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EP 1 334 166 B1
Description

CROSS-REFERENCE TO RELATED APPLICATIONS

FIELD OF THE INVENTION

[0001] The presentinvention relates to a process for hydroprocessing a distillate stream to produce a stream excep-
tionally low in sulfur, with total aromatics and polynuclear aromatics being moderately reduced. A distillate stream is
hydrodesulfurized in a first hydrodesulfurization stage. The product stream thereof is passed to a first separation stage
wherein a vapor phase product stream and a liquid product stream are produced. The liquid phase product stream is
passed to a second hydrodesulfurization stage and the product stream thereof is passed to a second separation stage
wherein a vapor phase product stream and a liquid product stream low in sulfur are produced. At least a portion of the
vapor product stream from said second separation stage can be cascaded to the first hydrodesulfurization stage.

BACKGROUND OF THE INVENTION

[0002] Environmental and regulatory initiatives are requiring ever-lower levels of both sulfur and aromatics in distillate
fuels. For example, proposed sulfur limits for distillate fuels to be marketed in the European Union for the year 2005 is
50 wppm or less. There are also proposed limits that would require lower levels of total aromatics as well as lower levels
of multi-ring aromatics found in distillate fuels and heavier hydrocarbon products. Further, the maximum allowable total
aromatics level for California Air Resources Board "CARB" reference diesel and Swedish Class | diesel are 10 and 5
vol.%, respectively. Further, the CARB reference fuels allow no more than 1.4 vol.% polynuclear aromatics (PNAs).
Consequently, much work is presently being done in the hydrotreating art because of these proposed regulations.
[0003] Hydrotreating, or in the case of sulfur removal, hydrodesulfurization, is well known in the art and typically
requires treating the petroleum streams with hydrogen in the presence of a supported catalyst at hydrotreating conditions.
The catalyst is usually comprised of a Group VI metal with one or more Group VIII metals as promoters on a refractory
support. Hydrotreating catalysts that are particularly suitable for hydrodesulfurization, as well as hydrodenitrogenation,
generally contain molybdenum or tungsten as the Group VI metal on alumina support promoted with cobalt, nickel, iron,
or a combination thereof as the Group VIII metal. Cobalt promoted molybdenum on alumina catalysts are most widely
used when the limiting specifications are hydrodesulfurization, while nickel promoted molybdenum on alumina catalysts
are the most widely used for hydrodenitrogenation, partial aromatic saturation, as well as hydrodesulfurization.

[0004] Much work is also being done to develop more active catalysts and to improve reaction vessel designs in order
to meet the demand for more effective hydroprocessing processes. Various improved hardware configurations have
been suggested. One such configuration is a co-current design where feedstock flows downwardly through successive
catalyst beds and treat gas, which is typically a hydrogen-containing treat gas, also flows downwardly, co-current with
the feedstock. Another configuration is a countercurrent design wherein the feedstock flows downwardly through suc-
cessive catalyst beds counter to upflowing treat gas, which is typically a hydrogen-containing treat gas. The downstream
catalyst beds, relative to the flow of feed, can contain high performance but otherwise more sulfur sensitive catalysts
because the upflowing treat gas carries away heteroatom components, such as H,S and NHs, that are deleterious to
sulfur and nitrogen sensitive catalysts.

[0005] Other process configurations include the use of multiple reaction stages, either in a single reaction vessel, or
in separate reaction vessels. More sulfur sensitive catalysts can be used in the downstream stages as the level of
heteroatom components becomes successively lower. European Patent Application 93200165.4 teaches such a two-
stage hydrotreating process performed in a single reaction vessel.

[0006] Two types of process schemes are commonly employed to achieve substantial hydrodesulfurization (HDS)
and aromatics saturation (ASAT) of distillate fuels and both are operated at relatively high pressures. One is a single
stage process using Ni/Mo or Ni/W sulfide catalysts operating at pressures in excess of 800 psig. To achieve high levels
of saturation, pressures in excess of 2,000 psig are required. The other process scheme is a two stage process in which
the feed is first processed over a Co/Mo, Ni/Mo or Ni/W sulfide catalyst at moderate pressure to reduce heteroatom
levels while little aromatics saturation is observed. After the first stage, the product stream is stripped to remove H2s,
NH3 and light hydrocarbons. The first stage product is then reacted over a Group VIII metal hydrogenation catalyst at
elevated pressure to achieve aromatics saturation. Such two stage processes are typically operated between 600 and
1,500 psig.

[0007] US 5,292,428 a multi-step hydrosulfurisation process comprising two or more hydrosulfurisation zones con-
nected in series.

[0008] US 5,114,562 discloses a two-stage hydrosulfurisation and hydrogenation process for distillate hydrocarbons.
[0009] EP 0902 078 discloses a petroleum processing method comprising two hydrogenation steps.

[0010] EP 0 727 474 disclosed a method of hydrogenating aromatic hydrocarbons.
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[0011] In light of the above, there is a need for improved hydroprocessing method for treating feedstreams so that
they can meet the ever stricter environmental regulations.

SUMMARY OF THE INVENTION

[0012] According to the invention there is provided a process as defined in any of the accompanying claims.

