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Abstract . The selective catalytic reduction(SCR) of nitric oxide by ethane in the presence of oxygen
was investigated on Cu-ZSM-5, Co-ZSM-5 and Ga-ZSM-5 catalysts over a range of 400, 450 and 500
C. The catalysts were prepared by ion-exchange method. The composition of the reactant gases were
1000 ppm of NO, 1000 ppm of C:Hs and 25% of O: and the reaction was conducted in a fixed-bed
reactor at 1 atm. For the 20wt% Co-ZSM-5(50) catalyst, the NO conversion reached up to 100%, while
the CeHs conversion and the CO selectivity were about 50% and 25%, respectively, at 450°C. For the
20wt% Cu-ZSM-5(50) catalyst, the NO conversion and the C2H6 conversion were about 80% and
100%, respectively, but there was no CO produced. The metal ion-exchanged ZSM-5 catalysts exhibited
a tendency to increase the NO conversion with the Si/Al ratio of the ZSM-5, that is, NO) conversion
was inversely proportional to the acidity of the catalysts. But, the effect of the acidity on N} conversion
was not so large. From the XRD results of the catalysts before and after SCR reaction 11 was found

that there was no structural change.

1.ME

e dst pREstd sfFsor & Fad A
Z sy A wWiEtAERE FAA4R8HE(NOX)
o] Aotk AAANZ}EL 1600K 0|4 2 ¢
&Al F7) Fo ERdle Ahe] Absle] ofdtd @
At A2 71 dY £ AFA w77kt
At s HlFo| W A AFA wirivts F
ALAE 2L & GAldls NOE £A3l9, of
NO7t BE A 4dstEe 29EFo] €k

ArAEE Heldh7] Y3 WHozE A
o] ZujE ol83 APRAUTT, sEdHag
e TFYoAM WEse ALNFES NH, 84
AE ol g3l ALz Y Hsle Pyt o
232 AFA9) e olFHoZ R WEHe AL
ABES vidA B3lAE BYUA R ol g5 2
22 8 AAT e YT Fol 9l

71#9) 2bgAL u 7] 7k Aol 2ol 4 )
(three-way catalyst) = 2bA7) EaishH A48

o] MAHEo] FH43] TAdy] dEo] dry A
88 =oled AV oo, wkek] M2 &
W7} AgE T 7)€y AR dAE8E Y
- QTh® g M ArAel & deliMx A4HE
29 g9 F& ] A7 molted] F4EE G
213 Fojgo] A=A Iwamoto & Cug 9]
2088 zeoite 2ol FE& NO BEAHE e
uie, zedlite 7+-&H] ZSM-57F At ZAJA] M B
= ¥4E& Jepdda ®audgoh Guyon 7L
Curt elew g ZSM-5 ZmjAkel NO-CHe-O: 7)
A7 whgol M F7A9 NO.& Alol Fasigy
B yatg ol 3 Buch $7& o8 #4& ZSM-
5o o] 2 FAIZ ] oA A2 ofjgtat o
B8 o] whgAl7l A3 g HRe} Abho
fol whel Fuje] Ao gt g TR AT
gEtA, B dates ZSM-5e] #4(Cu, Co, Ga)&
o] 2 FAIZl FulE o] B3t AT} FEF(25%)
EAA Zo) @ wrgzde] wlE ALASE] 3

€ e e 2AREY Bt $dA2e @3



2 49E - Aeus - gy

F& F g ARSI el 3, g9 ZSM-5
o} SVAl ¥] H3le] & & Zujo Az sty ot
&Y NOY H¥|&g ARl Htth E§, XRD
g ol &3t whe A - ¥ o] 2= HIE A}
sto] Hgkth

2.4 3
2.1, 20§ Hx

Zv} Azg Al 2 7H2EL 27 Cu(NOsk
(Shimakyu, 99%), Ga(NO:)s(Aldrich, 99.9%),
Co(NOs):(Duksan, 97%), NO/He(1000ppm),
CH«/He(1000ppm), 02(%9.9%%) 2 He(9999%)&
ALg-atch g@AQl ZSM-5v FHEA 7| Y00A
Az AE AT

Lo o] 8% Zuly 20wt% Cu-ZSM-5,
Wwt% Co-ZSM-5 2 20wt% Ga-ZSM-5 god,
RE Zoe ol2uPyor Azt @4
AFFe F45EE FH5 59 F @A Na-
ZSM-59} @A 2447y F9t 2uk &, of e} Ay
& AA AZANDG of Wt o AH Ry &
33] ¥iB sl Zo)E 94 £ 30/50 meshol sl
EH ¢ o, 500CAA 4HAE 30 mL/ming £%
2 E2YFUAM A 24AFAT AxdE Eoje
Ag)gtdoe] Eolde vlAlAo|H o HAaly )

