MEMBRANE PROCESS FOR LPG RECOVERY FI ELD OF THE
I NVENTI ON [ 0001] The present invention relates to the
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source streans containing C3 + hydrocarbons.
DESCRI PTI ON OF THE RELATED ART [0002] Liquefied
petroleumgas (LPG is defined as the C3 + fraction
recovered from vari ous hydrocarbon source streans
containing C3 + such as refinery gases, especially
fuel gas streans. The C + fraction constitutes but a
smal |l portion of such streans. The | ow nol ecul ar
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nmet hane, ethane/ethylene, |ight gases containing
heteroatons (S, O N, e.g., nercaptans) as well as the
G + fraction valued as LPG Currently, because of the
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refinery gases, especially fuel gas streams. The C;" 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, O, N, e.g., mercaptans) as well as the Cs" fraction valued as
LPG. Currently, because of the difficulty involved in further separating the low
molecular weight stream from such feed stream into the C;* LPG fraction and
into the C, 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.



fromthese processes contain m xtures of conponents
wherein the lack of purity and high cost of secondary
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utilized for their fuel value in a refinery or |ight

ends plant.[0004] Typically, referring to Figure 15 in
practicing a nenbrane separation process the crude LPG
streamin the formof vapor (stream 1) from whatever
source is sent to a conpressor,(2) for conpression to
stream(3). This streamis sent to a knockout drum (4)

to renove any condensed hydrocarbons (nostly C +) from
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hydrogen is used in the resulting product streamas a
réswdting dm thh prasduictionast thefinal bR productstzatre ionnthe knockout
dfrtlljr%l. "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 hydrocracking. 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 values tend to



[0006] Steans with of |ess than about 70 to 80 nol %

hydr ogen generally cannot be economcally used in
whyarozmEm val ued refinery processes such hydr cr€EESI00T008121

hydr odesul furi zati on, or hydrocracki ng. Hydrogen

purities of at |east 80 nol % and preferably at | east

90 nol % are generally utilized in these hydrogen

consuni ng processes as hydrogen purities of | ower

val ues tend tosignificantly bgck capacity out of these

hydr ogen consumi ng processes, “as well as significantly
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[0008] LPE 3ldeSREbRN theteftirMohivel & pfotdso YaiRr&in tha rhdONPG
a hydrocar boncont ai ni ng feedstream conpri sed of

 fropowbgtavensduice, is efficicdtlyandinest efaetively. scperrteq inta sstream
ofgl;igglggg?tgf 3rl?s|?|1%|a¥ne Qltld s%iﬂ%ﬂ%arti(relsaenrgthel:rnsvt?ergnll 88n{a§ni%g 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 C;" rich LPG stream and a high purity hydrogen stream from a hydrocarbon-

containing feedstream comprised of hydrogen and C,, C, and Cs+ hydrocarbons.

[0010] In a preferred embodiment, the present invention is a process for the
recovery of a C;* rich LPG stream and a high purity hydrogen stream from a
hydrocarbon-containing feedstream comprised of hydrogen and C;, C; and C3+

hydrocarbons, comprising:



recovery of a C + rich LPG stream and a high purity
hydr ogen stream from a hydrocar bon-cont ai ni ng

wo e@darweam conpri sed of hydrogen and C, C anBCTZUS2007/008121
hydr ocar bons, conprising:(a) feeding the hydrocarbon
feedstreaminto a first nenbrane separation unit
wherei n the hydrocarbon-containing feedstreamis
contacted with a first side of at |east one first
rubbery pol ymer menbrane, (b) _yetrieving a first
retentate product stream which has a hi gher hydrogen
mol % t han the hydrocarbon-contai ning feedstream from
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(¢) retrieving a liquid C;" rich LPG product stream from the knockout
drum, wherein the C;* rich LPG product stream has a higher C;” mol% than the
first permeate product stream,

() retrieving a vapor C;’ rich stream from the knockout drum, wherein the
G, rich stream has a higher C,” mol% than the first permeate product stream,

(g) feeding C; rich stream into a second membrane separation unit
wherein the C, 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 Cy”
mol% than the C;" 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 C," rich stream from a second side of the second rubbery
polymer membrane, and

(i) mixing at least a portion of the second pefmeate product stream with

the first permeate product stream at a point upstream of the compressor.



