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WD 2007/ 000545 PCT/ FR2006/ 050468 Met hod f or
si mul t aneousl y produci ng hydrogen and carbon nonoxi de

~The present invention relates to a process for the 5

Skd"ub§-AREeMS Production of hydrogen and Caﬁ@l%‘azooslosoz;ss
nonoxi de and to an installation for inplenenting this

-process.” Processes for the production of carbon

nonoxi de and hydrogen may be divided into two parts:
18ethgdnéeat stmubtandeusivigpsoduchngt hyéregere nind| ¢rbon
containing H2, CO CH4, GRANGS2). Anong the various

i ndustrial syngas production processes nay be

-mentioned steamreformng, partial oxidation,

aH Ot hpldmmin: r ehoeAtngn efLlatsd WA ch %ﬁ&@é@f @0 Nghe

OB AR G AACCASR € OV GTOSRR. Tt HeEPPh Barovide

reefdrivehn sitressra ] regf i@ fivge 1isnf reagrremitrlgy giriec gded dpys .
pretreatment steps; especially a hydrodesul furization
step, and by a prereformng step. In the rest of the
duzmregrdon fo20 bhaemposmdtidieabéd, Caecex Froassiigle and

) DGREF Ad oY 'vidld Ilrptwq:rw@lﬂartt@e steps
resulting in the generatlon of I(%n gas

expr essi PG PheSyiasS Y gRefe tmbﬁtuﬁﬁl?ssFﬁf%ﬁlly
adrdd idy)iraf ﬁﬁenda(acﬁhuldbztanﬂhabﬁeemmbmg tie various

synga eration.uni t" mean_that a flu
SRS Sl ittt S b iy e Bl omes
tstteaarrsyngra:sfofrrsirdze,I i vep@tdt:t@l sai dxudatlommngaﬁtgthsrmal

4 he gener atjon Yok b
partﬁ@gfhr be nmade of t¢gﬂiydrocaﬁgonfg e s%%% ey N

Sbhrta eedi fget H@Stdéémeﬂiﬁfar%t%ﬂc%%p Dependlng
@l dirzd Nebriddd 1At droroft hﬁue’%Qnm@ﬁﬁé Of & Py apdoreéar msﬂéam

ShSPendile 0 A9 umLer, vapor.ang sarbon, dignides el
&r@eca;mﬂjmaryadeh:adbo@aﬂsubfurlm'endnd toepenowmd 3%y a
3 B SR AL LI Sy A Bl Lo,
@@hﬁ;Wlse 1nd1cated the expression "syngas generation"
will cover all the steps resulting in the generation of
a syngas, the expression "feed the syngas generation
unit" {(with a fluid) or "send (a fluid) to the feed for
the syngas generation unit" will mean that a £luid,
some or all of the constituents of which will be in the
syngas, 1s delivered to said unit. Among fluids feeding
the generation unit, mention may in particular be made
of the hydrocarbon feedstock, hydrogen for feeding the
desulfurization  step, oxidizing fluids for the
prereforming and reforming steps, including water vapor
and carbon dioxide; and '

- purification of the syngas. The main steps thereol
are: _

s primary decarbonation, intended to remove
most of the CO; contained in the syngas coming from the
generation step, said decarbonation in general being

obtained by scrubbing the syngas with amines;
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obt ai ned by scrubbing the syngas with am nes; WO

2007/ 000545 - 2 - PCT/ FR2006/ 050468 desi ccati on/
secondary decarbonation, often also called stripping,
Qior ko ohd sl the gas is st_ri;ppgd of its WHErIE,/ ®d0ass
the residual carbon dioxide. " This step is carried out
by passing the gas over an 5 adsorbent bed. The
stripping unit generally conprises two adsorption :
bott| es ®pedasilngasiversscemparone driaigoonarion, often

agsQy ptd onphase whide the- gidhekniSn i fhe CHLAL £E CHEFEPbed

desorption or regeneration phase. The _regeperation

Fhs HisBAWAGRFnGTChi &f r Ben&raL AR LpirREd o (Phigtdge This
demndid r egaof: e@Br h?l[t ?i]@]i ?ﬁassfm@arﬂﬁé Ohgas over an
C S| St I n.ge ra or. a . ow—ten‘peratur tre
HSERan hra o g o frifpind Lppg D gSel 1y CBbE ks es
carch arisomexiate o Ysalragere t {zndabpermnzdly, aone being
Tﬁt!”a%d&{)r)g & fwo)af g owyptes and. 15 pupdties; s  ip
require t'he consumer. During the separation step
CHUn tRIsay rang pPeaaERaLioTheyT cHIRZAIETaHO| BRBfEs The

tﬂé@exﬁﬁﬁgﬂfsgﬁgblﬁém Eih%iﬁ@Odt&@%§ fr@#n‘(jé&%&doho %l‘i&se
consuner,_ bu SO a nqnzero amount ., ydrogen an
SR o SkiFE. HeEh Odr £8P THE R 20 t hese t aj |
gases. Thi sseppatrtsohhe efdrisisanioyy of imhegesepaiat icoh a
if. Ly _th ' i s [ QU :
SRRt A o ® GRVeREAiRLpress (im a
Fossi bbext o fobt abnodesipur eagdicronmepekide anid hgdrogen
MECRY I 1819 P eS Hill i d10 ARty drogem o Neates and
carbon nonoxi dé, content of ich generally varies a
PR i53Rcand SR L ARE a P8t hdMe ri GPRSHESIe gabvhsBd asthe
fs@@ig.ra%_aoﬁn@ﬂhaf, lsmi,{tifgasé@nah:_&t @ﬁdgimmdt.i arﬂ%y contain
ndensi ng_ .t he w of syngas in_ptder.to produ
T e T SRR MR R e
defliFsiregatso aie xdnewnmmessrte aast & gaenzssenely of

81%‘?9‘%3{%?1 oé%go I ¥ondki el %ﬂlf&?rﬁh Her-BY¥hE8 in

en the 35 nitrogen content 0 ydr ocar bon

fheget dead} sopges. This impairs the efficiency of the

separation unit.

Usually the fseparation is carried out by scrubbing
with liquid methane, which makes it pogsible to obtain
pure carbon monoxide with a recovery yield possibly up
to 99%, hydrogen, the carbon monoxide content of which

generally varies a few ppm and 1%, and a methane-rich

" waste gas used as fuel.

Angother solution consists in partially condensing
the flow of syngas in orde_r to produce pure carbon
monoxide and pure hydrogen, together with a flash gas

~and a low-pressure waste gas essentially composed of CO

and CH., also called a methane purge gas. When the
nitrogen content of the hydrocarbon feedstock is too
high, it is necessary to add a cryogenic step for

denitrogenating the CO produced.
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high, it is necessary to add a cryogenic step for

deni trogenating the CO produced. WO 2007/000545 - 3 -
PCT/ FR2006/ 050468 Processes of this type are descri bed
i EFoA 08089 629. To reduce both the opepat/ kRS 7650468
i nvestment costs of carbon nonoxi de and/ or hydrogen
production units is a 5 constant preoccupation, as is

i mproving the production vyields and quality. Thus,
BR-oc s 590 O Xhdes drithe i ze pleapesidodt whiBsh 220 359 629.
fraction enriched with residual nethane is recycled to
10 the feed fluid so as to reduce the specific

- s HREEFSN DB hye o CRBGHTS O r 2RI dTERSEBRpEodiReE ©Of

Nagsvter moh6geaer ahidoprofhideogdit | ppbigcuoh WeETsa is a
qﬁs thq% nust be dry and_free of carbon d QXIde. 15t'on
TP HHIRF © RESCCT R MW 0B8R ol By he e oPaCh8x =t
(wicnt@d rmy @ lticyl. nold of CO is used as stripping
regeneration as, and then sent to an adsorbent - based
PSA) purification unit before being taken to the_
i, BB-@ofsdfer 21kov@eeeribest e psPgepsx in which a

dasianed fairihedi geeh rRcoduati atofankydrPgeseycled to

Hgstl g the consuner's ur|%¥ sgﬁ0|f|cat|ons, it is_,
S o‘?ﬁ;)eéi 5% 3% HeeTefPce25N§asPESFegeRBREHBRL O

gas hvekeepirdoos deawmad Didf @0 pardduwedaf t he

production and reduci ng the hydrogen vyield of the

installation. Also in the case in which a carbon

Moy vige- hychasger a 3emiod urtee gerreieping comt bi we ey 80%6s

hydfogRik d HPRIUGeH r3dcE he Rk akdydrogen

remal ni ng as wast e gas 1S too lowto regeneratethe
stripping unit, it is therefore necessary to find
amothely gassas , I egenehaitrogendadtofBz ol KnWaheolddlidnbox

t herefare consis%s i,n _pr.qducin n . addi ti.onal apount.

