WO 2010/015764PCT/FR2009/051438 - 1 - PROCESS FOR GENERATING AND SEPARATING A
HYDROGEN-CARBON MONOXIDE MIXTURE BY CRYOGENIC DISTILLATION The present

invention relatggto,g Péc}q&sg;ﬁgj to an 5 apparatus for the generatiggla}w 1o 9ka mixture of
hydrogen and carbon monoxide. The units for the production of carbon monoxide and hydrogen can

be separated into two parts: 10 - generation of syngés (mixture comprising H2, CO, CH4, CO2, Ar,

H20 and N2 esx?%ga(‘%!% %@”Qéﬁ%ﬂﬁ%ﬁ%‘%”?ﬁﬁ%ﬁ%ﬂéhi PEQAHEYGR, P! SYREBR those

based on partia ation of natural nﬁ;as on auto thermal 15prove to be ratio is low - purification
a unit for to remove 20sYAYEE TREMFSTURE BY CRYOGENIC DISTILLATION

The present invention relates to a process and to an
5 apparatus for the generation and separation of a

mixture of hydrbgen and carbon monoxide.

The units for the production of carbon monoxide and
hydrogen can be separated into two parts:

10 - generation of gyngas (mixture comprising H,, CO, CH,

C0,, Ar, H,0 and N; essentially). Among the wvarious
industrial routes for the production of syngasg, those
based on partial oxidation of natural gas, on
autothermal reforming or on coal gasification can

15 prove to be advantageous when the H;/CO production
ratio is low (lesg than approximately 3).

- purification of syngas. The following are found:

* g unit for scrubbing with a liquid solvent in order
to remove most of the acid gases present in the
290 syngas,
* a unit for purification on a bed of adsorbents,
* a unit for separation by the cryogenic route,
referred to as "cold box", for the production of
Co.
25
In the case of a syngas resulting from a partial
oxidation reactor, from an autothermal reactor or from
a reactor for the gasification of coal or of heavy
hydrocarbon feedstocks, the regidual methane content in
30 the syngas at the inlet of the cold box is too low for
a process of the scrubbing with methane type; the CH,
contents can be o©of the order of 0.1% in the case of a
coal gasification or else of the order of 0.9% in the
case of a partial oxidation or autothermal reactor,
35 whereas the minimum content at the inlet of the cold
box is generally in the vicinity of 2%. In this case,
the conventional cryogenic procegss for the purification

of a syngas (CO cold box} is a partial condensation.



reforming or on coal gasification can advantageous when the 142/CO production (less than
approximately 3). of syngas. The following are found: scrubbing with a liquid solvent in order most of
the acid gases present in the purification on a bed of adsorbents, a unit for separation by the
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the case of a pastialQxidation,or autothermal reactor, 35 whereas the minimum content at the inlet of
the cold box is generally in the vicinity of 2%. In this case, the conventional cryogenic process for the
purification of a syngas (CO cold box) is a partial condensation. WO
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the context of ajpaeined produgtion ofgure hygiegen apd CQ.under presgure, the, partial

condensation prcogggsrygléstq{s%dvanrta%%ss g\ c%mgarigon wjth the scrubbing with methane: - the
partial condensation doas not make it possible fo-10 ProqueeEpladRirogin WtTRISWIB content

without PSA (fol ék&mphe tHE Fiylkogen cbhiprisestdmsreximately 10 ppm of CO when produced by

scrubbing with metianepaiheraas i camprises from 2de 45%0ef GRhenprodused by pastial
conden;ailgn); 15@%%%&% y%ﬂ,gf tﬂ%@%&tﬁéﬁonﬁfﬁ'ﬁa%oni% ‘L(T)WL?& in, 8%%% I’g% |n“c7::r.tet%seuthe yield of
the partial condensation, it is hecessary to Invest in a compressor for recycling the waste’gases from
thepaﬂkﬂcondengﬁﬁbn; (for example, the hydrogen comprises

approximately 10 ppm of CO when produced by scrubbing
with methane, whereas it comprises from 2 to 15% of
CO when produced by partial condensation);

15 - the CO yield of the partial condensation is lower; in
order to increase the yield of the partial
condensation, it is necessary to invest in a
compressor for recycling the waste gases from the
partial condensation;

20 - the methane present in the syngas is only in part
found in the methane bleed at the bottom of the tank
of the CO/CH, column. A large amount of methane exits
from the cold box with the hydrogen-rich gas at the
top of the scrubbing column by thermodynamic

25 equilibrium at the temperature level of the top of
the scrubbing column, another amount exiting with the
tlash gas withdrawn at the stripping column top by
thermodynamic equilibrium at the temperature level of
the top of the stripping column. In order to ensure a

30 positive material balance of the system for CH,, it is
necessary for the amount of CH,; which enters the cold
box with the syngas to be greater than the sum of the
amounts of CH; which leave with the hydrogen-rich gas
and the flash gas in order to ensure a CH;, bleed which

35 makes it possible to control the system.

The slight traces of CO, at the outlet of the

purification {0.3 ppm) are found dissolved in the tank



20 - the methane present in the syngas is only in part found in the methane bleed at the bottom of the
tank of the CO/CH4 column. A large amount of methane exits from the cold box with the hydrogen-rich

gas at the top of 5he ?zlcrg(?bliir;ﬁ column by thermodynamic 25 equilibrium at the temﬁerature level of
the top of the sggubgi ﬁ on % &nother amount exiting with the flasﬁ(&{sFmgvﬂ/ Sh48é stripping

column top by thermodynamic equilibrium at the temperature level of the top of the stripping column. In
order to ensure_ a 30 positive material balance of the system for CH4, it is necessary for the amount of

CH4 which entetd B SolPhox With 10 45Hgasd6 baGeatdmhartifie surhcof E&HouARYof CH4
which leave with deerhydrgénsricly §astand the fladhegasymsorder toiensutieesa GH4-bigethyhich

35makes it possibleytp, copgrok the,system WOR010/915764PCTAER2DD(D51438 - 3 -jquid of the
CO/CH4 column. Ifdor er to avaid ang accumuylation of CO2 in the system (in the scrubbing loop), it is
necessary for aff the C%ﬁ:wﬁ‘l%h StErs Hiefedid Box t6 1847 dia the CH4 bleed. 5 Generally, the CH4

bleed and the scrubbing circuit are withdrawn together at the bottom of the tank of the CO/CH4

column. The C@2 geptent {n theipleedds thus dae same asdn the,sephbing eifquit, As the scrubbing 10°
circuit is supercoo ekglld:[o -%80 <i)n Qr er%o o) timti: e th%s%rygbingséhe 02 cogjgnt in the scrubbing
circuit and thus in the bleed has t be Towet thari the vA & BF'th& sollibifity 6FEO2 f cB%t -180C in
order to avoid sefidififatii bbitie- CBan s et fthelts pissagbarys bethehaxehahger. Taking
into consideratieamsCQO2scontent eihéhe outtabblithg purification of (b3 prrAaNndsa vals fag solubility of
CO2 in CH4 at 180G, 9142 ppm, this defines a 2Q maximun level of concentration of 002, expressed
by the ratio of the flow rate of .syngt;Bas entering the coI(;(L box to the CCI)-FAQ gl%e&,oof TE&.%%%eﬁnes, for
agwenfDMIEHE%ESﬁﬁﬁ%P%;ng’ the CO; content in the scrubbing circuit

and thus in the bleed has to be lower than the value of

the solubility of CO, in CH, at -180°C in order to avoid

solidification of the CO; in this circuit 4in the

15 passageways of the exchanger.

Taking into consideration a C0O; content at the outlet df
the purification of 0.3 ppm and a value for solubility
of CO; in CHy at -180°C of 42 ppm, this defines a

20 maximum level of concentration. of CO,, expressed by the
ratio of the flow rate of syngas eﬁtering the cold box
to the CH; bleed, of 140.

