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PROPYLENE OXIDE SYSTEM

FIELD OF THE INVENTION

The present invention relates to an integrated reactor and Cj splitter
operaﬁon for the production of propylene oxide by direct oxidation.

DESCRIPTION OF THE PRIOR ART

It is known to produce propylene oxide by reaction of propylene, oxygen
and hydrogen using a noble metal containing titanium silicalite solid catalyst. See,
for example, Japanese Kokai No. 4-352771 and various other references such
as USP 6,710,194, 7,026,492, 7,057,056, and 6,960,671.

Generally, the solid catalyst is maintained as a slurry in an appropriate
solvent such as methanol or methanol and water during reaction of the reactant
gases.

The reaction by which propylene oxide is formed is exothermic and a
reaction system for carrying out the reaction, of necessity, requires the effective
removal of the reaction heat.

Various systems have been proposed for removing the heat of reaction
such as packed reactors, the use of internal indirect heat exchange with chilled
water, and the like. However, such prior systems have not been entirely

satisfactory with regard to ease and expense of operation.

BRIEF DESCRIPTION OF THE INVENTION

In accordance with the present invention, an improved system is provided
for the production of propylene oxide by catalytic reaction in a reaction zone of
propylene, oxygen and hydrogen in a reaction medium comprised of a slurry of
solid catalyst in an appropriate liquid. There is provided in the reaction zone
indirect heat exchange means in which a liquid comprised of propane is heated
by indirect heat exchange with the reaction mixture slurry whereby the heat of
the exothermic reaction to form propylene oxide is transferred to the propane. In

especially preferred operation, the heat so-removed by indirect heat exchange is
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used to provide distillation heat to a Cj splitter thereby to effect distillation
separation of propane and propylene components of the reaction system.

DESCRIPTION OF THE DRAWING
The attached drawing illustrates in diagrammatic form a preferred practice

of the invention.

DETAILED DESCRIPTION

Referring to the attached drawing, reactor 1 is a reaction vessel suitable
for carrying out the reaction of propylene, oxygen and hydrogen in a reaction
liquid containing a slurried solid catalyst for the reaction such as a palladium
containing TS-1 catalyst.

A slurry of catalyst particles in suitable liquid solvent such as a
methanol/water mixture is introduced via line 2 and a slurry containing catalyst
as well as product propylene oxide is removed via line 3 and passes to suitable
separation and product recovery means (not shown).

The propylene, hydrogen and oxygen reactants are introduced to reactor
1 via line 4 and vapor products are removed via line 5 for separation and
recovery (not shown).

Reactor 1 is provided with stirring means 6 which provide appropriate
agitation to the reaction mixture slurry contained therein.

An essential feature of the present invention is the provision of indirect
heat transfer elements 7 within the reactor adapted for the indirect transfer of
exothermic heat of reaction to a fluid passing within elements 7.

With regard to the heat transfer elements 7 located within reactor 1, any
of the known type elements including cooling coils can be used. Preferred,
however, is the provision of plate coils or the equivalent as are well known in the
art.

Sufficient of elements 7 are provided to remove the exothermic heat of
reaction generated by the formation of propylene oxide in reactor 1.

In processes for the production of propylene oxide, propane is normally
present in significant quantities as an impurity with the feed propylene and as an
undesired by-product which is formed in the system. A necessary item of

equipment in such processes is a Cj splitter or distillation column wherein the



WO 2008/069871 PCT/US2007/022318

10

15

20

25

30

separation of propylene and propane by distillation is accomplished, the
propylene usually being recycled and the net propane being purged to prevent
build-up.

In practice of the present invention, the fluid used in elements 7 to remove
the reaction exotherm is comprised of propane, preferably propane from the C;
splitter which is used to separate propylene and propane. The propane has its
origin as an impurity in the feed propylene introduced into reactor 1 via line 4 and
as an impurity formed in reactor 1 during propylene oxide formation.