SEAGEEIET Wi ER v MO Thertpe Qoctt used” 2t SERipbing
regeneration gas, and then sent to an adsorbent-based
(PSA) purification unit before being taken to the final

consumer.

However, if the cold box is designed for the direct
production of hydrogen meeting the consumer's purity
specifications, it is no longer possible to use this
gas as regeneration gas, except for drawing off a
portion ‘of the preoduction and reducing the hydrogen
vield of the installation.

Also in the case in which a carbon monoxide-hydrogen
mixture generally containing 50% hydrogen is produced,
since the amount of hydrogen remaining as waste gas 1is
too low to regenerate the stripping unit, 1t is
therefore necessary to find another gas as regeneration

gas.

A known solution therefore consists in producing an
additional amount of hydrogen, which will then be used
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WO 2007/ 000545 - 4 - PCT/ FR2006/ 050468 as stri ppi ng
regeneration gas and finally utilized as fuel. EP-A-1
503 953 describes a process in which a 5

RdE 986336446 das is recycled into the syngasrritilbyeiss
of the decarbonation unit, after said gas has been

used as regeneration gas in the stripping unit.
Moreover, as nentioned above, it nmay be necessary, to
s meeriphenguriepgnspetiibinc atdonsnd eddinpdd voyuthel zed as
qgﬂ§¥ner, to strip the carbon nonoxide product output

by the cold box of some of the inpurities present.

" This is because, at the outlet of the cold box, the

gw-on, hm?ebde elsk:ralbse coathaipsn:cmdf@smitrjggenwaﬁdh a
rgon that , are present | t.he ngas. ag .l
DA <1 i G3° have: CHHGLELoCHER cale Svhbde upstream

. ahartdot etéctilmmateron oluste, taf tdoseaiol g@O haki been used

G r at far o : :.he separation
r?easl’;géghegl:e&%fe%r & e%otlhne;&%:é;%r#gﬁg ?Lglgg%(lnt he syngas.
These gaseous inpurities generally behave as 20 inert

gasasovdit ddehbnpieseACbRie eVEN hh9 be necessary, to
accumul ation, is, in the st, case problematic az)lt n
ea¥es TP€

be
MRS r e5PEhe At uSPES Ld CEVEPEFzed SHET RLr
tdhRRegy tONsuEPbi athe etarb@h Tonsxiide isralien output

B R sk B TS el obt BREDymBRELERGe P or, This

par thecasge wheh the G&Hﬂ&ﬁfﬁhﬁokh@ecpéd @S@@ a%?e carbon
HcH 4R REOAUCE1 O cERELShN +8¥NENRSRYyen |dKd Uk §én t BRat

synthesis of acetic acid, but also when 30 the _,

S (GRF TGt dPH BYRIFS 3F | HEHi FPBRRSntY; npirh have
ighyHR Béd&léﬁﬁ%ﬁisaflyaﬁ%bi@ﬂlmh 'dshev@rgpﬁloﬁentmﬂtthose of
coming in particular fromt xygen in t e
6§%ti§?l%§iSF?ﬁP%oﬁxitgspgragﬁgaut5?h€g%%l%aFg orﬁgagEhe
stegarad5 oA kmeaws sobeti diorf drhe enbéng compomentsgent the
t fore Si [,N, equL.ppi h I, 0 [
(.%/g:{g%sﬁox?hggg Sedidl qHLRR: RY LNeySE0RL B OBl  as

inert gases, but their presence, or even theilr

' accumulation, is in the best case problematic, as it

réquires the apparatus to be oversized, it increases

the energy consumption, etc.

Thus, it is often necessary to reduce the nitrogen
content in the carbon monoxide product output by the
cold box, in particular when the carbon monoxide is
used as starting product for certain syntheses,
including the synthesgis of acetic acid, but also when
the starting hydrocarbon is rich in nitrogen.
Similarly, it may be necessary to reduce the argon
content, coming in particular from the oxygen in the
case of a partial oxidization step or an autothermal _

reforming step.

A known solution for removing the nitrogen therefore
consists in equipping the separation unit (cold box)

with a denitrogenation column (or one for removing the
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wi th a denitrogenati on colum (or one for renoving the
WD 2007/ 000545 - 5 - PCT/ FR2006/ 050468 ar gon)

intended to elimnate some of the nitrogen (or argon)
GRNL&)§6bd48 the carbon nonoxi de produced Ry /ERfbos/os0468
separation unit, so that the nitrogen (argon) content

is conpatible with the consuner specifications; 5
however, this solution is very expensive in terns of
epmrat)i nineendedy &st redrimicwdies. sahe proddss REkERIRMg (OF

'tékééﬁa'éBﬁHHlﬁEEJQ§¥e§hétcaf%@ﬁ'ﬁbﬁok?déeﬁﬁéﬁu&@@ by the

nitrogen content and the ar 10 contengﬂl n th
RSP e Ro X RS pr §Qucibdut gla? By HIe& e %ﬁf%’n GRAPEeRt
The r@qmp&@msmte tomiem t rggenaterisigerCO ppedi €t catlibns ;

us be or_ the .denitrogenation ste e
g}ﬂ“fetvee& Tﬁ%i‘g st ‘?o%teﬁé’ %}F%%nsng%nﬁﬁot e%sb of
athearttager ehd hewwsdmm aosarsdi ng to the i nventl on
is that it allows the use of hydrogen produced during’
the separation as regeneration gas for the drying ,
Jihep, MHQARAR radgerA§nghethyd n yregntion gmkey 1t
42 AN b nrbﬁ@céb&@ﬁc%%rﬁéﬂb&@ﬁu@ﬁt anedr egenargon
purificatjion step eci al | pressure

n
B o o/ NOSAT 2T R0t RGOS oSN (RIGe et ¢ RBCPHY ety ofbe

|si@ﬁman:1tdﬁﬁ uRbt optiha zesqusesmént heovatdmiiscogenate the

[ av |I 0 t roduct.i '
LpIrbEaReLe Itaposgﬂlng?e%teo Dy 0BT, LAk aLbERDR: on
ishEroveayheeveni dpt | iomyji tofed .t h@hensmme atamh%ﬁwd too the
'Hf?_:}dﬂ ze the costs. 30 According to one subject of the
invention, what is therefore proposed is a process

for the sinmultaneous production of hydrogen and

@&k&%@rﬁDQQW%@Qakkﬂﬂbﬁhethbydp@@&éb@n teedstidnk, sai dthe
Rrocess cormr|3| t he,

10 =as 1ﬁ/dr]o%ar OW? ef%h‘?‘n ngggggégt ' BYafogen

m&:lqedngimng ythgdeegenaandncasbgregeneration gas for
the drying step, without reducing the hydrogen yield,
and to do so even in the absence of a subseguent
hydrogen purification step (especially by bpressure

swing adsorption or PSA).

Another advantage of the invention 1lies in the
optimized use of the various compressors available on
the production installation, thus making it possible to
minimize their number, to improve the reliability of

the installation, and to minimize the costs.

