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Abstract

Y ~zeolite and y-AlLO; were used as supports on CO and C;H oxidation for diesel emission control. The
catalysts composed of Pd and Pt as active components were wash coated on honeycomb type ceramic substrate.
The oxidation of CO and C;Hs was carried out over prepared honeycomb in a fixed bed continuous reactor in the
temperature range of 200°C~500°C and 20,000 GHSV (h™'). Surface area of Y-zeolite was larger than that of
7-AlO; due to channel structure of Y ~zeolite. Therefore, high conversion of CO and CsHg could be obtained
because of good dispersion of active metals over Y -zeolite. The honeycomb used Y -zeolite as a support
showed higher C;Hs conversion than that of -AlLOs due to better cracking and isomerization activity of Y-
zeolite. PdPt catalyst showed high conversion of CO and C;Hg at low temperature region, 200°C~ 300°C, for
their synergy effects. PAPYY -Zeolite catalyst could achieve more than 80% conversion of C;H at 300°C.

The use of Y-zeolite as a support increased CO and C;Hs conversion, and decreased SO, conversion very
effectively. Y ~zeolite found to have a good adaptability as a support for the diesel emission after treatment
system.
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0.3 pm?] A3 2E 7AH BFA ¥ A5e) AR
sted A71F A AFAZE A, 53] ol YA E
Aol ZgH & oY WS AYEL Wt A
o] ¥& EAZ d9A 9o

A A i EEE YANEAL AN A
276 a2} Zojs} gher} ok 30% AHES SOF (solw
ble organic fraction)& #4312 g}, ol&st SOF
E AEEHel o] R ASAA £ glemz 9
AAEA Y A Ao AbsREe) 7} o) 45 gt} (Ogura ef
al., 1994). 94 439 w&7tx A4S AdfAe o
74x2 B 475 F¥yse ok dAFEAA Y
MAE 8 o8] 717 dFEo] Pz dAdEA
& ol NOx9 Ao} @elA X, NOxo HA4E £
oA} g YAAFEAY] W] Tolvke A dFo)
Tl = FAHAA el W7l eg B2 AREA
= Wbge] AFHI 3l AAold (Michael et
al., 1991, 1995),

F2g] AR g v filterE B4 A7)
wall flow type ¥'3} honeycombel] ZujE wx]3}
o A}43lE= flow through typelZ Y& & gl
(Miller et al., 1995).

Wall flow type?] 7% filterd] YAAEA] 7}=
FAHE o) & M Yt SHE daAR A H
v, 7ldAdAMg, 9824, Throttling Wy 59 7
Al YRRz HE2 HR3 o] 7% wigte] FolA
Aze My AR sHsAe] 9le (Caceres ef
al., 1995).

31 M2l filterv} honeycombe] AF3}&n]E &)
A717] A5t FAZH y-ALO:E ol A3 gl
5 Si0z, TiO: % AMHI Qi o]} 22 HAE
AHeshE EwiAe] yeld FojAdEe HAE LolatA
3l Edo] =29 FAHITEY £8 B4 d$d. V)E
o= A2k filtert} honeycombel] w]E] HAE coa
tingdt ¥ E)AARE I ZA T Ao Foiy
& ZAF o7& wash coatingdhe WHE] 97
H2 gldh B dFME AAAZ A=Y honey-
comb& AHEdlg o GAZE y-ALO:SH Y type A
S| EE AMSsle AP o E AeS A3 v
Falge}. eheine TS AMse] HAsS
vlwslglon] gAtsietae] AHALE A vlwsld o
A ferta 5 dr1edd 9FE vAE YagEs
g wsea R 5o A7 B4 FAE F2A 3
iic

YR EAHSA] 13 A 1%
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2. HEFA R HEHLHY

2.1 A&

2 dFol A" WA ASFEE 28 14 et
Wsleh dAtsiethel 2299 HPEAS doliy)
A8t A AAE d4E5E WSV EH AL
stainless steelo]™, %o oA} F-2=e] 9]
. 7k2%(gas bombe) &2FE vh& A7 shae
MFC (mass flow controller)e] 2JsjA Aloj=x &
Sefo] @e AL AlLE metering valveE ZEE
Aojstgon) 7o) 7tA EEL calibrationS A ¥
At 2 skA S X3RS Qle BEEY Y
€ 97) 943t WA filterS AA 3t FHAZH
HH 22 fafo] A2 ZRYY, ofFAbrla, dAbFw
A2 & 958 WA Hsld MFCE &4 ¥
check valve® A*slgct. MFC2 metering valve
£ 533 7tasl #dEYRe] H%F capillary tube
£ E347] ¥ mixing chamber® AA %% 3lgd.

g7l LTS WX|E ] iAWt
9715 FHF 712 FUEES s g F 9
29+ 7}2%= G.C.(Shimadzur} GC-17A, TCD)
of on-linel2 ARz EAs}ges, G.C.¢ 27
21& E 14 vehliglst. CO/HC Analyzer (HO-
RIBAAL 8} ¥#fsle] BN vlasle] 24 X5 Wt
%

2 g7 Az ez L% 200~500°C, e
Aol A sl on], COst CHeS A3HE A5AH
273 F 24 vepisich

Table 1. Operating conditions of gas chromatograph.