(h) retrieving a second retentate product stream which
has a higher C2 " nol%than the C2 " rich stream from
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and retrieving a second perneate product stream which
has a higher C3 +mol % than the C2 " rich streamfrom a
second side of the second rubbery polyner menbrane
and (i) mxing at least a portion of the second ’
permeate product streamwth the first perneate
product stream at a point up§frean1of t he
conpressor. 08121 - 5 - [0011] In another preferred

O e BTt o
for?]’ééei 5%@?2% bgg%@:}‘r;aggiEGﬁtd%m ang grhigh muityilfygirogen stream
fromyal hdenaseben-coBIRMING; {q@ggitf%(\)'g ggggqr%%ﬁgt gm%ré‘gé’n fRd Cy, Ca
LSRR Akt ear o a1 v

PR % e e et comiooa e
sepmeashamnolt wgEeithe DGR Ron e e el coptacted with
o YT el et sl asamemtinar e

?if r g‘@e’%‘? ﬁgigtggalﬂﬁ gﬁt(f?mt? peodusrstneancwhich hes # higherdwsrogen
| mc}lmﬂmmamydn@cqugw@m%a#e&a e o bE dUeT RO the first
BRI B gD Stk Reaate sream vhich
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second side of the first rubbery polymer membrane,

(c) feeding the first permeate product stream to a knockout drum,

(@ rétrieving a liquid C3" rich LPG product stream from the knockout
drum, wherein the Cs" rich LPG product stream has a higher C;" mol% than the
first permeate product stream,

() retrieving a vapor Cy’ rich stream from the knockout drum, wherein
the C, rich stream has a higher C,” mol% than the first permeate product stream,
(f) feeding C;” rich stream into a second membrane separation unit
wherein the C,” 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 Cy
mol% than the C,” rich stream from the first side of the second rubbery polymer
membrane and retrieving a second permeate product stream which has a higher
C;* mol% than the C;’ 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,



(d) retrieving a liquid C3 + rich LPG product stream
fromthe knockout drum wherein the C3 + rich LPG
wEe@dazuIst ream has a hi gher C + nol % t han t heP€¢T/US1007/008121
perneate product stream (e) retrieving a vapor C2 "
rich streamfromthe knockout drum wherein the C2 "
rich streamhas a higher C2 " nol % than the first
perneat e product stream (f) feeding C2 " rich stream
into a second nmenbrane separatign unit wherein the C
rich is contacted with a first side of at |east one
second _rubbery pol yner nmenbrane, (g) retrieving a .
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perneate product stream at a point upstream of the

knockout drum DESCRI PTION OF THE FlI GURES [ 0012]
0043} e 1Figura 2sistresehicimatiof ofprefqrred embedimentswelian improved

cess utilizin si ngl e nenbrane separation ynit
TSROV PP R o GRIRIERAS 1SYGriR USInE an intgration of two
membrane separation units producing three streams: a high purity LPG stream,

a high purity hydrogen stream, and a H, lean/enriched C;” 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
C;" 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 C;* 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 stream component for a refinery



[0013] Figure 2 is a schematic of preferred

enbodi nents of an i nproved LPG recovery process of the
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separation units producing three streans: a high

purity LPG stream a high purity hydrogen stream and

a H2 | ean/enriched C2 stream DETAILED DESCRI PTI ON OF

THE | NVENTI ON [ 0014] The present invention is a

process for recovering high py5[ty LPG from a crude

LPG stream from any source such as refinery gases,

especially fuel gas streans which contain hydrogen,
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[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 C;3* LPG hydrocarbons and a reduced
concentration of hydrogen as compared to the feedstream. The lower pressure
permeate stream enriched in C3* 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 C;* LPG is



divided into a H2  ean and C3 + LPG enriched perneate

streamand a H2 rich retentate stream The perneate
wa@eogamsdmt reduced pressure, and of reduced vRPCT/OE200U@8121

to the renoval of the H and sone C2 " retentate stream

can be fed as such to the knockout drum or can be

reconpressed in a first optional conpressor before

bei ng sent to the knockout drum Because of the

reduced volume of this streamgif a conpressor is

required in the present process, a smaller conpressor

can be utilized than if the hydrogen was not renoved
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presented in Figure 2, raw LPG feed from what ever
mspobreaciwmif @R)athevaporoes opedieads streami fomdaerokeat finam (9) is

its source, typically 50 to 1000 psi, ,via line (1) .
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hydr ogen as conpared t he feedstream. The .| ower
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concentration but still containing sone hydrogen

al beit at a reduced concentration is passed via line 5
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. phase is recovered as overheads via line ( 11) and
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and into a reduced pressure permeate stream (15) rich in C3* LPG. The
permeate stream is fed via line (15) to compressor (7b) which is employed in this
embodiment. The compressed permeate stream is recycled via line (15b) into
line (5a) for combining therein with the permeate from line (5) for

introduction/reintroduction into the knockout drum (9).

