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Abstract—The reduction of NO by hydrocarbons such as C;Hs, C;Hs, C3He, and C;Hg, has been investigated
over mordenite type zeolite catalysts. HM. CuHM, NZA, and CuNZA were prepared by ion-exchange method
and thier deNO, efficiency was examined in a continuous flow fixed-bed reactor. As a result of the activity
test, C;H, appeared to be the best reductant over HM and C3Hs over CuNZA. The reaction variables for CsHe-
CuNZA system have been examined for its optimal operating condition. NO conversion reaches about 94%
by the feed of 2,000 ppm of C3Hs at 500C. The highest conversion of NO was observed at 2.0% of O..
NO conversion of CuNZA depends on the exchange level of copper ions on the catalyst structure. No deterio-
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ration of the catalytic activity for CUNZA was observed at above 400C even after 30 hours of on-stream
time. Based upon the transient test of CuNZA catalyst with the shut-off of reactants, C,H,(O) might be
a reaction intermediate. N;O formed in the reaction may play an important role for HM catalyst at the
reaction temperature above 400 . It can be concluded that CuNZA is a highly active and promising catalyst
for the reduction of NO with CsHe. The reaction path of this catalytic system is the most important key

for the high accomplishment of NO conversion.
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Table 1. Physicochemical properties of catalysts employed in this study

Cation contents(wt%) Si/Al B.E.T
Catalyst . surfage
Cu Na Ca Fe Mn Zn ratio area(m?/g)
HM - 0.37 - - - - 5.51 404
CuHM 354 0.27 - - - - 5.23 360
NZA - - - - - - 7.08 130
CuNZA 1.09 0.14 0.21 0.44 0.01 0.02 9.27 180
1.58 - - - - - - -
1.63 - - - - - - -
a: The symbol “-” indicates no available data.
£ st whgEE AH-E NO(250-2,000 ppm), CoH, Vent
(500 ppm), C,Hg(500 ppm), C;Hs(250-2,000 ppm), Cs- T
H3(500 ppm), 0,(0-21.0%) % He(balance) & Brooks X~
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Fig. 2. Catalytic activities of NO reduction with reduc-
tants over hydrogen mordenite(HM).
Reaction conditions: NO 500 ppm, reductant 1,000
ppm, O; 4.2%, catalyst weight 1.0 g, and total flow
rate 300 cm®/min.
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Fig. 3. Catalytic activities of NO reduction with reduc-
tants over copper ion-exchanged hydrogen morde-
nite(CuHM).

Reaction conditions: NO 500 ppm, reductant 1,000
ppm, O, 4.2%, catalyst weight 1.0 g, copper con-
tents 3.54 wt%, and total flow rate 300 cm®/min.
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Fig. 4. Catalytic activities of NO reduction with reduc-
tants over natural zeolite(NZA).
Reaction conditions: NO 500 ppm, reductant 1,000
ppm, Oz 4.2%, catalyst weight 1.0 g, and total flow
rate 300 cm®/min.
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Fig. 6. Catalytic activities of CuNZA for the reduction of

NO as a function of NO concentrations.

Reaction conditions: NO 0-2,000 ppm, C;Hs 1,000
ppm, O, 4.2%, catalyst weight 1.0 g, copper con-
tents 1.09 wt%, and total flow rate 300 cm®/min.
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Fig. 7. Concentration dependence of NO conversion on
the feed concentrations of C;H, over CuNZA.
Reaction conditions: NO 1,000 ppm, C;Hg 0-2,000
ppm, Q2 4.2%, catalyst weight 1.0 g, copper con-
tents 1.09 wt%, total flow rate 300 cm3/min, and
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Fig. 8. Concentration dependence of NO conversion for
CuNZA as a function of oxygen concentrations.
Reaction conditions: NO 500 ppm, C;Hs 1,000 ppm,
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Fig. 10. Catalytic activities of CuNZA for the reduction
of NO as a function of copper ion-exchanged le-
vels.

