-1- . SEPARATI ON OF CARBON MONOXI DE FROM GASEQUS M XTURES A401et-*
CONTAI NI NG CARBON MONOXI DE AND HYDROGEN The present inventi orr_‘j"_POﬁ
relates to the separation of 5 carbon nonoxide ("CO') from gaseous

m Xt ures contai ni ng primarily carbon ?om de and hydrogen. It has ,
particul ar, but not exclusive, applicatton to the separation of carbon
nonoxi de fron1synthesis gas consisting essentially of car bon nonoxi de,
hydrogen and net hane. Car bon nonoxi de is usually obtained by

separation from SEP%%TM@F ORRREON rMNRIEEDH PR FARBQUSL dHXGURESH or

parti al oxi dati on cfoN'EH IN NG GGSRBAN | oMX PO AN SERRIERON
feedstock. In addition to carbon nonoxi de, these gases 15 cont&/n hydrogen

and nethane. It is well known to separate car bon nonoxi de from such
m xtures by a crydjenipresengepavantdonpreieses ronwtheh seprlranisanaXi de i s

removed by acark:’d?xwrr%gﬁrgg& r"%(?sgrrret ha%aiste%suﬁfl%ulfegu @n%&'ﬂ% in a

wash columm to prOV| | oa cont ai ni prrcal |y
3-4% hydr og&®¥F1MAddilgu 82 0Rply Sipaeside ansl dydrogen,. omItthéa@OPIaéédé’&lm!‘itrhane
in a strippi mutcolatmedcdusEate, applieatdeu m&dtm&rb@@aEEMQbhdaprQ&%©h

speci ficati orgnoq,gaq( itfae from @éﬂl&?&%ﬂ.ss%'sp%%% Q(% %d%gs tt ??Z gﬁepar at ed

into a CO r'i'ch vapour 5 et [ane-1 en ation 25
col urm. Usualdarbon mwmaxddiesf hvdrcgs!ny aad wgidan recycled to provide
a heat punp streamand a portlon of the nethane rich liquid is recycled
to provide the nethane wash 813, 889 di_scl oses

S-
such ‘a process in 9ﬂ?1ﬂﬂ?°XIdﬁ(h |uﬁﬁf&ﬂégéﬁt§ﬁPF§p$H EBPRG G Pt Ehe
i s expanded &whthesitshegasgs perbdameddyt icaltial wedgo cosse risébar erbgiargial

| ntroduced oxﬂdytqarh%mar@fmng fsra%tﬂ@%tf Mned @ %ﬁ%%g%ghng'e feed.
The heat duty regwr d to warm.and partially vaporise t 5 fractionation

col uim feed W FEPFIRE TR FREReE monoxdd@endhf§ea9888€ous CO
recycl e hEthmnﬂarﬁrhydnogen and methane. It is well known to separate

carbqn monoxide from such mixtures by a cryogenic
.separation process in which carbon monoxide is removed by a
low temperature scrubbing step using liquid methane in a
wash column to provide a CO-loaded methane containing some,

20 typically 3-4%, hydrogen. Residual hydrogen is removed
from the CO-loaded methane in a stripping column to meet
the required carbon monoxide product specification and the
hydrogen-stripped CO-loaded methane is separated into a CO-
rich vapour and a methane-rich liquid in a fractionation

25 column. Usually, a portion of the CO-rich vapour is
recycled to provide a heat pump stream and a portion of the
methane-rich liquid is recycled to provide the methane wash
ligquid.

30 US-A-3,813,889 discloses such a process in which the
total hydrogen-stripped CO-loaded methane is expanded and
then warmed and partially vaporised before being introduced
into the CO/methane fractionation column as a single feed.
The heat duty required to warm and partially vaporise the

35 fractionation column feed stream is provided by coocling and
condensing a gaseous CO recycle heat pump stream.



-2 - . US- A-5, 133, 793 describes a simlar process in which t he

hydr.ogen-stri pped CO | oaded net hane i s sub-cool ed, expanded and split
into three sub-streans. The first substreamis fed directly to the

CO net hane fractionation 5 colum as a |liqggid at about its bubble point;

t he second substreamis vaporised and warnmed up to its dew point

before feeding to said colum; and the third substreamis vapori sed and
warnmed to a tenpergglsesi r !

t enperatures and tﬂgenéfsedmg ?lﬁld@% C§9+gs > # Pjheat duty rg}%%%ldcrtlo

vapori se and WA®nhYRECIENZBEBRRPRM O NI PR thanR 1S PHOWTREEDY heat
excﬂange | wekpahdedt andl splubt cOot 6 Noh Fydlr ogers si¢amped 1H2 | Dk

met hane an ng.a p n S S e 15

US A 311 aoeatir EEFut ol SPEIDRLELEL LY EOMRE K OMARRERE St ract I hach,

a gaseous 5ee@°b@ﬂﬂa§ﬁ|ﬂglh9@¥@g@ﬁ aboutaxtﬁnbwhbkﬂnmnﬂﬁﬁki%hel%ﬁanQS vol %

met hane is subj8stedam 1§0v§p§9ﬂ§é@U9H§ @@fﬁé@1u§0@&9ﬂ§§ldém $éige hi gher 20
tenperaturet sefractlon

‘and a condens@ﬁE?Fﬁuf‘ﬁe%ﬁﬁget?riifﬁaoﬁgiﬁ‘ﬁ% an%a@?ﬁ%’pﬁ%s%%?%’&ﬁ%nl?s
subjected to vaponbsédnandasarned to aytempen:a tunde chntbhermeaimxe deabd e
stripped fro”b&ﬁﬁlé'gHaddew ngﬁgogéﬁﬁéf€9ur£?féﬁ@1éﬂ%&Qﬂg§W§§dSQ¥§rhead

vapour from 25 {he st rlﬁ f os fromthe nmethane wash are
fracti onatfd FAtE™A- oo che69e?HE&dr%%$bﬁ?daﬁ% wRrRthspeand warnchheot t ons
l'iquid, The C&ecbnd aaﬁouh;sdpsﬁbesréﬁhko;a providegche hest @ueipangeeam

provi ding rebQiEha{éﬂ gB}:Hi S?Jﬁln%ktﬂﬂ&w&?t%{rfg‘ﬁe&r@o”%% g-rich

| iquid supplies wa ane’ was n obj ect of
the present iR9ERENBNaRd wetbbﬁaphlng apddparbhal lyrecndensing R ePPREI ent

manner to redggedthe overal |l separation energy requirenments of the
separatiog 35 process. It has been found that this can be
readily a ﬁieved by sub-cooling the hydrogen-stripped CO | oaded net hane
and splitting PheAséb3tboked dischosed prpyvdcess inrshighs tpoior to

the methane wash, a gaseous feed containing hydrogen,
carbon monoxide and at least 25 vol% methane is subjected
to a continuous partial condensation at a higher

20 temperature than the methane wash to provide a gaseous
phase fraction and a condensed liquid phase fraction. The
gaseous phase fraction is subjected to the methane wash and
hydrogen and carbon monoxide are stripped from the liquid
phase fraction. Partially condensed overhead vapour from

25 the stripper and bottoms liquid from the methane wash are
fractionated into a CO-rich overhead vapour and a methane-
rich bottoms liquid, The CO-rich vapour supplies CO to a
recycle heat pump stream providing reboil and reflux to the
fractionator and the methane-~rich liquid supplies wash

30 1liquid to the methane wash.

An object of the present invention is to obtain
additional pre-heat in an efficient manner to reduce the
_ overall separation energy requirements of the separation
35 process.

