
WO. 02/32838 PCT/US01/32216 3 0 DEC 2003 PROCESS FOR SELECTIVE
HYDROGENATION OF AN  OLEFINIC FEED STREAM CONTAINING ACETYLENIC AND
DIOLEFINIC IMPURITIES 5 Background of Invention  Field of Invention This
invention relates to a process for selective  hydrogenation of an olefinic
feed stream containing  10 acetylenic and diolefinic impurities. More
particularly, this invention relates to a process for selective
hydrogenation of a C2 and C3 olefinic feed stream containing  acetylenic
and diolefinic impurities without first  separating the C2 olefins from the
C3 olefins, whereby the 15 hydrogenation of the acetylenic and diolefinic
impurities  occurs in a single processing step. This invention also
relates to a catalyst and to its use in this process for  selective
hydrogenation. Prior Art 20 The manufacture of unsaturated hydrocarbons
usually  involves cracking various types of hydrocarbons and often
produces a crude product containing hydrocarbon impurities  that are more
unsaturated than the desired product. These  unsaturated hydrocarbon
impurities are often very difficult 25 to separate by fractionation from
the desired product. The  most common example is ethylene manufacture, in
which  acetylenes are common by-products. In a similar way,  formation of
propylene produces C H,4 (methyl acetylene or I 



3 0 DEC 2003 allene) and butadiene. Further, it has often been difficult
industrially to remove such undesirable, highly unsaturated  hydrocarbons
by hydrogenation so that no significant  hydrogenation of desired
hydrocarbon takes place. One 5 example of this catalytic process is
described in UK Pat.  No. 916, 056. Two general types of gas phase
selective hydrogenation  processes for removing undesired, unsaturated
hydrocarbons  have come into use. One, known as "front-end" 10
hydrogenation, involves passing the crude gas from the  initial cracking
step, after removal of steam and  condensible organic material, over a
hydrogenation catalyst.  Despite the large hydrogen content of such gas,
which is  very greatly in excess of the acetylenes and sufficient to 15
hydrogenate a substantial part of the olefin present,  operation with
sufficient selectivity to produce olefins of  polymerization quality is
well established and catalyst  lives of many years are obtained. In the
other type of gas  phase selective hydrogenation, known as "tail-end" 20
hydrogenation, the crude gas is fractionated and the  resulting
concentrated product streams are individually  reacted with hydrogen in a
slight excess over the quantity  required for hydrogenation of the highly
unsaturated  hydrocarbons which are present. However, in tail-end use 25
there is a greater tendency for deactivation of the 2 WO 02/32838
PCT/US01/32216 3 0 D E C 2003 



catalyst, and consequently, periodic regeneration of the  catalyst is
necessary. It has been proposed to employ both front-end and tail- end
selective hydrogenation in the same plant. 5 Further, although the
above--mentioned processes are        normally carried out in the gaseous
phase, it has also been  proposed to perform these hydrogenation reactions
with the  hydrocarbon in a liquid phase, especially when the feed  contains
compounds containing four or more carbon atoms in  the molecule. A number
of patents have discussed selective  hydrogenation of such unsaturated
hydrocarbons, including  U.S. Patent Nos. 4,126, 645, 4, 367, 353, 4, 329,
530, 4,317,392  and 5,414,170. Catalysts that have been found to be
suitable for such  selective hydrogenation reactions include palladium
supported on an alumina substrate, as disclosed for example  in U.S. Patent
Nos. 3,113, 980, 4,126,645 and 4, 329, 530.. The  catalyst used for these
reactions is normally formed as  shaped pieces, such as pellets. The
palladium on alumina  catalysts generally have a surface area in the range
of 5 to  200 m2/g and a pore volume of at least 0.4 cm3/g, with the  radii
of the pores greater than 300 angstroms. The amount  of the palladium
present in the catalyst is generally in the  range of about 0.1 to about 1
percent, as disclosed in U.S. 3 



