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(57) Abréegée/Abstract:

An Intermediate hydrogen separation and purification system Is integrated with a hydrotreating and an aromatic saturation process
for the production of relatively lower molecular weight products from a relatively heavy feedstock including sulfur-containing ana
aromatic-containing hydrocarbon compounds. The integrated process allows the processing of heavy hydrocarbon feedstock
having high aromatic and high sulfur contents Iin a single-stage configuration and the using of noble metal catalyst in the aromatic
saturation zone. The Integrated process increases the overall catalytic activity and hydrogenation capabillity to produce superior
distillate products.
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(57) Abstract: An intermediate hydrogen separation and purification system is integrated with a hydrotreating and an aromatic satur -
ation process for the production of relatively lower molecular weight products from a relatively heavy feedstock including sul -

fur-containing and aromatic-containing .
feedstock having high aromatic and hig

hydrocarbon compounds. The mtegrated process allows the processing of heavy hydrocarbon
1 sulfur contents in a single-stage configuration and the using of noble metal catalyst in the

aromatic saturation zone. The mtegrated process increases the overall catalytic activity and hydrogenation capability to produce su -
perior distillate products.
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HYDROTREATING AND AROMATIC SATURATION PROCESS WITH
INTEGRAL INTERMEDIATE HYDROGEN SEPARATION AND
PURIFICATION

RELATED APPLICATIONS
[01] This application claims the benefit of U.S. Provisional Patent Application No.

61/555,905 filed November 4, 2011, the disclosure of which 1s hereby incorporated by

reference.

BACKGROUND OF THE INVENTION

Field of the Invention

[02] The present invention relates to hydrotreating and aromatic saturation systems
and method for efficient production of high quality distillates from high sulfur, high
aromatic hydrocarbons at existing or new hydrocracking facilities.

Description of Related Art

[03] Hydrotreating technology is a well-known prior art where hydrocarbon feed
boiling in the range of from 150°C - 400°C (302°F - 752°F) 1s mixed with hydrogen at a
temperature in the range of from 200°C - 500°C (392°F - 932°F) and a pressure 1n the
range of from 34 barg - 100 barg (493 psig - 1450 psig) and the mixture 1s passed over
heterogeneous fixed bed catalyst. The contaminants in the hydrocarbon feed, such as the
sultur, nitrogen, and oxygen compounds, are almost completely removed, and any olefins
present are saturated, thereby producing products that are a mixture of essentially pure
paraffins and naphthenes. Some of the aromatic content 1s also saturated. Acceptable

product will meet the ultra low sulfur distillates specifications. The heterogeneous fixed
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bed catalyst contains at least one Group VIII metal, and at least one Group VIB metal.
Generally, these metals are included on a support material such as alumina with or
without silica or some other promoter.

[04] The desired degree of hydrotreating takes place as the feed i1s processed over
fixed beds of catalyst at elevated hydrogen pressure and temperature. The amount of
catalyst required per volume of feed and the pressure level are set by the quality of the
feed and desired products.

[05] When there 1s a requirement of maximum aromatic saturation, the product from
the distillate hydrotreating section is then further processed in an aromatic saturation
reaction zone. The aromatic saturation of distillates 1s also a well known prior art, where
the hydrocarbon feed i1s again mixed with hydrogen at temperatures in the range of from
200°C - 400°C (392°F - 752°F) and a pressure in the range of from 34 barg -100 barg
(493 psig -1450 psig) and the mixture 1s passed over heterogeneous fixed bed catalyst.
The heterogeneous fixed bed catalyst contains at least one Group VIII noble metal.
Generally, these metals are included on a support material such as alumina with or
without a cracking acidic component such as an amorphous silica alumina or a zeolite.
The hydrocarbon tfeed i1s converted to higher-value low sulfur, low aromatic products,
which are used as transportation fuel and meet the current Ultra Low sulfur distillate
specifications.

