10

15

20

25

HYDROGEN RECOVERY | N A DI STRI BUTED DI STI LLATI ON SYSTEM
Cross Reference to Rel ated Applications None.

web@aseesoat Regar di ng Federal |y Sponsored ReseapChius1004/040946
Devel opnment This invention was nade with gover nnent

support under United States De artrrent
- HYDRQGEN REGOEERYNIN RoDI ?!{!bgaeﬂ%yN SYSTEM
Background of the Inventl on For rrany years
di stributed dirosslRejeianceiaReied APy & as a basis
for the design of refinery systens ethylene recovery
Nonesystens, and ot her commercial chem cal, petrol eum and
petrochem cal separations systens. D stribut ed

di sidtbiint Reghﬁd@%damﬁg@ avedrdtyResearchor iDeyelapmenth
sharp spli rstifTlTation. I'n sharp split distillation,

. aﬁﬁ?%@%ﬂtfw\h'm?'aé“h‘i’@d@%%ﬁbv‘ehﬂﬁénta%dp 6éavViinder United States
componen at are adjacent to each er on the
til hat
Deparndgl e GoopBa At E N DRSF P AL 090 22

that have a volatility that is internediate to those
of the light and ﬂé@%ﬁw—%—u%‘r exanple, a
typi cal sharp spl i35 1358 iduentigh in an ethyl ene
recovery systemperfornms a sharp split. between ethane
arkbramany years, dEtdbuted distdlation has eepsiuggestashasprbasis for the
essentially no propyl ene and the bottons contain
des@ﬁ&ﬁnt'éfﬁliel diRtethbarthyldine recevdrgasigstems; edrat etbemtcammercial
conponent's lighter than the |ight conponent (e.g.
cherr%gly gS{}SIeu LRg Yetraehemical %@Eaﬁdﬂ@nb Qb s, C Ditabatedl distillation

nents eavier than t eavy conponent (e.qg.
is bé)sftogn@éersto% byefz&%trastmg it with sharp split distillation. In sharp split

distillation, a separation is made between light and heavy components that are
adjacent to each other on the volatility curve of the mixture being separated. That is,
there are little or no compounds in the mixture that have a volatility that is
intermediate to those of the light and heavy components.

For example, a typical sharp split deethanizer column in an ethylene recovery
system performs a sherp split between ethane a’nd propylene. The overheads of the
column contain essentially no propylene and the bottoms contain essentially no
ethane. The overheads therefore contain all components lighter than the light
component (e.g. ethylene, methane, etc.), and the bottoms contain all components
heavier than the heavy component (e.g. propane, C4+, etc).

In a distributed distillation operation, a sharp split is not made between
componente that are adjacent on the volatility curve. A distributed distillation analog
to the deethanizer is a “C2 distributor”. A C2 distributor column produces a sharp

split between methane and C3 components while distributing ethane and ethylene
-1-
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In a distributed distillation operation, a sharp split
is not nmade between conponents that are adjacent on

wao bwsoaiset i ity curve. A distributed distill atP@nusS2004/040946
analogtothe deethanizer is a"C distributor”. A C2

betwgé'f bu o CO' &0?6%" Wﬁregp?pgi'szrfb%gée Umn, the light

and et hyI enebetween the col uim over head and 2‘%{9
componeat s?methana and die heavnrompreent i§HrORYRPGN
met hane and the heavy conponent is propyl ene. Thes
are nobmujaTEmt to aa@hr@hea@pabemolatdltseguweoteﬂ@n%ﬁn@ r?éhylene have a
volatility curve; ethane and ethyl ene have a
volatig/ ﬂidths titetrRadliate bietwesrmeskitharee adweropylesehalnethisidase, then,
propyl ene. In this case, then, ethane and ethyl ene

ethar%h%hﬂ'é}H l%ngetﬁl&\@iﬁﬂté Beniir it evleiiieaderheads kotd booms. The
e over s contain sone ethane and ethyl ene, as

overfi&easdg n?&g@y hs%gﬁe% raégfg?/r}l% %ngtoeﬁﬁé@{)ﬂpngé‘tﬁell it methane and lighter

ttons al so contain

eth ne a ene

Comﬂ%}?\ﬂt%r cﬁ?ﬁ&ﬂgﬂﬁ’sng k?ﬂ?p)gggeent i a9I P@t?onrﬁg %ﬁ)%qwgﬁ@.aﬁp ome ethane
course, further purlflcatlon of the co one nts js _done

and By s3s gl 851 RIPRYIENR Bt disaviess comppaiis Bt gsseitially no
distillation systemis that it requires Iess t ot al

methener g9f courseo firthertpusificatien op the £PERORBRiSIR<Iane ingpwnstream
an anal ogous "sharp split” distillation sequence. A

columhay. of understandi ng the energy savings provided by
distributed distillation is that it acconplishes the

S W%bﬁéf 06F #Histisned distiatior Bystemeis thakit aéduirgsdess total energy
changes. Phase changes (condensation or vaporization)

to pr{aﬁﬂgé e ﬁﬁgf QMnﬁ gofn?éH@ht@thﬁ QarERBgoes “sHRp %pllt" distillation

anges” al so' reduces the energy consunption of the

sequgﬁ&ei_lah,gsvax F??d @eﬁ%ﬁg‘n@s e eh8rdVPBLHNgs HtEvitBa! Y distributed

distillation is that it accomplishes the separation of components with fewer overall

omponents

phase changes. Phase changes (condensation or vaporizafion) require energy, and
reducing the number of phase changes also reduces the energy consumption of the
system.

U.S. 5,675,054 issued to Manley, and Manley and Hahesy (Hydrocarbon
Processing, April 1999 p. 117) describe distributed distillation in ethylene recovery
and puriﬁcati;)ﬁ, Manley describes the use of an ethylene distributor column in which
both the bottoms and overheads stream contain ethylene, and in which a product-
quality separation of ethane and ethylene in the overhead product is achieved.