[0018] ‘While compressors 7(a) and 7(b) are identified as optional, one or the
other is required to repressurize the stream(s) recovered at reduced pressure as
permeate either from the first membrane separation unit (2), stream (5), or from
the second membrane separation unit (12), stream (15) so as to facilitate the
processing and/or recycling of these streams in the processing circuit. Passage
through each membrane unit results in a permeate -recovered at a pressure lower
than that of the feed to the membrane unit. Compressor (7a) can be omitted if

the pressure of the reduced pressure permeate in line (5) is still high enough to



where it is contacted with a rubbery pol ynmer nenbrane

(13). In the second nenbrane unit (12), the vaporous
wor@rhzeds stream from knockout drum (9) is sePer/a8md7/008121

into a retentate stream (14) rich in G and C2 and of

reduced C LPG content and into a reduced pressure

perneate stream (15) rich in C3 + LPG The perneate

streamis fed via line (15), wthout the use of the

opti onal conpressor shown as 7(b), to a point upstream

of conpressor 7(a) where it i€ conbined with the

perneate streamfromthe first nenbrane separation
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conpressed perneate streamis recycled via line (15b)
into line (5a) for combining therein with the perneate
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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 permeafe 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.



the pressure of the reduced pressure perneate in line

(5) is still high enough topermt effective separation
w0 poovheodkmockout drum (9) nenbrane unit (12) cPE€T/UB2007/008121

If not, then reconpression in a conpressor (7a) is

necessary. |f the pressure in line (5) is sufficient

W t hout reconpression in conpressor (7a) for passage

to knockout drum (9) and nmenbrane unit (12) the

permeate recovered fromnenbrgge unit (12) in line

(15) will be at yet a still lower pressure (lower than

that in line 5/5a) so recycle of this perneate for

recycle to the knockout drum (9) would require

[0024]es s Unithatéawveby of LG caspractice] in tlﬁQﬂx@]selitﬁnvbmtion use is

s nol ec orb (i

mbr rubbeny gé@ﬁ%ﬂ%l&ﬁ%st@y Qwepap&?&ta IENEn ‘?(}Igézﬁ this
I
BT A0y 10 OB 5 i B e o

et remltdn@iﬁ hizhoflexibtlétyt ofahe cubberydralpmenifilnphed flleribility
fromthe feedside to the perneate side of the merrbr e

bﬁmﬁn fégsdlﬁ%r%ttmc&xm&rﬁfregfés that sagwrissdhaanemBFme |
ﬁl?gtef(ﬁ?fé{ &@ bte‘PwE%? @%ﬁl@?g{(ﬁgéﬁlg§ aHa 94, lgﬁ:} Flﬁolecules are

uence o concen erence w

nﬁﬁgﬁlﬁiaﬁ’ﬁt Hereihﬁttmwdiimefpbmﬁdrh's mranarlt driven aooby
the nmenhrane film.into the | ower pressure perneat
differentiation én MOIBERIAE sizehut dnstgad bmatfﬁnw. the &%lubreane for

e e
LSRRG FRKoh  BEIREA ot popbdcovry
upingstheseruibber pobanseaictnisiades Gvdrb targe @y miotecuidel aither than
the perneate side can be under a partial or full
theagmaler by dioggneCy BE Codveleeaiss. pressure differential .
[0020] In gas separation nost of the nenbranes used

gl a ol rs ch as .cell acet at
(A2 TR B ST R T sy fe obe3EE Hheleiiyfes, more 5"
nfcﬁé‘«g,'ul@@"sbﬂﬁox?ihéf’e%'a s‘?&é ﬂﬁn% T rr&iréf‘(;%y xﬁeidﬂl%fs%nefr&%atmg
pol'ymer nolecule are rigi acked in the nenmbrane
tirough thd etarhioranedofthe permeate sides t-erstudﬂx@llmﬂﬁ stdparatlon of C3*
di ffusign rate controls the separatjon,

