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separated zeolite was washed with 20 liters of pure water, and was dried at
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separ at ed zewderatuee leveiseot oG ° € peh9c Gadle NO iconveriien ansiihe mpthane 2pmversiay eldbaisioddl)
sol uti on hatak eadhdemperature lgyab were shawn in Trbiefe TheaG@ corwersien wasapproxipately ToM:% with
zeol i t e wasns &p theagatatysian shendQ reaverion Hvagedetved sagearding tonthe Jormulm delawsTher netbpng t
110 [err‘]5C°P'EYP'S'EU)W?Rﬂ?f"§dt"bafi’l’"ﬂf‘&f"a’é’e't:orrpar ative Catalyst 2. According to the
chem cal %g the nolar ratio of Lerr] was 1.40. Exanple 4 (Catalyst
Eval uat i on"% Y?'sﬂ‘?é‘tat(?;{@ys't’g“‘l'\lpoxsm and the Conparative Catalysts 1 and
Z\gtﬁe-r/e respe |ver Mééeﬁ) E} éerind graded into 12 to 20 nesh. 1.2
g t he grag a0 cat Ee 0%5‘ ﬁ‘ nospheri c-pressure fixed-bed
react or, “and p?"e trea tgn al ?tos rearﬁgrat 500 [err] C for 1 hour.

Ther eafter t hrough t he react or packed qug,g jhe catal yst, the gas was passed
whlch has the conposition shown in Table 1 (hereinafter referred to as a 30
"reaction gas") to which 5000 pgﬁro*f——a_—_n‘l—xeﬂ—hydmcar bon gas mainly
conposedsof net hane as shown in | 0sgio added, at a total gas
flow rate of 500 m/mn. The cat ) i 60 measured at two
tenperature levels of 400 [err] [ 800rppmC. The NO conversi on and

t he nmet hane conversion at the stlead§H:staf e 80 pemch {enperature | evel were
shown in Table 3. The CO conver s|i orQas fpppr @xpitat ely 100 % wi th any of the
cat al yst®. The NO conversi on was| deP ved| accdrvdfng o the fornul a bel ow
The nethane 35 conversion was derif@d ip a $ivAf4 ar | manner. NO conversi on
(% = [err] NJerr]: NO concent ¥t i on atB"t"’}‘lﬁainl Lt of the reactor
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40 - Ncierr] NO concentration at the outlet of the reactor Table 1 45

Conposi tion of Reacti.on Gas NO 600 ppm CO 500 ppm[err]
500 ppm[err] 7 vol % 50 EP 0499 087 B1

5 vol%[err] 15 vol % [err] Bal ance 55 5 EP 0 499 087 B1
Table 2 M xed Gas Conposition 5 [err]
88.0 vol % [err] 5.8 vol % [err] Te®2 4 4 vol%[err] 1.2 vol %
[err] 0.5 vol % 10 Table 3 1 Cat al yst
Eval uation 1 (conversion: % 400 [Msxed]das Composiid@0] C NO CH err] NO
CH[err] Catalyst 1 Co o DV 35 Catalyst 2 Co

50 2 60 25 Catalyst 3 EEP+ Bd Bfg;g:; 56 3 53 49
Conparative Catalyst 1 Cu 18 | o.{0 204 voion, 89 Conparative Catalyst 2 Ni
11 O 20 0 25 Exanpl e |5,(ataliysiafergl yation 2) The catal ytic
activity was neasured in the san i-0Bhnen ags o Exanpl e 4 except that the
gas pasged 30 through the react or—was—ttrenrtxture of the reaction gas of

Tabl e 1 and 5000 ppm of nethane. The NO conversion and the nethane
conversion at the steady state at eachn%fr%per ature |l evel were shown in
Table 4. The CO conversi on was appr oxi ely 100 %wth any of the
" catalysts. Table 4 35 Catalyst -Evaluation 2 (cohversion—¥% 400 C

500[ err§ C 40 ~ Catalyst Evaluation 1 (conversion: %) NO CH4

NO CHerr] Catalyst I Co ' 24 400 Cl 5003& 30 Catalyst 2
Co 25 5 35 26 &ata.L 21 6
33 31 Conparative Catalyst 1 cu 7 | NOg Ch jt? Chag| 45

