W) 2004/ 110924 *159159* PCT/FR2004/ 001447 PURI FI CATI ON

OF A M XTURE OF H2/ CO OF THE NOx 5 The
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whi ch are pol |l uted by inpurities of the 10 NOx type.

The H2/ CO gas m xtures can be obtained in variou
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by partial 15 oxidation, - bpofi xed net hods, such as

the ATR (Auto Thermal Reforning) nethod, which is a

conbi nation of steam reform ng and partial oxidation,
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- by reforming with steam or CO,, by partial

15 oxidation,

- by mixed methods, such as the ATR (Auto Thermal
Reforming) method, which 1is a combination of steam
reforming and partial oxidation, using gases such as
methane or ethane, or

20 - by coal gasification or recovered as waste gases
downstream of acetylene production plants.

The proportion of CO in these H,/CO mixtures varies
according to the operating conditions typically between

25 about 5 and 30% by volume. Moreover, Dbesides the
hydrogen and CO, the compounds CHs, CO;, and H;0 are
often comprised in the mixture, and in variable

proportions.

30 At present, several alternatives are available for
upgrading H/CO mixtures, that is, particularly by
producing:

- pure hydrogen, which has many applications,
- pure CO, which is used in particular for the

35 synthesis of acetic acid and phosgene, which is a
reaction intermediate in the production of
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polycarbonates, or
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- pure CO, which is used in particular for the 35
synthesis of acetic acid and phosgene, which is a
reaction internediate in the production of
pol ycarbonates, or is IIl Ill *@0002* - an oxo-gas,
which is a purified H2/ CO m'm% 2 enriched with Co (>
45% by vol une) useabl e fg nthes é) z ol .,
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Moreover, the removal of certain impurities
present 1n the gas streams 1is difficult at the
industrial level.

In fact, the catalytic reactions serving to remove
the impurities must not cause the H,;/CO gas mixture to
be purified to react, or as little as possible.

The reactivity of H;/CO mixtures is well known.

Thus, the Fischer-Tropsch synthesis has been used
for several vyears to obtain hydrocarbons by the
following reaction mechanism (I):

(m/2+n) H; + n CO — CyH, + n H0 (T)

A variant concerns the formation of methane,
called methanation, as described by G. A. Mills et al,
Catalysis Review, vol. 8, No. 2, 1973, p. 159 to 210,
reflected by the following reaction (II):

CO + 3 H — CHs + H20 (IT)

Furthermore, carbon monoxide can also decompose by

the following Boudouard reaction (III):



cal |l ed net hanation, as described by G A MIlls et al
Catal ysis Review, vol. 8, No. 2, 1973, p. 159 to 210,
reflected by the following reaction (I1l1): 35 CO+ 3 H2
-- CH4 + HO (Il1) Furthernore,_carbon nonoxi de can

al so deconpose by the follomn%g Boudouard reaction
(rrr): 2 CO--" C+ Q@2 (I'11) in general, nunerous
netals can be used to 5 catalyze the formation of
hydr ocar bons 2f IG®m-€CCamdCe. Exanpl es i ncl udgT)he
following netals: Ru, Ir, Rh, N, Co, GCs, Pt, Fe, M,
Pd, or Ag as explained by F. Fischer, H Tropsch and
P. DiltHR&y, dmnenst- Chewpeyors setadss, gan 2% 1¢sed  to

5Th%a@%tl%@ltﬁé’rf@thé’ﬁ‘léﬁaBE' ‘?f)‘/dr%caalx%rfsarff@rg éét and H,.
on nurmefous netals, including cO™+

