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Low-Temperature Combustion of Ethanol over Supported Platinum
Catalysts

Moon Hyeon Kim'
Department of Environmental Engineering, Daegu University, Gyeongsan 38453, Korea

Abstract

Combustion of ethanol (EtOH) at low temperatures has been studied using titania- and silica-supported platinum
nanocrystallites with different sizes in a wide range of 1~25 nm, to see if EtOH can be used as a clean, alternative fuel, i.e.,
one that does not emit sulfur oxides, fine particulates and nitrogen oxides, and if the combustion flue gas can be used for
directly heating the interior of greenhouses. The results of H»-NO titration on the supported Pt catalysts with no calcination
indicate a metal dispersion of 0.97+0.1, corresponding to ca. 1.2 nm, while the calcination of 0.65% Pt/SiO; at 600 and 900°C
gives the respective sizes of 13.7 and 24.6 nm when using X-ray diffraction technique, as expected. A comparison of EtOH
combustion using Pt/Ti0, and Pt/SiO; catalysts with the same metal content, dispersion and nanoparticle size discloses that the
former is better at all temperatures up to 200°C, suggesting that some acid sites can play a role for the combustion. There is a
noticeable difference in the combustion characteristics of EtOH at 80~200°C between samples of 0.65% Pt/SiO; consisting of
different metal particle sizes; the catalyst with larger platinum nanoparticles shows higher intrinsic activity. Besides the
formation of CO,, low-temperature combustion of EtOH can lead to many other pathways that generate undesired byproducts,
such as formaldehyde, acetaldehyde, acetic acid, diethyl ether, and ethylene, depending strongly on the catalyst and reaction
conditions. A 0.65% Pt/SiO, catalyst with a Pt crystallite size of 24.6 nm shows stable performances in EtOH combustion at
120°C even for 12 h, regardless of the space velocity allowed.

Key wards: Catalytic combustion, Ethanol (EtOH), Supported platinum catalysts, Particle size effect, Side reactions,
Aldehydes
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Ml 120] AiA AL cheo 2 ek
SIS S AILNO, S sk
gl shute] there AL Zujlaye 285
Jolth SujelarlEe e gl e olm A}
ALl Tato] okt 2L ABO| AAdrh
o EAISH: ol stehekag AR S| SRR 4

o
Sl

A ol g3 4 G AHE ek AF7AL B ol
& Fjds ATES R IUHeTIRIE

(Volatile Organic Compounds, VOC) £9] 3}L}Z A]
o]o] a&AQl AAE FI8 424 =| 13O’ Malley
and Hodnett, 1999; Santos et al., 2010), AZZA] o
Bhg o] Zujelar|&e woloofehgo] BrkEl ol F
o =] A|AFcHDeng et al., 2015). B-Al&z}o]
E, Yo |E(mordenite), AlLLO; X SiO,of X%
0.5-2.1% Pt ZujAlollA] ofEre, E=0l(CoHsCHs)
= 21129 VOC =8 o] &3lo] Z-zko] Alslet
e ALsk H}q] 9J3hH(O’Malley and Hodnett,

1999), ofEF-2-2 126~165CollA a4k 4= 919
& 2] 5 Trﬁ} Pt gFgo]l &J&). TiOxofl BAIE 1%

F=4H(Pt, Pd, I, Rh, Au) Sull/gol A VOC(ofg-2+
EFM Y AA e AR o oiteletaz
100% “doke< Uetdi= 25(260~380C)= Svil/d
£} Az et gebxchSantos et al., 2010).
RWALO, S0l 4 olfebo] At o Abeb s

o ek A4 WL, zsﬂowt o

A %?‘,’\l'lil(Behrens etal., 2010).

7129 A7) 712 uf, oflehe-S Aol ¢
AAESIA17]7] §J5t dAh=u|E Pte) T2 Aa3s A
=9 BAREe} Rk, HAIAY] = AREA, BES

v 0y O

BAEES] A4 1 5F 5 1eig BaKol 9)
2 R e TG Jag
NESOlA NO, S H 288t G4rtas 27t
2 BHOT AT S YT 714& HE RPN
oo SHB|=F Fo| T4 A4S AT 4 9
Lt Zule) Beld B4, da 24 5o 282 79
=

2. M= U

2.1, Pt ©X| Z0ix|=

Z+7] t}2 w|EHZF|(specific surface area, SA)S
Z+= TiO, (Millennium Chemicals, SA=250 m’/g)2}
SiO; (Zeolyst International, SA=365 m*/g)]| Pt 7=