Conditions

Detector TCD

Packing Material | Chromosorb 102 (80~ 100 mesh)
Column Size ID 1/8inx3.3m s.s, tube
Carrier Gas He

Items

40 ml/min
2min at 80°C, 30°C/min to

He Flow rate

Oven Temp final temperature of 120°C
Sensitivity 4
Attenuation 16
Sample Injection 30 min

Interval
End Time 10 min
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nY
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Mixing N G.C.
Chamber C TcD Vent
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CO/HC
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Fig. 1. Schematic diagram of experimetal apparatus.

Table 2. Operating conditions of reactor system.

Items Conditions
GHSV (1/h) 20,000
Reaction Temperature(°C) 200~ 500
CO 300 ppm
CsHe 800 ppm
SO 100 ppm
O 10%
N2 Balance

E o Fo| A14-3 gasE2 Union gas Co, AFLE
CO 30%/balance air, C;Hs 15%/balance air, SO
10%/balance aire|gct. A4 Abh= X271 99, 9%
o]l AL AHg-slge)

2.2 dEuy

2.2.1 Z0fx2|= honeycombe| M=

B A3 ME A4 AR 7P el Ag3Ee] 9
T y-ALOss} 2L HAZAM zeolite F Y-type
zeolite® AA st A& wlaste] Hoton], ol& w
Aol ZuE 321 ¥ wash coatdle] Fv]Az]d
honoycomb¥ #2399, Honeycomb types] A}

4] 2A] A Corning Glass WorksA|E22 400 cell
/in28] FA& AH&slgict.

2o F§AA Pty H.PtCls - 6H,0 (Osaka No-
ble Chemical Co.)E A3l Pdx PdCl: (Jun-
sei Chemical Co.)& A48l FFpol L3121 F,
110°Cell A 24217 5 AZH y-ALOs$} Y-zeolite
of FAAA}. o) AEE (precursor)& 110°ColA o}
Al 24417059 AZAZ F 600°Cell A 2417 Bt 24
AA 4 £84e 2 whEe] honeycombe] wash
coatdly? Y &L airZ B AAzG
Wash coat® honeycomb-& 110°CejjA 24A)7HE<t

Table 3. List of wash-coated honeycombs with catal-

ysts.
Amount of Impregrated
Symbols Catalysts Catalyst/Volume of
Honeycomb
Pd/A Pd/g-AlO; 0.73g/7.68ml
Pd/Y Pd/Y -zeolite 0.75g/7.68 ml
Pt/A Pt/g-AlOs 0.79g/7.68ml
Pt/Y Pt/Y -zeolite 0.76g/7.68 ml
PdPt/A [PdPt/g-ALO; 0.81g/7.68 ml
PdPt/Y |PdPt/Y-zeolite 0.78g/7.68 mi
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Table 4. Physical properties of honeycomb.

Items Contents
Cordierite
Components 2MgO - 2ALO; - 5Si0;
Cell Density 400/in?

Wall Porosity (%) 35

Wall Thickness (mm) 0.0173
Compression Strength (PSI) 525 (B-Axis)
Average Pore Diameter (pm) 3.53

Table 5. Physical properties of supports.

BET Surface|Pore Volume|Average Pore

Supports | Area (m?/ g)| (m*g) |Diameter(A)
y-ALOs 213.5 0.524 98.2
Y -Zeolite 727.8 0.361 15.1

AZF A 600°Cell M 241253t 2AAAHE A 3
$422 Zvjx2}d honeycombd AZsdc). Fuf
Aej3le] A28 honeycomb2 ¥ 3¢ Yehyach.

Al 2R A 2 AH-E honeycombd] BAE E 4
o veboe.