This defines, for a given flow rate of syngas, a

25 minimal wvalue of CH, content at the inlet of the cold
box in order to ensure, simultaneously, an excess CH,
balance and a CH, bleed for controlling the system and
limiting the level of concentration of €O, in order to
prevent solidification of the €O, in the scrubbing CH,

30 circuit and thus to prevent blocking of the cryogenic
exchanger.

In order to benefit, for a process for the generation
of syngas by a partial oxidation or autothermal reactor
35 or else by a reactor for gasification of coal or heavy
feedstocks, from the advantages of the process of
scrubbing with methane type, the idea is to increase

the CH, content in the syngas at the inlet of the cold



25 minimal value of CH4 content at the inlet of the cold box in order to ensure, simultaneously, an
excess CH4 balance and a CH4 bleed for controlling the system and limiting the level of concentration
of CO2 in order to prevent solidification of the CO2 ia the scrubbing CH4 30 circuit and thus to prevent
blocking of the cryogenic exchanger. In order to benefit, for a process for the generation of syngas by
a partial oxidatibaoy afitethesseahtdactorrdSordise yoa eactonrforzgasdicatioe okeost enteavy

feedstocks, frop the,advantages of e rggess,afaciupbing Wih methane jype, e ifea s o increase
190 . |

the CH4 content in the syngas at the inlet of the cold - 4 X, for example in order to obtain a

methane conteACIPR 18RS EIYarkF prefeRibhFatiBastdh ditfmbid@dvantageously still of 2.3%,

and the like. 5 It is sometimes possible to carry out a methane scrubbing process with a feed gas

comprisingsat legst 1,8% of syethange.genssally; passible with.g feed gag,comprisipg afleast 2% of
methane and in a;ly case possible with a feed gas om%risin at least 2.3% of 10 methane. It is very

obviously possibft PG oMpriding af ost F85 SFHREtaReTY offer to°6ttain a gas
comprising at ldas? 2%t matidiindeggeeen 21390 oo ietikaneiad it is pdssidle gsyngas

comprising at mes#2#4 6f methane in osder topebtaira gas-eRMBrisngat least 2:3% of methane,
according to the inven]g n. .. .. .
possible with a feed gas comprising at least 2.3% of

10 methane.

It is very obviously possible to enrich a syngas
comprising at most 1.8% of methane in order to obtain a
gas comprising at least 2% of methane, indeed even 2.3%
15 of methane, as it is possible a syngas comprising at
most 2% of methane in order to obtain a gas comprising

at least 2.3% of methane, according to the invention.

It 1is alsoc a question of introducing solutions for
20 treating the C2+ components which might be present in

the sgyngas.

Aecording to one subject wmatter of the present disclosure,
provision is made for a process for the generation and
25 gseparation of syngas in which a syngas is generated.
from a methane-rich feedstock gas, for example natural
gasg, the syngas, comprising hydrogen and carbon
monoxide, is purified by at least one treatment process
to produce a purified syngas and the syngas 1is
30 separated by cryogenic distillation 1in a plant
comprising at least one column for scrubbing with
methane to produce a gas enriched in hydrogen and/or a
gas enriched in carbon monoxide, the syngas generated
comprising less than 2.3% of methane, preferably legs
35 than 2% of methane, indeed even less than 1.8% of
methane, and the syngas 1is enriched upstream of the
separation by c¢rycgenic distillation by sending a

portion of the feedstock gas to a treatment process



It is also a question of introducing solutions for 20 treating the C2+ components which might be
present in the syngas. According to one subject matter of the present disclosure, provision is made for
a process for the generation and 25 separation ofsyhigas in which a syngas is generated from a
methane-rich feedstock gas, for example natural gas, the syngas, comprising hydrogen and carbon
monoxide, is puliieddyratiaasicine treaiment precess o predieesa pukifiecbsyngagrangkthe syngas is
30 separated by coypgenic dislllatan in-a plankcorpiising Lipast ope calump ot sgrubbing with
methane to produce a gas enriched in hydrog€n and/or a gas enriched in carbon monoxide, the
syngas generaftdGHiprisivg RRSIAEN 2. %I ATetRATE rEferdolFREE 35287an2% of Afethane,
indeed even lessthzanrie 8% Hf nidthaneyagdthecsyngas tednrichetdupsiteani ektbhe separation by

cryogenic distillatign b)6§en1qgl%ﬂgr’tio%9f the feedstock gas:to gdregiment process g5 downstream
of the stage of generation of syng;?s without passing&tl‘?rough the stage of generation of syngas, to

obtain a syngas €0fiprisiAg more Rdn SRR RSt AT f tHe"8Jhgas gBhemtdd'@8MprisSs less than 5
2.3% of metham® e mokathanl2%%f métharetiitgeesyridas géserasethgamprisesdesstthdn 2% of

methane, or merenpan 4e82010f smethpge ifithgsysgamgengrated comprises less than 1.8% of
methane. 10 In one aspect, there is provided a process for the generation and separation of syngas in

which a syngas is generated from a feedstock gas, and the syngas is separated by cryogenic
distillationth a prant @Bt pRsiRG & leastistieccoltnn BaicstkdisingAwitA IS methafe@to prdduce a gas
enriched in hydsegen-and/ona gaga eseghead inieatbarr menexide, the syngasrgeaeraigte@mprising
less than 2.3% of m E_[%?gg er esst %.0f methane, indeed n| than 1.8% of
methane, chara%erge In ?h%ét%t{heﬁsp%%a?is%%ééqé%%% uggt%éan%%ﬁhﬁgpggﬁ raf%y %rsyogenic
distillation by s&FHAG A FGHIoNBE theTELRASHLRR Gas did frédthidntGRoceds dovinstr®aRmt the stage
of generation otsymgaiss without passirg $itroughdhe stagenof geferatierol:pynigas, tavobtain a syngas

comprisingsmorgtpan 3% 25 aftaelbans ifdhe swgasgeneratad coRRLises legsdhan 2.3% of

methane, or more than 2% of methane if the syné%as enerated comprises’ess than 2% of methane, or
200}

more than 1.8953F mEfHah&Ffhe SYnda GsHitr Hiiprised REs MERIP- B TRIERERE, the
feedstock gas 3@igrickeinngethases andithe syngés, ebmprsihgihydroges Sedadarbonlmenoxide, is

purified by the fgeatmentsprosessiie pragice ajuuified syngas. Safccarding tojothgr opgional
embom”mnm:methane, characterized in that the syngas is enriched
20 upstream of the separation by cryogenic distiliation by
sending a portion of the feedstock gas to a treatment
preccess downstream of the stage of generation of
syngas, without passing through the stage of generation
of syngas, to obtain a syngas comprising more than 2.3%
25 of methane if the syngas generated comprises less than
2.3% of methane, or more than 2% of methane if the
syngas generated comprises less than 2% of methane, or
more than 1.8% of methane if the syngas generated
comprises less than 1.8% of methane, the feedstock gas
30 is rich in methane and the syngas, comprising hydrogen
and carbon monoxide, 1s purified by the treatment

process to produce a purified syngas.



the feedstock gas sent to the treatment process downstream of the stage of generation can originate
from a prereformer upstream of the stage of 5 generation and/or from a hydrodesulfurization unit
upstream of the stage of generation; a methane-tichagas, optionally originating from an external
source, is sent downstream of the stage of generation of syngas and upstream of the stage of
10separation bg«ryogenierdistillatidne thegmdihaae-rehigasimaentsto a treatment process upstream

of the stage of separation hy £ryogenic %sgillag'%ta flow erEril@edtigéggmgﬂg orig}%gg@sfrom the 15
cryogenic distillation process is sent, optionally after pressurization, downstream of the stage of

generation of synG2& S5 ¥BRerAEndhi nittAdie GHgiEtnG TR e G§byetic-distifdtfon process
is sent to a process28for treatpertct fhewgmgaspplsé peecessesior tleatmemttaidke symfas

cpm_prise af least Qgﬁ@é@gglgovg% p@ce%rergo@%@g@gaﬁ%ldirgglgiggso%ip@ of carbon
dioxide; a methane-rlgh fluid |sg\/|¥: drawg a few theoretical 25§Iqtes above the tank of a CO/CH4
column, optionallfi%sorﬁ%?% &¢t as Methahesric ggﬁloegggé f}bptionally after pressurization,

downstream of the stig& dfgeneratbn ¢fasyngaxp hindzathhk liceid sinatdmagn fommtheé CO/CH4

column in order te:a¢la513Q - Soldteed; - asnetbane-Aektlyickis withd@mwira fey-thearegigal plates

above the tank of a CO/CIElffocolurgfl, ogtilg lly igx%der tosge used fgrfscgl;lbbin at the top of the 5

column for scrubb(1-‘1r?gn$wrt?11 methane, an a$§rﬁ< liquid is Withdrawn from the %O%ﬁg%olumn in order to
act as blédd: separation by cryogenic distillation;