Cogpar ative Catal yst 2| bhtalyst8Co 0 ¥1:% 2 |5s6oppas aji ve Exanple 3

(Catal ¥&t Eval uation 3) caflyst2cCoThe cat aljyso c| actilvieoy|{was freasured in the
sane manner as in ExanpCataldst@Xoepsda t hat |t B pass passed #hr @ugh t he reactor

was only the reaction |g8enmatiiealstadysill Carije18Q cthvierR8i pn8&infl t he net hane
conver si on Comparative Catalyst 2 Ni 11 0 20 0

25
Example 5 (Catalyst Evaluation 2)

The catalytic activity was measured in the same manner as in Example 4 except that the gas passed

— so through the reactor was the mixture of the reaction gas of Table 1 and 5000 ppm of methane. The NO
conversion and the methane conversion at the steady state at each temperature level were shown in Table
4. The CO conversion was approximately 100 % with any of the catalysts.

Table 4
85
Catalyst Evaluation 2 (conversion: %)

400 °C 500 °C
o/ o NO | CHe | NO | CH:
Catalyst 1 Co 24 1 34 30

Catalyst 2 Co 25 5 35 26

Catalyst 3 Co + Ba . 21 6 33 31

Comparative Catalyst 1 Cu 7 5 10 80

45 Comparative Catalyst 2 Ni 8 0 12 5

Comparative Example 3 (Catalyst Evaluation 3)

%0 The catalytic activity was measured in the same manner as in Example 4 except that the gas passed

through the reactor was only the reaction gas of Table 1. The NO conversion and the methane conversion
at the steady state at each temperature level were shown in Table 5. The CO conversion and the
hydrocarbon conversion except the methane were approximately 100 % with any of the catalysts.

55



at fhe steady state at. each tenperature |evel were shown in Table 5. The CO
conversion and the hydrocarbon conversi on except the nethane were
approximately 100 % w th any of theERQ4899821B1 55 6 EP 0 499 087 B1
Tabl e 5 Cat al yst Evaluatlon 3 (conversi on: @6 5

400 C 500 "C NO [err] Catalyst 1 2 18 10
100 Catalyst 2 Co 2 16 Tab eg 90 10 :
Cat al yst3Co + Ba 3 21 11 100 Conparat ive Cat al yst 1 Cu

15 15 8 100 Conpdrati ve Cathigdt Fedualbnldi(conversion: B) 11 10 15

Exanpl e (Cat al yst Eval[uation Z) The cat il yii.C acqi Vv 3§ measured in

t he samegnanner as in BEjanple 4 except thE Ime %a pgéoge%mi* hr ough t he
reactor was the mixturelof the reaction gasN@f| FbljeN? |afdk 2000 ppm of

met hane. The NO 20 conVegsdya 60d the methang ggnyefgijofpea the steady
state at each tenper at urjecdifnes cyer e showtn ion [Takl ¢ @ |[Thgg €O conversion
was appraxi mately 100 %|wedtdysed§o ofBat he cht al ystes. |Tabl|eidd 35

Cat al yst Eval uati on 4 ( qocongasiveTatalgt 1400( [®1r r|] Gs 8 J0foo[ ¢rr]C NO [err]
NO [err] 30 Comparative Calagét2INys| I J 0o | 1 10 |4 7 20
40 Catalyst 2 Co 5 8 22 38 Catalyst 3 Co + Ba 3
12 21 41 Conparative Catalyst 1 Cu 4 5 7 80 Conparative

