
EP 0 579 750 B1 Description FIELD OF THE INVENTION 5    This invention
relates to methods of upgrading the products derived from the cracking of
residua in petroleum refining, particularly methods involving upgrading
non-catalytic hydrocracked residua, and espe- cially methods of
hydroprocessing hydrocracked residua. STATE OF THE ART 10 Modern
requirements for petroleum  products place a premium on light, clean
burning transportation fuels. Such, fuels should be low in sulfur,  metals,
nitrogen and aromatic compounds. New requirements place. limits on the
concentrations of sulfur that can be present in diesel fuel, and
requirements for a low smoke point place restrictions on total aromatic
compounds allowed in jet fuel. A continuing problem for 15  refiners is
producing as much valuable light transportation fuels from crude as
possible that meet all relevant specifications. A particular problem has
always been the treatment of residua, the portion of a distilled crude left
in the pot after distillation, residua usually being defined as the portion
that boils at greater than 560[err] (1050[err] F.). Residua are heavy and
contain most of the material that degrades the quality of petroleum, for
example, 20  metals and sulfur, as well as high molecular weight
polynuclear aromatic compounds. High quality light crudes that produce less
residua are becoming more scarce in the world, and the heavy crudes
remaining tend to make more residua when refined. For example, the tar
sands of Canada, heavy Mayan crude, Venezuelan crude, and Arabian heavy all
produce an abundance of residua when processed. Consequently, refiners
increasingly have to face the problem of how to upgrade more residua into a
commercial product. It 25 is important that as much residua be turned into
naphtha, jet fuel, diesel, and other light transportation fuels as
possible. One method for upgrading. residua is shown in U.S. Patent
4,851,107 issued to Kretschamar et al. That process teaches that a fuel,
for example, jet fuel (boiling range 150[err]- 355[err] (300[err] F -
520[err]F)),is produced by catalytically hydrocracking the entire, residua
fraction and then subjecting most of the 30  hydrocrackate product to
hydroprocessing under severe conditions. The heaviest portion of the
hydrocrac- kate is not hydroprocessed at all, but is combined with the
treated lighter portion. Then the combined product is refined as a
synthetic crude to produce the fuel products. However, the treatment
described in U.S Patent 4,851,107 presents several problems  First, the
heavier portion of the hydroprocessed fraction  tends to be cracked during
hydroprocessing under severe conditions. 35  This results in the production
of large concentrations of light sulfur, nitrogen, and aromatic components,
fragments derived from the heavier components of the feed, being included
in the lighter boiling fractions. Therefore, the final jet fuel product may
not  meet the quality jet fuel specification of including no more than 20
vol.% aromatic content. If the hydrotreating conditions are severe enough
the quality jet fuel specification may be met, but at the price of creating
a naphtha fraction that has too much sulfur and nitrogen to be a 40
suitable reformer feedstock. A reformer feedstock should have less than one
part per  million  of both sulfur and nitrogen. Second, the hydrocrackate
contains components of widely varying molecular weights and boiling points
Therefore, the conditions for hydroprocessing most of the various
components of the hydrocrackate cannot be optimized. Consequently, portions
of the hydrocrackate feed can be "over " processed destroying 45  desired
components, whereas other portions may not be processed enough to produce
the   desired products. Furthermore, the extremely severe temperatures and
pressures  required  to upgrade  the hydrocrackate to meet the quality jet
fuel specification are generally expensive,making the process less
economical. Finally, combining an unhydrotreated fraction with a
hydrotreated fraction tends to introduce more aromatic components into the
final products. 50     Other methods for upgrading residua are shown  in
U.S... Patents 3,240,694 and 3,437,584. In U.S. Patent 3,240,694, a high
boiling fraction is hydrocracked In a first conversion zone and a low
boiling fraction is hydrofined in a second zone. The  product from the
first conversion zone is mixed with the hydrofined product from the second
zone and hydrocracked to form products boiling below the boiling point of
the feed to the first zone. In U.S. Patent 3,437,584, a heavy feedstock is
separated into light and heavy fractions in 



55  which the heavy. fraction is vacuum distilled and separated into a
resid and bottoms fraction. The bottoms fraction is hydrotreated and the
liquid product therefrom recycled to the vacuum distillation step. The
resulting combined distillate is blended with the light fraction and
hydrotreated in a downstream zone..... 2    EP 0 579 750 B1 Accordingly
catalytically hydroprocessing the entire hydrocracked residua has many
drawbacks. It results in in expensive process that yields a product that
while boiling in the jet fuel range  does not meet quality jet fuel
aromatic specifications. Clearly,  a process that produces a better quality
jet fuel from residua is needed, preferably one that is more economical to
operate. SUMMARY OF THE INVENTION According to one aspect  of the
invention, there is provided an apparatus for upgrading hydroccracked
residua comprising: means for separating: the hydrocracked residua into a
first fraction  and a second 10  fraction; a means for catalystically
hydrotreating the first fraction, in fluid communication with said means
for separating, in the presence of hydrogen at elevated pressure and
temperature, to form a hydrotreated fraction; a means for vacuum distilling
the second fraction, in fluid communication with the means for separating,
to form a third fraction and a residua fraction a means for catalytically
hydroprocessing the third fracton, in fluid communication with the means
for vacuum distilling, in the presence of hydrogen to form a 15
hydroporcessed  fraction; and means for combining said hydrotreated
fraction with the hydroprocessed fraction, in fluid communication with the
means for catalytically hydrotreating the first fraction and said means for
catalytically hydrotreating the.third fraction. According to another aspect
of the invention, there is provided a method for upgrading a hydrocracked
residua comprising: separating a hydrocracked residua into a first fraction
and a second fraction; catalyt- 20  ically hydrotreating the first fraction
to produce a hydrotreated product; distilling the second fraction  under
vacuum, to produce a third fraction and a residua fraction; catalytically
hydroprocessing the  third hydroprocessed product; and combining the
hydrotreated product with the hydroprocessed product produc- ing a fuel
product. Residuum is upgraded in the process of this invention by first
partitioning a hydrocracked residua into a 25  vapor fraction and a liquid
fraction. The vapor fraction may be hydrotreated, forming a hydrotreated
product. The liquid fraction may be  partitioned into a residua fraction
and a light liquid fraction. The light liquid fraction can be hydrotreated
or hydrocracked, forming a hydroprocessed product. The hydrotreated product
and the hydroprocessed product may then  be combined. The process of the
present invention allows upgrading hydrocracked residua, or similar
feedstocks, to 30  make, for example,quality  jet fuel (defined herein to
as containing 20 vol.% or less aromatic content). Because the feed of the
present invention is fractionated, each fraction can be hydroprocessed
under relatively mild conditions, which may prevent the heavier, higher
boiling portions of the fractions  from being excessively cracked. The
sulfur and nitrogen concentrations are  low enough to allow  reforming the
product. Therefore, the portion of the product of this invention in the jet
fuel range will typically and preferably 35  contain no more than 20 vol.%
aromatic content. Moreover, the naphtha fraction preferably meets the
sulfur and nitrogen specification for a suitable reformer feedstock. Each
of the two hydroprocessed fractions preferably contains components whose
molecular weights and boiling points are in a relatively narrow range.
Therefore,  the hydroprocessing   cnditions .can be optimized for each
fraction, producing and preserving more of the desired product components.
