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Abstract : The dissociation and partial oxidation of CH3;0H on polycrystalline MoQs powder catalyst were
studied using thermal desorption spectrometry(TDS) under high vacuum condition. CH;OH was dissociatively
adsorbed on MoQ; in the forms of surface methoxy(-OCH:) and atomic hydrogen(-H). CH:OH desorbed at
425K via the re-association of methoxy and adsorbed hydrogen atom, and HCHO desorbed at 545 K through
the bond breakage of C-H in methoxy. Water TDS spectra showed two desorption peaks, that is, a-peak at
428 K and B-peak at 586 K. It was suggested that a-peak was due to the hydroxyl formed on MoQ; surface
during the dissociation of CH;OH, and that B-peak was from the association of lattice oxygen and surface
hydrogen atom formed by the bond breakage of C-H in methoxy. Pre-adsorbed oxygen on the surface of MoQ;
catalyst increased the amount of adsorption of CH;0H by promoting the dissociation of CH;OH on the surface,
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whereas pre-adsorbed water decreased the amount of adsorption of CH:OH by blocking of adsorption sites

for CH;OH.
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Fig. 1. The schematic diagram of high vacuum sys-
tem.
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Fuje] EAHAL 7.93m%g oIt

Age 7HE 2 2523 e 9% AXE Fig 29
el ek A EE AFEAHQ 7tho] ojH ] o
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Fig. 2. Heating assembly held on feedthrus.
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chiometry 7} A& W37 &0l of APA|vjc} 2
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Fig. 3. Thermal desorption spectra of CH;OH on
MoOs after exposing to CH30H of (a) 100 L,
(b) 500 L, (c) 2,000 L, (d) 6,000 L, (e) 16,000 L,
and (f) 72,000 L.
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g 72,000 L7HA W@3HA71EA 4& CH,O0H 9 €
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Z o)A H A methoxy(-OCH:) & EH 2 Mo F&02
o F&431, #29A4(H)E ERFAtLY 2
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Fig. 4& 10,000L ¢ CH;,OH & &E8d
o] =&A)1Z1 Fo) EZuj2RE SHHe B
A8 CH:OH, HCHO ¥ H.09 g2% &
d4g veld AHolth, CH,0H 9 F3ukg AA
HCHO & 545K ol X 23428 Holx glon
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Fig. 4. Thermal desorption spectra of H;O, CHsOH,
and HCHO after exposing to CH;0H of 10,000
L on MoOQs.
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Fig. 6. Thermal desorption spectra of HCHO on the
fully oxidized MoOQ; after exposing to CH;OH
of (@) 20L, (b) 100L, (c) 1,000L, (d) 4,000L,
(e) 8000L, and (f) 16,000 L.

o 9§ Aojtk. HCHO o €3}F Mol slayx)r}
CH:OH 9] x=&#o| F7}go) walr] 576 K o] A 552
K7HA] golAaL gl=dl, o] CH:OH 9 &30
F7V3tE ZujE Aol methoxy & o] BolA A
=31 ojof mebA EHFEE 7he) whitg]o] AXHA
methoxy 25%-E HCHO & XA BEevrgo &
A8t A 7 RolA 7] WEe 2 B, Hxe 4
HolA HCHO € §341A 94'& HCHO & 33418
400K %A HUgaE&Es g HoFa Qe °),
o]2RE HCHO 9o 3450 9 714 ®o| 1
A& ©AE methoxy 25E HCHO 7} AAHHE ¥
AukE gAY S F38 4 g

o] ¥k-g-o] &4 TA B B9l 23y
918t CH,OH 1A H7t 59942 9% T
7} X3€ CH,OD ¢ CD:OD & Zvw]EHd] %
AlZl # d& H:0, CH;OH ¥ HCHO ¢ ¥g3 =
AZelA e 4] @393 2% E CH,0H 9
739 wiwste Table 1] YRRt HCHO ¢

Table 1. Desorption Temperature(K) of Water, Me-
thanol, and Formaldehyde after Exposing
to Methanol(dy, d;, ds) of 10,000 L