According to one subject of the invention, what is
therefore proposed is a process for the simultaneous
production of hydrogen and carbon monoxide from the
hydrocarbon feedstock, said process comprising the
steps of:

a) generating a syngas, such as a hydrocarbon
reforming gas, containing mainly hydrogen and carbon
monoxide, but also methane, carbon dioxide, water and

at least one impurity selected from nitrogen and argon;



10

15

- 20

25

30

35

nmonoxi de, but al so net hane, carbon di oxide, water and
at least one inpurity selected fromnitrogen and
argon; WD 2007/000545 - 6 - PCT/ FR2006/ 050468 b)

des abbPYosbg the syngas cgn}gng fromstep adriMRzods/050468
primary decarbonation unit, formng a carbon di oxide

stream and a stream containing the syngas with a
reduced carbon di oxide content; 5 c¢) elimnating the
wat er lahddegerbenhi Hiagtear BPnoadi 6xhdadt fapmaséep a) in

QanﬁhﬁSQy'@eb%%b%%ﬁ%@%nPQﬂhﬁﬂ ff&ﬂixﬂﬁeﬁ BhrBY¥n dioxide
passi ng sai d gas over an adsorbent be

separati.n
t fie $@ai FPhg © oty §3HRnt O FirtHi Ty e | eqé@tgaslo "‘il)t%a a
hysifoges @&ﬂ@kmtdmzsl@é rcﬁﬁ:ﬂterttt,) a carbon nonoxi de
product stream: whic further cl udes _at ast
e | L B LAFEEb e (e S (SibntaRa L SgoRinE: Fppon
rnéidmanéenthhtpmg@ gastathedearndt]:hé |ay)ngaLSfla@hlrggas from

%a%%g%?ﬁ%ﬁ%% :é%sr ﬁ%@%ﬁer [ ncﬁ udes. t he

f ol | ovithgSsPapateng é}’ler SR I gCPREtATYeRBENt fREAINg
o 51@)5@) by 20 passage of a regeneration gas
conprisin C?st a nonzero é)roportl on of the

hydr ogen- R TRFR™ BT STy streans iii) ~
and iv) co:m Ny éanhmstmmoﬁidenpnodectt gateedrsbmp ahich

25 ACCRrANG, | 9: R 18LoOPLL ONAl. ASPERLS kil 4 Y UGB cag

rocess in
strearﬁﬂqml%ltliml @éﬂd @gamstati on gas, and then all

of the Stff%ﬁ“dfﬁeﬂHHﬂJJﬁ%%ﬂ'bd%é€y§é§”é€ﬂééﬂ'éﬂﬁ.Un't
in order to produce 30 a pure hydrogen, stre

consuner TOqUR 1 6HBRRS SN CEPSATIFT I ReRT MatSen, co
processd mattaate,the PSA tail gas is added to the gas

%:%%% éfﬂgafnd IVﬁa£o %% %%%%éégjgﬁgtﬁggdiﬂgludes the
following steps of:

e) regenerating the adsorbent bed of step ¢) by
passage of a regeneration gas comprising at least a
nonzero proportion of the hydrogen;rich stream i); and

£) recycling'streams 1ii) and iv) coming from step

d} in order to feed step a).

According to other optional aspects, the invention may
relate to: | |

- a process in which all or part of stream 1) is
used as regeneration gas, and then all of the stream is
purified in a PSA purification unit in order to produce-
a pure hydrogen stream, for consumer requirements, and
a PSA tail gas:

- a process in which the PSA tail gas is added to
the gas streams iii) and iv) to be recycled for feeding
step a);

- a process in which the stream 1) is separated
into at least two fractions, the first constituting the
consumer product and the second being used for carrying
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step a); 35 - a process in which the streami) is

separated into at least two fractions, the first
constituting the consuner product and the second

BRI BEbH8665450r carrying WO 2907/ 000545 - 7pcr/FrR2006/050468
PCT/ FR2006/ 050468 = out step e) characterized

furthernore in that said second fraction is then
recycled for feeding step a); - a process

cher astepi zell: | wharRctadizsd pAprthermpre cie béRat said

0 Qe fHRAUCRT 1idh 518D M8 &l T eRedied; seepo ahhe
feed for step %%; - a process c atactsgéz%g&;n t hat £ of
step &) i% PYUreHer PoreFeB WFER HhHpdredd Bn Part ©
ditexi deban plioneisse firodinesdrntustéonodf ia ahsbonecycled
ngxi de. st m having.a | ow nitrogen content, 10
g%%?é% 3¥¥§£§%ﬁnéﬁ%&%2rep d) does not include a '
deni t rogenapiregessepcharacpestesd for tHetpr gdgsti én 1S

oAl Hea GARON PINIPELAR RGN G 18:Aidd; 09€en

content of less than 1.1%from a hydrocarbon
f eedstock cEEISTHg 1T a W5 nREREFCHRN ha¥f ngra carbon

rfddﬂcﬁg%raat ﬁotﬁtféé.rtngf Hetween l:h gnﬂowl. 5Pt raddm atcontent,
rocess a ur,t hergore 1 nclu one or nore .S
SCGRAGHLIATS { G CAPBon FURBi 88 | APG ackbrc iHETACGr
idetrd. tholgecatiogatseep ;20 According to another subj ect

of the |Qveptholss Wha: | 81ePlddledt 16n aBe! Ne! Al AkhPNos

for the si taneous ~production of "hydrogen an .
carheon moxiidle g i aspakiragesn cesvsiitsiafy: 1o8s - than

hydroczrBen 80ULGBrora®heNd&ecA8RBERL | @AnYNkting of a
syngas prinary decarbonation unit,

, - a
Gt i JGHAry BeEEPHESRaCPB e ©f hffweey 1 and
depan;attm@n unit, for separation into at least 30 a

gaseous ch;ly %rr%%ee sp rt%%l{c tf L?fﬂl:?ean!ﬂor% gﬂ’?%esc acgl?é) or more
steps of converting the carbon monoxide into acetic

acid or into polycarbonates.

According to another subject of the invention, what is
provided 1is an installation for the simultaneous
production of hydrogen and carbon monoxide, said
installation comprising:

- a hydrocarbon source;

- a syngas generation unit;

- a syngas primary decarbonation unit;

- a desiccation/secondary decarbonation unit; and

- a separation unit, for separation into at least
a gaseous hydrogen product stream, a gaseous carbon
monoxide product stream, a purge gas stream and a flash
gas stream;
together with:

- lines connecting'the hydrocarbon source and the
syngas generation unit, connecting the syngas
generation unit to the primary decarbonation wunit,

connecting the primary decarbonation wunit to the
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nonoxi de product stream a purge gas streamand a -
flash gas stream together with: - |ines connecting
t he hydrocarbon source and the 35 syngas generation

- U booFQRPELL I N the syngas ggeneration Unpir R84 050468
primary decarbonation unit, connect| ng the primry

decar bonation unit to the V\D 2007/ 000545 - 8 -

PCT/ FR2006/ 050468 desi ccation unit and connecting the
dées teertbrn umiit t endt pensepaingi bheudesicaadionneans to
f O e W Lo 2 B9 gy ogery and carbon  nmonoxi de as

product’s, 5 characterized in that it includes |ines
for sendiTRARS nbAZer FiFHopaMinsh JIYdTRIYhsednd carbon

hyshi @gede HOdEsdusid eam i) to the desiccation/

SRCengRL L SECe DRnThon s Lo pltelt ASSlore e Ming

srwmnm 0 prepdmeidrf oroft he:lsynmseolﬂ géyenragieon pmotduct
éé}ﬁ't gl atj,on Ry ég{s alﬁ@a"&p ccoq{lﬁxf;}m%i%@a Bonation

errentl ng any one rocesses as “de
aLHW‘e angs hlﬁl&ﬂwef@aséerlﬁlm cH& heusgRgagsgehleredmofil)