40     The relatively mild conditions that can  be used in the  process of.
the invention are, conveniently, economical  to use. The process of the
present invention is preferably a less expensive process  that conveniently
produces both a quality jet fuel and a suitable reformer feedstock. In
general, this invention may allow a refiner to upgrade hydrocracked
residua. The apparatus and process of this invention may  be easily
integrated with a System or process that produces  the non- 45
catalytically hydrocracked residua feedstock. Although the process of this
invention can be run at substantially, the same pressure as the
hydrocracked residua producing step, the refiner still has opportunity 



to optimize conditions in each hydroprocessing step to most effectively
.process the two  fractions. Specifically, the refiner may use different
catalysts, different residence times, and temperature in the catalytic
beds. This invention provides the refiner with a method to produce a
refinable synthetic crude 50   product. By optimizing the hydroprocessing
conditions the refiner can produce a synthetic crude product that will
allow the production of high quality naphtha or middle distillate
products.. .. BRIEF DESCRIPTION OF THE DRAWINGS 55     The figure shows a
schematic flow diagram of the present  invention. 3    EP 0 579 750 B1
DETAILED DESCRIPTION OF THE INVENTION The  feedstock of this invention  is
a hydrocracked vacuum or atmospheric residua. The process to make the
hydrocracked residua can be catalytic or non-catalytic. Normally, to make a
feedstock for this process, a residua is heated to between 250[err]and
500[err]. in the. presence of between 2.4 and  5.2 MPa (350 and 750 psia)
hydrogen either a) in the  presence of a conventional hydroprocessing
catalyst, b) a particulate material, such as coal or charcoal dust  iron
oxide dust or small particles, or some other small particles, or c) no
catalyst or particles to provide a feedstock of this invention. A residua
subjected to hydrovisbreaking yields one such feedstock, as does a residua
subjected to a temperature greater than 450 [err] at-hydrogen io  pressures
of greater than 5.2 MPa (750 psia) in a vessel with no catalyst. The
"catalytic" step described in U.S. Patent 4,851,107 issued to Kretschamar
et al. results in another such feedstock. These feedstocks contain
components boiling over a wide temperature range, with the exact boiling
point distribution in any given case being highly dependent on the nature
of the resid and the severity of the operating conditions. Typically, the
feedstock contains at least 5 wt.%, often more than 10 wt.%, sometimes more
than 20 wt.%, 15  but usually no more than about 30 wt.% of components
boiling over 550[err] (1050[err]. The feedstock normally comprises at least
10 wt.%, usually no more than 20 wt.%, but generally no greater than 30
wt.% of components boiling below 85 [err\ (185  F.). The weight precentages
of components boiling below about 176[err] (350[err] is, of course,
somewhat higher than that boiling below 85err] (185[err] with the values
typically being at least 15 wt.%, often at least 30 wt.%, but generally
less than 50 wt.% for the 176[err] + 20  (350[err] +) fraction. The
feedstock also generally contains relatively large concentrations of
sulfur, nitrogen, metals, asphaltenes and heavy aromatic components. The
asphaltenes, metals and the like tend to be concentrated in the 1050[err] +
fraction. Such a feedstock needs further refining to produce commercial
products. In the specification and Claims that follow the naphtha fraction
is that fraction containing C5 and heavier molecules boiling below 25
176[err] (350[err] the jet fuel fraction, is that fraction boiling between
176-260[err]the diesel fraction is that fraction. boiling between
176-343[err] (350-650[err] and the gas oil fraction is that fraction
boiling at over 343  C. (650  F ) The feedstock in line 10 is introduced to
a hot, high pressure fractionator 12, maintained a,t a separation
temperature between about 295[err] and 395[err](563  and 743 F), preferably
between. about 320[err] and 30  395[err] (608[err] and 743[err] and most
preferably between about 330[err]and 360[err] (626[err]  and  680[err] Two
product fractions are formed . vapor fraction boils below the separation
temperature and  comprises between about 35 and 80 vol.% of the cracked
residua product, preferably between about 50 and 70 vol.% A liquid fraction
boils above the separation temperature..The vapor fraction is removed
overhead the separator through line 14 while the liquid fraction is
withdrawn at the bottom of the separation vessel 35  through line 16. The
fractionator can be crude with few internal baffles, but such a crude
fractionator results in concentrations of material in each fraction that
properly belong in the other fraction. The vapor fraction typically
contains lower concentrations of aromatic components than the liquid
fraction. For example, the vapor fraction usually contains less than 30
vol.%, preferably less than 25 vol.%, and most preferably less than 20
vol.%  aromatic components. Typical ranges for the  vapor fraction, and Its
40  components, assuming a 343  C (650  F.) separation temperature, are
shown in Table 1. 45 



55 4    EP 0 579 750 B1 TABLE 1 Full Range Gaseous             Typical
Range                     Preferred Range 5           Fraction Gravity, API
25-50                              25-35 Sulfur, wt.%
0.5-3.0                            1.5-2.25 Nitrogen, wt.%
0.01-0.5                                0.1-0.38 X-85[err](X-185[err] 10
Fraction Vol.% of vapor fraction           0-20
10-15 Sulfur, wt.%                      0.05-0.5
0.1-0.25 Nitrogen, ppm                     400-1600
600-1000 15    85-176 C (185-350 F) Fraction Vol.% of vapor fraction
0-32                               8-25 Sulfur, wt.%
0.5-2.0                            0.75-1.5 20    Nitrogen, ppm
900-3600                           1500-2400 Jet Fuel Fraction Vol.% of
vapor fraction           7.5-30                             10-20 Sulfur,
wt.%                      0.4-5.0                            1.0-2.5 25
Nitrogen, wt.%                    0.1-0.4
0.15-0.3 Aromatics                         15-60
20-35 260-343 * C (500-650 F) Fraction 30    Vol.% of vapor fraction
15-80                             20-35 Diesel Fraction Vol.% of vapor
fraction           25-90                              35-55 Sulfur, wt.%
1.0-5.0                            1.5-3.0 35    Nitrogen, wt.%
0.025-0.7                          0.25-0.40 Aromatics,wt.%
15-40                              20-35 Gas Oil Fraction Vol.% of vapor
fraction           12-50                              15-30 40    Sulfur,
wt.%                      1.0-4.5                            1.5-3.0
Nitrogen, wt.%                    0.35-1.5
0.5-1.00 Note: The fractionation is relatively crude, resulting in a high
concentration of 343 C + (650[err] +) material in the vapor fraction. 45
The vapor fraction is greatly in need of further refining. Its component
fractions are of very low quality and cannot be readily used as commercial
products. Typically, the vapor fraction of the feed contains too high a
concentration of aromatic components in the fraction boiling in the jet
fuel range tu be a quality jet fuel. However, by  excluding the heavier
distillate components, which remain in the hot separator liquid, the vapor
50  fraction can be hydrotreated by relatively milder conditions to remove
sulfur, nitrogen, and aromatic components to yield a jet fuel meeting the
quality jet fuel specifications than if the heavy fraction was not removed.
At the same time the sulfur and nitrogen levels in the naphtha range
material can be lowered to less than 1 ppmw at relatively lower severities
of hydroprocessing conditions. The vapor fraction is passed directly to a
catalytic reactor 18 charged with a hydrotreating catalyst such 55  as a
catalyst comprising a Group VIII and a Group VIB metal supported on a
suitable refractory oxide. 



Preferred Group Vil metals include nickel and cobalt, and preferred Group
VIB metals include molybdenum and tungsten. Suitable refractory oxides
include alumina, silica-alumina, silica, titania, magnesia, zirconia,
beryllia, silica-magnesia, silica-titania and other similar combinations.
