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Abstract— Complete oxidations of methane, carbon monoxide and formaldehyde were studied using platinum and pla-
tinum-ceria catalysts supported on y-alumina. Catalysts were prepared by coimpregnation method. Platinum and ceria loading
were controlled at 0.02-0.04 wt% and 0.3-7.6 wt%, respectively. The characterization of the catalysts carried out by means of
catalytic activity measurements, O,-TPD and H,-TPR. A small amount of added ceria enhanced the catalytic activity. However,
as the amount of ceria increased the activity was decreased. Optimum loading of ceria were found 0.3-0.8 wt%.
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Table 1. Catalysts used in this work

of
BN

1

SRR

Catalysts Component(wi7) Pt CeO, Pd Zr Rh BET(m%g)
3-way catalyst 0.026 50 0.1 0.22 0.02 193
PY(0.03 wi%)/ALO, 0.032 0 0 0 0 184.6
PH(0.03 wt%)+Ce(0.3 wi%)/ALO; 0.028 03 0 0 0 164.3
PH(0.03 wt%)+Ce(0.8 Wi%)/ALO, 0.021 0.82 0 0 0 164.2
PH(0.03 wt%)+Ce(5.0 wi%)/ALO, 0.030 5.0 0 0 0 142.1
PH(0.03 wt%)+Ce(7.6 wi%)/ALO, 0.035 7.6 0 0 0 136.9

L35 417) F 60 °C2) rotary vacuum evaporatorol| 4] 24| 7F 59} A1 4]
3| $E-S FUAIA BT 24 S 9991, 100 °CollA] oF 12417 A
ZA7) thE 500 CollA] 5A17E Bt A3 AA Alzskch ARt
Z0)52] FE5AES 32 Inductively Coupled Plasma-Automatic
Emission Spectrometer(ICP-AES)] 2]5}o] =5tsict. Prateke: 0.02
-0.04 wt% W 2, CeO, 3R 0.3-7.6 wt% W2l sic).

2-1-2. el oA wlgE)

Birejse] @A H WMFEele] AZ2E HPCL - 6H,02 dAe
Rra|a SAuiEe] el E9l ol o7l xHERRE 02 K143}
I gk Zhut dFer) YAFES 400 cell/in’e) R ~E @)
Al N F5AIZ FH 100 °Colld 2417 AZRA 7] 5L, 700 “Cell A
A A AIAA Azt

AMSE ZoiE-& Table 1o vlehiigledl, Pr3take 0.021-0.035
wt%o) 11, CeO, &rek-e 0.3-7.6 wt%o|c}.
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B Al AM-E AMIA Felle 7R AREARe) AeE T gl
= ZU(FAW 439, 1.6 g/, 2.¥)© 24} Table 10 V}ehll Ik @ ¥
WA & 7R 32 9l

2-2. HI2AIH

B A AR S F5A] uhs AR E AMRsle] Saleled
o} dFe 2] Fefe] 739= Ze] 30mm, W 10mm<! pyrex
2] ukg7] ekl 4] quartz sand % glass wool bed4}e]] 0.05g2] &
e FAHAL ZAZ B 4RI eEslgon], mrala
& Zvle] A9 Ze] 30mm, 7 17mme pyrex f2] % wh27]
dellA] st i, wire]x Eoje] 9)3e A 16mm, FA 10
mme]n] §hg-7ie] F7kel] Zul g Ww ubg-4E-S slgdc). o)
ZAl 8o chromel-alumel YA HE W7 PIDE E2A7]5 ARS-
sle] wkhgv)o] L5 dA A 23k

UhS7kAa]l AL, AbL, oigd, QARMEA: S8 9ole) FEg oyt
7t 871258 FFelgoy, xEuslee] T3S aAFHH
sle} E Z2bd| 3] = (Yakuri Pure Chemicals Co./Japan, 95 %)2 U# &
E2 AR g zuol dxd 2l A$-1, 4319 TE2Ud|5]
E 3715 AR 10l 8l uhgr) o EEsisdct. &3]
9] 2AL SR 255 W3 FIHA Aslgict. wEke] ukg
F7L FAv)(AF)=95 D HZA|ZHW/F)=1.6X 10’ g-min/ml, Y45}
a9] A9 AF=3 2 WF=44x10"*g-min/mlo]n], ¥ 2t =
+ AF=22, WF=8.3x 10" g-min/mlQ] Z=Zo})4] ukg3slsic).

2-3. TPD/TPR 4iF

2-3-1. O,-TPD

Zofel] gk Ak FHEA T A9 BANL ol s A
Zeofl 2]gh 522 A (O-TPDYS J8igict. B3 A]<dul--7|(ID 6
mm)Qtel] Euf 0.1 g& 2AA7) 2 AHR-9} 812 quartz wool 2 2
)3 A A Z . 100 CAA 1417} F<F 60 c/min 2 AFAE F-2H
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A TPD profile2- dict.

