PROCESS FOR GENERATING AND SEPARATING A HYDROGEN-CARBON MONOXIDE MIXTURE
BY CRYOGENIC DISTILLATION The present invention relates to a process and to an 5 apparatus
for the generation and separation of a 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
syngas (mixturgzeopplisingts?,g40, CH4, 002, :Ar, H20 and N2 esseiptialiyk Aypeng £1e ¥arious
industrial routes for the production of syngas, those based on partial oxidation of natural gas, on
autothermal reforming or on coal gasification can 15p#fove to be advantageous when the H2/C0O
production ratio is low (less than approximately 3). - purification of syngas. The following are found: * a
unit for scrubbirpreitiz adigpksaremRATIHG AND $@ramave o of tinracithgasesmsgsent in the
20syngas, * a unit for pufigationan doorhariacan i [ spparalion y the cryogenic route,
referred to as "cold box", for the production ot 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 fe&tstogkse thentesiduakmethane conhtent in 30:the syngas=atthesintet ebthe gold box is
too low for= pracess.ofthe scrybbing.yith methane type; the CH4 contents can be afthe prder of

0.1% in the case',ofta coal gasification or else of the order of 0.9% in the case of a partial oxidation or
autothermal redtdT- 355 wHeread te RiiRinfutn contertt at e et &F the cold box is generally in the

vicinity of 2%. In this case, the conventional cryogenic process for the purification of a synghs (CO
cold box) is a pafial cangdensation. tne production of carbon monoxide and

hydrogen can be separated into two parts:

10 - generation of syngas (mixture comprising H,, CO, CHg,

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

15 prove to be advantageous when the H,/C0O production
ratio is low (less than approximately 3).

- purificaticn of syngas. The following are found:

* a unit for scrubbing with a liguid solvent in order
to remove most of the acid gases present in the
20 SYyngas,
* 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 residual 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 CHs
contents can be 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 process for the purification

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



WO 2010/015764PCT/FR2009/051436 - 2 - All the percentages in this document are molar
percentages. 5 In the context of a combined production of pure hydrogen and CO under pressure, the
partial condensation process has disadvantages in comparison with the scrubbing with methane: -
the partial condensation does not make it possible to 10 produce pure hydrogen with a low CO content
without PSA (ff@xafile 4hé HAirogen comprises approximately 1PERHESIAEO WREH frdtiuced by
scrubbing with methane, whereas it comprises from 2 te 15% of CO when produced by patrtial
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-presant in theisyngas is.aetly ih pagt-founddn the methane
bleed at the bottgrpccgﬁ@ taerék of the CO/CH4 column. A large amount of methane exits from the cold
box with the hy@rogen-nc 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 flash gas
withdrawn @t therstrippirg celmmretop bysthermodynamicregiilibsitodatthedempefature:level of the top

of the stripping ﬁ?ﬁ%@réﬂ order.to ensyre a 30, pasitive m%@p@ance@{éhe s%g%tgmtaoj CH4,itis

necessary for the amount of CH4 which enters the cald box with the syngas to be greater than the sum

of the amounts ST A fhfcHRaVR WItIF e hYdrogettidryas 5l B%e fakh GREHOrdEPH ensure a
CH4 bleed whiehi 35makes #tqossible tb santrolthe system. WO 2010/015764PCT/FR2009/051438 -

3 - liquid of the 00/GH4 column.In rdert9-avoid any aegumuliation of CO2 indbe system {in the
scrubbinq boop), it is necessary for all the CO2 which enters_the cglléj box t% eave via %hoe CH4 bleed. 5
g

Generally, the CHABISET and tHe" scrisbing Sitcuitare withdraivntogetheratthe Btom-bf the tank of

the CO/CH4 coluifi2The CO2 €onterstiatie Bleed isthis the Bafecarsin the sertbBingTircuit. As the
scrubbing 10 circuitis stipercootad, to] 1806xnn ©Fderdonptimize-the serubbing «the C@2-¢pntent in the
T o e el ke g e e ol o pz i Crie o
CO when produced by partial condensation);
15 - the CO yield of the partial condensation is lower:; in
order to increase the vyield of the partial
condensation, it 1s necessary to invest in a
compresscr for recycling the waste gases from the
partial condensation:
20 - the methane present in the sgyngas is cnly in part
found in the methane bleed at the bottom of the tank
of the CO/CH; column. A large amcunt 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 exliting with the
flash gas withdrawn at the stripping column tTop by
thermodynamic equilibrium at the temperature level of
the top cf the stripping column. In order to ensure a
30 positive material balance of the system for CHy, 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 CHy; which leave with the hydrogen-rich gas
and the flash gas in order to ensure a CHy; bleed which

35 makes it possible to control the system.

The slight fraces of C0; at the outlet of the

purificaticn (0.3 ppm) are found dissclved in the tank



15 passageways of the exchanger. Taking into consideration a 002 content at the outlet of the

purification of 0.3 ppm and a value for solubility of CO2 in CH4 at -180C of 42 ppm, this defines a 20
maximum level of concentration of 002, expressed by the ratio of the flow rate of syngas entering the
cold box to the CH4 bleed, of 140. This defines, for a given flow rate of syngas, a 25 minimal value of

CH4 content atRe #f1&Qf4hE T&M box in order to ensure, simultaneBG3EER @R8LES 43 Bhalance

and a CH4 bleed for controlling the system and limiting-the level of concentration of 002 in order to
prevent solidification of the CO2 in the scrubbing CH4 30 circuit and thus to prevent blocking of the
cryogenic exchargerith order tdBenéfit/ fot:a prodessfor the geratation s syhgashy arpartial

oxidation or autethermal seaciar 35:0r else by a reactor fargastfication ot eeal er-heayy;fegdstocks,
Content i the SRGEe AL the 1St ST hG Sald WO 20THIOLGaP T RA008 SR8 4 Box, for
example in ord@ﬂ%‘%ﬁfé’iﬁ & Metf@te conténtofatiBasb1 896l and preferably at least 2% and more
advantagebdusly still of 2.3%, and the like.
Generally, the CH; bleed and the scrubbing circuit are
withdrawn together at the bottom of the tank of the
CO/CH; column. The CO; content in the bleed is thus the
same as 1in the scrubbing circuit. As the scrubbing
10  circuit is supercooled to ~180°C in order to optimize
the scrubbking, the C0; content in the scrubbing circuit
and thus in the bleed has to be lower than the value of
the solubility of CO; in CHy at -180°C in order to avoid
solidification of the €0, in this circuit in the

15 vpassageways of the exchanger.

Taking into consideration a CO; content at the outlet of
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 C0;, expressed by the
ratic of the flow rate of syngas entering 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 1in order to ensure, sinmultaneously, an excess CHy
balance and a CH; bleed for controlling the system and
limiting the level of concentration of C0; in order to
prevent solidification of the CO; 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 CHy content in the syngas at the inlet of the cold



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. Itis also a question of introducing solutions for 20 treating the 02+
components wiféh ARG Bre&nt in the syngas. According to oneP§ThEBARSRLSFEAS Savention,
provision is made for a process for the generation-and 25 separation of syngas in which a syngas is
generated from a methane-rich feedstock gas, for example natural gas, the syngas, comprising
hydrogen and dapon rhonoxideris parified oy deleastonetiealment pretésy o producend purified

syrgas ?nd theoSﬁ/_n%S_iiéQSSﬁpar.aé%d by, gryegestie ﬂéﬁi_ﬂ'?ti%}tinhﬁéél@ﬂt COMPESIAY Ableast Ene _
corbon monoxide o SHGAL Ganerorad bommpriong 1608 Mo 3394 of rathane. preforably loss.
5 It dis sometimes possible to carry out a methane
scrubbing prccess with a feed gas comprising at least
1.8% of methane, generally possible with a feed gas
comprising at least 2% of methane and in any case
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 ¢f methane, as 1t is possible a syngas comprising at
most 2% of methane in order £o obtain a gas comprising

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

It is also a gquestion of intrcducing solutions for
20  treating the C2+ components which might be present in

the syngas.