28 BAA 7= 1P 0 2= o] 2w %1 (ion exchange)
o Hgaic). ZulAzo) A, BAASL 21% O,
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(Praxair, 99.999%)1} 79% N, (Praxair, 99.999%)%
o] &0} %] 57 200 cm’/min ] 20 7 500Col|A]
4A7E 5t 24300k PUTIO) Fuljg A28} 9
o RS AWmE, 33 ERao]| Usks okl
TiO, & €1 SE3s| nRkst & NH.OH (Aldrich,
28.0~30.0%)5 AN o H H7}sl pH=10.302
ZA3E TS Pt(NH;)4Cl, - xH,O (Aldrich, 99.995%)
£ 32 SRl =2l Pt A &4E A 8] ot
SERATE SRt AR S aHkeE 3 o mhab S A
3L 110ColA 12A1RF A= AxsiGch GAA =
SIOE AREShE Aol FARRE o] 2ael Axjo
w2l Pt o] AR the F FF2 PUSio; S1iE
Azst9a, o pHE= 9.82 4|51tk Pt B2
S Alzshs WHE B A dtEolA AAls) A
HElojz QITHKim et al, 2001, 2002; Yang and
Kim, 2006; Kim and Kim, 2013). A|Z% Zu]&52] Pt
Sleke G AsZel=n P (inductively-coupled plasma)
© 2 A==, PYTIO, Sulf Wjof 43t Pte] g
T2 1.21% %01, & 79| PYSIO, Fulj=0] 2=
Pt 3+ 7471+ 1.2074 0.65% STt

AR A7|7} M= ThE Pt Z0)E 7] Slstol, A%
F Z0E S04 0.65% Pt/Si0, Z11E 6003} 900C
o] 22t 4P 251k oln) AL EE A
3 BE 2ASE ZUALS g8 e gAA) &
3 A8 2AET FLI3ATE 01714, PYSIOE 7HA
a1 Pto] A7) HBkE RS offias AL2ollA] A&
25 Fdll dAT7IE S7HE 1 PUTIO o] 75
TiOxof| 93t Pto] Qeld/do] dojutr] wiZoltt
(Tauster et al., 1981; Krishna and Bell, 1997;
Benvenutti et al., 1999).

2.2. Ho—N.0 titration0i] 2Jst H, S2E&t

Pt/TiO, ¥ Pt/Si0, 2] H, &2} H,-N,O titration
71 o2 A3 HKim et al., 2001, 2002). 2F 0.5
g0l ZujE FZxAlo]| @il 200 cm’/min] N,
(Praxair, 99.999%) &5 oA 5C/min®] $-2&%
T2 400°Ce] sl 1A7F &<t A & FUe 75
©] H, (Praxair, 99.999%) &2 ol 147k 5<t 3¢
HAFEE 375C= W'l & N, 502 WHAsIo] 30
2 5ok 7 X313, 90 TollA] 10% NLO (Scott Specialty

Gases, 99.999%)<} 308-7F WRSAIF L o]} T2
N;O sj2] 52 -0 90 CollA N, 3522 30+ &<t
HAGE thg 25TolA Hy titrationg 4=3§3}3ct.
20~400 Torr Hy SFeloflA] dojRl F-2F2=rAdolA
MBS Uetll= F oA P=0= eitste] Sis
o] H* &z}eke AAstHBenson and Boudart,
1965; Wilson and Hall, 1970). AFE-E N2} Ho = 4=
B 9 A4 E(Alltech Assoc.) S S1HA]A H,02}¢
0,5 F-23] AASHA o™, NoO= 4 EYTRS AL
gkt 2 7AEY S AR
(Mass Flow Controller, MFC, Brooks Model 5850E)
2 Aloj= ]lck

