
- 1 - MEMBRANE PROCESS FOR LPG RECOVERY FIELD OF THE INVENTION
[0001]The present invention relates to the recovery of liquefied
petroleum gas from various source streams containing Cif
hydrocarbons. DESCRIPTION OF1HE RELATED ART  [0002]Liquefied
petroleum gas (LPG) is defined as the C3+ fraction recovered from
various hydrocarbon source streams containing C3+ such as refinery
gases, especially fuel gas streams. The C3+ fraction constitutes but
a small portion of such streams. The low molecular weight stream from
such sources contains hydrogen, methane, ethane/ethylene, light gases
containing heteroatoms (S, 0, N, e.g., mercaptans) as well as the C3
fraction valued as LPG. Currently, because of the difficulty involved
in further separating the low molecular weight stream from such feed
stream into the C3+ LPG fraction and into the C2" light ends
fraction, the gaseous, low molecular weight stream separated in gross
from the various refinery gas streams is usually utilized as fuel as
an on-site fuel source in the refinery or light ends plant without
further separation. [0003]Recently, membrane separation has been
found to be a cost effective method for processing crude LPG to
recover the C3+ LPG fraction from the light ends fraction, producing
a LPG of commercial value but still producing only a single stream of
any true value (i.e., the LPG stream). The co-produced streams from
these processes contain mixtures of components wherein the lack of
purity and high cost of secondary purification only allows them to be
economically be utilized for their fuel value in a refinery or light
ends plant.  - 2 - [0004]Typically, referring to Figure 1, in
practicing a membrane separation  process the crude LPG stream in the
form of vapor (stream 1) from whatever source is sent to a compressor
(2) for compression to stream (3). This stream is sent to a knockout
drum (4) to remove any condensed hydrocarbons (mostly C34) from the
bottom as a liquid (5), while vapor is recovered as the vapor
overhead (6). This vapor overhead containing hydrogen, CI, C2 and
some C3+ materials is sent to a membrane separation unit (7) wherein
the C3+ LPG material selectively permeates (8) through a rubbery
polymeric membrane (9) while the bulk of the H2, CI, C2 and some
retained C3+ material exits the membrane unit as an LPG lean product
(10). The LPG rich product in line (8) is recycled to the feed line
(1) for recompression in compressor (2) with fresh feed before being
fed to knock-out drum (4)wherein via line 5 the LPG product is
recovered. [0005]In such a system a good deal of energy is spent
compressing the entire crude LPG stream plus recycled C3+ stream from
the membrane unit resulting in the production of the final LPG
product stream from the knockout drum. The retentate LPG lean product
stream from the membrane unit is of dubious purity and utility and is
usually burned as fuel in the refinery or light ends plant.
Additionally, due to the high conventional costs of recovering
purified hydrogen from the LPG lean product stream for use in
hydrogen-valued refinery processes such hydrotreating,
hydrodesulfurization, or hydrocracking, this valuable hydrogen is
used in the resulting product stream as a fuel gas where it has very
low value as a heating fuel. [0006]Steams with of less than about 70
to 80 mol% hydrogen generally cannot be economically used in
hydrogen-valued refinery processes such hydrotreating,
hydrodesulfurization, or hydrocracicing. Hydrogen purities of at
least 80 mol% and preferably at least 90 mol% are generally utilized
in these hydrogen consuming processes as hydrogen purities of lower