According to one subject matter of the invention,
provision is made for a process for the generation and
25  separation of syngas in which a syngas 1s generated
from a methane-~rich feedstock gas, for example natural
gas, the  syngas, comprising hydrogen and carbon
monoxide, is purified by at least one treatment process
to produce a purified syngas and the syngas 1s
30  separated by cryogenic distillation in @ 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 less
35 than 2% of methane, indeed even 1less than 1.8% of
methane, and the syngas 1s enriched upstream of the
separation by c¢ryogenic distillation by sending a

portion of the feedstock gas to a treatment process



35 than 2% of methane, indeed even less than 1.8% of methane, and the syngas is enriched upstream
of the separation by cryogenic distillation by sending a portion of the feedstock gas to a treatment
process WO 2010/015764PCT/FR2009/051438 - 5 - downstream of the stage of generation of
syngas, without passing through the stage of generation of syngas, to obtain a syngas comprising
more than 2.3988f AeH0(fELE 19 syngas generated comprises less BYHY 53291 08dthdRe, 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. 10 According to other
optional aspect8citie fetstockigas $értt to Hic fFeatnsent pescessadovaistreaim ofsthe&tage of

generation canriginate from a-areseformes upstreameof the stage of geperatipawangior frgm a
hydrodesulfurization unit 158p8g%am of the st\a;lg%(\a of &eneration' a methar]teﬁg%h ga ,O/op(gignally

.. . SYngas aln a syngos 1) giRg more . 3%
originating from Xn %xte’rna source, IS sent d/o stream I(ODthﬁe stgge oFgeneratlon Oor syngas and

upstream of the"§taast sebaratibh by &yegEniCERalRohY 20 e mehanelficF gasi§Bent to a
treatment processagpsiseanmet thenstagecaf separationHancryogenic distitation: a flow enhrched in

methane originating,fram i ervagenic.distilation pracess is gent, optionally, 25 after pressurization,

downstream of the stage of generation of syngas; a flow enriched in methane originating from the
cryogenic distilf3i&R pré&éss is'sent to Aprdeess fotdreatenitst thé E)fgas; - thefrotesses for
treatment of theesymgaisseamprise at least oneé df thie foowingeprocesses: removal of acid gases,
drying, adsorption of carbon dioxide; a methane-rich fluid is withdrawn a few theoretical plates above
the tank %foa Cg/CH4 cCIOIumn, opti%\ggy

ccording to ot opticnal aspects:

- the feedstock gas sent to the Lreatment process
downstream of the stage of generation can originate
from a prereformer upstream of the stage of
generation and/or from a hydrodesulfurization unit

15 upstream of the stage of generation;

- a methane-rich gas, optionally originating £from an
external source, 1s sent downstream of the stage of
generation of syngas and upstream o¢f the stage of
separation by cryogenic distillation;

20 - the methane-rich gas 1s sent to a treatment process
upstream cof the stage of separation by c¢ryogenic
distillation;

- a flow enriched in methane originating from the
cryogenic distillation process 1s sent, optionally

25 after pressurization, downstream of the stage of
generation of syngas;

~ a flow enriched in methane originating from the
cryogenic distillation process 1s sent to a process
for treatment of the syngas;

30 - the processes for treatment of the syngas comprise at
least one of the following processes: removal of acid
gases, dryving, adsocorption of carbon dioxide;

- a methane-rich fluid is withdrawn a few theoretical
plates above the tank of a CO/CHy column, optionally

35 in order to act as methane-rich gas to be sent,
optionally after pressurization, downstream of the
stage of generation of syngas, and a tank liguid is

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



35 in order to act as methane-rich gas to be sent, optionally after pressurization, downstream of the
stage of generation of syngas, and a tank liquid is withdrawn from the CO/CH4 column in order to act
as WO 2010/015764PCT/FR2009/051438 - 6 - bleed; a methane-rich fluid is withdrawn a few
theoretical plates above the tank of a 00/CH4 column, optionally in order to be used for scrubbing at
the top of the 5dIZHHGEPI&TBRBing with methane, and a tank liquicPiS WEFRARA AR 438 00/CH4
column in order to act as bleed; the bleed liquidds gixed with a liquid rich in heavy hydrocarbons
which is obtained by separation from the 10syngas in the cryogenic distillation plant. According to
another subject matteedf the invention, provision is made for a process for the separation of a syngas

comgg_sing hiavyatwgk@@@aﬁ@;sairbwhﬁh@i%/ng@s ﬁiﬁmﬂ%ﬁiﬁﬁ f;@d %%qledcfﬁ@%@%%@a@cqwmn for
Scrunning with methane, a | erl romthet quud T the column for scru wit
methane is sent t8 g%&fcﬁ%%&%m\ﬁl% f%satnnt%etﬁ?ne%ri&%éﬁg is withdrawn a few theoretical plates
above the tank of 20 thé &OICH defunit &firSEporfici ePihe firstdiguiehis séfftothe E616mn for

scrubping with mﬂbam&@nd@ﬁegom@mﬂm aof the first tiguid 45 evaporated.aand a seeord liquid .
comprising heavy fydjaqarhans,s taken oLAgf ths dank of the GOGHA calumn.as biged, g5 According

to another subject matter of the invention, provision is made for an apparatus for the generation and
separation of syn&é@,%fnprising a unit for generation of a syngas from a feedstock gas, a unit for 30
purification of syngas compesising:liydiogersamnd gatbonimbnexide hy: atlleastbne treatment process to

produce a purified,$y11gas-4acha unitfar-separation:ofthe $YRgaSeparation from the

190 syngas in the cryocgenic distillation plant.

According to another subject matier of the invention,
provision is made for a process for the separation of a
syngas comprising heavy hydrccarbons, in which a syngas
15 is purified and cooled and sent to a column for
scrubbing with methane, a fluid derived from the tank
liguid from the column for scrubbing with methane 1is
sent to a CO/CHy column, & first methane-rich liguid is
withdrawn a few theoretical plates akove fthe tTank c¢of
20 the CO/CHy column, a first portion of the first liguid
is sent tc the column for scrubbing with methane and 2
second portion of the first ligquid is evaporated, and a
second ligquid comprising heavy hydrocarbons is taken
cut of the tank of the C0O/CH; column as blsed.
25
According to another subject matter of the invention,
provision is made for an apparatus for the generation
and separation of syngas, comprising a unit for
generation of a syngas from a feedstock gas, a unit for
30 purification of syngas comprising hydrogen and carbon
monoxide by at least one treatment process to produce a
purified syngas and a unit for separation of the syngas
by cryogenic distillation comprising at least one
column for scrubbing with methane to produce a gas
35 enriched in hydrogen and/cr a gas enriched in carbon
monoxide, tThe 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



by cryogenic distillation comprising at least one column for scrubbing with methane to produce a gas
35 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 WO 2010/015764PCT/FR2009/051438 - 7 - methane, indeed even less than 1.8% of
methane, and iHeh A% EutApAIesimeans for enriching the syngas upBG&4ERENE AMRdB8eparation
by cryogenic distillation in order to obtain a syngas cemprising 5 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
generated comprsésaiess than2%of evethane,sor mibrerthan 8:8% 6f metirane:if thersyngas generated

comprises less than 1.8% of methane; the 10 enrichingmeans,compprsing means fer sending a portion
of the feedstock gr$§ to a treatment process downstream of the stage of g}gneration of s n%as, without

passing throughitie g8 of Generation of $rigas. 15 AGCORdIRG 16 Sther BhtionAFESPedts, the

apparatus comprisdst lheahsfor sendingdhe pdrtionadfithe feedstoek yastakendowristrieam of a

prereformey upgtream afithe stagesef gererationh20.« means farsengingthe powian of thefeedstock
gas taken dowr&stream of a hi/grodeﬁﬁg%r_iz?}i% uc%'t upsftream of the stage, ongl%r}lergt%on' means for