- the methane-rich gas 1s sent to a treatment process
upstream of the stage of separation by cryogenic
distillation;

- a flow enriched in methane originating from the

15 cryogenic distillation process 1is sent, optionally
after pressurization, downstream of the stage of
generation of syngas;

- a flow enriched in methane originating from the
cryogenic distillation process is sent to a process

20 for treatment of the syngas;

- the processes for treatment of the syngas comprise at
least one cof the following processes: removal of acid
gases, drying, adsorption of carbon dioxide;

- a methane-rich £fluid is withdrawn a few theoretical

25 plates above the tank of a CO/CH, column, optionally
in order to act as methane-rich gas to be gent,
optionally after pressurization, downstream of the
stage of generation of syngas, and a tank ligquid is
withdrawn from the CO/CH, coiumn in order to act as

30



- the bleed liquid is mixed with a liquid rich in heavy hydrocarbons which is obtained by separation
from the 10 syngas in the cryogenic distillation plant. According to another subject matter of the
present disclosure, provision is made for an apparatéis for the 15 generation and separation of syngas,
comprising a unit for generation of a syngas from a feedstock gas, a unit for purification of syngas
comprising hydedgemiand carbon monoxide by at least one treatment process to produce a purified

syngas and a unitjorsaparationotihe syngap 20.by, aryagenicdistillatign cmpsiog At lgast one

column for scrubbing with methane tg produce a gas enrichgd in hydrogen and/or,aﬁt% enriched in

carbon monoxide Pth@ it PGS fTerafich dF8Yhgas b8ing Rdfdsted PioPlRr to Fans? igr%yngas

comprising less 251thart239%0 étméhanegsteferablyytossithdm%aef the nmetparef indeed even less
than 1-8%§bf metf&mqnﬁmdﬁﬁ)ihaéaﬁ%gm@sm%@mﬁ@ﬁﬁaﬂ@in&m sa/nggwpqhtg%mc@f thfe unit for
separation by cryqgenic distillation in order to ohtain.a syngas comprising.5 mqre than 2.3% o
methane if the syr%ag‘r égr%légrﬁ?éﬁdi C(Sﬂnrﬁgﬁse%‘ es%?@r;ﬁ ?.g‘ﬁfo%nrﬁeth%ng,ﬁgre r‘ﬁo%ré3 tr?‘acntz%sof methane
if the syngas gendrhsficomprises less than 2% of methane, or more than 1.8% of methane if the

syngas generateceemprisesiess thanl.88 efimethane: thex1Q egticking eeanscareprising means
for sending a port}?g‘d%t SJ%%%S&O%%%tOi% UERAIMenLYOg Ss%%‘%r%ﬁaéﬁ OF i, Stage of

generation of syngas, without passing througnh the stage of geheratio syngas. 15 In another aspect,
there is ptBvided & apParatlis Fothe HerRsFth é?ftf%éﬂalrﬁﬁ&ﬁ’%f BViigHls; comprising a unit for
generation of a syngas from a feedstock gas, for example natural gas, a unit for separation of the
syngas by cryogenic distillation comprising at least 20 one column for scrubbing with methane to

produce a gas _ ,
According to  another subiect matter of the present

digcleosure, provision is made for an apparvatus for the
15 generation and separation of syngas, comprising a unit for
generation of a syngas from a feedstock gas, a unit for
purification of sgyngas comprising hydrogen and carbon
monoxide by at least one treatment process to produce a
purified syngas and a unit for separation of the syngas
20 by cryogenic distillation comprising at least one
column for scrubbing with methane to produce a gas
enriched in hydrogen and/or a gas enriched in carbon
monoxide, the unit for generation of syngas being
adjusted in order to generate a syngas comprising less

25 than 2.3% of methane, preferably less than 2% of



enriched in hydrogen and/or a gas enriched in carbon monoxide, the unit for generation of syngas
being adjusted in order to generate a syngas comprising less than 2.3% of methane, preferably less
than 2% of 25 methane, indeed even less than 1.8%7of-methane, and in that it comprises means for
enriching the syngas upstream of the unit for separation by cryogenic distillation capable of producing
a syngas comprisitganere thaa=300of enethane if the syngasspenerated BAcompsisas ihqass than f
2.3% of metha marg th 9 th if the syngas generated comprises less than 2% o
methane, or mﬁé%an%%%%%ﬁ%%rgl? if %[‘:eee%f/lr? as% dggleré%lﬁﬁlft?lrﬁgﬁser;%ses thsa%nfg% of
methane, chard8t&Zefi th&ftheS&@nritBiA§ m areSPEGhpesed e &y RF¥RRding a

portion of the -dAsstillation in order to obtain a syngas comprising
5 more than 2.3% of methane 1f the syngas generated
comprises less than 2.3% of methane, or more than 2% of

methane if the syngas generated comprises less than 2%

of methane, or more than 1.8% of methane 1f the syngas

generated comprises less than 1.8% o0of methane, the

10 enriching means comprising means for sending a portion

of the feedstock gas to a treatment process downstream

of the stage of generation of syngas, without passing

through the stage of generation of syngas.

15 In another aspect, there is provided an apparatus for
the generation and separation of syngas, comprising a
unit for generation of a syngas from a feedstock gag,
for example natural gas, a unit for separation of the
syngas by cryogenic distillation comprising at least

20 omne coluﬁn for scrubbing with methane to produce a gas
enriched in hydrogen and/or a gas enriched in carbon
monoxide, the unit for generation of syngas being
adjusted in order to generate a syngas comprising less
than 2.3% of methane, preferably less than 2% of

25 methane, indeed even less than 1.8% of methane, and in
that it comprises means for enriching the syngas
upstream of the wunit for separation by cryogenic
distillation capable of producing a syngas comprising
more than 2.3% of methane if the syngas generated

30 comprises less than 2.3% of methane, or more than 2% of
methane i1f the syngas generated comprises less than 2%
of methane, or more than 1.8% of methane if the syngas
generated comprises less than 1.8% of methane,
characterized in that these enriching means are

35 composed of means for sending a portion of the



feedstock gas which is rich in methane to a treatment process downstream of the unit for generation of
syngas, without passing through the unit for generation of syngas and in that it comprises a unit for
purification of syngas comprising hydrogen and carlien monoxide for carrying out the treatment
process to produce a purified syngas.  According to other optional embodiments, the apparatus 10
comprises: meass dyrsendingave pottion ofdhefeedstogk ars takea dewnstreara gt adfereformer
upstream of th %ggg % ge[?fg%ig&, - arp{ea%sffor Eggdingﬁgec portti%l of ti]e% feexeacigg%cnlf gas 15taken

- downstream of ‘a hydrodesulfurization unit upstream of the stage of genéeration; - means fgr sending a
methane-rich g&¥T6itonally biigiHatiRg Fotitdn BRiePHas oG, Wolhseamasmerafi@stage of
generation of syrigassanthyapstreand of the 20stage of separatianhyseryogenic distitationormeans for
sending a fow Em’q@cigtl*gg}pag% org}pl ' frggﬁ{b@qggg%so%w%dig{lll&ti%@b%ﬂrocess of
treatment of the syngas; means for sénding the méthane-rich gas to a treatment 25process
upstream of thé“%ﬁ@ﬁ]o‘?gsepg?éﬁior?ﬁﬁﬂﬂ?db%nigﬁﬁtilI&ﬁ’@n; L hiedneShtseRding &fow Ehriched in
methane origingtinglifrom theroryoderic distitlgien. process, optionally after pressurization,
downstream of the 30stage of generation of syngas; units for treatment of the syngas comprising at