Reaction conditions: NO 500 ppm, C3;Hs 1,000
ppm, O, 4.2%, catalyst weight 1.0 g, copper con-
tents 0-1.63 wt%, and total flow rate 300 cm’/min.
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Fig. 11. Temperature dependence of the yield of CO, on
the exchanged levels of copper ion over CuNZA.
Reaction conditions: NO 500 ppm, CsHs 1,000
ppm, O, 4.2%, catalyst weight 1.0 g, copper con-
tents 0-1.63 wt%, and total flow rate 300 cm®/min.
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Fig. 12. Temperature dependence of catalytic activity of
CuNZA on the reaction time.
Reaction conditions: NO 500 ppm, C;Hs 1,000
ppm, Oz 4.2%, catalyst weight 1.0 g, copper con-
tents 1.09 wt%, and total flow rate 300 cm®/min.
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Fig. 13. Catalytic activities of HM for the reduction of
NO and the distribution of CO, and N,O.
Reaction conditions: @: NO conversion into Ny,
4A: C3Hg conversion into CO,, NO/C3Hs=3.0, NO
1,717 ppm, O, 21.0%, catalyst weight 1.0 g, and
total flow rate 300 cm®/min.
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Fig. 14. Effect of N;O on the activity of NO conversion
for HM catalyst.
Reaction conditions: C;Hs 1,000 ppm, O; 1.0-4.2%,
catalyst weight 1.0 g, and total flow rate 200-300
cm®/min.
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Reaction conditions: NO 500 ppm, C;Hg 0-1,000
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Fig. 17. Catalytic behavior of CuNZA catalyst as a func-
tion of the reaction time by NO.
Reaction conditions: NO 0-500 ppm, C3Hs 1,000
ppm, O; 4.2%, catalyst weight 1.0 g, copper con-
tents 1.09 wt%, total flow rate 300 cm®/min, and
reaction temperature 500C.

uhgoll gttt ZE onisiy, 07} oA 239
o NOH#E-o] 90%7+7] F43] F7etedcirt A
HE FHEoley AL Evjidd FFHe O5=7}
step functionell gt 2A}#<l 1* dynamics(appoxi-
mated first order dynamics)S o} Zleolmg &
Zu| Zo] 2% 0,5 5+ set point(4.2% O,) B¢} ¥R
@& = Aol uiela] o]2idt A= Fig 80 A
T3 Opp=2 d8n dXshs Adeln A=

=3 Fig. 17¢ NOFF& F931ds o, w49
A7 5-& vl Zlolr). NOFFo)l S8 3 T4
COR2] Hghgo] o7t FHAsdctrt A& A7k A=
F A3 F7vsled kA sbE) o] NOA|A uh-g-o A
R E 23she AR A ) A2X PAdE
Il o] F71A9 NO7t A%a4-3te NO= N2
gatals o] of hatABAFIHE COgt COE &
Z3hs o2 Woizlch aieba NO9| 3ol 48+
Aol COR ] M gHg-o] o7t 7hAdh= dAk-S NO9t o
A argo] Algbd o2 Vels J4o R Holn of
A A1ZF & o] COR9| #FHgo] Ydlrno ol
A2 NOs} 0,7} &4l il A=<l AL 7hgtsiad
NO9| Fgo] T 24 O7F AAge] EAA4 o
& FEAE ¢ 7] wel AbEubg-o] Fr1Ek ]l o
ToE A48 5 gk

ySA el o2t WEES T3 £ o, s
AZA Y EAE FAHE 5 olod o7 F1A
olo}l FAE uHSAE7E NOAA A oA 58

HWAHAK KONGHAK Vol. 32, No. 3, June, 1994



412 AW 9 - Q9 - 0% -

Proposed Reaction Scheme

( N,+COLCO)+H,0 )
COLCO)+ KO )

stoka AztEs whS-Fol AAEE N,08 53 HM
Aol A Fad Jeg s Ao ofAxI) w3 CH,
7t AR ER BAE= AR v Fo] NSEHARE ¥
3fske AN CHy7l WA e n Fwd &3
= 0,912 kgl o8 FAXBPZAE YA st
RAeg Wz} wapy £ AP Iwamoto
(351 23] A= vhel fAMG Wk A2 E o}23) 7
o] Aztsll B 4 qlch whEEAtAE C, Ha. (0) 9} 2
degla A7=Ea CH.(0)9 22 g8y
A2} NOJ A3 atgo] NOAIA &4 HA w7
2o]uj(Scheme I-II), HMA 4= N,07} 2220 4]
thA] F7hA 2k2] ub-g-ol] 23] N2 2 399 (Scheme
III). CuHM 3% o] Fol2mhepo] H& Zujj abof =
S A dFo CHeol 0,9 AH uhgsle ukg-
A27} ZAHAY HREF A7 0,202 wlhgo] o))
CO % CO.E #3l=]o] NOA A LA #a3}=] 23
kg A AdS Zhe Ao g AzhElck(Scheme IV, V).
=3 224 Oy5%rt S7vstw CHgol Ay At}
ub-goll s AARS Fubdoll gt A=iAde 7paa)
A NOAIA #Ao] &A3) Fox|i= Aoz wojxl}
(Scheme V). Scheme III, IV, V&= 7]&9] dFox=
A=A ¢d-e M2 HEATRN B AT HS
22 1 ybsAE nAsg)

