T'6190,SINJH$DROTREATING PROCESS The present invention relates télgmg?égﬁﬁé
for hydrotreating a hydfocarbon oil enploying at |least a first and a second
reactor vessel. It is foreseen that the anmount of.contaninating conmpounds
such as sul phur or nitrogen containing conpounds and aronatics, which are
all owed to be present in hydrocarbon oils %ccording to environnent al
regul ations, will continuously decrease in“the future. Therefore, there is
much interest in processes with the help of which the anpbunt Tob1BbeseN
conpounds contai ned in hydrocarbon oils can be brought to a TowTlevel in a
commercially attractive way. Processes for reducing the anmount of sul phur
or nitrogen containi ng conpounds BYPBOIREARTINEGs PRRCESSNn general called
hydrotreati ng processes. These processes can be further divided into
processes which are especially, directed at_saturation-of unsaturated
conpounds such as BrenR¥esenhninveREiaR, rehabfp chocasRrefe§Safercal | ed
hydr ogenati on pyQe6Es€stingdaPh9aes88sbbhi 601 acapespesyabtyldhseckhed at
reduci ng the-agoun% of sulghur ont ai pi ng conggunds and often at the sane
time irst and a Second reactor-vessel.
It is foreseen that the amount of contaminating
compounds such as sulphur or nitrogen containing
compounds and aromatics, which are allowed to be present

in hydrocarbon oils according to environmental

regulations, will continuously decrease in the future.
Therefore, there is much interest in processes with the
help of which the amount of these compounds contained in
hydrocarbon o0ils can be brought to a low level in a
commercially attractive way. |
Processes for reducing the amount of sulphur or
nitrogen containing compounds and aromatics, are in
general called hydrotreating processes. These processes
can be further divided into processes which are
especially directed at saturation of unsaturated
compounds such as aromatics and olefins, in which case
they are called hydrogenation processes, and processes
which are especially directed at reducing the amount of
sulphur containing compounds and often at the same time
also of nitrogen containing compounds, in which case they
are called hydrodesulphurization processes. There are
also processes which are specifically directed at
reducing the amount of nitrogen containing compounds and
in which only a relatively small amount of sulphur -
containing compounds are removed. These are called
hydrodenitrogenation processes. With the expression
hydrodesulphurization processes, which is used
hereinafter, procésses are meant which are either
directed at removal of sulphur containing compounds and

.



al so of nitrogen containing conpounds, in which case they are called

hydr odesul phuri zati on processes. There are al so processes which are
specifically directed at reducing the anmount of nitrogen containing
conpounds and in which only a relatively small anount of sul phur containing
conpounds are renoved. These are call ed hydrodenitrogenation processes.
Wth the expression hydrodesul phurizati o grdcesses, which is used

hereinafter, pppeesfiaslgra MEﬁﬂteuhbﬁbuﬁteoﬁlhh@koééh?cbedpébc6§56%3| of
sul phur contaln anount of
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prior art, for rnstance Speci |cat|on 5,114,562. In this
docunent a processAfbarﬁ9dVéFl@§V|ﬂ§ hygrafreatisgi Pracesses Bsenknown

described. Therpppicesa peFBEl aee,hydrodagubpber irzahi 08 ghtkhe
specification 5,114,562. In this document a process for
hydrotreating a middle distillate has been described. The
process comprises hydrodesulphurization of the
distillate, cooling the effluent obtained and
subsequently stripping it to remove hydrogen sulphide.
The vapour phase portion from the stripping section is
further cooled and thereafter further separated in a low
pressure vapour-liquid separation zone. The stripped
ligquid fraction is hydrogenated. The effluent of the
hydrogenation zone is removed from the reactor, cooled
several times, and subsequently separated into a liquid
phase stream and a vapour phase stream. The liquid phase
stream is removed and further separated into several
product fractions employing a product recovery
fractionation means. It is mentioned that this set-up
makes that only a single gas compressor is needed for the
gas recycle loop.

The aim of the present invention is improvement in
the economics of a hydrotreating process. This is
attained by integration of the means for separating the
effluent of the final hydrotreating step into the
reaction vessel in which this final hydrotreating step is
carried out. This makes that one of the separation
vessels can be dispensed with. As the separation vessels
which are applied in this kind of processes must be able
to withstand quite high temperatures and pressures, it is
advantageous to be able to dispense with one of them.
Further, in the present set-up it is possible to more
easily maintain the temperature of the used hydrogen



distfllatef cooling the effluent obtained and subsequently stripping it to
renove hydrogen sul phide. The vapour phase portion fromthe stri pping
section is further cooled and thereafter further separated in a low
pressure vapour-1liquid separation zone. The stripped liquid fraction is
hydr ogenat ed. The effluent of the hydrogenation zone is renoved fromthe
reactor, cooled several times, and subsequéntly separated into a liquid
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obtained in step (iv) described hereinbelow, in the
first reactor vessel at elevated temperature and
pressure with a hydrotreating catalyst in the
presence of clean hydrogen containing gas,

(ii) separating the mixture obtained in step (i) within
the first reactor vessel into a hydrotreated
hydrocarbon o0il and used hydrogen containing gas,
which hydrotreated hydrocarbon oil can be recovered
as product,