I ne of the_followi nits: unit for removal of acid- - .
east one oft eAgc%rgjgnug t ou o} tk?ere o%taignggdembodlments, the apparatus

10 comprises:

- means for sending the portion of the feedstock gas
taken downstream of a prereformer upstream of the
stage of generation;

- means for sending the portion of the feedstock gas

i5 taken downstream of a hydrodesulfurization unit
upstream of the stage of generation;

- means for sending a methane-rich gas, opticnally
originating from an external gource, downstream of
the stage of generation of syngas and upstream of the

20 stage of separation by cryogenic digtillation;

- means for sending a flow enriched in wmethane
originating from the process of ¢ryogenic
distillation to a process of treatment of the syngas;

- means for sending the methane~rich gas to a treatment

25 process upstream of the stage o©f separation by
cryogenic distillation;

- means for sending a flow enriched in methane
originating from the cryogenic distillation process,
opticnally after pressurization, downstream of the

30 stage of generation of syngas;
- units for treatment of the syngas comprising at least

one of the following units: unit for removal of acid



-8- gases, drying unit, unit for adsorption of carbon dioxide; means for withdrawing-a methane-rich
fluid a few theoretical plates above the tank of a CO/CH4 column, 5 optionally in order to act as
methane-rich gas to be sent, optionally after pressurization, downstream of the stage of generation of
syngas, and means for withdrawing a tank liquid fron8 the CO/cH4 column in order to act as bleed; 10 -
means for withdrawing a methane-rich fluid a few theoretical plates above the tank of a CO/CH4

column, optionallydforder (& HR8d 1orSErubBiRg bt thetop BERREESIHAM fo? EcrGBBiRgMith
methane, and mearissfot fdthdrawing a tank liquid from the CO/CH4 15column in order to act as bleed;

means for mixing the-blged figuid yitha:liguid rich in hegvyhydrocarhans whichsis abtained by
separation from the syngas in the cryogenic disfillation plant; means for sending a portion of the
feedstock gas sent2638 A urfitfor ?é:%%@ﬁl SRR downstralkn GHihd sfg&%g&%&ﬂﬁh, without

passing thfough theptriicfor enetatiomoisyngas; ancassfomséiding apeoritiogatthededdstock gas

sent to an adsorptignunit downstream f therstagepfans.generation, Withoytpassingthrough the unit
for generation of syngas. 035 -9.-The soluté_'on according to the inventigg is the'injection of a

OH4-rich stream, constitu%& %?/ pgrg ofthie Tésastock ggs which $3€ notBEen T&RHHS théPéactor, into
the syngas after thélida@tavérg a tank liquid from the CO/CHy column in '

order to act as bleed;

10 - means for withdrawing a methane-rich £fluid a few
theoretical plates above the tank of a CO/CH, column,
optionally in order to be used for scrubbing at the
top of the column for scrubbing with methane, and
means for withdrawing a tank liquid from the CO/CH,

15 column in order to act as bleed;

- means for mixing the bleed liquid with a liguid rich
in heavy hydrocarbons which is obtained by separation
from the syngas in the cryogenic distillation plant;

- means for sending a portion of the feedstock gas sent

20 to a unit for removal of acids downstream of the
stage of generation, without passing through the unit
for generation of syngas;

- means for sending a portion of the feedstock gas sent
to an adsorption unit downstream of the stage of

25 generation, without passing through the unit for

generation of syngas.

30

35

40



5 generation of the syngas and before the column for scrubbing with methane of the cold box.
Examples 10 1. Recycling of the CH4 before the cold box (figures 1 and 2): This is applicable in the
case where the CH4 content in the syngas (before this CH4 recycling) makes possible a 15 positive
CH4 balance in the cold box but exhibits an excessiviely high level of CO2. In order to lower the level
of concentration of 002, the following are provided: 20 1. The increase in the discharge pressure of the
pumps for CHA &M foPeliAteeYjcle BERTIEHTRR coltPboxdhd the BisFearR™f thedryikg$n order to
limit the level oficojweniration 6f GOZH e miateriatavithdravenam:thedankgf tha 8O/CH4 column.

25 2. The cooling,of the.top.of the sc&égbingﬁggﬂ“nn in grder to regg%qlthes(eqilél cqrtent for the
hydrogen-rich gas. 30 2. Prereformer with PDX, ATR, SMR (figure 1% Bypassing the reactor between

the outlet of the"rarefdFmer ditFfhe oth&t of T P& tor FinGrder t618ducktRE tBhtentsr02+
components in tensyrgascat 35 AW 126 10415#GA PG R200% 381488 e 10zotheninletfthe cold box,

(all the 02+ companants fthe: nafural gasdeedingdhe prerefprasy being converted to CH4 in the

prereformer) provides a positive material balance in the process for scrubbing with methane, a 5
portion of the feedstock at the prereformer outlet being directly injected downstream of the reactor.
: - Examples :

10 1. Recycling of the CH; before the cold box (figures 1
and 2):

This is applicable in the case where the CH: content in
the syngas (before this CH; recycling) makes pogsible a

15 positive CH; balance in the cold box but exhibits an
excessively high level of CO,. In order to lower the
level of concentration of €Oz, the following are
provided:

20 1. The increase in the discharge pressure of the pumps
for CH; and for CH; recycle between the cold box and
the upstream of the drying in order to limit the
level of concentration of €0y in the material

" withdrawn from the tank of the CO/CH, column.
25
2. The cooling of the top o¢f the scrubbing column in
order to reduce the CH, content for the hydrogen-

rich gas.

30 2. Prereformer with POX, ATR, SMR (figure 1):

Bypassing the reactor Dbetween the outlet of the

prereformer and the outlet of the reactor {(in order to

reduce the content of C2+ components in the syngas at
35

40



1. The increase in the discharge pressure of the pumps for CH4 and for CH4 recycle between the cold
box and 10 the upstream of the drying makes it possible to limit the level of concentration of CO2 in
the material withdrawn from the tank of the CO/CH4 column. 15 2. The cooling at the makes it possible
to hydrogen-riciH@a20 ioh/ofith& &¢rubbing column reduce the CH4 cotepFRthes /0 81 Reactor
without prereformer (PDX, ATE, SMR) and with 20 KPS (figure 3): By bypassing the reactor between
the outlet of the hydrodesulfurization (HDS) unit and the outlet of the reactor, in order to provide a
positive materigli2b biatdree infhetprocessidl Sseshbingwith stethare+ a portinmhefihe fegdstock at the
outlet of the HDSHIs digedllydnjegiad denneiteam oG (eadlpr, JPIgslon o the pupass fuid takes

place after the 30 reactor, and pefore the scrubbing column: a) if the bypasséd comprises 002,
provision is mad& fcgf}{hejiﬁ‘jeEﬁt% BARREG Bt e 8F the Sttt Bf BRRTEhENT ahdtfd the removal
of acid gases, 35bpifitiee bypadsed flnidccamaprisésa veryrsinbl amount-af GR2 f=bH6 vpm), provision

is made fokthe jjeetiomof this fluidbetwaanthe qutletof the, reagiorand hefore the,adsarbers of the
drying, c) if th téy.passgd ﬂUi% oes.not c mgri%e any CO2 or H20 aﬁ all, provision is made for the
1X Ct QWIY

injection of this fGid BetWeen the-outiet 6f the realtor and batord the c%lt]‘ﬂrﬁﬁ%ﬁgc‘rubbing with

methane. 5
1. The increase in the discharge pressure of the pumps
for CH, and for CH; recycle between the cold box and
10 the upstream of the drying makes it possible to

limit the 1level of concentration of €0, in the
material withdrawn from the tank of the CO/CH,

column.

15 2. The cooling at the top of the scrubbing column
makes it possible toc reduce the CH,; content in the

hydrogen-rich gas.