The catalyst can be made by 5    EP 0 579 750 B1 conventional methods
including impregnating a preformed catalyst support. Other methods include
cogel- ling, comulling, or precipitating the catalytic metals with the
catalyst support followed by calcination. The preferred catalyst is nickel
and molybdenum supported on alumina. The vapor fraction is contacted with
the catalyst at a temperature between about  200 and 600[err] (430 and
1112[err] preferably between about 230 and 480[err] (446 and 896[err] in
the presence of hydrogen at a pressure between 6.8 and 34.5 'MPa (1000 and
5000  psia), preferably between 10.3 and 20.7 MPa (1500 and 3000 psia),
most preferably between 12.1 and 17.2 MPa (1750 and 2500 psia)  As a result
of the hydrotreating, organosulfur is converted to hydrogen sulfide and
organonitrogen is  converted to ammonia. Some olefins and some aromatic
compounds are hydrogenated as well, bringing the product into the range 10
needed to meet quality jet fuel aromatics specification. The hydrotreated
product from the hydrotreating reactor, whose analysis is shown in Table 2,
is withdrawn through line 20. Note that the jet fuel fraction meets the
quality jet fuel specification and that the naphtha fraction meets the
nitrogen specification for a suitable reformer feedstock. 15
TABLE 2 Naphtha, C5-176 [err](350[err] Spec     Typical Range   Preferred
Range Nitrogen, ppmw              < 1      <0.1-0.8         0.2-0.5 20
Sulfur, ppmw                          <0.5-3.0         0.5-1.0 Jet Fuel
149-260 [err] (300-500[err] Aromatics, vol.%             22      7.0-20
12-18.5 Smoke point,min              > 20 20-2                 22-25 25
Diesel, 176-343[err] (350 650[err] Motor cetane                 >40
40  40-50  42-47 Vacuum Gas Oil, 343[err]+650[err] ) 30
Nitrogen, ppmw    <1000     <0.1- 15                    <0.1-5 Line 16
introduces the liquid fraction to a low pressure, high temperature
liquid/gas separator 22 which removes what gases may be entrained in the
liquid fraction. The gases are removed and sent to gas recovery elsewhere
in the refinery through line 24. The degassed liquid fraction is removed
from the bottom of the separator 22'through line 26. Line 26 introduces the
degassed fraction to a vacuum distillation column 28 maintained at a
pressure between about 1.67 and 10.02 KPa (0.5 and 6 inches of Hg),
preferably between about 3.38 and 6.68 KPa (1 and 2 inches of Hg) at a
vacuum distillation temperature between 250 and 500[err] (482 and 932[err]
preferably between 300 and 450 [err] (572 and 842[err] and most preferably
between about 350 and 400[err] C. (662 and 752[err] Two fractions are
separated: a light liquid fraction and a residua fraction. The light liquid
fraction, which car be considered to be a heavy gas oil, is a fraction
boiling at between the separation temperature and the vacuum distillation
temperature, and has the analysis shown in Table 3. 45 50 55 6    EP 0 579
750 B1 



TABLE 3 Light Liquid Fraction         Typical Range
Preferred Range 5  Sulfur, wt.%                  1.35-7.80
2.0-4.0 Nitrogen, wt.%                            0.08-1.5
0.15-1.0 Aromatics, wt.%                 25-60
25-50 X-343[err](X-650 F) Fraction 10 Vol.% of feedstock             8.0-35
10-25 Sulfur, wt.%              .     1.5-6.0
2.5-3.5 Nitrogen, wt.%                 0.2-1.0     .
0.3-0.75 343[err]+ (650[err]F+) 15          Fraction Vol.% of Feedstock
65-92                              75-90 Sulfur, wt.%
1.25-5.5                           2.0-4.0 Nitrogen, wt.%
0.4-1.5                            0.5-1.0 20    Aromatics, wt.%
20-70                                25-50 Note: The fractionation is
relatively crude, resulting in a high concentration of 343[err] (650  F.)-
material in the liquid fraction. 25  The light liquid fraction preferably
forms between 15 and 50 vol.% of the feedstock, more preferably about 25
and 40 vol.%. The light liquid fraction is withdrawn overhead through line
30, and the residua fraction is withdrawn from the bottom in line 32. The
residua fraction produced in vacuum column 28 is of poor quality, and is
preferably used for fuel oil, road, oil, or similar low value products. It
is generally not suitable as a feedstock for recycling to the non- 30
catalytically hydrocracking step of this invention. Frequently, an additive
is added to the residua in the non- catalytic cracking process used to make
the feedstock of this invention to prevent excess coking. If a coking
preventing additive were added in the non-catalytic hydrocracking step,
then all or part of the residua fraction can be recycled to the
non-catalytic hydrocracking step recover as much additive as possible. The
light liquid fraction from distillation column 28 usually contains a large
concentration of aromatic 35  components as shown in Table 3. The light
liquid fraction is subjected to hydroprocessing in reactor 34. The type of
hydroprocessing can be hydrotreating, hydrocracking, or a combination of
hydrotreating followed by hydrocracking hereinafter referred to as
"integral operation". The selection of which one is at the discretion of
the refiner. If the refiner desires more naphtha and light products, or
middle distillates, for example jet fuel or diesel, he usually hydrocracks
the light liquid fraction. Other heavier products can be 40  made by
hydrotreating the light liquid fraction. Integral operation can provide
light products and middle distillates containing low concentrations of
aromatic components. In particular, integral operation has the advantage of
eliminating the light aromatic components formed by cracking the light
liquid fraction. It is possible to obtain a middle distillate product
having low concentrations of aromatics that meet quality jet fuel
specifications. 45     If the liquid  fraction from distillation column 28
were  to be hydrotreated, it would be contacted with a second hydrotreating
catalyst in reactor 34 generally under conditions as herein previously
described. It will be appreciated that the specific conditions may  be
different than those previously described for reactor 18, although. the
conditions will be in the ranges previously described. The light liquid
fraction is contacted with the catalyst maintained at a temperature between
about 230 'C. and 480[err](446[err] and 896  F.) in the 50  presence of
hydrogen at a pressure between 6.8 and 34.5 MPa (986 and 5000 psia)
preferably between 10.3 and 20.7 MPa (1500 and 3000 psia), and most
preferably between 12.1 and 17.2 MPa.(1750 and 2500 psia) at the system
pressure. Some olefins and some aromatic compounds in the feedstock are
saturated and what organosulfur might be present is converted to hydrogen
sulfide, and the organonitrogen is converted to ammonia. The volumetric
analysis of the hydrotreated light liquid fraction is shown in Table 4. 55
It will be noticed that in Table 4 most of the product is a gas oil, and
only a small amount of lighter products -have been produced. The primary
use for gas oils is as a feedstock for fluidized catalytic cracking (FCC)
units. To be an acceptable feedstock, the gas oil must not contain more
than about 5000 ppmw 



nitrogen, preferably less than 1000 ppmw. The gas oil produced by this
method meets this specification, 7    EP 0 579 750 B1 but the untreated gas
oil of the prior art, which contains as much nitrogen as the feed shown in
Table 3, or as much as 1.5 wt.% nitrogen, clearly does not. TABLE 4 Typical
Range    Preferred Range Naphtha, vol.%  0.5-3.00        1.0-2.5 Jet Fuel,
vol% 1.5-6.0    2.0-4.0 10                         Diesel, Vol.%     9-36
15-25 Gas Oil; vol.%      50-90          75-90 Turbine fuel, diesel fuel,
and othe middle distillates as well as lower boiling liquids, such as
naphtha and gasoline, can be produced by hydrocracking heavy gas oils, such
as the light liquid fraction in reactor 34. Although the operating
condition s within a hydrocracking reactor have some influence on the yield
of the products, the hydrocracking catalyst is the prime factor in
determining the yield of the product slate. However in the practice of this
invention, the hydrocracking catalyst selected is usually a highly active
hydrocracking catalyst. The amount of conversion is then controlled by
regulating the temperature of the 20  hydrocracking catalyst. But, for
special needs the refiner can select a lower activity, more selective
hydrocracking catalyst which selectively produce middle distillate
fractions, such as jet fuel and diesel fuel. If the refiner desires
naphtha, he selects hyrocracking catalysts which selectively produce
lighter products, for example, naphtha. The light liquid fraction is
contacted with a suitable hydrocracking catalyst under conditions of
elevated temperature and pressure in the ptesence of hydrogen so as to
yield a product containing a distribution of hydrocarbon products desired
by the refiner. 25  If one desires to maximize the amount of jet fuel
produced by this invention, then one selects a suitable hydrocracking
catalyst for hydrocracking the light liquid fraction. Suitable catalysts
are described in U.S. Patents 4,062,809 and 4,419,271.These patents
disclose two very effective middle distillate hydrocracking catalysts. The
catalyst of U.S. Patent 4,062,809 contains molybdenum and/or tungsten plus
nickel and/or cobalt on a support of silica-alumina dispersed in gamma
alumina. U.S. Patent 4,419,271 teaches that the 30 catalyst of U.S. Patent
4,062,809  can be improved by adding an aluminosilicate zeorite to the
support, thereby producing a catalyst containing molybdenum and/or'
tungsten and nickel and/or cobalt supported, on amixture of an
aluminosilicate zeolite, preferably an ultrahydrophobic zeolite known as
LZ-10 zeolite, in combination with a dispersion of silica-alumina in a
gamma alumina matrix. The presence of the zeolite in this catalyst
increases the activity of the catalyst without significantly affecting the
selectivity. A typical analysis for a light liquid fraction treated with a
hydrocracking catalyst is shown in Table 5.Note that the amounts of sulfur
and nitrogen are low enough to meet the specification for a suitable
reformer feedstock and that the aromatic component concentration of the jet
fuel fraction is met within the preferred range. 40 45 50 8    EP 0 579 750
B1 TABLE 5 Naphtha          Typical Range   Preferred Range 5
Vol.% of product   10-40           15-30 Sulfur ppmw    0.5-2.0
0.75-1.5 



Nitrogen, ppmw     0.05-0.2        0.07-0.15 Aromatics, wt.%    5.0-20
7.5-15 Diesel 10 Vol.% of product  20-80          30-55 Sulfur, ppmw
5.0-20          7.5-15 Nitrogen, ppmw     1.0-5.0        1.5-3.5 Cetane
Index      40-50           42-47 15                      Jet Fuel Vol.% of
product   10-40           15-30 Sulfur, ppmw       2.5-10          3.0-7.5
Nitrogen, ppmw     0.5-2.0         0.7-1.5 20
Aromatics, wt.%     15-25           18-22 Vacuum Gas Oil Vol.% of product
25-75           35-60 Sulfur, ppmw       10-40           15-30 25
Nitrogen, ppmw      1.5-7.5         1.0-4.5 If one desires to maximize the
amount of gasoline and naphtha produced by this invention, then one selects
a different hydrocracking catalyst for hydrocracking the light liquid
fraction. A suitable catalyst is described in U.S. Patent 3,929,672 issued
to Ward. U.S. Patent 3,929,672 discloses a hydrocracking 30  catalyst
having a Group VIII metal, a Group VIB metal and a hydrothermally
stabilized Y zeolite supported on alumina. This catalyst.promotes
production of gasoline or naphtha when used in the hydroprocessing reactor.