CHEEA™PY 86 \WNCRAE EhR EPHP@hEQhV‘&FééénatPﬂbn 17, Rh, Ni,
cabal ysog thlatiI e cnlfmonba, b&&g_dAgﬂ gbatépmained by F.
OSI o} a ntna ea 0 a..Fischer-Jropsc
2 dhe Fnbses ' 888, Bl TheRatTsmen, vor.
hydnodaﬂﬁonp @&6t|cularly 20 et hyl ene, which is found
1p0to0 be nore concentrated at the reaction outlet than

at the inlet, that is, in the gas before reaction.
Si ni | ey mefdianah BoaEREi oM £8REEHeRs isaksq hearped out

f oprAhuAe relisTRichanal, thaludisly deepdle renmoved
downst ream of the catalyst bed.” In other wor ds, these

suppl enentary reacti ons have the consequence of
generating addi ti anal, +eatH;08n (IV)

15
Thus, the ethylene hydrogenation catalysts that
are commonly based on platinum deposited on alumina
lead to a Fischer-Tropsch reaction (reaction (I) above)
with the formation of Thydrocarbons, particularly
20 ethylene, which is found to be more concentrated at the
reaction outlet than at the inlet, that is, in the gas
before reaction.

Similarly, certain oxidation catalysts cause the
25 formation of methanol that must then be removed
downstream of the catalyst bed.

In other words, these supplementary reactions have

the consequence of generating additional reaction

30 products, not present in the initial gas to be

purified, which must be removed by adsorption

downstream, in addition:to the wvirtually unavoidable
pollutants present in the initial gas.

35 The undesirable impurities include nitrogen oxides
commonly called NOx.

The NOx comprise the following compounds: N0, NO,
N203, NOz, Nz0s. The latter three compounds are highly



30 products, not present in the initial gas to be
purified, which nust be renoved by adsorption
downstream in addition.. to the virtually unavoi dabl e
pol lutants present in the inith gas. 35 The
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o’ 288 MR ot NS oRebE ik | Sredri e, ggencs
cormmhnc@ ate amdgrﬂ@, reactowe Hnd CactarshdhOaned@&sland N0
Wi tzéi‘;e{icﬁ%%cm P:Ql?né e %‘1‘% asgt:ﬂ?lé‘nmﬂQQ ded 5 AR in the

NO an specl es are nore

st &bV E0 MEy< B r esdift WTM hé‘leIEFéOI?H% upg. YFeatpdk in a

5M Xdie Musk be(trpageditn aabs €Dl Th®DIn (CREAYRIUIC,  their

distillation, method), their Hg{ éence i ncurs % ,
poPERSSC S atyers | ﬁ‘ fRRenY angersenctPoft Gcel? the
of d2smmtainsit trated lfdrapcaribnensatiixatad hew@mocarbons,
Produet s d haboar e LhgbLe (R RceumlAla i (LNeccumulate in
cryogenic dr 87| I on uni danage hede® T

unithe |er®€tmaefd)r%tllﬂcﬁtsm’ﬂ13a@met50 badabﬁemage these

1ore'ﬁ‘?1“iecst hemp@s féf'tc}ieerrgﬂ&réaslﬁa%éb%%abh@ Adehbe able to

wor ds, obtaining an efficlent renova ni trogen
oxﬁﬁ&?VQNihﬁﬂﬂ%F(ﬁﬁﬁ%Q}QHBQYfQﬁNﬁQ%ﬁ%Qk% 15 streans,
in particular fromthe H2/CO streans, while Iiniting
the pro CtHﬂ? of un esir r oduc vi t al

I b
 mpor ¢ & S wEheS . | BPRERAIbE AT et st Fyt FROVEL of
pr abilterogiemat caiidess | sommonigi ngh;zléd proxlucefr@® arie gas

15 S&Uelanfs 938,S fﬁdgﬁﬁ{g gaH”f‘#' ”é/ 9660 éérﬁ’@edwhlle

20

25

30

35

of “rost and pre |npur| I es
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purifying gas m xtures, particularly of the / CO

type, by proposing an efficient nmethod for purlfylng
an H2/ COhe xdrnolsled that arises is accordingly to produce

and recover a gas stream, particularly of Hy/CO,
stripped of most and preferably all of the NOx
impurities it contains.