malpedes dom tehydngen and €u3ng Fzrra?b@uleﬁmrgserm igdfegd. Ina
p&&lpégg{egg@%é‘%ﬁgsth%%ogg suosfetg &)9?.‘?6219%&\?&%&{0%@9& 50%% aCs"
AT Sl TN ORI sy
Idaist 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
Cs " rich product stream is at least 830 wt% of the C;* component in the
hydrocarbon-containing feedstream to the process. More preferably the process
of the present invention produces a C3" rich product stream wherein the wt% of

the C3* component in the Cs" rich product stream is at least 90 wt% of the C5*

component in the hydrocarbon-containing feedstream to the process.

[0023] Similarly, a rubbery polymer membrane such as polysiloxane,

polybutadiene, etc., can be utilized in the first membrane separation unit to



because of the reduced diffusion rate the rate of

separation is low. [0021] In the recovery of LPG as
w@e@ct2@ed in the present invention use i s nmadeCDiS2007/008121

rubbery pol ynmer such as pol ysil oxane, pol ybutadi ene,

etc. In this rubbery state, the polyner nolecules in

the nmenbrane filmare packed relatively | oosely

resulting in high flexibility of the rubbery pol yner

filmand flexibility between the different polyner

strands that conprise the neénmbrane. Thus, diffusion

rate differences between snmaller nolecules and |arger
pro®l@Cl RferinBlddugdrontight Axtirogder fich strehm ased eatentate at high

separation is primarily driven no fferentiation

t [ .
puritiem¢gatdrahas i79emplf) and peaduesa sz?)r/iﬁﬂltaﬁfmeaf%%“am which
b f L L al tit i
can ghgh pourshen par gl doSORE 1SRbFRNE el bR ER Embdtiment, the
préé&ﬁ B¥he gh%é%ﬁf IVRABOANGEI HEIIUCS al Iy dregER rivhl moduesstream that

rather than the snaller hydrogen, G or C2 rm}@gc&es. o
haf GlRZlroger pusity of at least7Qmal%s dnprd prefermblnat kegst80 mol%. In

| | .
a prakired sbofmgre tes PR h PR sy Eifoh BROAR.
hygg%'ge;rg??% ?&g&& seRaP#herdih dBe WA%4!bE thtghydroges component in

C3 + nol ecules fromthe hydrogen and C
thahgtdenntietc ptatug seamtisiat 1¢ast 40 Wit #Tthe hydregen component

i SRRt 1R ool R B ety e
priBis! ditthe prédont GARIntioh goliliees@hodRS@ieb byodict beraatn
mol %

n a preferred enbodi ment, the process of the
wingrefretite witbeft the hydrogercesmpoasnt-in tha hydsesen righ peggyct

. 0 _
strve\:ha%{ i%l ant IE:QS% S\Bt “/f%‘%t a}xH %vgr? rr;ror%opr}.gf)er}gglty étrleaﬁ%o%% of the

hydrogen component in the hydrocarbon-containing feedstream to the process.

[0024] The preferred rubbery polymers useful in the present process are
those which have a glass transition temperature below 20°C, i.e., which are
rubbery at room temperature or higher (about 20°C or higher). The same or
different rubbery polymer membranes may be used in each membrane separation

unit.

Example A
[0025] In Example A, a feed nominally corresponding to the feed presented

in Table 1 was employed. Feed compositional profile:



+ rich product streamis at |east 80 wt% of the C3 +
conponent in the hydrocarbon-containing feedstreamto
wo b@7peaeess. More preferably the process of tPEr/US2007/008121
present invention produces a C3 + rich product stream
wherein the wt% of the C3 + conponent in the C + HCh
product streamis at |east 90 wt % of the C + conponent
i n the hydrocarbon-cont ai ni ng feedstreamto the
process. [0023] Simlarly, %bbery pol ymer menbr ane
such as pol ysil oxane, pol ybut &tiene, etc., can be
utilized in the first nenbrane separation unit
t opr oduce ar ABIE 1foDefsdhexanizes DffdasdCompositiarh
streamas a retentate at hi %h %rities (geater t han
70 mol % Rad produce a CA%Ii3th per neat & maldrwhi ch
can t hen Hyesduget her purifi ed 1316 LPG recps@ry. In a

