- 1 - MEMBRANE PROCESS FOR LPG RECOVERY FI ELD OF THE | NVENTI ON
[ 0001] The present invention relates to the recovery of |iquefied
- petrol eum\gasod7hifeipy/ar i ous source streans contai ni ng CPCT/US2007/008121
hydr ocar bons. DESCRI PTI ON OF1HE RELATED ART [0002]Li quefi ed
petrol eum gas (LPG is defined as the-E3+ fraction recovered from
vari ous hydrocarbon source streans contai ning C3+ such as refinery
gases, especially fuel gas streans. The C3+ fraction constitutes but
a small portion of such streanms. The | ow nol ecul ar wei ght stream from

such sources contai ns hydrogen, nethane, ethane/ethylene, |ight gases
contai ning heteroatons (S, 0, N, _e.g. z l.,as the C3
fraction val ued as |LMEMBRANE RROLESS FORIEBGRE sty invol ved

in further separating the | ow nol ecul ar wei ght stream from such feed
streaminto the C3+ LPG fraction and into the C2" |ight ends
fraction, the gaseous, |ow nolecul ar weight stream separated in gross
fromthe VE%' gi‘ﬁdﬁmmﬁmam is usually utilized as fuel as
an on-site cein € refrnery or light ends plant w thout
further separation. [0003] Recently, nembrane separatjon a beep
found to bwmuc}ost'lhfsfpwmvalmtlm@elms t@ﬂ@c@@?ﬁy of ligpehiegpetrgleum
recover the LPG.fraction fro on, produci ng
a LPG of c8 PEW%W?%%WC %&arﬂajé%?l: hg onr é/z{rg&gél ngl e stream of
any true val ue '.e. the LPG strea . The co- produced streans from
t hese prochk i THE K 2psgRent s wherein the | ack of
purity and high cost of secondary pUI’IfI catl on only allows themto be
economical ly be utilized for their fuel value in a refipery or |ight
ends pl ant [0002]2 - Lige@tdhemiobain gas (IFE) is dafired asltbgﬁ‘e fractipn

practicing a menbrane separation rocess the crud .LPG Ly £afn i.n the

form of vaprsevesedrisam various Syargesy UEC SRR C It“"t% 3 %’onﬁ’i’S essor
(2) for CO%%%%Q&J BspHic ag‘%r?u Ig?;?]s stttiathsS U Y §a& R cdBtifutés maleout
condénse

drum (4) to e e any ydrocarbons {(nostly C34) fromthe
bottom as emhll goirifior 51" suakhstteamsa g losv molesndaraneight sireany digat such

head (6). Th h {
SO 3 PSS BroRD: Henung: SPany By e BRenceh pobenifife
the C3+ Lpﬁ%tgﬁcf’agélﬂgggs se! FFE'Q’%Erd&ﬁfaﬂEﬁiseﬁ'eﬂ&k thdCelUighction vdthed yis

pol yneric e 9) While the bulk of the H2, C, C2 and_so
retai ned CBPGm@enrelaﬂly,dmcasset mhndnﬁwaﬁs inyelved in SHthapacpaaiing H%dﬁ&

10). The LP t I

(1) for retingseiaoviett NSt drom 3ot foog Srebf R B CELPE SFEREn abET
fed to knogie %cg iBHt EANYVRRERbN, thE gatdons, [ow holédRBrpreight stréam
recovered. [0005]

h t d deal of
conpr essi n@mk@cénglgff:sgcﬁ%ﬁzg%ﬂ%%‘?sﬂgoo Hpe &?ffs i enecrﬂ’g@ﬁgt?[?%eglrﬁsf rom
Q he menbra eé %‘? f:ntx tg ﬁLe Be g &%ﬁﬂ% A fenHQ 9151# RAthoub@rther

product st noc out rum entate LPG | ean product
streamfromﬁaﬁ’ﬁldmnbrane unit is of dubious purity and utility and is
usual ly burned as fuel in the refinery or light ends plant.

