"ﬁ&DROﬂ%auui«li&zljaﬁi;ﬂu14ujﬁmﬁu invention relates to a process#47gi-1 |
hydr of r eatBEHS-AGER SHERTS® rea¥Gor \essel conprising at |east an upper and a

Iomer [Cabak-sisdorbethged hydrnogagedon...oiil which is substantially liquid at
proceHsl Clandi) i onmgand. 1.0 page@act.qr| vessel suitable for carrying out such
pr oce s Diabvingss)f qj;@s@eﬁ'. kbphgeline: anfount _of contam nating conpounds, such as
sul phugs &biragl OMBldged. Ialtl,gygg t-0 e present in hydrocarbon oils according

to enqbkgﬁngﬁtﬁﬁcﬁﬁqlslatlon wi 1T lconti nuously decreasBE 6322 h8INyt ure.

..................................

Ther etorer—there—+s—Hoeh—HAeFe8r—dn processes with the help of which the
content of such conpounds in hydrocarbon ails n reduced to a | ow | evel
in a comercially attractive may DRRT Bgﬁglgﬁtgﬁﬁppggdesulphurization
processes, such as described in e. g British patent specification 1420248,

use i s made of t or _nore fixed- b catal a { each
consi sting of onmggﬁ ﬁﬁﬁ?epgaéplgﬁ QB ked Ef% t% %’ %%Cgﬁékggﬁ%nt needed
for such prochydeetnEatangngnsavs13gleeaeacbnrvweseeb compnighng aban the
capital '”VeSiQEQ% Qﬁeﬂéﬂ %°£n§2§ P&@éf“&aé?ﬂ?éﬁ B@écaoﬁ 48888kbBh06E IS

The present invention r rocess rotreal in a single
react or vesseWhEthlﬁsSHQSEQHPEQ%%Yahlﬂbb@raﬁnﬁrac¢6§eF°E§%gF9§F ged a

hydrocarbon oth whighctérsvbssant kaitybleagbe ehrpyongssutosdehi ons,
process. '
It is foreseen that the amount of contaminating

- _compounds, such as sulphur and aromatics, allowed to be

Y, present in hydrocarbon oils according to environmental
b legislation, will continuously decrease in the future.
Therefore, :there is much interest in processes with the
help of which the content of such compounds in
hydrocarbon oils can be reduced to a low level in a
commerc1ally attractive way.

In some catalytic desulphurization processes, §uch as
described in e.g. British patent specification 1420248,
use is made of two or more fixed-bed catalytic reaction
systems, each consisting of one or more reaction vessels.
The capital investment needed for such processes
utilizing several reaction vessels, is higher than the
capital investment needed for the present single reactor
L a7 vessel process.

P The present invention relates to a process for .
hydrotreating in a single reactor vessel comprising at

-2 least an upper and a lower catalyst bed, a hydrocarbon

oil which is substantially liquid at process conditions,
which process comprises:
(i) contacting partly hydrotreated hydrocarbon oil

. obtained in step (iv) described hereinbeiow, at elevated
temperature and pressure in the upper catalyst bed with a
hydrotreating catalyst in the presence of clean hydrogen

&4



" vithi ch process conprises: (i) contacting partly hydrotreated hydrocarbon
oil obtained in step (iv) described herei nbelow, at el evated tenperature
and pressure in the upper catalyst bed with a hydrotreating catalyst in the

presence of clean hydrogen -2- containing gas, (ii) separating the
effluent of step (i) into hydrotreated nygrgcarbon oi | and used hydrogen
cont ai ni ng gas, which hydrotreated hydrocarbon oil is renoved fromthe

process, (iiigontatoingcgaag fresh hydrocarbon oil at el evated tenperature

and pressure y4in a hyﬁﬁf&@éd&r@t&ﬁ%ﬁwd@ﬁ%ﬂi)ceéﬁ_cyst bed in the

presence of used hgdrog cont al ni hg gas_ obt ai ne ep gil), I, V),
separ ating t hey@retreateds hydepcarbon okl oapdr upgdnhudspeer: 68nk34PoREr bon

oi | and cont agagat wHi BMOhpaesteeataldnhpdresarbvhi 6 1ca8t aemoetad fhgsr ogen
containing gas,is renmoved fromthe process, and (V) transporting partly
hydr ot reat ed hY@rBEQFEBR/ 0i| obtained in step (iv) to step (i). In the
process accor{ibh)to tdentmaesarg firesinthydroddrbdn radl hydrekewattedg step is

carried out ip.fRe REGIENGRACHrA¥ELAECR1 AT S nTRYLERBLR g bk el

smal |
the lower catalyst bed in the presence of used hydrogen

containing gas obtained in step (ii),

(iv) separating the effluent of step (iii) into
partly hydrotreated hydrocarbon oil and contaminated
hydrogen containing gas, which contaminated hydrogen
containing gas is removed from the process, and

(v) transporting partly hydrotreated hydrocarbon oil
obtained in step (iv) to step (i).