5 10 15 20 25 3 0 DEC 2003  Patent No. 4,367,353 and from 0.01 to 5
percent, as disclosed in U.S. Patent No. 3,113,980.. Other types of gas
phase palladium on alumina catalysts  for the selective hydrogenation of
acetylene compounds are  disclosed, for example, in U.S. Patent Nos.
5,925,799,  5, 889, 138, 5,648,576 and 4, 126, 645. Current tail-end,
selective hydrogenation technology  for C. and C3 feeds employs two
separate and distinct  processing lines, one for the selective
hydrogenation of C2  olefin compounds and one for the selective
hydrogenation of  the C3 olefin compounds. The C2 compounds with their
related  contaminants are first separated from the C3 compounds and  their
related contaminants. This separation results in the  formation of two
distinct feed streams. Each of these feed  streams is then independently
reacted with hydrogen and  carbon monoxide in the presence of a palladium
catalyst to  selectively hydrogenate the respective C2 and C3
contaminants. The current tail-end technology has several  deficiencies
including (1) higher production of heavy  oligomers resulting in shorter
operating cycles, (2) lower  average selectivity, (3) the need for frequent
regeneration,  and (4) the need for the introduction of carbon monoxide to
the process feed stream to improve catalyst selectivity. The carbon
monoxide must be subsequently removed from the 



4 WO 02/32838 feed stream in a further processing step.) PCT/US01/32216 30
DEC 2003 In addition, (5) this two-stage process is more expensive to
perform than  would be a single-stage process, at least partially because
of increased capital costs, and can result in the formation 5 of certain
longer chain by-products resulting in loss of the  desired olefin end
products. Accordingly, it is an object of this invention to  disclose a
process for the selective hydrogenation of a C2  and C3 olefinic feed
stream containing C2 and C3 acetylenic  10 and diolefinic impurities. It is
a further object of the invention to disclose a  process for the selective
hydrogenation of a C2 and C3  olefinic feed streams containing C2 and C3
acetylenic and  diolefinic impurities without first separating the C.
olefins 15 from the C3 olefins, thereby utilizing a single process step,
whereby C2 and C3 acetylenic and diolefinic impurities are  removed in a
single process step. It is a still further object of this invention to
disclose a catalyst useful for the single-stage, selective  20
hydrogenation of a C, and C, olefinic feed stream containing C, and C3
acetylenic and diolefinic impurities in a single  process step. It is a
still further object of. this invention to  disclose process steps for a
single-stage selective  25 hydrogenation of a C, and C; olefinic feed
stream containing 5 



30 DEC 2003  C2 and C3 acetylenic and diolefinic impurities, whereby the
quantity of the desirable C. and C3 olefins is not  substantially reduced.
It is a still further object of this invention to  5 disclose the process
conditions for a single-stage  hydrogenation of a C2 and C3 olefinic feed
stream containing  C2 and C3 acetylenic and diolefinic impurities. These
and other objects can be obtained by the  disclosed process for the
selective hydrogenation of a C and  10 C3 olefinic feed stream containing
C2 and C3 acetylenic and diolefinic impurities which is disclosed by the
present  invention. 15 20 25 Summary of the Invention The present invention
is a process for the single-stage  selective hydrogenation of a C. and C3
olefinic feed stream  containing acetylenic and diolefinic impurities
comprising preparing a C2 and C,,, olefinic feed stream, which stream  may
include acetylenes, diolefins and certain low molecular  weight, light-end
gases selected from the group consisting  of hydrogen, carbon monoxide and
methane; separating from the feed stream the light end gases to  generate a
C. and C3 olefinic feed stream which includes C,  and C3 acetylene and
diolefin impurities; hydrogenating the C, and C, acetylene and diolefin
impurities in a single feed stream over a catalyst bed by 6 



5 10 15 20 25 WO 02/32838 PCT/US01/32216 30 DEC 2003 the addition of
hydrogen to the feed stream to yield a C2 and  C3 olefinic feed stream with
substantially reduced quantities  of C2 and C3 acetylene and diolefinic
impurities while not  substantially reducing the quantities of the C2 and
C.  olefins in the feed stream; and separating the C2 olefins from the C3
olefins. In a preferred embodiment of the process for the  single-stage
selective hydrogenation of a C. and C3 olefinic  feed stream containing C2
and C3 acetylenic and diolefinic  impurities as discussed above, the feed
stream comprises  from about 15 to about 50 percent by weight ethylene,
from  about 10 to about 25 percent by weight ethane, from about 25  to
about 50 percent by weight propylene and from about' 10 to  about 25
percent by weight propane. In a further preferred embodiment, the
single-stage  selective hydrogenation process as discussed above is
utilized in a "tail-end" selective hydrogenation unit. In another preferred
embodiment the catalyst useful for  the process for the single-stage,
selective hydrogenation of  a C, and C3 olefinic feed stream containing C_
and C,  acetylenic and diolefinic impurities comprises a palladium  on
alumina catalyst. Brief Description of the Drawings 



