PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6 :

C10G 49/00, 45/02 Al

(11) International Publication Number:

(43) International Publication Date:

WO 98/40449

17 September 1998 (17.09.98)

(21) International Application Number: PCT/US98/04523

(22) International Filing Date: 9 March 1998 (09.03.98)

(30) Priority Data:

08/815,220 12 March 1997 (12.03.97) us

(71) Applicant: ABB LUMMUS GLOBAL INC. [US/US]; 1515
Broad Street, Bloomfield, NJ 07003-3096 (US).

(72) Inventors: VIRDI, Harjeet, S.; 43 Dorothea Lane, Sugar Land,
TX 77479 (US). KLEIN, Benjamin; 10315 Sugar Hill,
Houston, TX 77042 (US). NcNAB, John; 33 Calais Road,
Randolf, NJ 07869 (US).

(74) Agents: FOURNIER, Arthur, E., Jr. et al.; Patent Services —
4540-0426, 2000 Day Hill Road, Windsor, CT 06095 (US).

(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR,
BY, CA, CH, CN, CZ, DE, DK, EE, ES, FI, GB, GE, GH,
GM, GW, HU, ID, IL, IS, JP, KE, KG, KR, KZ, LC, LK,
LR, LS, LT, LU, LV, MD, MG, MK, MN, MW, MX, NO,
NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR,
TT, UA, UG, UZ, VN, YU, ZW, ARIPO patent (GH, GM,
KE, LS, MW, SD, SZ, UG, ZW), Eurasian patent (AM, AZ,
BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, BE,
CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL,
PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN,
ML, MR, NE, SN, TD, TG).

Published
With international search report.

(54) Title: PROCESS FOR OBTAINING DISTILLATE FUEL PRODUCTS USING A MULTI-BED CATALYTIC REACTOR

(87) Abstract

Disclosed herein is a highly efficient process for producing
distillate fuels using a multi-bed hydrogenation reactor. The
temperature of the feed to the second and subsequent reactor beds
is controlled by removing effluent from the prior bed, cooling the
effluent in an external heat exchanger, injecting hydrogen gas into
the effluent mixture, and inserting the cooled mixture containing
hydrogen gas into the inlet of the next reaction zone.

24

30—~

38

32 =1~

e s e e o e

28— )




AL
AM
AT
AU
AZ
BA
BB
BE
BF
BG
BJ
BR
BY
CA
CF
CG
CH
CI
CM
CN
Cu
Cz
DE
DK
EE

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Cote d’Ivoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
IE
IL
IS
IT
Jp

5EE

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Ireland

Israel

Iceland

Ttaly

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
NZ
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
SZ
D
TG
TJ
™
TR
TT
UA
UG
us
Uz
VN
YU
YAL4

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




WO 98/40449 PCT/US98/04523

10

15

20

25

30

Process For Obtaining Distillate Fuel Products

Using A Multi-Bed Catalytic Reactor

Background of the Invention

The present invention relates to the upgrading of distillate fuels,
and more particularly to a process for removing sulfur, nitrogen and
aromatic compounds from distillate fuels using a multi-bed catalytic
reactor.

When distillate fuels are produced from hydrocarbon feed, it is
necessary to remove sulfur and nitrogen and to saturate the aromatics
in order that the distillate fuel meets environmental standards and has
a sufficiently high cetane number. When hydrocarbon feeds for
producing distillate fuels are subjected to desulfurization,denitrogenation
and dearomatization in a catalytic reactor, a significant temperature
increase takes place across the reac;(or bed due to the exothermic heats
of reaction. One known technique for compensating for this
temperature rise in a multi-bed reactor is to use interbed gas and/or
liquid quenching. In this type of process, the quenching fluid is
introduced through distributors into a mixing device, known as a quench
box, which is located between adjacent catalyst beds. The quench gas
or liquid provides direct contact cooling of the reaction mixtures. When
this technique is used, quench gas, which usually is recycle gas, is
injected in a quantity sufficient to readjust the hydrogen partial pressure
to the desired level. Quenching liquid, which usually is a recycle liquid,
is then used to provide for the remaining cooling requirements.