[06] The desired degree of aromatic saturation takes place as the essentially sulfur-
free feed 1s processed over fixed beds of catalyst at elevated hydrogen pressure and
temperature. The amount of catalyst required per volume of feed and the pressure level

are set by the quality of the feed and the desired products.
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[07] Traditionally hy.drotreating followed by aromatic saturation is carried out in
multiple stages when the processes are combined into a single unit or carried out with
two separate units. As the sulfur and aromatic content for a given distillation range m a
hydrocarbon feed increases, the quantity of ammonia and hydrogen sulfide present in the
hydrotreating zone effluent will also increase. The hydrogen sulfide will begin to imhibit
aromatic saturation, and therefore in order to meet a high cetane number or smoke point
for the particular distillate fraction, further processing is required. Catalytically this is
achieved by increasing the hydrogenation function in the. secdnd stage - aromatic
saturation zone. Since higher hydrogeﬁation requires the usé- of noble metal catalyst
Wﬁich are poisonéd by hydrogen sulfide, an intermediate fractionation section to stnp out
the hydrogen sﬁlﬁdé, ammonia and light ends is fequired. The stripped feed is then
processed in the sweet (hydfogcn sulfide free) second stage where aromatic satﬁration i$
carried out over a noble metal catalyst system followed by the fractionation section to
strip out the hydrogen sulfide and light ends. This complicates the overall plant design
and increases the amount of recycle gas required to achieve the desired targets.

[08] Accordingly, a need exists in the art for improved hydrotreating and aromatic
saturation processes operations, particularly for new systems capable of processing
feedstocks with relatively high sulfur and aromatic content, or for existing systems which

have been limited by catalyst activity and distillate selectivity.

SUMMARY OF THE INVENTION
[09] The above objects and further advantages are provided by herein deseribed

process. An intermediate hydrogen separation and purification system is integrated with
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a hydrotreating and an aromatic saturation process for the production of relatively lower
molecular weight products from a relatively heavy feedstock including sulfur-containing
and aromatic;containing hydrocarbon compounds. The integrated process allows the
processing of heavy hydrocarbon feedstock having high aromatic and high sulfur
contents in a single-stage configuration and the using of noble metal catalyst in the
aromatic saturation zone, The integrated process increases the overall catalytic aﬁﬁvity
and hydrogenation capability to produce superior distillate products.

{10} The integrated hydroprocessing process is for the production of relatively lowet
molecular weight products from A relatively heavy feedstock including sulfur-containing
and aromaﬁc-contéirﬁng hydrocarbon cdmpounds. The process comprising comprises:

a. hydrotreating the feedstock with a hydrotréaﬁng:_ catalyst in the presence of
hydrogen to produce a hydrotreated effluent containing a reduced amount of sulfur-
containing hydrocarbon compounds; .

b. separating the hydrotreated effluent in a hi gh-pressure separation Zone to produce
a vapor stream and a hydrocarbon liquid stream;

C. purifying at least a portion of the vapor stream in an absorption zone in the
presence of at least a portion of relatively heavier components of vapor stream from step
(b) to produce a high purity hydrogen gas stream and a fuel gas stream;

d. saturating the aromatic compounds con_tained. in a portion‘ of the hydrocarbon
liquid stream with an arématié saﬁiratifm catalyst in tﬁe inresence ‘of‘ .hydro gen gas to
produce an aromatic saturated effluent, wherein the hydrogen gas includes the high purity
hydrogen gas stream from step (¢) along with make-up hydrogen stream ; and

e. separafing and fractioning the aromatic saturated effluent to produce one or more
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overhead gas streams, one or mote sour water streams and overhead and bottom
fractioned distillate products.

(11} In certain embodiments, step (b) comprises séparating the hydrotreated effluent
in a hot high-pressure separation zone to produce a hydrotreated gas stream and a
hydrotreated liquid stream, and separating the hydrotreated gas stream in a cold high-
pressute separation zone to produce a vapor stream, a hydrocarbon liquid stream and a
sour water stream, wherein the relatively heavier components of the vapor stream used in
step (¢) are derived from further condensation of the heavier fractions in the vapor stream
generated from the cold separator and additional make up provided by the portion of the

hydrocarbon liquid stream from the cold high- pressure separation zone.