Cat aI yst 182 i oie 6 Ratalst Evaluatibh 44 3 35 Fromthe results shown in Tables 3 to
6, S ‘E'a'rg‘t‘?l@: R’ he use of) the cobalt-containing zeolite as the

cat al yst and tﬂ%ecaaqgu hdi@i) vRb AR GRIND Biind RarBr RXA BibHipleGASKcatt &l #lb B Jabseti N
present i NRBighQik EBUS visk tHeedRiuld] ot teOrefttisn §a¢ oRThUIO YGARY 2000 PBm of Aelh@rid. The NO
nonoxi de,  anleRivd BALHE BeRaneri@viskn NP sl sife aeich rpeatureievghese SRAN @ TRbiON

t héreof i @0 TisNCAD 20y1gesionayas @SiBoxnaielyUID0 %geith app bitted datalygtst hem Accordingly the
present 40 invention is of great significance in environnmental protection.
Ni trogen oxi des, carbon nonoxi de, and hy@ple8ar bons are purified from an
oxygen- excess exhaust gas contai ning nitrogen oxi des, carbon nonoxi de, and
hydrocar fons conposed off 80 vol %uks:tEMiRtidh 4 tRdrdionI¥%glr ocar bgn. The
purification of these sybstances—+S—condugted—y—atl ' lhe hydr ocar bon
concentration in the exhaust gas to be w {hj and® df f|r om 1000 ppmto
2 vol % by addition of a hydrocar bon or ot elﬂO45CHm3aIQG, gRd |t hen bringi ng

t h&” exhaust gas into co LI}[' ¥\4 f—a cobal 0] rai7rri NEL Z|eo) T tje catal yst.
Cl\af ns 120 A process for |p atal‘tssyé (9 an oxygens; eﬂcegs e u as containing
ni trogen oxi des, carbon ng Nydso¢asbons,cqnposed of 80
-vol % or nore of [err] hy ’baQMstﬁQfm i g thg | Ty 0ggyy gxides, the

car bon nonoxi de,  and thg Qﬁ/%rdafa@&zrh _Brqcegsjc rigSi rjg bringing the
exhaust gas i nto cont act—w+ oBat-t—coftait I_ll»u 7eoHte—edt al ySt with a
hydr ocar #on concentratlon I n the exhaust gas bei n mal nt ai ned at a |level in
a range from 709 epr fﬁhn"\}qu%esg?%“ i\ clggr 'E,aég“gcréj o b%‘f" '5?12“'“335“‘9
oxygen- exc as‘gﬁ o an gf,pyd ?L‘W I‘?f't(f‘ Rrges %gg A

atio
ar E;ﬂ?fg%q
hydrocar bo her o verston t reo?(?r;% an ox en exc ss ex| aua qa%of rftydrgocar bO (.ur § 3 plesa

Q"’jE-
2
e
Sba

t he\-PlI t rggq l‘ %?Qr Lt i Focess

envi C te |
conpri sing ag n %x. ok %rocg Batiéd fm ygaa-eaaséémmt gas
sufficient Joﬁta.a Hittbgeh hﬁ re&aﬁ.bmd& ORE qaparsatbwcdntao Cof R NS br Rdre dr &
hydrocarbon. The purification of these substances is conducted by adjusting the hydrocarbon concentration
in the exhaust gas to be within the range of from 1000 ppm o 2 vol% by addition of a hydrocarbon or other

45 means, and then bringing the exhaust gas into contact with a cobalt-containing zeolite catalyst.

Claims

1. A process for purifying an oxygen-excess exhaust gas containing niirogen oxides, carbon monoxide,
50 and hydrocarbons composed of 80 vol% or more of Cy hydrocarbon by removing the nitrogen oxides,
the carbon monoxide, and the hydrocarbons, the process comprising bringing the exhaust gas into
contact with a cobali-containing zeolite catalyst with a hydrocarbon concentration in the exhaust gas
being maintained at a level in a range from 1000 ppm to 2 vol%.

s6 2. A process for purifying an oxygen-excess exhaust gas containing nitrogen oxides, carbon monoxide
and hydrocarbons composed of 80 vol% or more of C; hydrocarbon by removing the nitrogen oxides,
the carbon monoxide, and the hydrocarbons, the process comprising adding a hydrocarbon further to
the exhaust gas in an amount sufficient to adjust the hydrocarbon concentration in the exhaust gas fo
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7 EP 0 499 087 BL* C L M S* Table 5 Catal yst Eval uati on 3