3. Reactor without prereformer {POX, ATR, SMR) and with
20 HDS (figure 3):

By bypassing the reactor between the outlet of the
hydrodesulfurization (HDS) unit and the outlet of the
reactor, 1in oxder to provide a posgitive material

25 balance in the process of scrubbing with methane, a
pertion of the feedstock at the outlet of the HDS is
directly injected downstream of the reactor.

Injection of the bypass fluid takes place after the

30 reactor and before the scrubbing celumn:

a} if the bypassed fluid compriges CCO,, provision 1is
made for the injection of thig fluid between the
ocutlet of the reactor and before the removal of acid
gases,

35 Db) if the bypassed fluid comprises a very small amount
of CO. (< 50 wpm), provigien 1s made for the
injection of thig fluid between the outlet of the
reactor and before the adsorbers of the drying,



The increase in the discharge pressure of the pumps for CH4 and for CH4 recycle between the cold
box and the upstream of the drying makes it possible to limit the level of concentration of CO2 in the
CH4 bleed. 10 A vessel for two-phase separation in the cold box at a temperature level of
approximately -145C removes the C3+ component qnd_ prevents them from solidifying when the
syngas is cooled to colder temperature levels in 15 the exchange line. The addition of a supplementary
sgction in the tank Qfﬂh@@/@%ﬁg@@timg@am@d@§om@&m%mggqs§gryaf[pe €414 bleed is _
withdrawn at the coﬁégm &'{%nk ZSLbd 20 com%rlses the C2 cogr%)opggt. ;Crﬁg WltIerav%a}LloarE theftop of this

tank section of the fléw for sch ingpv%‘/ﬁﬁ H4and 6f the CHA4 Tecycle is used c(::omprlsing little C2

component, it beind-péSsibfe 25 Jor Baigis eBntditof C2lebfitporidnt ikkRe F8BBIAY cifétft to bring
about phenomena effoaming be othel whenome nacantbitoiregulirc poareapearatan of the scrubbing
column). 3Q The cooling of the top of the scrubbing column makes it possible to reduce the CH4
content in the h{ﬁrog_en-rich gas. - 12 - The processes and apparatuses according to the invention will

be described inhbred&EA 3t rferbAe HHHERIFES AR SiHTeH fgies B8P3 P85 e58Rt a process
for the generatiGHangrskpdratiort8.0f agnixture obedrbeamonbzideahd hypdmgemadccomding to the

invention and figutas,2 aRd éz'?hQWéh‘ﬁ?%@O\Mal@ééheiﬁ! ogessdonseparation;gf & mpwre of carbon
monoxide and hydrogen guitable for incor,poratiogn therein. 10 Figurﬁ 1s ow% a process in which a
3 S @a%, 5%

feedstock gas “Witich Ganbe s Rttt aTeren gas, gﬁcﬁ%s%%?ur htto a
hydrodesuRurization (HDS) unit 3, as described in "Desulphurization" by Kyte, IChemE, 1995.

A vessel for two-phase separation in the cold box at a

temperature level of approximately -145°C removes the

C3+ components and prevents them from sclidifying when

the syngas is cooled to colder temperature levels in
15 the exchange line.

The addition of a supplementary section in the tank of
the CO/CH; distillation column i1s sometimes necesgsary.
The CH; blieed i1is withdrawn at the c¢olumn tank and

20 comprises the C2 component.

The withdrawal at the top of this tank section of the
flow for scrubbing with CH; and of the CHy; recycle is
used (comprising little C2 component, it being posgsible
25 for a high content of C2 component in the scrubbing
circuit to bring about phenomena of foaming or other
phenomena and to result in poor operation of the

scrubbing column) .

30 The cooling of the top of the scrubbing column makes it
possible to reduce the CH; content in the hydrogen-rich

gas.



15 The gas produced 5 is sent to a prereformer 7. At the outlet of the prereformer, the gas is
composed essentially of CH4, the 02+ components are converted to 0114 and the CH4 is only very
slightly converted to 20 syngas. The gas exiting from the prereformer is separated in order to form a
bypassing flow 11 and a flow 9. The flow 9 is sent tq the reactor 13 of the SMR or ATR 25 type, and
the like, in order to produce a syngas 15 comprising less than 2.3% of methane, preferably less than
2% of methanel HleedEFER ft&Sthan?80 of RRARAESFith wfﬂ&?ﬂ%@ilﬁ%ssig@ flowr 2% is mixed.
The mixture is sentdathennit fdriremokal of derbgadesi30 17 inwoder to graduce a purifled gas 19.
The purified gas 1943 sgpLto an adspuptionynit2l in ordet.to;be, dried and.purified frgm Q02, in order

to form a gas 23. The gas 23 is cooled and sent to a cryogenic distillation ynit 35 operating by

scrubbing with 35RRERERE. PhifiERIfusi8ied TiifmoRs BEER T ABurd™ 1t ToRbTRES Fcolumn for
scrubbing With enetlrarmei2g; wrstripging eoloman 3band 5080/6nLtY sephratiem celanwr3s-irgide a cold
box 35. Liquid £d3-1pethapers vdthdeawn atithetagk of heCQ/GH4wolumen B3-avanarated,
optionally afterig)ymgglg bg/ theé)umpf27f arsld takzent%ut of thg coldnplo%(tasr%owo %réd/ &415. The
pump 27 can alSo b€ use 15SERE methané 36 e 5 tofimnor scrquing With methane 29. A
portion 47 of theghemaRe cafagt astHleaPaRE theFTeilaitde? 49 £aH be HESRIRPHREBAEIlY after
compression, ugsteamQr downstream of the unit for 10 removal of acid gases as flow 51 or 53.

10
Figure 1 sghows a process in which a feedstock gas 1,
which can be a methane-rich gas, such as natural gas,
is sent to a hydrodesulfurization (HDS) wunit 3, as
degcribed in "Desulphurization" by Kyte, IChemE, 1895.
15

The gas produced 5 is sent to a prereformer 7. At the

outiet of the prereformer, the gas is composed

esgsentially of CH,, the C2+ components are converted to

CH, and the CH;, is only very slightly converted to
20 syngas.

The gas exiting from the prereformer 1is separated in
order to form a bypassing flow 11 and a flow 9. The
flow 9 1is sent to the reactor 13 of the SMR or ATR
25 type, and the 1like, in order to produce a syngas 15
compriging less than 2.3% of methane, preferably less
than 2% of methane, indeed even less than 1.8% of
methane, with which the bypassing flow 11 is mixed. The
mixture is sent to the unit for removal of acid gases
30 17, in order to produce a purified gas 12. The purified
gag 19 is sent to an adsorption unit 21 in order to be
dried and purified from CO,, in oxder to form a gas 23.
The gas 23 1s cooled and sent to a cryogenic
distillation wunit 35 operating by scrubbing with
35 methane. This unit is illustrated in more detail in
figure 2. It comprises a column for scrubbing with
methane 29, a stripping column 31 and a CG/CH,
separation column 33 inside a cold box 35. Liquid



In this way, the methane content of the flow 15 on arriving in the removal unit 17 rises to at least 1.8%
of methane, preferably at least 2% of methane, indeed 15 even 2.3% of methane. Hydrogen-rich
gases 39, 41 are produced by the scrubbing column 29 and the stripping column 31. 20 In figure 2, the
purified gas 19 is sent to the adsorption unit 21 of figure 1 in order to be dried and purified from 002, in
order form a gas 23. The gas 23 is cooled and sent to a cryogenic distillation unit 35 operating by

scrubbing with FEERRRE 1tedniptsRS BB cAtmir it sERibBingiwithRethanEB9, §2t#Bing column
31 and a CO/CEl4,separation cotdnn E@Mamlq&ﬁxe}hw&gs cbgle;t}ng\eth@em@wanger 48
and is sent to the tankf the columu, for seryhhing.with methane 29, The fank,ligujd, 61 from this
column 29 is 30 sent to the stripping column 31 and the tank liquid 63 from the stripping column is sent

to an intermediateSpdhtBt tid CHTE HEEAuRA 33SER]ulPmERRRemE WihBfwh atthRe of the
00/CH4 cdummn83uewvapguratett-mithe exchanddr 48; optivaalBpafter 35 pumping by the pump 27, and
taken out of the cold box as flow 49. The pump 27 can also be used to send methane 37 to the column

for scrubbing W};Eh methane Z%Qndogemgene 65 tgérl]l% tog of the strlppm%rg]folggm 31 't]ﬁle' The flow