8. #xn 3 1

3.1 &xe 5N

Wash coat & o] ARESE FA 2= y-AlLOy7}
71 o] A43tsle] gt B Ao A8 Fo)
AHEE R 9l y-ALOs9 A28 FAZ A Esbnzt 8}
¥ Y-zeoliteE Al4-3le] 2 HA|e] EAo) o}E YAt
sjetael gl Absl AegS AT HE, AEs}
At

y-ALOs$} Y-zeolite?] W]EWA-L surface area
analyzer (ASAP 2000, Micromeritics Co.)ZE o] &
3t A8t e & 50 2 AAE e

framework viewed along[111]

o] AFE Ko Y-zeolite?] H]EWAHo] y-ALO;
of Wste] Y53 F& RAFT 9Jos (Kim ef al,,
1996) wietd Edo] HzlE F4o] wg-Es P&
7137 %& FbsAE EdFT Qo #AZ Aked
Y-zeolited] &AL YAEFFEH (Shimadzu AA-
6701F)2. Y42EAM3 A3 Nark 15.06 wt%, Ale]
20.14 wt%, Si 64.80 wt% FHHo] 9J&L HoAFY
.
Y -zeolitex= 127§9) ring& 7}A™ channel®] B#F
A7o) 7.4A A== 1Y 29 22 channel F2E
7 7] W] EHHo] y-ALOsd wls] Y53
Y-S RedF3 9vh( Meier ef al., 1996).

y-AlL03%t Y-zeoliteo] FAH F420)9 A4 ¢
AR AAESFFEAZ BT, Fode] x29 =
&Zv)9] FA g EDX (energy dispersion X-ray
spectrometer) 2 EA3glon F 6o EMAAE
Rl St

E 6olM Bl y-ALOs9 Y-zeoliteo] ¥ )
59 g2 vlkshd Foe x&8 F4o 2go
Y-zeolitee| M o @& HoFEX gt o]AL Y-
zeolite®] E@HA o] y-ALO:ET} WolA wj$¢ 2 HAb

12-ring viewed along[111]

Fig. 2. Framework of Y-zeolite.
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Table 6. Amount of impregnated and surface metals

on catalysts.
Impregnated Surface

Catalysts metals (wt%) metals (wt%)

Pd Pt Pd Pt

Pd/A 0.96 - 1.08 —

Pd/Y 0.98 - 1.54 -
Pt/A - 1.01 - 0.79
Pt/Y - 0,97 - 1.22
PdPt/A 0.48 0.51 0.63 0.69
PdPt/Y 0.49 0.49 0.91 1,02

Hel &< vepfFa 9led,
7hH gee R9FI Qi

e A%Y 713

3.2 Yataletael T2 EMe A

F4£E3ME FAA717] 42 FA9E honeycomb
type A2k A)z)F e wash coatingdt ¥ £xo ul
£ A%ES 2o
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Fig. 3. Effect of temperature on CO and C;Hs con-
version over A and Y supports.

a9 3¢ B 257} $7Hste) wet dakshekae) A
82 7k Aol e AL Ft des BT} Z=2
e A% y-ALOAelAE 500°CellA ok 3% A=
2 ne)g A3s 2go} Y-zeoliteAo| e 300°C
oldiE FAY Aol Yol 500°CHlM: o
10%9] AgHE-S vehhddet. o] AL Y-zeolite 2434

cracking %3 o]A3pE A%l 7Idg Aoz
(Alexis et al., 1969; Richard et al., 1969; Tzou
et al., 1988) @A AAeR E o} Y-zeolite?} y-
ALOse vl3] Z2gale] Hago] 3 Ho2 e
wtet.

o)} o] xzHe] Aslfe] y-ALOg Y-
zeolite FA A xfe]7} vhed o)A F g 7bel
A 9] A7) folo] o3t cracking A% elz HHF
4 9lg 974 NAE TAES == FaAle] AR
Sadd, A Apest ad 9707t FsA {3
22, 2EE UpEAM EAFE At AR
o AY BEE §5E 4 gk A A s
Q717F DA} 29 gALEIt FolAA dh o]
922 el 9] AFEE ZAEE= AL TPD
(temperature programmed desorption) ¥ o]z}
3 & AREs} A £F $24Td @E &3
peakd 1A 2%E FolAA ¥} (Thomas and
Thomas, 1967). 2 AYAAE 0 97z A4
43}l y-ALO:Y Y-zeolite BAA FAANF &
LA A et erg vwsle AREE v wale]
on] o] AT & 7o Ueplgith. £ TS $2EES
10~30 K7h#| #stA]7]wAM d7]Q) sl=jde) g3
+2g 24 A3dd, y-ALO; FAXRAAN B}
Y-zeolite FAlAoIAS HAGALEI} Fob ARE
A y-ALO; Bl= Y-zeoliter} 78S & sl
=