[0013] In a preferred embodiment of the present invention, at least a portion of the vapor product stream from the first
separation zone is recycled to the first hydrodesulfurization stage.

[0014] According to the present invention, at least a portion of the vapor product stream from the second separation
stage is cascaded to said first hydrodesulfurization stage.

[0015] In another preferred embodiment, the invention further comprises combining at least a portion of the liquid
phase stream of step (e) with at least one of (i) one or more lubricity aid, (ii) one or more viscosity modifier, (iii) one or
more antioxidant, (iv) one or more cetane improver, (v) one or more dispersant, (vi) one or more cold flow improver, (vii)
one or more metals deactivator, (viii) one or more corrosion inhibitor, (ix) one or more detergent, and (x) one or more
distillate or upgraded distillate.

BRIEF DESCRIPTION OF THE FIGURES

[0016]

Figure 1 hereof shows a preferred embodiment of the present invention and includes two co-current hydrodesul-
furization stages.

Figure 2 hereof is a plot of that defines the composition of distillate products of the present invention where the
sulfur content is less than 50 ppm and the ratio of aromatics to polynuclear aromatics is greater than about 11.

DETAILED DESCRIPTION OF THE INVENTION

[0017] Feedstreams suitable for being treated by the present invention are those petroleum based feedstocks boiling
in the distillate range and above (i.e., "distillate"). Such feedstreams typically have a boiling range from about 150°C to
about 400°C, preferably from about 175°C to about 370°C. These feedstreams usually contain greater than about 3,000
wppm sulfur. Non-limiting examples of such feedstreams include virgin distillates, light cat cycle oils, light coker oils, etc.
It is highly desirable for the refiner to upgrade these types of feedstreams by removing heteroatoms such as sulfur, as
well as to saturate aromatic compounds.

[0018] The process of the present invention can be better understood by a description of a preferred embodiment
illustrated by Figure 1 hereof. Optionally, the embodiment of Figure 1 uses once-through hydrogen treat gas in a first
hydrodesulfurization stage. Relatively low amounts of hydrogen are utilized in the second hydrodesulfurization stage in
such a way that very low levels of sulfur in the liquid product can be achieved while minimizing the amount of hydrogen
consumed via saturation of the aromatics. Preferably, the first hydrodesulfurization stage will reduce the levels of both
sulfur and nitrogen, with sulfur levels being less than 500 wppm. The second hydrodesulfurization stage will reduce
sulfur levels to less than about 100 wppm, preferably to less than about 50 wppm. In the practice of this invention the
hydrogen in the treat gas reacts with impurities to convert them to H,S, NH5, and water vapor, which are removed as
part of the vapor effluent, and it also saturates olefins and aromatics.

[0019] Miscellaneous reaction vessel internals, valves, pumps, thermocouples, and heat transfer devices etc. are not
shown for simplicity. Figure 1 shows hydrodesulfurization reaction vessel R1 that contains reaction zones 12a and 12b,
each of which is comprised of a bed of hydrodesulfurization catalyst. Although two zones are shown in R1, it will be
understood that this reaction stage may contain only one reaction zone or alternatively two or more reaction zones. It
is preferred that the catalyst be in the reactor as a fixed bed, although other types of catalyst arrangements can be used,
such as slurry or ebullating beds. Downstream of each reaction zone is a non-reaction zone, 14a and 14b. The non-
reaction zone is typically void of catalyst, that is, it will be an empty section in the vessel with respect to catalyst. Although
not shown, there may also be provided a liquid distribution means upstream of each reaction stage. The type of liquid
distribution means is believed not to limit the practice of the present invention, but a tray arrangement is preferred, such
as sieve ftrays, bubble cap trays, or trays with spray nozzles, chimneys, tubes, etc. A vapor-liquid mixing device (not
shown) can also be employed in non-reaction zone 14a for the purpose of introducing a quench fluid (liquid or vapor)
for temperature control.

[0020] The feedstream is fed to reaction vessel R1 via line 10 along with a hydrogen-containing treat gas via line 18,
which treat gas will typically be from another refinery process unit, such as a naphtha hydrofiner. It is within the scope
of this invention that treat gas can also be recycled via lines 20, 22, and 16 from separation zone S1. The term "recycled"
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when used herein regarding hydrogen treat gas is meant to indicate a stream of hydrogen-containing treat gas separated
as a vapor effluent from one stage that passes through a gas compressor 23 to increase its pressure prior to being sent
to the inlet of a reaction stage. It should be noted that the compressor will also generally include a scrubber to remove
undesirable species such as H,S from the hydrogen recycle stream. The feedstream and hydrogen-containing treat gas
pass, co-currently, through the one or more reaction zones of hydrodesulfurization stage R1 to remove a substantial
amount of the heteroatoms, preferably sulfur, from the feedstream. It is preferred that the first hydrodesulfurization stage
contain a catalyst comprised of Co-Mo, or Ni-Mo on a refractory support.