There are several disadvantages to the above-mentioned direct
contact cooling system. The use of recycle gas and/or liquid for direct
contact cooling requires the use of relatively large compression
equipment for supplying cooling gas. Furthermore, when cooling liquid
is used, a larger catalyst volume may be required than would be needed

if no liquid quench were used.



WO 98/40449 PCT/US98/04523

10

15

20

25

30

Summary of the invention

An object of the invention is to provide a process for producing
distillate fuel using a multi-bed reactor which uses an efficient cooling
system for cooling the reaction mixture.

Another object of the invention is to provide an improved method
for controlling the temperature in a multi-bed catalytic reactor which is
used for producing distillate fuels.

Yet another object of the invention is to provide a process for
making distillate fuels using simplified and therefore less expensive
equipment.

A further object of the invention is to provide a system and
method for producing distillate fuels in which quenching liquid is not
required. |

Another object of the invention is to provide a system and
method for producing distillate fuels in which a compressor of reduced
size can be used.

Other objects will be in part obvious and in part pointed out more
in detail hereinafter.

The invention in a preferred form is a process for making distillate
fuels from a distillate hydrocarbon feed. The process comprises
introducing distillate hydrocarbon feed and hydrogen gas into a first
reaction zone of a multi-bed reactor in order to produce a first reaction
mixture. The first reaction mixture is removed from the multi-bed
reactor and is cooled in a first heat exchanger using the hydrocarbon
feed as the cooling medium. Hydrogen gas is injected into the cooled
first reaction mixture in order to reduce the density of the first reaction
mixture while further cooling the first reaction mixture. The cooled first
reaction mixture containing injected hydrogen gas is then introduced into
a second reaction zone of the multi-bed reactor in order to produce a

second reaction mixture.
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Preferably, the first reaction mixture is cooled in the first heat
exchanger.prior to injection of hydrogen gas. This creates a density
differential of the two phase mixture and promotes hydraulic circulation.

The hydrogen gas preferably is injected in an amount sufficient to
provide for about half of the total cooling requirement for the first
reaction mixture prior to introduction into the second reaction zone.

In a particularly preferred form, the process of the invention
further includes the steps of removing the second reaction mixture from
the multi-bed reactor, cooling the removed second reaction mixture in
a second heat exchanger, injecting hydrogen gas into the second
reaction mixture upon cooling in order to reduce the density of the
second reaction mixture and to coo! the second reaction mixture, and
introducing the cooled second reaction mixture containing injected
hydrogen gas into a third reaction zone of the multi-bed reactor in order
to obtain a third reaction mixture.

The invention accordingly comprises the several steps and the
relation of one or more of such steps with respect to each of the others
and the system possessing the features, properties, and the relation of

elements exemplified in the following detailed disciosure.

Brief Description of the Drawing |
The Figure is a process flow diagram showing a preferred
embodiment of a system for producing distillate fuels in accordance with

the present invention.

Detailed Description of the Invention

The process and system of the invention are particularly adapted
for use in hydrogenating hydrocarbons to produce distillate fuels. The
feed typically has about 10% by volume boiling point of from about
300°F (149°C) to 500°F (260°C), and about 90% by volume boiling
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point of at least about 500°F (260°C) and no more than about 750°F
(399°C).

A representative example of a distillate hydrocarbon feed which

may be hydrogenated in accordance with the present invention has the

following characteristics:

Density, A.P.I. 16.8 - 29.9

H/C Atomic Ratio 1.4-1.9

Sulfur, wt. % 0.2-1.2

Nitrogen, wt. % 0.01 -0.1

ElA. vol. %

Aromatics 35 - 60

Olefins 1-4

Saturates Balance

Distillation, °F

Initial Boiling Point 310-430 (154-221°C)
10% 390-495 (199-257°C)
50% 510-575 (266-302°C)
90% 625-690 (329-366°C)
End Point 700-780 (371-416°C)

It is to be understood, however, that the scope of the present
invention is not to be limited to this particular distillate hydrocarbon
feed.