2.3, WAMS|E(X-ray diffraction, XRD) =X

H| 22 Pto] QAI=7|7F & A= o=
2/ PUSIO; S1i59] AA=7]= XRD S4&
2=tk ZF Zulfe] XRD oi§l& gAY
(Rigaku, Model D/MAX2500PC)S- o]-8-5}10] 245
dd], dlad BARILS Cu Ka (A=1.5406 A)E A}
$59T oA el Zhia At AR 2
7} 40 kV 2} 20 mA T}

oF 15 go] Zuj2 WSIlo] Y F, HN:O
titrationS {3t THAA FARBHA AAZEH=
o], oJeff 2to]3-2 90 T4 2 N2O s g2k A 9]
skl A-L7HA] WZHAIA passivation A1 Zlo|t). o]
7] 2hlsl 7 Fo) A9 Ale] W 0.2%min®] 2
NEER 20=10~80°014 XRD 3-S5} 3ich
7} Zufjo]] i3k XRD sfjglof A Pt (111) A7 Ho|| 2l
Fok=  26=39.75°0]4¢] XRD HAE 7|l
Scherrer-Warren B4 418 o]-85}0] Pto] A7
ZAASFATHKim et al., 2002).

q)

2.4, Z0{AAES

Pt/TiO,%} Pt/Si0, 9] of kg AARES A4S AlE
al71o) kA HAE ==, Yohe g FuE U
A% Hh37]ol Wil Hy-NyO fitration 9]3)] A&
S AR ] Hapet fARE S 285kt ol
AA fEFS 100 em’/ming ARSIl 375°ColA
ARG 5 Uoh= vhe2 w2 Y=gk

20 cm’ 2] o EF(Aldrich, >99.5%)2 30+0.1° C2
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FA]%+= saturatoro|A] bubblingdt TS mixing
chamberof| 4] Ny % 12% 0,9} &= 0] 3% of&h2-S
o5l RSB (398=300~1,400 cm’/min)o] =
o w71E EHSES stk AE Zule
0.05~0.25 go|glon, F7H&EE 2= 32,000~864,000
ol sjgstct. 2+ 7]719] RS MFCE 0|83}
YK o2 A=k vhg A5 oehe AAE
1R ke 59 AT sEe E2ol2skdE79t
AT-1 (Alltech Assoc.) ZHo] A&e 7IATZntE
“1efju)(Agilent 6890N) S ARE-5Fo] 22fQlo® FA]
E]tiKim and Choo, 2007). AHRE- Eotof vk
HAES| £RE Hlelels] 9J5to] HPR20 QIC
(Hiden Analytical Ltd.) AFZAFAEFEA 7| S HES-7]
Setol Azstol Ai4x 0 2 w5t

3. Znt A n¥

3.1, Pto| Yxpa7| AN

TiO, %} SiOy0f] o] 2wehH oz T Pto] Yt
3715 AA5H] Yske] Hx-NyO titration 7|H-ES &
853t Fig. 1-2 400TColA] 1A7F 54t 2heds
121% PYTIO, ZHjAo| A 2] H, S-L824S Ko
30 90k 90TolA NoO HRANISL Syt
Aeollx] fshs BAYA Hy T2 28]
A7l ZT 2 (total uptake)> 91.2 pmol/ge] At
13 52 Bl 2 FA)E 1E5z0] 10-8
Torro]| =28 Wj71A] 22718 tha thAl Hy F2F
& 4=3)3to] Adojzl 22} BRI A (“reversible” 2 &
7)ol 22 umolig M) FAES ek, o2
2t A3H= 1.21% PYTIO, Fu/dol Hy SR =2 7}
&3 8 71011 QIrks AL el ek

Pt/TiO, ZufjA}of| 4] Hx-N,O titration HH-2-2
S92 o, 11 Pt SERlo] ] SlofUbs uhg-o

7} 7ro] Lrebd <= QJeK(Kim et al., 2001):
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b &

Pt-O + 3/2H, — Pt-H + H0. (1)

13 G AN A ZAE Hy e vk (1)o]
71 5} o] AArE Pto] BAFE (dispersion, D)2} A}
271(dp) 7+4] T (de=1.13/D) = F-E{(Vannice et al.,

&

1985; Kim et al., 2001), 1.21% Pt/TiO, Zu1fj o] & 5}
= Pto] AAA7E A4S W 115 nm$L AL, o]
= Table 1o] ===of k. fARE Wjow
400°Cof| A L= 1.20% Pt/SiO; 2 0.65% Pt/SiO, &
ufj Aol A Ho-N,O titrationE Z}2} 4=3§ 3} 1219} 2
A H 625 3AE A2 T AXAEREH 289 &
2Fek(Z+2k 89.99} 49.3 umol/g)S 7HA| 1 S
o R Pto] YAAV|EE 2AsHY AL o] F
0|

2k Table 1] LFERU 2Tt

H o o
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Fig. 1. H, adsorption isotherms on 1.21% Pt/TiO; after
dissociative N>O adsorption at 90°C.