In Manley ‘054, the ethylene distributor is thermally coupled to the
downstream demethanizer column. The vapors from the ethylene distributor flow

directly into the demethanizer for further separation, while a liquid side draw from the
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Processing, April 1999 p. 117) describe distributed

distillation in ethylene recovery and purification.
woembesosgescri bes the use of an et hyl ene di st rP@UUSA004/040946

colum in which both the bottons and overheads stream

-cont.ai n_et hyl ene, and i,n whicf pro ak-i
demeianifer aisedriodenur BevERR ol SUERM S Ehe bueheads of the
product is achieved. In Manley '054, the ethylene
demethanizengelsmn sonta) REMEYIYCRydreaan &sid e Arcan be further
denet hani zer colum. The vapors fromthe ethylene )
treatetl & rednveométhane dindeydrogemifodesiredd e hiae iudrogarben Processing
further separation, while a liquid side draw from
articlé Bedegaidtafier esmosingseffidientrettiylene frioen thengeérvathanizer overhead,
di stributor columm. The overheads of the denethanizer

it car?‘Heug@ntﬁ%“aaétﬁnﬂéwﬁiabﬁti@mﬁﬂig%h pudficatiohasectioandthern Joule-

be further treate o recovér nethane and hydrogen if

Thorﬁj@e%itnr E?P%’,ﬂ?gn HY Qg ad k?? YuRhEC Al ﬂﬂd &elpafatd §:;ﬁgﬁéd hydrogen

removi ng sufficient ethylene from

denet hani zer aver.head, .it n sent to a standard
pmd%% iecéﬂ’ﬂ}‘&ﬂ?f’dﬂ??rrﬂﬁefwaccgﬁf%%&ecti on where Joul e-

Thonpson_expansion is utilized to further chill and .

sdia s A 3B preet i Meiti & ATPEIRGIC P BipcERe for fetovering C2

deret hani zer overhead stream US 5,035,732 jssued to
hydrddairhens drainradnixedt strearpr theb gdilizes dephirampatiep ©5 the feed and

hydrocarbons froma m xed streamthat utilizes
introdtgatione gfrethe odepiileymatdre iquidnprdduct ddtecta glemsthamigation system

dephl egmator |iquid product into a denethani zation

charSMelissn B) e préddeedofiwot dsmethanization atepsine at moderately low
denet hani zati on steps, one at noderately | ow cryogenic

ovor G HeiR=SR: B i I ERTE RO
. i e
D54 BloaBeolnd B Rt SR AT EORY o Geoli Hiioarbon
e B e S ar L P35 S B8 from a

least one cooling stage and introducing such to a hydrogen stripper in which

hydrogen is removed from the bottoms portion before the bottoms portion is
introduced to a demethanizer fractionating column, and where relatively pure
hydrogen and methane streams are produced.

US 4,900,347 issued to McHue is directed to a process for recovering C1+
hydrocarbon:s from cracked hydrocarbon feed gas which utilizes a plurality of

dephlegmator units, the liquid products of which are fed into serially connected

- demethanizer fractionators.

Surprisingly, we have found that making a rough separation of methane and
hydrogen downstream of the ethylene distributor and upstream of the hydrogen

recovery and purification section of the plant significantly increases the hydrogen
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hydrogen is renoved fromthe bottons portion before
the bottons portion is introduced to a denethani zer

wo ea@shemdoat i ng col utm, and where rel atively puPEr/US2004/040946
hydr ogen and net hane streans are produced. US

4,900, 347 i d. Hue i s, di ted f
ot gbl e BT otk i et Ay B IE Jyhrast o
stanfgi(gn(‘ecfI g?s?q?bu\ggqu %]ﬁ}ﬁltaltllgrla @gﬁ@pg %%ﬁots)éngqp?qetgalqeq%ﬁgt é)xrpanded and

serially connected denet hani zer fractionators. .
useddoprefsgerition, wo leas ydoegen ishdegradedntiom ebemical to fuel value.
separation of nethane and hydrogen downstream of the
Thisehrtemes Gried 6f thet disadvahtagese ofatymiCalt distribytadodistillation system,
recovery and purification section of the plant

nameyfd ol IRRIIb4IN 86y EWVENavRYRIFABE fo DRt theiméthane rich gas

process Wwth only a small _ i ncrease in energy | evel s.
R Q H | | h d
ror o QR31a, 16 SRPRIAE| B B padluet M i o provice -

refrigeratiqn, so |ess hydrogen is degraded from

f
COOW}%W&&W & OVei@l RIFERS: Thi s overcones one of the

di sadvant ages of a typical distributed distillation
system nanely, Ioméﬂﬁﬂﬁﬂgégﬂﬂékﬁﬁﬁigg'V@ have further
found that the nethane rich gas fromthe aforesaid
rolis Grejeatianidescebes & pecgesadion repevarna hydroggn. The process
provide a cooling duty to the overall process. Summary
con?frisbb&hé reps ob intibdusingna enixed hydeszarbor deed streaassomprising a
or recovering hydrogen. The process conprises the

mix&ir&RSF AYdroBEROMhethAlie 2 aRtixed Eorfipenertbointd eed etiylermmdistributor
conprising a m xture of hydrogen, nethane, and C2

coGRTEERE85N LIRLSERD T8 i fiahas pjeatte o soparar
tecrgn?qge St%loa}:{rc’%1 tijgen a second stream substantially hydrogen enriched and
substantially methane depleted, and a third stream substantially hydrogen depleted
and substantially methane enriched. A purified hydrogen product is recovered from
the second hydrogen enriched, methane depleted stream.