Referring now to the Figure, the hydrogenation of the hydrocarbon
feed takes place in a reactor 10 having a first reaction zone 12, a
second reaction zone 14, and a third reaction zone 16. The first and
second reaction zones 12 and 14 are packed with fixed beds of
hydrogenation catalysts supported on partitions 18 and 20, respectively.
The third reaction zone 16 is packed with a fixed bed of a hydrogenation
catalyst which may be a noble metal or a non-noble metal hydrogenation

catalyst and is supported on a partition 22. Partitions 18, 20 and 22
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have outlet collectors 24, 26 and 28, respectively connected thereto to
provide for the removal of the reaction mixture from the reaction zone
in which the particular outlet collector is positioned. Space 30 is
provided between the partition 18 and the upper end of reaction zone
14, and space 32 is provided between partition 20 and the upper end
of reaction zone 16, in order to allow for removal of the hot reaction
mixture out of the reactor 10 and insertion of the cooled reaction
mixture combined with hydrogen gas back into the reactor 10 in a
manner described further below.

A fresh hydrocarbon feed which is to be upgraded to distillate fuel
enters the reactor system in line 34 and is mixed with hydrogen from
line 11 in line 35. The hydrocarbon feed and hydrogen gas mixture is
preheated in heat exchangers 56 and 44 to the reaction temperature,
i.e. a temperature of about 550 - 750°F (288-399°C), and is
subsequently transferred in line 40 to the reactor 10. Stream 36
transfers the feed mixture from heat exchanger 56 to heat exchanger
44. Bypass line 38 around heat exchanger 44 is used, if necessary, to
prevent excessive preheating of the feed mixture. The feed enters the
top of the reactor 10. The feed passes downwardly through the
catalyst bed 13 in the first reaction zone 12 under conditions in which
a substantial amount of the sulfur, nitrogen and aromatic compounds are
hydrogenated to form the desired diesel fuel products. Preferably, the
first reaction zone 12 is operated at a temperature of from about 550°F
(288°C) to about 750°F {399°C), more preferably from about 600°F
(316°C) to about 710°F (377°C), and at a pressure of from about 600
psig (41.8 atm.) to about 2,000 psig (137.1 atm.), more preferably from
about 750 psig (62.0 atm.) to about 1,500 psig (103.1 atm.) and at a
hydrogen partial pressure from about 510 psig (35.5 atm) to about
1700 psig (116.5 atm), more preferably from about 640 psig (44.5 atm)
to about 1275 psig (87.6 atm) and at an LHSV of from about 0.3 hr.
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to about 2.0 hr.”". The effluent from the first reaction zone 12 is a two-
phase mixture of a liquid phase and a gas phase. The liquid phase is a
mixture of the higher boiling components of the fresh feed. The gas
phase is a mixture of hydrogen, inert gaseous impurities, and vaporized
liquid hydrocarbons of a composition generally similar to that of the
lower boiling components in the fresh feed. The liquid-gas reaction
mixture from the first reaction zone 12 enters space 30 between the
first and second reaction zones, at which point the mixture is removed
from the first reaction zone 12 through outlet collector 24 and is
removed from the reactor in line 42. The reaction mixture in line 42
enters heat exchanger 44 in which it is cooled, using the feed stream,
to a temperature of about 600 - 660°F (316 - 349°C). The cooled
reaction mixture exits the heat exchanger 44 in line 46. A stream of
hydrogen gas is introduced into the cooled reaction mixture through line
48 to maintain the required hydrogen partial pressure at the inlet to the
second reaction zone and reduce the density of the cooled reaction
mixture to achieve circulation. At the same time, the gas further cools
the reaction mixture to a temperature of about 550 - 700°F (288 -
399°C). The reaction mixture with newly injected hydrogen gas is then
transferred via line 52 back to space 30 between the first and second
reaction zones. The mixture which is injected at space 30 then passes
downwardly to the second reaction zone 14. No liquid or gas quench
tray is needed in space 30 or space 32.