In other words, the goal of the invention is to
improve the methods of the prior art for purifying gas
mixtures, particularly of the H;/CO type, by proposing
an efficient method for purifying an H,;/CO mixture of
the NOx impurities it contains, in order to prevent
their concentration in the cryogenic distillation
units.

The solution of the invention is accordingly a
method for purifying a gas stream containing at least
one nitrogen oxide (NOx) "as impurities, in which the
gas stream is contacted with at least one catalyst
containing copper or palladium, at a temperature of
between 100°C and 200°C, in order to catalyze at least
part of the nitrogen oxide.



the NOx inpurities it contains, in order to prevent

their concentration in the cryogenic distillation 30
units. The solution of the invention is accordingly a
method for purifying a gas strgam containing at |east
one nitrogen oxide (NOX)-as Tn‘gurities i n which the
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pard. §f, 4 cgrﬁ 2Qen.oxd de.g Dependi ng on each case
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e

re
of the f@ig owerﬁ@er%eﬁﬁ. 8 Refarean et 281G cand. 1t8r9eC and/or

51 enpefat b&%s's%r*éet veen,d2Pkednd ol 88&aangd) orpa®, t R-eferably
pressure i S etweegJ 10 and 80 bar, preferably about

40 s Hourly Space Vel ocity is
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10 CONt Y H L CQPREY .0 By ga%tgnt)ream cont ai ns hydrogen
(H2) of' carbon nonoxi de, (CO, and 5“ onal |y meth
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( H2Qon t 3% i Y% cHpslor nltrogen - the water (H20) and
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by zeol i exc not., al um nas,
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- the water (H,0) and NH3 resulting from the

catalysis of the NOx are removed by means of one or
more adsorption steps,
20 - at least one adsorption step is carried out using
one or more adsorbents selected from the group formed
by =zeolites, exchanged or not, activated aluminas,
silica gels, or mixtures or combinations thereof,

- the gas stream to be separated contains 10% by
25 volume to 90% by volumeiof H;, 10% by volume to 90% by
volume of CO and optionally, methane,

- the catalyst may be protected by at least one
protective bed located upstream of said catalyst. The
protective bed serves to protect the catalyst from
30 chemical species liable to be present in the gas, in
addition to the nitrogen oxides, and liable to degrade
or decrease the activity of the catalyst, for example
mercury (Hg), arsenic (AsH;3), sulfur compounds (HyS,
thiols, thioethers), halogenated compounds (HBr, HC1,
35 organic halides), HCN, iron carbonyl Fe(CO)s and nickel
carbonyl Ni(CO)s. The protective bed may comprise one
or more adsorbents, for example the product PICATOX
Cu/Ag from PICA,
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silica gels, or mxtures or conbinations thereof, -
the gas streamto be separated contains 10% by 25

vol une to 90% by vol unme' of H2, 10% by vol une to 90% by
vol une of CO and optionally, t hane, - the catal yst
may be protected by at | east oRe  protective bed

| ocat e stre of sai d cat st. The rote bed
servésqu[ﬁ?ﬁ ST R th?yg#g ESﬁW§U°Eﬁe %ﬁe invéntion
spewyesc¢ i @bl eheo fbemprods grtrtiiclide yasging faddi 0i.84 to 1
to the pidyngen oxides, and |iable to degrade or

decrease t%e act|V|ty of the catal yst, for exanple
mercury (Hg), arsenic (AsH3), sulfur conmpounds (H2S,

thiols, ﬁﬂécﬁébﬁﬁé)ofh%éﬁﬁﬂﬁgﬁdt§oﬁﬁowggﬂ( en&glon the
35 organic halides HCN, . i ron, carbon

