1 PROCESS FOR EFFECTI NG DEEP HDS' OF HYDROCARBON FEEDSTOCKS q’het)@?;b@nt »
invention relates to a process for effecting deep HDS of hydr?gn(la}p?

feedst ocks and additionally obtaining an efficient renoval of 'i ogen. In
an effort to regulate SJerr] em ssions fromthe burning of fuels, the
environnmental regulations as to the §u| phur content of fuels, in parti cul ar
di esel fuels, are becomng nore and fore strict. Until recently, a sul phur
content for diesel fuel of between 0.05 and 0.1 w.% was acceptabl e, but

for the near prgtEss FORSEEFRSANEIDEERHIE OFHYDROCARBON FREDSPOBKEEd toO
have a sul phur content of less than 500 ppm while for the nore distant

future a requirenent of a maxi mum sul phur | evel of 350 ppmor even lower is

foreseen | n SADBRMATAGondoASEfds o AhrbORE IANMBNIFELL: s AT plikelroBy ot o

whi ch can decrea e sul phur con roc eeds wth a
95% boi | i ng ptaenlstooks m&wttqnellsoobtblem eattrﬂiftaerﬁmrpmai otwitnegam, of 0.1 wt. % or
nore to a value of |less than 500 ppm (0.05 wt.%, preferably to a val ue of
| ess than 350 ppm or even to a value of |less than 200 ppm cal cul ated as
el ement al sul phan effort tdvegtilatea$ O} emissidng froshithe bufdihglof46als, AB4 edéisniidnes a

rocess for the ncom t hydr odesul phurj sati on an romati.c
Iﬁydr ogenat i on 6(9“ log® easseFJlo E’ﬂﬁ %P‘[‘?B u ntlfjg{e?!’éebﬁl)c'ﬂ gﬂa gﬁﬁ?%ti ﬁ‘?lsﬂ ¥E- 2
. % pref erabbyorfin %dre%nwtm%@tnostumtnwcenmyﬁ avm;shttr thRehterergieas udisof

contacted with a ca ¥st conprising N @@I onally P on an al um na
support, aft ePetwsesD-¢hand Eédﬁtt"édfl@si %CCPB‘Gb'FOb‘é{‘ f% rﬂfaéﬁt“éﬂey%'ts XBRELHsi ng

Coandr o N, hh e RRLYBE!rL1240 rale 31 BHIRCOREHH dessSRafsfo g 079

b
descri bes a process for the ] %uc tion of | ow sul phur |eseﬁél in which
t he feedst ockwhile tsttrttl%tmoe@idlstant future tagpguitgiment gf aymmmure&uiphgr lgmlatfgﬁ,&t) t he

Step at ot onpaPafiEndpngth Ghsfal HeShTtfed mef ik 4 Hordfling RESRED
content of t heatfa@eds’ystemm whickdtapedetreask €e \stilphtioicomtests of lan hydmecanboond
step, the Saybolt, cpl our | r ht .to.g. ue of -10 or higher., T
catalyst i s LraenipeR e b5 e Mot T BT eBh pidg Slandt RRen: ' e
exanpl es cat aly.98 6r mord toiavahg O lesy &0 60EppAN0.0blvt O6), prefabblitda vaRierdfer are
appl i ed. less than 350 ppm, or even to a value of less than 200 ppm, calculated as
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‘EP 0 464 931 describes a process for the concomitant hydrodesulphurisation and -
aromatics hydrogenation of a diesel boiling range feedstock which contains 0.01-
2 wt.%, preferably 0.05-1.5 wt.% of sulphur, in which the feedstock is contacted
with a catalyst comprising Ni, W, and optionally P on an alumina support, after
which the feedstock is led to a second catalyst comprising Co and/or Ni, Mo, and
optionally P on an alumina carrier.