. s,
sending a methacr)lréz-)r}:c%sgas, opﬁgna y originating from an eﬁgr'na?goﬂnrce, downstream o]fc 25 the

stage of generdtiohiGfE&yngas antPusstieaht o ecStage Of SEPaticitBy eRdYericaistiation;
means for sendirfg adonsenrriched innmethaneseriginatingfromikeptacessofcryogenic distifation to a

WDCGSSOf”eaggﬁgfgée%syeg%ﬁrises less than 1.8% of 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 According to other optional aspects, the apparatus

comprises:

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

20 - means for sending the portion of the feedstock gas
taken downstream o0f a  hydrodesulfurization unit
upstream of the stage cf generation;

- means Ior sending a methane-rich gas, optionally
originating from an external source, downstream of

25 the stage of generation cof syngas and upstream of the
stage of separation by cryogenic distilliation:

- means for sending a flow enriched in methane
originating from the process of cryogenic
distillation to a process of treatment of the syngas;

30 - means for sending the methane-rich gas toc a treatment
process upstream of the stage of separation by
cryogenic distiliation;

- means for sending a flow enriched din methane
originating from the cryogenic distillation process,

35 optionally after pressurization, downstream of the
stage of generation of syngas;

- units for treatment of the syngas comprising at least

one of the following units: unit for remcval of acid



30 - means for sending the methane-rich gas to a treatment process upstream of the stage of
separation by cryogenic distillation; means for sending a flow enriched in methane originating from the
cryogenic distillation process, 35 optionally after pressurization, downstream of the stage of
generation of syngas; units for treatment of the syngas comprising at least one of the following units:
unit for removalof 26803 2D86/015764PCT/FR2009/051438 - 8 -R{¥BAERABMARY Ot A#Ht 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 pressigizationy gownstreain:of thenstagefofigeretratiop of syngag, and nveans for
withdrawing a tank Jigyid{fram the CO/CH4 column in order to act as bleed; 10 - means for withdrawing
a methane-rich fluid a few theoreticalér\)I tes above the tar%%of a CO/CH4 %?Qﬁ@ optionally in order to

be used for scrubBig 4t the¥5p of He oA for serubbihg With hétitane, aht means for withdrawing
a tank liquid from the00/8H4d bealumpen ordertd adias biaed; Theans for Fixingthebieed liquid

with a liquigl rich in,heawy hydrpcarbons adhichiis obtained; by separation from thessyngasin the
cryogenic distillation plant; means_for sendjng a portion of the feedstock gas s 0 to a_ unit for
removal of acids c?oev{/%étre%ﬁ%cl)f) trﬁaggsﬁtggeaog‘%e%eﬁarf%%?{\%vﬁ?icz)atbﬁgg}s’mgc?ﬁ%usg t aemun(?tléjor
generation of syn§ds nfdaEforsendiig & pofticHlof fe febdtsck gad 3ent BE &R AdsoPption unit
downstream of the stageraflds: generatiorn, withqutipassingrthrough te/amit for gemeration of syngas.
According to another.subject matter of tg%'@ggntion, provision is made for an apparatus for the

separation . _ . .
10 - means for withdrawing a methane~rich fluid a few

theoretical plates above the tank of a CO/CHs cclumn,

optionally in order to be used for scrubbing at the

top of the column for scrubbing with methane, and

means for withdrawing a tank Iiguid from the CO/CH,
15 column in order to act as bleed;

- means for mixing the bleed liguid with a liguid rich
in heavy hydrocarbons which 1s 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.

According to another subject matter of the invention,
provision is made for an apparatus for the separation
30 of a syngas comprising heavy hydrocarbons comprising
means for purifying and cooling a syngas, means for
sending the purified and cooled gas to a column for
scrubbing with methane, means for sending a fluid
derived from the tank liguid from the column for
35 gscrubbing with methane to a CO/CHs column, means for
withdrawing a first methane-rich liguid a few
theoretical plates above the tank of the CO/CH; column,

means for sending a first portion of the first liquid



30 of a syngas comprising heavy hydrocarbons comprising means for purifying and cooling a syngas,
means for sending the purified and cooled gas to a column for scrubbing with methane, means for
sending a fluid derived from the tank liquid from the column for 35 scrubbing with methane to a
CO/CH4 column, means for withdrawing a first methane-rich liquid a few theoretical plates above the
tank of the CO/@®I426610md1 Fkehs for sending a first portion of the RSTHHRAOAF 051438
2010/015764PCT/FR2009/051438 - 9 - to the columag far scrubbing with methane and means for
evaporating a second portion of the first liquid, and means for taking a second liquid comprising heavy
hydrocarbons out oftthe tank ofithe DY Cld4 :coltimn as bbtdednd hie sotutiond@ceerding tocthe invention
is the injection of.a 0Bdrich.stream.ipto,the syngas afterfhe reactor for.generafion.of the syngas and
before the 10 column forfcru bin%with methane of the cold box, Examples

means or taking a second liguid comprising heavy

hydrocarbons out of the tank of the CO/CH; column as

5 bhleed.

The solution accerding toe the invention 1s the
injection of a CHy-rich stream intc the syngas after the
reactor for generation of the syngas and before the

10 column for scrubbing with methane of the cold box.
Examples

1. Recyecling of the CHy; before the cold box (figures 1
15 and 2):

This is applicable in the case where the CH; content in
the syngas {(before this CH; recycling) makes possible a
positive CH, balance in the cold box but exhibits an
20 excessively high level of CO0,. In order to lower the
level of concentration of COp, the following are

provided:

1. The increase in the discharge pressure of the pumps

25 for CHs and for CHy recycle between the cold box and
the upstream of the drying in order to limit the

level of concentration of CO; in the material

withdrawn from the tank of the CO/CH:. column.
30 2. The cooling of the top of the scrubbing column in
order to reduce the CHy content for the hydrogen-

rich gas.

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

35
Bypassing the reactor bketwesen the outlet of the
prereformer and the cutlet of the reactor (in order to

reduce the content of CZ+ components in the syngas at



1. Recycling of the CH4 before the cold box (figures 1 15and 2): This is applicable in the case where
the CH4 content in the syngas (before this CH4 recycling) makes possible a positive CH4 balance in
the cold box but exhibits an 20 excessively high level of 002. In order to lower the level of
concentration of 002, the following are provided: 1. The increase in the discharge pressure of the
pumps 25for CHP a8 ¥6r CHEM@Eycle between the cold box and theRqF&(ER2O 0B@SArBR) in order to
limit the level of concentration of COZ2 in the materia| withdrawn from the tank of the CO/CH4 column.
30 2. The cooling of the top of the scrubbing column in order to reduce the CH4 content for the
hydrogen-rich gase 112l Rrerefornies with RDXATR, SMR (figure A)+35:-Bypassing: theséactor

between the OUHﬁteofﬁQ%@f%rﬁf%rg@er@é@dtbﬁogowﬁgo the reactor, (in ogder g reduce. thecontent of
02+ components in the singas at WO 2010/015764PCT/FR2009/051438 - 10 - the inlet of the cold

box, (all the 02+ BofmPbnEhts SFihe hafiraPGaS feedig theBraretoriie? being cd/eTtel®d CH4 in the
prereformer) provides aspositive: ratepiabbalancefinthesproeess for serubbingsithamethane, a

5 portion of the feedstock at the prereformer outlet

being directly injected downstream of the reactor.