It has been found that this can be readily achieved by
sub-cooling the hydrogen-stripped CO-loaded methane and
splitting the sub-cooled stream to provide a first portion,



-3 - . which is expanded and introduced into the CO nethane

fractionation colum as a liquid feed, and a second portion, which is
partially vaporised and introduced into said fractionation columm as a
two- phase m xture; the heat 5 duty for Salf partial vaporisation being
provi ded by I n -part by heat exchange with a cooling and condensi ng
gaseous internedlate pressure" CO recycle heat punp stream The
pressure of said internediate pressure CO recycle heat np streami s

i nt er medi at e HeEhriss KiRANHD @A firddEgired 3R tho HOS &ﬁ‘rf mtda™e hi gh

pressure CO rﬂa:awi:eor’faaitorpwqitﬁdrr @dMa liquid feeB)usa,ndacacared:ormgi to a first
general aspe pr.ase t.i rating
% Xl%l*ber} S 1 ] %1 v%lp%‘ﬁl%%% hP! ftlec% e d ‘?{l%g;

car bon rom-a ase alntng primari car

monoxi de and Wo@wwf&%m%l@éb@rsatﬁ GG P Q:Ff*lXturer thecéﬁ?d?n
nonoxi de i$ Sdid&gpbﬁﬁrfsfﬁfﬁ %Oafmmr wiYddi¥atdfon bdify freirikled v 3{% d
nmet hane wash to rovide | oaded . i t hang stream.an

hydr ogen-ri ctP IE(RPF heat exchange, #5h & %ﬁ?&dﬁ\ﬂﬂ “éje 4% FRASEQUP
CO | coaded 20 'Tinfe xmexbidieeeprstsnam @mmwﬂeaﬁgat@gmpmemed TBhe

| oaded |iqui 4 reidiane S r&Mm 1ntermed1§t% %M\ﬁgﬁwtféog&q‘é HQd03deg
I|qU|d nmet hane stream . 'S sr -coo ed an the sub-c tream sp I|t

into at | eastStream %§ iqt acs‘%i‘-lodlafti"r"s“c 25
subst r eam.trei exgl wrp savekd detean ch i gt rpmhmxta (1(e)] nec@@]mau—farte pump fetastanonat i on

means as a liquid feed and said second substream being partially
vapori sed and introduced into sai d fractlonatlng nmeans as a two-phase
f eed; sa@h%ac@‘?%ﬁ#&iiﬂkﬁg tfedh f ieglarganer adaiafReahoddie P3Esent

stri pped CO | paeleglc 168 @bﬁm&@n% f;a&s&eésp w:oeeciﬁmlrngcftarbon/apour
over heads and rreé

hane Qol in and
condensing " h| ’f)’f%%s{ﬁom %Cé seec%}ﬁ e{“%eaj %Oé'ar}talﬁhlrﬁ:? &5 naarﬁlg'ryofa &%t eboi |
to said fiacthomexida and hydregersoyrnyogerda tsepanadfad dredin ditichequired

to partially V@%éﬁ%@%ﬁ&@%%&éﬁ%é&%dﬁ Praddind Jor il of
exchange of sai d, second, subs rea alnst a cooling, and condenﬁl g

"i nt er medi at eF eE8TE LY ® 1 RSt TR dthPde @
i nternmedi ate lh@mldfmsahdnéxktreamAﬁnnnH hydrdgﬁnkrlch vapour;

dissolved hydrogen is stripped from said CO-loaded

20 liquid methane stream to provide a hydrogen-stripped CO-

loaded iiquid methane stream;

said hydrogen-stripped CO-loaded liquid methane stream
is sub-cooled and the sub-cooled stream split into at least
a first substream and a second substream, said first

25 substream being expanded and introduced into a CO/methane
fractionation means as a liquid feed and said second
substream being partially vaporised and introduced into
said fractionating means as a two-phase feed;

said fractionating means separates said hydrogen-

30 stripped CO-loaded liquid methane feeds to provide CO-rich

vapour overheads and methane-rich bottoms liquid; and

a cooling and condensing "high pressure" CO recycle
heat pump stream provides reboil to said fractionation
means,

35 wherein part of the heat duty required to partially
vaporise said second substream is provided by heat exchange-
of said second substream against a cooling and condensing
"intermediate pressure" CO recycle heat pump stream of a
pressure intermediate that of said CO-rich vapour overheads



-4 - ., and said high pressure CO heat punp stream I n anot her
general aspect, the present invention provi des, an apparatus for
separating carbon nonoxide from5 a gaseous feed containing primarily
carbon nonoxi de and hydr ogen by a procesg of said first general aspect .
of the I nvention, which apparatus conprises scrubbi ng neans
for scrubbi ng carbon nonoxide fromthe vapour portion of the feed by the
| i qui d net hane wash to 10 provide the CO | oaded |iquid nethane stream and

t he hydrogeﬁn¢|§ﬁl@abbﬁﬁ pressure CQtheabiPigrPedh%ed®r stripping

di ssol ved hydrogen from said CO | oaded liquid nethane streamto provide

t he hydr ogen- st oaded_liguid nethane st heat
exchange neans for i E%Bp?ﬁgggﬁfﬁa%yﬁ?%ﬁé Qh r§%§%§ﬂ%§§ﬁ%ﬁﬁéd l'iquid
met hane streanprOV1d°s, aaxﬁnpanah@sffacts@p@xatwQOﬁﬁﬁb¢me@R2%#Qﬁ|f@pmhe

hydr ogen- stglpgeeasébheaéssdltthQlﬁrﬁ a??l&QrPI?VééEbéﬁﬁmonoxfzéra&@
vapour overheads’and the nethane ric uid, . said frac%lonatlon

neans havi ng rEKSFPgﬁﬁaﬁ¥ process 8§p§ﬁ§$o L RRB TRt 2 bR NPt heP i & st
substr eam of 1nveatdonubwhmohedppgdabgenesmprpped CO | oaded liquid nethane

st ream | Q?Ehﬁbgﬁggﬁegﬁgngakrngﬁbﬂgn%h@afﬁ@ﬁﬂﬁ@ﬂoiiéétffﬁb the

substreaminto said fractio

exchange meansVRBPUBaPPFELPY QApbResfRgdt A the Liguhd BeHRRPe 1R R E%ld
sub- cooledlbydpegemdatthaped -Conded lligqadedméthand setbameasd ek

condui t neans E ggﬁoggghngagggrpartlally vapori sed 30 second substream
into said fracttona means phase feed; and

"hi gh pressure" CO ﬁé@?@péngeaﬁapan§°§y§téhpplngp@b%$@lﬁ3dthédﬁ%$%%rfbﬁ@se
hi gh pressure EEaaecmcheaaeat11qulaUﬁetﬁhﬁeagtk@aﬁheofpasviagath@n reboi |

nmeans, 35 V\/ner t he apparatu I S nte nmedi at e
pressure" Egnggeﬁeggrbaﬁﬁa égti BngggﬁHb tﬂ%geiﬂﬁu? reambhase
internediaué pr essuhea€Oexebpobe heatspfiop stbeaopling said pydseger-—

internmedi ate t Qat;Bhed2cd-¢0akkbaN1Y80U" methaR¥eEPERER; and sai d high
pressure CO heat pu stream to
/methane fractionation means for separating the

hydrogen-stripped CO-loaded liquid methane to provide the
CO-rich vapour overheads and the methane-rich bottoms
20 liquid, said fractionation means having reboil means:;
expansion means for expanding the first substream of
said sub-cooled hydrogen-stripped CO-loaded liquid methane
stream; l ’
conduit means for introducing the expanded first

25 substream into said fractionation means as a liquid feed;

heat exchange means for partially vaporising the
second substream of said sub-cooled hydrogen-stripped CO-
loaded liquid methane stream;

conduit means for introducing the partially vaporised

30 second substream into said fractionating means as a two-

phase feed; and

a "high pressure" CO recycle heat pump system
providing the vapour phase high pressure CO recycle heat
pump stream to the fractionation reboil means,

35 wherein the apparatus further comprises an "intermediate
pressure" CO recycle heat pump system providing the vapour
phase intermediate pressure CO recycle heat pump stream, at
a pressure intermediate that of said CO-rich vapour
overheads and said high pressure CO heat pump stream, to



sai d heat exchange neans for partially vaporising the second substream
to provi.de part of the heat duty to partially vaporise said second
substream 5 In a presently preferred enbodi nent, the invention
provi des a cryogenic process for separating carbon nonoxide froma
gaseous feed containing carbon nonoxi de amdl™ hydr ogen conprising the
steps of: partially condensing the gaseous feed agai nst one or 10
nore process steans; scrubbi ng carbon nonoxi de from a vapour
portion of thaid hpat ieddhangmdemed foeepadttialihe Yappris ing foee wash to

provi de t he @dQnrfedidd pd ”Béch%ﬁtdee%gﬁn%ﬁ e hdtdiRE{N-td ch
vapour ; rippi ng di ssol ved dr ogen from said CO | oaded
liquid net harf@rsttlrae)a]ﬁ{ RIStk sr%ﬁﬁ"ﬁgew G583%ed CO- | oaded
| i qui d net hane stream sub-cool i ng sald hydr ogen- stripped