In yet a third alternative embodiment for treating the light liquid
fraction from distillation column 28, it can be subjected to integral
operation, where reactor 34 contains a bed of hydrotreating catalyst and a
bed of hydrocracking catalyst. In this embodiment the third light liquid
fraction is first contacted with a suitable hydroprocessing catalyst as
herein described previously, such as a Group VIII metal component and a
Group VIB metal component on a porous, inorganic refractory oxide support
most often composed of alumina and containing no zeolite or  molecular
sieves, and under suitable conditions, including an elevated 40
temperature and the presence of hydrogen. For example, suitable conditions
include temperature between about 200[err] and 535  C. (392  and 995[err]
F.) in the presence of hydrogen at a pressure between 6.8 and 34.5 MPa (986
and 5000 psia), preferably between 10.3 and 20.7 MPa (1500 and 3000 psia),
and most preferably between 12.1 and 17.2 MPa (1750 and 2500 psia). In the
hydrotreating zone, organonitrogen components contained in the feedstock
are  converted to ammonia and the organosulfur components are converted to
hydrogen sulfide. Subsequently, the entire effluent from the hydrotreating
zone is treated in a hydrocracking zone maintained under suitable
conditions of elevated temperature, at the system pressure, and containing
a hydrocracking catalyst predetermined by the refiner to give the desired
product slate, such that a substantial conversion  of high boiling feed
components to the desired product components is obtained. Although the
hydrotreating and hydrocracking zones in integral operation can be
maintained In separate reactor vessels, in the process of this invention it
is preferred to employ a single, downflow reactor vessel containing an
upper bed of hydrotreating catalyst particles and a lower bed of
hydrocracking particles. A preferred example of integral operation may be
found in U.S. Patent 3,338,819 issued to Wood which discloses a process for
integral operation that includes a second hydrotreating zone after the
hydrocracking zone. The second catalytic reactor 34 produces a
hydroprocessed fraction that is removed through line 36. 55 The
hydrotreated product in line 20 and the hydroprocessed product in line 36
are than combined,, forming a synthetic crude product in line 38 that can
be processed as normal crude in the refinery. The synthetic crude product
is characterized by greatly reduced concentrations of sulfur, nitrogen, and
aromatic compo- nents as shown in Tables 2, 4 and 5. It usually contain,
for example, less than 20 vol.% aromatic 9  



EP 0 579 750 B1 components, and preferably less than  15 vol.% aromatic
components. It is preferred that  a high pressure, cold gas/liquid
separator 40 be used to remove the various gases. entrained with the
product.  For example, any hydrogen  sulfide or ammonia that may be
entrained with the product is.. removed. The gases are removed through line
42 and the  finished product is removed to the refinery in line 44. 5  It
will be noticed that the jet fuel fraction of the hydroprocessed product
obtained by  hydrocracking and shown in Table. 5 is marginal for meeting
the quality jet fuel aromatic specification. However, because this
hydroprocessed product is  mixed with the hydrotreated product shown in
Table 2, and the final jet fuel fraction produced in line 44 easily meets
the aromatic specification for quality jet fuel.In contrast, if the entire
feedstock in line 10 were to have been all hydrocracked, as suggested in
the prior art, the low quality 10   residua portion would have been cracked
producing large concentrations of aromatic components  boiling in the jet
fuel range. That product could no t have met the aromatic specification. In
a preferred embodiment all the high pressure steps in this process are run
at the same pressure. The pressure of all the high pressure vessels  of the
apparatus of this invention is usually between 6.8 and 34.5 MPa (986 and
5000 psia), preferably between 10.3 and 26.7 MPa (1500 and 3000 psia), most
preferably 15  between 12.1 and 17.2 MPa (1750 and 2500 psia). Thus, the
pressure of hot, high pressure separator 12, the catalytic reactor 18, and
the second catalytic reactor 34 are preferably at the same pressure. The
process is then simplified, since only one pressure need be maintained. The
only drops in pressure are at the gas liquid separator 22 and the vacuum
distillation column 28. The pressures throughout the system are approximate
and subject to the normally expected pressure drop across the catalyst
beds. 20      This invention is intended to include many modification and
additions. For example although the preferred embodiment as discussed above
uses a single gas/liquid separator for removing hydrogen sulfide and
ammonia from line 28. However one could use, as in Example 1, a separate
gas/liquid separator for each product line prior to their combination. 25
EXAMPLES The invention is further described by the following examples which
are illustrative of various aspects of the invention and are not intended
as limiting the scope of the invention as defined by the appended claims.
30  Example 1 In this example a residuum feedstock boiling above 560[err]
containing more than 1.0 wt.% sulfur, more than 1000 ppmw nitrogen and
having at least 50 vol.% pentane insoluble components is hydrocracked by
heating the feedstock to about 550[err](1022[err] in the presence of
hydrogen. The pressure of this 35  non-catalytic hydrocracking step is 13.6
MPa(2000 psia) pressure. The cracked residua product is cooled to about
345[err] (653  F.) in a separator at non-catalytic hydrocracking pressure.
A vapor fraction is separated from a liquid fraction. The vapor fraction is
contacted  with a catalyst containing between about 3.7 and 4.5 wt.% nickel
(measured as NiO)  and between about 24.0 and 27.0 wt.% molybdenum
(measured as, .MoO3) on an 40  amorphous alumina support (hereinafter
referred to as "catalyst A"). The processing conditions are 370[err] and
400  C. (698[err] and 752  F.), a pressure of about 13.6 MPa (2000 psia)
pressure, and a LHSV of 0.4 and 0.7 hr-1. The ammonia and the hydrogen
sulfide produced are removed using a gas/liquid separator, yielding a
hydrotreated product. The liquid fraction is sent to a low pressure, hot
separator where any entrained gas is removed. The 45  degassed liquid
fraction is then vacuum distilled in a vacuum distillation column. The
pressure of the column is about 6.68 KPa (2.0'inches of Hg) and the
temperature is 345[err] (653[err]. A light liquid fraction is separated
from a residua stream. The residua stream is discarded. The light liquid
fraction is hydrotreated by contacting  it with catalyst A at 380[err](716
F.), at a pressure of about 13.6 MPa (2000 psia) pressure and a LHSV of 1.0
hr-1. The resulting hydrotreated 50  product from this reaction has the
ammonia and the hydrogen sulfide produced removed using a gas/liquid
separator. The hydrotreated product and the hydroprocessed product are then
combined forming a synthetic crude product for further refining. 



