeesaneebefweechy@potndatsog
kg/ cnierr]

catalyst to reduce the sulfur concentration to not higher

than 0.05 wt$%$ and a second step of reducing the aromatic
compound concentration in the presence of a noble metal type
catalyst, at least a pair of high temperatﬁre high pressure
gas liquid separatérs are arranged between the two steps to
separate the gaseous and liquid components of distilled
petroleum and hydrogen gas or hydrogen containing gas is
introduced into the liquid component in each of the

-

separators.