[0021] The term "hydrodesulfurization" as used herein refers to processes wherein a hydrogen-containing treat gas
is used in the presence of a suitable catalyst which is primarily active for the removal of heteroatoms, preferably sulfur,
and nitrogen, and for some hydrogenation of aromatics. Suitable hydrodesulfurization catalysts for use in the reaction
vessel R1 of the present invention include conventional hydrodesulfurization catalysts such as those comprised of at
least one Group VIII metal, preferably Fe, Co or Ni, more preferably Co and/or Ni, and most preferably Co; and at least
one Group VI metal, preferably Mo or W, more preferably Mo, on a relatively high surface area refractory support material,
preferably alumina. Other suitable hydrodesulfurization catalyst supports include refractory oxides such as silica, zeolites,
amorphous silica-alumina, and titania-alumina. Additives such as P can also be present. It is within the scope of the
present invention that more than one type of hydrodesulfurization catalyst be used in the same reaction vessel and in
the same reaction zone. The Group VIl metal is typically presentin an amount ranging from about 2 to 20 wt.%, preferably
from about 4 to 15 wt.%. The Group VI metal will typically be present in an amount ranging from about 5 to 50 wt.%,
preferably from about 10 to 40 wt.%, and more preferably from about 20 to 30 wt.%. All metals weight percents are
based on the total weight of the catalyst. Typical hydrodesulfurization temperatures range from about 200°C to about
400°C with a total pressures of about 150 to 1,500 psig.

[0022] A combined liquid phase/vapor phase product stream exits hydrodesulfurization stage R1 via line 24 and passes
to separation zone S1 wherein a liquid phase product stream is separated from a vapor phase product stream. The
liquid phase product stream will typically be one that has components boiling in the range from about 150°C to about
400°C, but will not have an upper boiling range greater than the feedstream. The vapor phase product stream is collected
overhead via line 20. The liquid reaction product from separation zone S1 is passed to hydrodesulfurization stage R2
via line 26 and is passed downwardly through the reaction zones 28a and 28b. Non-reaction zones are represented by
29a and 29b.

[0023] Fresh hydrogen-containing treat gas is introduced into reaction stage R2 via line 30. Although this figure shows
the treat gas flowing cocurrent with the liquid feedstream, it is also within the scope of this invention that the treat gas
can be introduced into the bottom section of reactor R2 and flowed countercurrent to the downward flowing liquid
feedstream. According to the invention the rate of introduction of hydrogen contained in the treat gas is less than or
equal to 3 times the chemical hydrogen consumption rate of this stage, more preferably less than about 2 times, and
most preferably less than about 1.5 times. The feedstream and hydrogen-containing treat gas pass, preferably co-
currently, through the one or more reaction zones of hydrodesulfurization stage R2 to remove a substantial amount of
remaining sulfur, preferably to a level wherein the feedstream now has less than about 100 wppm sulfur, more preferably
less than about 50 wppm sulfur.

[0024] Suitable hydrodesulfurization catalysts for use in the reaction vessel R2 in the present invention include con-
ventional hydrodesulfurization catalyst such as those described for use in R1. Noble metal catalysts may also be em-
ployed, and preferably the noble metal is selected from Pt and Pd or a combination thereof. Pt, Pd or the combination
thereof is typically present in an amount ranging from about 0.5 to 5 wt.%, preferably from about 0.6 to 1 wt.%. According
to the invention hydrodesulfurization temperatures range from about 200°C to about 400°C with a total pressures from
about 150 to 1,500 psig. More preferred hydrogen partial pressures will be from about 50 to 2,000 psig, most preferably
from about 75 to 1,000 psig. In one embodiment, R2 outlet pressure ranges from about 500 to about 1000 psig.
[0025] Itis within the scope of this invention that second reaction stage R2 contain two or more reaction zones wherein
at least one of the reaction zones is operated at least 25°C, preferably at least about 50°C cooler than the other reaction
zone(s). It is preferred that the lower temperature zone(s) be operated at a temperature of at least about 50°C lower
than the higher temperature zone(s). It is preferred that the lower temperature zone be the last downstream zone(s)
with respect to the flow of feedstock. It is also within the scope of this invention that the second reaction stage be operated
in either cocurrent or countercurrent mode. By countercurrent mode we mean that the treat gas will flow counter to the
downflowing feedstock.

[0026] The reaction product from second hydrodesulfurization stage R2 is passed via line 35 to a second separation
zone S2 wherein a vapor product, containing hydrogen, is recovered overhead via line 32 and may be removed from
the process via line 36. When (i) all hydrogen-containing treat gas introduced into a reactor is consumed therein or (ii)
unreacted hydrogen-containing treat gas present in a reactor’s vapor phase effluent and is conducted away from the
reactor, then the treat gas is referred to as a "once-through" treat gas. Such a process does not form part of the invention.
According to the invention, all or a portion of the vapor product is cascaded to hydrodesulfurization stage R1 via lines
34 and 16. The term "cascaded," when used in conjunction with treat gas, is meant to indicate a stream of hydrogen-
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containing treat gas separated as a vapor effluent from one stage that is sent to the inlet of a reaction stage without
passing through a gas compressor. That is, the treat gas flows from a downstream reaction stage to an upstream stage
that is at the same or lower pressure, and thus there is no need for the gas to be compressed.