In an especially preferred practice, and as shown in the drawing, heat of
reaction is removed from the propane coolant by compression and indirect heat
exchange. The propane coolant is removed from the reactor as a vapor and this
vapor is compressed essentially to the point where substantial condensation of
the propane takes place upon cooling eg. to 68°C in a cooling water heat
exchanger. The temperature of the propane is substantially raised during
compression and the compressed propane is cooled and condensed as by
indirect heat exchange with cooling water while the higher pressure is
maintained. The cooled propane can be subjected to a pressure let-down and
liquid and vapor fractions separated. This procedure is simple and convenient
and does not require use of a chilled water stream; cooling tower water at 90F
can be used.

As shown in the drawing, the heat transfer stream comprised of liquid
propane passes to the heat transfer elements 7 such as plate coils in reactor 1
wherein it absorbs the reaction exotherm. The heated propane suitably now as a
vapor, passes via lines 9 to compressor 10 wherein the propane is compressed
to a pressure sufficiently high such that the propane upon passing via line 11 to
cooler 12 is cooled therein by conventional cooling water and liquified at the
compression pressure.

After cooling in heat exchanger 12, the saturated liquid propane at high
pressure passes through valve or orifice 20 whereby the pressure is let down
and the mixture is flashed to a vapor/liquid mixture. Vapor and liquid are
separated in separator 14, liquid propane is passed via line 8 to reactor 1 to
provide the heat transfer liquid.

An important aspect of preferred practice of the invention is the use of

propane vapor from separator 14 as a heat source for the separation of
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propylene and propane in Cj splitter 15. Flashed propane vapor passes from
separator 14 to C3 splitter 15 via line 16. The propane vapor provides heat to
distillation column or splitter 15 which is necessary for the overhead distillation
of a propylene stream, this being separated via line 17, for example for recycle to
reactor 1. The bottoms propane stream is removed via line 18 and can be
further treated as desired (not shown).

A Cj stream comprised of propane and propylene can be fed to splitter 15
via line 19 and separated into its components by conventional operations.

The propane heat removal agent as used herein generally contains at
least 75 mol % propane, preferably at least 90 mol % propane. Small amounts
of C4 alkanes, e.g. 2 mol % or less, preferably 1 mol % or less can be present.
Propylene can be contained in the heat removal stream in amount up to 25 mol
%, preferably 10 mol % or less.

The following example will serve to illustrate practice of the invention.

EXAMPLE 1

Referring the accompanying drawing, reactor 1 is a continuous reactor
containing a particulate catalytic solid, consisting of titanium silicalite, palladium
and inert binders. The reactor also contains a methanol/water mixture in which
the catalyst is suspended through mechanical agitation via agitator 6. The
catalyst is 10 wt% in the slurry and the reactor operates at a slurry process
temperature of 50C (122F). The reactor has an inside diameter of 20 feet and a
straight side length of 60 feet, containing 101,717 gallons of slurry. The reaction
between the hydrogen, oxygen and propylene fed via line 4 to produce
propylene oxide and coproduct water produces 58 million Btu/hr, which is
removed through plate coils 7 which are arrayed radially and vertically in the
reactor, between the agitators and the vessel wall. The plate coils are separated
by equal angular spacing azimuthally around the vessel. Reaction conditions
employed are those which are conventional for the reaction, e.g. a temperature
of 50°C and pressure of 300 psig.

Boiling liquid propane cooling fluid comprised by weight of 96% propane
and 4% propylene flows via line 8 into the base of each plate coil, providing a
high cooling fluid heat transfer coefficient of 500 Btu/hr ft? F, instead of the value
of 150 to 200 Btu/hr f2 F which is obtained from conventional cooling water. The
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heat transfer area of the plate coils is 3,118 ft2. The boiling liquid propane is at
60F and 110 psia. The temperature driving force between the reactor process
slurry, at 122F, and the boiling liquid propane, at 60F, is 62F or 34C. This is
clearly superior to the temperature driving force of 32F or 18C, which is obtained
from using Texas Gulf Coast cooling tower water, which is at 90F or 32C.

The 3118 ft* heat transfer area of the plate coils, with an overall heat
transfer coefficient of propane at 300 Btu/hr ft?, is a fraction of what is required
for tower cooling water, which would be 9063 ft? when using cooling water at 90F .