Whd dise fEthdi aa @ SEUr ser8imnabutak @asqokoef thkdBingas
hydrocarbons and conprises at |east a

t%ﬁﬂ%‘"c?é@xﬂrf ion unit, a prereformng unit and a
steamreformng unit, said installation includes

li.nes Is a_nonzero i an o east_-on
o#ﬂ% héfn%t raézl%%l S mayf 5% t%galg)sée%araﬁl on unrtu%sced? for
tie lestesaptiinen agfy tdﬂi@ cer ktdre nmusdsgs sty gmfinest above.
feeding the desulfurization unit and/or the

prereform ng unit_and/or the reformng unit. 25 The
iAstEHE atdom h%yWFhGE ESFp SRR |9 EpfUiHe 1s fed

fRddmovd ngoie88S of— it lefSt g@s CoRPIas Si DhtreRRarbekrbons

f t . . ) '
B oreivEse S ahr RsE Gas VBt MEsipRgion unit, a
d:e:@a:rekfmatﬂn@n uniit aadforai nepozdred r3HE ccaringn dinaxi,desaid
figlrstfaqq%'tQ%nt h%r&:yirﬂl%%ss genglal | of,uni éending a nonzero

portion of at leagt one of the streams coming from the

03

separation unit, with the exception of the carbon
monoxide stream, for feeding the desulfurization unit

and/or the prereforming unit and/or the reforming unit.

The installation may thus comprise all or some of the
following means:

- at least a compression means for compressing at
least a portion of the carbon-dioxide-enriched gas
coming from the decarbonation unit and/or. imported
carbon dioxide for feeding the syngas generation unit
and at least a line for sending all or some of the
recycled streams to the inlet of said compression means
in order to compress at least a portion of the
carbon-dioxide-enriched gas comihg from the
decarbonation unit and/or the imported carbon dioxide

so as to feed the syngas generation unit;

- at least a compression means for compressing

the hydrogen feeding the desulfurization unit of the
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and at least a line for sending all or sone of the
recycled streans to the inlet of said conpression

‘means in order to conpress at |least a portion of the

GRY Bedr/dbexdsde- enri ched gas goming from t hax38rz006/050468
decarbonation unit and/or the inported carbon di oxi de

so as to feed the syngas generation unit; - at [east a
conpressi on nmeans for conpressing the Mogen
fREWary JeReRisAT upiyat #BA afi tleestt e 20097 08eB4d5sny

-a19 - oPCHIR2006/ Q2R4A68:cpy1EAS sgekemat ih dRkt iandwt of
least a line for sendin all or sonme of the recycl ed

ST VPP IFRS I M et PSS sallB cOEssitdh nBMRIGSE  the
GryaBrodem Cﬁsﬁ@dii?ﬁ@ tthe hydrogen:Ieedi tsgcide unit of the
igsiy}g{g%dse ne t%tl ll{nlt %{ the 5 syngas generation

&t 1east 4 ‘conpr essi on means for :
conpr essiatgy lehetgaseconripdsdcar boeafzediory chepressing

%ﬂﬂga§a§§8§éaE&@Qod&?ﬂbﬂ”%%éﬁlﬂia%keaéﬁﬂ&égoﬁeneratlon

sending all or "sone the recycled streans to the
iUWidt 310 e QR e%slrﬂérfe HeRin sS R R G Hero¥ oS%%p?%s*éhe

mygﬂ@@pt&ﬁeedﬁs)cm benef Q@.dleﬁig oft hﬁléyff@ﬁierrat means

|t t Ll I t_| east .
 BBhmPBIEF o e ARESF 5P i YEPRGUS ne YRS ERY Peeding

pihed sotngasl gepreodirded byitthe separation unit or the
purification unit, a nmeans for withdrawing a fraction

of the hydrogen product stream after conpression, and
ghe eabstallahioRor ®andi AdSSai direhedeon ato t heast a
%ﬂﬁ@%%ssg%ﬁe&@dr@“ A tcorr%%eﬂb%ﬂ@v&% |1@§Pd1\f\b¢;én nevodect,
described with reference to e, follow %t ]g
RECEHSEA JRY r St mEERGgELIPT |%+Ené%ﬁ| ﬁg‘ {)Jr tergion
ahithe mvm&ianm 25& ngutrkeﬁ;ahr:tr(g 4 ahawascctl:mmt ic@l | yhe
BYAREA, AL Ao dSNIALNS B aanal least
h recyc |ng of "~ gas St reans accor ng
the limgention. fFegdieg 1l Bbidst faaesione st hothaf Syngas 7

yeRkeaRAbhNgnt ke

‘The invention will now be described with reference to

the following figures, which illustrate methods of

implementing the process of the invention.

Figures 1 to 4 show schematically an installation £for
generating and separating the syngas, with recycling of
gas streams according to the invention.

Figure 1 illustrates one method of implementing the
invention in which the hydrogen produced in the cold
box is then purified in a PSA unit. The recycled
streams are compressed by the CO, compressor before

being fed to the syngas generation unit.

Figures 2 to 4 ghow alternative formg of the invention
in which the hydrogen produced by the cold box has a
purity suitable for the requirementgs of the consumer. A

nonzero fraction of the hydrogen produced is taken off



10

15

20

25

30

35

30 invention in which the hydrogen produced in the

cold box is then purified in a PSA unit. The recycl ed
streans are conpressed by the CO2 conpressor before

QR Eﬁlovf/%goéé% the syngas gengration unit. 3bcr7FEbidyososes
to 4 show alternative forns of the invention in which

t he hydrogen produced by the cold box has a purity

‘suitable for the requirements of the consuner.

oz etsed ragt regentrahbohydasgbripredhesddi s’et:w'e‘éﬁdowrl th
WQ. L0044 Q0054% £1 b, -gdXJd FR2006/ 050468 and used as
regeneration gas before being recycled with the purge
and flash gases. According to the nethod of

i;m:&csa.dmntgat i@ shewnmeahol fbgurﬁnp?].emé‘re:egaSﬁS ahewn in

| he C02 '
TREEE o 1t ST ou T g% - fpbBEsessr

are recycled to the hydrodesul furization (HDS) unit

to t#@mﬂ%e t%@te 10hydpogep amatﬁs:&ors@ro% in

"npl enent ation ‘shown in figure 4,
HoWses are reé‘)@cl e(P3FRD t hBTRydr FERITRd f ectdt ockhe

Mairdeasds the Sigas genespt | epiwni tyiald theshavhidcheed
#ﬁt rstood that the invention is not l|imted to these

TIPSttt ati on. A person skilled in the
art will be able in particular to envision
dc%&%tﬂgve Her ghanspafpLhe genef n L 1P LRI,

recy techniques 1llustra e ese nethods
oﬁ‘lgtmﬂ e‘ﬂrenttaltel aresas argurfecrcladstlrréfam ghef hydrocarbon
PRGOS %e‘aga'mt@ sﬁ%‘éﬁ YerBagd fpedsia syngas
generation unit and the syngas stream 3
generated in the unit 2 passes into an am ne scrubbing
Wi t shosQ.dasbkeo nadevYetbba ceridhon tigh oxirdesntifurchiiss not
recover d V|aﬁthe gas treanré 5

at ed
e st T Sgsof |tstaFmF%§%g?8$es?a gerson
@Oﬁlﬂmda sunrr Bhiengauni twizlln loe deable prodpestacddagasto

HrhAYNSS COoRt ALPLYY: HYAT QAEN; LA PoBsMONAK deg@fdration,

‘treatment and recycling technigques illustrated in these

methods of implementation.

In figure 1, a stream 1 of hydrocarbons (for example
natural gas) feeds a syngas generation unit 2 and the
syngas stream 3 generated in the unit 2 passes into an
amine scrubbing unit 4 so as to remove the carbon
dioxide, which is recovered wvia the gas stream 5. The
decarbonated syngas 6 ig then stripped of its water and
residual CO; in a stripping unit 7 in order to produce a
gas stream 8 containing hydrogen, carbon monoxide and
methane, together with the nitrogen and the argon that
are initially present in the natural gas, or in any

other fluid (not shown) feeding the unit 2.