[0027] Figure 1 also shows several optional processing schemes. For example, line 38 can carry a quench fluid that
may be either a liquid or a gas. Hydrogen is a preferred gas quench fluid and kerosene is a preferred liquid quench fluid.
[0028] The reaction stages used in the practice of the present invention are operated at suitable temperatures and
pressures for the desired reaction. For example, typical hydroprocessing temperatures will range from about 200°C to
about 400°C at pressures from about 150 to 1,500 psig. Furthermore, reaction stage R2 can be operated in two or more
temperature zones wherein the most downstream temperature zone is at least about 25°C, preferably about 35°C, cooler
than the upstream temperature zone(s).

[0029] For purposes of hydroprocessing and in the context of the present invention, the terms "hydrogen" and "hydro-
gen-containing treat gas" are synonymous and may be either pure hydrogen or a hydrogen-containing treat gas which
is a treat gas stream containing hydrogen in an amount at least sufficient for the intended reaction, plus other gas or
gasses (e.g., nitrogen and light hydrocarbons such as methane) which will not adversely interfere with or affect either
the reactions or the products. Impurities, such as H,S and NH5 are undesirable and, if present in significant amounts,
will normally be removed from the treat gas, before it is fed into the R1 reactor. The treat gas stream introduced into a
reaction stage will preferably contain at least about 50 vol.% hydrogen, more preferably at least about 75 vol.% hydrogen,
and most preferably at least 95 vol.% hydrogen. In operations in which unreacted hydrogen in the vapor effluent of any
particular stage is used for hydroprocessing in any stage, there must be sufficient hydrogen present in the fresh treat
gas introduced into that stage, for the vapor effluent of that stage to contain sufficient hydrogen for the subsequent stage
or stages. The first stage vapor effluent will be cooled to condense and recover the hydrotreated and relatively clean,
heavier (e.g., C4+) hydrocarbons.

[0030] The liquid phase in the reaction vessels used in the present invention will typically be comprised of primarily
the higher boiling point components of the feed. The vapor phase will typically be a mixture of hydrogen-containing treat
gas, heteroatom impuirities like H,S and NH5, and vaporized lower-boiling components in the fresh feed, as well as light
products of hydroprocessing reactions. If the vapor phase effluent still requires further hydroprocessing, it can be passed
to a vapor phase reaction stage containing additional hydroprocessing catalyst and subjected to suitable hydroprocessing
conditions for further reaction. Alternatively, the hydrocarbons in the vapor phase products can be condensed via cooling
of the vapors, with the resulting condensate liquid being recycled to either of the reaction stages, if necessary.

[0031] The liquid phase products may be combined with other distillate or upgraded distillate. As discussed, the
products are compatible with effective amounts of fuel additives such as lubricity aids, cetane improvers, and the like.
While a major amount of the product is preferably combined with a minor amount of the additive, the fuel additive may
be employed to an extent notimpairing the performance of the fuel. While the specific amount(s) of any additive employed
will vary depending on the use of the product, the amounts may generally range from 0.05 to 2.0 wt.% based on the
weight of the product and additive(s), although not limited to this range. The additives can be used either singly or in
combination as desired.

[0032] As discussed, distillate fuel products that are characterized as having relatively low levels of sulfur and poly-
nuclear aromatics (PNAs) and a relatively high ratio of total aromatics to PNAs may be formed in accordance with such
processes. Such distillate fuels may be employed in compression-ignition engines such as diesel engines, particularly
so-call "lean-burn" diesel engines. Such fuels are compatible with: compression-ignition engine systems such as auto-
motive diesel systems utilizing (i) sulfur-sensitive NOx conversion exhaust catalysts, (ii) engine exhaust particulate
emission reduction technology, including particulate traps, and (iii) combinations of (i) and (ii). Such distillate fuels have
moderate levels of total aromatics, reducing the cost of producing cleaner-burning diesel fuel and also reducing CO,
emissions by minimizing the amount of hydrogen consumed in the process.

[0033] In one embodiment, the distillate fuel products made in accordance with the process of the invention contain
less than about 100 wppm, preferably less than about 50 wppm, more preferably less than about 10 wppm sulfur. Further,
the distillate fuels of the present invention have relatively low amounts of low boiling material with a T10 distillation point
of at least about 205°C. They will also have a total aromatics content from about 15 to 35 wt.%, preferably from about
20 to 35 wt.%, and most preferably from about 25 to 35 wt.%. The PNA content of the distillate product compositions
obtained by the practice of the present invention will be less than about 3 wt.%, preferably less than about 2 wt.%, and
more preferably less than about 1 wt.%. Such weight percents and weight ppms are based on the weight of the product.
According to the invention, the aromatics to PNA ratio will be at least about 11, preferably at least about 13, and more
preferably at least about 15. In another embodiment, the aromatics to PNA ratio ranges from 11 to about 50, preferably
from 11 to about 30, and more preferably from 11 to about 20.

[0034] The term PNA is meant to refer to polynuclear aromatics that are defined as aromatic species having two or
more aromatic rings, including alkyl and olefin-substituted derivatives thereof. Naphthalene and phenanthrene are ex-
amples of PNAs. The term aromatics is meant to refer species containing one or more aromatic ring, including alkyl and
olefin-substituted derivatives thereof. Thus, naphthalene and phenanthrene are also considered aromatics along with
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benzene, toluene and tetrahydronaphthalene. It is desirable to reduce PNA content of the liquid product stream since
PNAs contribute significantly to emissions in diesel engines. However, it is also desirable to minimize hydrogen con-
sumption for economic reasons and to minimize CO, emissions associated with the manufacture of hydrogen via steam
reforming. Thus, the current invention achieves both of these by obtaining a high aromatics to PNA ratio in the liquid
product.