Figure 1 is a diagram showing the prior art two-stage  process used for the
selective hydrogenation of a C2 and C3 7 5 10 15 20 25 0 DEC -2003
olefinic feed stream containing C2 and C3 acetylenic and diolefinic
impurities. Figure 2 is a diagram showing the process of the  invention for
a single-stage selective hydrogenation of C2  and C3 olefinic feed streams
containing C2 and C3 acetylenic  and diolefinic impurities. Figure 3 is a
table showing a comparison of test  performance between the old process
shown in Figure I and  the process of the invention shown in Figure 2.
Detailed Description of the Drawings The differences between the prior art
process (Figure  1) and the process of the invention (Figure 2) are
apparent  from a comparison of the processes as disclosed in Figure 1  and
Figure 2. The number designations on the separate  Figures disclose the
steps of the two respective processes.  Each of the processes are "tail
end" processes. While the  process of the invention may be used with a
front end or  tail end process, preferably the process is used in a tail
end process. The differences between the prior art process  and the process
of the invention are disclosed in the  following description. In the prior
art process as shown in Figure 1, the feed  



leaves the furnace (1) after cracking and goes through a  quench drum (2)
to rapidly cool down the gas. This is to  prevent further cracking and
resultant coke formation. This 8 WO 02/32838 PCTIUS(c)II322IG 30 DEC 2003 5
10 15 20 25 step is exactly the same in the new process of Figure 2.  The
gas then passes through a heavy oil knockout stage and  de-watering stage
and then goes into a deMethanizer. This  stage in the process is identical
in both the old and new  processes (Figures 1 and 2). The new process
(Figure 2) starts to differentiate  itself from the old process (Figure 1)
in the hydrogen  recovery step (4). The deMethanizer overhead feed consists
of methane, hydrogen, carbon monoxide, and carbon dioxide.  Sufficient
hydrogen is present in both the new process and  the old process to
hydrogenate any of the acetylenes and  diolefins that are present in this
feed stream. Preferably  the amount of hydrogen present is greater than the
stoichiometric amount which is necessary to hydrogenate all  acetylenes and
diolefins present in the feed stream.  Preferably, the amount of hydrogen
present in the feed is  from about 100 percent of the stoichiometric amount
necessary for hydrogenation of all acetylenes and diolefins  to about 150
percent of the stoichiometric amount. 



This gas stream is sent to a cryogenic drying section  followed by CO and
CO2 conversion to CH and H 0 ,in a  methanator or PSA unit. The old process
requires a bypass  valve (5) around the methanator in order to supply CO as
a  selectivity enhancer for the hydrogen in the C2 converter  and MAPD
converter. The new process requires CO addition at 9  3 0 DEC 2003  this
point. in the flow scheme to the combination C2/C3  reactor. Water formed
is removed in a mole sieve bed. The  dried and purified hydrogen is added
to the hydrogenation  reactors of both the old and new processes. 5 In the
old process (Figure 1) the deMethanizer bottom  feed, containing C2 and
heavier compounds, is sent to a  deEthanizer (6). The C2 overhead feed
contains C2 compounds  primarily consisting of C2H4, C2H6 and trace levels
of C2H2.  The trace levels of C2H2 are removed by selective 10
hydrogenation in a C2 converter (7). However, some ethane  is produced from
overhydrogenation of the acetylene which can be reduced with the addition
of CO on pm levels. Heavier oligomers are formed as a byproduct of the
hydrogenation process. The ethane is separated from the 15 ethylene in the
C2 Splitter (8). Ethylene goes overhead and  ethane exits in the bottom
feed, which is recycled for  cracking (I). Any oligomers formed are
recycled to the  cracker. The ethylene must be processed further to remove
trace CO levels that are not desired in the polymerization 20 process. The
deEthanizer bottom feed containing C3 and 



25 heavier compounds is sent to a dePropanizer tower (9) for  separation.
The dePropanizer overhead feed contains C3  compounds primarily consisting
of C3H4, C3H8 and trace  levels of MAPD (methyl acetylene and propadiene)
The trace  levels of MAPD are removed by selective hydrogenation in a I0 WO
02/32838 PCTTUS01132216 5 10 15 20 25 DEC 2093  separate C3. converter (10)
. Heavier oligomers are also formed during this hydrogenation process. Like
in the C2  converter, overhydrogenation occurs and CO addition is  required
to minimize such process from occurring. The  propylene is separated from
the propane in a C3 splitter  (11). The C3 splitter overhead contains
propylene and  propane which exits from the C3 splitter as a bottom feed
for recycling to the cracker (1). Any oligomers formed also  leave the C3
splitter in the bottom feed for recycling to  the cracker (1). In a similar
fashion CO is removed from  the propylene feed for the down stream
polymerization  process. In the new process the deMethanizer bottom' feed,
containing C2 and heavier compounds are sent to a  dePropanizer (9). The
dePropanizer overhead feed,  containing C2H4, C2H6, trace acetylene, C3H6
and trace MAPD,  is sent to a single selective hydrogenation converter
(12).  