6002} 900°Cof| A 42783t & 2H = 0.65% PY/SiO,
Zujo] 9, Pto] AA7|= H-N:O titration}
XRD &4 B2 HE A4 = 9loy A=7]
7F & A0 R A EY] o] XRD S42 53l
PO} I A7 E A4S 4= Sl=H ol & A3 Lo
%l XRD €12 Fig. 20] 4] HofF=a1 Qloh. 124
/3 §lo] 400T oA 1A17E B3k SHE 7 9ol =
(111) 24| 33l XRD ¥ =2(20=39.83°)7}
e g3 d=T(Fig 2(2), o3 A=
XRD 7|H o2 HE38}7]of|= Si0, sFHo| &4 5}
= Pt 4X=7I7F Y& A7) gl il H-N,O
titration 2 }2} 2F A x| $FcH(Kim et al., 2001).
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Table 1. H>-N;O titration at 25°C on Pt/TiO, and Pt/SiO, reduced at 400°C, and their dispersions and nanocrystallite sizes

Crystallite size, dp (nm)

Catalyst H,-N,0 uptake (umol/g) Dispersion N0 RD
1.21% Pt/TiO; 91.2 0.983 1.15 -
1.20% Pt/SiO, 89.9 0.974 1.16 -
0.65% Pt/Si0, 493 0.991 1.14 nd
0.65% Pt/SiO," - 0.082 - 13.7
0.65% P/SiO," - 0.046 - 24.6
Note. "-" = no data; nd = not detected

* Assuming H./Pt = 1

® Calculated using dp (nm) = 1.13/D, where D is H/Pt

¢ Calcined at 600°C for 4 h in flowing air, prior to reducing it
¢ Calcined at 900°C for 4 h in flowing air, prior to reducing it

Intensity (a. u.)

10 20 30 40 50 60 70 80
20
Fig. 2. X-ray diffraction patterns for 0.65% Pt/SiO, reduced

at 400°C after: (a) no calcination; (b) and (c) the
respective calcinations at 600 and 900°C for 4 h.

0.65% Pt/Si0,Z 600°CO| A 238t & QA7
74 $-(Fig. 2(b)), 26=39.83°f| 4] Pt (111)°]] 3]F3}=
540t oAl 2000 (220) A ogh
46.167F 67.38°0| 4] uaE T/HRI 2 QT
(Umeda et al., 2010), 24 L= 2 900C 2 27147
S 2H o] 58 HA A7 FTFHE HojFaL §l
th(Fig. 2(c)). ©]&} T2 A 22 =9 F7tol
w2} Pto] A7 7F S7Fe S-S SfulstaL, &
A4 S dh= vpel Zo] ALOs, TiO; 53t 2

= DA o] vlEf A e HjEgdd EGS
% SiO, 3EHO| A] Pte] YA} 37]E &2l dF= 0.65%

S EAATHORE A& 5 U5S F HojEr
Pt (111)01] 95t E4J 1] A9 line broadening 7| ¥ o]
1k % Scherrer B4 41-S & -8-3to] o] =2 Pt YA}
A71E AA 3=, 600TCol A 2dH A -oll=
13.7 nm, o] 2T} =2 900C oA 24 EUS w=
oF 24.6 nm= e} THTable 1). o] 83 Aut=S
HIF O 2 ofafjof A= o Bh-& AaREZoA Qo]
A Pte] YA A7) o] WhE FEFS AT B A} gt

N

3.2. GX| PUSIHANOIA OIEtE PlARHS
3.2.1. Pto] ©x|d U

B Aol A By %
FRALE oo whgo

O 10 II°
o fy
it
=
2 0
fr o
=2
A
o
1o

CoH5s0H +30, — 2C0, +3H,0. @)

= (2)01] -2} °ﬂ‘5¥£—4 %]rd
IS %sg— 317] e = ) 7]
O 2 14.39] o] &2 F o H|(air-to-fuel ratio, AFR)&
g