In the process according to the present invention,
the final hydrotreating step is carried out in the
presence of hydrogen which may contain a relatively small
amount of hydrogen sulphide, which leads to good
hydrotreating results.

The present hydrotreating process differs from
conventional hydrotreating processes, such as described
in US patent specification 4,243,519, in the sequence of
the process steps. In the process according to the
present invention the final hydrotreating step is carried
out in the upper catalyst bed. Whereas, on the contrary,
in the conventional process, the final hydrotreating step
is carried out in a lower catalyst bed, which is situated
further downstream the hydrogen gas flow. By operating
the final hydrotreating step in the upper catalyst bed,
one has the advantage of operating it at the highest
hydrogen partial pressure maintained in the vessel, due
to the pressure drop over a reactor. A higher hydrogen
partial preésure gives better hydrotreating results.

Further, the use of a feedstock which is



" &mount of hydrogen sul phide, which leads to good hydrotreating results. The
present hydrotreating process differs fromconventional hydrotreating
Rrocesses, such as described in US patent specification 4,243,519, in the
sequence of the process steps. In the process according to the present
invention the final hydrotreating step is §a¢ried out in the upper catalyst
bed. \WWereas, on the contrary, in the conventional process, the final

hydr ot r eat i ng saxostang: igdrlt dd gid iat Priosess mlﬁpf@e@akﬂﬁ dthats the
situated furt ey Wi AMHYIR JBEHREL D i98%rid wdr%\geqperoatﬂmltﬁte gfasnal

hydrotreating step |n t he upper, cataly bed, one t

operating it &on ke 43 ﬁfzﬁ nged, 55%02‘ ﬁ% l@'he
vessel , due t@tydieu&reeaﬁa ebﬂr orsetpa&rat@ loRC thrfom Aﬂqtﬁl&radwwd)gﬁamart i al
pressure give better Its Fur.t her . .t he .use..Qf_ a

f eedst ock whi tl—% éiﬁ? |utfwa§a ’pl"@@'&gls l%o?cﬁo%ions makes
that the separﬂwamtayed\;ajrfmmmnamdnmld:diyd:m@é:n cdormigwhi ng gas can be

attained without the pg gp?gg% t8§t§?§ %edg£%8t2§@%e9e€hits as

separate gas fromTrqui e par otre again,

which is dis- wu\aamcwgtt@mqrrmtamo@@omﬁnqpar%% hetysut fering

from the inherent disadvantages of countercurrent

operation, such as restrictions on the gas and liquid

space velocity.

The present invention relates furthermore to a
reactor vessel suitable for hydrotreating a hydrocarbon
oil according to the invention, in which vessel:

(a) above the upper zone for retaining a catalyst bed is
situated an inlet for gas and an inlet for liquid,

(b) between the upper and lower zones for retaining a
catalyst bed is situated a separating means for
separating liquid and gas,

{c) between the upper zone for retaining a catalyst bed
and the separating means is situated an outlet for
liquid,

(d) between the separating means and the lower zone for
retaining a catalyst bed is situated an inlet for
liquid, _

(e) below the lower zone for retaining a catalyst bed is
present an outlet for gas and an outlet for liquid,
or an outlet for liquid and gas,

to which vessel a means is attached for transporting

liquid obtained from the outlet for liquid situated below

the lower zone for retaining a catalyst bed to the inlet

for liquid situated above the upper zone for retaining a

catalyst bed. _

The process according to the present invention
suitably comprises a hydrodesulphurization process in



" Ft is now possible to obtain the sane good results as in a countercurrent
node of operation without suffering fromthe inherent di sadvantages of
gountercurrent operation, such as restrictions on the gas and |iquid space
velocity. The present invention relates furthernore to a reactor vessel
suitable for hydrotreating a hydrocarbon Qll according to the invention, in
whi ch vessel: (a) above the upper zone for retaining a catalyst bed is
situated an i step fdiiyafodhdwed bMIetfﬂutherqbydr03§§ubEhW6éﬁa¢h@nupper

and | ower ngf?ég r%haﬁ%ﬁg& Caig ¥AisDREY 8 Fekyaled anigraialedgimeans
n et

for separati ween t gg zone for retaining a
cat al yst bed &a® Pﬁea§EEaﬁﬁglh§ ﬁeﬁﬁ@mﬁ§céﬁﬂégté ﬁﬁCB&YFeWaVbrOF &id, (d)

bet ween the se@ﬁtamnﬁan&eanSuandashﬁltea@énzeaﬁtamnlngtabmpagndscatahyst

bed is situated an_inlet f bel ow t.h ne -for retaining
a catal yst beﬁg§g B?egeﬁ?rgﬁlﬁugfchFog gﬁ?mﬂxadaﬁnogmﬁgg% liquid, or an
outlet for |idesdlphdrgaation phocbsses?urtheneahhe|praceashsdit@bly

{ransporting Lhgiigeabhehgatolbay by 8ubkebn' Bobbly! dn kgt qd gl ow the

| ower zone for alni et for si tuat ed
above the uppﬁoliewedfby aehxdnpggnatéanapy§pe§éd1n step (1)- In that

way both the sulphur and the aromatics content of the
fresh hydrocarbon oil can be diminished in a commercially
attractive way.