55  Example 2 In this example the light liquid fraction from Example 1 is
hydrocracked, instead of being hydrotreated, by contacting it with a
catalyst containing  15 wt.% molybdenum (minimum, measured as MoO3),5 wt.%
10    EP 0 579 750 B1 nickel (measured as NiO), and 60 wt% hydrothermally
stabilized Y zeolite dispersed in an alumina gel matrix (substantially the
catalyst as described in U.S. Patent 3,929,672, Example 18 and hereinafter
referred to as "catalyst B"). The processing conditions are 345[err]
(663[err] at a pressure of about 13.6 MPa (2000 psia) pressure, 2137.2 cc
H2/ml oil (12,000 SCF H2/bbl), and a spate velocity between 2.0 and 4.0 5
hr-1 LHSV. The second hydrotreated product is then removed. Claims 1. An
apparatus for upgrading hydrocracked residua comprising: 10         means
for separating the hydrocracked residua into a first fraction and a second
fraction; a means for catalytically hydrotreating the first fraction, in
fluid communication with said means for separating, in the presence of
hydrogen at elevated pressure and temperature, to form a hydrotreated
fraction; a means for vacuum distilling the second fraction in fluid
communication with said means for 15     separating, to form a third
fraction and a residua fraction; a means for catalytically hydroprocessing
the third fraction, in fluid communication with said means for vacuum
distilling, in the presence of hydrogen to form a hydroprocessed fraction;
and means for combining said hydrotreated fraction with said hydroprocessed
fraction, in fluid commu- nication with said means for catalytically
hydrotreating the first fraction and said means for catalytically 20
hydrotreating the third fraction. 2. The apparatus of Claim 1 wherein said
means for catalytically hydrotreating the first fraction  comprises means
for contacting the first fraction with a catalyst comprising a Group VIII
metal and a  Group VIB metal supported on a refractory oxide. 25 3. The
apparatus of Claim 2 wherein said Group VIII metal is selected from the
group consisting of nickel and cobalt, and said Group VIB metal is selected
from the group consisting of molybdenum and tungsten. 30  4. The apparatus
of Claims 2 or 3 wherein said refractory oxide is selected from the group
consisting of alumina, silica-alumina, silica, titania, magnesia,
zirconia,beryllia, beryllia, silica-magnesia and silica-titania. 5. The
apparatus of Claims 1 to 4 including a means for degassing the second
fraction before separating the second fraction on the vacuum distillation
means, the means for degassing in fluid communication 35     with the means
for separating and the vacuum distillation means. 6. The apparatus of
Claims 1 to 5  wherein the means for separating, the means for
catalytically hydrotreating the first fraction,  ,and the means for
catalytically hydrotreating  the third fraction are operable at the same
pressure. 40 7. The apparatus of Claim 1 to 6 wherein said means for
catalytically hydroprocessing the third.fraction comprises a hydrotreating
reactor. 8. The apparatus of Claim 7 wherein said hydrotreating reactor
contains a second hydrotreating catalyst 45     comprising a Group VIII
metal and a Group VIB metal supported on a refractory oxide. 9. The
apparatus of Claims 1 to 8 wherein said means for catalytically
hydroprocessing the third fraction comprises a hydrocracking reactor. 50
10. The apparatus of Claim  9 wherein said hydrocracking reactor contains a
hydrocracking catalyst for the production of midbarrel products. 11. The
apparatus of Clam  9 wherein said hydrocracking reactor contains a
hydrocracking catalyst for the production of naphtha. 



55 12. The apparatus of Claims 1 to 11 wherein said means for catalytically
hydrotreating the third fraction comprises an integrated system.    EP 0
579 750 B1                           *  C  L  M  S  * nickel (measured as
NiO), and 60 wt.% hydrothermally stabilized Y zeolite dispersed in an
alumina gel matrix (substantially the catalyst as described in U.S. Patent
3,929,672, Example 18 and hereinafter referred to as "catalyst B"). The
processing conditions are 345  C. (653[err] at a pressure of about 13.6 MPa
(2000 psia) pressure, 2137.2 cc H2/ml oil (12,000 SCF H2/bbl), and a space
velocity between 2.0 and 4.0 5   hr-1 LHSV. The second hydrotreated product
is then removed. Claims 1. An apparatus for upgrading hydrocracked residua
comprising: 10         means for separating the hydrocracked residua into a
first fraction and a second fraction; a means for catalytically
hydrotreating the first fraction, in fluid communication with said means
for separating, in the presence of hydrogen at elevated pressure and
temperature, to form a hydrotreated fraction; a means for vacuum distilling
the second fraction, in fluid communication with said means for 15
separating, to form a third fraction and a residua fraction; a means for
catalytically hydroprocessing the third fraction, in fluid communication
with said means for vacuum distilling, in the presence of hydrogen to form
a hydroprocessed fraction; and means for combining said hydrotreated
fraction with said hydroprocessed fraction, in fluid commu- nication with
said means for catalytically hydrotreating the first fraction and said
means for catalytically 20     hydrotreating the third fraction. 2. The
apparatus of Claim 1 wherein said means for catalytically hydrotreating the
first fraction comprises means for contacting the first fraction with a
catalyst comprising a Group VIII metal.and a Group VIB metal supported on a
refractory oxide. 25 3. The apparatus of Claim 2 wherein said Group VIII
metal is selected from the group  consisting.of nickel and cobalt, and said
Group VIB metal is selected from the group consisting of molybdenum and
tungsten. 30  4. The apparatus of Claims 2 or 3 wherein said refractory
oxide is selected from the group consisting of alumina, silica-alumina,
silica, titania, magnesia, zirconia, beryllia, silica-magnesia and
silica-titania. 5. The apparatus of Claims 1 to 4 including a means for
degassing the second fraction before separating the second fraction on the
vacuum distillation means, the means for degassing in fluid communication
35     with the means for separating and the vacuum distillation means. 6.