(iii)contacting fresh hydrocarbon oil in the second
reactor vessel at elevated temperature and pressure
with a hydrotreating catalyst in the presence of
used hydrogen containing gas obtained in step (ii),

(iv) separating the effluent of step (iii) into partly
hydrotreated hydrocarbon o0il and contaminated
hydrogen containing gas, and

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

In order to be able to separate the mixture obtained
in step (i) to a sufficient extent into liquid
hydrocarbon o0il and hydrogen containing gas inside the
reactor vessel, the hydrocarbon o0il which is to be
subjected to the present process is to be such that the
partly hydrotreated hydrocarbon oil which is processed in
step (i) contains a substantial amount of hydrocarbons
which are liquid at the process conditions prevailing in
the first reactor vessel. It is possible to cool the part



advant ageous to be able to dispense with one of them Further, in the
present set-up it is possible to nore easily maintain the tenperature of

t he used hydrogen -3- containing gas which is applied in the further
hydrotreatnment. This nakes that in certain cases reheating of the gas can
be avoi ded. The present invention relates to a process for hydrotreating a
hydr ocarbon oil enploying at least a firsi 4nd a second reactor vesse

WEIt ch p& ocesst mwesqeadﬂo)rbwaﬁeqt Ilrrg v?ﬁrdd ytmatvcﬁégﬁarxeaél% mﬁir&cﬁrltéml oi It
obtained in step (iv ri bed her om1 in the fir react or vess a
el evat ed t empelf g’ttu g)%%dﬁ%ﬂa@s P]t‘ﬂagl R BOSAIS i:rﬂ fte
presence of cl @a.‘nvm)zld:mgaerredmmanemmgsnm pleddersteos eIs ng t'dhe rﬂmqunrda
obtained in st §> a“E e“ ddd Hord AN s YA grfoil ra eg?&ﬁf’

hydr ocar bon 0| ro an contalnln gas,
hydr ocar bon oi |ofcézﬁ1q)én¢r§¢o\r@agj:or vessel 1n which the hydrocarbons are

converted. However, this is not a preferred embodiment.
In general, the separation of step (ii) will be carried
out at a temperature and a pressure which are
substantially the same as the temperature and pressure
applied in step (i).

The separation inside the first reactor vessel can be
carried out in any suitable way. An option could be
cooling as described above, with subsequent separate
removal of the gaseous components and liquid components.
However, other separation methods are preferred. A
suitable method involves the use of a separation means
comprising a downwardly extending plate having an opening
between the lower edge of the plate and the wall of the
vessel, at which lower edge there is a downwardly
extending flange. The opening between the lower part of
the plate and the wall of the vessel should be such that
it allows gas and liquid to flow freely through it.
Further, the surface of the plate in proportion to the
vessel cross section is to be such that it sufficiently
reduces the gas velocity, while the flange is to generate
centrifugal effects which promote gas/liquid separation.
The gas is preferably removed at a place which is just
below the upper part of the plate, while the liquid is
preferably removed at the lowest part of the reactor
vessel. Such separation means has been depicted in Figure
1 (number (3)) and Figure 2 (number (23)).

In general it will be advantageous to process a
hydrocarbon 0il of which a major amount, for example more
than 70 % by weight, suitably more than 80 % by weight
and preferably more than 90 % by weight, is in the liquid



as product, (iii)contacting fresh hydrocarbon oil in the second reactor
vessel at elevated tenperature and pressure with a hydrotreating catal yst
in the presence of used hydrogen containing gas obtained in step (ii), (iv)
separating the effluent of step (iii) into partly hydrotreated hydrocarbon
oi | and contam nated hydrogen contai ning gas, and (v) transporting partly
hydr ot reat ed hydrocarbon oil obtained in 3tep (iv) to step (i). In order to
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subjected to the present invention, as the environmental
constraints on gas oils are tightening. A suitable gas
0il would be one of which a major portion of the
hydrocarbons, e.g. at least 75 % by weight boils in the
range of between 150 and 400 °C. A suitable lubricating
oil contains at least 95% by weight of hydrocarbons
boiling in the range of between 320 and 600 °C.

A hydrotreating catalyst which can be employed in the
process according to the present invention suitably
comprises one or more metals from Group IB, IIA, IVB, VB,
VIB and VIII of the Periodic Table of the Elements in the
Handbook of Chemistry and Physics, 63rd edition, on a
solid carrier. The carrier can comprise any metal oxide
or mixed metal oxide support. Suitable supports comprise
amorphous silica, amorphous alumina, amorphous silica-
alumina, and zeolite with silica or alumina as a binder.