The hydrocarbon oil subjected to the present process
is substantially liquid at process conditions. The liquid
phase of the hydrocarbon oil makes that the separation of
the hydrotreated hydrocarbon o0il from the hydrogen
containing gas in step (ii) can be attained in a simple
way. Suitably this separation is carried out with the
help of one or more separating trays consisting of a
conventional liquid draw-off tray as used in distillation
units.

The separation of step (iv) can be carried out
outside or inside the reactor vessel. In the first case,
the hydrocarbon oil will usually be cooled down and needs
heating up before it can be used in step (i). Therefore,
separation inside the reactor, preferably with the help
of a separating tray as described above, is preferred.

The pressure drop over the reactor vessel will
generally be between 0.2 and 10 bar, more specifically
between 0.5 and 5 bar. It is possible to add hydrogen to
the lower catalyst bed. However, in general the hydrogen
partial pressure will be higher in the upper catalyst bed
than in the lower catalyst bed. The pressure drop will
generally make that the hydrogen partial pressure in the
upper catalyst bed is between 0.1 and 9 bar, more
specifically between 0.4 and 4.5 bar higher than in the



* The process according to the present invention suitably conprises a

hydr odesul phuri zati on process in -4- step (iii) followed by a further
hydr odesul phurization process in step (i). In this way a very |ow sul phur
Fevel can be attained in a conmercially attractive way. Q her contam nants,
such as nitrogen containing conpounds, can also to a certain extent be
renmoved in a hydro- desul phurization process. Further, the process suitably
i nvol ves a hyfloweesehphldyistabledn process in step (iii) followed by a

hydr ogenati on pro it Ipqﬁ, iﬂ&ﬁ agulst he
aromatics cont_ent%ﬁfsa} %S&g#% %rgar ona oi can&bbe dlr?nyém shed In a
conmercial |y aStmagntve wap. CDWéahWGme&ﬁ§§ntBﬁP S8bpycVedWs Cfe present
process is suf 2&%85@?1' 'sbblb'h(iu'ed re‘fre%%i% qerd H:hahs 13Thy WolQuim@,phase of

hydr obar bon' ORPEFr BREEREARN, égaﬁ ESRPa g Bs VP CBESp G can be
ﬁéfalgﬁdohg gF&bmggagg@yleSQI&mhhy(thS b@pan&hmen iSeidadbdiyad out with the
e R o e
can be carriediw)t is cleaned, e.g. by treating it w1th an amine, an
subsequently used in step (i) as clean hydrogen
containing gas.

A hydrocarbon oil which is substantially liquid at
process conditions, is understood to comprise a
hydrocarbon o0il of which a major amount, for example more
than 70 % by weight suitably more than 80 % by weight,
and preferably more than 95 % by weight, is in the liquid
phase. Hydrocarbon oils which can be suitably treated in
the process according to the present invention, comprise
any hydrocarbon which is substantially liquid at process
conditions, for example kerosene fractions. A hydrocarbon
oil which could be suitably treated in the process would
be a gas oil, as the environmental constraints on this
oil fraction have become quite strict. A suitable gas 0il
would be a gas oil substantially, e.g. more than 75% by
weight, boiling in the range between 150 and 400 °C.

If a gas oil is hydrotreated in the process according
to the present invention, steps (i) and (iii) are
suitably carried out at a temperature of between 150 and
450 °C, suitably between 300 and 400 °C, preferably
between 325 and 390 °C, more preferably between 340 and
385 °C, and step (i) is suitably carried out at a
pressure of between 20 and 85 bar, preferably between 30
and 65 bar, and step (iii) is suitably carried out at a
pressure of between 15 and 80 bar, preferably between 25
and 60 bar.

Further, in the present process suitably a



* o6utside or

I nside the reactor vessel. In the first case, the hydrocarbo

n

oil will usually be cooled down and needs heating up before it can be used
Therefore, separation inside the reactor, preferably with the

i,n step (i).
hel p of a separating tray as described above,

drop over the reactor vessel wll generaluy be between 0.2 and 10 bar,
specifically between 0.5 and 5 bar. It is pOSSIb|e to add hydrogen to t
| over cat al ystubzdcatidngveril icangbrehydrofisenfedogsncpansi & pressure will

be higher in &BBFEEQ%& ;abahyghb%%@ngagalwn %h% | qgee eahal Wiy Bad. The

pressure drop w % en artlal gssure in
upper catalysWeﬁéatvsbﬁé@%@gnlﬁ thgngranggapetysed 33 cPPpcépﬁy fet ween 0. 4