EP-A 0 523 679 describes a process for the production of low-sulphur diesel oil in
which the feedstock is contacted in two steps with a hydrotreating catalyst, the
first step being carried out at a temperature of 350-450°C and the second step at
a temperature of 200-300°C. In the first step, the suiphur content of the feedstock
is reduced to 0.05 wt.% or less. In the second step, the Saybolt colour is brought
to a value of -10 or higher. The catalyst is stated to be a conventional
hydrotreating catalyst. In the examples catalysts containing Ni and/or Co and Mo

on an alumina carrier are applied.



2 However, ‘it has been found that the catal yst systens described in the
above references are not active enough. That is, they do not provide
sufficient renoval of sul phur and nitrogen. There is need for a catalyst
system whi ch, at conparable conditions, can better effect deep HDS and
ni trogen renoval from hydrocarbon feedst@cks with a 95% boiling point of
450[err]C or less. In the context of the present specification the term
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and : contacting a feedstock with a 95% boiling point of 450°C or less and a sulphur
content of 0.1 wt.% or more in the presence of hydrogen under conditions of
elevated temperature and pressure with a first catalyst comprising a Group Vi
hydrogenation metal component and a Group VIl hydrogenation meta!
component on an oxidic carrier, after which at least part of the effluent from the
first catalyst is led to a second catalyst comprising a Group VI hydrogenation
metal component and a Group -\_IIII hydrogenation metal component on an oxidic
carrier which comprises 1 to 15 wt.% of silica, calculated on the weight of the

catalyst.

incidentally, EP 0203228 describes a process for catalytically hydrotreating
hydrocarbon oils, in which heavy hydrocarbon feedstocks are contacted with a
two-bed catalyst system in which the first bed contains a phosphorus compound
while the second bed comprises less than 0.5% of said phosphorus compound. In
the example the reaction is steered to obtain 0.3 wt.% of sulphur (3000 ppm).

Further, GB 2057358 describes a process for lowering the sulphur content and
pour point of heavy hydrocarbon feedstocks, such as vacuum gas oils, applying a

first catalyst comprising hydrogenation metals on an oxidic carrier, after which the



pour point of heavy hydrocarbon feedstocks, such as vacuumgas oils,
applying a first catalyst conprising hydrogenation netals on an oxidic
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The catalyst to be used in the first step of the process according to the invention
comprises a Group VI hydrogenation metal component and a Group VIl
hydrogenation metal component on a porous inorganic oxide carrier. As examples
of suitable carriers may be mentioned carriers comprising alumina, silica,
magnesium oxide, zirconium oxide, titanium oxide, as well as carriers comprising
combinations of two or more of these materials. Preference is given to carriers
comprising alumina or alumina combined with silica, i.e., silica-alumina in which
the amount of silica may be up to 10 wt.%, and more particularly up to 5 wt.%.
More preferably, the carrier substantially consists of alumina. By "substantially
consists of alumina" is meant that the carrier basically consists of alumina, but
may contain minor amounts of other components as long as they do not
substantially influence the catalytic properties of the catalyst. in general, carrier

materials which show limited cracking activity are preferred.



Mre preferably, the carrier substantially consists of alumna. By
"substantially consists of alumna” is neant that the carrier basically
consists of alumna, but nay contain mnor anmounts of other conmponents as
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of silica, calculated on the weight of the catalyst.
The upper limit of 15 wt.% for the silica-content of the second bed catalyst is
governed by the desired to minimise the hydrocracking of the hydrocarbon
feedstock. As indicated earlier, the process of the present invention is intended to
effect removal of sulphur and nitrogen from a hydrocarbon feedstock. It is not
intended to hydrocrack the feedstock to a product with a lower boiling range.
Accordingly, the process of the present invention is carried out at such conditions
that substantially no hydrocracking will occur during the process. In this context,
conditions under which substantially no hydrocracking will occur are defined as
conditions under which less than 20 wt.%, preferably less than 10 wt.%, more
preferably less than 5 wt.% of the hydrocarbons in the feed with a boiling point
above 196°C is converted to product hydrocarbons with a boiling point below
196°C. The conversion to products boiling below 196°C is given in the following

formula:

Conv. 196°C-(wt%) = (wt. product 196°C-) - (wt. feed 196°C-) x 100%
wt. total feed
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preferably 10-40 wt.%, more preferably 15-30 wt.%, calculated as trioxide. The
Group VIl metal component generally is present in an amount of 0.5-10 wt.%,
preferably 2-7 wt.%, calculated as oxide. In addition to the Group VI
hydrogenation metal component and the Group VIl hydrogenation metal, the
catalyst may contain phosphorus. If the catalyst contains phosphorus, this
compound generally is present in an amount of 0.5-10 wt.%, preferably 3-8 wt.%,

calculated as P,0s.

It should be noted that it generally is preferred for the catalyst system to be used
in the process according to the invention to comprise both nickel and cobalt as
Group VIII hydrogenation metals. This can be achieved in various ways. It is
possible for the first catalyst to comprise nickel as Group VIl hydrogenation metal
while the second catalyst comprises cobalt as Group VIl hydrogenation metal, or
vice versa. It is also possible for the first catalyst or the second catalyst or both to
comprise both nickel and cobalt. The embodiment in which the first catalyst
comprises nickel as Group VIIl hydrogenation metal while the second catalyst

comprises cobalt as Group VIl hydrogenation metal is deemed preferable.
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i nvention ISreambEEd out at elevated tenperature and pressure. The first
step generally is carried out at a tenperature of 200-450[err]C, preferably
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preferably 300-430°C. The second step is also generally carried out at a
temperature of 200-450°C, preferably 300-430°C. The temperature in the first and
the second step may be the same, but this is not required. The process according
to the invention generally is carried out at a reactor inlet hydrogen partial pressure
of 10-200 bar, preferably 10-100 bar, more preferably 15-50 bar. It is preferred for
reasons of processing technology that the pressures in the first bed and in the
second bed are the same. However, this is not required. The liquid hourly space
velocity for both beds preferably is between 0.1 and 10 vol./vol.h, more preferably
between 0.5 and 4 vol./vol.h. The H,/oil ratios generally are in the range of 50-
2000 NI/, preferably in the range of 80-500 NI/L.

The process conditions are selected in such a way that the sulphur content of the
total liquid effluent is less than 500 ppm, preferably less than 350 ppm. If so
desired it is possible to effect the process under such conditions that the sulphur
content of the total liquid effluent is less than 200 ppm. The exact process
conditions will depend, int. al., on the nature of the feedstock, the desired degree
of hydrodesulphurisation, and the nature of the catalyst system. In general, a
higher temperature, a higher hydrogen partial pressure, and a lower space

velocity will decrease the sulphur content of the final product. The selection of the
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If so desired it is possible to effect an intermediate phase separation between the
two process steps to remove the ammonia and hydrogen sulphide formed in the
first step from the system.

If so desired, it is possible to fractionate the effluent from the first catalyst bed so
as to select a fraction with an appropriate boiling range to be fed to the second
bed. However, this measure generally is not necessary. If a fractionation of the
resulting product is necessary, it is generally best carried out after the second
step.

If so desired, one may recycle part of the effluent from the first step back to the
first step, or one may recycle part of the effluent from the second step back to

either the first step or the second step.

Sometimes it may be desirable to subject the product of the second step to a
further processing step such as, e.g., a step to improve the colour of the product
or to specifically hydrogenate the aromatics present in the product.

Any additional step may be carried out under the same conditions as given above
for the two earlier sjeps of the process according to the invention. A third process

step to improve the colour of the process can comprise contacting at least part of
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The following catalysts were used.

The first catalyst comprised 20 wt.% of molybdenum, calculated as trioxide, 4

wt.% of nickel, calculated as oxide, and 6 wt.% of phosphorus, calculated as P,0s,

the balance being alumina.