Addi ti onal | 0 onven I8 GRVLL ISP SFfecti
purified h S Regtatfy, dh gk 31“8581’5‘?@0‘3%?%?%@5% o tbidst Bifective

hydrogen- valouash graé‘és\ém@é}ﬁéé Y <3} ﬁuehot?etethenséamm @action from the light
hydr odesul ur| zat1 on hydr ocracki ng, this val uabl e hydrogen is

used in thendsefattiom g»rtpahmiugtl LAG of nmgwacmh@alusd%lt wHE Pé"‘ihtm%gnlyé’r y

![gws\éalnge(yg.%%eatl g &Fﬁcanﬁgg € econo&m@ral"[.ﬁé EP@dhc@H’QHéarﬁQ

hydr ogen- v%ﬁeg,egei;tmyesmmﬂ seixtrecof bmdpona:retamhegem the lack of purity
hydr odesul furi zati on, or hydrocragicjn ri.ties of

I)east 80 nenddhighrcast ef ét%&%yrya?“’tlﬁ tOH%H"}’rﬁHQ“%etﬁ %3&@&%090%"%?% ed
in these hygroden, GBS HILINGIK RFSRSRRryS: ¥Hl @eRpIaR i ties of | ower




[ 0007] Streams of hydrogen purities of at |east 80 nol % are preferred
for use and streans of hydrogen purities of at about 70 to 90 nol %

-have suit abloezopifzodoy to all ow themto be bl ended w th hp@huudichyszy

(95+ nol % hydrogen) for use in refinery hydroprocessing applications.
However, streans of hydrogen purities of less than 70 nol % general |y
are too lowto be utilized for these processes and are generally sent
to the fuel gas systens. [0008]It is desirable, therefore, to have a
process wherein the crude LPG from whatewer source is efficiently and
cost effectively séparated into a streamof high purity C3+ stream

and still obtain angther_ stream containing, high purity hydrogen which
is of suffit08H pulypically, wsderging tofagure ], iy Bracising aneatbraes sepaFation

rocesses. W ?\Q@}]E fNHe ' i t LS. a
Prul ti pl e nehbrane S%%%—AS_EP or recover %gﬂléﬁggsﬁé%%‘?@e%%}gﬁ a
hi gh puri t ysdurck isgeent 83 2 eamptessor €)Hpdcanprassiondostreami (33 Thisdsteannin
conprised of hydrogen and, Cl, and C3+ hydrocar bons. 010L1 n
rererred crBbl AERBOKSHApRLETRe PPHots b or Enacc Prdinskrbogs tmfady s
recovery of 53mi8e bokioh AVS1LIEE)) Whtle Faphdil rBbdvekyd &Y éfeg.&%r ol-éBany

from a hydrocarbon-containing feédstream conprised of hydrogen and
Cl, C2 and 63+ Thisdvapardyerisadoontainingriydrogeny C;, C; and s¢mp Qs entitemjals e
hydr ocar bon feedslre into a first_nenbrane separatiqon unit wherein
t he hydr ocai*BbiR # BHPIANA SeRE AR PBEI@ E’E‘E’E?HE i&@aﬁ‘gﬁnﬁ@ﬂ selecdivedy
- at | east 9y i QW
phieates (8 tHrbRBE 5&96&%%%%% $9)h‘§§*r?é el B A

first ret'entate product™ stream ogen nol
t han t he hyids,dbathoandsomeaietaingd (G2 dsdtesalraxitsdhe nfembrane unitiad endfPGhe

b o el O Ak S S B e B TR, ot e
hydr ocar bori § estrét SinpeestRMdR doRdiFeidop (2 )PwRBIRRH feédiBeRle bbingitd &
rubbery pol ymer menbrane feeding the first perneate

c
product st ekt &‘ﬂé@r(ﬂ).@é@ﬁ?inwg\%iiéﬁ A thebPG pedugtisireegvered.oduct

streamis raised in pressure, (d)- feeding the higher pressure

first per pro 8 Iiﬁ-lb{n .
retrievi ngng 1"qui gﬂégiﬁéisgﬁg %ggcr’%g'g%t S r@%@fspg%cf‘%n%ﬁ%%%g gbet -
drum wher entird &red€IP G strbamPlupraguld Gf saeamhRomahb ngiRbra@s tnfol %
than the first perneate product strea (f) retrieving a vapor
- rich sEFRMRE HLthouedRHRB e AR PR BRI Siranions fnknackettn
has a high “THE i &E'shg% -