ene

and 4.5 bar higherrf hanibrideting &zllm\ﬂiymw&e'ﬁecbah thé hptdbeess
expressi on "clean

droge ontainin S nean C ng | ess
than 3% by voP&feT gﬁc’o& PEE5R e nb'reélfté'lpgbl FB? I)la%nf@)(‘g‘y 3ol urme,
nmor e pref er abhyel smtalbdly @a¥ridedy oudl aiea rmm:ema&ileeablfybleémeam@rom 1 %

by vol ume. Suhhébhbo °6 B Pakaf1 YL ANEEn 805 2Rl Ngogate Olifgyged | N S ep

(iv) is cleane

in step (i) agrgﬁggﬁbﬁyubggyﬁen %40 and 385 °C, and a pressure of less

than 250 bar, preferably less than 200 bar, more
preferably less than 175 bar.

The hydrotreating catalyst employed in the process
according to the present invention, suitably comprises
one or more metals from Group 1lb, 2a, 4b, 5b, 6b, 7b and
8 of the Periodic Table of the Elements in the Handbook
of Chemistry and Physics, 63rd edition, on a solid
carrier. The carrier can optionally comprise a zeolite.

As described above, the hydrotreating process
according to the present invention preferably involves in
step (i) a hydrogenation process and in step (iii) a
hydrodesulphurization process, or in both steps a

hydrodesulphurization process.

In the first mode, in step (i) a hydrogenation
catalyst is applied at hydrogenation conditions which
include a temperature of between 150 and 350 °C, and in
step (iii) a hydrodesulphurization catalyst is applied at
hydrodesulphurization conditions. In such case, the
hydrodesulphurization of step (iii) must in general be
carried out such that a sulphur content is attained which
is such that the specification on the sulphur tolerance
of the hydrogenation catalyst of step (i) is met, as

. otherwise this hydrogenation catalyst could be poisoned.

Suitably, the hydrocarbon oil obtained in step (iv)
contains not more than 15% by volume of sulphur
containing compounds, based on volume of sulphur
containing compounds present in the fresh hydrocarbon

is preferred. The pressure

nor e
he

t he

an_anmi ne, and sUbsequently used



" ¢ontaining gas. A hydrocarbon oil which is substantially liquid at process
conditions, is understood to conprise a hydrocarbon oil of which a major
amount, for exanple nore than 70 % by wei ght suitably nore than 80 % by
wei ght, and preferably nore than 95 % by weight, is in the |iquid phase.
Hydrocarbon oils which can be suitably trgated in the process according to
the present invention cggﬁrise any hydrocarbon which is substantially

liquid at protitis PBREEFABAY, NPbrMaXanphenkéPEsene fractions. A hydrocar bon
oihl whi ch coul d quﬁlﬂﬁea@ey:drfo‘iato@th Jind :}bbtlhr RARGS (\r/]iqulai,doe(ialjga%_ ;)i |, as

t he environment onstraints_on this, ol raction, have_becone quite
strict. A suiﬁg@rgggggigﬁPraaa?aogecataggs iFSsﬁBE}éﬁéiQEIy, e.g. nore than
75% by wei ght hy8ovotiesglphurheataogecbnrdikion&50Iantthd@0chsef] thé a gas oi

I s hydrotreat |, t C ' t p At LNyentian, ps
(i) and (iii)ﬁgfgf¥uﬁ?%gFegggﬁ??eggégéegfbgnté%éeégﬁggéegfXﬁe%gggn(igg and
450 [err] suiﬁﬁbt?bbﬁtﬁﬁégaSOg batwaed leanf BPéfbravpjumet @Eefudpbuznnd 390

[err] nore pr@éﬁt&bhﬂneeéwﬁgauﬁég,aﬁds§§5o£eﬁbluﬁedo§tsﬁlﬁhhriS sui tably
carried out at aggressure of between 20 and referably between 30

ngd 85 bar,
and 65 bar, afg™® %Bl?giF?mP9u§ﬂ§tHB?§eEErFPeHhﬁufrﬁghahﬁgégg FBOBf bet ween
15 and 80 bareipteferably between 25 and 60 bar. Further, in the present

process suitably %he present invention can suitably be carried out in

a reactor vessel as shown in Figure 1. |
The upper catalyst bed can contain either a

hydrodesulphurization or a hydrogenation catalyst; the
lower catalyst bed contains a hydrodesulphurization
catalyst. Clean hydrogen containing gas is fed to the
reactor via line 2, while partly hydrotreated hydrocarbon
oil is introduced in the upper part of the reactor via
line 1. The inlet for gas and the inlet for liquid can be
combined. However, it is preferred to have separate
inlets. The hydrotreated effluent from the upper catalyst
bed is separated from gas with the help of a draw-off
tray. The separated hydrotreated hydrocarbon effluent is
removed from the reactor via line 3, while used hydrogen
containing gas passes the separating tray and reaches the
lower catalyst bed. Via line 4 fresh hydrocarbon oil is
introduced between the separating tray and the lower
catalyst bed. The partly hydrotreated effluent obtained
after passing the fresh hydrocarbon oil over the lower
catalyst bed, is removed from the reactor via line 5 and
separated into partly hydrotreated hydrocarbon oil which
is sent to line 1, and contaminated hydrogen containing
gas. The contaminated hydrogen containing gas is suitably
cleaned by treating it with an amine, so-called
scrubbing. The cleaned gas obtained can then, optionally
together with make-up hydrogen, be recycled to line 2 and