of

N

oo

ofy

K

4.4 £

4 Agelo]E(HM, CuHM) 8} Mol x| &alo)e
(NZA, CuNZA) o A &k3}p 2 0]-8-31 NOA| 7 ub-g-&
Zvle} fAAIS] FHol ulel dES i) vwodwk
2% CH2l 8 ARolar whad-2 7 200-400C
¥l el aiAlz} e A Aslele HM-CH,
o], 27= ZAlel} NH; slipe] &3] A= 9
Aol CuNZA-CHeo) H4g Astelalx 4 &
Ut E3] B AFA mdAxdloz AAF Cu-
NZAAYel| 2] NO-C;He-OpHgofl 2)3) NOE= dezo g
W%l 4 AAHH, ¥ F7H=(GHSV : 45,000/hr)
| A= oF 60%°] NOH S-S 48 4 gk #QA =2

5128t H323 H3E 19944 63

e

22l ¥ o A gefolEd o]2wEY Fo]Lo] ogke
AR oo, 4 Ageto| B9l A A Lalo)|ES}
A3 FEElEd], ol Folemdld gleld A&t
°|lE FZ7} F83% A ohE oFo] 29 =As}
EZ Fo]2¢ =gl o} pairinge]y} matchingel
FEHS v ZoE YR =3 A1 4R nE &
wf el A o) sletArc) $4% AL A} 2
¥ o] A B} A HAAD g
crackinge] dejuy} FEwAbAole] FAAYAF7HA) 2
Aol frelsty] Wro g olsgc)

CuNZAM oA NO¥%9] Z7}o] aie} NOHE§&
723, CHex 9] Z719k @7 NOHB-8-& 24 3]
7 53] 2,000 ppm CsHeoll ) NOE 90%¢°] 4
AAHABZ whgZ27A5) wdA) Ao gefriis NOS
date FEAA AAG 5 18-S Ju]jich 450T o 4
05527} 20%Y o), CuNZAS] 4L 713 o243
I o)) O 5%l ME CHee HA 43} wi= wig
F7HA 8] Absloll 23 Fub-g-ol ik A=jAdo] Holx
NOA#EL Hak 2tagl A Al gefo]Ed] Eo)
o] ZE o, ZojFdAe) AP Zrte P
on Zujitel Folmstgko] Fr1ALE S5 &
24 Jeldch 01218 Ao A & u), Fo]-Lo]
2#HE Hxd uje} Soj@Ade 3 e wE o
AEw 2o A2 = Qe FebisgEe] o4
7o) blockingg o 24 350C ol A& HAFAbe] ol
=aty] el Ag "e]dAdo] A2 ¢ o 400T o)
Aol Ae oled 2 HAL Uojuix ¢ttt CuHM
Zul 9] Fol2mekol] tfdt A A1 S8R
@3tort CuNZAZw) 9} fAlet 7o AJzhe]a Fol
22 uepo) Z71AE NOXMEgo]) 271 7log
A AR 1 wheke] Frle) ale} Zufo) Abslay
F7W7F =3 aeEe] 2ol & Aolch

CuNZA Aol A 48X 5744 7F NOA| A ub-g-of) 4]
8% Ao o)2idF F kA9t NOZFe) kg7 2o}
TRk tHE Ad"Ade] Foslcky AJhEny, HMA}
ol A N,O= wh-g-5 24l 942] uk-g-oll ofsf N, 2 3l 5]
FA el A ZEHA el A 7]ojshz Ao g Wol)y),
ot A7 w37 A B e el NO-CiHe-Oput
Lol o3 el AlgelelEe] pxA B4,
Folee Ag ¢ o] 52k A% BHA ol g7 B}
ZAoldle 947 87 glch

g A

2 ATE LEYye) detag Fu) sojnd A7
g wyA Ao o) SR, ool 7Ha}



Mordenite® | &elo]l Bt A B3lFAE o] 43 AAisEe] AdA AA

=3

10.

11.

12.

13.

14.

15.

16.

17.

18.

HFDEH

. Bosch, H. and Janssen, F.: Catal. Today, 2, 403

(1987).

. Hamada, H., Kintaichi, Y., Sasaki, M., Ito, T. and

Tabata, M.: Appl. Catal, 64, L1(1990).

. Held, W., Konig, A., Richter, T. and Puppe, L.:

SAE paper 900496(1990).