(g) feedi nghcrglz ri cﬁ%/%r{té}gg'r#(?ﬁ?gg 1galr%ﬁs?helcon ?r{eﬁg?g%gq‘gée%g%?%t 1flr?lft
wher ei n t hdubipus pushy and stititaeed is wiveHy dufnadas Riellin the refineryagtligie

d b . . (h ieyi d
SocOn ¢ OB THRN g ek SR S5,
éivc h st r eapufifiedhlydeogen fomsthd €. Rab IdaneprodactstreandiRe iye pOhyd@Een-valued

menbrane and_retrieving a second perneate product stream which has a
hi gher C3+Y§HIsy pﬁ%??smeweﬁwmtﬁe%{%gﬁmﬁswl@r%@ﬁdogm@osmkm

second rubpgg wamt%dsggamm%d iﬁgﬂ% resuuingalsrﬁbgmﬁwgtfanﬁ%s 4 ﬁ?ﬁgaé‘where

portion of the sec meate pro t str th the tirst perneate
product st itdemvary towonhte aspsheating foel.t he conpressor.

[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



WO 2007/ 120490PCT/ US2007/ 008121 [0011] I n anot her preferred

enbodi ment, the present invention is a process for the recovery of a
- C3+ rich Lie sdot/emmoand a high purity hydrogen stream fs©migoo7/008121
hydr ocar bon- cont ai ni ng feedstream conpri sed of hydrogen and Cl,

and C3+ hydrocarbons, conpri sing: (a) feeding the

hydr ocar bon-cont ai ning feedstreaminto a first nmenbrane separation
~unit wherein the hydrocarbon-containing feedstreamis contacted with
a first side of at |east one first rubbegy pol ymer menbr ane,

(b) retrieving a first retentate product”stream which has a hi gher
hydrogen . nol % t han t he hydrocarbon-containing feedstream fromthe
first sidesignifibantly back capbtity pupof Hess hydiopem nensmingqroeeseesa gs svell

first perneate odyct _stream whi ch, has a.hi r |. %t t he
hydr ocar boﬁ-sﬂﬁ\'ﬁé?qﬂ%ﬁ'gw u?%&'ﬁss[e eé%?ﬂ ?Wﬁfséogggﬁlneoprgf%gc f H?Eoe first
rubbery pObMH@iird&ﬁtHxﬂﬂh?drogen d:artiélq:}reés@@ébl iAghé bﬁ)ée_*sies_t Aditioadlby, the
product streamto a knockout drum d) retrieving ,a ljiquid CC

ri ch LPG phighssmeleewlanweishhcontaninaei shat I’SG?I{P(NP heemaindasofdee piream
LPG producteaf n{oe&%@ﬁ?th?se{bgﬁ%&se%%%%&J}&‘é;PEJé%cis' rst permeate

product strea etrieving a vap rich streamfromthe
knockout drum wherein the C2- rich stream has a higher C nol %than

the first ate _product, stream ., ~ (1) feeding C2- righ stream
nto o secll o SERETSGsL Sroan ruitiessfof et Ehurles e hefelred 1o 858
égnt acted whd btréarhé b hy&idan Purities LEAFALAUIF0I6 OO HAVE ¥uidsB ¥ FRfity

nbr ane, retrieving a second retent atemﬁroduct stream

whi ch has wwﬂ@mééegr%m badilendedanith highopunity{AS S mreldrhy dengenhorryse dn

side of th . gﬁm}% L evi
per neat e pfeg%%g—? ﬂgfléoégﬁg\%ﬁn%%%gﬁghé g @S@%n%ﬁ/g Pﬁ%’ﬁg‘ﬂ%ﬁ§ égl-qﬂ?s?ch
stream f r oof kess éeam 7D sioli¥ generdlly sreaon dow wbbemyiliped Yorthesepiocasses and
(h) feeding at | east a portipon of the second perneate product stream
to a corrprg"ses‘%ﬁ“eﬁﬂﬂ r%‘i"l‘i?‘?ﬂ@’g’ékﬁw}'ﬁ%ate product streamis raised
in pressure, WD 2007/120490PCT/ US2007/008121 (9 mxing the

hi gher prefmess serqpdesIfibIEaherepbreditchaveld Sty Wherdehette dride LPG
per neate product strearriat a point upstream of the knockout drum

DESCRI PTI dRonrwhelever squressis efficigntly pandecost effeqiivebn separated dntozp §iygsme al

LPG recovely.R¢ #LlLzZ] R e t Uit
o oduci ng oY uBRIHERY Cit birkdh MAa3ah Jith AP AAED RRRARI A dosity
preferred gydrogenratich 3fofanffioRhoMmasty to be utilized in hydrogen-valued refinery

Processes.