The apparatus  of Claims 1 to 5  wherein the means for separating, the
means for catalytically hydrotreating the first fraction, and the means for
catalytically hydrotreating the third fraction are operable at the same
pressure. 40 7. The apparatus of Claim 1 to 6 wherein said means for
catalytically hydroprocessing the third fraction comprises a hydrotreating
reactor. 8  The apparatus of Claim 7 wherein said  hydrotreating reactor
contains a second hydrotreating catalyst 45     comprising a Group VIII
metal and a Group VIB metal supported on a refractory oxide. 9. The
apparatus of Claims 1 to 8 wherein said means for catalytically
hydroprocessing the third fraction comprises a hydrocracking reactor.. 50
10. The apparatus of Claim 9 wherein said hydrocracking reactor contains a
hydrocracking catalyst for the production of midbarrel products. 11. The
apparatus of Claim 9 wherein said hydrocracking reactor contains a
hydrocracking catalyst for the production of naphtha. 12. The apparatus of
Claims 1 to 11 wherein said means for catalytically hydrotreating the third
fraction 



comprises an integrated system.    EP 0 579 750 B1
* C   L  M  S * 13. A method for upgrading a hydrocracked residua
comprising: separating a hydrocracked residua into a first fraction and a
second fraction; catalytically hydrotreating the first fraction to produce
a hydrotreated product; distilling the second fraction under vacuum, to
produce a third fraction and a.residua fraction; 5        catalytically
hydroprocessing the third fraction to produce a hydroprocessed product; and
combining said hydrotreated product with said hydroprocessed product
producing a fuel product. 14. The method of Claim 13 wherein the first
fraction contains no more than 20 vol.% aromatic: compo- nents, 3.0 wt.%
sulfur containing components and 0.38 wt% nitrogen containing components,
the 10     second fraction contains at least 50 vol.% aromatic components,
at least 4.0 wt% sulfur containing components and at least 1.0 wt% nitrogen
containing components and the fuel product contains no more than 25 vol%
aromatic components and includes a naphtha fraction containing no more than
1 ppmw sulfur containing components, and 1 ppmw nitrogen containing
components. 15  15. The method of Claims 13 or 14 wherein the separation
step comprises separating the hydrocracked residua at a temperature between
about 295 and 395 * C. (563 and 743 [err] 16. The method of Claims 13 to 15
wherein said hydrotreating step comprises contacting the first fraction
with catalyst comprising a Group VIII metal and a Group VIB metal supported
on a refractory oxide. 20 17. The method of Claim 16 wherein said Group
VIII metal is selected from the group consisting of nickel and cobalt, and
a Group VIB metal is selected from the group consisting of molybdenum and
tungsten. 18. The method of Claims 16 or 17 wherein said refractory oxide
is selected from the group consisting of 25     alumina, silica-alumina,
silica, titania, magnesia, zirconia, beryllia, silica-magnesia and
silica-titania. 19. The method of Claims 13 to 18 including degassing the
second fraction before separating the second fraction on the vacuum
distillation, means.                .         - 30  20. The method of Claim
13 to 19 wherein vacuum distillation pressure comprises between about 1,67
KPa and 10.02 KPa (0.5 and 6 inches of Hg) 21. The method of Claims 13  to
20 wherein the hydroprocessing step comprises introducing the third
fraction in a hydrotreating reactor.. 35 22. The method of Claims 13 to 20
wherein the hydroprocessing step comprises processing the third fraction in
a hydrocracking reactor. 23. The method of Claim 22 wherein the catalyst
comprises a cracking catalyst for the production of 40     midbarrel
products boiling between 150[err] and 355[err] (300 F. and. 670 F.)  . 24.
The method of Claim 23 wherein the second fraction contains between 25 and
50 wt.% aromatic components and the fuel product contains no more than 25
vol.% aromatic components. 45  25. The method of Claim 24 wherein the fuel
product comprises jet fuel boiling between 175[err] and 260 C. (350 F. and
500 F.) and containing no more than 20 vol.% aromatic components and a
naphtha fraction containing no more than 1 ppmw nitrogen containing
components and 1 ppmw sulfur containing components. 50  26. The method of
Claims 22 to 25 .wherein the hydroprocessing step comprises contacting the
third fraction with a cracking catalyst for the production of gasoline and
naphtha. 27. The method of Claims 13 to 26 wherein the hydrpprocessing step
comprises contacting  the third fraction with a bed of hydrotreating
catalyst and then contacting the hydrotreated third fraction with a 55
hydrocracking catalyst. 28 The method of Claim 13, 23 or 24 wherein the
hydrotreated product is combined with the hydroproces- sed product to
produce a product  containing a fraction of at least 20 vol.% refineable
into   



[err] EP 0 579 750 B1                          *  C   L  M   S  * a. fuel
product boiling between 175[err] and 260[err] (350[err] and 500[err] and
contains no more than 20 vol.%  of aromatic components and a naphtha
fraction containing no more than  1 ppmw sulfur containing components and 1
ppmw nitrogen containing components. 5  29. The  method of Claims 13 to 28
wherein the first fraction contains no more than 20 vol % aromatic
components, and the second fraction contains at least 50 vol.% arornatic
components. PatentansprUche 10  1. Vorrichtung zum Veredelh von
hydrogecracktem Koh!,3nwasserstoffrI~ckstand mit. einer Einrichtung zum
Trennen des hydrogecrackten RUckstandes in eine erste Fraktion. und eine
*zweile Fraktion. einer mit der Trennelnrichtung in Str6mungsverbindung
stehenden Einrichturig zum Erzeugen einer hydrobehandelten Fraktion' durch
:katalytisches Hydnobehandeln der ersten Fraktion in Gegenwart von 15
Wasserstoff unter erhohtem Druck und bei einer orh6hten Temperatur, einer
mit der Trenneinrichtung in Str6mungsverbindung stehenden Einrichtung zum
Erzeugen einer dritten Fraktion und einer RUckstandsfraktion durch
Vakuumdestillieren der zweiten Fraktion, einer mit der
Vakuumdestilliereinrichtung in Str6mungsverbindung stehenden Einrichtung
zum Erzeugen einer hydroverarbeiteten Fraktion durch katalytische
Hydroverarbeiten. der dritten Fraktion y  20      und einer mit der
Einrichtung zum katalytischen Hydrobehandeln der ersten Fraktion und der
Einrich- tung zum katalytischen Hydrobehandeln der dritten Fraktion in
Str6mungsverbindung stehenden Einrichtung zum Vereinigen der
hydrobehandelten Fraktion mit der hydroverarbeiktetnen Fraktion. 25  2.
Vorrichtung nach Anspruch 1,  in.der die Einrichtung. zumr katalytischen
Hydrobehandeln -der ersten Fraktion eine Einrichtung zum Kontaktieren der
erston Fraktion mit einem Katalysator aufweist, der ein Metall der Gruppe
VIII.und ein Metall der Gruppe Vlb auf einem Tr~ger aus elnem
hochschmelzenden Oxid enthalt. 30 3. Vorrichtung :nach Anspruch 2, in der
das Metall der flruppe Vill aus der Gruppe ausgewiihlt ist, die aus Nickel
und Kobalt besteht, und das Metall der qruppe Vib aus der Gruppe ausgewAhIt
ist, die aus Molybdan und YVQlfrm ..besteht...- 4. Vorrichtung. nach
Anspruch 2 oder 3, in der das hochschmelzende Oxid aus der Gruppe
ausgewdhit ist, 35     die aus Aluminiumoxid, Siliconalujminiumoxid,
Siliciurmdioxid, Titandioxid, Zirconiumdioxid, Berylliumdio- xid,
Silicomagnesiumoxid und Silicotitanldioxid bestelit. 5. Vorrichtung nach
Anspruch 1 bis 4 mit der Trenneinrichtung und der
Vakuumdestilliereinrichtung in Stromungsverbindung .stehenden .Einrichtung
zum. Entgasen der zweiten Fraktion vor. deren Trennung 40     in der
Vakuumdestilliereinrichtung. 6. Vorrichtung nach Anspruch 1 bis 5, in der
die Trenneinrichtung, die Einrichtung zum katalytischen Hydrobehandeln der
ersten Fraktion und die Einrichtung zum katalytischen Hydrobehandeln
der-dritten Fraktion unter demselben Druck betreibbar sind. 45 7.