. Iwamoto, M.: Proc. of Meeting of Catalytic Tech-

nology for Removal of Nitrogen Monoxide, Tokyo,
Japan, 17(1990).

. Torikai, Y., Yahiro, H., Mizuno, N. and Iwamoto,

M.: Catal. Lett, 9, 91(1991).

. Ault, J.W. and Ayen, R.].: AICRE ], 17, 265(19

71).

. Ayen, R.]. and Nf, Y.-S.: Int. J. Air Water Pollution,

10, 1(1966).

. Sotoodehnia-Korrahi, A. and Nobe, K.: ibid., 9, 326

(1970).

. Hardee, J.R. and Hightower, J. W.: J. Catal, 86,

137(1984).

Sato, S., Yu-u, Y., Yahiro, H., Mizuno, N. and Iwa-
moto, M.: Appl. Catal, 70, L1(1991).

Iwamoto, M., Yahiro, H., Shundo, S., Yu-u, Y. and
Mizuno, N.: ibid, 69, L15(1991).

Hamada, H., Kintaichi, Y., Sasaki, M., Ito, T. and
Tabata, M.: #bid., 70, L15(1991).

Sato, S., Hirabayashi, H., Yahiro, H., Mizuno, N.
and Iwamoto, M.: Catal. Lett, 12, 193(1992).
Hamada, H., Kintaichi, Y., Sasaki, M. and Ito, T.:
Appl. Catal, 75, L1(1991).

Zhang, G., Kawakami, H. and Suzuki, T.: Shokubai,
34, 146(1992).

Kintaichi, Y., Hamada, H., Tabata, M., Sasaki, M.
and Ito, T.: Catal Lett, 6, 239(1990).

Kikuchi, E., Yogo, K., Tanaka, S. and Abe, M.:
Chem. Lett, 1063(1991).

Teraoka, Y., Shimanoe, K. and Yamazoe, N.: ibid,
2047(1987).

19.

20.

2L

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

413

Iwamoto, M., Mizuno, N. and Yahiro, H.: 10th Int.
Congr. Catal,, 213(1992). ,
Teraoka, Y., Fukuda, H. and Kagawa, S.: Chem.:
Lett, 1(1990).

Choi, E. Y., Nam, L-S,, Kim, Y. G,, Chung, J. S,, Lee,
J.S. and Nomura, M.: J. Mol. Catal,, 69, 247(1991).
Nam, L.-S., Hwang, U.-C., Ham, S. W. and Kim, Y.
G.: Proc. of the First Tokyo Conference on Adva-
nced Catalytic Science and Technology, Tokyo, Ja-
pan, 165(1990).

Teraoka, Y., Ogawa, H., Furukawa, H. and Kagawa,'
S.: Catal. Lett, 12, 361(1992).

Obuchi, A., Ogata, A, Mizuno, K., Ohi, A.,, Naka-
mura, M. and Ohuchi, H.: J Chem. Soc, Chem.
Commun., 247(1992).

Kobylinski, T.P. and Taylor, B.W.: J. Catal, 31,
450(1973).

Odenbrand, C.U.I, Andersson, L. A. H., Brandin,
J.G. M. and Jaras, S.: Catal. Today, 4, 155(1989).
Segawa, K., Chen, Y., Kubsh, J. E., Delgass, W. N,
Dumesic, J. A. and Hall, W.K.: J. Catal, 76, 112
(1982).

Iwamoto, M., Yahiro, H., Mine, Y. and Kagawa,
S.: Chem. Lett, 213(1989).

Iwamoto, M., Yahiro, H,, Tanda, K., Mizuno, N.,
Mine, Y. and Kagawa, S.: | Phys. Chem., 95, 3727
(1991).

Barthomeuf, D.: ibid, 88, 42(1984).
Niemantsverdriet, J. W. and van Langeveld, A. D.:
Catal. Stud. Surf Sci. and Catal, 38, 769(1988).
Kiovsky, J.R., Koradia, P.B. and Lim, C.T.: Ind.
Eng. Chem. Prod. Res. Dev., 19, 218(1980).
Ukisu, Y., Sato, S., Muramatsu, G. and Yoshida,
K.: Catal. Lett, 11, 177(1991).

Yu-u, Y., Torikai, Y., Sato, S., Hosose, H., Yahiro,
H., Mizuno, N. and Iwamoto, M.: Shokubai, 33,
59(1991).

Iwamoto, M. and Mizuno, N.: /. Auto. Eng, Part
D of the Proc. of the Institution of Mechanical
Engineers, submitted for publication.

HWAHAK KONGHAK Vol. 32, No. 3, June, 1994