C : 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 C3* rich LPG stream and a high purity hydrogen stream from a
hydrocarbon-containing feedstream comprised of hydrogen and C;, C; and Cy+

hydrocarbons, comprising:



LPG recovery process of the present invention using an integration of
two nenbrane separation units producing three streans: a high purity
- LPG st reamyoob/gaopur i ty hydrogen stream and a Fl 2 | eardneos7ebsadh C
stream DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0014] The present
invention is a process for recovering high purity LPG froma crude
LPG stream from any source such as refinery gases, especially fuel
gas streans which contain hydrogen, nethane, ethane/ethylene, |ight
gases containing heteroatons (sulfur, oxygen, nitrogen, e.g.,
mercaptans) as well as the Cst fraction valued as LPG and

si mul t aneously recoverjng a high purity hydrogen rich stream by the
use of two nenbrg%e{?c@@ﬁghﬁhﬁmcﬂhmsfeeqiﬁﬁﬂﬁblw adust membssng sparation

first menbr it Sl okt S C ' 120 .
conpr essor o vARRGEANE ) dhfatodrb bR KaBtREn B LA BbitE Bhst sice
unit is | ocefaidicasttame fitsernibibork polynr meembtanes ecycl e of the C3+ rich

streamfromthe cond nenbrane unit for.c inatiqn with the ¢ruyde

LPG feed for repgtg)_srﬁ s ﬁﬁﬁr} IF_EF@t%ﬁBE%l??gg?%W}ﬁ‘ﬁ]ég%? .er%yﬁrogen
i nvention rge®iddthah fhé hpdidcadieat dontaining feedavany o HedirsPsiib by the st
fromthe knockout drum and the production and recovery of high purity

hydr ogen ][ B Rolymsmmpembrane and reivisvinga frstinermeate pyodectstragar whish
obtained fr . St b j t 0. be
i 11 7ed act 4 et C3 mBRAMAY ey drodatbth-clliaif 18Rl tola

g.y_dr opr ocessecagd pideodthe fifsiaubberyidymenmenktaasgcond menbrane unit

ontains mainly er..lighter, hydrocarbonps, such as Cl1 and C2, .i.e., a
& anr ched Lpd® Eeing Ptk e%%nafﬁw SHRAT £9 2 £QMPECTSQRIVhgERIN the
[0015] The bfidskpefmdai® pEddifde skEde $§ F80 inpre@te,f i rst to a menbrane
separation unit under_the pressure at which it is received fromits

source such as F@)iepdingthekigherpreppse Sisstneamehisprodest sisamgo a

practi ced) drbheaanyde streamis divided into a 112 | ean and C3+
LPG enriched perneate’streamand a H2 rich retentate stream The

per neat e stream(chtetrievingedliqrid Glitieh G ppbduct direat fyahUhekabekd® -
the renoval, of the H2 .and, so retentate stream,can be fed as such
to the knockdde ngreﬁerﬂ"ﬁe ?anngﬁﬁﬁ%%la E?é?f‘q‘&l‘a%ta ghar @pl“i“d?f%hﬂnthe
conpr essor fivef pérthdatd pedaehétrdagn,t he knockout drum Because of the

reduced volume of this stream if a conpressor is required in the
present process (DIeEiRying g vapape sicky steagm Fonuthe knosiowthdmum, fwharein the

hydr ogen - o €] G i m of
The Raock. o HEh sEEMMARE ikl &P rid1Fs SRTAETBLALER MBRMGIHTLR |
| ower ener gy cofglfeeting C, rihisbieam intea setwd] menibradie sdparpionarsis of

the present ,inveniion.a resented i.n Fi re, 2,.raw LPG feed fr
at ever sxd’r‘*&%ﬂir{ée Faigh ?%%%%%ff %ﬁ&‘éﬁ#élqe@ﬁ at Teast oo secondanbbery
é&gr ce, typblahérimbfbikanel000 psi, via line (1) into a first menbrane