. QLL1Q me n act _as ged. and .
49 is recycled, opt%naﬁy after compression, up§tream or dowistreafit of the Gfiit fof femoval of acid

gases as flow 51515315 ydrédden-richrigas&se39, 4&ere prstuce®by Heaadrlibbing - Eskimn 29 and
the stripping colusmip 34 sAias, Or agieticbaa richrn cashan maenexide #s withdrawniat thedep of the
CO/CH4 £8Iumge%%%t§ﬁ_i (g@d i%ntli%ggg% eyap fé%g) 'ri tr{l_,)e eéghanger 48 and optionally
compressed in a compressor 57 in order to form the product. Eiguré 3 shows a process in which the
syngas is

In this way, the methane content of the flow 15 on

arriving in the removal unit 17 rises to at least 1.8%
of methane, preferably at least 2% of methane, indeed

15 even 2.3% of methane.

Hydrogen-rich gases 39, 41 are produced by the

scrubbing column 29 and the stripping column 31.

20 In figure 2, the purified gas 1% 1is sent to the
adsorption unit 21 of figure 1 in order to be dried and
purified from CO,, in order form a gas 23. The gas 23 is
cooled and sent to a cryogenic distillation unit 35
operating by scrubbing with methane. It comprises a

25 column for gcrubbing with methane 29, a stripping
column 31 and a CO/CH; separation column 33 inside a
cold box. The gas 23 is cooled in the exchanger 48 and
is sent to the tank of the column for scrubbing with
methane 29. The tank ligquid 61 from this column 29 is

30 sent to the stripping column 31 and the tank liguid 63
from the stripping column is sent to an intermediate
point of the CO/CH; column 33. Liquid methane is
withdrawn at the tank of the CO/CH. column 33,
evaporated in the exchanger 48, optionally after

35 pumping by the pump 27, and taken out of the cold box
as flow 49. The pump 27 can also be used to send
methane 37 to the column for scrubbing with methane 29

and methane 65 to the top of the stripping column 31.



15 produced by a reactor 13 of PDX, ATR or SMR type without prereformer and with HDS in which a
methane- rich feedstock gas 1, which can be natural gas, is sent to a hydrodesulfurization unit 3. The
gas produced is divided into two, one portion 5 being sent to a reactor 20 13. The remainder of the gas
forms a bypassing flow. The reactor 13 produces a yngas 15 comprising less than 2.3% of methane,
preferably less than 2% of methane, indeed even less than 1.8% of methane, with which the
bypassing flow T15s il it this ffowr 25¥ohStise SEO LRkl Mixfress semtB1R/E BhftTor removal of
acid gases 17 inmdertonproductoapatifred .gas £9.rHee bypassifigflovebhbAraan bé naixed therewith if
it comprises lessthan S50.vpm 9f GQ2.The purified gas 19 is sent to an adsorption unit 21 in order to
be 30 dried and purified from CO2, in order to fotm a gas 23. The bypassing flow 113 can be mixed
therewith if it

5 Hydrogen-rich gases 39, 41 are produced by the

gscrubbing column 29 and the stripping column 31.

A gas or a ligquid 55 xich 1in carbon monoxide 1is
withdrawn at the top of the CO/CH; column, heated (and
10 optioconally evaporated) in the exchanger 48 and
optionally compressed in a compressor 57 in order to

form the product.

Figure 3 shows a process 1in which the gyngas is
15 produced by a reactor 13 of POX, ATR or SMR type
without prereformer and with HDS in which a n@thane—
rich feedstock gas 1, which can be natural gas, is sent
to.a hydrodegulfurization unit 3. The gas produced is
divided into two, one portion 5 being sent to a reactor
20 13. The zremainder of the gas forms a bypaséing flow.
The reactor 13 producesg a syngas 15 comprising less
than 2.3% of methane, preferably less than 2% of
methane, indeed even legs than 1.8% of nmethane, with
which the bypassing flow 11 is mixed if this £flow
25 comprises CO,. The mixture 1is gent to the wunit for
removal of acid gases 17 in order to produce a purified
gas 19. The bypasging flow 11A can be mixed therewith
if it comprises legg than 50 vpm of CO;. The purified
gag 19 is sent to an adsorption unit 21 in order to be
30 dried and purified from CC,, in order to form a gas 23.
The bypagsing flow 11B can be mixed therewith if it
doeg not comprise any CO; at all. The gas 23 is cooled
and sent to a cryogenic distillation unit 35 operating
by scrubbing with methane. This unit is illustrated in
35 more detail in figure 2. It comprises a separation
vessel 28 1in order to remove the O3+ components, a

columnn for scrubbing with methane 29, a stripping



does not comprise any CO2 at all. The gas 23 is cooled and sent to a cryogenic distillation unit 35
operating by scrubbing with methane. This unit is illustrated in 35 more detail in figure 2. It comprises a
separation vessel 28 in order to remove the C3+ components, a column for scrubbing with methane
29, a stripping - 15 - column 31 and a CO/CH4 s_epgrgati_on column 33 inside a cold box 35. Liquid
methane is withdrawn a few stages above the tank of the CO/CH4 column 33, evaporated, optionally
after pumping KPHEBUNP-2728Rd faké? 6GHS of #1A¢EHE HBR aSRGWUSE. The PIPHET can also be
used to send methanesdétoibe columntor serthbing With metbaae 26n Afporon 4tefdbe methane
can be used as blsed aqg]%o the yemaipder 43 C%;b?%ﬁ%CYE'Sﬁu@ﬂ“O@%'!y 6@9&%8 tezpion,
upstream or downstream of the unit for removal ot acid gases as tflow 51 or 53. In this way, the

methane conteAPGRBFbW 1555 SFrivigRLIME rBihobRfurRUIPrises to M fedst i 5% BFmethane, 15
preferably ait least 28aef methdingandessl eVeow?.39% of MethapenigydiGgeranchagases B8, 41 are

produced by thg scrubbing gelymn R9:anchthe stipRiAg eolumn. 31,420 fagthane:(igh uid comprising
C2 components is \githdrswn from the tank of the CO/CH4 column 33 and mixed with the fluid rich in
C3+ componen‘féL% d?@ i 8 ffom the vessel 28, and the mixture 43 is taken out of the cold box. 25

In figure 4, the purified gas 19 is sent to the
A portion 47 of the methane can be used as bleed and
10 the zremainder 49 can be zrecycled, optionally after
compresgion, upstream or downstream of the unit for
removal of acid gases as flow 51 or 53. In this way,
the methane content of the flow 15 on arriving in the
removal unit 17 riges to at least 1.8% of methane,
15 preferably at least 2% of methane, indeed even 2.3% of

methane.