The separation in step (iv) will often be carried out
at a temperature which is lower than the temperature at
which the hydrotreating of step (iii) is carried out.
This is done as the hydrotreatment of step (iii) is
usually carried out at higher temperature than the
hydrotreatment of step (i), because the hydrotreatment of
step (iii) is usually to be carried out at higher
severity. This makes that for some feedstocks it is
Ipossible to attain sufficient separation substantially at
process conditions in step (ii), while this is not
possible in step (iv). The pressure applied in step (iv)
is preferably substantially the same as the pressure
applied in step (iii). In that way the duty of the
recycle compressor can be minimised. The separation can



of the reactor vessel in which the separation is carried out, such that it
woul d al so be possible to process feeds of which a relatively snal
percentage is in the liquid phase at the process conditions which prevai

in the part of the first reactor vessel in which the hydrocarbons are
converted. However, this is not a preferred enbodinent. In general, the
separation of step (ii) will be carried outt at a tenperature and a pressure
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applied in step (iii) and with the help of a stripper.
Such stripper will usually contain a stripping column in
the upper part of which partly hydrotreated hydrocarbon
0oil is introduced, and in the lower part of which
stripping gas containing hydrogen is introduced. The
stripped liquid is removed at the bottom and the
stripping gas is removed at the top. In this way, a

" substantial amount of the hydrogen sulphide present in
the hydrocarbon o0il is removed. This is advantageous for
the final hydrotreatment step, which gives better results
if less hydrogen sulphide is present.

With the expression "clean hydrogen containing gas"
is meant a gas containing less than 3% by volume of
hydrogen sulphide, preferably less than 1% by volume,
more preferably less than 0.5% by volume, most preferably
less than 0.1% by volume. Suitably, contaminated hydrogen
containing gas obtained in step (iv) is cleaned, e.g. by
treating it with an amine, and subsequently used again in
step (i) as clean hydrogen containing gas.

In principle, the flow in the conversion zones of the
reactor vessels can be upwards or downwards. However, it
is preferred to pass the hydrogen containing gas and the
hydrocarbon o0il through the reactor vessels cocurrently
in downflow. In this way, the gas flow and liquid flow
can be controlled in an operationally reliable way.
Further, the reactor temperatures can more easily be
reliably controlled.



vessel cross section is to be such that it sufficiently reduces the gas
velocity, while the flange is to generate centrifugal effects which pronote
gas/liquid separation. The gas is preferably renoved at a place which is
just below the upper part of the plate, while the liquid is preferably
renoved at the | owest part of the reactor vessel. Such separation neans has
been depicted in Figure 1 (nunber (3)) amd FFigure 2 (nunber (23)). In
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Another possible combination of processes comprises
hydrodesulphurization of a hydrocarbon oil, more
specifically a gas oil, in step (iii) followed by
hydrodesulphurization in step (i). In both of these
processes a hydrodesulphurization catalyst could be
applied. However, the conditions and catalyst of the
hydrodesulphurization of step (i) will usually be
selected such it is more directed at aromatics
saturation. A further embodiment of the present invention
comprises a hydrodesulphurization process in step (iii)
followed by a hydrogenation process in step (i). In this
embodiment both the sulphur and the arqmatics content of
the fresh hydrocarbon o0il can be diminished in a
commercially attractive way. It has been found that this
combination of processes is especially suitably applied
in the present invention. It should be noted that the
expression hydrodesulphurization processes, is used for
referring to processes primarily directed at removal of
sulphur containing compounds and processes which are
specifically directed at removal of nitrogen containing
compounds and in which also a certain amount of sulphur
containing compounds is removed.

- If the process according to the. present invention
comprises in step (i) a hydrogenation process and in step
(iii) a hydrodesulphurization process, in step (i) a
hydrogenation catalyst will usually be applied at
hydrogenation conditions, and in step (iii) a
hydrodesulphurization catalyst will be applied at




oi | would be one of which a major portion of the hydrocarbons, e.g. at
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sufficient separa%h%nv% um%ag%lgu hur containing compounds present in
the fresh hydrocarbon o0il, preferably not more than 10%.
The catalysts to be used can in principle be any
commercially available hydrogenation and
hydrodesulphurization catalyst. In general such catalyst
will comprise one or more Group VIB metals and/or one or
more Group VIII metals. A hydrogenation catalyst which is
especially suitable for use in step (i) comprises as
catalytically active metal one or more metals from the
group formed by platinum, palladium, tungsten,
molybdenum, nickel and cobalt, on a solid carrier.

If the process according to the present invention
comprises in both steps (i) and (iii) a
hydrodesulphurization process, a hydrodesulphurization
catalyst will in these steps be applied at
hydrodesulphuriiation conditions. In that case, the
partly hydrotreated hydrocarbon oil obtained in step (iv)
suitably contains between 0.01% and 30% by volume of
sulphur containing compounds, based on the volume of
sulphur containing compounds present in the fresh
hydrocarbon oil. Any hydrodesulphurization catalyst can
-be used. Suitably, catalysts are used containing one or
more metals from Group IB, IIA, IVB, VB, VIB and VIII of
the Periodic Table of the Elements on a solid carrier. A
preferred catalyst comprises nickel, molybdenum, cobalt
and/or tungsten, on a solid carrier. The catalysts of
step (i) and (iii) can be different, or the same.



process conditions in step (ii), while this is not possible in step (iv).
The pressure applied in step (iv) is preferably substantially the sane as
the pressure applied in step (iii). In that way the duty of the recycle
conpressor can be mnimsed. The separation can -6- be carried out in
any way known to be suitable to soneone skilled in the art, for exanple
with the help of a so called high pressuFegséparator. Thi s woul d nake that
only one gas punp moW dyde dickedesl Hydrottddttedi g the prsyess déeyeainghe
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bot t om and the;preferably between 25 and 120 bar. A suitable gas oil
would be one as described above, which contains at least
75% by weight of hydrocarbons boiling in the range of
between 150 and 400 °C.