BRIEF DESCRIPTION OF THE DRAWINGS

[12]  The following detailed description will be best understood when read in
conjunction with the attached drawings. For the purpose of illustrating the invention,
there are shown in the drawings embodiments which are presently preferred. It should be
understood, however, that the invention 1s not limited to the precise arrangements and
apparatus shown. In the drawings the same numeral is used to refer to the same or
similar elements, in which:

(13] FIG. 1 1s a process flow diagram of a hydrotreating and aromatic saturation
system intégrated with an intermediate 'hydro.gen sepatration and purification system; and

[14] FIG. 2 is a schematic diagram of an absorption zone.
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DETAILED DESCRIPTION OF THE INVENTION

{15] An integrated hydrotreating and aromatic saturation configuration is ‘provid‘ed
which incorporates a hydrogen separation zone along with hydrogen purification by
absorption. These additional steps are located between the hydroﬁeaﬁng reaction zone
and the aromatic saturation zone. This removes ammonia and hydrogen ’sulﬁde from the
intermediate reaction effluent, and allows a purified hydrogen stream to be recombined
with the liquid streams to be saturated in an essentially ammonia-free and hydrogen
sulfide-free environment,

[16} In particular, and referring now to FIG. 1, a process flow diagram of an
integrated hydroprocessing apparatus 1000 1s illustrated. Apparatus 1000 includes a
hydrotreating zone 100, a first high-pressure separation zone 200, an aromatic saturation
zone 300, an absorption zone 400, a second high pressure separation zone 500, a flash
zone 600, and a fre;ctionation zone 700,

[17] Hydrotreating zone 100 includes a reactor 144 containing an effective quéntity
of a suitable hydrotreating catalyst. Reactor 144 includes an inlet for receiving a
combined stream 130 including a feedstock stream 120 and a hydrogen stream 124 and
an inlet for receiving a quenching hydrogen stream 146. A hydrotreated effluent stream
140 is discharged from an outlét of reactor 144. In certain embodiments a hydrogen gas
inlet can be separate from the feed inlet (in addition to the inlet for introduction of
quenching hydrogen). o

[18] The first high-pressure separation zone 200 generally includes a hot high-
pressure separation vessel 210 and a cold high-pressure separation vessel 220. Hot high-

pressure separation vessel 210 includes an inlet for receiving the hydrotreated effluent
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140, an outlet for discharging a hydrotreated gas stream 230 and an outlet for discharging
a hydrotreated liquid stream 240. Stream 230, which includes one or more gases selected
from the group compfising hydrogén, methane, e¢thane, ammonia, hydrogen sulfide, Cs+
hydrocarbons, exits the first separation vessel 210. __
(19]  Cold high-pressure separation vessel 220 includes an inlet in fluid
communication with separation vessel 210 and for receiving the partially condensed
 hydrotreated gas stream 230; an outlet for dischafging a vapor stream 250, an outlet for
discharging sour water stream 290 md an outlet for discharging a hydrocarbon liquid
stream 261 . Heat exchéngers required t0 cool the hot stream before entering subsequent
“cold h1 gh pressure separator are not shown and their requirements should be undetstood
‘ by a person havmg ordmary sklll . ' .
.[20] As shown in FIG 2 absorptmn zone 400 mcludesi a cross exchanger 410, a
chlller 420 a methane absbrber column 430, a ﬂash régenefatlon vessel 440 énd a solvent
cxrculauon pump 442. Methane absorber column 430 1ncludas an mlet for fecelvmg vapor
stream 250 from high-pressure séparauon zone 200 after cross-exchanger 410 and chiller
420; an_ihlet for receiving recycle solvent stream 444 from ﬂash regeneration vessel 440,
an inlet for receiving solvent make-up stream 260, an outlet for discharging a rich solvent
liquid stream 432 and an outlet for discharging- a hydrogen stream 450. In abéorption
zone' 400, stream 250 from tl':ic. cold high pressure separator 220, which1s a relatively low
Ha punty stremn .1s counter-currently contacted with a portlon of condensed hydrocarbon
hqmds from .strcam 260 as ‘solvent m. the methane absorber column 430 to absorb f
methanc and heawer' hydroca;bons awRY from the contained hydro gen. Stream 250 is

chilled in a heat exchanger 410 by cross-exchapging with a colder, purified, recycled
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hydrogen stream 450, followed by refrigeration unit 420 where it 13 cooled to about -