1. The increase in the discharge pressure of the pumps

for CH; and for CH,; recycle betwesen the cold box and

10 the upstream of the drying makes it possible to
limit the level of concentration of CO0; 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 to reduce the CHy content in the

hydrcgen-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, in order to provide a positive material
25 balance 1in the process of scrubbing with methane, a
portion 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 column:

a} 1f the bypassed fluid comprises COp, provision is
made for the injecticn of this fluid between the
cutlet of the reactor and before the remcval c¢f acid
gases,

35 b)) if the bypassed fluid comprises a very small amount
of COg (< 50 vpm), ©provision 1s made for the
injectiocn of this fluid between the outlet of the

reactor and before the adsorbers of the drying,



5 portion of the feedstock at the prereformer outlet being directly injected downstream of the reactor. 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 top of the
scrubbing colui@ rAékey/i 53€Ble to reduce the CH4 content in thePBIdBR2AGRN0FES: 38 3. Reactor
without prereformer (PDX, ATR, SMR) and with 20HQS (figure 3): By bypassing the reactor between
the outlet of the hydrodesulfurization (MOB) unit and the outlet of the reactor, in order to provide a
positive materiat 25ildalarice it the: progess éfsctubbirg with methane; asportionyof tde feedstock at the

outlet of the HDS isdisectly iniegted downstieam of thereactors, - Injgetion of the bypassluid takes
place after the 30 reactor an b.efor% the scrubbing columnéﬁ% if the bypassed fluid comprises 002,

provision is made for the injection of fRi’fiGia beteerPthe SUtleCdf the feactsPand bef6rethe removal
of acid gases, 35 b¥it flve by pdssedcfluidicomprises awery smalidrounttdfal®@2 (< 50 vpm), provision
is made for the injection of this fluid between the outlet of the reactor and before the adsorbers of the
drying, WO 20{, @1%9%@%;%FI‘§20 %/05%%358& %: Z c) if thhe I%gpg:ssgg fl id@doesm n%t Orrgprise any
CO2 or H20 at all, provision'is made for the |njeé%|onJoef this TiUid between the outlet of the Teactor and
before the colufrirfoR BErubbifg With niéthAe. 5 THEifRfdasé I theé distharge pressure’st the pumps
for CH4 and forGH4resycle;betwieen dheycold bax and the upsiream dEtherying.makesd possible to

limit the level of goncentration of 002,10 ie CH4bleed. 10 e o, pleed.
10
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 solidifying when
the syngas 1s 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 is sometimes necessary.
The CHy Dbleed 1is withdrawn at the column tank and

20 comprises the C2Z component.

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

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

gas.

4. Injection of CHs-rich gas external to the unit for

35 generation of syngas {(figure 5):

1. The injection of a methane-rich gas (not comprising
CO,} after the outlet of the reactor and before the



A vessel for two-phase separation in the cold box at a temperature level of approximately -145C
removes the C3+ components and prevents them from solidifying 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/CHA4 distillation column is sometimes necessary. The CH4 bleed is withdrawn at the column tank
and 20 comprid&g the Y €drhpérent. The withdrawal at the top of thHREERE22H8 05 Ies3Bow for
scrubbing with CH4 and of the CH4 recycle is used;(gomprising little C2 component, 25 for a high
content of C2 component circuit to bring about phenomena of phenomena and to result in poor
scrubbing column). 80 Tercodling cftheltdp obthe scrubbingicolemn makesit possiblé id reduce the

CH4 content in the hydragendich gase -+ 14 dniestian of Ckl4-rich gas external to the unit for 35
generation of syngas (figure 5): WO 2010/015764PCT/FR2009/051438 - 12 - column for scrubbing

with methane is provided (if with 002, injection as at 3-2). 2. The increase in the discharge pressure of
the pumps 5 fot CHA lapd IorcCHagecycle betwabisthiescoled box andubie upstrédra of thecdrying makes

it possible to limit therlevelef,cengentrationof GQZin-the G Rlead.10:3.A vesselfortwo-phase
separation in the cold box at a emperatu$ I%\ﬁeé onaPproximate -145 rem(g)é/gskt)he 03+_components

e . rea O W L 3% .
and prevents them from soﬂgl?gmg When the syngas i< codled to colder em%eratﬁre fevelsin the
exchangeﬁne(MthéLﬁmit the level of concentration of C0; in the CHy

bleed.

10 3. 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
selidifying when the syngas 1s cocled to colder
temperature levels in the exchange line {(in the

15 case of the presence of CZ+ components).

4. The addition of a supplementary section in the tank
of the CO/CH; distillation column. The CH; bleed is
withdrawn at the column tank and comprises a C2

20 component, it being possible for a high CZ content
in the scrubkbing circuit to bring about phenomena
of foaming or other phenomena and to result in poor

cperation of the scrubbing column.

25 5. The withdrawal at the top of this tank section of
the f£low for scrubbing with CHy and of ths (CHg
recycle is reguired {comprising iittle Cc2

component) .
306 6. The cooling of the top of the scrubbing column
makes 1t pessikble to reduce the CH:; content in the

hydrogen-rich gas.

5. Importation of nondesulfurized rich CHy (ex. natural

35 gas) aiter the reactor but before the decarbonation and

removal of the CO- and of the sulfur in the

decarbonation unit (figure 6):




15case of the presence of 02+ components). 4. The addition of a supplementary section in the tank of
the 00/CH4 distillation column. The CH4 bleed is withdrawn at the column tank and comprises a 02 20
component, it being possible for a high 02 content in the scrubbing circuit to bring about phenomena of
foaming or other phenomena and to result in poor operation of the scrubbing column. 25 5. The
withdrawal at tHEXcPXHAKIBLAAE 4ection of the flow for scrubbing witBCHFRRE@? /106 THIBrecycle is
required (comprising little 02 component) 30 6. The ¢goling of the top of the scrubbing column makes it
possible to reduce the CH4 content in the hydrogen-rich gas. 5. Importation of nondesulfurized rich
CH4 (ex. naturdl!85 gap)aftersthe seactordut baforerthewdeearbonation-dind gemaoval of the CO2 and of
the sulfur in thesdegarhonation,unit (figure 6)3MQ,2010/015764PCTIER2009/051438,:13 - The

processes and apparatuses according to,the invention will be defcribed in more_detail with reference

to the figures, in which figires €, 375 and BFepresent'a Process farthe Yenération and ¥eparation 5 of
a mixture of carbohgnersdd and hydrogeh doecordihg totreanvéntion and figees2=and? show the

breakdowrrof the process:for separatien g armixie of garbenmangxide;and hydregen syitable for

incorporation thtecr)eighlo lF}g%%tl.%r}lov%sr% pracess in v@ichn%fefdstoc# ) an be a

ires o) %%)1ﬁNmC &
methane-rich gas, SUCh as natura gas, is sent to a%ydrod%sulfurlz%%on ( %) Unit , <"described in
"DesulphurizatiBfi" By Ryt@ACHRHTE, 1995. AT §asProdiiced] 515%6ent fo Lprefeddinmer 7. At the
outlet of the prerefosmetcthe gasiis camposed-essentialty i €H4, the 02+ compeneatsiare converted
to CH4 and the,GH4 is gnly very slightly converted to 20syngas. The gas exiting from the prereformer
is separa':[LeOd in order to form a bypassing flow 11 and a flow 9. The

Figure 1 shows 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) unit 3, as

described in "Desulphurization" by Kyte, IChemE, 1995.

15
The gas produced 5 is sent to a prereformer 7. At the
outlet o©f the prereformer, the gas 1s composed
essentially of CHs, the C2Z2+ components are converted to
CHy and the CH, is only wvery 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 1is sent to 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 methane, indeed even less than 1.8% of
methane, with which the bypassing flow 11 is mixed. The
mixture 1s sent to the unit for removal of acid gases
3¢ 17, in crder to produce a purified gas 19. The purified
gas 19 is sent to an adsorption unit 21 in order to be
dried and purified from CO,;, in order to form a gas 23.
The gas 23 1is coocled and sent to a cryogenic
distillation unit 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 CO/CH.

separation column 33 inside a cold box 35. Liquid



flow 9 is sent to 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 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 19. The purified gas 19 is sent to an
adsorption unit @2 ig 0tdeiad%eédried and purified from 002, in orderHOTSER20§&Y 23 IBAEBgas 23 is
cooled and sent to a cryogenic distillation unit 35 opggating 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<COACIH4 $epardtionicalumna3 ingide axold bok 36hkiqaol/ WO column

2010/015764PGE/FR20Q9/051438 - 14, methang | M@@Nnﬁﬁ?%%g?k@ the,CO/CH4 column 33,

evaporated, o by the pump 27, and taken ou e cold box as flgw 43 and/or

ptignally after pumpin
45. The pump %%Cargﬁgotb%klﬁgdot Setid methang's7 odfeds flow 45 and/or 4

The pump 27 can also be used to send methane 37 to the

5 column for scrubbing with methane 29.