a9 4% PAE E0)2 A48t BAE y-ALOs%
Y-zeolite® AH43t Aoz £E¢ Z7pol o2 Yabeh
etasl ehsbed (Z2gd)e] AES £ Ao 4
Atgeae] Ay exgvtd wet AREE FrRs
300°C o]AFE FA8 F7i7h delub, 450°C )4
HEHE st 3718 Bl gld. 22 A¢xE
227} F7Hgel wel Agge] FUE RAFE 9l
o BAE Y-zeolite: AHste] Pd/Y &+l wash
coatdt honeycomb®] A% y-ALO;E HA = & A%
Ho Ze a9 g ANt eE A e &
3 257 242 ABE Wit 22 o 2 Jeby

Table 7. Maximum desorption temperature of pyri-
dine.

Maximum Desorption Temperature (K)
p=10K/min [ f=20K/min | =30 K/min

345.7 362.2
388.1 401,8

Catalysts

PdPt/y- ALOs
PdPt/Y -zeolite

322.6
372.4

J. KAPRA Vol. 13, No. 1 (1997)
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Fig. 4. CO and C;Hs conversion over Pd/A and Pd/
Y catalysts.

o, o]Z2 & 59 6e]A EXo] Y-zeolited] FH Aol
y-ALO:; Bt AN FEue =33 Pdrt o] @] o &)
a5g B4 4 W) AEQ QLR HeAE, %7
2 929 Ao 73le cracking Aol ¥olAl
del = 7]eleby, =3 17 3efjAe} o] FL X
A Y-zeolite?] Tz Hgo] y-ALOso vl& &
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Fig. 5. CO and C;Hs conversion over Pt/A and Pt/Y
catalysts.
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Fig. 6. CO and CiHs conversion over PdPt/A and
PdPt/Y catalysts (Pd:Pt=1:1.3).

7] QEo neoE Z4E zzgd HIEY Aol=
27 o AAE Aoz dgds gl
dAbzlet Ao gL A zol= YR ot
o} ot Ede =29 A4S 4 B Y-
zeolite S FA) 2 3l wash coatd honeycomb2] ¥
Abslels APgo] y-ALO:E FAR 3 ASH %
A e

a3 5% PtE &9 AMsln HAEZ y-ALO:st
Y -zeoliteE A48l wash coatd honeycombs]
JAslelrel g AHLS Vg LEZ7}
of wel diketiel T2 P AsphgE B F7t
B 39 49 85 S RAF I gl

23 62 Pds} PtE Evlz AMgsln HAE y-
AlOs8F Y-zeoliteZ A}2-3le wash coatd honey-
combe] YAHeAs Z2gae] HHES e Aol
ot 2271 $olgel uel datsetadl Zaddo] A
e Z7R, 2 9F Abshbgo] s dejdd
I & 4 glth. Y-zeoliteE HAZ A3 H$ =2
U o gatsiebdo] Ag-go] y-ALOE FAZ A
g 3% 2o ol o]AS & 60lA B wiel 2o,
Y -zeolite?] ¥W3 £7}d| w2 =549 Pds} Pto &
o] Yol Ao F718 Ao ZIdEH, 19 3% &
7oA HEo] Y-zeolite AHA)2] 743l A Eoj 7]°1ffl-
cracking A5l 2)8 ko] Hrpxog ozl A
2 AlgsEd,



DA WE7kA 274 A CO, CHeo] AFubEollA Y-ALete|E FA 2] Jg 97

g 23 49 2 5 28l2 19 6% viEs] BA
dAtspebas) 2o Agdo] Pd =y Pt &
2 A43Edel wis) Pd, PtE Ze] A4l A
+ Ao AHH Lz Wt /1 AL e
o] -2 Pte} Pdzte] A3 synergy A4l 9 Aoz
B4 glon, E3) A299 (200~300°C)olA x2g
W daksebs B oF 20% o)A F7Mg Ao et
wEd o)A g F83 YuE Zed, dubdez
Hd AFA7t A4 FYE d MEHE taY 2EE
400~450°CQl A2z o484 vz 27 AlF
o} AL o] E o] wjEIlA LEE ol¥T}
AR gobA dArsielrel wjddo] Fofatgol o3 A
2 AlEz %3k 92 9iEEA "o (Boehman
et al, 1993; Ball, 1993). uwlgtr #-2edejA]g]
dabspebael Z2gdo] o AL o9 2 ojy)
29¢ Zo7] Hs gase vif T8 dojzgt & 5
9lck, PdPt/YE wash coatdt honeycombe®] 7<%
ok 300°C o|AHYEH T2 Higo] 80% oAHE:
718312 913, & 8] synergy Bl oja HgHg9
Aol 2 Jeliieh 500°CollAle T2l Hggo
90% o]Abo]n] oJAbsebao] ABEL o 80%e] TYE}
3 oA &F dA A5 WEvkA A7 AT 4
gl A s FAAFY) S5t A4 sbed BA
23 Ala "o,