~

| A oF 3t} o] 9} - AFRO]| A1-3-31= o] &
L Tt 6.54%E 9 A B3t B Ao A
= Ol & &L 59 12 Ao Gl 3%
S
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1.21% PY/TiO,} 1.20% Pt/SiO, &1l 9] ofeh-& 4
Hrg-oll Tk 24dg HefFa Lok 300 em’/min®]
o A 400°C71A] =3l F-Eulf o k2 Ayt
oA & 4= ol Smi7E EA Al =
& ojuA] gtk e, 80°C
2hal At F Sl 2 -
e AaZAS UErdh Tioof E4
o] 7 -%-, 80°Col| A = 38%2] ofgh-& A3}
o, W= St A S
o] 180°Coll 4] 95% o]/ 2] Met&& I
ok o2 gt Aib= 2 oe& AR &
Aoz HiE MnO, (Peluso et al., 2008),
MnO,-CuOy (Morales et al., 2006, 2009), CuOx-CoMgAl
(Perez et al., 2011), Pt/Al,O; (Avgouropoulos et al.,
2006) 1% S-2) Zoj Sof uja) WA o S53t
28E8S GAT 5 Al 1.21% PYTIO, Zuj o
H| 3|, 1.20% Pt/SiO, Z vl Aol A= 200°C u]qte] \t
SO A 5~25% F = o W vk o] whE
oleh o] @ a5 g A o] £ Fol et o

jm g
& ATl Febd 5 e HolFu gt

ot
E
B
3

o o
)
o r

=

o
o

o]

o o
L 38
[e]

o

NI

—_
O

-

flr yo ol o = 4 o o ™~
32

A 4y o o i 4o fo & oo do

100

90 +
80 £
70 £
60 |
50 £
10 |

Conversion of EtOH (%)

a0 £
20 £

10 £

0 Fipi g e
N s T t + t

50 100 150 200 250 300 350 400
Reaction temperature (°C)

Fig. 3. Catalytic combustion of EtOH over (@) 1.21%
Pt/TiO, and (H) 1.20% Pt/SiO, with the same Pt
crystallite size near 1.15 nm, and with (@) no
catalyst. A high GHSV of 864,000 h' was used for
all experiments, except for the non-catalytic
combustion at a total flow rate of 300 cm*/min.

OFA] 1=9]E| gl o], PYTIO.9} PYSIO, Z1li= #
o] 5 Ut Pt S 7HE Wk oy 2t Pt YA
oF BATE E3t 7] 9] 22 ¢ &= B} (Table 1),
Abslb g of glojA] Zfo] & B ol 22 TiOoF

$HEA ] mE JFFo] 2T AL

> @
=9
o lo
S
;orﬂ,

A

131, o] ALO;, TiO, ¥ YSZ (Yttrium-
Stabilized Zirconia)oll A E MnO, ZufjAFo]l A o]
B2 o] U3 (Trawczynski et al., 2005), SnO,, ZrO,
2 CeOy0ll HAE Pt S idof A o Ed 5| =
] A~HF-S-(Mitsui et al., 2008), AL O;, ZrO; X SnO,0|
HAE Pd Fuj4delA WIEH(CHy)  Aauks
(Takeguchi et al., 2003) F-of| A X 115 vio} 2 A %]
gheh 2 Aol Al AHE-E TiOx= SiOof H] 8l /4 th
Ao g o 7}k AP (Lewis acid site)S o Wo] H
3L Qe B 2 (Marczewski et al., 2004; Hensen et
al, 2012), o] 50| AaHkgof 7|03t o= Ho
Atk GAA EU AEA Aol Qs ekt

o
S

Fig. 404 AR & Pt YAA7E %
0.65% PUSiO, 9] of gk A ank-S-of gt ey
S RS2 E ] TR Bl ik Pto] YA A
717} 1.14 nmQ! ujj, 288,000 h' o] Z7F4: w9} 85°C
o] B2 oA 82%9] e HsE-S YE
o1, 120°Cof| A 100%0]] =3l Tt vho], o] 2
o} Pto] AXAV|7F Ao R EN F 1373
24.6 nm= 0] = 0] 7 0.65% PY/SiO, Zujj Al ol| A] of et
& ALTAH L A2G oA A HEE L, F
AT RS E 7|Eo 2 T uj o] & o= F A
Zfol & H Yt &, Pto] YA=7|7} 137

IS 2 o) A 45% A Lo A4 FE

S 4 AL, 100%2] AL fAsiA
%7t Q759 ch 24.6 nme Pt
AR E ZHe 9 100%2] ofehe HIFgo
Ao e E gt o] # gt A5

ofeh-E ALurg-o] Pto] YRR 7ol FA G FIF
S etk A 9nlahH, 85°Col| Al doj i A4

fr

L
o]

¢
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Fig. 4. Combustion of EtOH over 0.65% Pt/SiO, with Fig. 5. Combustion of EtOH over 0.65% Pt/SiO, with a d, =

different Pt crystallite sizes. Symbol: (@) dp=1.14,
(I dy=13.7, and (@) dp=24.6 nm. All these data

were obtained at GHSV = 288,000 h™.