unit (2), wherein it is contacted with a rubbery polynmer nenbrane
(3). The raw LPE@SEirving asgeend wtenigtermeduetstreamewhishchas arhighen Gi e

product st & i j [

Pt essur e porig ih (59 Ca ROt st Sl B0 p it ey S T hBY Hiflmer
reduced comsorimaae aod reifieiing Dsprond pecmapapeddic steemf whiththae arhigfdre
| ower pressuse rpeat.e streamenrighed in 4 | PG concentration but
still cont M?’éﬁ%@% Jb%‘rﬁt%ﬂaﬁbﬁ?ma? S&p (ﬂ‘%%ﬁfﬁ’&r?&%'?ci H%quﬁﬁ'i s
passed Vi apblyfterinémbiidle, @pdi onal valve (6) to optional conpressor
(7a) wherein itg_pressure can be increased at |east back up to the

pressure of the(idmiking ai/lgess aedion ofthe sgond peooeatp produst strémm with
through |igg 81 pdiPndROpER et =Y ' ' 1 f.LPGis
- 8- liquifi edpand recover eg&%@l%?%)gggﬁug’lkge%%ehﬁ%%’&éﬁe@%én
vaporous phase is recovered as overheads via line (11) and sent to a
second nenbrane unit (12) where it is contacted with a rubbery




permt effective separation in the knockout drum (9) nenbrane unit
(12) circuit. If not, then reconpression in a conpressor (7a) is

- necessary. wof200h2opoessure in line (5) is sufficient wrdous2007/008121
reconpression in conpressor (7a) for passage to knockout drum (9) and
menbrane unit (12) the perneate recovered from nmenbrane unit (12) in
line (15) wll 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 repressurization, by- conpressor (75). [0019]In
t he menbrane separations units, gas mol &cul es sorb (i.e., either
absorb or adsorb) onto the polymer filmused as the nenbrane on the

feed sidegfihe meahsmBEprafoted bybodinentpthesseseat fnuentionys A RTegssH i ed
pressure). Thi's sorption creates concent,rat.ion_qradi f

mol ecul es fortbmresnversefiaiCe rich I Sﬁémﬂeaa‘t%‘iggé"%‘rty ?‘h’ gmr%ﬁbsr“a"%‘é‘
film Gas_nolecul.es diff RyrRea dJfihlydrdgennand @, ed
side to tﬁ@%gmg?cﬂéndgaﬁtﬁ e{lg'tf esfrﬁ?rlnue% of the co%]centrati on

di f f er encgniMdy Hyldeocwbdrey) comipeising:s desor bing fromthe perneate face

of the nmenbrane filminto the | gwer pressur i 605 e
menbr ane separ &) isadingithe thTQ:?a %’s*%‘ﬁ}t%‘“m% fegﬁgﬂr;\%@g]tﬂﬁr?;dyﬂ%éa{ehe n_c
resul l Of o2 th@iiPhni S ibPBH 16 hERSUAHEGH- Oonthinéng fsedsiseala i0Eontheted with
menbr ane £Han the pressure on the perma]ate si de, of the nenbrane '

and/ or t he fizet sidapaticest enmiinst rabhesy PRYIRETIPEPPEANS | | vacuum to
eate the necess | ffareshial a@ashige@diyiro
G)st of the rreﬁ%r%ﬁ%ﬁﬁugéﬁfﬁagﬁtégﬁa%%ﬁftﬁgé@qggigh as ce]FI ul 03?(; e
acetate, Rpgl¥stHahahe hypaicpaorseontailing fiedstreasn from theifiess sisierRfithe firss
such polyners. In_ glassy pol yner he .pal v, | i g
packed | nrekereRbiaRanEraRs p Eruba s LpdRGEE biodBEPukddh Slon

the diffu ?1?99 HiHe? (SORIIP) fhahfiRe BigBRCaiticaRcoritainiye n feddstratmsironse
sl ower diffusion rates. Thus, glassy %ol %rrrrl?r menbranes can be used to

separ at e sewird sig¢ of thecrst eabeay PRVIRGJRATPIA et i ¢ di aneter 2.89 A)
from | arger rmk@c%lgg%gs[ﬂg %j?t?%%%ﬂﬁ&t%hﬁlw ARRéKouBdfurd) and