o}t at dadd TFE ] Al 2o 9
AN AR=EEd, dA2 48 F FIFES] 9%
7b QAAM olghibbAz ARETE BIFHI 9o,
oSk AE Jakstetas) shslae) Abshel W g)sld
AR E w7k 5719 Al Ak YAle
Hed ool ¥AA Agsld Aoz YA A
o g F7MA7E 8922 A48 (Wall and
Hoekman, 1984), uwiz}r 33HEe] Fffe] A2
A8E AHgslodol sl ofBAAE AHA AbgAFE

Table 8. Conversions of C;Hs and CO over Pd, Pt, and

100

80 -

—eo— PdPYA
= —=— PdPVY
£ 60
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o
]
2
S 40
_a
/l’
20 - —a

~
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0 T T T T T T T
160 200 250 300 350 400 450 6500 550
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Fig. 7. Effect of temperature on SO. conversion over
PdPt/A and PdPt/Y catalysts (Pd:Pt=1:1.3).

ZalE AAsle] At Ao YALEAE Fold
Hasig, 1%y 74 PdPt/y-Al0:8 PdPt/ Y-
zeolite Evj4toll A ofFAal7tAag] 2xo] W H3I§-L
el y-ALO:E FA=2 AH-8 PdPt/y-AlO;
Zl9] ¢ 30% o] o}diriA HEAEE Reld
H]&], Y-zeoliteE BAZ A48} PdPt/Y -zeolite =
2] A4 o @& olFAfAe] AHIES BAFE ¢
o] B AFo] A% Y-zeolite BA7} y-AlLO; B
Bohe ofghblaE o ATl AlE ey
webi] Zzgde] A ofibrka] Hag FE
uj@s] & o, Y-zeolitex tAATA &7t A%
& 9% FAE AAY AL A7) dsld 24
Vgt HAlEL AtRg

PdPt catalysts.

PdPt/Y PdPt/Y
Temperature Pd/Y Pt/Y PdPt/Y (—(Pd//Y)) (-(Pt//Y))
(°C)

CO CsHe CO CsHs CO CsHs CO C:He CO CsHs
200 7.2 42.0 15,2 36.5 31,1 50.9 23.9 8.9 15.9 14,4
250 10.4 43.1 16.7 40.7 40.4 70.0 30.0 26.9 23.7 29.3
300 14,0 52.5 24.0 47.4 48,2 79.1 34.2 26.6 24,2 31.7
350 36.6 68.8 41.2 66.3 58.4 84.3 21.8 15.5 17.2 18.0
400 56.5 81.3 57.6 78.1 69.9 86.5 13.4 5.2 12.3 8.4
450 70.9 86.0 75.2 83.3 76.1 89.2 5.2 3.2 0.9 5.9
500 74.2 90.1 77.2 88.0 78.8 94,1 4.6 4.0 1.6 6.1

J. KAPRA Vol. 13, No. 1 (1997)
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°C, GHSV 20,000 (h™) ¥ ARre] ws276A o
S 2 A2L 48 5 JddH

B A A g2 4183 Y-zeoliter channel §
g9 AYTFEE ZIXZ gllM vlEHEAe] el y-
AlLO; ¥th= Pt, Pd &% PdPt $¢ 4308 ¢
A3 BAANA Ee =FF BHTSEY +F @l

4 ot Wby Yabsietael T2 gdie) Akt
% FAAA y-ALOE FAZ AL E g w2
AHES A4S 5 9T, PSR Y-zeolitertA)9)
cracking A%} o|Ashit-g Aol ot U9
A3EE FANAD 5 Sl

=3 PdPt £vl9] synergy Edel| o5t A2
(200~300°C)el M YAtsletisl =zdde] H3ES
=9 93, Y-zeolited: FAZ AMS-3 PdPt/Y
Z1)Z wash coat 3 A% 300°C oj4elM ==y
9] AaHgo] 80% o)Atolglen, ofFAbsfao] AbstH g
22 y-ALO; A B} ARH LR o} TjA] AFA}e
wfErkA F d71ed BAZ A48 g Yaksiet
A2 A F A FAY A A4 et FA
98 & F Ui
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