[0035] The following examples are presented to illustrate the present invention and not to be taken as limiting the
scope of the invention in any way.

EXAMPLES 1-5

[0036] A virgin distillate feed containing from about 10,000 to 12,000 wppm sulfur was processed in a commercial
hydrodesulfurization unit (first hydrodesulfurization stage) using a reactor containing both conventional commercial NiMo/
Al,O4 (Akzo-Nobel KF842/840) and CoMo/Al,O5 (Akzo-Nobel KF-752) catalyst under the following typical conditions:
300-350 psig; 150-180 psig outlet H,; 75% H, treat gas; 500-700 SCF/B treat gas rate; 0.3-0.45 LHSV; 330-350°C. The
liquid product stream from this first hydrodesulfurization stage was used as feedstream to the second hydrodesulfurization
stage, which product stream is described under the feed properties heading in Table 1 below. The process conditions
for this second hydrodesulfurization stage are also shown in the table below. A commercial NiMo catalyst (Criterion C-
411 containing 2.6 wt.% Ni and 14.3 wt.% Mo) was used in all of the runs.

[0037] Examples 1 - 5 demonstrate that products with less than 100 wppm sulfur can be produced wherein the rate
of introduction of hydrogen in the treat gas in the second reaction stage is less than or equal to three times the chemical

hydrogen consumption.

Table 1
Example 1 | Example 2 | Example 3 | Example 4 | Example 5
Feed properties to second stage
S, wppm 340 340 99 266 375
N, wppm 75 75 52 45 101
API 35.7 35.6 35.5 37.6 361
T10, °C 238 237 240 210 239
T95,C 367 367 374 363 366
Total aromatics, wt.% (HPLC IP 391/95) 26.51 25.99 27.06 25.26 24.07
PNA, wt. % (HPLC IP 391/95) 6.3 6.18 7.84 7.47 5.89
H content, wt.% 13.47 13.51 13.35 13.52 13.55
Product properties from second stage
S, wppm 32,5 345 18.6 1.4 61
API 36.7 36.7 36 39.1 37.2
Total aromatics, wt.% (HPLC IP 391/95) 23.09 21.66 25.36 16.52 23.12
PNA, wt.% (HPLC IP 391/95) 2.02 1.39 1.94 1.21 1.74
Total aromatics/PNA 11.43 15.58 13.07 14.24 13.28
H, consumption, SCF/B 162 196 175 263 220
Process conditions for second stage
T,C 332 332 328 329 337
Pressure, psig 800 800 800 790 800
LHSV 1.1 1.1 1.3 0.58 1.1
Treat gas rate (100% H,), SCF/B 490 480 520 555 530
Treat gas rate/H, consumption for second stage 3.0 2.4 3.0 23 24
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[0038] Referring now to Figure 2, the area to the right of the vertical line in the Figure 2 defines the products made in
accordance with the present invention. The product total aromatics to PNA ratio of the invention can be greater than 20.
[0039] As may be seen by comparing Examples 1 and 2, the invention provides a method for regulating the total
aromatics to PNA ratio by regulating the treat gas rate in R2. Such regulation may be accomplished for a constant sulfur
amount in the product by, for example, decreasing the liquid space velocity in R2 as the treat gas rate is reduced.
[0040] Comparative Examples A-F in Table 2 below are all conventional fuel compositions containing less than 100
ppm sulfur and total aromatics levels greater than 15 wt.%. All of them, however, have a ratio of total aromatics to PNAs
less than 10 which is outside the range of the fuel compositions of the present invention.
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[0041] The designations "FIA," "MS," and "SFC" are well known in the art as analytical techniques. For example, "FIA"
stands for fluorescence indicator analysis, "MS" stands for mass spectrophotometry; and "SFC" stands for supercritical
fluid chromatography.

[0042] The area to the right of the vertical line in the Figure 2 hereof defines the preferred products formed in the
process of this invention. While figure 2’s abscissa is truncated at 20, it should be understood that the preferred product’s
total aromatics to PNA ratio of the invention may exceed 20. In addition to the total aromatics (15-35 wt.%) and total
aromatics/PNA criteria, the preferred products have S levels less than about 100 wppm and a T10 point of >205°C.