This invention also describes a process for recovering hydrogen and
recovering refrigeration duty. The process comprises the steps of introducing a
mixed hydrocarbon feed stream comprising a mixture of hydrogen, methane, and C2
components ‘into an ethylene distributor to obtain a first stream. The first stream is
subjected to a separation technique to produce a second stream substantially
hydrogen enriched and substantially methane depleted, and a third stream
substantially hydrogen depleted and substantially methane enriched. This third

stream is introduced into a second separation column to recover a fourth stream

substantially methane enriched. This fourth stream is directed to an expansion
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techni que to produce a second stream substantially

hydr ogen enriched and substantially nethane depl et ed,
waosacosti rd stream substantially hydrogen depb@t/eskoadiaioo46

substantially nmethane enriched. A purified hydrogen

~product is recovered fromthe second r .
devich{pIRRRES AUDHGIHETREST L GdOUEF BEmoUin N SfISaY | B At stream
descri bes a process for recovering hydrogen and .
s reheaiodclor pepvidst 1cPgEAG AU teihy overdl FreEess b by ifiedhydrogen
the steps of introducing a m xed hydrocarbon feed
prod st i prooverg frsinrepidisecontdisteearn. hydr ogen, net hane, and
C2 conponents into an ethylene distributor to obtain a

fithet phédea@Mshainepd i dewicribéd efom the pubjasesedf titustration only in
separation technique to produce a second stream

conn%ﬁ{aﬁ/@mﬁ%néwe@ﬁg%&e%ﬂ' chRedBl RURSYEEdgrtdd/ that various

hed R athird _streamsubstantla!ly
onarpfS S L e 4R R e ¥ Mgt bdcimont
may B iigedm by 193¢ Reenanakarg it et A e Suffifng sagps and seirt

directed to an expansi ondevice to produce a

of theé nwentioenperature, |ower pressure fifth stream This
fifth streamis reheated to provide cooling duty to
the overall process. A purified hydrogen product is
recovered fromsaid second stream The process shal
be described for Bief Das@iption affDralingst rati on only in
connection with certaln enbodi nents. However, it is

_rqfigtg,réi Fedepial agabieﬁH§_[S]Ql@tnaéﬁwetﬁ?éiﬂiétidh%ection that utilizes an

i mprovenents, and nodifications to the illustrated
embaodi.nen Y i - hi

ethygfg pBlleF AR gtinRfle Yok o BP g BBEC e tishL et auery of this

) the invention. Brief Description of Draw ngs
invention. ,

Figure 2 depicts an embodiment which utilizes dephelgmator technology to
provide the partial separation of hydrogen and methane between the ethylene

distributor overhead and the demethanizer inlet.
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Figure 1 depicts an ol efins plant denethanization
section that utilizes an ethylene distributor and
walewehémani zer tower to depict the hydrogen recPVBU§2004/040946
this invention. Figure 2 depicts an enbodi ment which
utilizes dephel gmator technol ogy to provide the
partial separation of hydrogen and net hane between the
et hyl ene di stributor he denet hani zer
i nl et . Det ai | edDatailed IAescliptigh of ;ne \NVeRHOR oy \ ¢ h
reference to Figure 1, the feed to the systementers
aWith meferendd to Sigweni 1the feathie dbe systankqfersops stream 101.
hydr ogen, met hane, ethane, and ethyl ene and optionally
Stredh¢ a01ecorhpdsar armixtuwe &t memogar) Imetitames etfione, anchetylene and
serves as an ethylene distributor. Aliquid side
' ' rrﬁ/%% anse@amonal lentbe Giohdmehich fseoves as an
optloﬁélzﬁ"ﬁg’tav%? earéét}ﬁgn%eed point to provide reflux to an

ethyl%ﬁ? @Sﬁ@@tﬁg#@%@& s‘?cg’% 4ff8am -Eg'%aﬁ‘i’ epPeagsh dpti6ddlly be withdrawn

ream 103, conprises essentially

f .the hydrogen and e
rom ol Yondi SRR TR 1B R 5 g R o
enters_a partjal  condenser,. E101 ' pLovi des..at .
columeast EngoP\araeat Seam  afiFNY ?’8%\363@' cigem Oﬁ%@,opompnses
nore side condensers can optionally be utilized on
essetidlly all ssf¢heahydragen @@dsmghﬁnedhqgrﬁpt@fo@q golumn as well as a
controlled such that the ethane/ethylene ratio in )
fractivhr 6Rhd Ghyleneuf Stieiaent103 leoters haitpattialr eaudensfialE 10, which
et hyl ene can be produced fromthis stream by renoval _
providbs t 5€ [dusir 8 gsstion lofmeehasux Ty péalainhy C10Ne @iare more side
content of stream 103 is controlled by adjusting the

cond%ﬁg%%é;(cﬁ %ghgc}%fgp%é qRflzdP o110y seett Bars aEldhbwn. Column

. ottons pr oduct of C101, stream 104,
C10‘F e ontrofied” tsnc%] ?haqntﬂeh&ﬁlﬁhgfethylene ratio in stream 103 is sufficiently

low that a product quality ethylene can be produced from this stream by removal of
the hydrogen and methane. Typically, the ethane content of stream 103 is controlled
by adjusting the reflux liquid provided to C101 by exchangers E101 and/or E102.

The bottoms product of C101, stream 104, comprises ethane and heavier
hydrocarbons leaving column C101, as well as the remaining fraction of the
ethylene. Stream 104 can be further purified in downstream columns. Figure 1
shows colurﬁn C101 operated with a conventional reboiler exchanger, E103.
Column C101 ié typically operated so that there is essentially little or no methane in
stream 104. The methane content of stream 104vcan be controlled by adjusting the
amount of stripping vapor provided to column C101 by exchanger E103.

In Figure 1, the uncondensed vapor from E101, shown as stream 105, is sent

to a hydrogen/methane separation step, designated $101 in Figure 2. In this step, at
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hydr ocar bons | eaving colum C101 , as well as the
remai ning fraction of the ethylene. Stream 104 can be

wo eshesopuri fied i n downstream col ums. Fi gurBCTLUSI00US10946
colum C101 operated with a conventional reboiler

exchanger, E103. 1 ' YRILC r o] ;
least; g, PR, separ 'QQS% Fﬁgpg 3%%%64 otfnbnyy%% aneéﬂlotr?dthé heavier
stream 104. The t hane .cqoptent, of stre 04 .can be
comRaneni KPUmARY RS AGC BV HELAL S S0 oTaloStRGRd vapor
provi ded to colum Cl101 by exchanger E103. J? Fi qure .
from 1C 1@ heThis canpadeationd steppean ingdudetoa usenefragial sppdgpsation and
105, is sent to a hydrogen/ net hane separation step, .
sepaftting NRsctificAidhl. menfirgne e separation hidepslegmatian, easd adsorption
partial separation is nmade between the hydrogen and

individD&IN' B8R & coffimativandfthéss bnether pperdtivasenama to those in the art
et ene) present in the net overhead vapor from Cl01

hy
to be&%érl;rgaifﬁia? ?Me?}air%fbrﬁéﬁﬂld‘?&gbﬂ fR6inus mikdtehydecafbopasticanh.