If a lubricating 0il is hydrotreated in the process
according to the present invention, steps (i) and (iii)
are suitably cartied out at a temperature of between 150
and 400 °C, preferably between 250 and 390 °C, more
preferably between 310 and 385 °C, and a pressure of less
than 250 bar, preferably less than 200 bar, more
preferably less than 175 bar. A suitable lubricating oil
would be one as described above, of which more than 95%
by weight, boils in the range between 320 and 600 °C. .

The process according to the present invention is to

be carried out in at least two reactor vessels. It is of
course possible to use more vessels, for example by
carrying out the process of step (i) and/or (iii) in more
than one reactor vessel. This could for example be done
for throughputs which are too large for carrying out such
process step in a single reactor vessel. If process step
(i) is carried out in more than one reactor vessel, the
separation within the vessel (step (ii)) can be carried
out solely in the last vessel of this process step.
. The hydrotreated hydrocarbon o0il which is produced in
the present process can be further processed in any
conventional way. Suitably, the product will be sent to a
fractionator to obtain several product fractions, such as
a lubricating oil, a diesel fuel, a jet fuel, etc.

A possible embodiment of the process according to the



stripping gas is renoved at the top. In this way, a substantial anount of
the hydrogen sul phide present in the hydrocarbon oil is renoved. This is
advant ageous for the final hydrotreatnent step, which gives better results
i f less hydrogen sul phide is present. Wth the expression "clean hydrogen
containing gas" is neant a gas containing |l ess than 3% by vol une of
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partly hydrotreated hydrocarbon oil of line 8, and the
mixture is introduced via line 2 into the first reactor
vessel (1). The mixture is contacted with the catalyst at
elevated temperature and pressure, and the effluent
obtained is separated within the vessel employing a
separation means (3) consisting of a downwardly extending
plate at which lower end there is a downwardly extending
flange, as described above. The hydrotreated hydrocarbon
oil which is obtained, can be recovered as product via
line 4. The used hydrogen containing gas is led via line
3 to the second hydrotreating reactor. The used hydrogen
containing gas is mixed with fresh hydrocarbon oil of
line 5, and the mixture is introduced in the second
reactor vessel (2). In this reactor vessel, the mixture
is contacted at elevated temperature and pressure with
the hydrotreating catalyst. The effluent obtained is led
via line 6 and preferably after cooling, to high pressure
separator (4). In this vessel the contaminated hydrogen
containing gas is separated off and removed via line 7.
The partly hydrotreated oil obtained is transported via
line 8 to the first reactor vessel (1). The contaminated
hydrogen containing gas which is separated off, cleaned
and subsequently recycled to the process to be used as
'fresh hydrogen containing gas.

A more detailed possible pfocess scheme has been
depicted in Figure 2. In this scheme, the flow of
hydrocarbon o0il is followed for describing the scheme.
Reactors R1 and R2 contain suitable hydrotreating
catalysts. The fresh hydrocarbon o0il of line 10 is heated



-~ =7- As mentioned before, hydrotreating processes can be divided in _
hydrogenation and hydrodesul phurization processes. The process according to
the present invention suitably conprises a hydrodesul phurization process in
step (iii) followed by a further hydrodesul phurization process in step (i).
In this way, a very |ow sul phur I evel can be attained in a conmmercially
attractive way. Another possible conbi nati bh of processes conpri ses

hydrodesulpPU{YiahiQheoﬁeaphgﬁrafaﬁbﬁac@ik21Wpéﬁdfﬁeéhbhﬁabkygifﬁﬁ%ﬁ@{Lé Ln
t i odesu urjzationin s )., | n.bo o] S
;rggeg;g;)a ﬁy ?%%gggﬁphégﬁfﬁtﬁSXEBQté??gtméﬁﬁgdwbggaéﬁ%#e YIEgdERer , the
condi tions andceatainpsngogashefhydnede3ul phichzasi disotissedp (i) will
usual |y be Se'ﬁ&&@@n?fEErLtthé H?&Eugér§%tﬁ9d98c§£888tbﬁi 3R8UHY5Y8%en

t he lon~ conprises a

further enbodinent o present 1 nven S _
hydr odesul phur t8atRbropgreedsinta seagteri R} -f &n| shid bpagthydvegeedti on