CO- | oaded 41 quid I&?%rﬁ f%?e?eg: n’ietrié"g ér{leo QU £

hydr ogen-stri pped Kane strearh east the
first substr&niRekies a Q#ﬁ?%ﬁﬁ%ﬁu?%ﬂﬂﬁﬁ%eﬁﬂﬁ separatanD&iﬁhﬂﬂﬂ?Qﬁﬂ%ﬁﬁqrst

substream ande téth rO A eS8 Neeed conpaiitiety fddPorb wRaid:Ea iaHd Hkbro jen

CQO et hane fﬂgq&lonaﬂ{OQZZS Jeans as, the I'iquid feed; expandi ng
and partially ?/&%%JF?JS 91 k%al oSt ondt substream by heat exchange of sai d
expanded second pamm#zemmmg prhe e ey dited regdaidisty arkee or
sub-cool i} mordYskoaeds s¢rdaped CO- | oaded |iquid methane strean1and 30

I ntroduci ng the part| 11y vapor.i sed second substream into

fractionating mean¥cd éﬁ?#ﬁg é&F?ﬁﬁi Qﬁ&éj rom & VapayHr &t ?E}QQK?f the
hydr ogen- str|mqmmhéllycnmhﬂbmseﬁufbed wxﬂhfthnaExquﬁd|methanhfw&ﬁh|mmat|ng
means to pro éggvdigg the &.Qié% c},| = sal Sk drhe r{H?té}?ége rich

bottons 35 I|qU| ractlonatlon mean y heat
exchange By¢ ¥PQ?&?E&E#|Y@P%&H'condenS|ng hi gh pressure CO recycle
heat punpistream s@telipping dissolved hydrogen from said CO-loaded

liquid methane stream to provide the hydrogen-stripped CO-
loaded liquid methane stream;

sub-cooling said hydrogen-stripped CO-loaded liquid
methane stream;

20 splitting the sub-cooled hydrogen—stripped CO-loaded
liquid methane stream into at least the first substream and
the second substream; '

expanding said first substream and introducing the
expanded first substream into the CO/methane fracticnation

25 means as the liquid feed;

expanding and partially vaporising said second
substream by heat exchange of said expanded second
substream against process streams including the sub-cooling
hydrogen-stripped CO-loaded liquid methane stream and

30 introducing the partially vaporised second substream into
said fractionating means as the two-phase feed;

separating the hydrogen-stripped CO-loaded liquid
methane feeds in said fractionating means to provide the
CO-rich vapour overheads and the methane-rich bottoms

35 liquid;

. reboiling said fractionation means by heat ekchange
with the cooling and condensing high pressure CO recycle
heat pump stream; and



-6 - . recycling at least a portion of said methane-rich bot t ons
liquid to provide the liquid nethane wash, wherein said process streans
partially vaporising the second substream incl udes the cooling and
condensing 5 internedi ate pressure CO reCécIe heat punp stream

Preferably, part of the heat duty required to partially vaporise the
second substreamis provided by heat exchange of that substream agai nst
t he sub-cooling 10 hydrogen-stripped CO | oaded |iquid nmethane stream and/ or
agai nst cool i ng aFRFYRFIT%I2Y ketfersiBRE Y RE ik peghane-rich

Usual |y, ltheo&gfm hm\@u{daﬁéi@f@kidm tRRNSiqeid metefr ai ek tg a | ow
pressure liquid COrec e_heat pu 15 streamderived by e I ng a
portion of ﬂ'f’t#leeﬁ%h%le ase‘g %’f%%ess s‘g?eeas%%r%a arec‘§/c aepd#ejlaﬁl p‘ﬁfr\%lést ream
downst r eam ofecdrd subsgtreamoireeludenetie ¢abbing and condensimnveni ently,
the heat Qenfﬁ@éﬁde@yagés%@éyéw@ & 2heFTdAHe MR SIest Feddie |1 quid

nmet hane wash during scrubbing I s renoved by heat exchange against a

war m ng and vapori sing CO recycle heat punp stream at a pressure which
is lower than saiBrefiteabky; aperprefstine. hddt sditeat rgunjred tstream

suitably conprj I, Ol 25855 hd AL d g ase
ex pandeé i ngéﬁgg%g%%qyégg sﬂ%etc%é(p r ec%ﬁ%;sﬁg%%}ﬁ S?f UESIS? r .earéé 'ﬂ#h}gei)@
vapori sed reR¥Epan@eaptpinpt SUPSEFRAM AFHTF BE FURZERRSEXUbbI ng usual |y

isdnixedlﬁﬁtmydrogégesfflpbeﬁ COPDOEd & el D@l ﬁétﬁﬁﬁémsﬁféamiamﬁiﬁﬁn nﬁans
and ver 1ed ¢ gqRL YL dEob0en 3 UBRLYRL 00 00 COMBLEREA SN, JoaNS A0, PEQYS dip, ¢ he

I nternmedi ate pressure r écyc reans and car bon
nonoxi de product. Suitably, all of the pressures |ower than said

intermedi ate presgyaglays EHOStOMhéEhdNe t PPasBIBnat DR mdads essur e.
Preferably, th

Interned) ate, pressure CO recycl e, heat u streamis
provi ded at ﬁﬁgﬁbﬁ?gpwfg%eai%ggrgfaﬁiure {b?%ﬁgqu ??%%?%?Eg? t AR at
punp/ pr odlGict stoepmedsvivedhby expanding a portion of the condensed high

" pressure CO recycle heat pump stream downstream of the

fractionation means reboil.

Conveniently, the heat generated by dissolution of

20 carbon monoxide in the liquid methane wash during scrubbing
is removed by heat exchange ‘against a warming and
vaporising CO recycle heat pump stream at a pressure which
is lower than said intermediate pressure. This heat pump
stream suitably comprises liquid phase expanded high

25 pressure and liquid phase expanded intermediate pressure CO
recycle heat pump streams. The vaporised recycle heat pump
.stream downstream of said scrubbing usually is mixed with
the CO-rich wvapour overheads from the fractionation means
and warmed to provide the supply to CO compression means

30 providing the intermediate and high pressure CO recycle
heat pump streams and carbon monoxide product.

Suitably, all of the pressures lower than said
intermediate pressuré are substantially the same "low"
35 pressure.

Preferably, the intermediate pressure CO recycle heat
pump stream is provided at an appropriate interstage
pressure from a main CO heat pump/product compressor. This



-7- . pressure will be optimsed in conjunction with the conpr essor
vendor and wll vary but wll typically be between 12.0 and 16.0 Bara
(1.20 and 1.60 MPaa). 5 When the overall cold box refrigeration is
provi ded by a CO expander, it may be adyantageous to extract the

I nternedi ate pressure CO recycl e heat punﬁ7§trean1fron1the CO expander
exhaust . 10 The following is a description, by way of exanple only
and with reference to the acconpanying drawi ng, of a presently preferred
enbodi nent of PERESPEEs¥ALli ReeAPtdRised FReceppynetipPgurethbfthfe drawing is

a grigess Lloubdga@eaar vehabrtaadsapalabaep bﬁ50wbyﬂr@gpﬂcamayﬁsg nmonoxi de .
an net han a_Ss t hesi S nsiL s ngA.essS yar ogen,
car bon nonoxigggaﬁgn hgngn%ng 80 af?lgh 203 ﬁdﬁcgb %Pﬁ?é‘given only by

way of exanple and relate to a preferred enbodi nent of the invention.
20 R@ferrlngwh@nthaedeaa&agi éamahSéksre@§laératlon i§”B§6@iHé§ 9?
96 MPaa ed, Vvia condui