The hydrogenated feed stream is then sent to a deEthanizer  (6) for further
separation. The deEthanizer overhead feed  consists of the C2H4 and C2H6
and is sent to a C2 splitter  (8) for separation of the Cgs. The C2
splitter overhead  feed provides ethylene suitable for polymerization which
does not contain CO. The C2 splitter bottom feed consists  of C2H6 which is
recycled to the cracking furnace (1). The  deEthanizer bottom feed contains
C3H6, C3H8 and any II  0 DEC 2003  oligomers that are formed. This stream
is fed to a C3 splitter (11) for further separation. The C3 splitter
overhead feed consists of C3H6 suitable for polymerization  which does not
contain CO. The C3 splitter bottom feed 5 contains C3H8 and any formed.
oligomers for recycle to the  cracking furnace (1). The feed stream at the
beginning of the process is conventional and in one embodiment includes
from about 15 to  about 50 percent ethylene, 10 to about 25 percent ethane,
25 10 to 50 percent propylene and 10 to 25 percent propane plus C2  and C3
impurities. The feed streams may further include  from 5 to 25 percent
methane. It often includes acetylenic  and diolefinic impurities from about
1.5 to about 3.0  percent by weight. 15 The catalyst that is used within
the new process is  preferably a palladium promoted catalyst, more
preferably a  palladium on alumina catalyst, such as G58C produced by Sud-
Chemie Inc. The catalyst is preferably used in a multiple  catalyst bed
stream comprising from one to three separate  20 catalyst beds, preferably
three such beds. 



The advantages of the new design include: (1) Higher selectivity over the
old design, at least  about 10 percent and preferably at least about 20
percent higher; 25 (2) Lower capital costs because of the use of only one
12 WO 02/32838 PCT/US01132216 30 DEC 2003 reactor instead of two; (3)
Substantial decrease of total oligomer formed  resulting in higher olefin
yield. This decrease is at  least about 10 percent and preferably 25
percent or  5 more. (4) Substantial acetylene removal to a level of less
than about 1 ppm. (5) Substantial diolefin removal to a level of less  than
I ppm. and preferably where the total acetylenes  10 and diolefins are
reduced to a level of about I ppm. (6) Reduction in the use of the amount
of carbon  monoxide to a level of less than about 10 ppm.,  preferably 1
ppm. to 3 ppm. in the olefinic feed- stream  prior to hydrogenation. 15
Example 1 In order to test the process of the invention, the  above process
system of the invention as detailed in Figure  2 was utilized in a bench
scale fixed bed reactor. The feed 20 stream containing the composition as
detailed was introduced  into a three bed catalyst system. The catalyst
used was a  G-58C catalyst supplied by SUd-Chemie, Inc. The conditions  of
the feed stream were 5,000 GHSV at 300 psig. The  



composition of the gas at the inlet and outlet at each stage 25 in the
processing is detailed below. Each of the systems 13  3 0 DEC 2003 was
evaluated for 100 hours. The results for the new process are shown below:
5Bed # .123 Gas Comp. Mole.%------------- 10Inlet
OutletInletOutletInletOutlet H22.220.010.130.0030.040
CH412.612.612.612.612.612.6 C2H60.230.830.830.870.870.98
C211468.470.770.770.870.870.7 15C3H80.0550.0720.0720.0720.0720.072
C3H614.315.615.615.715.715.7 C21121.010.0950.095<.0001<_0001<.0001
Propadiene0.2410.0210.0210.00430.0043<.0001 20Methyl
1.000.0140.0140.00240.0024<.0001 Acetylene H2:C2H2 25& MAPD1:11:16:1  %
C2H4 Gain/ 0.310.055(0.115} (Loss) 30% C3H6 Gain/ 1.060.0910.022 (Loss) As
is shown the process of the invention successfully  