[0007]Streams of hydrogen purities of at least 80 mol% are preferred
for use  and streams of hydrogen purities of at about 70 to 90 mol%
have suitable purity to allow them to be blended with high purity
(95+ mol% hydrogen) for use in refinery hydroprocessing applications.
However, streams of hydrogen purities of less than 70 mol% generally
are too low to be utilized for these processes and are generally sent
to the fuel gas systems. [0008]It is desirable, therefore, to have a
process wherein the crude LPG from whatever source is efficiently and
cost effectively separated into a stream of high purity C3+ stream
and still obtain another stream containing high purity hydrogen which
is of sufficient purity to be utilized in hydrogen-valued refinery
processes. SUMMARY OF THE INVENTION [0009]The claimed invention is a
multiple membrane process for recovering a C3+ rich LPG stream and a
high purity hydrogen stream from a hydrocarbon-containing feedstream
comprised of hydrogen and C1, C2 and C3+ hydrocarbons. [0010]In a
preferred embodiment, the present invention is a process for the
recovery of a C3+ rich LPG stream and a high purity hydrogen stream
from a hydrocarbon-containing feedstream comprised of hydrogen and
C1, C2 and C3+ hydrocarbons, comprising:  - 4 -       (a) feeding the
hydrocarbon feedslream into a first membrane separation unit wherein
the hydrocarbon-containing feedstream is contacted with a first side
of at least one first rubbery polymer membrane,       (b) retrieving
a first retentate product stream which has a higher hydrogen mol%
than the hydrocarbon-containing feedsiream from the first side of the
first rubbery polymer membrane and retrieving a first permeate
product stream which has a higher C3+mol% than the
hydrocarbon-containing feedstream from a second side of the first
rubbery polymer membrane,       (c) feeding the first permeate
product stream to a compressor wherein the first permeate product
stream is raised in pressure,       (d)- feeding the higher pressure
first permeate product stream to a knockout drum,       (e)
retrieving a liquid C3+ rich LPG product stream from the knockout -
drum, wherein the C3+ rich LPG product stream has a higher C3+ mol%
than the first permeate product stream,       (f) retrieving a vapor
C2- rich stream from the knockout drum, wherein the C27 rich stream
has a higher C2- mol% than the first permeate product stream,
(g) feeding C2- rich stream into a second membrane separation unit
wherein the C2- rich is contacted with a first side of at least one
second rubbery polymer membrane,       (h) retrieving a second
retentate product stream which has a higher C2" mol% than the C2-
rich stream from the first side of the second rubbery polymer
membrane and retrieving a second permeate product stream which has a
higher C3+ mol% than the C2: rich stream from a second side of the
second rubbery polymer membrane, and       (i) mixing at least a
portion of the second permeate product stream with the first permeate
product stream at a point upstream of the compressor. 



WO 2007/120490PCT/US2007/008121 [0011]In another preferred
embodiment, the present invention is a process for the recovery of a
C3+ rich LPG stream and a high purity hydrogen stream from a
hydrocarbon-containing feedstream comprised of hydrogen and CI, C2
and C3+ hydrocarbons, comprising:        (a) feeding the
hydrocarbon-containing feedstream-into a first membrane separation
unit wherein the hydrocarbon-containing feedstream is contacted with
a first side of at least one first rubbery polymer membrane,
(b) retrieving a first retentate product stream which has a higher
hydrogen . mol% than the hydrocarbon-containing feedstream from the
first side of the first rubbery polymer membrane and retrieving a
first permeate product stream which has a higher CCmol% than the
hydrocarbon-containing n feedstream from a second side of the first
rubbery polymer membrane,        (c) feeding the first permeate
product stream to a knockout drum,        (d) retrieving a liquid CC
rich LPG product stream from the knockout drum, wherein the CC rich
LPG product stream has a higher CC mol% than the first permeate
product stream,        (e) retrieving a vapor Ci rich stream from the
knockout drum, wherein the C2- rich stream has a higher Ci mol% than
the first permeate product stream,       (1) feeding C2- rich stream
into a second membrane separation unit wherein the Ci rich is
contacted with a first side of at least one second rubbery polymer
membrane,        (g) retrieving a second retentate product stream
which has a higher C2- mol% than the Ci rich stream from the first
side of the second rubbery polymer membrane and retrieving a second
permeate product stream which has a higher C3+ mol% than the C2- rich
stream from a second side of the second rubbery polymer membrane,
(h) feeding at least a portion of the second permeate product stream
to a compressor wherein the second permeate product stream is raised
in pressure,  WO 2007/120490PCT/US2007/008121       (9 mixing the
higher pressure second permeate product stream with the first
permeate product strearriat a point upstream of the knockout drum.
DESCRIPTION OF THE FIGURES [0012]Figure 1 is a schematic of a typical
LPG recovery process utilizing a single membrane separation unit
producing a single valuable stream. [0013]Figure 2 is a schematic of
preferred embodiments of an improved 



