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Abstract - The compositional and structural properties of alkali metal ion exchanged Y-zeolites have been
investigated by la number of analytical techniques and their catalytic activities were tested for NOx reduction
in combination with a non-thermal plasma. The NOx conversion data for LiY, NaY, KY and CsY were
measured by chemiluminiscent NOx meter in the temperature range of 100 to 350°C. The initial activities
of the catalyst at 150°C increased in the order LiY <KY <NaY < CsY in alkali series. The activity of CsY
and NaY were increased and showed maximum at 200°C and then decreased in the plasma reactor, as
the temperature increased. The activity of K'Y maintained same by 200°C and then decreased, whereas the
activity of LiY decreased with the increasing temperature. The CsY catalyst, which showed the highest
activity in alkali metal series, exhibits a NOx conversion efficiency of 80% between 170~220°C.
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2.1. Materials

Na 9] Y A &elo|E] AAMEE Zeolyst(PA,
US.A)EHE pellet FE|2 YA favjasite A&
2}o]E CBV100 o] &wgbol ofa) ditgE o83t
o ofg] 7ixle] g F4 o2 o2 AU AL
ZolE A Fe e Ao WA FHA H wE
39, 29EY) SF4E BE g40)20] "olA U
7 wj7kA] A A o]EA o] R¥H Fules
120°Co A 3AIZE Bt AZAIZEL 500°CAA 3X7E 5
gt &4 FHTH

2.2. Characterization

A ANB9} o] w3 A5 35 242 oy
A B XA BA71(EDX)7E B&2E ERAAAE A
(TEM), #=4% 5=} 92 B& £47|(1CP, v
= Perkin Elmerd]) ¥ X-A FAA £337(XPS)E
ZAFEIA T, XPS A& Physical Electronics Quantum
2000 Scanning ESCA MicroprobeS ]85t 24419
t}, o] WEF AN EEY disir= Folle Na o]
I w@E fol2e] ek XpS 7ol o8] AAsg
3, o] A3E ICP-AESZE &A% wdd gol29 3t
3} w3

ANF] TRE U] $5le] AAFS Fol& 2E A
59| H(phase)e] &FEH ARFALE BT XA AR
217 (Philips, US.A)E 21815t

Aa FF AEL2 77K L2994 Autosorb 7] &
2 7] (Quantachrome Corporation)F RXM 100 714
£ AAE o) &3td FY3HTE A EE 5K/ming
&5 2 453 K7HA] 7t en), o) oA 247k &
ot HEE FASTE A 673K 57 1 K/min
9 52 1E3IL}. 673KAA 417 B 7AE
AAG F 77 K7HA Yzt et zhztbe) SR d S 3
7] Adl) 2" A8 (~20 mg)e 350°ColA 3 B¢
71 E AAsS HF Z7Igo] 0 Pas] e clEx
5 3k e Buds §3 71Fe REx =35
A3t

2.3. Z0 g4 AlB(Catalytic activity test)

Zu] A5 29 U4 wj7]7kedl diste B 2ES
e, o] 22| tdur)tAE BE 2% &R, 8%
2} AkA, 200 ppm®] NOx 2 600 ppme| = ZH (propene)
o2 EFFH itk 2o die) Mk TAE B
Bg WY7E THANIE 5717 EgERe wgy)
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Fig. 1. Schematic diagram of the experimental setup with
two stage plasma-catalyst reactor system for NOx
measurements.
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NOx Zghol} tgh wkg-A AlgLe oA A3l 2gk
A Eglzvl-Ey A87|[1313 o859 Z4saE
g, o] A4 FekRul whgr)el v A= 2
Hog ME Fal=o] Yol EYH oz 7idErt v
4 Egznkes I AdHR] £8& 7k FL {Hg)el
Al HEojA =), o] whgrldE Z|He] BE 7hH
W Sle 9 F EREY FH Q) £ A9 v =
£ H Aol EoIUtk. VHSV(volume hourly space
velocityy= Feh20t 993 ZFof wk-g71elA 1,2000
h'elglon, Zel=o} gkgr)el Eu) Wyl 22
100°Col A 350°C HHlolM 50°C 7v4 o2 WH3lAjz
t}. o] NOx A& &8¢ A3 oA E=vl-SFy) ut
SAZH"el th3k AFEE Fig. 10 VeR|ATH

NOx A& diolel= 883 NOx Pl El(California
Analytical Instruments Model 400-HCLD)E £ 3%

3 AFH) Ak dgT o) ng v A&
olE, & LijY, NaY, KY, CsY2] NOx &l gt wt
S48 100°ColAM 350°Ce] 2% HHolA 2 &3
shsio}.
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Fig. 2. X-ray diffraction patterns of alkali ion exchanged
Y zeolites.