preferred_enbodi ment, the s of the presg
i nventi ofImi I | produce ah n rich plnjg%lct%stream
that has G hydrogen purity & | east 70n981%4 nore

preferably, at | east 80 nol %6. Maa pr ef er nesle %
enbodi ment, the process of §hgopresent i pyseiYON

pr oduces : hydrogen rich progygs stream wWhsiee,n the
wt % of ti? hydr ogen con‘poneh SW the hydro en, i ch
product Yeamis at |least %4 % of the ™ (38 (S’gen
conponentiGsn t he hydr ocar boh3884t ai ni ng meIgor eam t o
the procads. Mre preferabl.9662 processmtﬁlet%e
present |@gfent| on producesp93bgdr ogen ri gholereduct
stream E the vvt%ofﬁ?g 4fydrogen conponent in
t he hydrog3eh I'ch product sireamis at |east 50 wt %
and even nore preferably at |east 60 wt % of the
[0026] ogeThe dapdmastsubjecterd thyenaleranp sapatstiog;urideg the following
%ﬁdstreamto the process. [0024] The preferred

Hep Y polynmers useful in the present process are

those P@éd:ﬁrél@ﬁ?e ) xﬁbﬁﬂﬁaﬁé aﬁw t1l3tsn7 pefaper at ure bel ow
200C, |. whi ch are roomtenperature or
1RDhER

hi gher %%FPPZSW@%T The same or different
r ubber Pexinéatepressondr d6ekpsiay be used in each nmenbrane
separation

The results obtained are presented in Table 2 below:

TABLE 2

Components (mole%o) Retentate Permeate
H, 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
Ce 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.



unit. Exanple A [0025] In Exanple A, a feed noninally
corresponding to the feed presented in Table 1 was
weeproged Feed conpositional profile: TABLE 1:PCT/US2007/008121

Dei sohexani zer O fgas Conposition Flow 49.11316 Ib
nol / hour Pressure 136 psia H2 49.845 nole % C, 9.961

nole % C2 16.442 nole % C3 8.5309 mole % i C4 2.9003

nole % C4 7.0507 nmole % i C5 2.3802 nole % C5 1.9602

nole % C6 + 0.93009 nole % C3_+, bpd 75.53414 [0026]

The feed was subjected to rréllr%rane separati on under

the followi ng conditions: Feed pressure to nmenbrane

ggwe c&ﬁ&ulung%«%uﬁﬁédef&r@&n%ﬁﬂmlaa@@ 7 psia

meﬁg DL ESRAN F-BQfﬂﬁxaﬁiD@es & results obtained are
T tapte 2 pet oW, TABLE 2 Conponents (nol e%

RGF@H @tt B@piiﬁ tbiZh& Birst xﬂﬁlrﬂbrane unit
Retentate at 133.6 (H; rich stream)
Permeate 20 psia from first membrane unit
Compressor discharge: 250 psia at 100°F
Membrane 2 feed at 245 psia and 100°F
Retentate from membrane 2 unit at 238.7 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 first 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.



Met hane 10.5 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
weenwramedd. 5 3.5 C6 + 0.7 1.8 Total 99.4 99. 3 A¢I/E52007/008121

infornmation was used to design a conputer sinulated

series of Conparative Exanpl es and Exanpl es which

presunmed the pressure conditions presented

bel ow. Pressure Conditions Assumed for Conputer

Si mul ati on Conparative Exaan%s 1-3 and Exanples 1-7

Feed at 136 psia to the first!%menbrane unit Retentate

at 133.6 (H2 rich stream) Perneate 20 psia fromfirst
[00§G'£Y angy ¢BiipatROR! 65MPutdisHRURIEE cx2DPlers]-d @t ckafffies of

Mertbrane” 2 féed at 245 psia and 1000F Retentate fro
therprdseahinventiontin avhighgnempsing Wﬁ@&tfbuwt%?@@nﬁLQW on each

or REFF B b R AR TR separgp i

angfthéf %ggsr dredilQ28lingRe HRBLK d0e dradi.tq theNsscdind tbmbrane
ase ta of Exanpl & A which was an actual and not a

separafiohamitfnul at ed exanpl e was secured from Menbrane
Technol ogy & Research (MIR), and is a rubbery