"-B- lubricating oil can be hydrotreated, such as a lubricating oil
substantially, e.g. nore than 95% by weight, boiling in the range between
320 and 600 [err] If a lubricating oil is hydrotreated in the process
according to the present invention, steps (i) and (iii) are suitably
carried out at a tenperature of between 30Q and 400 [err] preferably
between 325 and 390 [err] nore preferably Detween 340 and 385 [err] and a
pressure of | dss vbed &F8ibar, preferably | ess than 200 bar, nore

preferably |ess th%ﬂeléﬁv'%%ﬁ:ag&eo'%y%‘ét g:‘i% G &gﬁ%&ﬁe&bnem'ﬂy%% in the

process accor dj res I nvent| sult ri ses one or nore
nmetal s from Gblbushrabed Qﬁ the f@b1°an@n§X8mB¥ethe Perlodlc Tabl e of the
El emrents in thexaigpwghook of Chem stry and Physics, 63rd edition, on a solid

Che hydr ot feat  ng. IPECBEOCRESoMANEAES Lore SHtodEng SRTSHE: A sk
i nvol ves in stip EiQunehydrm@enaatmhyﬁtQpnesenndbothsinptheluppar and
hydr odesul phur {28! | 80e P 05ESPys Lo H9L "o ShERSAc I fEAdepyL phULT 2at] on

process. In the TiTsS n-ca is applied
at hydrogenat i @atabyigti i mpmm| acl%udQYaweeqip'eraf- uc@baltbendeéa -4%0 and

350 [err] and h§ weight of molybdenum, based on total amount of
catalyst, on alumina. The catalyst particles were in the
shape of 1.2 mm trilobes.

A gas oil feedstock of which according to the ASTM
distillation curve more than 78% by volume is in the
gaseous phase at 383 °C, more than 50% by volume is in
the gaseous phase at 345 °C and more than 20% is in the
gaseous phase at 300 °C was led to the reactor via line
4., The overall process conditions comprise a temperature
of 360 °C and a weight hourly space velocity of
2.0 kg/l.h and a hydrogen to oil ratio of 200 Nl1l/kg. The
hydrogen partial pressure at the outlet of the upper
catalyst bed was 24.4 bar, while the hydrogen partial
pressure at the outlet of the lower catalyst bed was 23.1
bar. At these process conditions about 7 % by weight of
the gas o0il feedstock was in the gaseous phase. The
sulphur content of the feed, the partly hydrotreated feed
and the hydrotreated feed are shown in Table 1, in amount
of elemental sulphur on total amount of feed.

Table 1
partly hydrotreated
feed hydrotreated feed
' ' feed

Sulphur content
(3 by weight) 1.64 0.21 0.06



" step (iii) a hydrodesul phurization catalyst is applied at

hydr odesul phuri zation conditions. In such case, the hydrodesul phurization
of step (iii) must in general be carried out such that a sul phur content is
attained which is such that the specification on the sul phur tol erance of

t he hydrogenation catal yst of step (i) Lsgngj, as otherwise this

hydr ogenati on catal yst coul d be poi soned. "Suitably, the hydrocarbon oi
obtained in step (iv) contains not nore than 15% by vol ume of sul phur

cont ai ni ng conpoungs, S U Wi A, UG ¥ AP YIS

present in the fres rocarbon - , preferabl not nore than 10%
In the second ﬁﬁﬂﬁlbﬁﬁ BSFH1§P§BVF|YaﬁnHrPFFFFeQ H?dPo§§§uPBh§FP% 2fon

catalyst is appl thd ahehﬁﬁredqaubpmuratapreaeeendbhdmnaonbn that case, the

tl hydr ot t b d t t t
et ueen 1 andeSO8EBYCLB1 Aeadr deaFBHARY. BE ARG BorPB RS TBaCE e
vol une of suIhydrogentaepangt¢onpbuoﬁspbaeeehetweenhEhEreahahydtobedbon
oiI. The presﬁBth%&%SB%EBBnCGQ15HhEaPhXeB &éhsqeaUBekaeanr%ﬁstor vessel

as shown in Figur er cata can contain either
catalyst beds. he hydrogen partlal pressure at the

reactor outlet was 23.1 bar. The hydrotreated hydrocarbon
0oil obtained had a sulphur content of 0.11%wt.