propane (ki net ter L out because of the reduced diffusion
rate the rate ¢f) oepeviagiadiqiid O;6wich LPQ prodycperzaamfrqmdhe ke

of
ol ymer SdBmS BRI 19 Gx e Lh5 DEEALT e T 4 BigFF £ Moty lafike
state, they, mgtcrim)gﬁgdsgﬁ,’a}ﬂ; the membrane filmare packed
relatively osely resulting in high flexibiljty of th rUbbe{lé'ﬁHg

pol yner film afe) fetrésiing BivapopErviahstren Giom hiedrmogkgry fpimicy
t hat i th el i i dositr
A T e et esect sy

smal | er es es are |nS|gn|f|cant._ Herein, the
el ective sepayfticedingCHrichmtichmn idid # eccondtmembranersepartionMndh in

rrblecular si ze, byt jnstead b f f0 ni,t e Qo BfulbB

CZCTnSt i t uefYRETFR tﬂﬁé?-f Hghy 1s ﬁﬂﬁa‘gtgfj&’hb% ﬁg;r? Si%e()ffr%ggé Sg:e@g SIQ‘IS’IO LPG Bty

recovery tﬁ%ﬁj}ﬁdﬁ%ﬁﬁ;ﬁ&ﬁbery Ipf)l yrrﬁrdrrenbrantca:i favors IiargeJ C3

nol ecul es“rat her than the snall er rogen, or ec -

[0022] Because €g) ratmevinginesecend ﬁ?‘FB%teo!’rO?jH_%t @?ﬂu?rﬁﬂ%@{ﬁ A HWE‘%C@B+ .

ol ecul es 2oL anl bR ! ARl el UL R dde GO seddndTRilbery polymer
Pghg hé

permeatinén? nenbrane to the perneate side resulting, jn the
separ at i ORn@hbiaht andiretridvisg hrsecondpermeataprodueliragm shachasd Mgber es

present in feed., In referred e di nen aft Lbs
present i%mqlgﬁmﬁﬁ‘g@oﬂméusa D'?iacsﬁa%rr'éogggt s@‘?ﬁg%cr%that h3s a
C3+purity %fl Al hidfHrardd) M0l % nore preferably at least 80 nol% In a
preferredpe Odll. ment, the process of the present invent%ﬁ% roduces a

C3+ rich produdh) Sedimgatdeaste portion oftthe sRcopd PeEESAtERIR AN Ptk

C3+ rich product stream i L Yudkt LRRn R rafR IR pes¥sute)
the hydr oCQPHBRSSEERHEEF ‘Pn%“" %%Acfgfﬁeamg% rtgﬁe process. More preferably




— Exanpl e A [0025]In Exanple A, a feed nominally corresponding to the
feed presented in Table 1 was enpl oyed. Feed conpositional profile:
- 12 - ,TAB@BIZIU@,—,,@@{g.@ohexani zer O fgas Conposition R ewdBienssibe

H2 C

C2 C3iC4C4iC C C6 C3t bpd

-6-

(i) mixing the higher pressure second permeate product stream with the

first permeate product stream at 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 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 Cs* rich stream from
the second membrane unit for combination with the crude LPG feed for
repassage through the knockout dram. 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



49.11316 136 49.845 9.961 16.442 8.5309 2.9003 7.0507 2.3802 1.9602
0.93009 75.53414 | b nmonour psia nole % nole % nole % nole % nole %
- ol e % nol evcPeotmizesdh0 Nnol e % [ 0026] The feed was subj ect gchybsponBisBrzane
separation under the follow ng conditions: Feed pressure to nmenbrane

unit:

135.7 psia Retentate pressure: 120.7 psia Perneate pressure:

56.7 psia The results obtained are presented in Table 2 bel ow

-7-

hydroprocessing process. The retentate of the second membrane unit contains
mainly other lighter hydrocarbons such as C, and C,, i.e., a C;” enriched/LPG

lean stream as is generally utilized as fuel gas.