[0% gg%ﬁq:g?en%rcﬁﬁﬁgtsg%% l‘éfe%f% ?iél.ﬁ"plg? iwap bA¥Rimed that the

feed in line 1 was at 135.7 psia, the retentate in line 4 was recovered at 133.6

8.
8

psia, the permeate in line 5 was at 20 psia, the compressor repressurized the
permeate in line 5 up to 250 psia at 100°F (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 @ 100°F while the retentate in

line 14 was éyt 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 C;* 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 C;" 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 C;* 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 Hj stream of
significantly increased hydrogen purity while using smaller compressor(s) as

evidenced by the significantly lower horsepower requirements of the multiple



conparative Exanples 1-3 are based on the actual data
generated in Exanple A but present the cal cul ated
wo emalit@secured if a conpressor is enpl oyed apdr/us20011@08121
surface area of the first nmenbrane unit were to be
increased (or if additional units were enpl oyed
(Conparative Exanples 1, 2 and 3) or in Exanples 1-7
if a second nmenbrane unit were to be enpl oyed
foll owi ng the knockout drum g0029] In Table 3
Conparative Exanples 1, 2 and°3 are conparative
exanpl es run in accordance with the schene presented
mebrand Wkt ProcBs oPtHel freféhttiifesas somparddagdinsidhe single
el ng processed at 135.7 psia, the pressure at which :
menhbians wecproedswi t hout addi tional conpression. In the
conputer sinulated Conparative Exanples 1, 2 and 3 the
menbrane surface area was presuned to be about 202,
[003 andrfd Rripgsh of eRAsd Mebpdimentsds direatedve
of "using different Size menbrane units or nultlgle_
préferietianeanmnfdrainyingoat thel presgBinvestienmblese shilled in the art

t i mul at ed I 1-7
e oA S SRR B B EIE L ebs ed o
caﬁ'&ﬁ}ﬁe?"ﬁﬂ @%%éﬁie‘oﬁﬁﬁbirﬁfenﬁlaﬁ. feed prior to the knockout

"tfirst nmenbrane separation unit") and
t he vapor stream | eaving the knock out drum (i.e., the
"second nenbrane separation unit") [0031] In these
exanples 1-7, referring to Figure 3, it was presuned
that the feed in line 1 was at 135.7 psia, the
retentate in line 4 was recovered at 133.6 psia, the
perneate in line 5 was at 20 psia, the conpressor
repressurized the perneate in line 5 up to 250 psia at
1000F (line 8) all these conditions being the sane as
in Exanple 1. In the conputer sinmulation it was
presuned that the feed to nenbrane unit (12) in line
11 was at 245 psia @1000F while the retentate in line
14 was at 238.7 psia and the perneate in line 15 was
at 20 psia. [0032] As is readily apparent, whereas the
hydrogen purity fromthe first three (conparative
exanpl es) was cal cul ated as being at best 67.8% using
693 sq. ft. of menbrane wwth a C + LPG purity of
83.47% in the present invention, at equival ent
menbrane surface area (Exanple 5), the hydrogen purity
is



cal cul ated as potentially reaching 80.6% at 58.56%

recovery while C3 + LPG purity is cal cul ated as bei ng
wa@soohitglaoms 82. 8% at 92. 7% recovery. It is caleol/asmd7/008121

that increasing the surfacaéarea of the first nmenbrane

unit (unit 2 of Figure 2) would result in a further

i ncrease 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 dua

menbr ane separation unit process of the present

invention, it is calculated that it should be possible

to recove not;gnlu;afC? +—RG—st Y
the same purityyand yield as|in a
separati op unitf prpegss, &ut |also o
stream of | si gnigmhnitl y [iAcr ¢aded =
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(b) retrieving a first retentate product stream which
has a hi gher hydrogen nol % than the
whyarozEsbon- cont ai ni ng feedstream fromthe fiPGEL/USI0dE008121
of the first rubbery polyner nenbrane and retrieving a
first perneate product stream which has a higher 3
nmol % t han t he hydrocar bon-containing feedstreamfrom a
second side of the first rubbery polyner nenbrane, (c)
feeding the first pernmeate progduct streamto a
conpressor wherein the first”permeate product stream
is raised in pressure, (d) feeding the higher pressure
cliAmvasper reate product streamto a knockout drum (e)
retrieving a liquid C3 + rich LPG product stream from