Fe(
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CoOMMdsar- s off tHY emasiofienisodddts exanpl e the
product PI CATOX Cu/Ag fromPICA - 6 - the catal yst
used in the framework of the invention may be in the
form of Tree t vel eses anfji agsomipand.s2Garid Qat@hYStqssiaze given
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the contact_tinme or to the inverse of the Gas Hourl
Space Velocity (GHSV) which is the volume of gas to be
treated per hour, related to the volume of catalyst.
The volume of gas can be related to the reactor inlet
pressure (the GHSV then depends on the pressure), or
can be expressed in defined conditions, at 1 bar and 0°C
for example (the GHSV then does not depend on the
pressure); some leeway exists 1in the choice of the
reference conditions appropriate to each application.
The contact time and GHSV' are only approximately
proportional because the contact time, in addition to
the pressure, depends on the temperature along the
column, the variation of the number of moles during the
reaction, and the pressure drop. However, for a given
set of reaction conditions, the two parameters can be
selected at will.

Another parameter to be taken into account is the
content of impurities to be removed at the outlet of
the gaseous effluents. On the whole, the lower the
desired content, the higher the quantity of catalyst.



Space Velocity (GHSV) which is the volunme of gas to be
treated per hour, related to the volune of catalyst.
20 The volunme of gas can be related to the reactor
inlet pressure (the GHSV t hen_depends on the
pressure) , or can be expresséd-in defined
conditions, at 1 bar and QOC for exanple (the GHSV
then dodd MHCTAIaify BSRMYE pressure); some | eeway

exists in the choice of the 25 reference conditions
appropriate to each. application..  The conta '
"and g g;’lgc%m §h§pp?%§f‘ﬁﬁ%e1?¥ %fop%}%igllri]ea%ﬂé? of the
bedauvse ttilom ,commacH2{ COe, gas adiditimm twas t kwntacted with
pr r t e &l on e
S o e et i) o AR L Eigh P OdLe; g copper
t hdC) cadelivert andt a maldeskism o Bfosaiddndifer, for a
given set of reaction conditions, the two paraneters
can be elected at wll._ Another paraneter tog, be
taken i ac&&ﬂﬁ?4%gQﬁ%§ 35S OW%swpu%Pﬁ esPrgduct
be refEregt eato a0 AitdretEmfeltterdgyaseous ef fl uents. On
the whole, the lower the desired content, the higher
the quantity of catalyst. Illustrative Exanple To
check t Mheef fpal kndiumfbased nechodlybtt havad nvehei opproduct
an GRS 5ot W LA ed Wi th 5 catal ysts
accor& ng to the invention, that is, a copper (Cu)
catal yst and a palladium (Pd) catal yst. The

$0pper - b@ls‘%dacgﬁttﬁéoé/t%] M@él Ilt:dsbg_ @é@%uéétalﬁﬁélﬂea@e a0@8Q@Esure
ro gel hard. e palladiu se st
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test, the NOx were catal yzed at a pressure 15 of 47

bar and.g l %m%&%;w%%%%%&%%%%&% b-EPHSvolume of H,

initial gas contaln ~volunme of Hz
and CO, the consisting particularly of

methane and NOx impurities (about 0.15% by volume) to

10

remainder

20 be removed.

During these tests, the space velocity adopted was

5000 to 2500 Sms/h/m3 of catalyst (for example, 6 to 12
m® of catalyst to treat 30 000 Sm®/h of gas).
25
Table
Test No. NOx contents of gas (in mole ppb)
At reactor- At outlet At outlet
inlet with Pd with Cu
catalyst catalyst
1 398 21 <10
2 1222 178 <10
3 1175 184 <10
4 3410 245 <10
5 1049 170 <10
6 1170 138 <10
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15

and CO the remainder consisting particularly of

met hane and NOx inpurities (about 0.15% by volune) to
20 be renoved. During these tests, the space velocity
adopted was 5000 to 2500 SnB/h/nB of catal yst (for
exanple, 6 to 12 nB of cataT t"to treat 30 000 SnB/h