The second catalyst according to the invention comprised 20 wt.% of

molybdenum, calculated as trioxide, 4 wt.% of cobalt, calculated as oxide, 5 wt.% -
of silica, and the balance alumina.

The comparative second catalyst had the same composition as the second

catalyst according to the invention, except that it did not contain silica.

Two sets of catalysts were tested side by side in an upflow tubular reactor. A first
reactor tube contained the first catalyst followed by the silica-containing second
catalyst according to the invention in a volume ratio of 50:50. A second reactor
contained the first catalyst followed by the comparative silica-free second catalyst
in a volume ratio of 50:50. In this context the term "first catalyst" refers to the
catalyst which is first contacted with the hydrocarbon feed. Each reactor tube
contained 75 ml of catalyst homogeneously intermixed with 80 mi of carborundum

particles.
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Three sets of test conditions were applied to get product sulphur contents of about
0.1 wt.% sulphur, about 400 ppm wt. sulphur, and less than 200 ppm sulphur,
respectively. The test conditions and the results obtained therewith are given in
the following tables.

In these tables the term RVA-HDS stands for the relative volume activity in
hydrodesulphurisation of the tested catalyst system as compared with a standard
catalyst system. The RVA-HDS is calculated as follows: for each catalyst system
the HDS reaction rate constant (k-HDS) was calculated on the basis of the
obtained sulphur content of the product in relation to the sulphur content of the
feedstock. The reaction rate constant for the comparative catalyst system was
valued at 100. A calculation of the reaction rate constants of the catalyst system

according to the invention resuited in the RVA-HDS figure.
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10 Test condition 1: HDS to about 0.1

t ([ or el
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N Ay
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Pressure (bar)

IV

- prodiigly ‘RVA-HDS product
(NL/T) .
sulphur ppm) nitrogen (ppm)
System according 1160 108 82
to the invention
Comparative 1310 100 91
system
Test condition 2: HDS to about 400 ppm S
Reaction conditions
Temperature (°C) 350
Pressure (bar) 35
Ho/oil (NI/I) 150
LHSV (h-1) 1.8
Days 2
Test results :
product RVA-HDS product
sulphur (ppm) nitrogen (ppm)
System according 470 114 61
to the invention
Comparative 570 100 71
system
Test condition 3: HDS to below 200 ppm S
Reaction conditions
Temperature (°C) 363
Pressure (bar) 35
Ho/oil (NI/1) 150
LHSV (h-1) 1.5
Days 2




LHSV (h-1) - 3.5 Days 2 Test results

product RVA- HDS product sul phur (ppm nitrogen (ppm
System according 1160 109 82 to the invention
Conpar ati ve 1310 100 91 system Test condition
2: HDS to about 400 ppm S Reaction condiltlions Tenperature ([err]C

350 Pressure b{’:’ll’e) 35 Herr]/oil (N/1) 150 LHSV
(h-1) Testresults y g paye 3 S TATIDS 2 Tﬂcj[ resul ts product
RVA- HDS product sul ghurP@ - ni t PERAYSE (pph) System
accor di ng 470 1stiphur (ppm) 61 to t/heitPeet@PMn| Conpar ati ve
570 Bgstem according |71 sy@@ em Tlest @8ndi t}i on 3836HDS tp bel ow 200 ppm
S Reaction cotadiheiiventidenpdrature ([erfr] © 363 Prespgure (bar)

35 H err]/ oi | CoMipalative 150 150 [LHSMQDh- 1) 42 1.5 Days
2 system

It appears that when effecting HDS to a sulphur content of about 0.1 wt.% the use
of a silica-containing catalyst in the second bed shows some improvement over a
catalyst system in which the second catalyst is silica-free. When effecting deep
HDS to a sulphur-content of less than 500 ppm, the improvement obtained with
the catalyst system according to the invention over the silica-free comparative
catalyst system increases. This increase in activity is even more pronounced
when effecting deep HDS to a sulphur content of less than 350 ppm.