10[err]C and a Eressure of . g f

to main heat &xCRaSFERNISE, %ﬁepéyl e adVPgtessPBa FB QXPEﬁﬁErﬁPﬁre of
-173[ err] C andnpermedilaye pressndens@dredhelpaheaal pymposteasmdftemndthe
fed, via 25 cepdyi 0 e wash colum 101. The vapour portion
rising up thrSEQ% ?g%gﬁ% gﬁgpgescrubbed w th sub-cool ed recycle liquid
met hane i ntroduced, via conduit 12, at the top of the colum 101 at a

tenper at un@ of -18&hermb@10w€@ er a deﬁﬁﬂﬂptdenbnbyhﬁayabﬁuéxdm§$é|Mﬁ&y

o the 11 quid 1G9 0 0 U G 3 BRELATY T gUid 8 OO gadec

met hane strea S mnth over heads,
which is hydr@g@ﬁe@éﬁwapﬁﬁﬁ@r@ﬁﬂye@haﬂlmqnanpﬁtFbs ptesentcinventionexi de

and met hane, T%émshm@Q@WElbh%eCQEd@hb éraw1ngTB§ Begkoeés§0Eybw03195raﬁrbon
nonoxi de in t excganger 205

I
ot an ! appRapr e SBRIAI ARt e hIOFHRRR 10 2P EORePRESACE
essenti al Iyp |@@Khemmabfpﬁoﬁwmahebusugbsthensmbumnglé$sent1ally of

hydrogen, carbon monoxide and methane. The conditions
indicated are given only by way of example and relate to a
preferred embodiment of the invention.

20 Referring to the drawing, synthesis gas at a
temperature of 10°C and a pressure of 19.6 Bara (1.96 MPaa)
is fed, via conduit 1, to main heat exchanger 100, where it
is cooled to a temperature of -173°C and partially
condensed. The partially condensed feed is fed, via

25 conduit 2, to methane wash column 101. The vapour portion
rising up through column 101 is scrubbed with sub-cooled
recycle liquid methane introduced, via conduit 12, at the

. top of the column 101 at a temperature of -180°C. Carbon
monoxide in the vapour dissolves into the liquid methane to

30 provide, as bottoms liquid, a CO-loaded methane stream
which is withdrawn via conduit 3. The column overheads,
which is hydrogen containing only small quantities of
carbon monoxide and methane, is withdrawn via conduit 4.
The heat of solution of carbon monoxide in the liquid

35 methane is removed by indirect heat exchanger 205 at an
appropriate location in the column 101 to maintain an
essentially isothermal profile through the column 101.



- 8- . The bottons liquid fromcolum 101 consists essentially of
car.bon nonoxi de and nmethane with a snmall quantity of dissolved hydrogen.
It is reduced in pressure to 9.6 Bara (0.96 MPaa) by control valve 107
and then 5 introduced into stripping colugn 102, where it is stripped to
renmove hydrogen-rich overheads, via condurt 6, to reduce t he hydrogen
content to the level required to neet the car bon nonoxi de product

speci fication. The strippin . vapo IS prOV|ded by a reb0|Ier 110 for

whi ch reboiler 10 B%t?oggﬂmgeleB% dgﬂ°%lc?¥%@? }OL p2PRSHEF ndi rect heat
exchange mntéskéﬁtﬁghlheefSCQaBoﬁemdnomldalmnﬂemétmanaamgem a sidDl

The (hydr099§%%§£i?299fq%%é@éﬂ@Qd”%%@@§§%nb°t£9”§s1§eéﬁﬂgadlhs £§€%%9?

conduit 5 mai n_ heat excha
tenperature Bp 9-6 Bi?@[é?r?@:Mﬁﬂﬂ)thénC@$§F@%dV¢hY% 100 3rd cBhen of about
equal svoinaBSdu&Ee@ ihgoi StkDppPRg (codltimh")03) reReré Sit eﬂslcedrwped
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i quid fecd B asBart; ReehitRatith 0apRands, Vi dofadbe RO K soul: Mon

of CO net hanbherhydreganu gﬂntentcbcuhhe 1D3ve1rhzeequqn¢@l to meet other

("second") S&agsahlﬁonoxlaedyeséute 9§8§§E£€a€D69U9hT§@n§EPl %ﬁﬁ ye 109 and
i s war ned artia exchanger 100-to a 25

i se
t enper at ur e 8?p°ESOfErPny¥#ﬁ$sb§a?tFﬁ#?&faﬁp%rg tﬁrsY?éﬁ fgboiler
i ntroducad, didycoadubé Browidedtab- phast irepant byl bm@irect heatrnedi ate

| ocat i on of gg&gglp?%gﬁfth the s nth%gfs géé! kde m :'HQ% ﬁé&@ae%fla&ggﬂom

required to y vaporl e expanded ottons l'iquid portio
col um 102 i%OBrovided in part by cooling and partially condensi ng the
synt hesi s gas feed, in part by sub cool i ng t he hydrogen-stri pped

OO ondeg o ey Rl SANLAh SOk oo c0%0ed0E AECRRRL OERRILTS,

stream s&ppl Léguid l@laeﬁeﬁédvtvzé conduit 5, frpm cobuneed82,via conduits

7 and 8, aresggpabak8dihNmain hBetferehhRgati opocebuaMtdfgeatareuskfi ed

car bon nDnOXI?93°C, and then divided into two streams of about equal
volumes. The liquid in one ("first") stream is reduced in
pressure through control valve 108 and introduced, via

20 conduit 7, as a liquid feed at about its bubble point at an
upper intermediate location of CO/methane fractionation
column 103. The liquid in the other ("second”) stream is
reduced in pressure through control valve 109 and is warmed
and partially vaporised in main heat exchanger 100 to a

25 temperature of -160°C. This partially vaporised stream is
introduced, via conduit 8, as a two-phase feed at a lower
intermediate location of column 103.

The duty in main heat exchanger 100 required to
30 partially vaporise the expanded bottoms liquid portion from
column 102 is provided in part by cooling and partially
condensing the synthesis gas feed, in part by sub-cooling
the hydrogen-stripped CO-loaded methane stream from column
102, and in part by cooling, condensing and sub-cooling an
35 intermediate pressure CO recycle heat pump stream supplied
via conduit 20.

The two feeds, via conduits 7 and 8, are separated in
the fractionation column 103 into purified carbon monoxide



-9- . product overheads, withdrawn via conduit 9, and a net hane- rich

bottons .liquid, withdrawn via conduit 10. The net hane-rich
bottons liquid is sub-cooled in 5 exchanger 104 by indirect heat exchange
Wi th ot her process streans (not descri%id here) and divided into a major
portion recycled to the nethane wash col unh™ 101 via punp 105 and a m nor

portion renoved as the nethane product via conduit 11. Punp 105 rai ses

the pressure of the methane 10 wash streamfor return, after further
sub- cool i ng IRFABKEE Ovesh@agiyer MdWiraw (He ORI tc Qrurmfdi @1 Mefhan&smdui t

12. Dependiingh Qo dteprigspiiie nefidmeivents sofcdn inetitane product ,
conduit 11 can be connected at the discharge side of punp 5 instead of
at the inlet side as shown. 15 The separation energy for the

process is provi détheywethanemsial ottonedidudchd@ shmFapiecerhoper ati ng

bet 2
019 \ggeg gasr . é:gemsag{ﬁétmx By 2nbi R Hdh 2 SxdaRje aNE R JHHHY PRIEYE

The c, sign duty, .far heat_ punp system
i s provided WS ¢ &85 J%%J %ﬁ‘%e?? nd lsvd'dﬁ‘%\hrézé’ & 84 bon
nonoxi de produttixn aqresisad eco the ewmtiae farshdeeisire drd lprdee geimgg.
The conventiong figfta %%fyﬁ&i%}?%r&&éolwasorﬂt@ et e 'p%cd%ﬁz%‘tr e

bel ow (with reference to IEIgresent e). e basi c

concept of tHPRHHMe 'ona‘?“ ® |rsa3tstfscottﬂe pre%?“%?pcﬂﬁr %é‘@ i
pressure 10 HRigsKCG t ey ﬁoflewaétvmrrr,p Bfx et rkamhextippib-exbodiingc dirdidat??2

f i t
han its %ECM e% q%e coo ede%saﬁogaljf%ase agg’r{equaa GO £E L, warmer

than its ew pol at punp stream
suppl i ed vi a RePRRAINQ PN jLhe Wﬁ#?%eﬁ?e%%@?%ﬁj of theyMAHANL i n heat

exchanger 201p1§<§k:11.p¢‘19 l@lﬁnd@b@li:erc&utb'e ordrgctide {4 aﬁte i dHar ol ghirge 103.
The condensed %—l rgs?t stpear@ 31% Aes J{tﬁeert sng_b 0004 sqlc!(vﬂl exchanger 202
exe " ot

by i ndirect ange W process streans (not described
her e) andlﬂ|V|ded into two streans.