A portion 47 of the methane can act as bleed and the
remaindsexr 48  can be recycled, opticnally after
compression, upstream or downstream of *the unit for

10 removal of acid gases as flow 51 or 53.

In this way, the methane content of the flow 15 on
arriving in the remcoval unit 17 rises tec at least 1.8%
of methane, preferably at least 2% of methane, indeed

15 even 2.3% of methane.

Hydrocgen~rich gases 35, 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 CO;, in order form a gas 23. The gas 23 is
cooled and sent to a cryogenic distillaticn unit 35
operating by scrubbing with methane. It comprises a

25  column for scrubbing with methane 2%, a stripping
column 31 and a CO/CH; separation column 33 inside a
cold box. The gas 23 1s cooled in the exchanger 48 and
is sent to the tank of the column for scrubbing with
methane Z9. The tank liquid 61 from this column 29 is

30  sent to the stripping cclumn 31 and the tank liquid 63
from the stripping cclumn 1s sent to an intermediate
point of the CO/CH; column 33, Liguid methane 1is
withdrawn at the tank of +the CO/CH; column 33,
evaporated 1in the exchanger 48, opticnally 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 tc the column for scrubbing with methane 29

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



5 column for scrubbing with methane 29. A portion 47 of the methane can act as bleed and the
remainder 49 can be recycled,optionally after compression, upstream or downstream of the unit for 10
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 rises to at least 1.8% of methane, preferably at least 2% of methane, indeed
15even 2.3% ofided{ii@/ GhslTéden-rich gases 39, 41 are produced #yTAERZAEHING tdlBEn 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 CO2, 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

scrubbing with methape 29, asstripping.column;31 and a GOIGHA a%&%r@ti%&gy%%mside 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 Rk TAGIdEL FEMRISEHTMA 29583048 t0tRE sttt doldrhn®44hd the tank
liquid 63 from thE strippaty dalamndis sent tolan intermediate point of the CO/CH4 column 33. Liquid
methane isswithdrawn at the tank of the CO/CH4 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 usé%/fgrg 6almjé CaRne <Ya t%etﬁe cgl%fnn ff‘i)gL squiab]:pefng \ﬁffﬁ%&ﬁgﬂe\% an Ilr%eethane 65 to
the top of the sHFippHgFEaIIMBCE3HWE 202001576 4PCTHIPR2009/051488 - 15~ The flow 49 is
recycled, optionally after compression, upstream or downstream of th unit for removal of acid gases as
ﬂ0m1510r53,5A gas or a liguid 55 rich in carbon monoxide 1is
10 withdrawn at the top of the CO/CH; column, heated (and
optionally evaporated) in the exchanger 48 and
optionally compressed in a compressor 57 in order to

form the product.

15 Figure 3 shows a process in which the syngas 1is
produced by a reactor 13 of POX, ATR or 8MR 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

20 divided into two, one porticn 5 being sent to a reactor
13, The remainder of the gas forms a bypassing flow.
The reactor 13 produces a syngas 15 comprising less
than 2.3% of methane, preferably less than 2% of
methane, indeed even less than 1.8% of methane, with

25 which the bypassing flow 11 is mixed 1if this flow
comprises CO,. The mixture 1is sent to the unit for
removal of acid gases 17 in order to produce a purified
gas 19. The bypassing flow 1l1A can be mixed therewith
if it comprises less than 50 vpm of C0O;. The purified

30 gas 19 1s sent to an adsorption unit 21 in order to be
dried and purified from COp, in order to form a gas 23.
The bypassing flow 11B can be mixed therewith if it
does not comprise any CO; at all. The gas 23 is cooled
and sent to a cryocgenic distillation unit 35 operating

35 Dby scrubbing with methane. This unit is i1llustrated in
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



Hydrogen-rich gases 39, 41 are produced by the scrubbing column 29 and the stripping column 31. A
gas or a liquid 55 rich in carbon monoxide is 10 withdrawn at the top of the 00/CH4 column, heated
(and optionally evaporated) in the exchanger 48 and optionally compressed in a compressor 57 in
order to form the product. 15 Figure 3 shows a process in which the syngas is produced by a reactor
13 of PDX, ATRI@r MR AP3& Rthout prereformer and with HDS in wikitlty & @b @5 Bfeedstock
gas 1, which can be natural gas, is sent to a hydrodegulfurization unit 3. The gas produced is 20
divided into two, one portion 5 being sent to a reactor 13. The remainder of the gas forms a bypassing
flow. The reactenl3prodates=an8yngas b5 camptsingdess than 2:3%raf methane spreferably less than

2% of methanecg@gegg}\(e@ ge§s_ m%}@"/gﬁgft@gg@ngswimgg &\{Ltg%thg b¥g%ssg1(gafé%vg 11 is mixed

if this flow comprises 002, The mixture is sent to the unit for removal of acid gases 17 in order to

produce a purifitdCyas 187 Fhe ByPassing flonr118%4r be Medtheravith if i SBMHSES 1ess than 50
vpm of 002. Thepurified B0vgastiS®is semhito ay adsorptien pain2l i/ ordentb beeken cut

5 o©of the ccld bhox as flow 45, The pump 27 can also be
used to send methane 37 to the column for scrubbing

with methane 29,

A porticn 47 of the methane can be used as bleed and
10 the remainder 49 can be recycled, opticnally after
compressicn, 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 rises 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 Dby the
scrubbing column 29 and the stripping column 31. A
20  methane-rich fluid comprising Ccz components is
withdrawn from the tank of the CO/CH; column 33 and
mixed with the fluid rich in C3+ components 30
originating from the vessel 28, and the mixture 43 is
taken out of the cold box.
25
In figure 4, the purified gas 1% 1s sent toc the
adsorption unit 21 of figure 2 in order to be dried and
purified from CC,, in order to form 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/CH; separaticn column 33 inside a
cold bex. The gas 23 is partially cooled in the
exchanger 48 and is sent to a separation vessel Z28. The
3% gas produced 34 is sent to the tank of the column for
scrubbing with methane 29. The tank liguid 61 from this
column 29 1s sent to the stripping column 31 and the

tank liguid 63 from the stripping column is sent to an



dried and purified from 002, in order to form a gas 23. The bypassing flow 11B can be mixed therewith
if it does not comprise any CO2 at all. The gas 23 is cooled and sent to a cryogenic distillation unit 35
operating 35 by scrubbing with methane. This unit is illustrated in more detail in figure 2. It comprises a
separation vessel 28 in order to remove the 03+ components, a column for scrubbing with methane
29, a stripping WQO22D1Q/OIS/B24 CT/FR2009/051438 - 16 - columnESIrA R AMURE bBlIsEAaration
column 33 inside a cold box 35. Liquid methane is wjthdrawn a few stages above the tank of the
00/CH4 column 33, evaporated, optionally after pumping by the pump 27, and taken out 5 of the cold
box as flow 45. fkhe=purap 27:ean atsorbie used takend taethane Ibtasthe coldmn i scribbing with

methane 29. A pottion 47 okthgmethane.can beysedias bleediand10 the remaindar 49.can be

recycled, optionally after compression, upstream or downstream of the unit for removal of acid gases

as flow 51 or 53.9A this wﬁﬁ%@%etﬁ%ne cCohErt of tHeflow™s5 i Errivitg MAREFEmovAr unit 17 rises
to at least 1.8%eftrhetiiahey 15 preferablyratilegstti2fo dhmethane, ieed ®ven 2k3% ofniethane.