process in stephéimixtOréhis eshedLiEAt abOkNeihBe@utBPErabdrkhgnar omatics

content of the fresh hydroca gon oi,l can Ee dlﬁlnlihe In a caommercially

attractive wayPTFPSHAS Bégﬁ % ﬁnBYQHSErFﬁ ¢ng catalyst. The effluent
obtained is used for heating the mixture of hydrogen and
partly hydrotreatéd 0il of line 16 to be discussed
hereinafter. The effluent is subsequently sent via line
11 to a stripper (22). To this stripper fresh make-up
hydrogen is added via line 12. The contaminated hydrogen
containing gas from the stripper (22) is sent via line 13
to unit (25) where it is cleaned by amine scrubbing. The
clean hydrogen containing gas of line 15 which is
produced, is mixed with the partly hydrotreated-
hydrocarbon o0il from the stripper of line 14. This
mixture of line 16 is heated by being indirectly
contacted with the effluent of line 11 and subsequently
introduced into reactor R2. In this reactor vessel, the
mixture is contacted at elevated temperature and pressure
with the hydrotreating catalyst. The mixture obtained is
separated inside reactor R2 with a downwardly extending
plate (23) as described in above. The used hydrogen
containing gas is separated off and is passed via line 17
to the fresh hydrocarbon o0il of line 10, with which it is
mixed. The hydrotreated hydrocarbon oil is sent via line
18 to a stripper (24). The stripped, hydrotreated
hydrocarbon o0il obtained is sent via line 19 to a
'separator (26) where it can be further separated into
several fractions. The further units which are depicted
are part of a conventional work-up section.




conbi nation of processes is especially suitably applied in the present

I nvention. It should be noted that the expression hydrodesul phurization
processes, is used for referring to processes prinmarily directed at renoval
of sul phur contai ni ng conpounds and processes which are specifically
directed at renoval of nitrogen containing conpounds and in which also a
certain anount of sul phur contai ning conboh%ds Is renoved. If the process
according to the present invention conprises in step (i) a hxd@gg@p@ﬁhpn
process and in step (iii) a hydrodesul phurization process,

hydr ogenati on catalyst will usually be applied at hydrogenation condltlons,
and in step (iii) a hydrodesul phurizad dnAcat ¥ wst w Il be applied at

- 8- hydrodesul phurization conditions. In such case, the

hydr odesul phur-i zati on of step (iii) nmust in general be carried out such

t hat a sul phurleonPEncess HerahHdgokheshingeashyeospebphi cili enpdoying

fﬁ'phur tol eraggeighsthg Biggggﬁﬂathogeeehal¥§5c95rsbﬁgsgi) wiliR@r wi se,
is

process comprises:

(i) contacting partly hydrotreated hydrocarbon oil
obtained in step (iv) described hereinbelow, in the
first reactor vessel at elevated temperature and
pressure with a hydrotreating catalyst in the
presence of clean hydrogen containing gas,

(ii) separating the mixture obtained in step (i) within
the first reactor vessel into a hydrotreated
hydrocarbon o0il and used hydrogen containing gas,
which hydrotreated hydrocarbon o0il can be recovered
as product,

(iii)contacting fresh hydrocarbon oil in the second
reactor vessel at elevated temperature and pressure
with a hydrotreating catalyst in the presence of
used hydrogen containing gas obtained in step (ii),

(iv) separating the effluent of step (iii) into partly
hydrotreated hydrocarbon o0il and contaminated
hydrogen containing gas, and

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

2. Process according to claim 1, in which the separation

of step (ii) is carried out at a temperature and pressure

which are substantially the same as the temperature and

.pressure applied in step (i).

3. Process according to claim 1 or 2, in which the

separation of step (iv) is carried out at a pressure

which is substantially the same as the pressure applied

in step (iii).

4. Process according to claim 3, in which the separation
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[T



hydr ogenati on catal yst woul d be poisoned. Suitably, the hydrocarbon oi
obtained in step (iv) contains not nore than 15% by vol une of sul phur
cont ai ni ng conpounds, based on the vol unme of sul phur contai ni ng conpounds
present in the fresh hydrocarbon oil, preferably not nore than 10% The
catal ysts to be used can in principle be any commercially avail abl e

hydr ogenati on and hydrodesulphurization'bét I'yst. In general such catal yst

will conprise @ﬁesbepnnie)Ci@u@ab&fbaﬁéatSwﬁﬂﬂlﬂh?Fnelproﬂgaesﬁiﬂppeﬂl!|
netal s. A hydrgge | . Wi | S..especi sui t e for,use in
ror P Qo SeClat AR €0 sy BT o f te B L ES

step (i) conprises as catal Ct ™ r ta%% from
the group fornediey errtanimated| hydrogentconba tningoygddebbainedckel and

. Tem . 2o
cobalt, on a sgtéd ¢pyfies. cléahbe &ﬁ&cﬁﬁé%?§§§{g'£§ Lee ?}gfesent

i nvention conprises in both steps (1) and | dr odesu hurizatipn
process, a hyd? odeRIPERRS i 3GEPHAHLRGL &P yalaiim| 3, I tWekeh skkes be applied at

hydr odesul phurégetamingoadi hy@hsgeh NcéhediRase, ghdei Paglbanbydegt reat ed
hydr ocar bon oi% ob ained.%n St%%P£IV) suitably contains between 0.01% and
1A hay

30% by vol ume of S3ttPhuy? QS tonpounds, based on the vol une of
sul phur cont ai hi ngProcvess nasceprébentto nclaenféesin which the clean

hydrogen containing gas contains less than 1% by volume
of hydrogen sulphide.

8. Process according to any one of claims 1 to 7, in
which the hydrocarbon o0il to be hydrotreated is a gas oil
which contains at least 75% by weight of hydrocarbons
boiling in the range of between 150 and 400 °C.