LPG recovery process of the present invention using an integration of
two membrane separation units producing three streams: a high purity
LPG stream, a high purity hydrogen stream, and a FI2 lean/enriched Ci
stream. DETAILED DESCRIPTION OF THE INVENTION [0014]The present
invention is a process for recovering high purity LPG  from a crude
LPG stream, from any source such as refinery gases, especially fuel
gas streams which contain hydrogen, methane, ethane/ethylene, light
gases containing heteroatoms (sulfur, oxygen, nitrogen, e.g.,
mercaptans) as well as the Cst fraction valued as LPG and
simultaneously recovering a high purity hydrogen rich stream by the
use of two membranes separation units. In the present invention, the
first membrane separation unit is located before a first optional
compressor and a knockout drum and the second membrane separation
unit is located after the knockout drum with recycle of the C3+ rich
stream from the second membrane unit for combination with the crude
LPG feed for repassage through the knockout drum. The current
invention results in the production and recovery of high purity LPG
from the knockout drum and the production and recovery of high purity
hydrogen retentate from the first membrane. This high purity hydrogen
obtained from the first membrane unit is of sufficient purity to be
utilized as a hydrogen steam component for a refinery  - 7 -
hydroprocessing process. The retentate of the second membrane unit
contains mainly other lighter hydrocarbons such as C1 and C2, i.e., a
C2- enriched/LPG lean stream as is generally utilized as fuel gas.
[0015]The bulk of the crude LPG stream is sent first to a membrane
separation unit under the pressure at which it is received from its
source such as 50 to 1000 psi (no Pre-compression step being
practiced) and the crude stream is divided into a 112 lean and C3+
LPG enriched permeate stream and a H2 rich retentate stream. The
permeate stream, at reduced pressure, and of reduced volume due to
the removal of the H2 and some C2 retentate stream can be fed as such
to the knockout drum or can be recompressed in a first optional
compressor before being sent to the knockout drum. Because of the
reduced volume of this stream, if a compressor is required in the
present process, a smaller compressor can be utilized than if the
hydrogen was not removed prior to the compression step upstream of
the knock-out drum. This results is both lower investment costs and
lower energy consumption. [0016]In one embodiment of the process of
the present invention as presented in Figure 2, raw LPG feed from
whatever source is fed at whatever pressure it is received from its
source, typically 50 to 1000 psi, via line (1) into a first membrane
unit (2), wherein it is contacted with a rubbery polymer membrane
(3). The raw LPG feed is separated by the membrane into a retentate
product stream (4) enriched in hydrogen, and into a lower/reduced
pressure permeate stream (5) enriched in C3+ LPG hydrocarbons and a
reduced concentration of hydrogen as compared to the feedstream. The
lower pressure permeate stream enriched in C34 LPG concentration but
still containing some hydrogen albeit at a reduced concentration is
passed via line 5 though optional valve (6) to optional compressor
(7a) wherein its pressure can be increased at least back up to the
pressure of the of the crude LPG, e.g., 50 to 1000 psi and then
through line (8) to knockout drum (9) wherein high purity Cif LPG is
- 8 -  liquified and recovered as product via line (10) and a
vaporous phase is recovered as overheads via line (11) and sent to a
second membrane unit (12) where it is contacted with a rubbery