The boiling propane coolant provides a better cooling fluid side heat
transfer coefficient and a doubled overall temperature driving force to remove the
heat from the process slurry to the cooling liquid. The propane vapor which is
the product of boiling liquid in the reactor plate coils 7 passes via line 9 at 37,419
Ib/hr (latent heat of vaporization = 155 Btu/lb) to compressor 10 with a feed
temperature of 60F and a feed pressure of approximately 100 psia. The
compressor raises the pressure of the propane vapor in an approximately
isentropic manner to a discharge pressure of 350 psia and a discharge
temperature of 155F, 68C. The slightly superheated vapor passes via line 11 to
cooler 12 wherein it is cooled and condensed, with minimal pressure drop, at
350 psia, in a shell and tube heat exchanger, with tower cooling water, at a
temperature of 90F.

The resulting saturated liquid flow from the vapor condenser 12 passes
via line 13 and is let down in pressure across nozzle 20, from 350 psia to 110
psia, in an approximately adiabatic manner. The resulting vapor/liquid mixture is
at 60F and it is separated in flash vessel 14 into a saturated liquid propane
stream which is recycled via line 8 as the cooling medium in the reactor, as
described above, and a saturated vapor stream. The latter is conveyed via line
16 to the base of the propane/propylene splitter 15, where it provides heat as
reboiler vapor feed.

Cs splitter 15 is operated in conventional fashion except for provision of
heat via the propane vapor stream. Propylene is removed via line 17 at 6°C and
85 psig and can be used further in propylene oxide production.

Bottoms liquid propane stream is removed via line 18 at 16°C and 95

psig.
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Advantages of practice of the present invention as compared to
conventional procedures include the following:

1. Avoidance of expensive chilled water as a cooling medium.

2. Use of a stream for reactor cooling which would normally require heat
for propylene recovery, which is a necessary part of the plant design in any
event.

3. Use of boiling fluid heat transfer medium in the reactor cooling heat
exchangers, improving the overall heat transfer coefficient and reducing the
required heat transfer area.

4. Reduced capital cost for heat exchange surface.

5. Improved slurry agitation in the reactor per unit power input, through
reduced volume of reactor internals and less resistance to agitation.

6. Improved heat transfer integration and improved thermodynamic
efficiency of the plant heat transfer process.

7. Reduced capital cost for reactors, since larger reactors can be utilized,
versus multiple smaller reactors, which have reached their size limit in terms of
fitting sufficient heat transfer surface into the vessel.

A comparison of the system of the present invention with a comparable
one using Texas Gulf Coast cooling water showing the important advantages of
the invention is given in the following Table 1.

Table 1
Comparison of Texas Gulf Coast Cooling Water and Boiling Propane

Mode Texas Gulf Coast Boiling propane
cooling tower water

Heat exchange duty (Btu/hr) | 58 x10° 58 x10°

Reactor T (F) 122 122

Cooling fluid T (F) 90 60

Delta T (F) 32 62

Cooling fluid heat transfer

coefficient (Btu/hr ft? F) 300 500

Overall heat transfer

coefficient, U (Btu/hr ft F) 200 300

Heat exchange area (ft°) 9063 3118
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WE CLAIM:

1. In a process wherein propylene oxide is formed by oxidation of
propylene in a reaction mixture comprised of a slurry containing solid oxidation
catalyst and wherein propylene and propane are separated by distillation in a C3
splitter into a propylene vapor stream and a liquid stream comprised of propane,
the improvement which comprises removing exothermic heat from propylene
oxide formation by indirect heat exchange with said liquid stream comprised of
propane.

2. In a process wherein propylene oxide is formed by oxidation of
propylene in a reaction mixture comprised of a slurry containing solid oxidation
catalyst and wherein propylene and propane are separated by distillation in a C3
splitter into a propylene vapor stream and a liquid stream comprised of propane,
the improvement which comprises passing said liquid stream comprised of
propane to indirect heat exchange with the slurry reaction mixture thereby to
remove the exothermic heat of reaction, separating the heated propane into a
vapor fraction and a liquid fraction, and passing the propane vapor fraction to the
C; splitter to provide distillation heat therein.