9. Process according to claim 8, in which steps (i) and
(iii) are carried out at a temperature of between 150 and
450 °C and a pressure of between 15 and 150 bar.

10. Process according to any one of claims 1 to 7, in
which the hydrocarbon oil. to be hydrotreated is a
lubricating oil which cohtains at least 95% by weight of
hydrocarbons boiling in the range of between 320 and

600 °C.

11. Process according to claim 10, in which steps (i) and
(iii) are carried out at pressure of less than 250 bar
and at a temperature of between 150 and 400 °C.

12. Process according to any one of claims 1-11, in which
the hydrotreating catalyst comprises one or more metals
from Group IB, IIA, 1IVB, VB, VIB and VIII of the Periodic
Table of the Elements, on a solid carrier.

13. Process according to any one of claims 1 to 12, 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.

14. Process according to claim 13, in which the

-\
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: hydrdcarbon oi | . Any hydrodesul phuri zation catal yst can be used. Suitably,
catal ysts are used containing one or nore netals fromGoup IB, IIA 1VB,
VB, VIB and VIII of the Periodic Table of the Elenments on a solid carrier.

A preferred catal yst conprises nickel, nolybdenum cobalt and/or tungsten,
on a solid carrier. The catalysts of step fi) and (iii) can be different,

or the sane. -9- If a gas oil is hydrotteated in the process accordlng
to the presenthydveqarbnn eiépebtajinaddifi steparfviucbabhynsanoteflopdt at a

tenperature of 0 5 S t and_4
[e?P]C prefera% g?m%g vgggmé gf Sgi%§?¥]%#hﬁ§¥élgg &8 EBﬁggﬁét§%§%8310
and 385 [err] ®nakeaveivrgupt §Plﬁéﬂﬁe§ﬁniélahﬁg159mbaundprEresabtyln
between 25 andtR@0fbesh Ry8rbtabbengas19i! would be one as described above,

. . o
of between 150Land HOOCPEF r FECOTRIET) EBr PLATRnGIoRT L4- HyRroRieh: Bei n 1 ho
process accor diygrogebatipnesabalyystensedninssepp (i) eofptisey as
catalytically active metal one or more metals from the
group formed by platinum, palladium, tungsten,
molybdenum, nickel and cobalt, on a solid carrier.
16. Process according to any one of claims 1 to 12, in
which in steps (i) and (iii) a hydrodesulphurization
catalyst is applied at hydrodesulphurization conditions.
17. Process according to claim 16, in which the
hydrocarbon oil obtained in step (iv) contains between
0.01 and 30% by volume of sulphur containing compounds,
based on the volume of sulphur containing compounds
present in the fresh hydrocarbon oil.
18. Hydrocarbons whenever obtained in a process as
described in any one of the preceding claims.

MG2/T6190FF
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are suitably carried out at a tenperature of between 150 and 400 [err]C
pref erably between 250 and 390 [err]C, nore preferably uu 38
[err]C, and a pressure of |ess than 250 bar, preferably}l éﬂ%$ﬂ

more preferably Fessthanmi75—bar—A SU|tabIe | ubricatinpg.oil C'tEDbe on

as descri bed abovemis@fee yw%? la han 95% by wei'ght, boils in the range

Ol

11%

between 320 and 600 cess according to the present invention
is to be carried ou tmo reactor vessels. It is of course

possi ble to use nor exanpl e by .carrying out the process of
step (i) and/or (i||) in nore than one reactor vessel. This could for
exanpl e be done for throughputs which are too l'arge for carrying out such
process step in a single reactor vessel. |If process step (i) is carried out
in nore than one reactor vessel, the separation within the vessel (step
(i1)) can be carried out solely in the-|last vessel of this process step.
The hydrotreated hydrocarbon oil which is produced in the present process
can be further processed in any conventional way. Suitably, the product

wll be sent to a fractionator to geTayn several produ fractions, such as
a lubricating oil, W~ esel fuel, fuel, etc. Ap i bl e enbodi ment of
the process accordi nget o t hew




-"10 - present invention has been shown schematically in Figure 1 for

“il'lustration. Tn Figure 2 a nore detail ed possi bl e pro % @%ﬁ @ en
“given. The fTMémwdﬁui BearRypleedeact or vessel ((1) and (ZEZﬁ f ot E tih

contain a sui ting catalyst. C ean hydrog Lirng gag of
line 1, irs m hydr ot reat ed hydrocarbon oil of line 8, and
the mxture i la line 2 into the first reactor vessel (1). The

m xture is contacted with the catal yst at el evated tenperature and
pressure, and the effluent obtained is separated within the vessel
enpl oyi ng a separation neans (3) consisting of a downwardly extending plate
at which lower end there is a downwardly extending flange, as described
above.. The hydrotreated hyglracarbpn oil which is obtaingd, can be recovered
as product via line 4 JThe] ufed drogen contadning gas@is led via |
to the second hydrotrgdti n§ seact §r. The used #uydr og I ni

mxed with fres | f line 5 an§ the

in the second
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f?%ﬁﬁ?ﬁ*wﬁﬁﬁﬁ&—{2;+_Jn this reactor vessel, the mxture is contacted at
elﬂﬁﬂmaﬂH&qggﬁﬁg ure and pressure with the hydrotreijyﬂgs
f
q