permit effective separation in the knockout drum (9) membrane unit
(12) circuit. If not, then recompression in a compressor (7a) is
necessary. If the pressure in line (5) is sufficient without
recompression in compressor (7a) for passage to knockout drum (9) and
membrane unit (12) the permeate recovered from membrane unit (12) in
line (15) will be at yet a still lower pressure (lower than that in
line 5/5a) so recycle of this permeate for recycle to the knockout
drum (9) would require repressurization by compressor (75). [0019]In
the membrane separations units, gas molecules sorb (i.e., either
absorb or adsorb) onto the polymer film used as the membrane on the
feed side of the membrane, usually under pressure (usually an applied
pressure). This sorption creates a concentration gradient of
molecules from the feedside to the permeate side of the membrane
film. Gas molecules diffuse through the membrane film from the feed
side to the permeate side under the influence of the concentration
difference with the sorbed materials desorbing from the permeate face
of the membrane film into the lower pressure permeate side of the
membrane separation unit. This pressure differential may be the
result of a higher or applied pressure on the feed side Of the
membrane than the pressure on the permeate side of the membrane
and/or the permeate side can be under a partial or full vacuum to
create the necessary pressure differential. [0020]In gas separation
most of the membranes used are glassy polymers such as cellulose
acetate, polysulfone, polyamide, polyimide, etc., and combination of
such polymers. In glassy polymers the polymer molecule are rigidly
packed in the membrane film, therefore diffusion in restricted and
the diffusion rate controls the separation. Larger molecules have
slower diffusion rates. Thus, glassy polymer membranes can be used to
separate small molecules such as hydrogen (kinetic diameter 2.89 A)
from larger molecules such as methane (kinetic diameter 3.8 A) and
propane (kinetic diameter 4.3 A) but because of the reduced diffusion
rate the rate of separation is low.  - 10 - [0021]In the recovery of
LPG, as practiced in the present invention use is  made of rubbery
polymer such as polysiloxane, polybutadiene, etc. In this rubbery
state, the polymer molecules in the membrane film are packed
relatively loosely resulting in high flexibility of the rubbery
polymer film and flexibility between the different polymer strands
that comprise the membrane. Thus, diffusion rate differences between
smaller molecules and larger molecules are insignificant. Herein, the
selective separation is primarily driven not by differentiation in
molecular size but instead by affinity of the membrane for certain
constituents in the feed. The sorption on the feed side in LPG
recovery using these rubbery polymer membranes favors large C3
molecules rather than the smaller hydrogen, C1 or Cy molecules.
[0022]Because of the higher sorption of the C3+ molecules, more C3+ .
molecules sorb on the feed side resulting in more C3+ molecules
permeating through the membrane to the permeate side resulting in the
separation of C3+ molecules from the hydrogen and CI and Cy molecules
present in feed. In a preferred embodiment, the process of the
present invention will produce a C3+ rich product stream that has a
C3+purity of at least 70 mol%, more preferably at least 80 mol%. In a
preferred embodiment, the process of the present invention produces a
C3+ rich product stream wherein the wt% of the C3+ component in the
C3+ rich product stream is at least 80 wt% of the C3+ component in
the hydrocarbon-containing feedstream to the process. More preferably



Example A [0025]In Example A, a feed nominally corresponding to the
feed presented in Table 1 was employed. Feed compositional profile:
- 12 - TABLE I: Deisohexanizer Offgas Composition     Flow Pressure
H2 CI C2 C3 iC4 C4 iC5 C5 C6 C3t bpd 



49.11316 136 49.845 9.961 16.442 8.5309 2.9003 7.0507 2.3802 1.9602
0.93009 75.53414 lb monour psia mole % mole % mole % mole % mole %
mole % mole % mole % mole %  [0026]The feed was subjected to membrane
separation under the following conditions: Feed pressure to membrane
unit: 135.7 psia Retentate pressure: 120.7 psia Permeate pressure:
56.7 psia The results obtained are presented in Table 2 below: 



TABLE 2  Components (mole%) Retentate Permeate 1-12 55.5 29.5 Methane
10.5 8.6 Ethane 14.6 21.8 Propane 7 13.3 Iso Butane 2.3 4.8 



N Butane 5.5 11.8 Iso Pentane 1.8 4.2 N Pentane 1.5 3.5 C6+ 0.7 1.8
Total 99.4 99.3  This information was used to design a computer
simulated series of Comparative Examples and Examples which presumed
the pressure conditions presented below.  - 13 - Pressure Conditions
Assumed for Computer Simulation Comparative Examples 1-3 and Examples
1-7  