It also appears that the use of the catalyst system according to the invention
results in an improved removal of nitrogen as compared to the comparative
catalyst system. No RVA figures have been calculated because, although the
differences in nitrogen content are significant, the RVA values are less so,
because of the relatively large error margin introduced by the measuring error at

lower ppm levels.



Test results product RVA- HDS product sul phur (ppm

nitrogen (ppn) System according 100 128 36 to the
i nventi on Conparative 150 100 42 system It
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use of a silica-containing catalyst in t¥ second bed shows sone
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12 CLAIM5 1. A process for ucl ur ntent of a

f eedstock to a vg:IOU‘(EOB?mI Ada ([:CTdF ggb}’ﬁ?ﬁe"é‘ eZﬁr‘F@”PBH?’%{c% oxidic
feedstock with a caférbafidriwhchnailest phrt 65@|Ee€erfﬂdeﬁt f6mltRS frstBataRstsiy IRy

content of 0.1 w.%or nore in the presence of hydrogen under conditions of
el evat ed tenper atdu$eFoRH fFatalyst comprising a Group VI hydrogenation metal component

and a Group VIII hydrogenation metal component on an oxidic carrier which

comprises 1 to 15 wt.% of silica, calculated on the weight of the catalyst.

2. The process according to claim 1 in which the process conditions are
selected such that the sulphur content of the hydrocarbon feedstock is

reduced to a value of less than 350 ppm.

3. The process according to claim 1 or 2 in which the first catalyst comprises
molybdenum as Group VI metal component and nicke! or a mixture of nickel

and cobalt as Group VIl metal component on a carrier comprising alumina.

4. The process according to any one of the preceding claims in which the
second catalyst comprises molybdenum as Group VI metal component and
cobalt or a mixture of nickel and cobalt as Group VIil metal component on a
carrier comprising alumina and 1-15 wt.% of silica, calculated on the weight

of the catalyst.

5. The process according to claim 4 in which the carrier of the second catalyst
contains 3-10 wt.% of silica, calculated on the weight of the catalyst, and the

balance alumina.

AN



pressure with a first catalyst conprising a Goup VI hydrogenation netal
conponent and a Group VIII hydrogenation netal conponent on an oxidic
carrier, after which at least part of the effluent fromthe first catalyst
is led to a second catal yst conprising a Goup VI hydrogenation netal

conponent and a Goup VIII hydrogenatiof3netal conponent on an oxidic
carrier which co rises 1 to 15 w.% of silica, cal cul ated Rn t he wei ght of
the catal yst 8 2 qﬁ@csﬁ%e&%d'a%bm ong ¢fdhe PERCRANNT GRITA i W IChdhe Fess

condi tions are SSét%bﬁC{héLfﬁél émystté}ﬂ e gHedhd Cdafmwatls %tetv&éyh oy do agr bon
feedstock is reduced to a value of |less than 350 ppm 3. The process

according to claP#l1® or 2 in which the first catal yst conprlses nol ybdenum
as Goup VI netal component and nickel or a mxture of nickel and cobalt as
Goup VIl metal conponent on a carrier conprising alumna. 4. The
process according to any one of the preceding clains in which the second
catal yst conprises nol ybdenum as G oup VI netal conponent and cobalt or a
m xture of nickel and cobalt as Goup VIII netal conponent on a carrier
conprising alumna and 1-15 w. % of silica, calculated on the weight of the
catal yst. 5. The process according to claim4 in which the carrier of the
second catal yst contains 3-10 w. % of silica, calculated on the weight of
the catal yst, and the bal ance al um na. 13 6. The process according to
any one of the preceding clainms in which the ratio between the first

catal yst and the second catal yst is between 10:90 and 90: 10.
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