The separation energy for the process is provided by
means of a CO recycle heat pump system operating between a
low pressure of 2.75 Bara (0.275 MPaa) and a high pressure
of 28.0 Bara (2.80 MPaa). The compression duty for the
20 heat pump system is provided by a CO compressor 110 which
also provides the carbon monoxide product at a pressure
required for downstream processing.

The conventional heat pump cycle known in the prior
25 art is described below (with reference to the present
figure).

The basic concept of the conventional cycle is to cool

a vapour phase high pressure ("HP") CO recycle heat pump

30 stream, supplied via conduit 22 from compressor 110, in
main heat exchanger 100 to a temperature warmer than its
dew point. The cooled vapour phase HP heat pump stream,
supplied via conduit 23, is then further cooled and '
condensed in heat exchanger 201 to provide reboiler duty

35 for the fractionation column 103. The condensed HP heat
pump stream is then sub-cooled in exchanger 202 by indirect
heat exchange with other process streams (not described
here) and divided into two streams.



-10- . A portion of the condensed HP heat punp streamis

supplied via conduit 24 and expanded through control valve 203 to
provide a liquid phase | ow pressure ("LP") stream at 2.75 Bara (0.275
MPaa) which is introduced into the 5 fracijgpnation colum 103 as refl ux.
The remai nder of the condensed HP heat punp streamis expanded t hrough
control valve 204 to provide a liquid phase LP heat punp streamat 2.75

Bara (0.275 MPaa) |n_10 _conduipt_25. The LP u stre i uppl i ed via
conduit 26 to heatAe%ﬁ‘éf‘@%rOgogg%%?%g??s?iﬁg%a}g%?ngt%‘ﬂ{ gggéesar@rrg%e t he
heat of sol ut foppbiedarbancandekt dediand hexpandeduthirorathagrntrek Heahes hane
wash colum 1983 tolprovide TRe1 £YRPAT Sh &Lk LIbheRte PiE: S{TeRm foradiRait

exchanger 05_passes . th condujt 27.and is mxed with LP

over heads (frén?PhBaFFaébr%ﬂggggﬁagowﬁhﬁh1b%)l%iﬁﬁ§@?ﬁﬁkﬁﬁf° tL}?:%nduit 9.
The conbi néd Yapouiophasenlohemb pdBpastrefibwx. passes through conduit 28
and is rewarned in nmain heat 20 exchanger 100 before being supplied at 2.75
Bara (0.275 NPaaL to the suction side of conpressor 110. In
accordance with th&hpr 88BALNARYRE| BAe GOpReRseH BF heat (piR potfaPhbSe HP
heat punp streapeh8ctiephacgghbyoat2dl vapedr2phase préeideds al sgPpi@ssure

("I'P") CO recygle heat u rea L thd fromc r 0 at a
pressure of ¥ﬁa%i_§§83?gt(§gﬁg %k%§7£]¥%i2'7€¥%%5% g%ﬁgpgpﬁééégi%&
suppl i ed #0a conduit 26-t oThei hPhkaeterenangereanoi sheurplied vias cool ed,

condensed andcgHBu¢@obedtbonBheVedenadgdeti 208! wiSdror ec heatevpdhecdartsal ly
vapori sing fractionatjon The condensed | P, heat punp

colu feed 8
streamis suppfle¥evicae hea&oﬁ%u??lﬁil?ﬁ BNt EPOR APOROBHEE 1 WhTch it s
expanded to 1ligpidvimdéhanki guoi thphmethaPeheash poobushrk@in at 2. 75 Bara
(0.275 MPaa), and then m xed with the LP heat punp stream 35 from conduit
25 (derived fromthe HP heat punp stream to give_a conbined |jquid
phase LP R&at punpT&er 8XAPPraE8AdLFt heat pemp TR se_BPTAR I ERGusEChRAZRL LP
heat punp stream passes enapayht edndaibealr exéhbsgeix@Q5washdeBcri bed
above. overheads (from the fractionation column 103) supplied via
conduit 9. The combined vapour phase LP heat pump stream
passes through conduit 28 and is rewarmed in main heat
20 exchanger 100 before being supplied at 2.75 Bara (0.275

MPaa) to the suction side of compressor 110.

In accordance with the present invention, a portion of
the vapour phase HP heat pump stream is replaced by a
25 vapour phase intermediate preséure ("IP") CO recycle heat
pump stream withdrawn from compressor 110 at a pressure of
14.5 Bara (1.45 MPaa). This IP heat pump stream is
supplied via conduit 20 to main heat exchanger 100 where it
is cooled, condensed and sub-cooled to provide additional
30 pre-heat to the partially vaporising fractionation column
feed 8. The condensed IP heat pump stream is supplied via
conduit 21 to control valve 206, in which it is expanded to
provide a liquid phase LP heat pump stream at 2.75 Bara
(0.275 MPaa), and then mixed with the LP heat pump stream
35 from conduit 25 (derived from the HP heat pump stream) to
give a combined liquid phase LP heat pump stream in conduit
26. This combined liquid phase LP heat pump stream is
' evaporated in heat exchanger 205 as described above. .



The |iquid phase LP heat punp streamderived fromthe | P heat punp
stream di.spl aces a portion of the |iquid phase LP heat punp stream
derived fromthe HP heat punp stream and thereby reduces the overal
separation energy 5 requirement. The overal{_ CO conpressor power reduction
IS directly related to the difference in pressures between the | P and
HP heat punp streans The difference in shaft conpressi on power between
conpressing the LP rom2.75 Bara (0,27 ag to 14.5
Barn (148010 vpaaj Ro; hERERY madtd TR e g Nokdyt SETHAR At BRen
conventlonalIyIPehﬁateuumBaﬂtreemldl$pi%$E$oa7@@5@M¢mmpfrthe limuidnghaszD
COMr €551 0N POVETnest pump ot TbEn CHEEAdd CRLURAnPUIP KUY {Gfp WErean

e

separation can 15 E t|n1§ varying t ratio between the two
feeds, via cond@ftEnNerany B ?Se?r%ﬁ?l Y@E?%ﬁl%ﬁﬂ%ﬁﬁF%ﬁﬁ;e“er%ﬁd the flow
and pressur® ofeqhereEEHEat ?Uapo%ér&hh1G@dcompr@@mcﬂ pdres texgdect Domhi€h

the pre-heatedy{pedeif £0PALLY o cheldi ¥APALASEUn 2ressures b&Béé’:‘?a{M’

dependi ng upon_a revi e ove egrations
addi ti onal refFPgéF%tﬁBnhﬁﬁ§ pemp s%ﬁ%ﬁmﬂed T?ﬁrﬁﬂ?ﬁ?ﬁ%ﬂc%xh%aﬁ@%ftloo to
enabl e the feedohpresshencponet Hetwdes . cdfpressing thé NP Ihede eci at ed

that the inven S r i ¢te part det
descri bed abov%{:gﬁaJn fgg%h2f7%u§%%%u§6h%é$f|%%?} %ﬁdﬁséﬁf%t h@scan be
made mﬂ@hoﬂ?adepainﬁhgaﬂr©ﬁ1t@eZ&cb@eaont&eMmebntaean@l@OhaMéibmmhin

the follow ng ebav8Rtionally required, can result in up to 7% laving in
- 12-
the total CO compression power.