Hydrogen-sich gases 39, 4Lare praduced by the; scrubbing, colwmn29 and the, stdpring selumn 31. A
20 methane-rich flu%‘? comprisip@'z)OIangmgngrgséis %/vcith%rawn froin the ta%nk of the Og CH4 column 33

and mixed with the uicffcr)ichsi@r'l + componeénts 30 orlglngtleng front the vessel 28, and the?mixture 43

is taken out of theldald Bekiigse 2% and methane 65 to the top of the
stripping column 31.

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

15
A portion of the flow 49 is recycled, optionally after
cempression, upstream or downstream of the unit for
removal o©of acid gases as flow 51 or 53. Optionally, a
portion of the methane composed of the fluid 47 can be

20 used as fuel,

A gas or a liguid 55 rich in carbon monoxide is
withdrawn at the top of the CO/CH; column, heated (and
optionally evaporated) in the exchanger 48 and
25h opticonally compressed 1in a compressor 57 in order to

form the product.

Hydrcgen-rich gases 39, 41 are produced by the
scrubbing column 29 and the stripping column 31.
30
Figure 5 shows a ©process in which a methane-rich
feedstock gas 1, which can be natural gas, is sent to a
hydrodesulfurization unit 3 (not illustrated). The gas
produced 1is sent to a reactor 13. The reactor 13
35 produces a syngas 15 comprising less than 2.3% of
methane, preferably less than 2% of methane, indeed
even less than 1.8% o©of methane. The syngas or the

mixture of syngas with other gases is sent to the unit



In figure 4, the purified gas 19 is sent to the adsorption unit 21 of figure 3 in order to be dried and
purified from 002, in order to form 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 00/CH4 separation column 33 inside a cold box. The gas 23 is partially
cooled in the eXhaRgai048 1hd6< sent to a separation vessel 28. ThEG@E/ FR20@RI(REH B28is sent to
the tank of the column for scrubbing with methane 295 The tank liquid 61 from this column 29 is sent to
the stripping column 31 and the tank liquid 63 from the stripping column is sent to an WO
2010/015764PCHEFR2600/051438f 17 zintergrediate AGint of the :C/E€H4 columnB3:4.igaid methane

is withdrawn a t a thestan th /CH4..co evapor, in hanger 48,
fewstages, bﬁw hestank-gtthe, GO/EHd column 33, evaporated in the exg

optionally after pumping by the pump 27, and taken out 5 of the cold box as flow 49. The pump 27 can

also be Used to¥&RA HEthaRe 3715 the'coldmnFor S&rubBing Wit etfland ™89 dndhbtEhe 65 to the
top of the strippirigreoluiin, 31110 Thelfluid 84, whichnis thedarnk methafdéfroryalse ¢olunis 33, can be

pumped by;the pym:27 hafere being mixedavith the fauid 30 griginating from thevessek 28 and the
mixture 43 is sent 19, the; exchanger 48 and can be used subsequently agfuel  jnic is
illustrated in more detall in figure 4. It comprises a
separation wvessel 28 in order to remove the C3+
components, a column for scrubbing with methane 29, a
10 stripping column 31 and a CO/CH,; separation column 33
inside a cold box 35. Liguid methane is withdrawn a few
stages above the tank of the CO/CH; column 33,
evapcrated, optionally after pumping by the pump 27,
and taken out of the ccld box as flow 45. The pump 27
15 can also be used to send methane 37 to the column for

scrubbing with methane 29.

A methane-rich gas 71 originating from an external
source can be mixed, either as flow 71A with the flow
20 produced by the reactor 13, or as flow 71B with the
flow 19 originating from the unit for removal of acid
gases 17, or as flow 71C with the flow 23 produced by

the adsorption unit 21.

25 A portion 47 of the methane can be used as product and
the remainder 49 can be recycled, opticnally after
compression, upstream or deownstream of the unit for

removal of acid gases as fiow 51 or 53.

30 In this way, the methane content of the flow 15 on
arriving in the removal unit 17 or on arriving in the
adsorption unit 21 or on arriving in the cold box 35
rises to at least 1.8% of methane, preferably at least
2% of methane, indeed even 2.3% of methane.

35
Hydrogen-rich gases 39, 41 are produced by the
scrubkbing column 2% and the stripping column 31. A

methane-rich fluid comprising Cc2 components is



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. Optionally, a portion of the methane composed of the
fluid 47 can be 20used as fuel. A gas or a liquid 55 rich in carbon monoxide is withdrawn at the top of

the CO/CH4 column, heaged and optionally evaporated) in the exchanger 48 andjS optionally
compressed in‘goco?rqﬂ'r% 835Fh order to form the product. Hydrog%q&Agﬁaggg 55,15135@

produced by the scrubbing column 29 and the stripgiig €olumn 31. 30 Figure 5 shows a process in
which a methane-rich feedstock gas 1, which can be natural gas, is sent to a hydrodesulfurization unit

3 (not illustrated). THEGHE produeBd is'Sent-@ra readtor s ThE fEdctor 3 88 roddcedHisyngas 15
comprising lessithaa®.3%:idfimethare, préferably lessithan 2% ofimethanepindeed even tess than

1.8% of methang, ik ok the,mixture of syngasywith giher gages s sentto theuniy, WO
2010/015764PCT/FR2009/051438 - 18 - for removal of acid gases 17 in order to produce a purified
gas 19. The pufifié§§a8'18 i§Seht'fo &7 ads&¥ptioft Unit' 2151 order to be dried and purified from 002,

in order toform a gas 23. The gas 23 is
Figure © shows a process in which a methane-rich

feedstock gas 1, which can be natural gas, i1s sent to a
hydrodesulfurization unit 3 (not dillustrated). The gas
produced 1s sent to a reactor 13. The reactor 13
10 produces a syngas 15 comprising less than 2.3% of
methane, preferably less than 2% of methane, indeed
even less than 1.8% of methane. The mixture 1s sent to
a unit for removal of acid gases 17 in order to produce
a purified gas 19. The purified gas 19 is sent to an
15 adsorption unit 21 in order to be dried and purified
from CO;, in order to form a gas 23. The gas 23 is
cocled and sent to a cryogenic distillation unit 35
operating by scrubbing with methane. This unit is
illustrated in more detail in figure 4. It comprises a
20  separation vessel 28 for removing the C3+ components, a
column for scrubbing with methane 29, a stripping
column 31 and a CO/CH; separation column 33 inside a
cold box 35. Liquid methane is withdrawn a few stages
above the tank of the CO/CH; column 33, evaporated,
25  optionally after pumping by the pump 27, and taken out
of the cold box as flow 43 and/or 45. The pump 27 can
also be used to send methane 37 to the column for

scrubbing with methane 29.

30 A portion 47 of the methane can be used as product and
the remainder 4% can be recycled, optionally after
compression, upstream or downstream of the unit for

removal of acid gases as flow 51 or 53.