This gas stream is then separated in a cryogenic
separation unit 9 in order to produce a
carbon-monoxide-rich (typically 99%) gaseous peruct
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met hane, together with the nitrogen and the argon that
are initially present in the natural gas, or in any
other fluid (not shown) feeding the unit 2. 35 This

GRS2807/888845S then separated4in a cryogenifor/rr2006/050468

separation unit 9 in order to produce a

car bon- nonoxi de-rich (typically 99% gaseous product

WO 2007/ 000545 - 11 - PCT/ FR2006/ 050468 10, a

Ryt ogelyiironegas iek, gasrelhane piptdene anada 1R &1
Jasch3.gadhegas 11 having an insufficient purity for

the 5 reqw rements of the consuner, has to undergo a
purification step. Prior to this step, the gas 11 is
ding deghd ntia i th&vflrn@ct izon lihaudsiceganer atirdnygasotor the
the unit 7 used to Jegeperate on
rc?s%%lﬁerﬁe%tégds Ogndtcihﬁ:to ﬁnsué%/ rjasglg frgctl g‘}]ﬁ)% %ﬂ?
TR datdet onceba Psiessent i shig |sdaden wihé waserll is
Bty s Alpo ﬂ%&h ffgg%ldﬁ)fi@cgon%d@H%ﬁg%¥&nt%$s for

2.
conbi ned and tgg resulting streamis sent 1nto

PR (Presshr ewheieng tadsor pEPSnfFoumiegeneTRR Sordit ¢ the

dﬁi&idﬂ:@{eﬁ n@ast '9 gﬂ/adwyﬂﬁagﬁritsg rggnpé%ss(;a%/mmamnm iLhhb.
ur % or e nd. a
Telootide Elon 15175 S tﬁ&ﬁvt DR R T P

edmar esisdd ¢Oy .t MBhe obpo eﬁsactianbefamee tﬂ&ﬂlcugnbireed and

SHISECRENEIAY, Sl B 20T L bl PURE Iebblere

SOHNEY fadﬂﬂrmtéc@écamtﬂcﬂw ulrﬂt falf@errefé@cléﬁllver a
tp%wfqerdﬂwawge% G- e 1Sﬁn¢t REURSLEMEC r@aﬁmﬂty of

SQ as to the conpressor, order to 25 be
@(?r?proésg’é@hleﬁérépﬁ BefSte e ngaﬁeﬂﬂ nto the syngas

generation unit 2. As a variant or in addition, when

L5y naas. genes abion wlduolyes, 8 hydrodsal furd 2ab] ofg
rior reforning poss y prere ormn
,re&shdacunontl(le hecalapr ek ¢ nel & ebefeoreed f@&dihﬁ the

%@%g%sgﬁ%%krgElbﬁeunlt 2.

The methane purge 12, the flash gas 3, the PSA tail gas
16 and the CO; 5 coming from the decarbonation unit are
recycled toward the unit 2 and are sent, with the
stream 17, so as to feed the compressor 18, in order to
be compressed therein before being fed into the syngas

generation unit 2.

As a variant or in addition, when the syngas generation
inVolves a hydrodesulfurization step prior to a
reforming {(possibly prereforming) step, a fraction (the
dotted line referenced 15a in the figure) of the
hydrogen stream 15 may be sent into the

. hydrodesulfurization unit (dotted lines referenced 2a

in the unit 2).

In figure 2, the streams and constituent elements of
the installation having the same reference numerals as

those - in <figure 1 correspond to the streams and
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hydrogen stream 15 may be sent into the

hydr odesul furi zation unit (dotted lines referenced 2a
inthe unit 2). 35 In.figure 2, the streans and

CRNSbbI HRBE.£| ement s of %tjhnst al l'ation Bayjs8odd)8s0468
same reference nunerals as ose in figure 1

correspond to the streans and WO 2007/000545 - 12 -

PCT/ FR2006/ 050468 constituent el enents denoted in

f tgus el tueThussl et chy deseaeBonint ridgmre f dedsThyre the

SNPGRS YRNES alsiQR NI fged§n@h'éhes}$rﬁ%asg§hé§§ﬂ§n unit
generated in the unit 2 passes into

ser ubBichgthfi SRS a§tFSaWeﬁbvgeQeFﬁEeéaﬁant&?ox?Q&F 2
Whd €8 & slﬁecowh@eémwm@ e ugas nestureiam . sdhas to remove

d car bonat n en strl ed of he
of® arrz%qrﬂu?%ip irn ‘fﬂﬁjegl%t rJISppl Oﬁ’h%red7 Vl?\rq@or derf
tstxwgﬂuﬁe fhgadestrbanmBedoayngasng hﬁdt@@@nstraapbdnof
X%Q'Seﬁn%n@eg%a%suﬂ%ﬁtl hes, Wit htlﬁé‘esEJﬁhBBQﬁé‘ ie 7,
and argon t are init present i n
hifdir @€@eHohs @roéﬁyeoﬁhQanﬁ@r@amngtC§ﬁ6@ﬁpiﬂée@wﬁgogen:

téﬁkb@@'ﬁoﬁoxﬂ@@ 888 Sbtpaned t@gbhﬁarSQQQhatg@ hﬂt&ogen
%genlc 15 separation unj t order to groduce
C

o ARGk TR PERp cbt by gasestr oddby
%@ﬂfbd@xb@mmnerlaﬂygaShaﬁ fhuﬂﬁtmane phbgﬁ ) 2Zcaddng the
%E gas 23. 20 In this exanple, the gas 21 has a
hydrogen purity sufficient for the requirenments of
the consumer, wthout it being necessary to add an

agich t ienal st@‘ééhlf | gation ($leP. cApRPEELEN Of tah' %ryogenlc

_hydrogen is wthdrawn in qgrder to form wt

R IR ge Y2195 ahd théPf| asH iRk 23t°a gﬁgog‘tl?%am a

2 ibirCinomdsti de-risEnt  @sSgieganss atios) g@aste@utghepuodnct

7 wth,a t he tted |ine A COR st
A SRR s Y ndtal Pty PI50e° PE W
dﬁnﬁﬂessﬂﬂ 4h. the conpressor 18 before feeding the

In this example, the gas 21 has a hydrogen purity
sufficient for the requirements of the consumer,
without it being necessary to add an additional
purification step. A portion of this hydrogen is
withdrawn in order to form, with the methane purge 22
and the flash gas 23, a gas stream 24 which will be
sent és regeneration gas to the unit 7 (with a by-pass
by the dotted line).

A CO, stream 17 is imported into the installation and
compressed in the compressor 18 before feeding the

syngas generation unit 2.