Adsorbate Product
CH;0H (dy) H:0(428) CH,OH(425) CHOH(454)

CH;0D (d) D:0(428) CHsOD(415) CHOH(534)
Hz0(586)

CD:0D (d) D:0(433) CDsOD@413) CDOD(565)
D.0(583)

23 Y32 5E 8w BE, CD,0D & AH&sty
DCDOE <4AS A7t CH,O0HE A14349
HCHO & 9& #A$Ht HCHO ¢ €xvager}
20~30K A% ¢ ¥ ZAOo2RE, ¥ AL
methoxy 1A C-H 2§l #oXe dA7 &5
AL AT F Yok

ES, CH:0HE F3AAA <& CH,O0H 9 &3
2527} 424K 24 CH,OD ¢ CD:0D & F&4)71 &
o g3 o]X]= CH:OD ¢ CD,OD Z+Zte] g2 2%
¢l 415K, 413K Bo= ¢ 10K AX7} 2 A
2RH Zo3dq] EHFFAE] Y methoxy 9
F49U27F CH;0H 2 A2 E == 247 CH,0H 9
gaEe s 2388 ¢ 4 UU.

A Fujgelixl Arghub-go] Yol
o) A4 ghgol #eld s Ao s ¢EA Pe
53] 2l elade A ZAada0) vheo o)A
w7t ez Base] glo{20]. o]2A 44
H AXAA9 vacant site © 7|AA E Y A4S 9
olgd oAl AAMbAE BEHE 489 &
717 E BoFed, B AddME FAAarast
Fgo oA wAUsbe AL A g9 A
2 A% 5 glsdh
Fig. 6 & W&o o3jx AHzpibdo dRnrt wA
Uzt 4stE2|Bdle] 20,000 L Ao F39 ¢3S
EAH 02 WHEFHA d& Abh o) g Z Mot}
Ay F] FAE FAANZ Fo) g gF2Z Ao A
&g 232 ¥rEo] APHo| wetr Az}
P27t o YA e A48 BB i
g3 A4 2HEL BFY £ e, JRe

(e
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Fig. 6. Thermal desorption spectra of O. after repeat-
ed exposing to O, of 20,000 L on the surface
of MoQs in which reversible lattice oxygen
was abstracted by CH;OH as a function of
successive adsorption times, (a) 1st, (b) 2nd,
(c) 3rd, (d) 4th, and (e) 6th.
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At Fig. 7-& olsbzto] Fojl oA AApFLrt
AAD A3 Eud FH AAEE FHAANAA €2
Aol A FMoln), a9 @FTFAL A9
=&o] F718d weEkd HUWEAEZE Hole
exvt HE BL L5E ojFHE A& HojH, 4
49 xZ%Fo] 24000L Y ol 347K oA Ao
G345 g Holi vt ZAAAAVE do 9JEA
A2 Yol el 680K ¥ H A7t HolA
%e AozRE g A wAtE e F
AxaE on o AAHILE & F Ao Ed
A AR AR WA st Bl A9 &
A 9EF AL Aot o AYR AsEeE
el A Akd g2 FA[Fig 8] k2 A e
o, EF ukgd M FHzPATE AAY
stgengdeAe) x ded F(Fig 6]%4=

27 Jegt, o8 Ags E o, g oA
AANA7E BRI B g od] APt
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Fig. 7. Thermal desorption spectra of O; on the sur-
face of MoQO; abstracted irreversible lattice
oxygen by thermal heating, after exposing to
O of (@) 10L, (b) 70L, (c) 400 L, (d) 1,800 L,
(e) 4500 L, and (f) 24,000 L.
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& 725 7HAA He Aoz AF4dn 13 9
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Fig. 8 & Zzlta7t &3] AAA e S04
A At % < 10L 2%E 60,000L 714
SIATIEA A o] dEE 2HE-ES e
Aolt}, 60000L-4 Mo 934 421K oA
Zo] W& &35 g Holx glor 330K Sl A
2713 shoulder & WERN I 9}, AtA ol =&
o] Z713tol wet & £x9 ¥IE 380K ZHE
21K 7HA JAaL =7t F748ted, ol F34r)
AlZbe] A#F wmet BF W AATLRY He
E7A Fidte Eojztel] 7IEe Aoz Held
ol#d AtAe AxMbAvE bdE] AN FHu el
1200L 9 228 F3FAAZ F gAY AIHE
AN FIHA de Ao deadTAHg veHd Fig
99 APNME & & gk, 1HeA B &7}