removed acetylene and MAPD to less than one part per million  without the
addition of carbon monoxide while providing an 35 overall gain in the
composition of ethylene and propylene.  The first two beds operated at
hydrogen levels slightly  above the stochiometric amount needed to maximize
14 WO 02/32838 PCTIUS01/32216 3 0 DEC 2003 5 selectivity, in the range of
1:1 to 1.5:1. The final bed  required a higher percentage of hydrogen in
the range of 4:1  to 6:1 to remove completely the propadiene. As a result
there was a slight loss in ethylene. Example 2 G-58B, as supplied by
Sud-Chemie Inc., was tested in a  bench scale fixed bed reactor under the
old process and the  new process scheme. A comparison of the results of the
old 10 process and the new 15 20 process is shown on Figure 3. No CO was
supplied to the catalyst during the test  period. Selectivity was clearly
higher in the new process.  The C. and C3 old process selectivities were
27% and 26%  respectively compared to 48% for C2s and 98% for C3s in the
new process. Oligomer formation was also reduced in the new process.  The
new process formed 21% total oligomers compared to 50%  for the combined C2
and C3 process. The principles, preferred embodiments and modes of
operation of the present invention have been described in  



the foregoing specification. 15  3 0 DEC 2003 " Claims  A process for the
generation of separate streams of C, olefins and C3 olefins with
substantially reduced  acetylene and diolefins from an olefinic feed stream
5 containing acetylenic and diolefinic impurities comprising  preparing a
C2 and C3 olefinic feed which comprises  C2 and C. olefins, acetylenes, and
diolefins, without separating the C2 and C3 olefins into a  separate C.
feed stream and a separate C3 feed stream, 10 substantially hydrogenating
the acetylenes and diolefins 15   impurities over a catalyst bed system
containing a catalyst  by the addition of hydrogen to the feed stream to
yield an  olefinic stream with a substantially reduced quantity of
acetylenes and diolefins impurities, and separating the C2 olefins from the
C3 olefins. 2. The process of Claim 1 wherein the amount of  hydrogen
present in the feed prior to hydrogenation is  greater than a
stoichiometric amount which is necessary to  hydrogenate the acetylenes and
diolefins present in the  20 feed. 3. The process of Claim 2 wherein the
amount of the  hydrogen present in the feed is from 100 percent of the
stoichiometric amount necessary for hydrogenation of the  acetylenes and
diolefins to 150 percent of the  25 stoichiometric amount 



16 WO 02/32838 PCTIUS01/32216 30 DEC 2003 4. The process of any of Claims 1
- 3 wherein the 5 10 15 20 25 catalyst bed comprises a multiple catalyst
bed system  comprising from one to three separate catalyst beds. 5. The
process of any of Claims 1. - 4 wherein the  catalyst is a
palladium-promoted catalyst. 6. The process of Claim 5 wherein the
palladium is  placed on an alumina support. 7. The process of any of Claims
I - 6 wherein the  composition of the feed stream comprises from 15 to 50
percent by weight ethylene, from 10 to 25 percent by  weight ethane, from
25 to 50 percent by weight propylene  and from 10 to 25 percent propane. 8.
The process of Claim 7 wherein the feed -stream  further comprises from 5
to 25 percent methane. 9. The process of any of Claims 1 - 8 wherein the
hydrogenation occurs during a tail-end process. 10. The process of any of
Claims 1 - 9 wherein the  acetylenes are reduced to a level of less than 1
ppm. 11. The process of any of Claims 1 - 10 wherein the  diolefins are
reduced to a level of less than 1 ppm. 12. The process of any of Claims 1 -
11 wherein the  acetylenes and diolefins after hydrogenation are reduced to



a level to less than 1 ppm. 13. The process of any of Claims T - 12 wherein
the  amount of carbon monoxide in the olefinic feed stream prior 17 3 0 DEC
2003 to hydrogenation is less than 10 ppm. 14. The process of Claim 13
wherein the amount of  carbon monoxide in the olefinic feed stream prior to
hydrogenation is from 1 ppm to 3.0 ppm. 5 15. The process of any of Claims
1 - 14 wherein the  amount of acetylenic and diolefinic impurities present
in  the feed stream prior to hydrogenation is from 1.5 to 3.0  percent by
weight of the feed stream. 16. The process of any of Claims 1 - 15 wherein
the C2  10 and C. olefinic feed further comprises light-end gases,  wherein
the light and gases comprise hydrogen, carbon monoxide and methane.  17 Th
. e process of Claim 16 f th ur er comprising substantially separating the
light-end gases from the 15 olefinic feed stream prior to hydrogenation of
the  acetylenes and diolefins. 20 is 