The overall CO heat pump duty for the separation can
15 be optimised by varying the split ratio between the two
feeds, via conduits 7 and 8, to fractionation column 103
and the flow and pressure of the IP heat pump stream and
hence the degree to which the pre-heated feed in conduit 8
is vaporised. |

20
Optionally, depending upon a review of the overall
cold box heat integrations, additional refrigeration may be
provided in main heat exchanger 100 to enable the feed to
be cooled further.
25

. It will be appreciated that the invention is not
restricted to the particular details described above and
that numerous modifications and variations can be made
without departing from the scope of the invention as

30 defined in the following claims.



CLAI MS: . 1. A process for separating carbon nobnoxide (" CO')from a
gaseoqus f.eed containing primarily carbon nonoxi de and 5 hydrogen by
cryogeni ¢ separation in which: car bon nmonoxi de i s scrubbed fron1a

vapour portion of the feed by a |iquid_gathane wash toﬂﬁrow dea

CO- | oaded li quid net hane stream and a hydrogen-rich va mm,’mmnm, lm
m

di ssol ved hydrogen is stripped fromsaid CO|oaded 10 liq
to provide alagk n-stri pped CO | oaded | i quid met hane stréa

sai d hydrogen- ﬁﬁed CO | oaded 1iquid nmethane stream I's sub- cool ed and
the sub-cooled streamsplit into at |east a first substream and a second

subst ream saiyd {1 (%o dot. Y d BN UL X RATKIRA: Gihdlldeddueest ik @

CJO net hane fractlon%vion neans, as a I| uid feed and said second

subst r eam bei REIRE4S 987 VU3 T B RF M4 GEFhqR Jonoxide @nd
fractionatisg hpdnsges by towyqreasiec fsggliration in widichf ractionati ng neans

“separates said hydrogatk, 20, shrigped Q2 eaded 1y dvrsg{to {808, 4

provide CO-rich vapour overh S an ane-ric |qU|d and
a cool i ng and E¥hdesrd r@r"mi@m%wﬁf@nmwtm @rovideest GRmhyasiackeam
provi des reboillici@;@aﬁ&ﬁarra@tsmmcghd a. md&%wwpmmrt of the

heat duty required vaporlse sal econd .S

provi ded by heat ex%h%%@éve& h%qros%ﬁ edord Cgfeam%gaglgjﬁ lﬁ?& i ng
and condenk? n@lQUldlm@MIﬁI@mé&mwvm ree gy rodaiats puipPest IG&m of a
pressure interr@é@@aeﬁmdqﬁe@?&& Q@ Fd&h: vapour overheads 30 and said

hi gh pressure CO heat ream s, as. ¢lainmed in Cl aim
1, wherein part of ??’ﬂeg%y ’F‘%% nﬁﬁ?ﬁ%ﬁﬁﬁ%ﬁ-‘?ﬁfﬁ’ﬁg IR SEEHT
second suhiss r ot coopedvantkdchey ket caododth refer eEm sspldi ts eigdind &85 least

substream agai ns s°'1!&p i y. ngg}] t H)e&e% q!madad Iiquid
met hane stream g 1€ sxiPé’Ar O(r:%éég %s C alér}e{]'{ az??msa,l rBI)I’I sing the
st eps b5 substream belng expanded and introduced ifxto a

/methane
fractionation means as a liquid feed and said second
substream being partially vaporised and introduced into
said fractionating means as a two-phase feed;

said fractionating means separates said hydrogen-

20 stripped CO-loaded liquid methane feeds to provide CO-rich

vapour overheads and methane-rich bottoms liquid; and

a cooling and condensing "high pressure" CO recycle
heat pump stream provides reboil to said fractionation -
means, .

25 wherein part of the heat duty required to partially
vaporise said second substream is provided by heat exchange
of said second substream against a cooling and condensing
"intermediate pressure" CO recycle heat pump stream of a
pressure intermediate that of said CO-rich vapour overheads

30 and said high pressure CO heat pump stream.

2. A process as claimed in Claim 1, wherein part of the
heat duty required to partially vaporise said second
substream is provided by heat exchange of said second

35 substream against the sub-cooling hydrogen-stripped CO-
loaded liquid methane stream.

3. A process as claimed in Claim 2, comprising the steps
of:



partially condensi ng the gaseous feed agai nst one or nore process

st eans; . scrubbi ng carbon nonoxi de from a vapour- port+en-of-the -
partially condensed feed with the liquid nmethane wash to '

CO- | oaded liquid nmethane stream and the hydr ogen-rich Elﬂnﬂmuﬂﬂ|"“f"""
strippi ng di ssol ved hydrogen from sai d C®iBoaded | i qui ¢ nmet hanem sty eam
to provide the hydrogen-stripped CO | oaded |iquid nmethane stream 10
sub-cooling said hydrogen-stripped CO | oaded |iquid nmet hane stream
splitting the sub-peodied lhydragiEnssitng phed g@8domad deked algagumist weteh e
streaminto fd ubstream and - the second substream 15
expandi ng sa?ﬁc?éﬁe?’:‘%o%él%stért;e?nq%nd i ntroduci ng the expanded first
substream i nto t heSEYYRYNMAR2 TR A Rtidsh fromeayapey s pentiqn & sde

eXpﬁndi ng anfba{lgiitélﬁw ébd/fﬁm{ééii r@eeoaivgtt&ee;o@ liquEub slgteamd walieatt o
exchange of said e ed, secon substream agal st _process . streans

I ncl udi ng %h@%%%%%giq}%g:&%‘?ﬂ}gﬁ%g@hqﬁi i"ﬁ%@&’%@ﬁr{o‘a‘*&é‘b alnidcsusﬁhcf nmet hane
stream and hydwogshrctigh thapgeritial |y vaporised second substreaminto
sai d fractionati ngs¢eahsi i disd WEPNBgJRA from said @PAYRILNY the
hydr ogen-stri pped, I%?ded | i quid 25 ret hape feeds jn said fractionating
means Lo provi M dne thang, $ERRA 4R RIS dts AT AR TRECHARES
bot t ons |icaded liquid methsros |stwpawi d fracti onati on means by heat
exchange with . So91 4 angdy ' | s Q&S r e 30
heat purrplgstream éal%g 14y recyclin ar?gﬁé;'la%beg{portlogan 0 lga%ECP
net hane-ri ch Methapg t $H&S3M4quid to provide the |iquid methane wash

yvhelr eidn saihd pr OlC_e§§lSttt’éﬁWBtmré_dm*ddoMQﬂ}&ﬁmd*ﬁripp&EMd%u:hﬁ:t ream
i ncl udes the cool i onden . i rnedi at,.e pf. r cle
heat punp st r%&‘%‘lgg’“&mﬁe %%o‘? ngglsrg@%sar%lelaelarr%dq‘ithne ?hl%s %e&&%(gt’{ia% énd
pr ecedi ng the ssegondhees treams of the heat duty required to partially

vigori se $@i d secosgbshdShd eSdNd SEDF OV i S\gsk e dit dnEXiGle@ficing the

expanded first substream into the CO/methane fractionation
means as the liquid feed;
expanding and partially vaporising said second
substream by heat exchange of said expanded second
20 substream against process streams including the sub-cooling
hydrogen-stripped CO-loaded liquid methane stream and
introducing the partially vaporised second substream into
said fractionating means as the two-phase feed; .
separating the hydrogen-stripped CO-loaded ligquid
25 methane feeds in said fractionating means to’'provide the
CO-rich vapour overheads and the methane-rich bottoms
liquid;
reboiling said fractionation means by heat exchange
with the cooling and condensing high pressure CO recycle
30 heat pump stream; and
recycling at least a portion of said methane-rich
bottoms liquid to provide the liquid methane wash,
wherein said process streams partially vaporising the
second substream includes the cooling and condensing
35 intermediate pressure CO recycle heat pump stream.