After regeneration, the gas 24 and the CO, stream 5
coming from the decarbonation unit 4 are combined and
recycled toward the unit 2 and sgent, with the stream
17, to the feed of the compressor 18 in order to be
compressed before feeding the syngas generation unit 2.
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syngas generation unit 2. After regeneration, the gas
24 and the C02 stream 5 conmng fromthe decarbonation

unit 4 are conbined and 35 recycled toward the unit 2

3kt 268N oooMst h- the stream 17,5 to the feed gdr/FREvos/050468
conpressor 18 in order to be conpressed before

feedi ng the syngas generation unit 2. WO 2007/ 000545 -
13 - PCT/ FR2006/ 050468 In figure 3, the streans and
cdonstigusat Bl efbft §téfeaf¢31eaﬁlﬂsmﬂ5§tllt@l¢ﬂﬁa\ﬁ1@“@n@ of

S@}i‘@ iﬁé@é?ﬂ&&&&'”’ﬁé@hﬁga%het hose ofcfdBili @ In@fierals as
ure. rresgond to fhe stream and copstit

et‘r t% dERSEED inOFhdS@M Sy fr eS0T ERHROT ’{-%eg]&%sétﬂifaam
farglreords t ihergase1Zndias aldipbiapen tiadd Visufrfdsci ent '
to be sold directly to the consunmer w thout a

. subsequent purification step. One portion of this

Asdr ogebhes casehdrfawii quwed o m thet ashe Indtdmne hpdrogen
Eﬂ{rglecyzzs@f‘ﬁlébgntt. I agh l‘%issgf’d algéét%&'r GEQJ“ 1‘;214'6 t E@hsumer

sent as regener ati on e unit
tygﬂ-tﬁwst i3 SHBRAIBGNE h@ua‘étftlé‘étllioﬁeﬁteﬂ n Cmegma%rtslon of

aftiey hﬁ@ﬁ@@éﬁt I1@N, witleasasn 24d stéasychedh lfhd nhethane

GG W2 n B T RYArOadkin | 471 241 G SEapeam (L) ghat

mhdﬁenbéo send  tawe gageﬁéraﬁednfoga$hexregheerwnltn17 (a

| _ %P,%)%I&e ﬁf@%e}’%h%a%@ttte@ %hefsged of a hydrogen

15

20

25

30

35-

ressor onpressi ng rogen feeding the
20 HDS nodul e of the unit 2. This hydrogen nmay come

fﬂrpfﬁl\g%{ﬁé%s S@E\f&esreg}réﬂ’éra@ﬁo@ VAL | @0d L iQ recycled
|t|ogg a secog fraction (the dotted |Ii
d

rlé“ft& eh Uit he fVRFR) T t HERRYEFOGEN §P€du%¥ngas

stkeam2 b d@ywih senpriéa hhercespuessot z80ion nsbephe it

h dr esulfurl o] ni.t cordl t ot

v%rlaqf n&f %%%)th ﬁ%shygréng%¥%%§9b%ﬁg %ﬁ%neratlon
rh:ogha@f@trr ereumlﬂltlaet brv-peskas teetheofipedssdd a i hy@rogen

%% e 'f@% eéoﬁﬁr%@@?ﬁés%h%g H - Juedr 08ets 30y the

uct. In this case e hydrogén pressure Is
DS module of the unit

‘This hydrogen may come from various sources. Thus, as a

variant or in addition, a second fraction (the dotted
line, not referenced in the figure) of the hydrogen

product stream 21 may be sent wvia the compressor 30

into the  Thydrodesulfurizationm unit. According to

another wvariant (not shown), some hydrogen may be
withdrawn in the stream 21 after it has been compressed
in a compressor dedicated to compressing the hydrogen
product. In this case, 1if the hydrogen pressure is
sufficient, it may feed the HDS unit without additional
compression. A hydrogen stream 31 1s -opticnally
imported into the installation and 1is compréssed
(according to the requirements) 1in the compresgsor 30

before feeding the syngas generatlon unit 2.
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sufficient, it my feed the HDS unit w thout

addi tional conpression. A hydrogen stream 31 is
optionally inported into the installation and is
canRbesedsey accordi ng to t e requirement spetErbdw /050468
conpressor 30 35 before feeding the syngas generation
unit 2. WD 2007/ 000545 - 14 - PCT/ FR2006/ 050468 By
judicious|y using or adapting the various conpressign
oY i onEAGFCR IS Shst 9T on,OF he 298I Essi dhScosiarious
s&muﬂad teddiisn be Bp’lﬁiﬁhQE‘d o% I n dhgur eilrllstabﬁaﬁiﬁds@arrs the
and constituent ele t he instal.lation having
?ﬁygﬁﬁﬁ§%%ﬁeﬁ%ﬁﬁﬁa%ﬁhﬂ§§ﬂ%§%§Jk§iﬂﬁﬂg%ﬁz§#gure 1,
figure 2 or figure 3 correspond to the streans and

cAPSt Lyent 46' egﬁgt aﬁazgaﬁa%ltue reSt enth i of

in frgares rean1 s a su f|C|en

- HyRR o@%ﬁt®h¥@’%@3@ ohe*élggl dhei semd yrekerence ongigerls as
'Wtﬂcﬁ%ltoﬁll@&@ﬁﬂéntl Purichiat 2 0Br AiRRI ON 8bribisona to

drogen is withdrawn to form th the met hane pur
e ogen LS e draun. {2 form GhementaaseRp i i | Ehese

~ sieiffuress. regeneration gas to the unit 7 (with a

by- pass shown by the dotted lines). In figure 4,
after regeneration, the gas 24 is recycled 20 into
tAfe imi flgu958a2c@ml ehentheostheany @lodwsdhon sufficient

figedsd ek éu?ﬂgxsg.% reamof an ﬁ)i’e%tt'l@g fsedstoCkonsumer

conpr essor a variant, when the feedstock 1 1s
AENCH e SEbSeIUSE s PUTdifdfRtirBssufe RPFR6GR | PE  this
b@fd:rgagmpeﬁsawytmraﬁﬁ &o f Eeels oGkt B OB S8t hard purge

G TRt et D 0 1B Be Fiisa A efeE 1 8%sent
@@‘rmmadnomo gast huy aunet hm:’rtyd? ogenth rat he-pass eahown

hkgﬁo%tghquggsqonpressor 30 Thus, as illustrated
|n € previous exanples, it is possible to use the

treans produced by the cryogenic
In figure 4, after regeneration, the gas 24 is recycled

into the unit 2 as a complement to the hydrocarbon
feedstock 1 and wupstream of an existing feedstock

compressor 32.

As a variant, when the feedstock 1 is available at a
sufficient pressure without it being necessary to use a
feedstock compressozr, it will be hecessary, in order to
use the stream 21 as complementary feedstock, to use a
dedicated compressor or to withdraw the hydrogen in the
stream 21 after a product compregsor.

Thus, as illustrated in the previous examples, it is
possible to use the streams produced by the cryogenic
séparation unit to feed the syngas generation step in
various ways. They may be used as feedstock, as partial
substituticn for the hydrocarbon feedstock, as
hvdrogen, as partial substitution of the
desulfurization hydrogen, and/or.as CO2.
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separation unit to feed the syngas generation step in
various ways. They may be used as feedstock, as

partial 35 substitution for the hydrocarbon feedstock,

3% 2000088y as partial substitution of tP@r/rnzoosmsoz&ea
desul furizati on hydrogen, and/or as C02. WD

2007/ 000545 - 15 - PCT/ FR2006/ 050468 |Irrespective of
the use to which the process according to the

i huesAnestiee pof | thReye o doy ol st Fleanproesasr ppgpeding

ti f eedingihbensyndas igenesat | on i & . §é8§§1e5he¥ teeems

free of. nitro el i um and ot her inert 5 gases
FRR S e %‘gpg%?‘lg%% phet ﬁ@@%gﬁ%ﬂeﬁeﬁé%t Eﬂlt\z\hﬁlé‘ce

recici rg-d t $reent et af ttbgse, aoslsiud ueiis. other inert
V. ag of the.proce accordln to t he '

AT Rt A S e T T e

tdrrsetrtarthde ohile bem@ucabh@ t & b nlmm‘eenhe coht ehese

doddterd,gas;. (nitrogen or argon in particular) in the
carbon nonoxi de product. This point is always

beneficial, but 15 it wll be particularly so mhen t he

MRSt gasacenseat oifn ttﬁ?efeﬁﬁlo@é§si Sa%&&dlhl@t the
mntho%$ recyclin he copr qduct reans_at

e aditthe EHEHYS § lﬁ‘ecé’?g F?u Prior H@PttlSn may
neéets thee meaiss witer ' s specifications, to invest an

addi tiongl, ﬁ%;e%(%% _tc?%ﬁ?ﬁ@f%'t?ﬁeeo%l@éngoéfl REFL gas

gases Fromi I ncreasing roduc
vl teagsey cldthg aBgPnt héncam@rb;l@@rltaa*)m righ rmil:]@eul garbon

m&a@mtd@rpﬁ&ﬁl&o PROdupednintig tﬂ%véfsedbé@éfweal but

eneratjo i.ncreasi ng the nd Co roductlon
3‘Ite| Z‘Ee P&E&E&I"I"&éﬁlﬁg Stche""lF‘%Fél tBEI &ﬁ’@é’ tof‘-Jfr“i‘fheConterlt
s.y}ngase gfemaeir atrhon :u.mu sufhy tear,easi ootbe meartdldmef the