Feed at 136 psia to the first membrane unit Retentate at 133.6 (H2
rich stream) Permeate 20 psia from first membrane unit Compressor
discharge: 250 psia at 100F Membrane 2 feed at 245 psia and 100F
Retentate from membrane 2 unit at 2383 psia Permeate 2 at 20 psia
[0027]The utility of the present invention is demonstrated by the
non- limiting information presented in Table 3. [0028]The membrane
used to generate the base data of Example A which Was an actual and
not a computer simulated example was secured from Membrane Technology
& Research (MTR), and is a rubbery polymeric membrane identified as a
"PDMS membrane". The computer simulated comparative Examples 1-3 are
based on the actual data generated in Example A but present the
calculated results secured if a compressor is employed and if the
surface area of the Sot membrane unit were to be increased (or if
additional units were employed (Comparative Examples 1,2 and 3) or in
Examples 1-7 if a second membrane unit were to be employed following
the knockout drum. [0029]In Table 3 Comparative Examples 1, 2 and 3
are comparative examples run in accordance with the scheme presented
in Figure 1, but omitting the compressor, the feed being processed at
135.7 psia, the pressure at which it was secured without additional
compression. In the computer simulated Comparative Examples 1,2 and 3
the membrane surface area was presumed to be about 202, 358 and 693
square feet, respectively, representative of using different size
membrane units or multiple membrane units in parallel.  WO
2007/120490PCT/US2007/008121 - 14 - [0030]By comparison, computer
simulated examples 1-7 are examples of the present invention in which
membrane Separation units are employed on each of the feed prior to
the knockout drum (i.e., the "first membrane separation unit") and
the vapor stream leaving the knock out drum (i.e., the "second
membrane separation unit") [0031]In these examples 1-7, referring to
Figure 3, it was presumed that the feed in line 1 was at 135.7 psia,
the retentate in line 4 was recovered at 133.6 psia, the permeate in
line 5 was at 20 psi; the compressor repressurized the permeate in
line 5 up to 250 psia at 100F (line 8) all these conditions being the
same as in Example 1. In the computer simulation it was presumed that
the feed to membrane unit (12) in line 11 was at 245 psia @ 100F
while the retentate in line 14 was at 238.7 psia and the permeate in
line 15 was at 20 psia. [0032]As is readily apparent, whereas the
hydrogen purity from the first three (comparative examples) was
calculated as being at best 67.8% using 693 sq. ft. of membrane with
a C3+ LPG purity of 83.47%, in the present invention, at equivalent
membrane surface area (Example 5), the hydrogen purity is calculated
as potentially reaching 80.6% at 58.56% recovery while C3+ LPG purity
is calculated as being as high as 82.8% at 92.7% recovery. It is
calculated that increasing the surface area of the first membrane
unit (unit 2 of Figure 2) would result in a further increase in
hydrogen purity but at reduced recovery and an increase in C3+ LPG
purity but also at reduced recovery. [0033]Thus by the practice of
the dual membrane separation unit process of the present invention,
it is calculated that it should be possible to recover not only a C3+
LPG stream of substantially the same purity and yield as in a single
membrane separation unit process, but also to recover a H2 stream of
significantly increased hydrogen purity while using smaller
compressor(s) as evidenced by the significantly lower horsepower
requirements of the multiple 



- 15 - membrane unit process of the present invention as compared
against the single membrane unit process. [0034]The above description
of preferred embodiments is directed to preferred means for carrying
out the present invention. Those skilled in the art will recognize
that other means that are equally effective could be devised for
carrying out the spirit of this invention.  -16- Compressor HP tEl
6LI 8Z t6 ZOI 501 801 VII 811 9Z1 Hy Lean Stream I 
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005 009 008 Experiment Comparative Example 1  [Comparative 1 Example
2  Comparative Example 3  Iaidurexa z *lung E oiclurexa /7 gibing g
aidunixa IExample 6  L Puna  -17- What is claimed is:   1. A process
for the recovery of a C3+ rich LPG stream and a high purity hydrogen
stream from a hydrocarbon-containing feedstream comprised of hydrogen
and C1, C2 and C3  hydrocarbons, comprising: 