4. A process as claimed in any one of the preceding
claims, wherein part of the heat duty required to partially
vaporise said second substream is provided by heat exchange



of said. second substream agai nst cooling and partially condensi ng
gaseous feed. 5. A process as clained in any one of -the preceding 5
claims, wherein the CO nmet hane fractionation neans is

| ow pressure liquid CO recycle heat punp stream de ,mmimﬁmn Mmg a
portion of the condensed high pressur el1£o recycle heatcpunpns
downstream of the fractionation neans reboil. 10 A process as
clainmed in any one of the preceding cl ai ms, wherein heat generated by
di ssol ution eff ea&aoeecondrr@ﬂaéttéeamnat;aenlstqubdlﬁrﬁt;hana paghiduliyng said
scrubbi ng I s, renoved % échange against a warm ng and 15

vapori si ng CEPngﬁéﬁgghggf §€Feam at a pressure which i s | ower
than said internediate pressure 7. A process as clainmed in Caim6,

wher ei n sai dsheat roe'é@rg sl eqqhhe@owan}eahege@eﬁagesrexeehaeoI ution of
20 carbon nongoxide in met hane waSh s¢rubbi ng

id
conpri ses 3 |&&P&m§ha§@eéﬁﬁgnggﬁ ﬁpdﬁeﬁpé§§uFéa&ﬁéongthPqGFEnﬁhé§e expanded
i nter nedi at e rerfdaxesde wi®hr aclowe pltreaisure lpgopdstoeareycle?heal8. puMppr ocess
as clainmed i N ris r ream
domnstrean1o%t§§igp§%¥ﬁ§%%r% e&%%n%iﬂ% %ﬁftloﬁ ggﬁ§r|CE8§QS§§gao®éP eads
fromthe PresEiren £0 G@%&@s hgpd mmﬁeétﬂream gpraetrramsgfpktiet o CO
conpressi on Akt iPndidnneeae irkbernedi ate and high 30 pressure CO
recycl e gget punp streans and carbon nonoxi de pr oduct . 9. A
process clainmed in any one of the preceding claims, wherein the
gaseous f eed fconsifsProgesentEisaldly iged33nc anyoengordxitte, phiggeddan and
met hane. clakths A WHRERTS had tClo@indR4d ticlt By d28802htiBa BEEGE%%BG.

clains, wherein the internedigte pressure iIs t 1.20
(12.0 and 16W9ﬁ§£1£F Qn @F %quf% megﬁane was% g%rlng said scr %blng

is removed by heat exchange against a warming and

MPaa

15 vaporising CO recycle heat pump stream at a pressure which
is lower than said intermediate pressure.

7. A process as claimed in Claim 6, wherein said heat
pump stream removing heat generated by dissolution of

20 carbon monoxide in the liquid methane wash during said
scrubbing comprises liquid phase expanded high pressure and
liguid phase expanded intermediate pressure CO recycle heat
pump streams. -

25 8. A process as claimed in Claim 7, wherein the vaporised
recycle heat pump stream downstream of said scrubbing is
mixed with the CO-rich vapour overheads from the
fractionation means and warmed to provide the supply to CO
compression means providing the intermediate and high

30 pressure CO recycle heat pump streams and carbon monoxide
product.

9. A process as claimed in any one of the preceding
claims, wherein the gaseous feed consists essentially of
35 carbon monoxide, hydrogen and methane.

10. A process as claimed in any one of the preceding
claims, wherein the intermediate pressure is between 1.20
and 1.60 MPaa (12.0 and 16.0 Bara).



11. A process as.clainmed in aim1l and substantially as her ei nbef ore
descri bed w th r the acconpanyi ng drawi ng. 5 12. An
appar at us f lﬁﬁ% mr\Ej bon nonoxi de ("CO") froma gaseous feed
cont ai ni ng nonoxi de a_qg_hydr ogen by a process of Caim
1, which apparatus conpri ses: Scrubbi ng neans for scrubbing
carbon nmonoxi de fromthe 10 vapour portion of the feed by the liquid

met hane wash to provi de the(éﬁ;loaded | i qui d _net hane strean1and the

hydr ogen-ri cht krapdhrbrocess as florangt SYRFHtRG td
hydr ogen fromere'ﬁeb@lfm Imkadlbecnmmtmdmmier aamdhe de:\dndﬁdyhmgIS

hydr ogen-stri A | oaded |iquid nethane stream heat exchange
means for sub-'coolihg sai d hydrogen-- stripped CO | oaded |iquid nethane
stream CO et hane fractionation neans for separating the

hydr ogen- s4 rijpped mm@@ﬂt&s Ciftkh €l s"@gsmrtqa d%rxfwrdenctrnﬁu%& G®dggh vapour

over heads aanthe met hane-ri g gottons . (ﬁﬁﬁf sai d fractionatipn nmeans
havi ng reboi |- 9aseous Leg p%?&‘f%lrf”rfb%r%r O SRFERT CRRasY

subst ream of and hydrbgem-kypot eplr dyely » geh-Glainpped WdAdhhapehdatopd d net hane
stream 25 ompEPsldlit nmeans for introduci ng t he expanded first
substreaminto said fractionation Eeans as uid feed; heat

exchange means forSPErRPLRY VIeARD 1T MFIIRP :.ng QRS T S
sub- cool etio hyvhp@gen-sértppedo£he feddasiedcHe dluighint teestharsd mesghy 30

condui t rrean;p%&;la tfﬁg%énﬂoéggdpf{m%&félﬂeé% ?%‘g%a arg;cccmzd substream

into said fr |ona i Nng_ means as a
"hi gh' pressurkydeggercitf VRRBOUHUND system provi di ng the vapour phase

hi gh pressure CO r@@ypﬂa;@uh@ahe%spwr) §t§fiepgmrtq> dissdIvaed imBiddgeh e |
means, wher ei h )Y éurt er rlses an "|vnt [ edl ate.
bressure” 00 T TS RRAToBLbIELR g T AR thie Res phase
i nternmedi B%e @Y@W@'W*M?@I@Omd%mwxémtmne streagmiessure
intermedi ate that péatabdckdhgé Ched@POEEr sub-cooling said hydrogen--
stripped CO-loaded liquid methane stream;
CO/methane fractionation means for separating the
hydrogen-stripped CO-loaded liquid methane to provide the

20 CO-rich wvapour overheads and the methane-rich bottoms

liquid, said fractionation means having reboil means; _
expansion means for expanding the first substream of
said sub-cooled hydrogen-stripped CO-loaded liquid methane
stream;

25 conduit means for introducing the expanded first
substream into said fractionation means as a liquid feed;

heat exchange means for partially vaporising the
second substream of said sub-cooled hydrogen-stripped CO-
loaded liquid methane stream;

30 conduit means for introducing the partially vaporised
second substream into said fractionating means as a two-
phase feed; and _

a "high pressure" CO recycle heat pump system
providing the vapour phase high pressure CO recycle heat

35 pump stream to the fractionation reboil means,
wherein the apparatus further comprises an "intermediate.
pressure" CO recycle heat pump system providing the vapour
phase intermediate pressure CO recycle heat pump stream, at
a pressure intermediate that of said CO-rich vapour



-16 -...__. . .overheads and said high pressure CO heat punp stream to sai d

heat e partially vaporising the second substreamto
provi dgmﬂmﬂmﬂm%mhﬁL duty to partially vaporise said second

substr e 'S pparatus as cl ai r_rgg_i n Claim 12, wherein said heat
exchange nmeans for sub-cooling the hydrogen-stripped CO | oaded | i quid
net hane stream and sai d heat exchange neans for partially vaporising the
second substream are 10 integrated whereby part of the heat duty required
to par t i ald%PEREREHS SO Hidt S ddariul Pressturea®d So3toPUied Sk odffe O

sub- cool i ng @adr@mﬁtdxdrmecaéamd%ﬂ ipatitd amatyhaaporisilgeame 15 14,

An appar at us A3 cl aim 12 aqr. & aim13, C
heat exchange PSeans rmbdsul;er g‘ I‘-1°y S Vd'edﬁmpr?grtt r?ef thegglrsgé%ous ufrlg’e agai nst

one or nore waoYdss st er@rn;arlse said seagng sgbsdaeant.-or scrubbi ng carbon
nonoxi de fgom a 20 vapour portion of the partially condensed feed with the