Claims

1. A multi-stage process for reducing the level of sulfur in a distillate feedstock having a sulfur content greater than
about 3,000 wppm, which process comprises:

a) reacting said feedstream in a first hydrodesulfurization stage (R1) operated at a temperature from 200°C to
400°C and a pressure from 150 to 1,500 psig (1 to 10 MPag) in the presence of a hydrogen-containing treat
gas, a portion of which is cascaded from the separation stage e) after the second hydrodesulfurization stage
of d) below, said first hydrodesulfurization stage containing one or more reaction zones (12a, 12b), each reaction
zone operated at hydrodesulfurizing condition and in the presence of a hydrodesulfurization catalyst, thereby
resulting in a liquid product stream having a sulfur content less than 500 wppm;

b) passing the liquid product stream to a separation zone (S1) wherein a hydrogen-containing product gas
stream and a liquid phase product stream are produced;

c) passing the liquid phase stream to a second hydrodesulfurization stage (R2);

d) reacting said liquid phase product stream in said second hydrodesulfurization stage, operated at atemperature
from 200°C to 400°C and a pressure from 1 to 10 MPa (150 to 1,500 psig), in the presence of a hydrogen-
containing treat gas, wherein the rate of introduction of the hydrogen portion of the treat gas in this second
stage is less than or equal to 3 times the chemical hydrogen consumption in this second reaction stage, said
second hydrodesulfurization stage (R2) containing one or more reaction zones (28a, 28b) operated at hydrodes-
ulfurization conditions wherein each reaction zone contains a bed of hydrotreating catalyst, thereby resulting
in a liquid product stream having less than 100 wppm sulfur and a weight ratio of aromatics to polynuclear
aromatics of at least 11; and

e) passing the liquid product stream of step d) above to a second separation zone (S2) wherein a hydrogen-
containing product gas stream and liquid phase product stream are produced.

2. The process of claim 1 wherein step d) is performed so that the liquid product stream contains less than 50 wppm
sulfur.

3. The process of claim 1 wherein step d) is performed so that the liquid product stream contains less than 25 wppm
sulfur.

4. Theprocess of claim 1 wherein the catalyst of said first and second hydrodesulfurization stages (R1, R2) are selected
from catalysts comprised of atleast one Group VI and atleast one Group VIll metal on an inorganic refractory support.

5. The process of claim 4 wherein the Group VI metal is selected from Mo and W and the Group VIl metal is selected
from Ni and Co.

6. The process of claim 1 wherein at least a portion of the hydrogen-containing product gas stream from said first
separation stage (S1) is recycled to said first hydrodesulfurization stage (R1).

7. The process of claim 1 wherein all of the hydrogen-containg product gas stream from said second separation stage
(S2) is cascaded to said first hydrodesulfurization stage (R1).

8. The process of claim 1 wherein the rate of introduction of hydrogen contained in the treat gas in said second
hydrodesulfurization stage (R2) is less than or equal to 2 times the chemical hydrogen consumption in said second
hydrodesulfurization stage.

9. The process of claim 1 wherein said second hydrodesulfurization stage (R2) contains two or more reaction zones
operated at different temperatures wherein at least one of said reaction zones is operated at least 25°C lower in



10

15

25

30

35

40

45

50

55

10.

1.

12.

EP 1 334 166 B1
temperature than the other reaction zone or zones.

The process of claim 9 wherein said second hydrodesulfurization stage (R2) contains two or more different reaction
zones wherein at least one of said reaction zones is operated at least 50°C lower in temperature than the other
reaction zone or zones.

The process of claim 9 wherein the last downstream reaction zone with respect to the flow of feedstock is the lower
temperature reaction zone.

The process of claim 1 further comprising combining at least a portion of the liquid phase stream of step (e) with at
least one of (i) one or more lubricity aid, (ii) one or more viscosity modifier, (iii) one or more antioxidant, (iv) one or
more cetane improver, (v) one or more dispersant, (vi) one or more cold flow improver, (vii) one or more metals
deactivator, (viii) one or more corrosion inhibitor, (ix) one or more detergent, and (x) one or more distillate or upgraded
distillate.

Patentanspriiche

1.

Mehrstufenverfahren zum Reduzieren des Niveaus von Schwefel in einem Destillateinsatzmaterial mit einem Schwe-
felgehalt von mehr als etwa 3000 Gew.-ppm, bei dem

a) der Einsatzmaterialstrom in einer ersten Hydrodesulfurierungsstufe (R1), die bei einer Temperatur von 200°C
bis 400°C und einem Druck von 1 bis 10 MPa Uberdruck (150 bis 1500 psig) betrieben wird, in Gegenwart von
wasserstoffhaltigem Behandlungsgas umgesetzt wird, von dem ein Teil von der Trennstufe e) nach der zweiten
Hydrodesulfurierungsstufe gemal nachstehendem d) kaskadenartig gefiihrt wird, wobei die erste Hydrodesul-
furierungsstufe eine oder mehrere Reaktionszonen (12a, 12b) enthalt, wobei jede Reaktionszone unter Hydro-
desulfurierungsbedingungen und in Gegenwart von Hydrodesulfurierungskatalysator betrieben wird, was zu
einem Flussigproduktstrom mit einem Schwefelgehalt von weniger als 500 Gew.-ppm fiihrt;

b) der Flissigproduktstrom zu einer Trennzone (S1) geleitet wird, in der ein wasserstoffhaltiger Produktgasstrom
und ein Flissigphasenproduktstrom produziert werden;

c) der Fliussigphasenstrom zu einer zweiten Hydrodesulfurierungsstufe (R2) geleitet wird;