the .xn Qgégﬂéas.ﬂ féi”&le\y%gé 19 dfeCcE3rich UPE strBAmbArbal high purity

stream I gher + % than the first perneate
hyatrogeis tstléreﬁmefaom 4 Kydrazarbencogtainingfoedteeam copiprised of

stream fraom t he knockout drum wherein.the C2 rich
h)gtrpgawnwxa%agﬁéfs YHERCHT RS COMPISINEt per neat e

prod gtfﬁ%(%igg% hydtoddt65h [fgecf;.%‘e'a'u\}d]i.n‘f@ aSfirs® ﬁ'[@ﬂl&_taﬁe%iegaration

seco ane separation unit erein the Crich
urﬁogﬁméiadhwhyﬂr@ca‘rbmtcwitaiﬁimg‘ feztistrermtis onotastasbwith a first side
rubbery polyner nenbrane, (h) retrieving a second
of dltleastane WBHMGQMWW%IQWQ& a higher C2 " nol %

el TSP B S sy M i ycrogen
mdE%0then Rké Apatscapb@ilieohtashingafeeddtiaam fieom ahé ifiybtesid€af the first
rubbery polymer membrane and retrieving a first permeate product stream which
has a higher C;" 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 C;* rich LPG product stream from the knockout
drum, wherein the Cs' rich LPG product stream has a higher C3+ mol% than the
first permeate product stream,

(f) retrieving a vapor C; rich stream from the knockout drum, wherein the
C, rich stream has a higher C;” mol% than the first permeate product stream,

(g) feeding C, rich stream into a second membrane separation unit
wherein the C,” 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 Cy
mol% than the C,” rich stream from the first side of the second rubbery polymer
membrane and retrieving a second permeate product stream which has a higher
C;* mol% than the C, rich stream from a second side of the second rubbery

polymer membrane, and



+mol % than the Crich streamfroma second side of the
second rubbery pol ynmer nenbrane, and(i) m xing at
wo e@gtiz@9porti on of the second perneate producPCEUSBAN08121
with the first perneate product streamat a point
upstream of the conpressor. 2. The process of claim1,
wherein the first perneate product stream has a
hydrogen purity of at least 70 nol% 3. The process of
claim2, wherein the wt% of tRe hydrogen conponent of
the first perneate product streamis at |east 40 wt %
of the hydrogen conponent in the
hy dipoRaLEAB-t WHse aPorgdoh of dhé¢ seamd dernidate pradies stroim with
claim 3 wherein the C3 + rich LPG product, stream has a
thecBrstperinepteoprasiuct stzeam 29 aning uBStfeﬂli’é Eiﬂ&% EQUIpgEsSOT.
claim4, wherein the wt% of the C + conponent in the
C3 +rich product streamis at |least 80 wt% of the C3 +
CONPOMERE pricdsB DfRYANPEatvherein o firsti prgnieacciptadegirstréam has
The process of claim5, wherein the rubbery pol ynmer
ahmirbgalmpsrllmavéa’alﬁjlsb%%mﬂg(m& tion tenperature bel ow
200C. 7. The process of claim®6, wherein at |east one
of the rubbery polynmer nenbranes is conprised of a

mat ey i Tthe PRb&EE S diélmpmﬁélh Qham%’dbﬁ th;mhydmgad icongonent
8. A procéss for the recovery

ofshe East partheatthpryrdyst stregmig af éfgeéh 4QtWTe/a mffth% hygrogen

h¥dr ocgr b%{ﬁjﬁ)ﬁt alégg ﬁ?@ﬁﬁ%?oca |sed of

conprising: (a) feeding the hydrocarbon containing
feedstreaminto a first nenbrane separation uni

wheri The nnfomsarafadammﬁ vibereindhe s é@@slt«?@d?fpﬁg"t stream has a

ont act ed
qpurlty of at \fg:ast 70 mol%.

5. The process of claim 4, wherein the wt% of the C;* component in the
C;" rich product stream is at least 80 wt% of the C;* component in the

hydrocarbon-containing feedstream.

6. The process of claim 5, wherein the rubbery polymer membranes have

a glass transition temperature below 20°C.

7. The process of claim 6, wherein at least one of the rubbery polymer
membranes is comprised of a material selected from polysiloxane and

polybutadiene.