2, e, #AteRRE AL HdENE
(turnover frequency, TOF)S H| 3] EH 24.6 nm2]
Pt JAZ71E Zt+= 0.65% Pt/SiO, =12 TOF7}
.14 nm Pt= o| 2 o] A K} oF 8ul} A% ¢ =
o} o] 9F e oA A A2 ALO;, Si0; 5ol
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(Denton et al., 2000; Radic et al., 2004; Liotta, 2010).
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24.6 nm as a function of GHSV. All these data were
collected at 120°C.
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Fig. 6. Production of aldehydes in the combustion of EtOH
over 1.21% Pt/TiO; at a relatively low GHSV value

0f 32,000 h™.
N9 A2 FHuj Ao A AL = whg &
AEER A BAFES FET 5 U= WS
A7) HElA = olE9 A WAt S-S AT

= =

Bt 25U 5= 9 opELH S| =] S
o MSER MyEeld 4 9t
(Avgouropoulos et al., 2006; Peluso et al., 2008; Santos
etal., 2010):

C,H;0H + O, — 2HCHO + H0, 3)
2C,H;0H + 0, — 2CH:;CHO + 2H,0, @)
CoH;0H — CH;CHO + H. (5)

HkE ) @)ol o5t dHBlER] P FE

oet&e] REARENESo] e w HRET

(Peluso et al., 2008). 0.3% Pt/Al,O; Z1}j(D=0.802. &
BIUEQT, & A oA H-gH D2}t dy 7He] BA
Ao o]t d=1.41 nmof 3 Aol A 500 ppm
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ofl & 4¥3h- o] T3l .31 9130 Avgouropoulos
et al., 2006), HF-3- (4)o]] 2]3t oA EL Y| = YA
< AP HQ0CTANN A = FEE HolA
gk ol Kt} & 8 g2 ol A= ALY WA &

Tofl TEE da o gtk 9
lf&r/} 1S ()& ol A Ql%ol,
oA E °“3ﬂ Sl == oEhd] Eapasiitgo] 9
A= AAEE 4 e, ol Fakg2 o
T a5 9 o]9 4tshE Sufj Aol A o=
Aoz oA Qlth(Davis and Barteau, 1990; Idriss
and Seebauer, 2000; Santos et al., 2010).

0.65% PUSIO, Zrjof Al of gh-& daihg 52t
of ddls| =Rl Hste] FrHA 0w BEE OW
EAL HoEofE = 2 o g #ll S vhZ 3 22 Ft
=2 2= 4= Qlth(Davis and Barteau, 1990; Kim
and Barteau, 1990; Avgouropoulos et al., 2006):

2CH;OH + 0, — 2CH;COOH + 2H,, 6)
2C,HsOH — C,Hs0C,Hs + H,O, @)
CH;0H — CHy + HO. )
HHS (6) AFstar=A3uh-3-o] dFolaL, o
o2& FAMER WA 7= B ()2 FAA
Fol EAsh= A Aol 7]Qlsh= Ae=
A 210 1 (Avgouropoulos et al., 2006), ©]= ©]
o Z+o HALE o] EEE 0.65% Pt/SiO, FETH O A

AREA e SA8h ] ek Ak
of Folstgrts AL ojuldet we ()7}
< geibsof uet o glo] FAER
=4, ALOs2}t 0.3% PYALO; Z1jj Aol
4] 500 ppm of &2 AFS}HE-S- A of] 250°C o] Aol A
ARl A bt 7] d o] o] W £ 2§
A EHO] ARF o] A A o Tl (Avgouropoulos et al.,
2006). L2}, 2 Ao A= 0.65% Pt/SiOof A =
uggo] ofdalo] FAabE R IEE =T, o] o) F
H ol AHd o2 uj$ dEr9] o ko] o
R} o) ERolN G4EolX7) EoR Azt
.
8L (-8)] Tstel, HAHE R AT opH =
dysl == vk

o 9=k (10)°] 2J3f wgko| v wilAl

(CH) 2.2 AeE % Q= 2o® HuEct
(Davis and Barteau, 1989; Yee et al., 2000):

CH:CHO — CH, + CO, ©)
3CH;CHO — CgHg + 3H,0. (10)
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