ol XF ANFEY HAEL (507 FH ANEE
A& slaie w29 Al7)oA "4@ Helot g B ¥
A4 YRl E "3t Ak €22 ol mE Al
55 ] 2388 HA AAl(lattice parameter) S
< B9 LiY, NayY, KYE 7HA S7kett7t CsyellA
= 238 A} o]59] XRD patternS EE LiY,
NaY, KY= 79 vlss8lA]9 CsY:s o9& ¥ AL
o|E9] JAA 2l patternit= THE S UEhdRT) o)
AL Cs9] #AAas A7 A oz sty gty
Q1 FeAflol| A &401\43: a4 F9 sheltt. XA A
F4E BH 9 AIEQ Nay B0 ol& 28E AR
°ﬂ*t WA Asrt F7HE RS B 4§ e, olAe
Fol 2E AndXe FAFEA FEo] F/HITE
Zg VeRT o] BAE 2F 9 HE&& 7L oA
T ARSI FUYERE AR Fig 2o 4ZE o)
2 23E Y AlLEle]E] XRD g VeI

32. SEY =Y

o A 89} o] & wBE A S sl ICP-AESE ©]
L3te] A Y& 3 AAE Table 19] 2314
NaYE nSinAl=0.765¢] & HIE 7k Ao 23y
A=, 0] 342 Zeolystol] 23] A|FH FETh 4t =

Table 1. Chemical composition data of alkali ion
exchanged Y zeolites measured by ICP-AES
technique.

(M, mol/l)

Cation Na Si Al .
Sample (107 ao™ | ao? | (107 Si/Al
NaY100 | Na |13.093|13.093} 42 | 5.448|0.765
LiY100 [ Li |12.334|3.522| 0.8 | 8.858 | 0.088
KY100 | K |15.193]1 1469 | 0.9 [23.275]| 0.039
CsY100 | Cs | 0.013 4320 | 4.7 | 2205|2131
=27k 288X A9 A[2% 20053 69
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Table 2. Results of elemental analysis for the surface and
substrate of the alkali ion exchanged Y zeolites
by EDS/TEM.

(Atomic %)

A8 |z7A| O Na [ Al Si | Si/Al |Cation
71214476 0 |21.29(34.00]1.597 |n)A =R
FH| 1495 0 |7232(1297(0.179| "

714 140.99] 1.37 [ 21.90 | 35.75 | 1.632
¥(29.190.30 | 65.95 | 4.560 | 0.069
7)2 1 55.15] 0.07 [ 4.820 [ 39.41 | 8.176 | 0.57
F9 (31461 0.15 [ 64.5712.230|0.035 1.62
7415637/ 0.02 {14.14 | 28.84 [ 2.040 | 0.63
¥ |[4736 0 [4585(4.910{0.107( 1.89

LiY100

NaY100

KY100

CsY100

T} Nayell m3E ol29] % dZa] F&HNME
HAPH S 7F Sl whah A, o] e SEM
o §3=o] e EDXE o83t 233 Aol o
g, 3 o)59] 7123 FRd Qi 948N 2
=2 Table 29 YJERAAL.

3.2. XPS 91

NaY, CsY ® CaY Al&8° tisle] & X4 FAx}
spectraZ Fig. 30 YERAATE. pellet T Evl| A7 9
RS AL A AsIA AR AF dol 50 A
9] Wl Z+ert =& XPS 7S ARSSiAT B o
TFolA 2= pellet Fef Zvje] &u) B0 FZFa}
o, Za) u-g-2 BE Znjo] FHA Yo}, E3
o] 2n g 23 THEolR vl AlSE A5 Rl
Arck FHo) ool FErt o AR golE 2
87} Qo). o) 2w gE A g thet BA AE By

Table 3. Atomic concentrations of elements consisting of
the surface of NaY, CsY and CaY measured by
XPS.

Atomic Concentration Table

A& | Ols | Nals | AI2p | Si2p
[0.733] | [1.102] | [0.256] | [0.368]

Cation

CsY 100| 51.33 0.9 35.92 7.33 2

INaY 100 63.96 3.89 | 21.68 6.82 1
CaY 100| 65.81 0.75 21 7.45 0.87

XPSE o]&3t] 243 Na®] F%E7} ICP-AES Ho.2
2% Y WA o, o] d4L ndly oL
9] F=d e 92 Yehdr).

T3 XPS Ho® 233 AlT} Si¢)] ¥E& [CP-AES
Hoeg 24% ghuy B Uyt o] R pellet FE)
o] Zujo] ¥ 24& A7k e XPS 7ol ¢
fresithe ZS DaET XPS HoE 22X AlEe
SVAl Ble T& 7|¥eg 243 Axnc X o W
vER= ¥ ICP-AESS} EDS 7|Ho 2 £33 vl
Zeolystdll 28] A FH ZrEI H|&=3A el o] b
OJHELZ T yolrt o7 iR AER FAAE FE
Suvalgsieba Azkse)el 240 d M ofs)
dIdte RS HoFEn, 2 232 Table 3] Q.9
Eiyri=g

3.3. BET &=

o202 FFE AIFE g A AL &
F F2FNE S BE ANBE EHFY type
18 &34 vepied olAL Y Al geelE A
A<l vArlge] 42& delFr). 233 BET &9
e 47 F4 ALoME LiY, Nay, KY, CsYd &
o2 FIVsh 1 FHES Table 49 FE3}ch.