Hydrogen~rich gases 39, 41 are produced by the
scrubbing column 29 and the stripping column 31. A
20 methane-rich fluid compriging c2 components is
withdrawn frem the tank of the CO/CH, column 33 and
mixed with the fluid vrich in C3+ components 30
originating from the wvessel 28, and the mixture 43 is
taken out of the ceold box.
25
In figure 4, the purified gas 19 is sent tc the
adsorption unit 21 of figure 3 in order to be dried and
purified from CO,, in order to form a gas 23. The gas 23
is cooled and sent to a cryogenic distillation unit 2%
30 operating by scrubbing with methane. It comprises a
column for scrubbing with methane 29, a stripping
coilumn 31 and a CO/CH; separation column 33 inside a
cold box. The gas 23 i1is partially cooled in the
exchanger 48 and is gent to a separation veggel 28. The
35 gas produced 34 is sgent to the tank of the column for
scrubbing with methane 29. The tank liquid 61 from this
column 29 ig sent to the stripping column 31 and the

tank liguid 63 from the stripping column is sent to an



adsorption unit 21 of figure 3 in order to be dried and purified from COZ2, in order to fo/m a gas 23. The
gas 23 is cooled and sent to a cryogenic distillation unit 25 30 operating by scrubbing with methane. It
comprises a column for scrubbing with methane 29, a stripping column 31 and a CO/CH4 separation
column 33 inside a cold box. The gas 23 is partially__p oled in the exchanger 48 and is sent to a
separation vessel 28. The 35 gas produced 34 is sent to the tank of the column for scrubbing with

methane 29. THEHHRIRRAREE frarR #51§ coffmnPtris $€M lthe SB PTG cdRimn Bidkkrthe tank
liquid 63 from the Stifpingi eolumpHE seRhtoeart evl Getintermesdisie Poitiof then€OsEHEaolumn 33.

Liquid methane-is go/&lgldra(\f\gnl%;ﬁyv s%g:as Igotpggggk of.the C&géCHé:)g%%%%?be%porated in the

exchanger 48, optionally after pumping by the pump 27, and taken out 5 of ox as flow 49.

The pump 27 c3RGISHBe Hked i SanPHBRTAIE 7 10hE cBIIRM R scRIBBInGAIETN=8tane 29 and

methane 65 to the topef thestrippmy catun.8%. 109TheTfhuid 3ymyhicliis thentarnk sethane from the
column 33, can e gurpped-yihe pwER-A7before bging mixedwittythe figyid 30 priginatigy from the
vessel 28 and the rEixture 4%13 is sent to thegxchanger 48 and can be lﬁed subsequentI%/ as fuel.

wit methane 2% an metiane™ 65 to the top of he

stripping column 31.

10 The fluid 34, which is the tank methane from the column
33, can be pumped by the pump 27 before being mixed
with the liquid 30 originating from the vessel 28 and
the mixture 43 1s sent to the exchanger 48 and can be
used subsequently as fuel.

15 _
A portion of the flow 49 is recycled, optionally after
compression, upstream or downstream of the unit for
removal of acid gases as flow 51 or 53. Optiocnally, a
portion of the methane composed of the fluid 47 can bhe

20 used as fuel.

A gas or a liguid 55 rich in carbon monoxide 1is
withdrawn at the top of the CO/CH; column, heated (and
opticnally evaporated) in the exchanger 48 and

25 optionally compressed in a compressor 57 in order to
form the product.

Hydrogen-rich gages 39, 41 are produced by the
scrubbing column 29 and the stripping column 31.
30



15 A portion of the flow 49 is recycled, optionally after compression, upstream or downstream of the
unit for removal of acid gases as flow 51 or 53. Optifl;al_ly, a portion of the methane composed of the
fluid 47 can be 20 used as fuel. A gas or a liquid 55 rich in carbon monoxide is withdrawn at the top of
the CO/CH4 column, heated (and optionghyevagotatediisihe €xchanger 48 and 25 optionally
compressed in a compressor 57 in order to form the product. Hydrogen-rich gases 39, 41 are
produced by the scrubbing column 29 and the stripping column 31. 30 - 17 - WHAT IS CLAIMED IS:
1. A process fot the gBnepaifsteaTd séparatiditof SpTsaRRRIcha Sy n§aP IS lis genepdted from a 5
feedstock gas, and theayggas isrseparated by srpegenic digtillatien innplaat £2b) £esiprising at least
one colump for scrubki ' thane_(29) roduce a iche in;%/pd% nd/Qr a gas
enriched inEcarbon m?ngégx%g%e s%gé.loggle%er%% (é?z%e%%oris%r? less't %%%2% /odéJ methane,
preferably less than 295 BPAfeH&heCintibéd KenIBssiRart 1 BOEIf n?@t%hné’,%&&éﬁﬁed in that
the syngas is enriched tipstreastof tesseparhtion byf enyogenicabb distillatian by sendiaga portion (11,
11A, 11B) of the feed§@§lj< gas, toﬁ§g§§g’@er§'p§%(‘ses&gp¥\g§ggaryrpf §@§grpf gg&ggﬂiﬂon of

syngas, without passing through the stage_of ge€neration of syngas, to obtain a syngas comprising
more than 20 2.396 oPméifgne Fthe SHighs GRneFAEE B mRERe S thart83v D h&tRane, or
more thai @% of mettgresif #ieesiyngdd generatepedmpriges léssthant2%mof methdne, of more than
1.8%- of methane if the-gyngas gengrated copprises dess than 1.8% 2p ofdrethapenthefeedstock gas
is rich in methane and, th(gﬁsgé*lgas, comprisirl%g droggﬁ and carboeron?c;?ide, is pyrified by the

treatment process to [31% a puefﬁ"i&ri1 syngas. 30 2. %rbrocejsssa"s claiffed in"& & 1%ih which a
characterized in that the syngas 1s enriched

upstream of the separation by cryogenic

15 digtillation by sending a portion (11, 11a, 11B)
' of the feedstock gas to a treatment process
downstream of the stage of generation of syngas,

without passing through the stage of generation of

syngas, to obtain a syngas comprising more than

20 2.3% of methane if the syngas generated compriges
legg than 2.32% of methane, or more than 2% of

methane if the syngas generated comprises less

than 2% of methane, or more than 1.8% of methane

if the syngas generated comprises less than 1.8%

25 of methane, the feedstock gas is rich in methane
‘and the gyngas, comprising hydrogen and carbon

- monoxide, 1is purified by the treatment process to

- produce a purified syngas.

30 2. The process as c¢laimed in claim 1, in which a
methane-rich gas (51, 53, 71, 71aA, 71B, 71C),
optionally originating from an external source, is
sent downstream of the stage of generation of
syngas and upstream of the stage of separation by

35 cryogenic distillation.

3. The process as claimed in claim 2, in which the
methane-rich gas (51, 53, 71, 71a, 71B, 7i1C) is

sent to a treatment process upstream of the stage



methane-rich gas (51, 53, 71, 71A, 713, 71C), optionally originating from an external source, is sent
downstream of the stage of generation of syngas and upstream of the stage of separation by
35cryogenic distillation. 3.The process as claimed in claim 2, in which the methane-rich gas (51, 53,
71, 71A, 713, 71C) is sent to a treatment process upstream of the stage - 18 - of separation by
cryogenic distillation. 4. The process as claimed in are ef the preceding claims, in which the processes
for treatment of the syngas comprise at least one of the following processes:removal of acid
gases,drying, ad8ofiBA G EhMorPdioRiECSSThE procdssldsdlaipied in one of the preceding
10claims, in which a methane-rich fluid (43, 51) is withdrawn a few theoretical plates above the tank of

a CO/CH4 colu n (33440 og%ecgé% act aégnegladﬂq“g@ e§ toni%l ogggna%yﬁ%ggdg surizatio_n,

downstream oft le stage of 15 generation of syngas, an ata (34) 1s rawn from the

COJ/CH4 column in orderd™et asiBlecd 65 ¥ne %c&?&?@lﬁﬁ’ﬁedﬁﬁj’on BFHeSREediy 20claims,
in which a mnethane-ricth#uid{34es withdraniza few thHecreticabplatesfabdve e tEidkwafragCO/CH4

column, in order to beﬁgggg Lscrubbing.at the fop of,the cqlumy for §%ré.@ging ngglq;gane, and a
tank liquid is withdrawh from ' '
adsorption of carbon dioxide.

5. The 'process as claimed in one of the preceding

10 claimsg, in which a methane-rich fluid (43, 51} is
withdrawn a few theoretical plates above the tank

of a CO/CH, column (33), in oxder to act as
methane-rich gas to be sent, opticonally after
pressurization, downstream = of the stage of

15 generation of syngas, and a tank liquid (34) is

withdrawn from the CO/CH,; column in order to act as

bleed.
6. The process as claimed in one of the preceding
20 claims, in which a methane-rich fluid (37) 1is

withdrawn a few theoretical plates above the tank

of a CO/CH; column, in order to be used for

scrubbing at the top of the column for scrubbing

with methane, and a tank ligquid is withdrawn from
25 the CO/CH, coliumn in order Lo act as bleed.