In the second reaction zone 14, the reaction mixture and the
newly injected hydrogen gas move downward together through catalyst
bed 15 in order to hydrogenate additional aromatics. At the entrance to
the second reaction zone 14, the reaction mixture with hydrogen gas
preferably has a temperature of about 550 - 750°F (288-399°C). The
hydrogen gas partial pressure is preferably about 600 - 1200 psig. The

increased hydrogen partial pressure and cooler temperature are favorable
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for shifting chemical equilibrium towards saturated compounds,
therefore providing for higher aromatics saturation. Preferably, the
second reaction zone 14 is operated at a temperature of from about
550°F to about 750°F, more preferably from about 600°F (31 6°C) to
about 710°F {377°C), at a pressure of from about 600 psig (41.8 atm.)
to about 2,000 psig (137.1 atm.), preferably from about 750 psig (52.0
atm.) to about 1,500 psig (103.1 atm.), and at an LHSV of from about
0.3 hr." to about 2.0 hr. .

The liquid-gas reaction mixture from the second reaction zone 14
is removed from the second reaction zone 14 through outlet collector
26, is withdrawn from the reactor 10 through line 54, and is transferred
to a heat exchanger 56 in which it is cooled, using the fed stream, to a
temperature of about 600 - 660°F (316 - 349°C). The cooled reaction
mixture is removed from the heat exchanger 56 in line 58 and is mixed
with hydrogen gas from line 60 in order to maintain the required
hydrogen partial pressure at the inlet to the third reaction zone and to
further reduce the density of the reaction mixture to achieve circulation.
The cooled reaction mixture with newly injected hydrogen gas is then
returned to the reactor in line 64 and is inserted in space 32. The
reaction mixture with hydrogen gas then moves downward through the
third reaction zone 16 in which remaining aromatics are hydrogenated.
in addition to saturating the aromatics, the reaction of the hydrocarbon
reaction mixture with hydrogen gas in the third reaction zone 14 acts to
strip dissolved H,S and NH; impurities from the liquid effluent, thereby
improving the hydrogen partial pressure and, as a result, enhancing the
catalyst's kinetic performance.

The reaction mixture containing newly injected hydrogen gas
which enters third reaction zone 16 has a hydrogen partial pressure
which is about 600 - 660 psig. The third reaction zone 16 with a

catalyst bed 17 preferably is operated at a temperature of from about
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550°F (288°C) to about 700°F (371°C), more preferably from about
600°F (316°C)to about 675°F (357°C), at a pressure and LHSV with
approximately the same pressure range and LHSV range as the first and
second reaction zones.

The liquid and gas effluent from the third reaction zone 16
accumulates at outlet collector 28 and is removed from the reactor 10
in line 66. This line contains the distillate fuel product. This product
may then be processed further, such as by distillation, to remove any
impurities.

The system and process of the invention are efficient in that no
liquid quench is required and gas quench is minimized to that which is
needed to obtain the desired hydrogen partial pressure. The injected
hydrogen gas typically provides for half of the total cooling of‘the
reaction mixture which is required before the reaction mixture is sent to
the next reactor bed.

As mentioned above, the catailysts in the first and second zones
preferably comprise non-noble metals. As representative examples of
such catalysts, there may be mentioned nickel, Raney nickel, cobalt-
molybdenum, nickel-molybdenum, and nickel-tungsten. The catalyst in
the third reaction zone may comprise a noble metal or non-nobie metal,
as indicated above. Exampies of noble metal catalysts include, but are
not limited to, platinum and palladium.

The catalyst is preferably supported on a support such as, but not
limited to, alumina, silica or combination thereof.

A representative example of a distillate fuel which is obtained

according to the present invention is the following:
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Density, A.P.I. 28 - 32
Color (ASTM D-1500) 0.5
H/C Atomic Ratio 1.7-2.1
Suifur <5-500 ppm
Nitrogen <5 ppm
FIA, vol. %
Aromatics 30-40
Olefins 0.3-0.7
Saturates balance
Distillation. °F
Initial, B.P. 250 - 325
10% 340 - 445
50% 475 - 540
90% 600 - 660
End Point 680 - 740

It is noted that the process of the present invention can be used
to produce distillate fuels having sulfur concentrations as low as 5 - 50
ppm, aromatics concentrations as low as 5 - 20%, and color
specifications of 0.5 - 1 by ASTM D-1500.