L
agceﬁﬁﬁ@wstlbhelgaSQrdeﬁ - teducimegtt he t@eorltonsumer‘s
%E@%&f%%ﬁ%ibﬁsﬁheto invest an additional step for
separating one or more inert gases from the CO;

- increasing the CO production, while recycling
all the carbon-containing molecules other than the CO
produced into the feed for the generation step;

- increasing the H; and €O production yields;

- deballasting the fuel balance of the syngas

generation unit (by increasing the portion of natural

. gas as fuel instead of the off gas and waste gas that

are generally recycled in order to be burnt as
combustible gas);

- reducing the calorific power sent to the
burners; _

- reducing the flame temperature in the burners;

- being able to use the hydrogen product during
the separation as regeneration gas for the drving step.
without reducing the hydrogen vyield, and to do so
without a subsequent step for purifying the hydrogen
product; :
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15

burners; - reducing the flanme tenperature in the
burners; - being able to use the hydrogen product

during the separation as regeneration gas for the

by 12087 Alo8Bas 35 Wi thout redycing the hydr gggirryéd/8s0468
and to do so without a subsequent step for purifying

t he hydrogen product; WO 2007/000545 - 16 -

- PCT/ FR2006/ 050468 - minim zing the size of the

equi prentMipini gupsr afhfg sA€Ssymfas; thad eaqudpusefng for

%@éﬁém@a@h@ dde; gases produced as output from
reacto Ot her, adva tages of %E ghnvent on
t

resul t™frd ’t“ffem%p'ﬂl?nlzt sk b0 Fi §gses produced
cadpeissor SEexm Sthagreactdie plant, together with the
fact that a common conpressor -w Il be used to _
conpress several fluids. 10 This enables the

rethei |adyemfager igfst dilleaat ilgweardive  ingsudved frafi | ghe
B R ZLAY LS COBt $na ARG 4 Seoy \é%%b@%esexfé\ﬁng on

follow ng should thus be note e nunber of
i FR5ERS ni FPHRReer W’atléeanﬁfuééFtcoﬁBﬁESSE}r gqpmon

bﬁamiﬁﬁﬁss!dhﬁt dd 10f be 1218t @b rr@@ﬁpfégsprmrfang @luids.

.S - L b I duced
MR € R ROy COP COTAPUSLERTORE | et BOrmIAeTIn (hp D

ImmpﬁnﬁedlirW%I&E WEL 20072 D0P545t s 1@osts Among these

(a0 030008% o (T ALY ]srhd’ﬁ P QG885 P ndeis

SI nmul t aneou's pro ucti on rogen an
monoxide T muReh R RAFHAPS 5.4 sddgsimied sai d

process %Pr&léﬂ@lnﬁ;g}ame é‘én%ﬂﬁeégor adaeper akeAgifAstead of

S such as a rocar on reformn
I e I S PR I A A b O RLAHAFS but

al so ret hare nm[afdzomﬂlmet%ﬁ J.smateﬂucmw aaid | east one
mpurity Sel eghedolrofg nitragen and argoior points in

the units is limited.
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10 b) decarboni zing the syngas conmng fromstep a) in
a primary decarbonation unit, formng a carhbon di oxide
stream and a stream containing the syngas with a

nepdueerloeasson dioxide content;_ c) elim napémygridi®/os0468

wat er and the remai ning carbon 15 dioxide that are
contained in the syngas comng from step b) by
passing said gas over an adsorbent bed; d) separating
the remai ning constituent &4 #Sving at least: i) a
hydr ogen product gas strean1 20 ii) a carbon nonoxide
p oduct as strean% g further includes a

ct®d Fio

| east
MpurPEJCeet e n1ﬁF?PEBQHESHE aPﬁBhFCFFP? a°t
dmmgemlc@n©urgar@@m shoraridad Evpma thashhgdsocarbon
t
i‘f]%%%‘g‘??zzé %Fﬂ%%g§% :&jﬁﬂ %esslé1 aﬂ%ﬁ @%ﬁ%’gl udes t he
foll ovﬁthgg@:t@{astmg &) cogeRer.at isvght hesadgor bedrogagbon

HeBlBRifg B¥s, PaSSREL Hnd wRASNS ahi@Pog88 and carbon
conprising at least a 30 nonzero propartion of the

Q?@‘é??rr i BRt seleamIgthanRy f Farkeycldingister ea{'r‘?st‘?lf i prd
attd Jieés’rle)"ﬁéWg.nfﬁlﬁﬁ]‘@i Q{éldﬂ:)tddn wdiernlttﬁofgeaeﬁ asice prajon ;
2. Th cess as. cl ai aiml ¥hich gll og in
25 paiP FSERA AR Bl Beled Ridnind, Pk Bl 8
tduﬂWlmmryoﬁethebenaEaumisnpunrﬁommungzﬁFEﬁrbon dioxide
%‘Hﬂéaln?atdzf&‘ U”'sttz‘e%mor@%t‘a‘infi&%d“%ﬁga B’g%gagydfa%ﬁn a

stream for consuner- requi renments

Fesuagd g0 cE4escide) gontpot/;FR2006/ 050468 3. The
process asiGhaddethd Ntk aivltdr ishaVind #&a1/5y t 8dltbon

SIS ad ed to the S str ans || and iv e
PRyt Tort T o e e 1B APqnEvpPateseaRd from
@tmpnhjIbw'@amaﬁmb;sbﬁdw@eshowhe ast reamribenits bed ;
separ %)edséﬁgf)ataltndr e@ﬁé tr%afiﬁqg‘ltgj oc!]cﬁ’lséih&lents, forming
at least:

i) a hydrogen product gas stream,

ii) a carbon monoxide product gas stream, which
further includes at least one impurity selected
from nitrogen and argon,

iii) a methane-rich purge gas stream and

iv) a flash gas stream containing hydrogen, CO
and methane, '

characterized in that the process further includes the
following steps of:

e) regenerating the adsorbent bed of step ¢} by
passage of a regeneration gas comprigsing at least a
nonzero proportion of the hydrogen-rich stream 1); and

f) recycling streams iii} and iv) coming from step

d) in order to feed step a).

2. The process as claimed in claim 1, in which all or
part of stream i) is used as regeneration gas, and then
all of the stream is purified in a PSA purification
unit in order to produce a pure hydrogen stream, for

congsumer regquirements, and a PSA tall gas.
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first constituting the consuner product and the second
bei ng used for carrying out step e), characterized 10
furthernmore in that said second fraction is then
NREY6b-EMobsys feeding step a).g 5. The processr@82006/050468
claimed in one of clains 1 to 4, characterized in

that all or part of the carbon d|0X|de 15 produced in
step b) is also recycled to the feed for step a). 6.
The process as clainmed in one of clains 1 to 5,

char aofl?él pedcklst hat éi&ﬁné‘& g fardher oor g f eﬁhi’\&lﬁh the
20 i ied car.bon dioxide. 7. The process as, cl aine

irron PRE precifisty te EPﬁs s THEP o dulct | oﬁn‘éf iv)
cer Hosn renaxXiate favifgedind ady ta)ogen content,
characterized in that step d) 25 does not include a
denitrogenating step. 8. The process as clainmed in the
# eceditiy pracesfors thbaprnedudni onlaim chr bam mambxt dehe
havidig, a i fg oQ@gS‘a 9«5‘518{&%%&8“ ﬁjceﬁéagga{%wa %{%CthﬂS, he
characterized In t ydrocar bon feedstoc
o st LoRS LRt wat g aFhgasorawrry r afudtogeif cort efecond

ket wegrdl aad 1c5§@y9ngﬂ@.1@r@ﬁ'a§§ a9 ,dethhedctBrized
éﬁ claims 1 to t§ vari an g defined in h

an% SEOGTS, fhi c"t{“%rt%aejr 3BT RT udES2ONEDr i‘r%ret en

steepscicdfd cny eidddignd lecegaradjan  nonoxi de into acetic

acid or into pol ycarbonates. WD 2007/ 000545 - 19 -
PCT/ FR2006/ 050468 10. An installation for the