20°F. In the absorber column 430, most heavy gases including methane, ethane, propane,

butanes, pentanes and heavier gas';es; are absorbed and separated from the contained
hydrogen in stream 250. The rich solvent liquid stream 432 from the bottom of the
absorption zone 430 is passed to at least one flashing stage 440. Through pressure
letdown in flash drums, rich solvent stream 432 is separated and a lean liquid solvent
stream 444 is derived that can be recycled back to the methane absorber column 430
using a solvent circulation pump 442. The bulk of the 'soivent used for absorption is
primarily the heavier hydrocarbons Which are condensed frpm stream 250 after chilling,
The hydrocarbon stream 260 is primariiy used as a make-up solvent.
‘[21.] | .An"ahgements.' similar to abSOIPﬁoh zone 400 are‘ shown in U.S. Pat. Nos.
6,740,226, 4,740,222, 4,832,718, 5,462,583, 5,546,764 and 5,551, 972, and U.S. Pub. No.
2007/00 17851, the disclosures of which are all incorpbrated by reference herein m their
- enﬁreﬁés. - '
[22] AS depicted process flow lines in the figures can be referred to as streams,
feeds, products or effluents. Depending upon the ammonia content, a water stream (not
shown) can be added to stream 230 to remove ammonium bisulfide salts. Stream 290 is
predominaatly sour water that c¢an be sent to anj( suitable destihaﬁon such as a soilr water
strippet. The separated vapor from separator 220 leaves through stream 250 and enters .
the 'absdrption ZOiie 400. Thzve- p&t‘ion‘ 260 from "the‘ sep;ra;tor 220 ‘liql‘llid hydrogafﬁon
discharge stream 261 is routed to . form the absorption solvent through solvent make-up

stream 260 for the absorption zone 400 as discussed above. A hYdrooarbon stream 265,



CA 02854364 2014-05-01
WO 2013/067323 PCT/US2012/063282

which is the remainder of stream 261 from the separator 220 that is not routed as
absorption solvent make-up 260, bypasses the aromatic saturation zone 300.
[23] The absorption zone 400 purifies thé hydrogen present in stream 250 by
absorbing components heavier than hydrogen with circulating solvent comprising solvent
make-up stream 260 to produce a high purity (95-99 mol%) hydrogen stream 450 and a
fuel gas stream 460 comprising components heavier than hydrogen as present in stream
2350.
[24] The high purity hydrogen stream 450 along with high purﬁy make-up hydrogen
stream 204 from manifold “Header B” then cpmbine with liquid stream 240 to:forrn a
combined feed 330 to enter the ardmatic satﬁration zbne 300.
[25] Thé .an'omaﬁc saturation zone 300 . includes an aromatic saturation reactor 320,
whi;h may have single or multiple catalyst beds and réceive..qué‘nch hydrogen sﬁe#ms in
between the beds as simply shown by stream 326. Although- only 6ne quenéh hydrogen
stream is shown, it should be understood thét' multiple s'treéms may be ' provided to the
aromatic saturation reactor 320 depending ﬁpon the number of beds. The aromatic
saturation zone 300 can operate at any suitable condition. The effluent stream 340 from
the aromatic saturation zone 300 along with the excess hydrocarbon stream 263 frorh the
separator 220 combine to form stream 390 Which enters the SécOnd separation zone 500.
[26] Separation zone 500' inciﬁdes a separation vessel 510. Heat exchangers are
| Tequired to édol thé hat stream -34(‘) béforc eﬁteriﬁg the high préssure Seﬁarator vessel
510. The high pressure sépé.rator drum 510 can pr.ovidé' an overhcad stream 514
comprising hydro gen and methane ( predonﬁﬁant]y rich in hydrbgen), a hydrocarbon

stream 530 which enters the flash zone 600 and a heavy liquid stream 520 which is
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predominantly sour water that can be sent to any suitable destination such as a sour water
stripper. A water stream (not shown) can be added to the combined stream 390 to