3. The process of claim 1 wherein the said liquid stream comprised of
propane comprises at least 75 mol % propane.

4. The process of claim 1 wherein the said liquid stream comprised of
propane comprises at least 90 mol % propane



000000000000




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2007/022318°

CLASSIFICATION OF SUBJECT MATTER

A,
INV. C07D301/12

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

c07D

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data, BEILSTEIN Data

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X WO 98/18547 A (ARCO CHEM TECH [US]; ARCO
CHEM TECH NL BV [NL1])

7 May 1998 (1998-05-07)
page 4 - page 6; claim 1

i)

CHEM TECH NL BV [NLI)

30 July 1998 (1998-07-30)
claims 1,2

Y DE 39 35 030 Al (LINDE AG [DEI)
25 April 1991 (1991-04-25)
claim 1

Y. EP 0 323 663 A (SHELL INT RESEARCH [NL1)
12 July 1989 (1989-07-12)
example II

1-4

1-4

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents :

*A" document defining the general state of the art which is not
considered o be of particular relevance

*E" earlier document but published on or after the international e
filing date

invention

which is cited to establish the publication date of another e
citation or other special reason (as specified)

*T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

document of particular relevance; the claimed invention
R cannot be considered novel or cannot be considered to
"L" document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone

document of particular reélevance; the claimed invention
cannot be considered to involve an inventive step when the

European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk

Fax: (+31-70) 340-3016

*O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
*P* document published prior to the international filing date but in the art.
later than the priority date claimed *&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
18 March 2008 04/04/2008
Name and mailing address of the ISA/ Authorized officer

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, ] Baston. Eckhard
b

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2007/022318

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y

US 4 212 817 A (SCHMID HERBERT [DE] ET AL)
15 July 1980 (1980-07-15)
claim 1

~ WO 03/016296 A (UHDE GMBH [DE]; DEGUSSA
[DE] DEGUSSA [DE]; UHDE GMBH [DE1])
27 February 2003 (2003-02-27)

. claim 1

1-4

Form FCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2007/022318
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 9818547 A 07-05-1998 AU 4949497 A 22-05-1998
BR 9712395 A 31-08-1999
CA 2268961 Al 07-05-1998
CN 1235560 A 17-11-1999
DE 69704566 D1 17-05-2001
DE 69704566 T2 11-04-2002
EP 0938370 Al 01-09-1999
ES 2155677 T3 16-05-2001
JP 2001506977 T 29-05-2001
KR 20000052927 A 25-08-2000
RU 2181071 C2 10-04-2002
us 6153153 A -+ 28-11-2000
us 5840933 A 24-11-1998
WO 9832530 A 30-07-1998 AU 6616298 A 18-08-1998
BR 9806981 A 14-03-2000
CA 2278666 Al 30-07-1998
CN 1244816 A 16-02-2000
DE 69803082 D1 31-01-2002
DE 69803082 T2 01-08-2002
EP 1017487 Al 12-07-2000
ES 2165148 T3 01-03-2002
JP 2002509530 T 26-03-2002
us - 5760253 A -02-06-1998
DE 3935030 Al 25-04-1991 - NONE
EP 0323663 A 12-07-1989 AU 2690188 A 22-06-1989
' BR 8806626 A 22-08-1989
CA 1328273 C 05-04-1994
CN 1033752 A 12-07-1989
DE 3869936 D1 14-05-1992
ES 2030499 T3 01-11-1992
JP 1203035 A 15-08-1989
JP 2654819 B2 17-09-1997
ZA 8809400 A 29-08-1990
US 4212817 A 15-07-1980 ° DE 2430769 Al 15-01-1976 -
' FR 2276090 Al 23~-01-1976
| GB 1470643 A 14-04-1977
ZA 7504061 A 26-05-1976
WO 03016296 A 27-02-2003 CN 1541212 A 27-10-2004

Form PGT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - claims
	Page 9 - drawings
	Page 10 - wo-search-report
	Page 11 - wo-search-report
	Page 12 - wo-search-report