2-3-2. H,-TPR
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3 AE B2 dry icer} AYA I 2L AMEste] AlA sl
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Aglotell FAE Ab4E 2] $]sle] BETAYS E3o
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F 7] Foll wh3le] Eilol) A4E 34172, 100 °CAlA S4
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-3 E3 AAIE9] BAS Mass Spectrometer(Quadrupole, VG-
GAS /England) ¥ Gas Chromatograph(TCD, GC-8A, Shimadzu/Japan)
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FAF = digt dFehtel] SR WIS o) AFlA] Zo)
2] Hhg-2T o] i}-E A4S Fig. 29 ehligl =) wiZoe] Gx|g 4}
LA Svwct dFohde)] WFu gR)g Sy} ALy o] T
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th7t 170-180 CAlooll4) 2hAs] AsEgl o, Aggo] J& o
RS EL Jakslebas) wigkon), wheowrl Zolgte| ule)
Aalsterze] Melr= A4 7hishAl HE Ui, o) Abslekae] A
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Fig. 1. Effect of reaction temperature on methane conversion for 3-

way catalyst.
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Fig. 2. Effect of reaction temperature on formaldehyde conversion
for 3-way catalyst and alumina supported Pt catalyst.
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Fig. 3. Effect of CeO, loadings on formaldehyde, carbon monooxide
and methane conversion for Pt/ALO; catalyst.
Reaction temperature: CH,(600 °C), CO(360 °C), HCHO(100 °C).
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Fig. 4. Effect of reaction temperature on formaldehyde conversion
for Pt+Ce/ALOQ; catalysts.
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Fig. 5. Effect of reaction temperature on carbon monooxide conver-
sion for Pt+Ce/ALO, catalysts.

Table 2. H,-uptake at 100 °C

Catalysts composition H,-uptake H,-Uptake

(Wt%) Pi(%) (u-mol/g) (u-mol H,/pu-mol CeO,)
Pt(0.03)/ALO, 0.042 58 -
Pt(0.03)+Ce0,(0.8)/ALO, 0.021 67 830x107?
P1(0.03)+Ce0,(7.6)/ALO;  0.035 75 1.08x10°*

Abell 7190% Ao 2 AZtE Y, ol Algjo} Arlake] F71EE u|
EwiAo] zto}x)= @AKTable )7 = H3=e}.

3-3. H,-TPR(Temperature Programmed Reduction)

F25 Qo] BAEAL e Fig. 6 y-Aluminah A2jo}t
2] H,-TPR 241o|c}. y-Aluminasl|4]+ 270 °C, 450 °C 2 750 °‘Col| A
zZz} 3709) ¥ =37} s g 270°Ce) 3= ulAdA Alele o
Saluel] okalA FAT Sl ALE Sulsie, T oA s
EAAS F9lol] 93 4 Swakg Jehie, A WA g3
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Al203
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Temperature(C)

Fig. 6. Temperature programmed reduction profile over y-ALO, and
CeO,.
Pretreatment : Hy(330 °C, 1 hr), Hearing rate : 16 “C/min.
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Fig. 7. Temperature programmed reduction profile over Pt+Ce/Al,-
O; catalysts.

Pretreatment : H,(330 °C, 1 hr), Hearing rate : 16 °C/min.
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weollA] 800 C ¥-ollA AxMAAE el 27t vl 34|
el dA T uhge] 3Ade] ez 712 Alelol A7l #]3}ed 4t
49| Falefo] Zr}slx] e (Table 2) ¢]+= Fig. 60 v}elA nje} 7to)
Agjole] EAle) 7]let 7o ukg-o] FAdel= o] g AL
2 AZEr}13-15].

100 °CollA] 44 A 22ke BETAA 4| 23t H,-uptake 27 A}
£ Table 29 vehiel, Aelelrt A7HEAY o] Frats
£ HA R3] F713HE Yehlio] Algletrt Abne] AAbso] 9ls
£ 253 9)ch

3-4, O,-TPD(Temperature Programmed Desorption)

Zofol] F2E Abae] Fehito] WA ol TRl FIE goln
7] 93 O, TPDE 3}3}9ir}. Fig.8 2 9= ALO,, CeO,, P0.03 wi%)/
ALO,, Pt+Ce(0.8 wt%)/AL, 0,9} Pt+Ce(7.6 wt%)/ALO, Zvlj¢] 3|
330°Cel 80°CollA AtaE FEAAA F 52EAz] Ajo|r).
100°C, 450°C 2 650 °C H-ZollAl 3742) ¥ =37} #a= %} Fig. 8
oA AWA sax v|dAy Ao dFah) okslA] F23 Alx
olx, % WA =39} Al AR 3=+ H-TPR(Fig. 7)ll4] 480°C 2
800 °Cell A viehd FHAbso} AAMibAe] Hatvlaz A=), 1
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Fig. 8. Temperature programmed desorption profile over Pt+Ce/Al-
O, catalysts.
O, adsorption : 330 °C, Hearing rate : 13 °C/min.
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Fig. 9. Temperature programmed desorption profile over Pt+Ce/Al,-
O; catalysts.

O, adsorption : 80 °C, Hearing rate : 13 °C/min.
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