ensation and separation, rectification, nenbrane
separation,. deph ti L Onrd N@tovi y
o T SEPRBHIBNeP or O PaueBE Ay BCRAEhE DTHE s e ystream
to those in the art to,.be benefici f t. f
106, Hg RSGBRCRIMUEORF SHSHYR (O SUPRET, 107 oL SPRENA AR stream
separation step SI 01 produces two streans. Jhe fir
107,55 dopietec i Bydrbass relatla it Pesem 105. b AaaRh of Sy eaT D6 can be
to stream 105. The second stream stream 107, i.S .
optiohafly et am expandeyeystesh asishowndby dettetring 408 A Therremsinder of

of stream 106 can be optionally fed to an expander

the ﬁ%éfc@@h%rﬁﬂh@%sﬁdarﬁotﬁ@mim,lwuldT laelvaptageodsly be sold as
t he Nydrogen-enriched stream stream 109, woul d

prodggﬁ/ %ﬁ%; Jy seft Sl 4 RSrimErofyafodand pRgifidativn sstep ifoneeded.

rogen purification step if needed.

sl 3 ek it e A AUd RIARRY T it g maimize e
fract%\djqrao gﬂ%ﬁ&é@ggric ter S rrréalnq61’06\,’\”\1/\}h‘lzcth ISt the hWr%gen product
recovery via stream 109. In some cases, however, the refrigeration requirement for
the overall process and the process energy balance will dictate that some of stream
106 be directed to the expander system, X101, via stream 108. The material from
stream 108 would provide additional chilled expander outlet gas which would in turn
to provide the required refrigeration duty as described below.

Strearﬁ 107 is fed to column C102, which serves as a demethanizer. If C102
operates at a pressure significantly lower than that of S101, a valve or other
expansion device may be employed in line 107. The overheads are partially
condensed in E104 to provide reflux to the tower C102. Figure 1 shows this to be
accomplished by a standard partial condenser arrangement, though other means,

such as dephlegmation, could also be used. One or more side condensers can be
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recovery via stream 109. In sone cases, however, the
refrigeration requirenent for the overall process and

wa bwspemsgess energy bal ance will dictate that BOMESH4/040946
stream 106 be directed to the expander system X101,

iy By AT R R s L BBt st e
vl ob oL BRSSP R LB prosuc

Cl102, which serves as a denethanizer. |f Cl02 operates
fromahe adgmethenizer singhconteinst Methaigerortioaally hydrogensang vary little
val ve or ot her expansion device nay be enpl oyed in
ethyleh8e 1Stfearhhd 10véy leddio a@ne expander Isyste@mdémébdfqrnrecovery of
E104 to provide reflux to the tower C102. Figure 1

refrigthiitn. t Biguré a4 Si%ovd¢ aximgle b works epataion peirigi atcomplished

condenser arrangenent, though other neans, such as

on t gﬁggagﬁﬁﬁ&nzer‘:&%rﬂfeé‘a 39 pr6vile & chiflB§ |6WeBredsiedStream 111.

nsers can beutil1zed on C102, shown as exchanger

. E105, to provide additi.@qna f I qu
This cBiler IoweEPtsbreneal Udps: Frsitav b e bicfrps of gtem
_the net overhead product fromthe denethanjzer and .
refrigesalion K5 oA EnBrMR FORINY 1oy i BEEEstatdnep efe. | Higure 1
ethyl ene. Stream 110 is fed to an expander system X101
showsthis beingedgnenin a singleexehanger EFQ, teoughs muitiple, exchangers can
stage of work expansi on being acconplished on the net

also henEsdtanAzioules Vhoimpadn eapansion deuls alsplbesgmployed in place of the
| ower -pressure stream 111. This chilled | ower-pressure

workSEXSa8idr Hevice thahansRewAgakristwell keowprtodhese akilled in the art.
external refrigeration streans to provide cooling duty

The glgﬁL%era?eﬁ eQﬁ?ﬁcﬂﬁi O5RSStredth L cbniiRes pritarilp ehétiane and

n-a single exchanger E106, though nultiple

h | -
somg HHAREFH Spf e f D58 40ins el U s TPRRbptioms product of
expansi on _devi ce that i is well known to

C10Z  BeRara s Eamains Aadysavalty Btyehe!

Figure 1 shows column C102 being operated with a conventional reboiler
exchanger E107. Column C102 is typically operated so that there is essentially little
or no methane in stream 113. The methane content of stream 113 can be controlled
by adjusting the amodnt of stripping vapor provided to column C102 by exchanger
E107. A benefit presented by this invention is that of a pértial separation of hydrogen
and methéné that takes place between the ethylene distributor and demethanizer.
This results in production of a stream, stream 110, that is relatively depleted in
hydrogen, which can be preferentially fed to the expander system to provide
refrigeration for the rest of the process. As a result, the amount of the hydrogen-
enriched stream , stream 108, that is directed to the expanders (stream 108 in Figure

1) is reduced or eliminated, and hydrogen loss to fuel is therefore reduced. An
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The final reheated expanded stream stream 112,

conprises primarily nethane and sone hydrogen and can
wheooasedsns plant fuel if desired. The bott onmsP@I/Us2004/040946

of Cl102, stream 113, contains product-quality

_ethylene, Figure 1 shows cplu C bei n rate
additiona banelinobARSORAE TGS | 0P BRK Hn el (P URGRg fighween  the
Cl02 is typically operated so that there isi. N
ethyleres digtiibutoy arid the apmetbanigenh gARIMAS. st FagRliMiRatignof thermal
nmet hane content of stream 113 can be controlled by
couplRg Usstivegnt fieesenttwot cofursns i plinwsy thep@olymeyi edorasate more
col um C102 by exchanger E107. A benefit presented by
indepbhgénﬂ VgREN ARith Std b@n @bndemsurt farl pesfuingtieflox.of This design
hydrogen and net hane that takes place between the
- biEdHil i\{&% LI SREH 28 the phbsart B Prbviding more
mpro&%%h%?lggﬁbﬁgﬂgps%ﬁ ?Lea srﬁr earr‘?%lo, t hea? [ sa r e??t [ Veln?
. depl eted. i,n hydrogen iLgh ef [ ; i
airect gBbital ek dhndereyepustlieat spdfPadfioft.7; Ansfer Dedest ffom this
the rest of the process. a result h