(conversion: % 5 . 400
5 Ky 276 (10 L IR ¢
Cat al yst3Co + Ba 3 21 11 100 Conparat ve® Cdt al®yst® 1*Cu.
15 15 8 100 Conparative Catal [PB€52 Ni 7 0 11 10 15

Exanple 6 (Catalyst Evaluation 4) The catalytic activity was nmeasured in
t he sanme manner as in |[Exanpl e chapu@Egbatibh®fcorivirgioga® passed| t hr ough t he
reactor was the m xturfgof—the Teaction ga%@tc latbl &0 - @nd 2000 ppm of
met han®. The NO conver|si on and t he net h3dre—cprAversien e steady state
at each tenperature | gvel were shown in |[TABI 308'.4 Th@ C@"bonversi on was
approxi mately 100 % w T BaraY 1 85 the cat gl ystk. 1gTabhg p 186
Cat al yst Eval uation 4 |(egayessbon: %) 400 2efrieC| o 900] [err] C NO
CHerr], NO CHerr] ckayseb¥st da CO 3 { 21 |41 | 1007 20 40 30
Catal yst 2 Co Compafative CatalySt 1 Cu 4215 | 3% Cat al yso 3} Co + Ba 3.
12 21 41 Oorrparq Cotfpafatitectaydist ANICY 7 # 0 5 11 70 80 Conparative
Catalyst 2 N 6 8 335 Fromtne results shown in Tables 3 to
6, Is clear that the use of the cobalt-containing zeolite as the

cat aI yst &%p‘ég a?aﬂél(tt:‘\)afagho tj‘) hydrocarbon to an exhaust gas according to the

pr esent eaS| ble to purity nitrogen oxide, carbon

monoxi de, apgh LYAKOGAKBORS MELIRLYin GV RMS Hhnkt 2SRl ExaRBle 3 lexdbpOREItheC@8\passed ON
thereof fih@ifnaRe RANBEROKS RSEIE SNBYI Fdact@A Yas GMTabloNi 40g 200EpPM AC@ethahsNTHeyNA he
present 4QnJeltitRhd M8 nethald caglieisidn # thgitchdyCANE &t dach ©mMpératara haveltvale showt isJablon.

Ni t r og¥n @xhdles corvertibonasippoxinately 1@ wity eyt toelbatalgstsar e purified from an
oxygen- excess exhaust gas contai ning nitrogen oxi des, carbon nonoxi de, and
hydr ocar bons conposed of 80 vol % or nof#led¥ [err] hydrocarbon. The
purification of these substances is conducted by adjusting the hydrocarbon
concengration in the ekhaust gé’a'ial}sPEJaﬂaﬂ%Wﬂoﬁberl&ﬁ %y nge of |from 1000 ppmto
2 vol % by addition of trer—A5eans ara|t hen bringi ng

t he exhaust gas into cpntact with a cob t -Bnfaj ol ifte catal yst.
Clainms 1. A process fof purifying an oxygeo pxas atidt |gas contai ning
nitrogen oxi des, carbo e, aparnyAr § ¢onposed of 80
vol % og nore of [err] ﬁon by renpvy ng tgte loggn Joxi des, the

car bon nonoxi de, and the; LGy BEns, theg pfogesk 4 gy silng bringing the
exhaust gas into contaf b kacpnj al nigig| zgolli gg ¢atal yst with a

hydr ocar bon concentr at %meal?at&igaté?{shémﬁt g&s| bey ng m@rilnkai fed at a level in
a range from 1000 ppm te—Z—vo+%—So—2—Aprotess u. puulylng an

oxygenexcess exhaust as cont ai nj n n| t ro en ox xj.de

hydr ocar bon&§™gy pwngp) TaRigsos 19 d @aoltthB?)ﬁmm P'?ﬁ:

the nitro sbi’l @% ad‘?“l‘?@ 95:5‘?"?58‘?‘?’%1% a”s bl:) 'n %eRe 'ﬁ‘gthgr(eoiﬁess
corrprl SI M Wgﬁ’ )é{?%8 ;b?rl'ln?e{:ﬁ)eésseex:gu foca y cC dﬁd?y ﬁ\g%

Nltrogen oxndes carbon monoxude and hydrocarbons are purtfled from an oxygen-excess exhaust gas
containing nitrogen oxides, carbon monoxide, and hydrocarbons composed of 80 vol% or more of C
hydrocarbon. The purification of these substances is conducted by adjusting the hydrocarbon concentration
in the exhaust gas to be within the range of from 1000 ppm to 2 vol% by addition of a hydrocarbon or other

45 means, and then bringing the exhaust gas into contact with a cobalt-containing zeolite catalyst.