remove ammonium salts.
[27] Flash zone 600 includes a cold low-pressure flash drum 610. Heat exchangers
required to cool the hot streams are not shown and their requirement should be
understood by those of ordinary skill in the art. Typically, the flash drum 610 separates
gases from condensed liquids or from liquids through pressure let down.
[28] ”fhe low pressure cbld ﬁash drum 610 provides an overhead stream 614
comprising hydrogen and methane (predbminahtly riqh in hydrogen), a hydrocarbon side
sn'éam 618 and a bot_fbm stlfemn 620 which is predominantly sour water that can be sent
fo any sﬁiﬁble destinaﬁbn such as' a sour water _strippef. The hydrocarbon liqi:id side
stream 618 is introduced to the fractionation zone 700, -
291 Generally, the fractionation' zone 700 produces a variety of products, and
- includes an o'verhead .stream 710, 'and a bottom stream 750. Typically, stream 710
comprises unstablhzed naphtha and the bottom stream 750 is essentlally a high quality
distillate product that in certain embodnnents meets requisite product quality standards
such as a high qetane number, a high smoke point and low sulfur content.
130] The hi gh;pressuré separator drum 510 provides ‘an overhead stream 514, which
is rich in hydrogen and can be recycled back aﬂer compression through recycle hydro gen
compxessor 680 to produce stream 685, whlch is recycled back to the hydrogen manifold
‘fHeader A”, The hi gh purity make-up hydrogén stream 204 from manifold “Header B”

can typically be from a hydrogen generation unit.

10
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[31] The feedstock for present processes and apparatus gencrally contains
components boiling in the range of from 150°C - 400°C (302°F - 752°F). Usually, these
feeds can . include straight run’ gas oil; a crude distillation unit product, such as light
vacuum gas oil; a vacuum distillation unit product; a thermally cracked gas oil; a
visbreaking unit, thermal cracking or coking unit product; light or heavy cycle oil; a fluid
catalytic cracking unit product, and light gasoil derived from tar sands.

[32] In general, the hydrotreating reaction zone can include a hydrotreating reactor
which can have single or mu]tiI;Ie catalyst beds and can receive quench hydrogen stream
between the beds. Although only one hydrogen quench inlet is shown, it should be
understood that the hydrogen stream can be provided anywhere a.lbng the hydrotreating
reactor and multiple hydrogen streams may be provided depending upon the number of
beds. The hydrotreating reactor beds typically contain a catalyst having at least one
Group VIII metal, and at least one Group VIB metal. The Group VIII metal is selected
from a group consisting of iron, cobalf, and nickel. The Group VIB meta] is selected
from a group consisting of molybdenum and tungsten. The Group VIII metél can be
present in the amounit of about 2 - 20% by weight, and the Group VIB metal can be
present in the amount of about 1 - 25% by weight. Generally, these metals are included
on a support material, such as silica or alumina. The operating conditions for
hydrotreating reaction zone includes a reaction temperature in the range of from 200°C to
500°C (392°F to 932°F), and a reaction pressure in the range of from 34 barg to 100 barg
(493 psig to 1450 psig).

[33] The operating conditions for the hot high-pressure separation zone includes a

temperature in the range of from 200°C to 500°C (392°F to 932°F), a pressure in the

11
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range of from 30 barg to 100 barg (435 psig to 1450 psig). The operating conditions for
the cold high-pressure separation zone includes a temperature in the range of from 60°C
to 250°C (140°F to 482°F), a pressure in the range of from 30 barg to 100 barg (435 psig
to 1450 psig).

[34]  In general, the aromatic saturation zone can include an aromatic saturation
reactor which can have single or multiple catalyst beds and can receive quench hydrogen
stream between the beds. Although only one hydrogen quench inlet is shown, it should
be understood that the hydrogen stream can be provided anywhere along the aromatic
saturation reactor and multiple hydrogen streams may be provided depending upon the
numbe; of beds. The aromatic saturation reactor beds typically contain a catalyst having
at least one Group VIII noble metal. The Group VIII noble metal is selected from a
group comprising platinum, palladium, ruthenium, rhodium, osmium, and iridium.
G‘enerally,' these metals are included on a support material, such as silica or alumina
along with acidic component such as amorphous silica alumina or a zeolite. Usually, the
Group VIII noble metal can be present in the amount of about 0.2 - 5% by weight. The
operating conditions for aromatic saturation zone includes a reaction temperature in the
range of from 200°C to 400°C (392°F to 752°F), and a reaction pressure in the range of

' from 30 barg to 100 barg (435 psig to 1450 psig). .

[35]  The operating conditions for the separation zone 500 includes a temperature in
the range of from 40°C to 80°C (104°F to 176°F), and a pressure in the range of from 30

barg to 100 barg (435 psig to 1450 psig).

