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Abstract — Improvement of thermal stability of the supperted Pd catalyst has been achieved with the incorporation of Ti(),
onto the catalyst. The catalyst was characterized with X-ray diffraction, thermo-gravimetric analysis, lemperature programmed

desorption and X ray absorption fine structure. The activity of methane combustion gver the Pd catalysts was the same, inde-

pendent of the presence of TiO,. The interaction between the Pd catalyst and TiO, at 1,473 K suppressed the transformation of

PdO inte Pd, thereby improving the thermal stability of palladium catalyst,

Key words: Pd, PdO, TiQ,, Methane, Combustion, EXAFS/XANES

LM B

HollA] HEE Fukelx] it JHARE Wi
1916 Zak29F Hesers L. Lumier® T, Herckel] 2]
of AFo2 AHAHATHI] o Fambae 7leiwer) vy A
LRE At Erred sulkasagdea sedan ve o
ZofA] dAAZ Ha Hrrgaio] gy
A NO, AgrigRA =
A 8 s wl wstel

i

o
WAL B B At
[=]

AbFZviE FabF Lo de
IMO - (AL Oy) )9t 7
= Catalytica Ahe ZHe}g g e 7 o darg Rl
Mwatts 7h=FofRlo] ha-g) dAe] o) Fow delx k3], <
£ Osuka Gas AAME 5 )7 (honeycomb) |2 Q& sl Hajor=
SldiolE daZelE Fe) spagoldl shuedayr) Saaw 9f I
k=il Yazis e megteirs &oje) g 9k

A3
[=)
AFAE S 525 Faranto 5-2 Tepg Foje) g8l

TE-mail - sicho@kier.re kr

634

Y AEHEC], 10731123 K Sl 24} Buln oo
BHET gmst welAR Barg dalEe] AAUNHTT Bs)

TS FF oleid Aty Fuje] FaUsls AHE 2o w

AEe g A2 4 UoH6]. Dalla Betta & Zebs Ask2e] &
&)l A chemical thermostaro)2}¥ FED, o] 4L o)lg3

QLT =

I |

et

1.123-1,223 K& =Hgo2H =r
F Utk By sl i3

et mAEe Aol kg 2ole] chemical thermostar &
el i ek A7kal Eaoll vhg A 7o) vlnjsin). S8 s
Fujel FrhAgte] AR adlel Ay S5 2o n)a el
FoiTE wFd] W ols)} BEsith 2 dAgaMs e o
L] Bk ZulE Azsle] nAHQ Eajrxe) wWale @
A kg d g Wgdd) thel Tio, H7) TS Uolugt

=
o o3l Gag
4

2.4 &

2-1. E0x|=

YT BH1E) 2mol% BRI La-ALO,(Sba90/L,, T
: 90m¥g, Condea Chemie GmbHYE ARg-stolc). BeHF[PANOy),,
19.96% Pd, Engelhard Chem. Co.] 892 %=n)ile] s £



FHEE AzAAT. DEF 2oz 823 KoM 6A7F A4S &,
T4 823K 647 $elale] Pd/La-ALOEUE Axsigc), ¥
ehEe] ge FAEARD A EDS A 28d87 2 windr). o
B EHENL 10mol% Ti S2 Edsk 7=usign [ =&
titaniumtetraisopropoxide(Ti{OCH(CH,),1,, 97%, Aldrich}E 7}<=5a) st
T, Gibg Ariel Al=slaoir). A28 262 1073 K04 52
= 4R Fe FE5 TIO/Pd/La-ALOZY S E9T

22 SM=A

Fuie] A4z XA H2E47Miniflex, Rigaka) o]23le] =
At GEFEEL 10K min! $EF 1223 K71 S247] T o)
Al 373KZHA] WZFIEA TGA 7171(TA Instrument)S: ]85k 2

TiO, 7l 23 el 2ofe] 9= QA T} @ 635
160
80~
Q |
= e
i=
5
] [
& 40
(o]
O L
20
0 " ] S 1 i 1 L
500 500 700 800 900 1000

AlEtlet, o] SREALE S TP/IPR 2900(Micromeritics) 717
& o1gsle] LITAK7R dAsgen 2 Al oplinecz A
A7 (Genesys)2 ALE5l] B4l X4 9 TR 24

T AHEL A# Tsukubaol 931§ Photon Factory BL-10Bo)A <385}
Aok E2tE FE 7] TN 172K 2884 EXAFS(Ex-
tended X-ray Absorption Fine Structure)?} XANES(X-ray absorption
near edge structure}E SFFO2H H2lg Zajo] 2awsl= oo}
HIAL st EXAFS HI= Ab-initio P56 RA} Tz ool
Feffost £4Z 239 XFITL o] &5l -4 51 THE-10].