Claims

1. A process for purifying an oxygen-excess exhaust gas containing nitrogen oxides, carbon monoxide,
50 and hydrocarbons composed of 80 vol% or more of G1 hydrocarbon by removing the nitrogen oxides,
the carbon monoxide, and the hydrocarbons, the process comprising bringing the exhaust gas into
contact with a cobalt-containing zeclite catalyst with a hydrocarbon concentration in the exhaust gas
being maintained at a level in a range from 1000 ppm to 2 vol%.

55 2. A process for purifying an oxygen-excess exhaust gas containing nitrogen oxides, carbon monoxide
and hydrocarbons composed of 80 vol% or more of C1 hydrocarbon by removing the nitrogen oxides,
the carbon monoxide, and the hydrocarbons, the process comprising adding a hydrocarbon further to
the exhaust gas in an amount sufficient to adjust the hydrocarbon concentration in the exhaust gas to

7



EP O 499 087 Bl 1000 ppm-to 2 vol % and bringing the-extaust gas into
contact with a cobalt-containing zeolite catalyst. 3 T “z ‘ I ng
to claim2, wherein the hydrocar b&R GER8Q87iB} net hane o o f
hydr ocar bons in which 80 vol % or nore of the hydrocar ben Fs het'hane.

The process | cord| 0 c m 1, wherein C In eol it

cat al yst has ng"to r'H?'"grtg? PYRUSEIERLE °°0ta§ V@hﬂm% 'E gg?@ﬁé’ﬁ?'}’§c he
10 1. Ver Rahfh ’Lm% ds a@%ﬂ “c‘ila. r?erﬁp%‘%\eé - § oA G0 meRkHe o % %19:‘8 %a? &PUB
auf wei st un %l% 99)& arddlGs gnwasser storfe alt
die zu 8 r aus - ssersto 'bestehen mttels der
Ent fer nung dﬁnB p%Eés@ iﬁé@o@fn{; RXEIHR 1, %?enﬁﬂ@&o%ﬁ\mﬂﬁml K@&OMQ Gatslff has a CoO/ALOs molar
Kohl onwas s ergiodefwden 00hBRI2 50as Verfahren das | n-Kontakt-Bringen des Abgases
m t einer Kohl enwasserstoffkonzentration in 15 dem Abgas, die auf einem
Ni veau i npatemampRrehei ch von 1000 ppmbis 2 Vol .-%gehalten wird, mt einem
kobal t hal ti gen Zeolithkatal ysator unfaBt. 2. Verfahren zur Reinigung eines
Abgases, dasvedgahnannzubRsieiyeigadiieh Abgeseshudd aneh \SeiesdtofftivetischiiB apfnetsbarfdaStickbinfoxide,
Kohl ennonoxiKdhlemebnisihirdritehlsmassetsipffé entiitit dimku §0 il 66 eder B@hr\dgé Cr-Bbhisdeassersioft
aus O - Kohl ehesiehenamitelsfdr ERtfernung @er Stickstgifaxideltien Kohirnmproxids vngirdeEehjeawassaigiofide r
St i ckst of f oxyoliel dagj ¥erfakigh Mesintsarisii-Bipgemdesdibgasre it singalsebionwasssrstatfonggsiyation ims
Ver f ahr'en f edemehbgas. dliezayhy ainam Bivpausin iR derpich van 49091 aPe 12%2678#71@0?@%@“ vitd.diher
Menge, die a&l?f“é?'?ﬁ’f’t‘a’“gﬁ'?FP°EFP'@*3I¥6?W€WW§%SH st of f konzentration in dem Abgas
auf 1000 pm b| s 2 % ei nzust eI I on Lé d I n Kon akt Brétn en des