Vorrichtung nach Anspruch 1 bis .5, in der die Einrichtung zum
katalytischen Hydroverarbeiten der dritten Fraktion einen
Hydrobeharidlungsreaktor aufweist.  . 8  Vorrichtung nach Anspruch 7, in
der Hydrobehandlungsreaktor einen zweiten. Hydrobehandlungpkataly- 50
sator aufweist, der ein Metall de Gruppe VII und ei der Gll der Gruppe Vlb
auf einem Trager aus einem hochschmelzenden Oxid aufweist. 9. Vorrichtung
nach Anspruchj .Ipis.8, in der die Einrichtung zurn katalytischen
Hydroverarbeiten der dritten Fraktion einen Hydrocrackreaktor aufweist. 55
10. Vorrichtung nach Anspruch 9, in der der Hydrocrackreaktor einen
Hydrocrackkatalysator zumr Erzeugen von Zwischenfraktionsprodukten
enthalt... 13  
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nach Anspruch 9, in. der der Hydrocrackreaktor einen Hydrocrackkatalysator
zum Erzeugen vwon Naphtha enthait. 12. Vorrichtung nach Anspruch 1 bis i1,
in der die Einri-htung zum katalytischen Hydrobehandeln der , 5    dritten
Fraktion ein integriertes System aufWeist. 13. Verfahren zum Veredein eines
hydrogecrackten RUckstandes, In dem ein hydrogecrackter RUckstand in eine
erste Fraktion und eine zweite Fraktion getrennt wird; zum Erzeugen eines
hydrobehandelten Produkts.die erste Fraktion katalytisch hydrobehandelt
wird; 10        zum Erzeugen einer dritten''Fraktiori und einer
RUo6kstandsfraktion die zweite Fraktion unter einem Vakuum destilliert
wird; zum Erzeugen elnes hydroverarbeiteten Produkts die dritte Fraktion
katalytisch hydroverarbeitet wird; und zum Erzeugen eines
Brennstoffpordukts das hydrnbehandelte Produkt mit dem hydroverarbelteten
15     Produkt vereinigt wird. 14. Verfahren nach Anspruch 13, in.der die
erste Fraktion h6chstens 20 Vol.-% aromatische Bestandteile, 3,0 Gew.-%
schwefelhaltige Bestandteile und 0,38 Gew.-% stickstoffhaltige Bestandteile
enthait, die zweite Fraktion mindestens 50 Vol.-% aromatische Bestandteile,
mindestens 4,0 Gew.-% schwefelhalti- K  20    ge Bestandteile und
mindestens 1,0,Gew.-% stickstoffhaltige Bestandteile enthalt und das
Brennstoff- produkt h6chstens 25 Vol.-% aromatische Bestandteile enthait
und eine Naphthafraktion enthalt, die h6chstens 1 Gewichts-ppm
schwofelhaltige Bestandteile und 1 Gewichts-ppm stickstoffhaltige Bestand-
teile enthalt.              .    .
,.,.,..,-. 25  15. Verfahren nach Anspruch 13 oder 14, in dem zum Trennen
der hydrogecrackte R~ckstand bei einer Temperatur zwischen etwa 295 und 395
C..abgetrennt wird.                - 16. Verfahren. nach Anspruch 13 bis
15, in dem beim Hydrobehandeln die erste Fraktion mit einem Katalysator
kontaktiert wirdi. der e- Metall der Gruppe VIl .und ein. Metall der Gruppe
VIb auf einem 30     Trager aus einrem hochschmeizenden Oxid enthlit. 17.
Verfahren nach Anspruch 16, in dem cdas Metall der Gnrippe, VlIlaus der
Gruppe ausge ,wAhIt .ist,.die, aus Nickel und Kobalt besteht, und das
Metall der Gruppe Vib aus der Gruppe ausgewAhIt ist, die aus Molybdan und
Wolfram besteht. 35 18. Verfahren nach Anspruch 1.6 oderA17, in dem das
hochschmelzende Oxid aus der Gruppe ausgewahIt ist, die aus Aluminiumoxid,
Silicoaluminiumoxid, SiIItiumdioxid, Titandioxid, Zirconiumdioxid,
Beryllium- dioxid, Silicomagnesiumoxid und Silicotitandioxid besteht. 40
19. Verfahr:en nachi Anspruch 13 bis. 18, in dem die zweite Fraktion
entgast; wird, .bevor sie. in der Vakuumdestilliereinrichtung getrennt
wird. 20. Verfahren nach. Anspruch 13 bis 19, in.dem das Vakuumdestillieren
unter einem Druck. zwischen.etwa 1,67,kPa und.10,02 kPa durchgefUhrt.wird.
45 21. Verfahren ,nach Anspruch 13 bis 20, in dem  zum  Hydroverarbeiten
die dritte Fraktion in einen Hydrobehandlungsreaktor eingeleitet wird, 22.
Verfahron nach Anspruch 13 bis 20, in dem zum Hydroverarbeiten die dritte
Fraktion in einem 50     Hydrocrackreaktor verarbeitet wird. 23. Verfahren
nach Anspruch. 22, lin derm der Katalysator einen Crackkatalysator zum
Erzeugen von zwischen 150 und 355 * C siedenden. Zwischenfraktionsprodukten
aufweist. 55  24. Verfahren nach Anspruch 23, in dem die zweite Fraktion 25
bls.50. Gew.-% aromatische. Bestandteile und das Brennstoffprodukt
h6chstens 25 Vol.-% aromatische Bestandteile enthait. 14    
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C   L   N   S   * 25. Verfahren nach Anspruch 24, in dem das
Brennstoffprodukt einen zwischen 175 und 260 C siedenden und hochstens 20
Vol.-% aromatische Bestandteile e'nthaltendern. Ddsenkraftstoff undeline
Naphthafrak- tion enthalt, die h6chstens 1'Gewichts'ppm stickstoifhaltige
Bestandteile und 1 Gewichts-ppm schwe- felhaltige Bestandteile enthdlt.: -'
f   t                                                  t ~-~-    26.
Verfahren nach Anspruch 22: bis 25, in dem  zum. Hydroverarbeiten die
dritte. Fraktion mit einem Crackkatalysator zum Erzeugenvon Behnzin und
Naphtha kontaktiert wird. 27. Verfahren nach Anspruch 13 bis 26, in dem zum
Hydroverarbeiten die dritte Fraktion mit einer Schicht 10     aus einem
Hydrobehandlungskatalysator kontaktiert und danach die hydrobehandelte
dritte Fraktion mit einem Hydrocrackka'talyeatorkontaktiert wird. 28.
Verfahren nach Anspruch 13, 23 oder 24, in dem zum Erzeugen eines Produkts,
das mindestens 20 Vol.-% einer Fraktion enthglt, die zuveinem zwischen 175
und 260*C siedenden, h6chstens 20 Vol.-% 15     aromatische Bestandtelle
enthaltenden Brennstoffprodukt und elner h6chstens 1 Gewichts-ppm schwe-
felhaltige Bestandteile und 1 Gewichts-ppm stickstoffhaltige'Bestandtelle
enthaltenden Naphthafraktion raffinierbar ist, das hydrobehandelte Produkt
mit dem hydroverarbeiteten Produkt vereinigt wird. 29. Verfahren nach
Anspruch 13 bis 28, in dem die erste Fraktion hochstens 20 Vol.-%
aromatische 20     Bestandteile und die zweite Fraktion mindestens 50
Vol.-% aromatische Bestandteile enthalt. Revendications 1. Appareil pour
valoriser les r~sid us .c'hydrocraquage comprenant.  . 25         des
moyens pour asparer :les rdsidus d'hydrocraquage en une premibre fraction
et une seconde fraction, un moyen pour hydrotraiter sous catalyse la
premiere fraction, en communication fluidique avec lesdits moyens de
separation, en presence d'hydrogene , une, pression et temporaytur!e
eleyves, pour former une fraction hydrotrait~e;. 30         un moyen pour.
distiller sous vide la seconde fraction, en communication fluidique avec
lesdits moyens de separation,. pour -former une troisibme fraction et une
fraction ;r4sidueqe , . un moyen !pour ,hydr~ot~ran~sformer sous catalyse,
la troisibme fraction, en communpiation fluidique avec. lesdits. moyens de.