2.2 A Y U B2y
Zoj9] w4 H4¥e A% WHE-7l(packed-bed
reactor) & ©) €3l P on, wgrlEs Yot
60 an, X gol 10 mmel ¥F HFHe ALL3lge
o, W3- gl o] &3 Zufo) ke 1 golHTh

24% v ZulE Ag g7 gl A
T2 HeS FaRUEA 500CHA 3087 843
ANFTh olojd 2EE HERE g WiEY W E
& FF37] AFE e 1A A 23
gt e =E8lE o GC2 B4 s
7t Aol 9389 §%F & NO/He 50 mL/min,
C:Hs/He 50 mL/min ¥ O 5mL/min(25% &4)%
2 FAAMAL, MNelo] 7122 Heg o] EaiFo]
% #%0°] 200 mL/mn7} H52 sc FE 4
e A & @ A9 Eeia dAPen, 2%
of & AL 27 s g2 400, 450 %
500°CAA F33sldch

HHSE 9 AHEY 2L HaiA vkg719) on-

aEm L Reit

Ine® 2 A2 ¥ GC(Shimazu GC-8A) 8 A& 0.
™, column packing &€ Porapak Q2} molecular
seve 13XE AME-StlTh =3 Zojo] wg A - F
T2 H3lE Yotr7] $s)A XRD (Rigaku 3270)
€ o] &34t

3. 3% ¥ 1@
3.1. Z0{ol T2 NO M#E blz

NO9 Held Zof 4 whgolr ZSM-5 24|
o Cug o2 Zvjrt F& o] gAHS
vebdoiy g#A gtk & Burch $%& Co B4
& o]2IFAZ] 27} Cu 5L o]RAFAZ
FofR} 4hA E2RA] Zo gAo] o Fo LH
oo, Kikuchi 578 Ga 4 & ol2uyrn 2
7t @Al £& Zulely BIEch 2y, )
Fol dF AA5L MEZ thE gz Ao
A7) BEo] 2 APelMe 72He whgzA oA
ol Al 7HA] F&o] o] w3 FujEe NO A
88 AR

£ d¥oM e Cu Co ¥ Gaol o] 2@ d v
Z Cu-ZSM-5(50), Co-ZSM-5(50) ¥ Ga-ZSM-
5(50) uf AolAle] NO 9L 50CHA
B 2 AAE Figs 1~3ell Jepidch v
o] HHENA AT o] Eabe 320N AFE
AV/Si9] HI g 9]}

Fig. 12 A 7toll @t & NO¢| H38&8 Jehd A
o, Wwt% Co-ZSM-5(50) Ful+: 100%¢ NO
AEEE HYY, 2 UEOE 0wt% Cu-ZSM-
5(50) Zui7} <F 80%2] NO A@&¢g wxgor
Awt% Ga-ZSM-5(50) &wie= o 20~30%2) NO
AEEE 77t e o]|AE Buch ol F
Ag, A EAA Co F£o] ol PP s}
Cu %02 ojgungd Zujrc} 40TCHA NO
HEgo| ¥ohe A3 YA sk= Zloitk 28y Ga
o] o] 2 Pd ZFrle viwd P2 ML Ve
Wt

Fig. 2& CO9 Az E el Ald)], 20wt%
Co-ZSM-5(30) Zvliet 20wt% Ga-ZSM-5(50) Zuj
= BYUAIQ deozRE o 25%°] CO Ndxg
el T 28y 20wt% Cu-ZSM-5(50) Zwjjel
74w COZt HAsA] sk} mWeld NOg| Ag
&3 CO9l HAolgls F 71x] #HoN A
o @ Zujy} sttt @A s7 oY)

Fig. 3& CHso] A&&S vehd A9u), 20wt%

_2,



Vol. 17. No. I (2000)

110

100 900-0-000-06—060-00-00-0
a0
z "~ W’“"-—.—q
R
~ 0
c 70
Q
T o
Yo
2 .
z o}
[=]
8 40 =
Z wt £
Il A K © <o
AN o3 ‘ Cu
FANNIRETY
N 1 ! i 1 1l ]

0 200 400 600 80C 1000 1200 1400 1600
Time (min)

Fig. 1. NO conversion with C.Hs over 20wt% Ga, Cu,
Co-ZSM-5(50) at 450°C.
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Fig. 2. CO selectivity over 20wt% Cu, Ga, Co-ZSM~
5(50) at 450°C.
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Fig. 3. C.Hs conversion over 20wt% Cu, Ga, Co-
ZSM-5(50) at 450°C.
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Fig. 5. NO conversion over 20wit% Cu~ZSM-5(50) at
400, 450 and 500°C.
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Fig. 6. XRD patterns for the 20wt% Cu-ZSM-5(50);
(a)betore reaction, (blafter reaction.
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