Abgases ‘??1 T%'E) Ieﬂ’]egé\ e °ff°><lde
Véx fahren neb es s@[ f’c?ﬁ

ra h1|en
od (5{/e| 3 M % rn\éu@ §hlén thlen nox rv(gﬁ&r r
des Kohl en Mﬁa %& gﬂbﬁ&f in d ;ﬁ
wobei der \Qﬁﬁfi inh&aﬁta s\ééﬁk%erﬁk&a% aﬁ'zzﬂ éé{%F r}tn' S

zwi schen 0,2 und 2,5 aufwel s evendi cations 17 Proc6de pour purifier

un gaz ' 8¢ h&a&%ﬁeﬁcn Adprue 2t wsuat da&u@n@%smeww&r MERIN RIBAGIH MikRRga aNs €S
d' azote, du KeRBMEYSRHE ISt BB S0 Gb. -9d @8er MEHI 6 KENIHWESRorSIONSAS MEthaHbeSnt?0 en
vol unme ou.plus 35 d' hydrocarbure en C, par 6limnation des oxydes

d' azote, du veratpsetyckeh G@spedh D) Rebed tded esbalthyitfeO Zalithkatalys @, eil SoQYAIDQAd@verhilinis
conprenant |zwisnhes®,2end eomtfagst. du gaz d' echappenent avec un catal yseur de
zéetiteecontenant du cobalt, avec |la concentration d' hydrocarbure dans |le
gaz d' echBpysodicationqui est nmintenue a un niveau se situant dans |a game de
1000 ppma 2 %en volune. 40 2. Proc6d6 pour purifier un gaz d' 6chappement

qui cont i &ntPreRedd Py PR Rz éﬁe'@epe“@@}rwemwt s ey cqpienagt deg @ydes
nonoxyde de %?&P%o‘i’fb'“@'ﬂ”tﬂ?sd% 3% &F HoR pysracygsess 3819 X °'\/¥ﬂ"lm?e°‘bﬂ'ui)l us
d' hydr d&ar blﬂ"é’d@i’? Ffr R8I SRR d8§|°"é1%9§d dg carhep

carbone et d@% fenapt %""sF o‘ﬁeg f“‘ icft?' >!'.9;"u?r‘§°te
£, S o §%°f:‘:‘5a2§:%e%% o i Akl 0
suffisante pour a st ere 3 Eon on rocarbure ans | e gaz

d’ e\e‘HaQPeBE'Hroéé&‘e éb%r purifier bH Q% @i&ﬂ%pﬂerﬁen‘t’/&ﬁ@on\’ YRy dRhe énﬁex@ss&néw%%ks du
gaz d' echapReiBB! P Mkoxitd dPtAbhe St e RydfdRAbd drd L cdnpades N o of ou plus
Procede sel Cuhyh.%carr&veeéwb Gt diitNhation d888GddsBHAL, dli mBNSHyRRIBYER oRlidaily&o@fiu- d

met hano ou Ugs, IEbradae csior@as raidiisel 6as aydastaBire GapBmomsieclu 30 d¥eBPperiahiliaRs ou
pl us de |' hyis @Gt bifsatdipotiljusRt RaddRcentrdllonden RidRGHIIRe 8k Wgdzal'écRippéibntdd | ON
1, danss| equebo pgm Ga2 & s edimel et Banibd érecontatlt @Nguatd'ddhappensmt bved ud takig@pOdd

mol ai re CoQ/z8bl@0Snemnpdd batntre 0,2 et 2,5. 55 8

3. Procédé selon la revendication 2, dans lequel I'hydrocarbure ajouté est du méthane ou un mélange de
. gaz d'hydrocarbures dans lequel 80 % en volume ou plus de I'hydrocarbure est du méthane.
50
4. Procédé selon la revendication 1, dans lequel le catalyseur de zéolite contenant du cobalt a un rapport
molaire CoO/Al,O3 compris entre 0,2 et 2,5.

65