: $S. As , e anpunt .
arrangRmIaR) i 6L s P BRB G axprheagh g eplsid FTETbg8h retative to
directed to the expanders (stream 108 in Fi (T;]ure }11) IS .
the priedladeahcoso the tamperatire af dnejen shthe depsthaniserds higher than in
therefore reduced. Anadditional benefit of this ) )
the prioveiit.i Ohis snddres that kelativeliesheipet obighehterreraiug refiigeration
et hyl ene distributor and the denet hani zer colums. The
can b iiSBd R itigd denetiiizer condensermmniysdred avith theserior ant.
colums allows the colums to operate nore

. | he i i : f . .
'pﬁ%n\‘ief’@fb%%@& s?‘\omﬁ\aﬁ]_rﬁiﬂm@ 1i hiFs QMnifARE BeAefitsf &er the prior art in

I'ng rerlux. I's design Inproves the
contraollabilit f ot C deilh@: \E hvd
e 27 I, o B B ATEARIPIAGE rycroger
over head conpositions. Anqt her, benef | r (.S
than dhe PAgE e BNHS NPRRSKTIR B ahe et o GooB0izpfah i eason for the
depleted in hydrogen relative to theﬁggigr art %Qd $%ne that
improves bydrogeatreeevasy is Hie paabseraiation RENKAPEEaNdGmethane tha
hi gher than in )
occurs between the ethylene distributor and the demethanizer towers, which allows

preferential feeding of a relatively hydrogen-depleted stream to the expansion

system for recovery of refrigeration.



10

15

20

the prior art. This nmeans that relatively cheaper,

hi gher-tenperature refrigeration can be used for the
walzwenénasi zer condenser conpared with the pri oPCEU$2004/040946

The process shown in Figure 1 has significant benefits

over the prior art in terns of hydrogen recovery. This

i nvention recovers significantly nore hydrogen than

the prior art, and those skilled in the art wll

recogni ze that the reasofX@8P!'€he i nproved hydrogen

recovery is the partial separation of hydrogen and

nétigvee? tdepticts caruestingimeninwhicd elilizps edrpheigmatas teehnology to

and the denet hani zer towers, which allows preferentia

provifig eflienpastfal aséRiratior elfyhydrdgeneandiapethined betwesm the ethylene
t he expansi on system for recovery of

istri | | ' iretdepi ct nbodi nent
s ISR R Raegse oo 0L B0 SOOI
ti.al r at. '
by AEREAN ARl HEAREEN, BAG TEbANE CROL TS Fioure 2,

inlet. A mxed hydrocarbon feed
streag P Bebanadh OV reogvgapelig 2 pPeBRst BonnfRfriShown) and
chilled overhead vapor from a deethani zer, col unm (not ..
compiirgsnp amduieopphvdeagen. mehape. Wo@%eﬂ?ﬁﬂ%éﬁg‘g optionally
et hyl ene, and et hane and opti onal lg_i heavi er
heavigrdnyarachress. OGoblumen 201 contaimsn 03 daeqrrlicaldfaysa and the feed,
trays, and the feed, stream 201, enters on theoretical
strednh 20178nte?s oneAsorietidalftrayn?5 (as measurethicornibe epld Thgoverhead
of columm C201 is partially condensed in exchanger

vapdridticoldim €payiig ;%?ﬁal?a@&ﬁdérfs@m iaxetohagger E201. afThe liquid and

separated in drum D201 and the liquid is returned to

van R B EASH AR O R Ot oBEE BUE retymed
o0 i BsGohy CRiNbiRT VAR S brovild (3%4n8 BRRPoPERLY bYTENERE E202.

Column C201 serves as an ethylene distributor, making a sharp split between
ethane and methane, and allowing ethylene to distribute between the overhead and
bottom streams. The net overhead vapor from D201, stream 202, comprises a
mixture of hydrogen, methane and ethylene, but little, if any, ethane. The bottoms
liquid, stream 203, comprises a mixture of ethane and ethylene, but little, if any,
hydrogen or methane. Stream 203 can be further purified in downstream columns.
A liquid sideétream, stream 204, is taken from C201 at a point just .above the feed.

Stream 204 is used as reflux liquid to the upstream deethanizer tower (not shown).
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et hane and net hane, and allowi ng ethylene to

di stribute between the overhead and bottom streans.
wabmsnetsoover head vapor from D201, stream 202, PCT/US2004/040946

conprises a m xture of hydrogen, nethane and et hyl ene,

but little, if any, .ethane. The t. | QU r
2Gireagn RBE s dutieneifs B Shodrridter dfaebafirE2s,  fdhst an
little, if any, h%drogen or rrrrﬁ%ane. tr&am 0 ca% be
exterpair nefiégerput Cir¢uild shawa Ao R opiTieneating Rydrgearbon vapors
si destream stream 204, is taken from C201 at a poi nt
as déswribeabbelewt. heTHe partialy r eendepeadi siraaie ds azent ol gparator drum

liquid to the upstream deet hani zer tower (not

D2025hawe) licRlid gaim 19207, sstfcant 1206, ihipliteidta tvalstreams. 1 L5GFportion,
I n exchanger E203 agai nst an external refrigerant

5 streaﬁi g@gi I rePREMY 528Gt ABPIRY £2830ariE s st to the demethanizer
ydr ocarbon vapors as descri bed bel ow. The partially

coufaSEiEe Thbca Ry Tt ero o S ity o e

streans. One ggé ion, stream 206, i s reheated to about
demethg8rizER, CRIUFH) then sent to the denethani zer col um