d) der Flissigphasenproduktstrom in der zweiten Hydrodesulfurierungsstufe, die bei einer Temperatur von
200°C bis 400°C und einem Uberdruck von 1 bis 10 MPa (150 bis 1500 psig) betrieben wird, in Gegenwart von
wasserstoffhaltigem Behandlungsgas umgesetzt wird, wobei die Einbringrate des Wasserstoffanteils des Be-
handlungsgases in diese zweite Stufe kleiner als oder gleich dem 3-fachen des chemischen Wasserstoffver-
brauchsin dieser zweiten Reaktionsstufe ist, wobei die zweite Hydrodesulfurierungsstufe (R2) eine oder mehrere
Reaktionszonen (28a, 28b) enthalt, die unter Hydrodesulfurierungsbedingungen betrieben werden, wobei jede
Reaktionszone ein Bett aus Wasserstoffbehandlungskatalysator enthalt, was zu einem Fllssigproduktstrom
mit weniger als 100 Gew.-ppm Schwefel und einem Gewichtsverhaltnis von Aromaten zu mehrkernigen Aro-
maten von mindestens 11 fihrt; und

e) der Flussigproduktstrom aus dem obigen Schritt d) zu einer zweiten Trennzone (S2) geleitet wird, in der ein
wasserstoffhaltiger Produktgasstrom und ein Flissigphasenproduktstrom produziert werden.

Verfahren nach Anspruch 1, bei dem Schritt d) so durchgefiihrt wird, dass der Flissigproduktstrom weniger als 50
Gew.-ppm Schwefel enthalt.

Verfahren nach Anspruch 1, bei dem Schritt d) so durchgefiihrt wird, dass der Flissigproduktstrom weniger als 25
Gew.-ppm Schwefel enthalt.

Verfahren nach Anspruch 1, bei dem der Katalysator der ersten und zweiten Hydrodesulfurierungsstufe (R1, R2)
aus Katalysatoren ausgewahlt ist, die aus mindestens einem Gruppe VI- und mindestens einem Gruppe VllI-Metall

auf einem anorganischen hitzebesténdigen Trager zusammengesetzt sind.

Verfahren nach Anspruch 4, bei dem das Gruppe VI-Metall ausgewahlt ist aus Mo und W und das Gruppe VIlII-
Metall ausgewahlt ist aus Ni und Co.

Verfahren nach Anspruch 1, bei dem mindestens ein Anteil des wasserstoffhaltigen Produktgasstroms aus der
ersten Trennstufe (S1) in die erste Hydrodesulfurierungsstufe (R1) zurtickgefihrt wird.

10
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Verfahren nach Anspruch 1, bei dem der gesamte wasserstoffhaltige Produktgasstroms aus der zweiten Trennstufe
(S2) kaskadenartig zu der ersten Hydrodesulfurierungsstufe (R1) gefihrt wird.

Verfahren nach Anspruch 1, bei dem die Einbringrate von Wasserstoff, der in dem Behandlungsgas enthalten ist,
in die zweite Hydrodesulfurierungsstufe (R2) kleiner als oder gleich dem 2-fachen des chemischen Wasserstoffver-
brauchs in der zweiten Hydrodesulfurierungsstufe ist.

Verfahren nach Anspruch 1, bei dem die zweite Hydrodesulfurierungsstufe (R2) zwei oder mehr Reaktionszonen
enthalt, die bei unterschiedlichen Temperaturen betrieben werden, wobei mindestens eine der Reaktionszonen bei
mindestens 25°C unter der Temperatur der anderen Reaktionszone oder Reaktionszonen betrieben wird.

Verfahren nach Anspruch 9, bei dem die zweite Hydrodesulfurierungsstufe (R2) zwei oder mehr unterschiedliche
Reaktionszonen enthalt, wobei mindestens eine der Reaktionszonen mindestens 50°C unter der Temperatur der
anderen Reaktionszone oder Reaktionszonen betrieben wird.

Verfahren nach Anspruch 9, bei dem die in Bezug auf den Fluss des Einsatzmaterials letzte stromabwartige Reak-
tionszone die Reaktionszone mit niedrigerer Temperatur ist.

Verfahren nach Anspruch 1, bei dem ferner mindestens ein Anteil des Flissigphasenstroms aus Schritt (€) mit
mindestens einem von (i) einem oder mehreren Schmierfahigkeitshilfsmitteln, (ii) einem oder mehreren Viskositats-
modifizierungsmitteln, (iii) einem oder mehreren Antioxidantien, (iv) einem oder mehreren Cetanverbesserern, (v)
einem oder mehreren Dispergiermitteln, (vi) einem oder mehreren KaltflieBverbesserern, (vii) einem oder mehreren
Metalldeaktivatoren, (viii) einem oder mehreren Korrosionsschutzmitteln, (ix) einem oder mehreren Detergentien
und (x) einem oder mehreren Destillaten oder veredelten Destillaten kombiniert wird.

Revendications

1.