0 as 29 Table Tes cont en of gad N
pph\g /\2 r7onr\f OF nllﬁ‘aw Fa |t ! et iﬁ? et V\v:gt |r| (DPI \MnH
Cu catalﬁstcatalyst 139821<10 212221 28<10 31175184<10
4341024510 51049170<¥£%611701 8<10 g&§17100<10
8: /1an1 r\ 0E21/12 10 1 ]oont:n 10 118ULLU 10 ’702’)71 ;’p(’\
132326. 4m&1o 14273659&&8915167248<106@681962<10 <1O
17122517110 882 20 <10
12 962 71 <10
13 2326 47 <10
14 2736 59 <10
15 1672 48 <10
16 819 62 <10
17 1225 171 <10

The above table shows that the use of a copper or
palladium catalyst is effective for catalyzing the NOx
to reaction products such as NHz, N;, 0, and H;0, species
that are easier to remove subsequently, or which raise
no problem for the downstream unit.

The copper catalyst allows a more efficient
removal of the NOx (residual quantity after
purification <10 ppb on each test) than the palladium
catalyst, as the catalytic activity of the latter may
be slightly reduced if the CO content is high.

Despite this, on gas streams poor in CO but
containing species of the diene type, it may be more
advantageous to use a palladium catalyst than a copper
catalyst, because palladium serves to convert the diene
species, whereas copper does not achieve this as
effectively.



The above table shows that the use of a copper or

pal | adium catal yst is effective for catal yzing the NOx

to reaction products such as NH3, N2, 02 and H20,

speci.es b t re easier to renove subsequent
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copper catalyst allows a nore efficient renoval of

the. NOx (residual quantity after 10 purification <10

ppb on each test) than the | l,adi um catalyst, as the
catal ytic activity of the Igﬁﬁﬁﬂﬁhay be slightly
reduced if the CO content is high. Despite this, on
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10 whiloh crfderga staream st dﬁnnaruﬁxtwudﬂ1thﬁ ﬂxﬁﬁﬁgeanx1de.
catal yst containing copper and/or palladium at a
tenperature of between 100C and 200C, 10 in order to
renove &t ﬂ%ﬁsmﬁ&hqd(ﬁst¢&ﬁxm¢dog@anﬁLMel 2ch@racterized

nEtJ.BOdtﬁétm@thdtéIﬁb&l"é‘tﬁ@:é 1%13%%58423“6 t%& 180°C
t he tenperature i s between 120C and 180C__and/ or
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15 abput f2@abdy>5@Heat. 29 ttheomaiad as clainmed in either
of clainme 1 and 2, characterized in that the Gas

Hourly Space Velocity
3. The method as claimed in either of claims 1 and

2, characterized in that the Gas Hourly Space Velocity
(GHSV) is between 1000 and 10 000 Sm’/h of gas/m’® of

20 catalyst, preferably between 2000 and 6000 sm®/h of
gas/m® of catalyst.

4. The method as claimed in one of claims 1 to 3,
characterized in that the gas stream is contacted with

25 the catalyst containing copper.

5. The method as claimed in one of claims 1 to 4,
characterized in that the gas stream contains hydrogen
(Hz) , carbon monoxide (CO), and methane (CHy).

30
6. The method as claimed in one of claims 1 to 5,
characterized in that the nitrogen oxides are converted
to water (H20), Oz, NH;, and/or Nj.
35 7. The method as claimed in claim 6, characterized

in that the water (H;0) and NH; resulting from the
catalysis of the NOx are removed by means of one or

more adsorption steps.



(GHSV) is between 1000 and 10 000 SnB/h of gas/nB of
20 catal yst, preferably between 2000 and 6000 SnB/ h of
gas/n8 of catalyst. 4. The nethod as claimed in one of
claims 1 to 3, characterized in that the gas stream
is contacted with 25 the catallyst containing copper.
5. The nmethod as clained in one of clains 1 to 4,
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