‘Si-mul (TR oRECPRdYUEsi slagmedchydrogas arfd ebabon 1 to 4,

RO dr 1S sl ali ooy G9LPF | §F NPhe - c&rbon dlox:Lde
hydr.ocarbon source;. 5 - a syngas generatlon uni t

TRy § BB M bokat PORCuacYaled to the feed for
desirceat.i on/ secondary decarbonation unit; and - a
separation unit, for separation into at least a
gaseous hydrogen product stream a gaseous carbon 10
onoxilthe pouirds seeearhaimgourye gas stfreahammsl 4 to 5,

th@shcterized in that step a) is furthermore fed with
imported carbon dioxide.

7. The process as claimed in one of the preceding
claims for the production of carbon monoxide having a
low nitrogen content, characterized in that step 4)
does not include a denitrogenating step.

8. The process as claimed in the preceding claim for
the production of carbon monoxide having a nitrogen
content of less than 1.1%, characterized in that the
hydrocarbon feedstock consists of a& natural gas having

-2 nitrogen content of between 1 and 1.5%.

9. The procegs as defined in one of claims 1 to 6 or
its variant as defined in claim 7 or 8, which further
includes one or more steps of converting the carbon

monoxide into acetic acid or into polycarbonates.
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gas stream together with: - lines connecting the
hydr ocarbon source and the ’'syngas generation unit,
connecting the syngas 15 generation unit to the
Pid 386y, 0des8y bonati on unit, jgpnnecting thepdr FRBsd6/050468
decar bonation unit to the esiccation unit and
connecting the desiccation unit to the separation
unit; and - neans for w thdrawi ng hydrogen and carbon
2B0 morfixi Hes aal broteiet 50T chhPasi BRI FaBePRst hapdpgtion of
| iedtskesn | | Res f 0bagBBREl NOm@noROAZET O HIQPOr AR A0l ation
the aseous hydrogen product streamto the

1% secondary decarbonation unit and lines

:for sendianguitdeoquiige gasirsig.eam and the 25 fl ash gas

streamto t%&qﬁ efd%fnoerratthe SYJ I% S. generation unit.

11. The ihs A as ¢lal med i'n the pr ecedi ng
cl ai m~— i rit hitede st herdimesthal detadyoriasd iagapirdd: ;or - 30

const LUCtedid eI FIRUANGANE UGS A% detiied idha

any one of clains 2 to 9. he installation as
clai med it FRH&AT I dmﬁims i@r BFRPIat1em iWpFehathéeast

S';yn@asle@ﬁﬁerlﬁijzcﬂﬂfﬁ\ge%ml tﬁﬂtﬁit{jc&ﬂ fs[:g@am35 2 YR s0f carbon
nat ural . gas i_ght hydrocarbons and conp es
PR T ATRAR L (R0 (4P P GFARhGRON £ Bhash
&aﬁe&ﬂn@mﬁornlng unit, characterized in that said

_ ny.ncl udes |ines WD 2007/ 000545 - 20 -
I£§§%%&Oogﬁbé%468 for sendln% nonzero portion of at

| east “ondigfest wEnnaGtdane W Mlfoomhde sepratiph the

Widgash t hydra-a @ept ham ©f t heosas dgmn%@le syngas
stream .to the desulfuglzatlon unit _and/or to.the

Uit 8 ah#tPor PESTRRY r@?%?ﬁ?ﬂﬁaﬁh?? ymic,
'Hmaﬁemnmmq auﬂnn a@rnmarﬁeddena@benatlohalmmliﬂ tv  the

li%'s J.\Mya?_q ‘i’lri%r an'?ic ! &q} e as %%le @SOJ{.EP ({ SII'tS CIhI{) nLlIll t to

or corrpress ng a a portiron o
the separation unit; and

- means for withdrawing hydrogen and carbon
monoxide as products, ‘
characterized in that it includes lines for sending a
nonzero proportion of the gaseous hydrogen product
stream to the desiccation/secondary decarbonation unit
and lines for sending the purge gas stream and the
flash gas stream to the feed for the syngas generation

unit.

11. The installation as. claimed in the preceding
claim, in which the installation is adapted or
constructed for implementing the procesg ags defined in
any one of claims 2 to 9.

12. The installation as claimed in either of claims 10
and 11, in which the syngas generation unit is fed from
a source of natural gas or of light hydrocarbons and

. comprises at least a desulfurization unit, a

prereforming unit and a steam reforming unit,

- characterized in that said installation includeg lines



10 carbon-di oxi de-enriched gas conmng fromthe
decar bonation unit and/or inported carbon dioxide for

feeding the syngas generation unit and at least a line
Ty 288@bhsesal | or sone of_ the recycled stregpR2ddd/bbeuss

inlet of said conpression neans in order to conpress

at 15 least a portion of the carbon-di oxide-enriched

gas conmng fromthe decarbonation unit and/ or the

i Fpor seddivar Bornehasddersotasnt ©ff exld LRassymges of the

gehesatd Oncoritd - Bml4 cnkhe dsbaldidld onads ,cl ghiRd the

in one of clainms 10 to 13, which further includes at
| SHERPE Fdnpr essFBA ﬁ%@OWoF%ﬁﬁt‘%si%ﬁr‘?%f to  the

hyshwogn- feedidly thet desalduritzat the whidreforieng unit
slpcgpsr genenat iroe ur}ril.tI1 anudnitat | east a line for

sen ichg A 1501 o ot ne recycled 25 streans to the
inlet of said conpression neans in order to conpress

Lhe, YHO O, Leol it Nes depil | 221100 oHNL1afhst R co

syngas generation unit, e Installation as

- % G BHEERAT cigedad @b 1885842 GRATBRSPHLPRepeAnS

10

15

20 .

25

30

35

iiﬁﬁﬂ ud&&@ri@;&iga %rp][ eﬁﬁé@@ mﬁans pbPEieANPr 88si nghe
t he _.gasepus . rocar?$n eedi ng the syngas generation
S e P o SR 1 0r9%ondi iEPMIAY or "GO of Che
tder ardeyd teichrst teans andl tdre impetted thebovompressi®nfor
MR 1| z%{éjeé cia&og%gégt&@ﬁ %ﬁ%%%d%%@é’é@@aéb%ne
feedi'ng the syngaS géneration uni

for sending all or some of the recycled streams to the
inlet of said compression means in order to compress at
least a portion of the carbon-dioxide-enriched gas
coming from the decarbonation unit and/or the imported
carbon dioxide so as to feed the syngas generation

unit.

14. The installation as c¢laimed in one of claims 10 to
13, which further includes at least a compression means
for compressing the hydrogen feeding the
desulfurization unit of the syngas generation unit and
at least a line for sending all or some of the recycled
streams to the inlet of said compression means in order
to compress the hydrogen feeding the desulfurization

unit of the syngas generation unit.

15. 'The installation as claimed in one of claims 10 to
14, which further includes at least a compression means
for compressing the gaseous hydrocarbon feeding the
syngas generation unit and at least a line for sending
all or some of the recycled streams to the inlet of the

compression means in order to compress the gaseous

- hydrocarbon feeding the syngas generation unit.