Procédé a plusieurs étages pour la réduction du niveau de soufre dans une charge de départ de distillat ayant une
teneur en soufre supérieure a environ 3 000 ppm en poids, lequel procédé comprend :

a) la réaction dudit flux de charge dans un premier étage d’hydrodésulfuration (R1) amené a fonctionner a une
température de 200 °C 4400 °C et une pression de 150 & 1 500 Ib/po2 manométrique (1 a 10 MPa manométrique)
en présence d’'un gaz de traitement contenant de I'’hydrogéne, dont une partie provient en cascade de I'étage
de séparation e) apres le second étage d’hydrodésulfuration de d) ci-dessous, ledit premier étage d’hydrodé-
sulfuration contenant une ou plusieurs zones de réactions (12a, 12b), chaque zone de réaction étant amenée
a fonctionner dans des conditions d’hydrodésulfuration et en présence d’'un catalyseur d’hydrodésulfuration,
ce qui résulte en un flux de produit liquide ayant une teneur en soufre inférieure a 500 ppm en poids ;

b) I'envoi du flux de produit liquide vers une zone de séparation (S1) dans laquelle un flux de produit gazeux
contenant de I'hydrogene et un flux de produit en phase liquide sont produits ;

c) I'envoi du flux de phase liquide vers un second étage d’hydrodésulfuration (R2) ;

d) la réaction dudit flux de produit en phase liquide dans ledit second étage d’hydrodésulfuration, amené a
fonctionner a une température de 200 °C & 400 °C et une pression de 1 4 10 MPa (150 & 1 500 Ib/po? mano-
métrique), en présence d’'un gaz de traitement contenant de I’hydrogéne, le débit d’introduction de la partie
hydrogéne du gaz de traitement dans ce second étage étantinférieur ou égal a 3 fois la consommation chimique
d’hydrogene dans ce second étage de réaction, ledit second étage d’hydrodésulfuration (R2) contenant une
ou plusieurs zones de réaction (28a, 28b) amenées a fonctionner dans des conditions d’hydrodésulfuration,
chaque zone de réaction contenant un lit de catalyseur d’hydrotraitement, ce qui résulte en un flux de produit
liquide ayant moins de 100 ppm en poids de soufre et un rapport pondéral des composés aromatiques aux
composés aromatiques polynucléaires d’au moins 11 ; et

e) 'envoi du flux de produit liquide de I'étape d) ci-dessus vers une seconde zone de séparation (S2) dans
laquelle un flux de produit gazeux contenant de I'hydrogéne et un flux de produit en phase liquide sont produits.

Procédé selon la revendication 1 dans lequel I'étape d) est mise en oeuvre pour que le flux de produit liquide
contienne moins de 50 ppm en poids de soufre.

Procédé selon la revendication 1 dans lequel I'étape d) est mise en oeuvre pour que le flux de produit liquide
contienne moins de 25 ppm en poids de soufre.
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Procédé selon la revendication 1 dans lequel les catalyseurs desdits premier et second étages d’hydrodésulfuration
(R1, R2) sont choisis parmi les catalyseurs constitués d’au moins un métal du groupe VI et d’au moins un métal du
groupe VIII sur un support réfractaire inorganique.

Procédé selon la revendication 4 dans lequel le métal du groupe VI est choisi entre Mo et W et le métal du groupe
VIl est choisi entre Ni et Co.

Procédé selon larevendication 1 dans lequel au moins une partie du flux de produit gazeux contenant de I'hydrogene
provenant dudit premier étage de séparation (S1) est recyclée vers | edit premier étage d’hydrodésulfuration (R1).

Procédé selon la revendication 1 dans lequel la totalité du flux de produit gazeux contenant de I'hydrogéne provenant
dudit second étage de séparation (S2) est envoyée en cascade vers ledit premier étage d’hydrodésulfuration (R1).

Procédé selon la revendication 1 dans lequel le débit d’introduction d’hydrogéne contenu dans le gaz de traitement
dans ledit second étage d’hydrodésulfuration (R2) est inférieur ou égal a 2 fois la consommation chimique d’ hy-
drogene dans ledit second étage d’hydrodésulfuration.

Procédé selon la revendication 1 dans lequel ledit second étage d’hydrodésulfuration (R2) contient deux ou plus
de deux zones de réaction amenées a fonctionner a des températures différentes, au moins 'une desdites zones
deréaction étantamenée afonctionner aumoins 25 °C plus bas entempérature que la ou les autres zones de réaction.

Procédé selon la revendication 9 dans lequel ledit second étage d’hydrodésulfuration (R2) contient deux ou plus
de deux zones de réaction différentes, au moins l'une desdites zones de réaction étant amenée a fonctionner au
moins 50 °C plus bas en température que la ou les autres zones de réaction.

Procédeé selon la revendication 9 dans lequel la derniére zone de réaction en aval par rapport a la circulation de
charge de départ est la zone de réaction a plus basse température.

Procédé selon la revendication 1 comprenant en outre la combinaison d’au moins une partie du flux de phase liquide
de I'étape (e) avec au moins I'un de (i) un ou plusieurs adjuvants de lubrification, (ii) un ou plusieurs modificateurs
de viscosité, (iii) un ou plusieurs antioxydants, (iv) un ou plusieurs agents d’amélioration de I'indice de cétane, (v)
un ou plusieurs dispersants, (vi) un ou plusieurs agents d’amélioration de I'écoulement a froid, (vii) un ou plusieurs
désactivateurs de métaux, (viii) un ou plusieurs inhibiteurs de corrosion, (ix) un ou plusieurs détergents et (x) un ou
plusieurs distillats ou distillats enrichis.
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