C202. The remaining portion, sfream 207, isS sent

0 Thee VBPOR drormeD At Fea 2 208.clst SRR %%129‘1%%“5"8509203- The

from D202, stream 208, is sent to dephl egmator C203.
dephymatep G203t chillecP@dthi & varietyl @ferNiGﬁE stfeqms @y geggribed below.

reheat streans as described below. Wthin the

10  Withidepl! @sprmégrhafo? 203 dioth iheat anddnasss transfensiperations are carried
operations are carried out. The dephl egmator C203 has

out. DeRfk S&éBHI@gé{ﬁQto?SCbéﬁi Rs t Béert ha@URited ads Siepdndit tean theoretical
stages, W th equal heat renoval at each stage. The

sep %tﬁ#rﬂ%t%ﬁeé%% gbpém%%mo%f;&aéﬁc%@agéﬁ TeRIdveRfshd Vapor from

in nmethane and et hyl ene. Stream
o208 S oS oS 0 oot BoAR FRHERE #a Bty
Streetx)rgt2t1%rriss sleinct1 l’fclu fdur{r{e?rgu%%ggtionsgrrlf ?ergo%érly of. 3 sg%ﬁeiz H%jro\é“éﬁl?)roduct
15 as described below. The bottoms liquid from C203, stream 211, is combined with
stream 207 to become stream 212 and sent to the demethanizer column C202.

The demethanizer column C202 contains 45 theoretical stages. The upper
feed, stream 212, enters at theoretical stage 9 (as measured from the top), and the
lower feed, reheatéd stream 206, enters at theoretical stage 15. The overhead

20 vapor of col(xmn C202 is partially condensed in exchanger E204. The liquid and
vapor from E204 are separated in drum D203 and the liquid is returned to C202 as
reflux. Stripping vapor is provided to the bottom of C202 by reboiler E205. The

overhead vapor from D203, stream 213, is enriched in methane and contains little, if

any, ethylene. Stream 213 is sent to an expansion device to provide cooling for the
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stream 207 to beconme stream 212 and sent to the
denet hani zer col um C202. The denet hani zer col um C202
W@ 25/860337 45 t heoretical stages. The upper feeR(T/E$200460Mm0946

212, enters at theoretical stage 9 (as neasured from

the top), and the | ower feed, reheated stre 206
dephlegmater £203nand atheaprosess coelng ﬂ?ed%%&’t‘?gase%ﬁ’pop—h& bottoms

colum C202 is partially condensed in exchanger E204.
liquidTteaing2 4] cantains praduct-priigailylaRe separated in drum

D203 and the liquid is returned to C202 as refl ux.

SWHepphmogéﬁ@nribBed)retrédm ¢roetding bfrononthe  ovebepg of the

reboi |l er E205. The overhead vapor from D203, stream

deph?e@natb? 1 chgdarhn2 1@t RAasplitandn ciiy axample tthé eprocéss cooling
any, ethylene. Stream 213 i1s sent-to an expansi on

requig?erﬁigﬁgpﬁagggrgg&tg? GOR 129 Ty §I.E>Z)g€9h|b9g@< 8hsicRO03f aBHly the

cool rng as descri bel Ow. The bottons

liqujd, stream 214 ont ai ns = DUk I ;

demeth@nizohPUgER AErAPOh Mt P lbecEREd YEloyP: Thileffieh ! e fraction
over head of the dephl eg ar 03, ,stream 2 IS

of stegam 210, .qiestgr@te&aﬁﬁar@ R rfgé%é@ddao‘ﬁﬁ%epjf‘gégmam’ €202 and
requi renents are greater than can be supplied by.

then esgmrtei the firkt stage exeantiaret2Bhte drovder *dpr\?é;%\f"ed expander
which is described below. Therefore, a mnor fraction

outle®fvaplor eatd 2éreftesadditivreal processncbling i capaeipat &tlei majority of
t he dephl egmat or C202 and then sent to the first stage

stredt B4 Odaésigﬁ%dt Srddin? 2H geisaskhit td Bpatogehi recovergx patgbical 2-stage

outl et vapor and therefore additional process cooling

adia@%?cgg&é%ggﬁ%ca@é [é%c%’ioﬂﬁs ShofAMn2igurélesi @nasrfsts of two heat

, I's"se ydrogen recovery. A typical
exchandpity 200Ang F2naid RS Griig izl eh oo The SBEfion of the
v e el ST G0, LAy HRERR 1 O vt e
desctrilggzeinsﬁieltaliﬁ?\eirg t?ﬁeacr)rt)ergtri]gn V\felshltsnoiﬁ atl) ehigh-pressure, high-purity
hydrogen stream, stream 217, and a lower-pressure methane-rich fuel gas stream,
stream 218. These streams are reheated first through the dephlegmator and then
through E203 as shown. These streams will typically be further reheated elsewhere
in the process to recover additional cooling capacity. The reheated hydrogen
product stream is designated stream 219 and the reheated lower-pressure fuel
strearﬁ is deéignated stream 220.

The overhead vapor from the demethanizer column, stream 213, is directed,‘
along with a minor fraction of the hydrogen-enriched stream, stream 215, to the first
expansion stage, X201. The expander reduces the pressure of the stream to an

intermediate pressure, thereby cooling the stream. The cold intermediate-pressure

stream, stream 221, is reheated through the dephlegmator C203, and then sent to
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described in detail here. The operation results in a
hi gh- pressure, high-purity hydrogen stream stream
WQ@1005/060387 a | ower - pressure met hane-rich fuel QgBI/US2004/040946

stream stream 218. These streans are reheated first
t hrough the dephle or..and then through 3

the %ﬁ@m.stag?egép%md%ra%@% | Thig w6 read WPBBH%uﬁ%gﬁs e pressure of
reheated el sewhere in the process to,reco¥er

rehealedi stteanaR2d dola lowet Rpeasiurs;. futher seafiegtibd R grlsylomver-pressure
product streamis designated stream 219 and the

streanghewéamt 22Reis- plseswneatedudirosgh dhen dephiegmgtait €303, and then
stream 220. The over head vapor fromthe denethani zer

througP e¥Bhangbf E20B 2 This beathnail tysicallyl o furthier rebeatedaxisewhere in
raction of the hydrogen-enriched stream stream 215,

the érggé&etof t«{]c%'ile?)éeaﬁi%hﬁp?&%lﬁgecaﬁé%ﬂ?-anﬁh@s&!@@ﬂﬁ@lf The reheated

uces € pressure o streamto an internedi ate

B PRSH EoA25 Pane
03, h
art il rdogtige BapeberePRo8D ML SAlendDRp el be part of

reduces the pressure of reheated stream 221 to a’'l ower
expandes/'sampresser {¢mpandar) fetsi t . The col d | ower - pressure
stream stream 222, is also reheated through the
dephbble ghebnpat2d 3he drydradesnradoveny forethenprigfeart progess and the
This streamw || typically be further reheated
procBb$ 8MRs mventibh foPaqt@stsproducing 4060 kildtbrtriesrof| etbylehe mer year.
capacity and used as fuel. The reheated second