[0015]  The bulk of the crude LPG stream is sent first to 2 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) an(i the-crude stream is
divided into a H; lean and C;" LPG enriched permeate stream and a H; rich
retentate stream. The permeate stream, at reduced pressure, and of reduced
volume due to the removal of the H; and some C; 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
ca:i 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 C3* LPG concenfration but still containing some
hydrogen albeit at a reduced concentration is passed via line 5 though optional
valve (6) to oiational 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 C3* LPG is



TABLE 2 Conmponents (nole% Retentate Perneate 1-12 55.5 29.5 Met hane
10.5 8.6 Ethane 14.6 21.8 Propane 7 13.3 |Iso Butane 2.3 4.8
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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 polymer membrane (13). In the second
membrane unit (12), the vaporous overheads stream from knockout drum (9) is
separated into a retentate stream (14) rich in C, and C; and of reduced C;* LPG
content and into a reduced pressure permeate stream (15) rich in C;* LPG. The
permeate stream is fed via line (15), without the use of the optional cémprcssor
shown as 7(b), to a point upstream of compressor 7(a) where it is combined with

the permeate stream from the first membrane separation unit.

[0017] In another embodiment, if the pressure of the permeate stream in line
(5) is sufficient, compressor 7(a) may be omitted. In this alternate embodiment,
the permeate is fed to knockout drum (9) via line (5a). In the second membrane
unit (12), the vaporous overheads stream from knockout drum (9) is separated
into a retentate stream (14) rich in C; and C, and of reduced C;* LPG content
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

infroduction/reintroduction into the knockout drum (9).

[6018] 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
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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 requiré repressurization by compressor (7b).

(_ [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 permea'te side of the membrane and/or the permeate side can be under a

C 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.
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Figure 3, | s p d . feed | ] 1 135. 7 +psi a,
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t he dual nenerne separation unit process of the present inventi on,
it is cal chedidompancntinghe (lsdrich ppedusit btreamds aleestc?0 wo'te afithg G3™ C3+

LPG stream of substapti.al t he sane.puri nd yield as in a single
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significantly increased hydrogen purity while using smaller

conpr essom)sé as evidenced by the significantly | ower horsepower
requi r eneri®823f t Waimilarky, girebbery polymer membrane such as polysiloxane,

polybutadiene, etc., can be utilized in the first membrane separation unit to
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produce a lower molecular weight hydrogen-tich stream as a retentate at high
purities (greater than 70 mol%) and produce a C," rich permeate stream which
can then be further purified for LPG recovery. In a preferred embodiment, the
process of the present invention will produce a hydrogen rich product stream that
has a hydrogen purity of at least 70 mol%, more preferably at least 80 mol%. In
_ a preferred embodiment, the process of the present invention produces a
hydrogen rich product stream wherein the wt% of the hydrogen component in
C i the hydrogen rich product stream is at least 40 wt% of the hydrogen component
in the hydrocarbon-containing feedstream to the process. More preferably the
process of the present invention produces a hydrogen rich product stream
wherein the wt% of the hydrogen component in the hydrogen rich product
stream is at least 50 wt%, and even more preferably at least 60 wi% 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:
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TABLE 1: Deisohexanizer Offgas Composition
Flow 49.11316 Ib mol/hour
Pressure 136 psia
" H; 49.845 mole %
C, 9.961 " mole%
C, 16.442 mole %
C; 8.5309 mole %
iCq 29003 - - mole %
Cy 7.0507 mole %
( - iC5 2.3802 mole %
) Cs 1.9602 mole %
Cs™ 0.93009 mole %
Cs", bpd 75.53414

[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
Q - H, - 55.5 29.5
- Methane 10.5 8.6
Ethane 14.6 21.8
*. Propane 7 13.3
Iso Butane 23 4.8
N Butane 5.5 11.8
Iso Pentane : 1.8 42
N Pentane 1.5 3.5
Cs 0.7 1.8
Total 994 99.3

This information was used to design a computer simulated series of Comparative
Examples and Examples which presumed the pressure conditions presented

below,
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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 (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
sucface 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 1-7ifa

(-- 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 I, but omitting
the compressor, the feed being processed af 133.7 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.
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[06030] 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
C. 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 ‘a_t 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

( g purity is calculated aé 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 vield as in a single
membrane separation unit process, but also to recover a H; stream of
significantly increased hydrogen purity while using smaller compressor(s) as

evidenced by the significantly lower horsepower requirements of the multiple
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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.
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005 009 008 Experinent Conparative Exanple 1 [Conparative 1 Exanple
2 Conmparative Exanple 3 laidurexa z *lung E oiclurexa /7 gibing g
ai duni xa | Exanple 6 L Puna -17- What is clained is: 1. A process
for the recovery of a C3+ rich LPG stream and a high purity hydrogen
stream from a hydrocar bon-cont ai ni ng'f'éedst ream conpri sed of hydrogen
and Cl, C2 and C3 hydrocarbons, conpri sing:

What is claimed is:

1. A process for the recovery of a C;™ rich LPG stream and
a high purity hydrogen stream from a hydrocarbon-contain-
ing feedstream comprised of hydrogen and C,, C, and
C, , hydrocarbons, comprising:

(a) feeding the hydrocarbon feedstream into a first mem-
brane separation unit wherein the hydrocarbon-contain-
ing 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-contain-
ing feedstreamn from the first side of the first rubbery
polymer membrane and retrieving a first permeate prod-
uct stream which has a higher C;* mol % than the hydro-
carbon-containing feedstream from a second side of the
first rubbery polymer membrane,

(c) feeding the first permeate product stream to a compres-
sor 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 C,* rich LPG product
stream has a higher C;* 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 sepa-
ration 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 C,~ 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

(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,



(a) feeding the hydrocarbon feedstreaminto a first nmenbrane
separation unit wherein the hydrocarbon-containing feedstreamis
contacted with a first side of at |east one first rubbery polyner
menbrane, (b) retrieving a first retentate product stream which has a
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stream has a higher C,;* mol % than the first permeate

product stream,

(e) 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,



(c) feeding the first perneate product streamto a knockout drum (d)
retrieving a liquid C3+ rich LPG product stream fromthe knockout
drum wherein the C3+ rich LPG product stream has a higher C3+ MO %
than the first perneate product strea (e) retrieving a vapor C2+
rich streamfromthe knockout drum rein the C23' rich stream has
a higher C2- nol%than the first perneate product stream - 19 - (f)
feeding C2- rich streaminto a,second,nenbrane separation unit
wherein the C2- r(f)cf??%sn%gfat Alsheiregm inte 3 pecandumgmbgpng sePparast one
second rubbery pol yaeen mentowharsin thg Creridhesicogtacted satida fisstent at e
product stream whi sidehafatlchsighes séconll bbefy poBme@ettbranech stream

fromthe first sid f. the second, rubbe nenbia and
retrieving a seccgﬁgr‘%m %138?% c %%%ﬂ%ﬁﬁe%wg%e?er C3+nol
% than the C2- rich lHghen zfrmﬁlaOE%éB e & d 16 stpamskeBhiNG ubber y
pol ymer menbrane, (¥t sidedifie aecanshigtbbery poiymar sfembransendnd
perneat e product stggRVih@asecORDPpEIEe 1Rt Btrehe whithiithsper neat e

product streamis sabREd: nbl Ghh fhe €, riEh¥irdnt Biontd ghipdpr essur e
second perneate pro Céf reamgﬁ t b%ﬁﬂ%’ff\{ﬁ%r&%h{ﬁ?ﬁ% ]P:’ ;)S;JCt stream

at a point upstrear§11 Y6 _
retentate producth}festing atleast hypdroge of the secpondf permeataprod0 nol %

the wt % of the hygicogesanaspedpresfortikerein tHe Jeebadipet@eater oduct

streamis at | east :he, - onent in the
hydr ocar bon- cont ai R?Q%%tgﬂééﬁé%fﬁﬁ%ﬁ%?ﬁﬁégs rich LPG product

0,
1
stream has a C3+ (pumiking theyhighesspressurgoiecond prrmaegte grodiel t he C3+
conponent in the C3treancWithr théufirst pemeeateipsodnct] steesim 80awoifb of t he

C3+ conponent in t%sﬂwmpﬂmmgHQﬁﬂ f eedstream 5. The
process of claim4, . wherein the rubbery polymer nenbranes have a

glass transiti f&Hper at ure bel ow 20 C. 6. The process of claimb5,
wherein at | east thafirstrefcneate pobdiot shehiters amrdrogee putisy obapr i sed of

a material sel ecteg,f o ol %;i | oxane and pol ybut adi ene.
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 C,* rich LPG product stream has a C;* purity of at least
70 mol %; and the wt % ofthe C,* component inthe C,*
rich product stream is at least 80 wt % of the C;* com-
ponent 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.