' | Z t|on or a hydrogenation catalyst; the | ower catal yst bed
cont Him ﬂnﬂ L phuri zation catalyst. C ean hydrogen containing gas is
f.ed a line 2, while partly hydrotreated hydrocarbon oil is

i ntroduced in the upper part of the reactor via line 1. The inlet for gas

and the inlet for liquid can be conbi ned. wever, it is preferred to have

separate inlets. The hydrotreated effluent fromthe upper catal yst bed is
separated fromgas with the help of a drawoff tray. The seBapP828dSIN

hydr ot reat ed hydrocarbon effluent is renoved fromthe reactor via line 3,

whi | e used hydrogen contai ning gas passes the separating tray and reaches

the I ower catalyst bed. Vialine 4 fEe&héhidMnﬁarbon oil is introduced

bet ween t he separating tray and the | ower catalyst bed. The partly

o et e B L st Bopy Bk oI LrL e 63, DRSSt oV
separ at ed tntcompwi$yn@ydtole@@te@htgppemamudnaol¢wah|c@takysbnbedp dine 1,
and cont ani nafgal- Sy grg nofmtﬁ:t ngflgg%%ggﬁtfgﬁ%ﬂﬁaﬁf& ¥ % PYELss

cont ai ni ng gas IS sulta | eane It , So-called
scr ubbi ng. 1TEP%¢%%M%@Sga§he%haPﬁ@@e%%nc@%Eﬁls%ﬁt|onalIy together Wi th

make- up hydrogen, be rmtelcdd nigd pairtd w2 itotreated hydrocarbon oil

obtained in step (iv) described hereinbelow, at elevated
temperature and pressure in the upper catalyst bed with a
hydrotreating catalyst in the presence of clean hydrogen
containing gas,

(ii) separating the effluent of step (i) into
hydrotreated hydrocarbon o0il and used hydrogen containing
gas, which hydrotreated hydrocarbon o0il is removed from
the process,

(iii) contacting fresh hydrocarbon ocil at elevated
temperature and pressure with a hydrotreating catalyst in
the lower catalyst bed in the presence of used hydrogen
containing gas obtained in step (ii),

(iv) separating the effluent of step (iii) into
partly hydrotreated hydrocarbon 0il and contaminated
hydrogen containing gas, which contaminated hydrogen
containing gas is removed from the process, and

(v) transporting partly hydrotreated hydrocarbon oil
obtained in step (iv) to step (i).

2. Process according to claim 1, in which contaminated
“hydrogen containing gas obtained in step (iv) is cleaned
and used in step (i).

3. Process according to claim 2, in which the
contaminated hydrogen containing gas is cleaned by
treating with an amine.

4. Process according to any one of claims 1-3, in which
the clean hydrogen containing gas contains less than 3%



e [ vantages of the present invention will be illustrated
t@‘ﬁ@j"ﬂi EXAMPLE The process was carried out in a set-up

N [ e 1 The catal yst present both in the upper and the

| ower catal yst bed was a hydrodesul phuri zati on catal yst, conprising 3.1% by

wei ght of cobalt and 12. 4% by wei ght of_ ybdenum based on total anount

of catalyst, on alum na. The catalyst particles were in the shape of 1.2 nm

trilobes. A ga¥ welumecaft bydregenhsuhkrhiderding to the ASTM dlstlllatlon

curve nore thgp 7&%olaés\éolaw&fo§ﬂgn ﬂ&en@a%eeu%fpm%qr@ 1383 i8] nhiBH
than 50% by v % s in the epus phase at 345 %errg ind nor, e than 20%)
is in the gasg ﬁsh$ﬂ59835P°§0 1?e?§]amﬁ§slgﬂ t BUPAEaRELRLAY bPAlindeln. The

overal | proce'shecmﬂgélbesweeﬁmseeaﬁdteuoe?ca.t ure of 360 [err] and a wei ght

hour |y space el o a.hydrogen tqQ oil ratlo f 20

Nl /kg. The hy roggn%e%t | élccﬁrl’(tg{@?& ltaﬂ'gy ut P& wg’flc?‘n tl?é’pser

bed was 24.4 ba;l)mhreeCaHElaédougeatpartempepabeserefabetheenuBBétanﬁ the

| ower catal ysgobedt Wiy Zhdp éélf"r%ﬁed”&ftesft %Oﬂﬁl sfifye Ut 7 % by
n_t ase. e

wei ght of the gas oi | feedstoc was | aseous sul phur
content of th@ Feeen ?ﬂeabﬁrﬁpybﬂydr6P¢e§F%B feea)ahﬁ Fﬂérh?@rQPFeéteé f eed

are shown in gagssute bP BEEWBENnOL5ehrde80 abasyl phur on total anmount of
feed. 7. Process according to any one of claims 1-4, in which
the hydrocarbon oil is a lubricating oil substantially
boiling in the range between 320 and 600 °C.