It alé&%‘é"%ﬁiﬁr@é‘wiﬁﬂéﬂe&oﬁﬂr@w éﬁer@?lsr:e@mﬁém@nﬁifoﬁtl'feem processes

ose s ed inthe art w recogni ze that the
expapder s, X201 .a 0 e &or and the ethylene and
(meﬁfﬁgﬁd%% ﬁggng&gsggrth%céﬁ%g%adg)r# scg?{spfreTé)tgl enl corrparyes
t he hydrogen recovery faor the priar c :
propy kbR ston comcessrdinrs S Squ B iRl offe, Pibess of tnis
1000 kil otonnes of et h)él ene per year. .
invention recovers approximately 2,200 Ib/hr more hydrogen product than the prior
art process, with a relatively modest 275 HP increase in energy requirement. The

value of the additional hydrogen product more than offsets the slightly higher energy

use of the process of this invention.
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It al so conpares the total conpressor energy

requi renent for the two processes (neasured as the sum
w®boosheser acked gas conpressor and the et hyl eneBCEUSsk2004/040946

propyl ene refrigeration conpressor horsepower

requi renents). The process of this invention recovers

approximately 2,200 |b/hr nore hydrogen product than

the prior art process, Wil 1€l atively nodest 275 HP

i ncrease in energy requirenent. The val ue of_the

addHydrogen PhydiratigenHpdrodeotRenrsvery, iaad krergg Requirement

slightly higher energy use of the process of this

i nventi on. TABLE 1 Fydrogen Productlon Hydr ogen

Recover y—= OV R f Jakigh ' 101 Art Depi gn

(Manl ey |US 5, 675, 054) pﬁhﬁybgg@msoyﬂqhgd@@gﬁm Pr oduct

9939 12 1|86—Hew—{tio+ raroge ovE o—Pr oduct

(% 60. PydragedioRyEty Conpr €830r Hor eptﬁﬂé(ﬁ ([P) 99736
100011 Qm“whr)'\nc anddecomrpest+ons f x| shown in

A A A ’JUQI LI

Fi gure Zogggeﬁfgwéfyn Tabl e6®@2%nd ex ha??gfé/p thi es are
gi ven i T e Saced tdata T T Tabte stows that the
arranged% seﬂ)or\}vaé rel2 progréés a ppartlic8d11separati on
of the m"m‘. aRre—ret+hare—that—are—present—i n t he

5 et hyl ene di st ri butor overhead. Table 2 Fl ows and

Conditions for Streans in Figure 2

Conditions and compositions of streams shown in Figure 2 are given in Table
2 and exchanger duties are given in Table 3. The data in Table 2 shows that the
arrangement in Figure 2 produces a partial separation of the hydrogen and methane

10 that are present in the ethylene distributor overhead.

15
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di stri butor overhead),

product strean) and the conbinati on of fuel
W@ sto5060587 220 and 223)

stream 219 (the final

hydr ogen
streans
in Tabl e 4, denobnstr at eBCT/HSL004/040946

t hrough the application of this invention about 74% of

t he hydrogen present

sal abl e hydrogen product,
hydr ogen present

in 10 stream 202 i s recovered as

in stream 202 is | ost

whil e only about 26% of the
into the fuel

streans. The draw ngs contain depi ctions of certain
enbodi nents of this invention.

heat i ng,

and cool i ng
Fydrogenand Met haneRedoke

Str laggtpé\x¢ﬂa

Jolk Bi".%eeif;

[ hd H2 Pr
a1g et
Hydr ogen Fl ew I brrd/ hr

maj or

| B

Exchaiide? Todmice
o a(fe,.'h)é S
E2R2ver | EShilam

fige FI ew Tbrrarnr 4713.9 255 2 ¥

separation,
een shown. TABLE4
mand St reanNunr bei

Bhitie S 407, F Th4e. 2

8254.6 6093.0 757.9 1403.7

PD4iltyd(m BT U /hr)
0

aﬁfmiitéﬂ?ﬁ

Q'ﬂui ste

7'\|JIU

GTSS f_l -
_~9.61

EI212 8 odug Crr@cd(emi »@d shGdvilear bon f eed st re

E2 & Xt url D e ethdroigen, Coetd@nserand C2 cony

onent §5i.680

EFDETTY]

DEME hid n iReliroR e®W ile t0 obtain a

first17.67

E30ET

First Stage Hydrogen Recovery

-5.82

E207

Second Stage Hydrogen Recovery

-4.02

C203

Dephlegm ator

-8.68

Comparing the hydrogen and methane contents of stream 202 (net ethylene

distributor overhead), stream 219 (the final hydrogen product stream) and the

combination of fuel streams (streams 220 and 223) in Table 4, demonstrates that

through the application of this invention about 74% of the hydrogen present in

stream 202 is recovered as salable hydrogen product, while only about 26% of the

hydrogen present in stream 202 is lost into the fuel streams. The drawings contain

depictions of certain embodiments of this invention. All major separation, heating,

and cooling steps have been shown.