LLguLSdrgggﬁ %Vhﬁﬁﬂ$;OV|de th%?fczﬁﬁfded |IﬁUI nethane %§£§$n1and

hydr ogen fr orexchars;;e me@(nsi e s ubi-opdad iney Hedree r@tdm:&;art-(sqmmpedie Qe 25

hydr ogen-striqy ge
nmeans for sub coo | ng %Aﬂﬁgégnﬂmgnﬁ pp egg (l':lSﬁtoae eé% | qU| t hane
st ream VAR 109 Shea @GR IRUDSHEeRTs @FS r eam of

sai fj sub- mollegtdgﬁkwmrﬁfamp?h@dmgﬂ?ifﬂdwlcdmyetﬂegﬂﬁr?e@ Hd eam .
condui t neans r troduci t he .expande S substre

fractionati o3 alnasﬂ "d ngﬁ % §a1ci( second su]C’St:xrea Rsion prreéﬁlsrgeféc; St%
expandi ng t hémmﬁymﬁﬁ‘sulmﬁ G- G d igdich grathandg pped
CO | oaded |i 4t £bdret hane 35 stream heat exchange neans for
partially vaporising said expanded second substream condui t
means for introducing the partially vaporised second substreaminto
said fracts onldi nAmeEppaestes taw-claimed in Claim 12 or Claim 13,

comprising:
heat exchange means for partially condensing the
gaseous feed against one or more process steams;
scrubbing means for scrubbing carbon monoxide from a
20 vapour portion of the partially condensed feed with the
liguid methane wash to provide the CO-loaded liquid methane
stream and the hydrogen-rich vapour:;
stripping means for removing dissolved hydrogen from
said CO-loaded liquid methane stream to provide the
25 hydrogen-stripped CO-loaded liquid methane stream;
heat exchange means for sub-cooling said hydrogen-
stripped CO-loaded liquid methane stream; .
expansion means for expanding the first substream of
said sub-cooled hydrogen-stripped CO-loaded liquid methane
30 stream;
conduit means for introducing the expanded first
substream into said fractionation means as a liquid feed;
expansion means for expanding the second substream of
said sub-cooled hydrogen-stripped CO-loaded liquid methane
35 stream;
heat exchange means for partially vaporising said
expanded second substream;
conduit means for introducing the partially vaporised
second substream into said fractionating means as a two-



phase feed; a "high pressure"” CO recycle heat punp system
provi di ng the vapour phase high pressure CO recycl e heat punp streamto
the fractionation reboil means; and 5 recycl e means supplying at —

| east a portion of said met hane-rich bottons |liquid [ |

nmeans to provi de said |iquid nethane Wgt7 wher ei ﬂ]ﬂmﬁ"uu)mnuﬂm[m
further conprises an "internediate pressure" CO recycl*e Reat punp system
provi di ng the vapour 10 phase internedi ate pressure CO recycl e heat punp
stream at Phass 88 internediate .that of said COrich vapour

over heads and sai & hirgjgmrmﬂtﬁ:e@dm&teqym Hoaaapunipo systead d heat
exchange nea S f ri.si {, d t .0 ovi de
9° meansd AR (R oA RO 0 G or SRR ORI RAT Y

part of the vap e sal secon ream
15. An appar ®uRp H£-rg8an 111'}13 afrsyacmvz@rxﬁtnanaurr@@;l mears; and wherein the -

hi gh pressir edand ﬁéﬁﬁl@dﬁ@ér@s W\ﬁ:’ias]:tﬂ}’ﬁlgcQt llearsQ:C)édp%ﬂﬁQ:tn M][%aa)@t e

are in egrae ratus. as cCl al one 0O al Nns

to 15 T RO AR T it S e, s e T 1he
second substrpaam:rcm:esane& Wiageioli sndethenhversdhy part of t he heat duty .

required for 3ald pardja da%;ga;.gge@@tm’%ﬂ& &@ﬂvg$%&y-lmfﬂ&1%

partial ly condensing sai An appar atus as

clainmed in arﬁfr?ﬁfé“%ﬂ" G TRCNSL] PeRE Pump RN Rﬁﬂﬁi‘ﬂ%’l%d“ PERRIWh

hmaans f ori@x stk ¢ oi e atid d ot S o o s e ommdmmtdqurg&atprm@rsa:mm,gcaml e
eat punp str L C QN Oi S an

condui t ae;rmse?suldg\r,]wé uclt ngJ%%r\ﬁj%égaa% a%:o%e{]lg%d Vl % as

reflux to theeGxhradmmnd regtd dnkah aresiuns. CO gt pumm %Fm@,t U= as

clained in anyaopendit Qmm&@@ héardd  for Cf)éfﬂfﬂﬂe.lfy cxferﬁumssl ngy heat exchange

The Tiqui d - ST YRIPTn Tha COrbiBaF e I Aedk Bihartbe

agai nst al%arpangiahlly vieaperbsea gl resyaid szt man.

15. An apparatus as claimed in any one of Claims 12 to 14,
wherein the high pressure and intermediate pressure CO
recycle heat pump systems are integrated.

20 '
16. An apparatus as claimed in any one of Claims 12 to 19,
wherein the heat exchange means for partially vaporising
the second substream receives gaseous feed whereby part of
the heat duty required for said partial vaporisation is

25 provided by cooling and partially condensing said gaseous
feed.

17. An apparatus as claimed in any one of Claims 12 to 16,
further comprising expansion means for expanding a portion

30 of the condensed high pressure CO recycle heat pump stream
downstream of the fractionation reboil means and conduit
means for introducing said expanded condensed stream as
reflux to the CO/methane fractionation column.

35 18. An apparatus as claimed in any one of Claims 12 to 17,
further comprising heat exchange means for removing heat
generated by dissolution of carbon monoxide in the liquid
methane wash in the scrubbing means by heat exchange
against a warming and vaporising CO recycle heat pump



-18- . stream "26,27) at a pressure which is |lower than said
i nternedi ate pressure. 19. An apparatus as clained in Caim18,
further 5 conprising expansion nmeans for expanding |quId phase. hlgh

pressure CO recycl e heat punp stream expansion nmeans y
| i qui d phase internedi ate pressure CO recycle heat '@”@”[ ﬁ
conduit neans for conveying said expand%ﬁ streans to=*S nge

means for renoving 10 heat generated by dissolution of carbon monoxi de i n
t he l'iquid nethane wash in the scrubbing neans. 20. An apparatus as
clainmed in C at¥ea "R6r2fdr at acomgsissiregwhiahs idowryereshass sahd

scr ubbi ng neaagt@qheagaQ@ngk@@@gr@ecycIe heat punp stream vaporised in said
heat exchange neans renovi ng heat generated by dissol ution of

carbon nonoxide in the I|qU|d nmet hane wash with the CO rich vapour
over heads froﬂ@theAhrapphmaamboasneaaimeheah Claérchéngéumthes for marning

the combined seatsand 20 ge%eﬁé'a% B384 AP 10551 A0 phS s R

conbi ned str an}to t he 1 nternedi at res ure
recycl e heat ﬁ&ﬁﬁs§ﬁﬁe QQQXQ%%’ 3 EBNEPi érﬁg@du@gpan51on peangy for
apparatus as expaiRdngn 1dq@iid bhased istesmadibakl prassazeheveirakgtare

descri bed W t B J6f & fCS hRarfNUrd conadilt! HRRH! $8, Bong:36C QIR NG

dr awi ng.
expanded streams to said heat exchange means for removing

10 heat generated by dissolution of carbon monoxide in the
liquid methane wash in the scrubbing means.

20. An apparatus as claimed in Claim 19, further
comprising means downstream of the scrubbing means for

15 combining recycle heat pump stream vaporised in said heat
exchange means for removing heat generated by dissolution
of carbon monoxide in the liquid methane wash with the CO-
rich vapour overheads from the fractionation means; heat
exchange means for warming the combined stream; and

20 compression means for compressing the warmed combined
stream to provide the intermediate and high pressure CO
recycle heat pump streams and carbon monoxide product.

21. BAn apparatus as claimed in Claim 12 and substantially
25 as hereinbefore described with reference to, and as
illustrated in, the accompanying drawing.