HEds weg e vl 5 whe7)E oliuk 19 wEH90.0%,
Matheson)# 99% F71E E@sle] EojZo]r @LAH AA b
Hetol SRS ol Werie] T (SVYE 30,000 b0
£ ¥ &5 EeE 373973 KAtk 7R2AL Hayasep N7+ Mol-
ecular sieve I3XEHE-Z FHT GC(Hewlett Packard 6890)S ARL
3k} FIDS} TCD=® 245158t}

3. &a 3 oE

ML SR FuEE vgaTe 2ANDEE) o) 2
BATH2). W] e Aol ZaE BeLwe] wapy
A MIEEI AHH Y, AHBgo) ke FeloliE BIAGIT
s} A WSEESL AW, Fig 1& B B EujE
124K, 1373K, LAT3KAN 64130 52 371 Fojal axga &,

100
80
? |
=
= 60
2
g -
2 40l
5
(&)
20
0 i | L | L
300 600 700 800 900 1000

Temperature (K)

Fig. 1. Conversion of methane combustion over Pd/La-ALO, for the
heating temperature : (@) fresh catalyst; (W) 1273 K; (W) 1,373
K: ($) 1473 K.

Temperature (K)

~ Fig. 2. Conversion of methane combustion over (@) Pd/La-AlL,0, after

direct reduction, () Pd/La-AL O, after calcination and subse-
quent reduction and (A) TiO,/Pd/La-ALO, after calcination
and subsequent reduction followed by incorporation of TiO,.
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Fig, 3. X-ray diffraction patterns of (a) La-Al,O,, (b) Pd/La-ALO, before
methane combustion, (c) Pd/La-Al,O, after methane combustion,
(d) Ti0,/Pd/La-A1,0, before methane combustion and {¢) TiO,/
Pd/La-ALQ; after methane combustion,
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Fig. 4. TGA spectra of (5) La-ALQ;, (b) Pd/La-Al,Q, before methane
combustion, (¢) Pd/La-ALQ; after methane combustion, {d) TiO,/
Pd/L.a-ALO; before methane combustion and (e) TiO,/Pd/La-
Al,O, after methane combustion.
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Fig. 5. TCD signal and MS spectrum(m/e=32) of Pd/La-ALQO, as a func-

tion of the heating temperature.
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Fig. 6. Structural model for chemical thermostat of the supported Pd
catalyst proposed by Farrauto, R. J. et al. [Appl. Catal.,, 10, 87
1991)].
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Table 1. Structural parameters for Pd/La-ALO, and TiO,/Pd/La-ALO,
obtained from curve fitting of EXAFS spectra above the Pd K

edge
Atomic pair Ne Rinmy®  o*(pm?)*
Pd/La-ALO,? . PdO 35 0201 16.7
Pd-Pd 48 0303 576
Pd-Pd 43 0.343 41.6
Ti0y Pd/La-ALO,? Pd-O 37 0201 212
Pd-Pd 49 0.304 68.0
Pd-Pd 4.2 0.342 40.0
Pd-Ti @7y 0361 (79.6)/
Pd/La-ALO,S Pd-O - - -
Pd-Pd 8.8 0272 624
Pd-Pd - - -
TiOy/ Pd/La-AlLO,* Pd-O 36 0.201 24.7
Pd-Pd 6.5 0.305 730
Pd-Pd 5.0 0.344 488
Pd-Ti oH7 0307 enf

“coordination number(+0.5), *bond distance(+0.001), “The Debye-Waller
factor, “Fresh catalyst, “after methane combustion, fnot vigorous estimation
but sufficient to indicate its presence.

(a)
(b)
Fig. 7. XANES spectra of Pd/La-Al,0, as a function of the temperature
at the Pd K edge. The teraperature increased in (a) and decreased (b)
in (h).
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Fig. 9. Structural model obtained from the EXAFS curve fitting of the
supported Pd catalyst,
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Fig. 8. Fourier transforms of EXAFS spectra of (a) fresh Pd/La-AL,0;, Ab-intio ZFE] BAL TR 79 Feffer) XFITE olgdly =R
(b} fresh TiOy/Pd/La-ALO,, (c) PA/La-ALO, after methane com- A2 T ZAFAE Table 19 VERAAT. Fig. 9= 72540 ALgs B
bustion and (d) TiO,/Pd/La-Al,Q, after methane combustion. S5 By Traa ges AR 49l AR 0203
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Table 2. Structural parameters for the aged Pd/La-ALO; and TiO,/Pd/
La-Al,0, obtained from curve fitting of EXAFS spectra above

the Pd K edge
Atomic pair N¢ R(nm)” 0"2(prr12)‘C
Pd/La-ALO, Pd-Pd 10.6 0.274 56.0
Ti0y/ Pd/La-Al,0, Pd-O 1.7 0.202 ~0
Pd-Pd 53 0.275 47.8
Pd-Pd 6.4 0.342 84.4

“coordination number (+0.5), *bond distance (+0.001}, “The Debye-Waller
factor. *The catalysts were aged at 1,473 K for 4 hr.
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Fig. 10. Fourier transforms of EXAFS spectra of (a) Pd/1.a-Al,0; and
(b) TiOyPd/La-AL, after heating in air at 1,473 K for 4 h.
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