8. A process for the recovery of a C;" rich LPG stream and a high purity
hydrogen stream from a hydro\carbon—containing feedstream comprised of

hydrogen and C,, C; and C3+ hydrocarbons, comprising;:



a first side of at |east one first rubbery pol yner

menbrane, (b) retrieving a first retentate product
waeogamswhi ch has a hi gher hydrogen nol % t han P¢EUS2007/008121

hydr ocar bon-cont ai ni ng feedstreamfromthe first side

of the first rubbery polyner nenbrane and retrieving a

first perneate product stream which has a hi gher C3

+nmol % t han t he hydrocarbon-containing n feedstream

froma second side of the firgt rubbery pol yner

menbrane, (c) feeding the fiTst perneate product

streamto a knockout drum (d) retrieving a liquid C3

+ ri(@h féding Hesihgdroeartsmpeonmining desdstrdanuintdraufitst membrane

wherein the C +rich LPG product stream has a hi.gher, C .
sepmnwmuhwﬂmemith@hyﬁeqq@ela%caamw&gr%ﬁ HLrAm (lgyontacted with

etrigvi a r ' k kout
o fEb R R FaotRRE e ey el RR WG, (1T
mol %Y hewicvites hiflrst repentaRAb®REOstedm stliehhas @ Bigher hydrogen
feeding C2 ' rich streaminto a second nmenbrane |, .
meWpahan tonhydriocatias-eoniainiag Goedsiteam Erogbﬂ;o%gf% §idg ehthe first

fi id f . .
o B o AT SO A AR B i
ha$td ﬁ%ﬂéf"@fgtﬂlom%sﬂﬁnhhé IhgHréehrbon-Yohtuninghe feddstreatr fam a

fromthe first side of the second rubbery polymer
seqend sislccofithe first rubbery polymecmemtyandeat e product

tre whi.ch: hi ah 0 v

ST CATINED A58 Bl SRS s e

POl Y@ RV S BQiqtu(i& C,f eRM MBGaIrodassitreany drdrh ahe khockout
e

the sécond pernea roduct streamto a +
drum, wherein the C3' rich LPG product stream has a higher C;” mol% than the

, first permeate product stream,

(e) retrig:ving a vapor C; rich stream from the knockout drum, wherein
the C," rich stream has a higher C;” mol% than the first permeate product stream,
() feeding C,” rich stream into a second membrane separation unit
wherein the C, 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 Cy
mol% than the C,” rich stream from the first side of the second rubbery polymer
membrane and retrieving a second permeate product stream which has a higher
Cs" mol% than the C;” 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.



conpressor wherein the second perneate product stream

is raised in pressure, (i) mxing the higher pressure
wG@emoneb4per meat e product streamwi th the firstP@QEUS®AT/ES8121

product stream at a point upstream of the knockout

drum 9. The process of claim8, wherein the first

per neat e product stream has a hydrogen purity of at

| east 70 nol % 10. The process of claim9, wherein the

wt % of the hydrogen conponent of the first perneate

product streamis at | east 289wt % of the hydr ogen

conponent in the hydrocarbon-containing feedstream

11. The process of claim 10, wherein the C3 + rich LPG

product streamhas a C3 + purity of at |east 70 nol % h

12. 9TIEhepprocesssobélahal, whersingherfisshperaeate profustvireas nas

+ conponent ipn the + rich product streamis at | east
ahadr%e%wn%é‘fn gtdegst M&h‘%’nt in the

hydr ocar bon-cont ai ni ng feedstream 13. The process of

claim 12, wherein the rubbery polyner nenbranes have a

gl ag9. tTNwidcesof elajprary wherebethewti6od the rydrpgen component

f claim13, wherei | east, f
of Pupest pepegisaroperbitivaas 1t & Ram Sy Bf 1 icheen,
compoREheth theH) diotarbbhRcifinAl fadbiroaadi ene.

11. The process of claim 10, wherein the C5" rich LPG product stream

has a C;* purity of at least 70 mol%.

12. The process of claim 11, wherein the wt% of the C5* component in
the C;* rich product stream is at least 80 wt% of the C3" component in the

hydrocarbon-containing feedstream.

13. The process of claim 12, wherein the rubbery polymer membranes

have a glass transition temperature below 20°C.

14. The process of claim 13, wherein at least one of the rubbery polymer
membranes is comprised of a material selected from polysiloxane and

polybutadiene.