33 In this way, the methane content of the flow 15 on
arriving in the removal unit 17 or on arriving in the
adsorption unit 21 rises to at least 1.8% of methane,

preferably at least 2% of methane, indeed even 2.3% of



5 cooled and sent to a cryogenic distillation unit 35 operating by scrubbing with methane. This unit is
illustrated in more detail in figure 4. It comprises a separation vessel 28 in order to remove the 03+
components, a column for scrubbing with methane 29, a 10 stripping column 31 and a 00/01-14
separation column 33 inside a cold box 35. Liquid methane is withdrawn a few stages above the tank
of the 00/01-14%Q I FAA 8808948 ated, optionally after pumping by RETURZ 99 2408 %A@ out of the
cold box as flow 45. The pump 27 15 can also be-used to send methane 37 to the column for
scrubbing with methane 29. A methane-rich gas 71 originating from an external source can be mixed,
either as flow 7TA it the flow 20 produced by the reactor 13, or as flow 718 with the flow 19
originating from the unit for removal of acid gases 17, or as flow 710 with the flow 23 produced by the
adsorption unit 21,.25 A portion.47 of the methane can-be u as product and the remainder 49 can
be recycled, opﬁgﬁ%%ggﬁeréc%ﬁ regs%igr?,sups[?gém olri gowr%s%t%ea of t(#%éuenglt fo%%mo@éleof acid
gases as flow 516753 Befn tﬁ%gﬁﬂf} thé ‘efidthe EBftent of thPfidW 15°6r &fiving in thé removal
unit 17 or an armieingdn ¢hecadsorptionwuhit 21 opop atrivingsin theocold boxi@mrseassto atieast 1.8% of

methane, prefejably, at legst 200.0f methane, jngeed even,2.3%pfapethane. 3 Hydrogenzyich gases
39, 41 are produced by the scrubbing column 29 and the stripping_column 31. A methane-rich fluid

comprising 02 E[b’rﬁﬁ&en‘f’slEhW(?%%lO/%ﬁ%%%Péﬂ’ﬁfRzob@/OSgﬁ% - 9YRGTIH RN froth the tank of
the 00/CH4 colemh33arid niixethwith thiesfluickreke in 03% compbnents 30iorigimating¥rohsthe vessel
28, and the mixture43 is\taken:out,af thecold,hox as bleed. b Figure 6 shows a process in which a
methane- i&;h feedstock gas 1, which can be natural gas, is sent to a hydrodesulfurization unit 3 (not
iIIustratedg. The gas produced is sent to a reactor 13. The reactor 13 10 produces a syngas 15
comprising lessthah‘23% 6fimethHaiés preférably fess thai 296 of nigdttane), iIndéet evé@iless than
1.8% of methang;Jihermixiure i sertdo asmiiferrenmvalkef agiskgasesrl 7dn order ta;produce a
purified gas 19..The purifi s19ds sentip a dsarption.unit 21 i er > dried and purified
from 002, in or }ﬁo fglgrﬁ%qrggﬁ“s 21§..LThé§ gﬁép%&] ési%%leg Eﬁd s@r?%tszo aglc%%g%erﬁ% E?s%llat%n unit 35
operating by scRIBHing With méthang STRig it i$ RistrAfed A Hore dEtaF -figl#8 4. 1tTomprises a

15 replace the sending of other methane-rich flows.



20 separation vessel 28 for removing the 03+ components, a column for scrubbing with methane 29, a
stripping column 31 and a 00/CH4 separation column 33 inside a cold box 35. Liquid methane is
withdrawn a few stages above the tank of the 00/CH4 column 33, evaporated, 25 optionally after

pumping by the pump 27, and taken out of the cold box as flow 43 and/or 45. The pumf 27 can also
be used to send*MhetRPd 8333 &e column for scrubbing with methaREBEFBE X B Rion Hof the

methane can be used as product and the remainder249 €an be recycled, optionally after compression,
upstream or downstream of the unit for removal of acid gases as flow 51 or 53. 35 In this way, the
methane content of the flow 15 on arrivitigifh theSermavhlitiait 17 or on arriving in the adsorption unit
21 rises to at least 1.8% of methane, preferably at least 2% of methane, indeed even 2.3% of WO

2010/015764PGT/FRZ009/031438 - 20,; methane, Hydrogendich gases 39, 41 are prodyged by the

scrubbing column 29 andthe stnlppln%polumn 31.°A 5 methane-rich fluid comprising 02 components is

withdrawn from the tarfiR 88 e OFICEH4Cofurin $3 ARdiked with IheIftiaTithSH 085 Enfonents 30
originating $rom the vesseh28candithie nMixtute43-k taken outlof the/cald hoxastpleed. XA flow of

nondesulfurized naturglgas, 4L is sentdownsiream of the reactor 13 and upstream gf the unit for
removal of acid gases.17. This also makes it possible to increase the gethane conten ang can 15

replace the sending of Gthar metianeich flows. Wﬁﬁfﬁlofﬁéﬁ FR26097/051- 21 - WHAT
IS CLAIMED IS: 1. A proeass forthé geheratioiiand separationof syagasin whitkieosyrngas (15) is
generated froma  distillation in a plant (25) comprising at least

10 one c¢olumn for scrubbing with methane (29) *o
produce a gas enriched in hydrogen and/or a gas
enriched in carbon monoxide, the syngas generated
{15} comprising less than 2.3% of methane,
preferably less than 2% of methane, indeed even

15 less than 1.8% of methane, and the syngas 1is
enriched upstream of the separation by cryogenic
distillation by sending a portion (11, 11A, 11B)
of the feedstock gas to a treatment process
downstream <f the stage of generation of syngas,

20 without passing through the stage of generation of
syngas, to obtain 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 1f the syngas generated comprises less

25 than 2% of methane, or more than 1.8% of methane
if the syngas generated comprises less than 1.8%

of methane.

2. The process as claimed in claim 1, in which a

30 methane-rich gas (51, 53, 71, 71aA, 71B, 71C},
optionally originating from an external source, is

sent downstream of the stage o0f generation of

syngas and upstream of the stage of separation by

cryogenic distillation.

3. The process as claimed in claim 2, in which the
methane~rich gas (51, 53, 71, 7TiA, 718, 71C) 1is

sent to a treatment process upstream of the stage



5 methane-rich feedstock gas, the syngas, comprising hydrogen and carbon monoxide, is purified by
at least one treatment process to produce a purified syngas and the syngas is separated by cryogenic
distillation in a plant (25) comprising at least 10 one column for scrubbing with methane (29) to
produce a gas gnri [ q%gbﬁ en and/or a gas enriched in carbo é\lg generated
(15) comprisingﬁ(}essqiehl(ztl)ﬁn 3 0%0% methane, preferably less than 2%%?%?5 ar‘?g,%eg%ﬁ]c?ggéen 15 less
than 1.8% of methane, and the syngas is enriched épstream of the separation by cryogenic distillation
by sending a portion (11, 11A, 119%)\;‘;)f the feedstock gas to a treatment process downstream of the
stage of generation of’synyas®20 '%%u?ﬁaézsﬁﬁ’é)?rﬁ%ﬁﬁh e Stage ot geheration of syngas, to obtain

a syngas comprising more than 2.3% of methane if the syngas generated comprises less than 2.3% of

methane, or mare tham2% efipethage if the syngas generated,comprises.less2a:than;2% of
methane, or more than.1.8% of m.ethanﬁ if th syngas %enerated co pris%s less than 1.8% of
in,.w re

methane. 2. The procgsgﬁg%faimed i claim 1,'in‘whic Va 30methane-rich gag?glfn‘;%, 7 , T1A, 719,

71C), optionally origingfifig freAvas estefvd] sercat is'sent Howhstreain bhthe Stddebf-§eneration of
syngas and upstreamgmfdhe stage:of separatiofi by crypgenicdistillatigns 38 3. The:proeess as claimed

in claim 2, in which th 2-rich_gas , L, 711k, 718, 71C) is sent to a treatment process
§ 408 28'8%%? 2 cherefe ! . :
upstream of the stage WO 2010/015764PcT/FR2009/051438 - 22 - of separation by cryogenic

distillation. 4. The process as claimed in one of the preceding claims, in which the processes for
treatment of 5the syn§as: comprisesat least oné ai:tlee folowingnprocessesremopvalotatidgases,drying,

adsorptiomyof carbon dipxides 5. The process as glaimed inqne-af the.praceding 51, s
withdrawn a few tTheoretical plates above the tank
of a CO/CH; column (33), optionally in order to act
as methane-rich gas to be sent, opticnally after
pressurization, downstream of the stages of

15 generation of syngas, and a tank liguid (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) 4is

withdrawn a few theoretical plates above the tank
of a CO/CHy column, optionally in order to be used
for scrubbking at the tep of the column for

scrubbing with methane, and a tank liquid is

25 withdrawn from the CO/CH, column in order to act as
bhleed.
7. The process as claimed in claim 8, in which the

bleed ligquid (34) is mixed with a liquid (30} rich
30 in heavy hydrocarbons which is c¢btained by
separation from the syngas in the c¢ryogenic

distillation plant.