7. The process as claimed in claim 6, in which the
bleed liguid (34) is mixed with a liquid (30) rich
in heavy Thydrocarbons which is obtained by

30 separation from the syngas in the c¢ryogenic
distiilation plant.

8. The process as claimed in one of the preceding
claimsg, in which the portion (11, 11a, 11B) cof the
35 feedstock gas sent to the treatment process
downstream of the stage of generation, without

passing through the stage of generation of syngas,



25the CO/CH4 column in order to act as bleed. 7. The process as claimed in claim 6, in which the
bleed liquid (34) is mixed with a liquid (30) rich in heavy hydrocarbons which is obtained by

~ 30separation from the syngas in the cryogenic distillation plant. 8. The process as claimed in one of
the preceding claims, in which the portion (11, 11A, 113) of the 35 feedstock gas sent to the treatment
process downstream of the stage of generation, withiout passing through the stage of generation of
syngas, - 19 - originates from a prereformer (7) upstream of the stage of generation. 9.The process as
claimed in one of the prééadinges@mErirwisicPiRysoFesmerL, (1A, ubB)afahe faslistdek gas sent to
the treatment process glowastrieanyehthesstage of generation, without passing through the stage of
generation of syngas, originates from a hydrodesulfurization unit (3) 10upstream of the stage of
generation. 10 An apparatus for the generation and separation of syngas, comprising a unit for

~ generation of a 15 syn§a8& frEF L fRiIstBEk Jas2 idtekample RBRIraP§ast BauniPis aeparation of the
syngas by sryogenic distiflatien camprisingrat teast poecobsnn for,scrulzbing with raethane to produce

- a gas enriched in hydregen and/er a %%ssenrggﬁg in %%car%mog%ggmtggéjnitg(_%%%r%%ration_ of :

syngas beingadjustedinorderto .
' downstream of the stage of generation, without

passing through the stage of generation of syngas,
originates from a hydrodesulfurization unit (2)

10 upstream of the stage of generation.

10. An apparatus for the generation and separation of
syngas, comprising a unit for generation of a

15 syngas from a feedstock gas, for example natural
gas, , a unit for separation of the syngas by
cryogenic distillation comprising at least one

column for scrubbing with methane to produce a gas

enriched in hydrogen and/or a gas enriched in

20 carbon monoxide, the unit for generation of syngas

‘being - adjusted in . order to



- 20 - ing less than 2.3% of than 2% of methane, 1.8% of methane, and in that for enriching the
syngas for separation by cryogenic of producing a syngas comprising more than 2.3% of methane if
the syngas generated comprises less than 2.3% of methane, or more than 21 of methane if the syngas

generated 10 comprises less4han 296 of pagihane.mperesthay 1.8%xef methane isthgsyngas
generated comprises Ies%lt_lhan 1.8% of rPeth%an chaiacterize in that these epriching means are
Srsent ic A, 1 h&188dstdtk 15Yas WHICH R feh in

composed of means for sendrllr?g a pgﬁlone(ﬁ‘, : f t
methane to a treatmeritp6eessstfimstream ¢thha udit for gefiemtbhafsyngasdwitliout passing

through the unit for geperatieepsyingas angdahat it ﬁ@iﬁpriS@ﬁiﬂéEEM ﬁ)urgig@tiorzs%@%gas
isi i , j rocess 10 proguce a
comnabyogen S PrNE O Garing ou e epine ppces g predice
(11, 11A, 11B) of the distillation capable of producing a syngas
' comprising more than 2.3% ©of methane if the syngas
generated comprises less than 2.3% of methane, or
more than 2% of methane if the syngas dJenerated
10 comprises less than 2% of methane, or more than
1.8% of methane if the syngas generated comprises
less than 1.8% of methane, characterized in that
these enriching means are composed of means for
sending a portion (11, 11A, 11B) of the feedstock
15 gas which is rich in methane to a treatment process
downstream of the unit for generation of syngas,
without passing through the unit for generation of
syﬁgas and in that it comprises a unit for
purification of syngas comprising hydrogen and
20 carbon monoxide for carrying out the treatment

process to produce a purified syngas.

11. The apparatus as claimed in claim 10, in which the
means for sending the portion (11, 11A, 11B) of the

25 feedstock gas to the treatment process downstream of
the stage of generation, without passing through the

unit.for generation of syngas, are connected to a

prereformer (7) upstream of the generation unit (13).

30 12. The apparatus as claimed in c¢laim 10 or 11, in which
the means for sending a portion (11, 11A, 11B) of the
feedstock gas to the treatment process downstream of
the stage of generation, without passing through the
unit for generation of syngas, are connected to a

35 hydrodesulfurization wunit (3} upstream of the

' generation unit (13). |

13. The apparatus as claimed in one of claims 10 to 12,
comprising means for sending the portion of the
40 feedstock gas to a unit for removal of acids

{17} downstream of the generation unit {(12),



25 feedstock gas to the treatment process downstream of the stage of generation, without passing
through the unit for generation of syngas, are connected to a prereformer (7) upstream of the
generation unit (13). 30 12. The apparatus as claimed in claim 10 or 11, in which the means for
sending a portion (11, 11A, 11B) of the feedstock gas to the treatment process downstream of the
stage of generation, without passing through the unt for.generation of syngas, are connected to a
35hydrodesulfurization generation unit (13). unit(3)upstream of the 13. The apparatus as claimed in
one of claims 10 to 12yithoutoimpsisingiméinsgrlsehdingithe pofiion cfehe Udfdenstadk gas to a
unit for removal of acigds,£bA dlownstream of the generation unit (13), - 21 - without passing through
the unit for generation of syngas. 14. The apparatus as claimed in one of claims 11 to 13,-s-comprising
means for sending the portion of the feedstock gas to an adsorption unit (21) downstream of the
generation unit {£3) offdfifecBPrRRtSEparion LARTSS), Withodpasaingthrsiryh thd uriitfor
generation®of syngas. 122 comprising means for sending the portion of
' the feedstock gas to an adsorption unit (21}

downstream of the generation unit (13} or directly

to the separation wunit (35), without passing

through the unit for generation of syngas.

10



PROCESS FOR GENERATING AND SEPARATING A HYDROGEN-CARBON MONOXIDE MIXTURE
BY CRYOGENIC DISTILLATION ABSTRACT In a process for generating and separating a
syngas, a syngas (15) containing less than 2.3% methane is generated from a feed gas, the syngas
containing hydrogen and carbon monoxide is purified by at least one treatment 10 process in order to
produce a purified syngas, and the syngas is separated by cryogenic distillation in a plant (25)
comprising at least one methane scrubbing column (29) in order to .produce a hydrogen-enriched gas
and/or a carbon-monoxide-enriched gas, and the syngas is enriched 15 upstream of the cryogenic

distillation separalgggd di W aggom fore than 2.3% methane by sending a
portion (11) of the fe dg gas?(;gtreatmen process do%v%s Feam Gf the %Eﬁzer?&%ﬁ8§step, without
passing via the syngas geféf@EeiPEnEIZTIRGURY] CRYOGENIC DISTILLATION

ABSTRACT

In & process for generating and separating a syngas,
a syngas (13} containing less than 2.3% methane is
generated from a feed gas, the syngas containing hydrogen
and carbon monoxide is purified by at least one treatment

10 process in order to produce a purified syngas, and the
syngas 1s separated by cryogenic distillation in a plant
(25} comprising at least one methane scrubbing column (29)
in order to produce a hydrogen-enriched gas and/or a
carbon-monoxide-enriched gas, and the syngas is enriched

15 upstream of the cryogenic distillation separation in order
to obtain a syngsas comprising more than 2.3% methane by
sending a portion {11} of the feed gas to a treatment
process downstream of the syngas generation step, without
passing via the syngas generation unit.
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Figure 1