8. Process according to claim 7, in which steps (i) and
(iii) are carried out at a temperature of between 325 and
390 °C and a pressure of less than 200 bar.

9. Process according to any one of claims 1-8, in which
the catalyst comprises one or more metals from Group 1b,
2a, 4b, 5b, 6b, 7b and 8 of the Periodic Table of the
Elements, on a solid carrier. _

10. Process according to any one of claims 1-9, in which
in step (i) a hydrogenation catalyst is applied at
hydrogenation conditions, and in step (iii) a
hydrodesulphurization catalyst is applied at
hydrodesulphurization conditions.

1l1. Process according to claim 10, in which the
hydrocarbon o0il obtained in step (iv) contains not more
than 10% by volume of sulphur containing compounds, based
on volume of sulphur containing compounds present in the
fresh hydrocarbon oil.

12. Process according to any one of claims 1-9, wherein
in step (i) and (iii) a hydrodesulphurization catalyst is
applied at hydrodesulphurization conditions.

13. Process according to claim 12, in which the
hydrocarbon o0il obtained in step (iv) contains between 1
and 30% by volume of sulphur containing compounds, based



" Table 1 partl hydrotreated feed hydr ot r eat ed feed feed
sul HU ﬁ m u lt y wei ght) 1. 64 0.21 0. 06 -0-
Mot tIMe i nvention, fresh feedstock as described hereinabove

was processed in a set-up simlar to the one of Figure 1, at process
conditions substantially as described herginabove. No intermttent hydrogen
separation took place between the catal yst beds; no hydrocarbon oil was
added or renooRdvedumecnft Aulphuyl gontpeuingThempoundgenrpaenttainpithesur e

at the react ofpr@uth| Ra¥BeafBor 831, The hydrotreated hydrocarbon oi
obt ai ned had a_ sul phur content of Q 11%n. 10, - T 6522 SAINCL AIl MS

1. Process fotdhyBegGter vessed sWitehle fok hoidnpliEeatit¥nd i sing at | east
an upper and Bydoyearbehabydtabeédrdéng to any one of claims 1-13, in

which vessel:

(a) above the upper zone for retaining a catalyst bed is
situated an inlet for gas and an inlet for liquid,

(b) between the upper and lower zone for retaining a
catalyst bed is situated a separating means for
separating liquid and gas,

(c) between the upper zone for retaining a catalyst bed
and the separating means is situated an outlet for
liquid,

(d) between the separating means and the lower zone for
retaining a catalyst bed is situated an inlet for
liquid,

(e) below the lower zone for retaining a catalyst bed is
present an outlet for gas and an outlet for liquid,
or an outlet for liquid and gas,

to which vessel a means is attached for transporting

liquid obtained from the outlet for liquid situated below

the lower zone for retaining a catalyst bed to the inlet

for liquid situated above the upper zone for retaining a

catalyst bed.

15. Hydrocarbons obtained in a process as described in

any one of claims 1-13.

VM6/T6522FF



¢ hydrocarbon oil which is substantially I|qU|d at process condltlons whi ch
process conprises (|) . contacting partly hydrotreated hydrocarbon oi
' ¢ descri bed herei nbel ow, at el evated tenperature and
,press tr catalyst bed with a hydrotreating catalyst in the
prese drogen containi-ng gas, (ii) separating the effl uent
of step |nto hydrotreated hydrocarbon oil and used hydrogen contai ni ng
gas, mhlch hydr ot r eat ed hydrocarbon oil is renoved fromthe process, (iii)
contacting fresh hydrocarbon oil at elevated tenperature and pressure with
a hydrotreating catalyst in the |lower catalyst bed in the presence of used
hydr ogen contai ning gas obtained in step (ii), (iv) separating the
effluent of step (iii) into partly hydrotreated hydrocarbon oil and
cont am nat ed hydrogen cont ai ni ng gas, which contam nated hydrogen
containing gas is renoved fromthe process, and (V) transporting partly
hydrotreated hydrocarbon oil obtained in step (iv) to step (i). 2. Process
according to claim1, in which c i hydr ogen contai ni ng gas
obtained in step (iv) is cl eanedm ?ﬁ step (i). 3. Process according
to claim2, in which the contam hat é&d gen containing gas is cleaned by .
treati-ng with an am ne.