TABLE 4

Hydrogen and Methane Recovery

Ethytene Distr. Ovhd
)

Stream and Stream Number

H2 Product
219

Fuel Stream 1
220

Fuel Stream 2
223

Total Fuel Stream
(20+223)

Hydrogen Flow

Ibmol/hr

8254.6

6093.0

757.9

1403.7

21616

lbrolhr

47139

2562

21414

23163

4457.7

Hydrogen Recovery | %

73.8%

26.2%

Methane Recovery %

5.4%

94.6%

15
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b. Subjecting at |l east a portion of said first stream
to a separation technique to produce a second stream

waabsnensvi al |y hydrogen enriched and subst ant i Bd1/yS2004/040946

met hane depleted and a third stream substantially
hydrogen depl eted and substantially methane enriched;

We cigimRecovering purified hydrogen product from said

second stream 2. The process of Caim1 wherein said

1f i r sA mocesmfos neeavering hydeegenermprising e sisRedfser to

provide at |east a portion of the reflux to said _
et hy henatreésding kuinitedcoydrovanbondeed stesiaep cobiprisiig atnixture of
process of Claim1 wherein said third streamis

intr Od%ﬁﬁa%ééﬁ,%ét%@p%dssaaé@ﬁmmm@numaﬁ athylede afistributor
a fourt eam substantial ly nethane enriched and a

fifth Scto:g\ﬁ%@tgi%%gﬁgtfir?ljétyea?ﬁ;hyl ene enriched. 4. The

process wherein said first stream conprises
a m xture .of . hydrogen, Cl, .and et e ' :
subs aré‘h??tipq}/raée'%%f & tﬁ’gﬁ@?“ é? %é ﬁ@ggég%sdnzftoda aSRparation

3 wherein said second separation, colum is .

denet hdarbriaue 6 o TROIYES c8s $EEPNH aisﬁfei"\/\h%i%éfarpt@g}’ ghydrogen
separation step conprises rectification, condensatjon,

menbr arenrichpdr andosybsieptialygmeethane derlstast jand, aithird, stream
individually or in conbinations thereof. 7. The

pr oces ssuistdditaillph§dmyenalepleted aindaubstandially avethane enriched;
conprises essentially little or no ethylene.8. A

proces SRéét_Fverrﬁ\g%{ﬁiﬁbH%yﬁ}’d{:{éﬁﬂﬁ'@daﬁﬁmm@a\'&sémd stream.
refrigeration duty conprising the steps of:
The process of Claim 1 wherein said first stream enters at least one partial
condenser to provide at least a portion of the reflux to said ethylene

distributor column prior to step (b).

3. The process of Claim 1 wherein said third stream is introduced into a

second separation column to produce a fourth stream substantially

methane enriched and a fifth stream substantially ethylene enriched.

4. The process of Claim 1 wherein said first stream comprises a mixture of

hydrogen, C1, and ethylene and is substantially free of ethane.

5. The process of Claim 3 wherein said second separation column is a

demethanizer.

6. The process of Claim 1 wherein said separation step comprises

rectification, condensation, membrane separation, dephlegmation,

adsorption, either individually or in combinations thereof.

7. The process of Claim 3 wherein said fourth stream comprises essentially

little or no ethylene.
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8.subsfdriosess fpr ﬁ‘?ﬁ?r"@ﬂ@ﬂ

a. Introducing a m xed hydrocarbon feed stream
conprising a mxture of hydrogen, nethane, and C2

WEzwpossst s i nto an ethyl ene distributor to obRGEI/TSEM04/040946

first stream b. Subjecting said first streamto a
separation techni que t?]é(ﬁroducei second st.r.ea

fageRcan irpoLsiag ffigeign duty
met h@&gﬁﬂg Bqﬁg@t@ﬁcbfa third stream substantially

hydr ogeh depl eted and substantially nethane enriched,;
c. |at iotiaducing Sanikedhydfosarbenrfepdsireans ceawasing a mixture of

separatlon colu to rec r

Subet afbRERSe FERRane AN Farai gty ik bfidhuigne distributor to
fourth sHisiBHMidsP stieaf¥pansi on device to produce a

| owert enperat ure, | ower pressure fifth streame

Reheht iSupjecting saidefitst éﬂﬁéf‘htt%rae SePBWé‘PnpﬁeQQE'GPQ 1 p{qgiuce a

R SRSl L PR Shgrasstaman

second rRétheas dépletédeart adlasd stieal auhstantmilayr bydrosan dlepleted
first streamenters at | east .one partial condenser to

provi dea"tﬂSqtbgé%@t'aﬂywtp?ﬁ%eaf'c?% reflux to said
et hyl;erlﬁtr?!i% bé‘%& Hiral 4fFBaml b hOs&ddHel Geparalidn EbRMNn to

process o er ein said first stream conprl ses
a m xt ueeowdr mgmtmgstmanmub%taatu@ltyrmsma@eaﬁmwh@ ,

gu&s]tg?g#l ol i‘i%ﬁﬁ] &t ]aiﬁz? aﬁ]exgoﬁgloﬂro%glfc%stoq{rogj@é Hower-

o

denet h&@hﬁ)%frature, lower pressure fifth stream

e. Reheating said lower-temperature, lower-pressure fifth stream to

provide cooling duty to the overall process.
f. Recovering purified hydrogen product from said second stream.

9. The process of Claim 8 wherein said first stream enters at least one partial

condenser to provide at least a portion of the reflux to said ethylene
distributor column prior to step (b).

10. The process of Claim 8 wherein said first stream comprises a mixture of
hydrogen, C1, and ethylene and is substantially free of ethane.

11.  The process of Claim 8 wherein said second separation column is a
demethanizer.

12.  The process of Claim 8 wherein said separation step comprises
rectification, condensation, membrane separation, ~dephlegmation,
adsorption, either individually or in combinations thereof.

13.  The process of Claim 8 wherein said fourth stream comprises essentially

little or no ethylene.
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12. The process of Caim8 wherein said separation

step conprises rectification, condensation, nenbrane
w@eepanetshon, dephl egnmati on, adsorption, eitherPCT/US2004/040946

i ndividually or in conbinations thereof. 13. The

f . o f
14 onp TS aEosso éma%e?-e#vﬁfie%?a B, £ fecand, hydrogen
f d 8 f d
Ry aresgEednmahate draidian el & sk Pk BopE it o said
may be directed to said expansion device of step (d).
expansion device of step (d).
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