This invention simplifies the reactor internals by eliminating the
need for quench box trays at the inlet to each reaction zone.

This invention can also be applied to counter-current reactor
configurations. The last reaction zone will be counter-current.

As will be apparent to persons skilled in the art, various
modifications and adaptations of the structure above described will
become readily apparent without departure from the spirit and scope of

the invention, the scope of which is defined in the appended claims.
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What is claimed is:

1. A process for making distillate fuels from distillate hydrocarbon
feed, comprising:

introducing diesel hydrocarbon feed and hydrogen gas into a first
reaction zone of a multi-bed reactor in order to produce a first reaction
mixture,

removing the first reaction mixture from the multi-bed reactor,

cooling the removed first reaction mixture in a first heat
exchanger using diesel hydrocarbon feed as the cooling medium,

injecting hydrogen gas into the first reaction mixture in order to
maintain the required hydrogen partial pressure and reduce the density
of the first reaction mixture, and

introducing the cooled first reaction mixture containing injected
hydrogen gas into a second reaction zone of the multi-bed reactor in

order to produce a second reaction mixture.

2. A process according to claim 1, wherein the distillate
hydrocarbon feed and hydrogen gas are introduced co-currently into the

first reaction zone.

3. A process according to claim 1, wherein the distillate
hydrocarbon feed and hydrogen gas are introduced countercurrently into

the first reaction zone.

4. A process according to claim 1, wherein the step of cooling
the removed first reaction mixture precedes the step of injecting

hydrogen gas.



WO 98/40449 PCT/US98/04523

10

15

20

25

11

5. A process according claim 2, wherein the step of cooling the
removed first reaction product precedes the step of injecting hydrogen

gas.

8. A process according to claim 5, wherein the reaction mixture

is cooled to a temperature of about °F in the cooling step.

7. A process according to claim 1, wherein the hydrogen gas
is injected in the injection step in an amount sufficient to provide about
half of the cooling requirement for the first reactian mixture prior to

introduction of the first reaction mixture into the second reaction zone.

8. A process according to claim 1, further comprising the steps

of:
removing the second reaction mixture from the multi-bed reactor,
cooling the removed second reaction mixture in a second heat
exchanger,

injecting hydrogen gas into the second reaction mixture in order
to maintain the required hydrogen partial pressure and to reduce the
density of the second reaction mixture, and

introducing the cooled second reaction mixture containing injected
hydrogen gas into a third reaction zone of the multi-bed reactor in order

to obtain a third reaction mixture.

9. A process according to claim 8, wherein the diesel
hydrocarbon feed and hydrogen gas are introduced co-currently into the

first reaction zone.

10. A process for controlling the temperature in a multi-bed

reactor system for making distillate fuels, the reactor including a first
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reaction zone for reacting hydrocarbon feed and hydrogen gas to
produce a. first reaction mixture, and a second reaction zone, the
process comprising:

removing the first reaction mixture from the first reaction zone,

cooling the removed first reaction mixture in a heat exchanger
using hydrocarbon feed as the cooling medium,

injecting hydrogen gas into the first reaction mixture in order to
reduce the density of the first reaction mixture and to cool the first
reaction mixture, and

introducing the cooled reaction mixture into the second reaction

zone.

11. A process according to claim 10, wherein the step of

cooling precedes the step of injecting.

12. A process according to claim 10, wherein the step of cooling

the first reaction product does not involve liquid quenching.

13. A process according to claim 10, wherein the quantity of
hydrogen gas which is injected in the injecting step reduces the overall

pressure drop across the reactor and promotes circulation in the reactor.

14. A process according to claim 10, wherein the hydrogen gas
is injected in the injecting step in a quantity which provides for about
half of the total cooling which is required before introducing the first

reaction mixture to the second reaction zone.
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