Zu) B4 Ag dgde FH502 9y g9

Cs
/ @ Table 4. Surface areas of alkali ion exchanged catalysts
ol : = 33 measured by nitrogen sorption.
i) 8 i . h)?g;? ] Surface Area (m%/g)
: Catalyst Quantachrome RXM 100
'\‘*M—-——-——"‘\J AR il Autosorb system system
i om0 Sﬂmm(;‘v‘)’ « £l a LiY 100, FAU 579.7 540.0
ot Ao Crnpertration Tabks Totensity T NaY 100, FAU 585.3 547.5
o | vt | aop | sap [sim cam | O T i | iy [ 53y [ i KY 100, FAU 545.6 503.4
CoYIeg | 5133 | 89 | B2 | 133 Omi 2 6736 | 173051 1 1817568 | 4SL4D | 2639864 >
IR Tigts | a1 | ssesm | arssn CsY 100, FAU 435.7 304.7

Fig. 3. X-ray photoelectron spectra of cation exchanged Y-
zeolites. (a) NaY100, (b) CsY100. -
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calcined at S00K for 3hr
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Table 5. NOx conversion data for alkali ion exchanged
catalyst at various temperatures.

NCO 160 | 190 | 220 | 250 | 275 | 315

LiY 60 40 30 25 23 20
NaY 67 70 63 53 42 33
CsY 71 80 64 40 10

€O 155

185 | 210 | 245

KY 63 62 36 14

Alkali metal exchanged Y-Z

NOx conversion(%)
S N W bhOIOO~NO®D
[eNeNeNelNoNolelNel

o

o

100 150 200 250 300 350
22(°C)
Fig. 4. NOx conversion profile with temperature for alkali
ion exchanged Y zeolites.

NOx §¢ 530 3 vh-3A S Zet=nt vhg7|o] &
SE HPRe} 71EA, B E6) 2RS 6PN F
AsH 2 2 AFE Table 59 Fig. 49 el
150°CoN A Evfe] Z7] WAL LiY < KY < NayY <
CsY9] €02 718t Csysh Nayd migAE &
o] wg}t F7ksitirt 200°ColA Hdo =Esii e
2 oAte] LM 03l AT Ky e
AL 20007 & e 2L AABITL 2 o)
2Eole 7HAaE v Liye wsAde 220t 2%
7ol we} Alg st gge 35 Ag S
whg-Ajo] 7H} & CsY Fule 170-220°CY 254
Aol 80%<] NOx A3HE&-S BAFET. Fu Eito
QoM E NOx A g theh whe-A)2 72 A3E S vt
Epdic) gtE] 4 olRow wiE YA&|EY
wodo guA olg 7Ed 713 By, ¥He| At
A we gGr)A, 89 Yol ¥ IE ¢ FH E
Aol =4 o o8 AAH P 5H3], 170~220°C &
= ¥H9o)A CsY7} NaY Bt} whg-Ae]| o] & o=
ERTH
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e F4 o]0 wH Y ALTolEE A
3% 2 BAL oy 7A WyeE FHEsigen, o
Zu 5o tigh NOx #3H&S Z33AT}. Nayol] =@
He ool ok 4 B4 AYdE dARNE
7} ZIVEFE Hadke v SUYEY F5 AG
M AR Z7HRE Z7ske il sk
Holt}, XPSE o|&3ld YAENS 3 B HAih A
glo|E 9] RN o)L Tt B4 Ve &
AE Agelo)Ee] FHAME SVAIY vi7t B E
Elsttl, TEM/EDXE o]-4-3td Zv) BHe 248 &
A3 B, A48 )] Fol| Aphase)o] dht o]
A 2R3t AL B30T 4= e, oA 713
(substrate)s} ¥)E-A (coating material)7} HF3}= o 3l
2 @ FEF the 21& 2elET Ng, K, Cs ©]
2oz F3E A&Tgo|EY BHMNE dFnyo]
FuE Abo) Vel whE | Lj oj2o 2 n@d AL
o|£9] M E Sio] FH o] ekttt o9}
2o Fae &ujo) BHA, 739 A7), FRAA B
FHe| A% 53 plEo] ol w3td YA &TlolE
o] Zuj) wh2AHL sk IA =20 A ¢
g 3% AQ FAA Cs vlg Zak=nt 7le3} 49
e o ol Zaf W44 UehAH 80%2] NOx
AE8ES Vel

#Ale 2
B ATE HFsleAe] A 4, 0

A AHPIAR] DA AH)E ol FoiHem, old] 2k
A=

EHo=8
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