»

4.—Process—accordimg to any one of claims 1-3, in which the clean hydrogen
Con hé@ﬁ-lagﬁ&n‘kgﬁlic@d ns | ess than 3% - 11 - by volune of hydrogen

sulp s according to any one of clains 1-4, in which the
hydro H) [Iﬂma gas oil substantially boiling in the range between 150

and 4 rocess according to claim5, in which steps (i) and
(ii1) are carried out at a tenperature of between 325 and 390 Lerr] and
step (i) is carried out at a pressure of between 20 and 85 Eﬁﬁﬁgﬁnﬁ_ﬂtep
(tii) is carried out at a pressure of between 15 and 80 bar. 7. Process

according to any one of clains 1-4, |n m@i h_t he_hydrocar bon 0|I s a
| ubricating oil substantially boilﬁng—ﬁn_LﬁeéLgnEe bet ween 320 and 600
[err] 8. Process according to claim7, in which steps (i) and (iii) are

carried out at a tenperature of 95ﬁ ?fﬁg Bﬂgéggg[err] and a pressure of

| ess than 200 bar. 9. Process accor f clains 1-8, in which
the catal yst conprises one or nore netals fron1C?oup | b, 2a, 4b, 5b, 6b, 7b

and 8 of the Perlgdhgd}@QE@aggnbh rghgggnggmpggmznéolid carrier. 10.

Process accor? % ne o alns hin step (i) a
hydr ogenat i on kbtalyst€é§ p Y, oggeatlng partly hydrotreated

hydrocarbon oil in the presence of clean hydrogen
containing gas,

(ii) separating the effluent of step (i) into
hydrotreated hydrocarbon oil and used hydrogen containing
gas, which hydrotreated hydrocarbon o0il is removed from
the process,

(iii) hydrotreating fresh hydrocarbon o0il in the.
presence of used hydrogen containing gas obtained in step
(i),

(iv) separatihg the effluent of step (iii) into

partly hydrotreated hydrocarbon o0il and contaminated
hydrogen containing gas, which contaminated hydrbgen
containing gas is removed from the process, and

(v) transporting partly hydrotreated hydrocarbon oil
obtained in step (iv) to step (i). Further, the invention
relates to a reactor vessel suitable for carrying out
such process.
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hydr ogenat i on conditions, and in step (iii) a hydrodesul phurizat A=A s

cat al yst PR o ydr odesul phurization conditions. 11. Process
accorflhgp \: alin) 8 mﬂich fhe hy?rocarbon oil obtained in step (iv) |
cont ailn % by volune o 2 N ase
on vollun P4ygs qorlt ai ni ng corrpound?%%ggﬁetcgﬁ%\% hl%%?@%&bon
oil. IP.: accordijhng to any one of clains 1-9, wherein in step (i)
and (ikil g sSUT phuri zation catalyst is applied at T 6522 SIN

hydr odésul phuri zati on_cahditions. 13. Process according to claim12, In

whi ch tlhe—kyelrotar bon oi|l obtai ned,i (i.v),contains between 1 and 30%
by vol une of sul phur containing co -12- on vol une of

sul phur cont ai ni ng conpounds present in the fresh hydr ocarbon oil. 14.

React or vessel suitable for hydHQbk%%hF§&6%FP¥Q&Rﬁ%%ﬁon oil according to
: (a) above

any one of clainms 1-13, in which vesse e upper zone for
retaining a catalyst bed is situated an inlet for gas and an inlet for

l'i qui d, (b)'betmebnhwﬁeommpamiﬁ@dﬁny@@@szgwﬁﬂyygﬂ$g@jning a catal yst bed
i's situated aﬁ§ﬁparat%%Qt%%&n%yggbtreating partly hydrotreated

hydrocarbon oil in the presence.of clean hydrogen
containing gas,

(ii) separating the effiuent'of step (i) into
hydrotreated hydrocarbon 0il and used hydrogen containing

gas, which hydrotreated hydrocarbon o0il is remo
the process, - |

(1ii)

ved from

hydrotreating fresh hydrocarbon oil in the
presence of used hydrogen
(ii), |
(iv)

containing gas obtained in step

Separating the effluent of step (iii) into
partly hydrotreated hydrocarbon oil and contaminated
hydrogen containing gas, which contaminated hydrogen
containing gas is removed from the process, and

(v) transporting partly hydrotreated hydrocarbon oil

obtained in step (iv) to step (i). Further, the invention
relates to a reactor vessel su

itable for carrying out
such process. ' |
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separating liquid and gas, (c) between the upper zone for retaining a
catal yst bed and the_se ating nmeans is situated an outlet for liquid, (d)

betmegp/ e gﬁf gfeaps and the | ower zone for retaining a catalyst

bed i€ sitt BEtleyt fbr liquid, (e) below the | ower zone for retaining .
a catadly4t [bed is presenl &n outlet for FeTalel tl f Lgui or an
outlet fdr |ligqyisERr@as, {to which vegsgﬁsg negﬁési'\e:&g aﬁ ggﬁéﬂhbgfth6 :
transportling liquid obtaijingd fromthe outlet for liquid situated -bel ow the

| ower zon alning ajcatalyst bed to the inlet for liquid situated

above thel upper_z
obt ai ned

taining a catalyst bed. 15. Hydrocarbons
N a process as described in any one of clainms 1-13. VM/ T6522FF
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