distillation sous vide, en pr6esence d'hydrogbne pour-former une fraction
hydrotransform6e .; et 35         des moyens pour combiner ladite fraction
hydrotraitee avec ladite fraction .hydrotransform6e, en communication
fluidique avec ledit. moyen pour hydrotraiter sous catalyse la premibre
fraction et ledit moyen pour hydrotraiter sous catalyse Ia troisiem fi;
ction. 2. Appareil selon la. revendication, 1, dans loquel lesdits moyens
pour hydrotraiter sous catalyse la 40     premibre fraction comprennent des
moyens pour mettre en contact la premibre fraction avec un catalyseur
comprenant un metal du groupe Vil et un metal du groupe VIB supportes sur
un oxyde r6fractaire. 3. Appareil selon la revendication 2, dans lequel
ledit metal du groupe Vil est choisi dans le groupe 45     constitu6 par le
nickel et le cobalt, et ledit metal du groupe VIB est choisi dans le groupe
constitue du molybdbne et du tungstene.. 4. Appareil selon les
revendications 2 ou 3, dans lequel ledit oxyde refractaire est choisi dans
le groupe constitud par l'alumine,.Ia silice-alumine, la silice, I'oxyde de
titane, la magn4esie,.Ja zircone, Ia glucine, 50     la.silice-magnesie et
Ia silice-oxyde de titane. . 5. Appareil selon les revendicationsi, 1.4,
'comprenant un rnoyen pour. degaer la segonde fraction, avant de s6parer la
seconde fraction .sur .les moyens de distillation;sous vide, Ia moye,,,
pour degazer est en communication fluidique vec les.;moyens de separation
et le moyen de distillation sous ,vide. 55 6. Apporeil. selon l'une des
revendications 1 a 5, dans lequel les moyens de separation, le moyen
d'hydrotraitement sous catalyse de Ia premibre fraction, et le moyen
d'hydrotraitement Sous .catalyse de la troisibme. fraction fonctionnent a
-la m8me pression.. .t   i 
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Appareil selon l'une des revendications 1 h , dans lequel lesdits moyens
d'hydrotranisfobmation Sous catalyse de ia troisieme fraction comprennent
un reacteur d'hydrotraitiment. 8. Appareil selon la revendication 7, dans
lequel ledit i6acteur d'hydrotreitemhent contient:un second catalyseur
dWhydrotraitement comprenant un metal du groupe VIII et un metal du groupe
VlB supportes sur un oxyde refractaire. 9. Appareil selon l'une des
revandications 1 a 8, dans.lequel ledit moyen d'hydrotransformaftor, -ous
catalyse de la troisibme fraction comprend un reacteur d'hydrocraquage.  ..
10                                 - 10. Appareil selon la revendication:
9,:dans lequel ledit reacteur d'hydrocraquage contient un catalyseur
d'hydrocraquage pour-la productior de produits de moyenne gamme.
: 11. Appareil selon la revendication 9, dans lequel ledit reacteur
d'hydrocraquage comprend un catalyseur 15     d' hydrocraquage pour la
production de.naphte.   9i 12. Appareil selon l'une des revendications 1 a
11, dans lequel lesdits moyens d'hydrotraitement sous catalyse de la
troisibme fraction comprennent un systbme integre. '  ' 20  13. Proc6d6
pour valoriser les r6sidus d'hydrocr.aquage comprenant les etapes
consistent a: s6parer les r6sidus d'hydrocraquage en une premibre fraction
et une seconde fraction, hydrotraiter par catalyse la premibre fraction
pour produire une fraction hydrotraiteo; distiller sous vide la seconde
fraction pour produire une troisibme fraction et une fraction residuelle 25
hydrotransformer sous catalyse la troisibme fraction pour produire une
fraction hydrotransformee; et combiner. ladite fraction hydr.otraitee .avec
ladite fraction hydrotransform~e et produir.e un produit combustible. 30
14. Proc6d6 selon la revendication 13, dans lequel la premiere fraction ne
contient p  plus do ,20.% en volume de composants arometitques,. ,30 .% en
poids do comnposants.contenant du soufre, et 0,38 % en poids de composants
contenant de l'azote, Ia seconde fraction contiont au moins 50 % en volume
de composants aromatiques, ,au.moins 4,0 % .en poids de composants
contenent du soufre e1 au mois 1,0 % en poids. de .oompo.sants contenant de
!'azote et le. produit combustible ne contient pas plus de 35     25 % en
volume de composants aromatiques et comporte une fraction de naphte no
contenant pas plus de 1 ppm: en poids de. composants.. contenant du soufre
at. 1 ppm en poids do composants contenant de l'azote.    . KJ    15.
Proc6de solon l'une des revendications .13 ou 14, dans lequel I'etape de.
s6paration conprend la 40     separation des residus d'hydrocraquage a une
temperature comprise entre environ 295 et 395 *C (563 et 743 * F). 16.
Proced6 selon l'une des revendications 13 , 15, dans,loquel ladite etape
dThydrotraitement comprend la mise en contact de lapremibre fraction.avoc
un catalyseur.comprenant un m~tal qu.groupe Vill et un 45     m~tal du
groupe VIB supporte sur un oxyde refractaire. 17. Proc6d6 selon la
revendication 16, dans lequel ledit mlntal du groupeoVI!I est.choisi danas.
I groupe constitu6 par le nickel et.le cobalt, et ledit m6tal du groupe VIB
eot choisi dans le groupe constitue du molybdene et du tungstene.. 50 18
Proc6d6 selon l'une des revendlcations 16 ou 17, dans lequel lWdit oxyde
rdfractaire est choisi dans le groupe. constitue par '.alumine, lIa
sill:ce-alumine, la siliqe,, I'oxyde de titane, Ia magnesi-ela zircone, la
glucine, la silice-magnesie et la.siljRe-oxyde de titane. -. 65  19.
Procede,.solon l'une de,,s ,rovonr~dication~xs 13 a 18, comprind le
d4gazage do Ia seconde fraction, avantala separation de la secondeofractin
cur. les moyens de distillation sous yide. 16  



EP 0 579 750 Bi                  .  *1c   L  M   S  * 20. Proc6d6 selon
l'une des revendications 13 a 19, dans lequel la pression de distillation
sous vide est comprise entre environ 1,67 kPa et 10,2 kPa (0,5 et 6 pouces
do mercure). 21. Proc6d6 selon Rune des revendications 13 a 20, dans lequel
l'6tape d'hydrotransforrbiation'comprend s      l'introduction do la
troisibme fraction dans un rdacteur d'hydrotraitement. 22. Procede selon
l'une des revendications 13 a 20, dans loquel  14tape d'hydrotransformation
comprend ia transformation de la troisierne fraction dans un rdactojr
d'hydrocraquage. 1o  23. Proc6de selon la revendication 22, dans loquel le
catalyseur comprend un catalyseur de craquage pour la production de
produits do milieu deo gamme bouillints entre 150 C et 350 * C (300 F et
670 ;F) 24. Proc6d6 selon la revendication 23, dans lequel la seconde
fraction contient entre 25 et 50 % en poids de composants aromatiques et le
produit combustible ne contient pas plus de 25 % en volume de 1s
composants aromatiques. 25. Proc6de selon la revendication 24, dans lequel
le produit combustible comprend un carbureacteur bouillant entre 175 C et
275*C (350 F et 500 F) et no contenant pas plus de 20 % en volume de
composants aromatiques et une fraction de naphte ne contenant pas plus de 1
ppm en poids de \   20     composants contenant de l'azote et un 1, ppm en
polds de composants contenant du soufre. 26. Proc6dd selon l'une des
revendications 22 A 25, dans lequel l'etape de d'hydrotraitement chimique
comprend la mise en contact. de. Ia troisibme fraction avec un
catalyseur-,do craquage pour la production d'essence et de naphte. 25 27.
Proc6d6 selon Pune des revondications 13 a 26, dans loquel. l6.tape
d'hydrotransformation Qomprend la mise en contact de la troisiOmoe fraction
avec un lit de catelyseur d'hydrotraitement puis la mise en contact de la
troisieme fraction hydrotraitde avec un catalyseur d'hydrocraquage. 3o  28.
Procdd.-selon .l revendicJion .j13,23 ou, 24 danslequel !o produit
hydrotrait. est combind avec le produit hydrotransform6 pour. produire un
produit ccntenant une fraction d'au moins 20 % en volume raffinable en un
produit.combustible bouillant entrq 175-C et 260 C (350 F et.5Q0 F) et
pontient pas plus do 20 % on,.volumone artmetique.et une fractioc d .naphte
ne.contenant pee.plusdo,.c  1 ppm en poids de composants contenant du
soufre et 1 ppm en poids de composants contenant de l'azote. 36 29. Proc6d6
selon. l'une .des rovendications 13 a 28, dans lequel Ia premibre fraction
ne contientpas plus de 20 % en volume de composants aromatiques et la
seconde fraction contient au moins 50 % en volume de composants
aromatiques. 40 45 50 17    