A e
ef f cds |ed via line 6 and preferably er f Eﬁésﬁ%\' hi gh
pre _ MIY' rr(4). In this vessel the contam nate cont gi ni ng
gas off and renoved via line 7. The partly hydrotreated oi

obtained is transported via line 8 to the first reactor vessel (1). The
cont am nat ed hydrogen contai ning gas which is separated off,Tcéeanegdrmand
subsequently recycled to the process to be used as fresh hydrogen
containing gas. A nore detail ed possible process schene has been depicted
in Figure 2. In this schenme, the fl&3wBo$ ByBrBc@rBon oil is followed for
describing the schene. Reactors R and R2 contain suitable hydrotreating
catal ysts. The fresh hydrocarbon _oil of line 10 is heated with the help
of a furnace (21) and brought atHEPROAREHTPNEsBRPEESAfter having been mi xed
w th used hydrogen containing gas of line 17, which is discussed

hereinafter, the r%f%é@é%(¥o£“ﬁ¥é¥§¥£§gkfﬁé §”Hb£9§gé¥ggh oil employing

several reactor vessels, which process comprises:

a8)

(i) further hydrotreating partly hydrotreated
hydrocarbon o0il of step (iv) in a first reactor
vessel in the presence of clean hydrogen containing
gas,

(1i) separating the mixture obtained in step (i) within
the first reactor vessel into a hydrotreated
hydrocarbon o0il and used hydrogen containing gas,
which hydrotreated hydrocarbon oil can be recovered
as product, ' .

(iii)hydrotreating fresh hydrocarbon 0il in the second
reactor vessel in the presence of used hydrogen
containing gas obtained in step (ii),

(iv) separating the effluent of step (iii) into partly
hydrotreated hydrocarbon o0il and contaminated
hydrogen containing gas, and

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

MG2/T6190FF



izs introduced into reactor . In this reactor vessel, the mxture is
cte
cat al y'ﬂﬁsShIAaﬁasqieg,{ e obtained is used for heati ng the m xture of hydrogen
and - par 8 oil of Iine 16 to be discussed hereinafter. The '
ef f1 uent: Iy sent via |ine1l8ubstitutetshieeper2(( S2pteriibet hoO6
strlppe p hydrogen is added via line 12. The contam nated

hydr ogen contalnlng gas fromthe stripper (22) is sent V|a line 13 to unit

(25) where it is cleaned by amine scrupfs C T | T AT
gas of line 15 which is produced, is rnxeggrE T H%“pd tl Eﬁgkgﬁﬁﬁa @hﬁ
hydr ocarbon oil fromthe stripper of Uinne_ Ds mxfurg of line 16 id
heated by being indirectly contacted with the ef fl uent i p® SEP V2B
subsequently introduced into reactor R2. In this reactor| viessel, the

m xture is contacted at el evated tenperature and pressur rttr—The
hydrotreating catal yst. The m xture obtained is separated inside reactor F

with a downwardly extending plate (23) as described in above. The used
hydrogen containing gas is separatgd off and is passed via line 17 to the

fresh hydrocarbo_ng%ile of line 10, a which it is mi@®d. The hydrotreated
|

hydr ocar bon oi | nt via




18 to'a stri pper (24). The stripped, ‘hydrotreated hydrocarbon oil obtained
s sentWeparator (26) where it can be further separated
into sev@higghelhgetions. The further units which are depicted are part of a

“conventio Repdacqdi on. - 12 - T6190 SINCL Al MS 1. Process
for hydrof m ocarbon oil enpl2Bubstifiitel sttt -20 S@Eierﬁaér 399gcond
reactor ve n rocess conprises: (i) contacting pg W
hydrocarbon oil obtained in step (iv) qﬁW’SHEEﬂHA%@EER{)EI DT ACEMENT SHEET

reactor vessel at elevated tenperatur¢ and e wth 3 [Ty '

catalyst in the presence of clean hydt ' AS iig) %%ﬁa,@aél n

the m xture obtained in step (i) within the first reactor}vps efl} Nt
hydr ot r eat ed hydrocar bon oil and ysed hydrogen cont ai ni ng{ ghs—whi-ch

hydr ot r eat ed hydr ocar offl wsan fle recovered
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as productt (iiigreentaeting—fyEs hy Wd&bﬁﬁgﬁ In the second reactor
vessel at el evat|REP ARE _ﬁﬁhSHﬁgﬁﬁ p essurBEﬁh otreating catalyst
in the presence |off GSEd hydroge gas obtained in step (||) (1v)
separating the dffil ueitsop 199¢eP (| i i) i ntSulpsituteysigetr-o20 Sepsemibbed 1@26 bon
oi.l and contam natjed hydrogen cgnfai ning gas, and (v) transporting partly
hydr otreat ed hydro aifned in step (iv) to step (i). 2. Process
according to claim1, in which thﬁ separation of step (ii) I® §pS0iSrout
at a tenperature—amnd pressure which are substantially the sange as the
tenperature and pressure applied in step (i). 3. Process according to claim
1 or 2, in which the separation of XtBE (T AL clirried out at a pressure
which-is substantially the same as the pressure applied in step (rii). 4.