12
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[36] The operating conditions for the cold low-pressure flash drum includes a
temperature in the range of from 40°C to 80°C (104°F to 176°F), and a pressure in the
range of from 20 barg to 50 barg (290 psig to 725 psig). '

[37} The operating conditions for the fractionation zone includes a temperature in the
range of from 40°C to 400°C (104°F to 752°F), and a pressure in the range of from 0.05
bar to 20 bar (0.73 psig to 290 psig).

[38] Heat transfer equipment, fluid transport equipment and mass transfer equipment
have not always been shown and their requirement must be understodd by one skilled in
the art.

[39] Distinct advantages are offered by the integrated hydroprocessing apparatus and
processes described herein when compared to conventional hydroprocessing
configurations. The integrated process allows the processing of heavy hydrocarbon feed
having high sulfur and high aromatic contents in a single-stage configuration which
allows the reduction of recycle gas in the amount of 20% to 30% by volume compared to
the normal gas flow needed for the conventional flow schemes utilizing two-stage
designs. The integrated process also allows the ability to not only make ultra low sulfur
distillates (ULSD) but also high smoke point kerosene and high cetane diesel when
processing high sulfur and high aromatic distillate range feed stock. In addition, the
integrated process allows a reduction in the system pressure because of higher hydrogen
pa'.ftial. préééure ét the hydrdpréceééiné 'zones due- t§ avé.ilability of high purity hydrogen

and thus saving capital cost.

13
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[40] The method and system herein have beén described above and in the attached
drawings; however, modifications will be apparent to those of ordinary skill in the art and

the scope of protection for the invention is to be defined by the claims that follow.
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CLAIMS

What 1s claimed 1s:
1. An 1ntegrated hydroprocessing process for the production of relatively lower
molecular weight products from a relatively heavy feedstock including sulfur-containing

and aromatic-containing hydrocarbon compounds, the process comprising:

a. hydrotreating the feedstock with a hydrotreating catalyst in the presence of
hydrogen to produce a hydrotreated effluent containing a reduced amount of
sulfur-containing hydrocarbon compounds;

b. separating the hydrotreated effluent in a high-pressure separation zone to
produce a vapor stream and a hydrocarbon liquid stream:;

C. purifying at least a portion of the vapor stream in an absorption zone in the
presence of at least a portion of relatively heavier components of vapor stream
from step (b) to produce a high purity hydrogen gas stream and a fuel gas stream:;
d. saturating the aromatic compounds contained 1n a portion of the
hydrocarbon liquid stream with an aromatic saturation catalyst in the presence of
hydrogen gas to produce an aromatic saturated effluent, wherein the hydrogen gas
includes the high purity hydrogen gas stream from step (¢) along with make-up
hydrogen stream ; and

€. separating and fractioning the aromatic saturated effluent to produce one
or more overhead gas streams, one or more sour water streams and overhead and

bottom fractioned distillate products.
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2. The process as in claim 1, where step (b) comprises separating the hydrotreated
effluent in a hot high-pressure separation zone to produce a hydrotreated gas stream and a
hydrotreated liquid stream, and separating the hydrotreated gas stream in a cold high-
pressure separation zone to produce a vapor stream, a hydrocarbon liquid stream and a
sour water stream, wherein the relatively heavier components of the vapor stream used in
step (¢) are derived from further condensation of the heavier fractions in the vapor stream
generated from the cold separator and additional make up provided by the portion of the
hydrocarbon liquid stream from the cold high- pressure separation zone.

3. The process as 1n claim 2, wherein step (d) comprises saturating the aromatic
compounds contained in the hydrotreated liquid stream from the hot high-pressure

separation zone.

4 The process as in claim 3, wherein step (e) comprises
separating the aromatic saturated effluent into an overhead gas stream, a
condensed hydrocarbon liquid stream, and a sour water stream;
flashing the condensed hydrocarbon liquid stream from to produce an overhead
gas stream, a hydrocarbon liquid side stream and a sour water stream;
fractionating the hydrocarbon liquid side stream from step to produce a fractioned
overhead stream and a fractioned bottom stream; and
recovering the fractioned overhead stream and the fractioned bottom stream as

products.
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