(a) feeding the hydrocarbon feedstream into a first membrane
separation unit wherein the hydrocarbon-containing feedstream is
contacted with a first side of at least one first rubbery polymer
membrane, (b) retrieving a first retentate product stream which has a
higher hydrogen mol% than the hydrocarbon-containing feedstream from
the first side of the first rubbery polymer membrane and retrieving a
first permeate product stream which has a higher C3+ M01% than the
hydrocarbon-containing feedstream from a second side of the first
rubbery polymer membrane, (c) feeding the first permeate product
stream to a compressor wherein the first permeate product stream is
raised in pressure, (d) feeding the higher pressure first permeate
product stream to a knockout drum, (e) retrieving a liquid C3+ rich
LPG product stream from the knockout drum, wherein the C3+ rich LPG
product stream has a higher C3+ MO1 % than the first permeate product
stream, (f) retrieving a vapor Cc rich stream from the knockout drum,
wherein the C2 rich stream has a higher C2- MO1 % than the first
permeate product stream, (g) feeding C2- rich stream into a second
membrane separation unit wherein the C2- rich is contacted with a
first side of at least one second rubbery polymer membrane, (h)
retrieving a second retentate product stream which has a higher C2-
MO1 % than the C2- rich stream from the first side of the second
rubbery polymer membrane and retrieving a second permeate product
stream which has a higher C3+ M01% than the C2- rich stream from a
second side of the second rubbery polymer membrane, and (i) mixing at
least a portion of the second permeate product stream with the first
permeate product stream at a point upstream of the compressor,  - 18
- wherein: the first retentate product stream has a hydrogen purity
of at least 70 mol %; the wt % of the hydrogen component of the first
retentate product stream is at least 40 wt % of the hydrogen
component in the hydrocarbon-containing feedstream; and the C3+ rich
LPG product stream has a C34. purity of at least 70 mol %; and the wt
% of the C3+ component in the C3+ rich product stream is at least 80
wt % of the C3+ component in the hydrocarbon-containing feedstream.
2. The process of claim 1, wherein the rubbery polymer membranes have
a glass transition temperature below 20 C.   3. The process of claim
2, wherein at least one of the rubbery polymer membranes is comprised
of a material selected from polysiloxane and polybutadiene.   4. A
process for the recovery of a C3+ rich LPG stream and a high purity
hydrogen stream from a hydrocarbon-containing feedstream comprised of
hydrogen and C1, C2 and C3+ hydrocarbons, comprising: (a) feeding the
hydrocarbon-containing feedstream into a first membrane separation
unit wherein the hydrocarbon-containing feedstream is contacted with
a first side of at least one first rubbery polymer membrane, (b)
retrieving a first retentate product stream which has a higher
hydrogen mol % than the hydrocarbon-containing feedstream from the
first side of the first rubbery polymer membrane and retrieving a
first permeate product stream which has a higher C3+ mol % than the
hydrocarbon-containing feedstream from a second side of the first
rubbery polymer membrane, 



(c) feeding the first permeate product stream to a knockout drum, (d)
retrieving a liquid C3+ rich LPG product stream from the knockout
drum, wherein the C3+ rich LPG product stream has a higher C3+ MOI %
than the first permeate product stream, (e) retrieving a vapor C2+
rich stream from the knockout drum, wherein the C23' rich stream has
a higher C2- mol% than the first permeate product stream,  - 19 - (f)
feeding C2- rich stream into a second membrane separation unit
wherein the C2- rich is contacted with a first side of at least one
second rubbery polymer membrane, (g) retrieving a second retentate
product stream which has a higher C231 MO1 % than the C2- rich stream
from the first side of the second rubbery polymer membrane and
retrieving a second permeate product stream which has a higher C3+mol
% than the C2- rich stream from a second side of the second rubbery
polymer membrane, (h) feeding at least a portion of the second
permeate product stream to a compressor wherein the second permeate
product stream is raised in pressure, (i) mixing the higher pressure
second permeate product stream with the first permeate product stream
at a point upstream of the knockout drum, wherein: the first
retentate product stream has a hydrogen purity of at least 70 mol %;
the wt % of the hydrogen component of the first retentate  product
stream is at least 40 wt % of the hydrogen component in the
hydrocarbon-containing feedstream; and the C3+ rich LPG product
stream has a C3+ purity of at least 70 mol %; and the wt % of the C3+
component in the C3+ rich product stream is at least 80 wt % of the
C3+ component in the hydrocarbon-containing feedstream.   5. The
process of claim 4, wherein the rubbery polymer membranes have a
glass transition temperature below 20 C.   6. The process of claim 5,
wherein at least one of the rubbery polymer membranes is comprised of
a material selected from polysiloxane and polybutadiene. 