Process according to claim3, in which the separation -
HYDROTREATING PROCESS

Process for hydrotreating a hydrocarbon oil'employing
several reactor vessels, which process comprises:

(i) further hydrotreating partly hydrotreated
hydrocarbon oil of step (iv) in a first reactor
vessel in the presence of clean hydrogen containing
gas, | | ' Ny

S (ii) separating the mixture obtained in step (i) within
the first reactor vessel into a hydrotreated
hydrocarbon oil and uéed hydrdgen containing gas,
which hydrotreated hydrocarbon o0il can be recovered
as product, ' _ _

(iii)hydrotreating fresh hydrocarbon o0il in the second
reactor vessel 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, and

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

MG2/T6190FF
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of~=step (iv) is carried out with the hel p of a stripper. 5. Process
according to any one of claims 1 to 4, in which contam nated hydrogen
containing gas obtained in step (iv) is cleaned and used again in step (i).
6. Process according to claimb5, in which the contam nated hydrogen
containing gas is cleaned by treating with an amne. 7. Process accordi ng
to claim®6, in which the cl ean hydrogen containing gas contains |l ess than
1% by vol une of hydrogen sul phide. 8. Procefephateoedt riheed -aByJamarpf1997
clatms 1 to 7, in which the hydrocarbonyoil to be hydrotreated is a gas oi
whi ch contains at |east 75% by wei ght og hydr ocar bons boi | i ‘
of between 150 and 400[err]C. 9. Process according to claim LACEMENT SHEET
steps. (i) and (iii) are carried out at a tenperature of bet n 150 and 450
cc@ rd 2?
ydrotreate

[err]C and a pressure of between 15 and 150 bar. 10. Proces
is a lubricating oil which contains at |east 95% by wei ght Fy-eH-aea-BeRs

..M

any one of clains 1 to 7, in which the hydrocarbon oil to b

boiling in the range of between 320 and 600 [err]C. 11. Prodess according

@

to claim10, in which steps (i) ang




(iii)) are carried out at pressure of |ess than 250 bar and at a tenperature
~of- bet ween 150 and 400 [err]C. 12. Process according to any one of clains

71-11, in which the hydrotreating catal yst conprises one or nore netals from
Goup IB, IlA 1VB, VB, VIB and VIII of the Periodic Table of the El enents,
on a solid carrier. 13. Process according to any one of clainms 1 to 12, in

which in step (i) a hydrogenation cat al ys%e '1§C§iyhltimeat-l3ydamm‘ma1995n
conditions, -and in step (iii) a hydrodesu pdhuri zation catalysi.is—appts
at hydrodesul phuri zation conditions. gl4. Process accord Emﬂ'ﬁlﬁﬁ
whi ch the - 14 - hydrocarbon oil obtained in step (i m“..t ar S not
than 15% by vol unme of sul phur contai ni ng conpounds, basgd o&hgﬁﬁlﬁ?zne
sul phur contai ni ng conpounds present in the fresh hydrog¢afgb Tl .

Process accordi ng to=¢l ai mZA3 or} 14, i n which the hydrgdenati 2 [ -
used in step (i) co Isqgeas c&alytically gcti 8l one or norq netalls
fromthe ' —r— - — - -
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group fornmed by platinum palladium tungsten, nolybdenum nickel and
cobalt, on a solid carrier. 16. Process according to any one of clains 1 to
12, in which in steps (i) and (iii) a hydrodesul phurization catalyst is
applied at hydrodesul phurization conditions. 17. Process according to claim
16, in which the hydrocarbon oil obtained in step (iv) contains between

0.01 and 30% by vol une of sul phur cont ai ni RgpLayEent Sheebasddlannarind99d! une
of sul phur contai ni.ng conmpounds present in tﬁ

e fresh hydrocgr Oi 18.
Hydr ocar bons whenever obtained in a process as descri bed in% %qu)ér t he
precedi ng cl ai ns. :

ABSTRACT

. HYDROTREATING PROCESS

Process for hydrotreating a hydrocarbon oil emplovying
several reactor vessels, which process comprises:

(1)  further hydrotrsating partly hydrotreated
hvdrocarbon oil of stap (iv) in a first reactor
vessel in the presence of clean hydrogen containing

N\ gas. | ‘

(ii) separating the mixture obtained in step (i) within
the first reactor vessel into a hydrotreated
hydrocarbon oil and used hydrdqen containing gas,
which hydrotreatsd hydrocarbon oil can be recovered |
as prodﬁct, ' '

(Ltii}hydrotreating fresh hydrocarbon oil in the second

' reactor vessel in the presence of used hydrogen
containing gas cbtained in step (ii),

iv) separating the effluent of step (iii) into partly
hvdrotreated ﬁydrocarbon oil and contaminated
hydrogen containing gas, and

(v) transporting partly hvdrctreated hydrocarbon oil

~ obtained in step (iv) to step (i).
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(Figure 1)
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