8. The process as claimed in one of the preceding

35 claims, in which the porticon (11, 11A, 1iB)} of the
feedstock gas sent to the treatment process
downstream of the stage of generation, without

passing through the stage of generation of syngas,



10 claims, in which a methane-rich fluid (43, 51) is withdrawn a few theoretical plates above the tank of
a CO/CH4 column (33), optionally in order to act as methane-rich gas to be sent, optionally after
pressurization, downstream of the stage of 15 generation of syngas, and a tank liquid (34) is

withdrawn fro ez%(%cj)éﬁ %?gﬁnn in order to act as bleed. 6. The B@fﬁ%ﬁ&o@?‘gﬁd in_one of the
ic W theoréetica

preceding 20 claims, in'w a methane-rich fluid (37) is withdrawna C pllla gs above the
tank of a CO/CH4 column, optionally in order to be dsed for scrubbing at the top of the column for
scrubbing with methane, and a tank ligquid is 25withdrawn from the CO/CH4 column in order to act as
bleed. 7. The processds dafied i cidifi's, In WhichtheBi&ed liglid (&Y i ffitedbith-& fiquid (30)
rich 30 in heavy hydreé¢arbens Whichismstained by separation from the syngas in the cryogenic
distillation plant. 8. The process as claimed in one of the preceding 35 claims, in which the portion

(11, 11A, 118_) 9f the ffggst%%%g%sﬁ %ené1 t%o tfé(—:it?rggg’gent process dcc))%/nsﬁtjzefgimpogc é@% C%ﬂargqe of
generation, without passing through the stage o generaﬁon of syngas,

2010/015764PCT/FR2609/051438'- 281 ghiginates-fesrhie prefeformerf7) upstteamiofithe stage of
generation. 9. The protess ascelaimeg-ia one efithe preceding Sclaims; thwatich the postion (11, 11A,

118) of the feedstock gas, sent.to.the treatment prgggﬁsedowgstrﬁg%%fatpg Ogjﬁlge vgé_gﬁg @tion,
Syng

without passing through the stage of generation o as, originates from a hydrodesulfurization unit
(3) 10upstream of theR¥sge BEgéheratidn. 1014 proeess for e 8EFAalioR ofa s§HEAS Bemprising
heavy hydrocarbons, mwhichz: syngasisnpurifiechand coeledlandrsent ta @acolumintfor { 3)

i0 upstream of the stage of generation.

10. A process for the separation of a syngas
comprising heavy hydrocarbons, 1in which a syngas
is purified and cooled and sent to a column for

15 scrubbing with methane (29), a fluid derived from
the tank liquid from the column for scrubbing with
methane 1s sent to a CO/CHy; column {33), a first
methane-rich liquid is withdrawn a few theoretical
plates above the tank of the CO/CH; column, a first

20 porticn (37) of the first liguid is sent to the
column for scrubbing with methane and a second
porticn of the first liguid is evaporated, and a
second ligquid (34) comprising heavy hydrocarbons
is taken out of the tank of the CO/CH; column as

25 bleed.

11. An apparatus for the generation and separation of
syngas, comprising a unit for generation of a
syngas from a methane-rich feedstock gas, Zfor

30 example natural gas, a unit for purification of
syngas comprising hydrogen and carbon monoxide by
at least one treatment progess To produce a
purified syngas, a unit for separation of the
syngas by cryogenic distillation comprising at
35 least o¢one celumn for scrubbing with methane to
produce a gas enriched in hydrogen and/cr a gas
enriched in carpon monoxide, the unit for

generation of syngas being adijusted in order to



15 scrubbing with methane (29), a fluid derived from the tank liquid from the column for scrubbing with
methane is sent to a CO/CH4 column (33), a first methane-rich liquid is withdrawn a few theoretical
plates above the tank of the CO/CH4 column, a first 20 portion (37) of the first liquid is sent to the

column for scruphi ith e and a second portion of the first liquid, is evaporated, and a second
liquid (34) comﬁ%?r%)\%éé\@eégg%carbons is taken out of the tank oﬁqﬁy@@”m éBMgs 25bleed.
11. An apparatus for the generation and separation 8fl syngas, comprising a unit for generation of a
syngas from a methane-rich feedstock gas, for 30 example natural gas, a unit for purification of syngas

comprising hydrogen &Fd'8afbon nfoncXideiBy at FEFE o théatménthrobBaL o produce i purified
syngas, a unit for separation of the syrgasinidryogénic distitlation carprisifig ands heast one column

for scrubbing with methane da perdyceragas endehed. ipshygdrogen-andiar a gas efyichgd in carbon
monoxide, the unit for generation o,szZXngas %%fﬂ% adjusted in order to WO

2010/015764PCT/FRZ009/051 4387 - genherate as n]i;as %%ﬁfp?&ﬁ{bglesst{h%n 223%%5F methane,
preferably fess than 2%6frhetiane findded evehlessaharsti894 of irethahne, andvinahat it comprises
means for enriching the:syngasa b ipstreass phthe:unit far separation:by gryogenic distilation capable
of producing a syngas ¢ rising more than 2.3% of methane if the synga nerated comprises less
than 2.3% of methane?cc))%{%w%olrg Jt"%gn%@ggf %ﬁt %ng‘l tﬁeos%;nrétgi: %%%ralfe% ecosrﬁ/f)lr?saess less than
2% of methane, or mo¥E Wit 1 8% 6P ESif thessynghs YereratedConipstisedEss than 1.8% of
methane, these enriching meahs heitd canmpasediof means for sending gportigpr(dta124, 113) of the

feedstock gas to a treatent; 13 progess, downstream of the ynit. for, genegation of syngas,, without

passing through the unit for generation of syngas. 12. The apparatus as claimed in claim 11, in which
the 20 means for sendingth& poftoh12E1 1A 113§ ofthRF8EdsicaEgaAS fo'the tEatheREprocess
downstream of the stabjgsaf geheratidn,S%itholt passingthroughdhke umit:for genegationof syngas, are

connected to a prerefermerd7):-upstream of thezagenerationsunit€13). 13.Jhe-apparatus as claimed
in claim 11 or 12, in WT' Q the 13) of the feedstock gas to the

ns far sending rtion (11, 11A,
treatment process 30 OV\inst:rLerTagril1 ofcf%e s ggee 0 %%%E%ﬂ%ﬁ without passing tHrotigh the unit for
generatioh“of syngas, &F€ e8ffiectad tosa hydrodedulfiFization unit {3)upstreamastithe gefieration unit
(13).. 35 14. The apparatus as ,claim.gdﬂ@@ﬁe o@gl@«m}g(j.l torl3; €gMprising ma@a&forﬁgding _the
portion of the feedsto%eg}aestgpﬂ upit for r§%%v§£ gf acids (17) downstream of the generation unit (13),

12. The apparatus as claimed in claim 11, in which the

20 means for sending the portion (11, 11A, 11B) of
the feedstock gas toe 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

25 generation unit (13).

13. The apparatus as claimed in c¢laim 11 or 12, in
which the means for sending a portion (11, 114,
11B) of the feedstock gas to the treatment process

30 downstream of the stage of generation, without
passing through the unit for generation of syngas,
are connected to a hydrodesulfurization unit {3)

upstream of the generation unit (13).

35 14. The apparatus as claimed in one of claims 11 to
13, comprising means for sending the portion of
the feedstock gas tc a unit for removal of acids

(17} downstream of the generation unit {13y,



WO 2010/015764PCT/FR2009/051438 - 25 - without passing through the unit for generation of
syngas. 15. The apparatus as claimed in one of claims 11 to 5 14, 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 unit (35), without passing through the unit for generation of syngas.
y Wg 2010}61476% P g g PCT/FR2009/05 é%a

- 25 _—

without passing through the unit for generation of
syngas.

15. The apparatus as claimed in one of claims 11 to

5 14, 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 unit (35), without passing

through the unit for generation of syngas.