421K jf)
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TEMPERATURE/K
Fig. 8. Thermal desorption spectra of O; on the fully
oxidized MoO; after exposing to O, of (a) 10 L,

(b) 500 L, (c) 2,000 L, (d) 5,000 L, (e) 20,000 L,
and (f) 60,000 L.
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A9] Aol Al B JgR FHe YALE}
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Fig. 9. Thermal desorption spectra of O, after expo-
sing to Oz of 1,200 L with various exposing
periods of (a) 5 min, (b) 20 min, and (c) 30
min.
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Fig. 10. Thermal desorption spectra of CH;0H after
exposing to CH;OH of 10,000 L on the (a)
0L, (b) 1,000 L, (c) 10,000 L, and (d) 40,000 L
Oz-covered MoO; surface.
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gHTHo2A, 488 AP o) wg olag
a3zt A7l Ao g Hol APA o] AR4tA7} Fol
A3 A& AAHL UL ¢ F A

Fig. 10 & AAart o QA e astEen
dlo] 0L 25-F] 40,000 L 7HA] AF&4arae 4L o
SAA 7HEA 247 10,0001 ¢ CH:0H & £&%%
¥ d& CH,OH Y g€29% 2¥ed52 Uehd A
oltt, MEFF Al <o) F718FE CH0H 9 &
ko] Srlehe AESE Holed oRAL Zuje ¥
Hell AFF= o] = k27 CH:0H o $49 4
A¢e EA F4E woWo] methoxy 9 hydrox-
yl & Bo] 844717 WiEes Q7o

Fig. 112 AR O A9 E AstEeln
o 0L FE 40,000L 7hA] AEFD4e] ¢S W}
AIF1E A 242} 10,000 L 2 CH;OH & £ & %A 7] Fof
€& HCHO 9 ¥ed A"EgESo|tt, HCHO ¢
g9 3 257} 2o MEFEHTo] HLSE 2o
2EE o|FdH AT FI)ted, AL geo
CH:OH ¢ & elx 2 A7} Zo] AEZE a7}
methoxy o §&F S FVIANZH S B ohe AF
ZFHE d&7 Mo 979 A2 9AZ wal me-
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Fig. 11. Thermal desorption spectra of HCHO after
exposing to CH3OH of 10,000 L on the (a)
0L, (b) 1,000 L, (c) 10,000 L, and (d) 40,000 L

Os-covered MoQ; surface.
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thoxy ¢+9] Mo-O Z%o] %355 o2 ¢l3le] C-H '
Agto] 23 AA HCHO A4S €594 CH 2
o] BolAE dA7t FE0lA 7] W&o HCHO 9
g2uas 257 Fole Aoz AZEd,

ol4e] AAZRE g} 2 WEIITE A
3t5itt. Scheme 12 ZviEHo| CH,0H 7§35 ¢
CH:OH ¢ ¢-33¢] &) &3d 97A9 3HS
Uerd Aojtt, A&oA CH,0H & AHsEg B o
3l ¥ 28t methoxy 9 FAUAE EA3HA Eh,
olef Zujel] Gol 7t F e e} ZHzpAkA 9 hydrox-
yl & B4 A F2AA7) YR E dof 2
wjEHA A o] FEHA], FH methoxy ¢} hydrox-
yl ol 2%sle] 22t CH,OH o B¢) Heh = 233t
Aot ojdl, o-HIAE FE& L 2FFUA FA
g b o] Wl vacant site & F71vh. Scheme 2 &
CH:OH & -9 3 E F= Bo] 233 34 Zuj9
F A Fol3l= methoxy 25-E] HCHO ¢} g-912 &
Fe 2o 235 4L Jehd Ao2ZA me-
thoxy &1 C-H ZA%e] #oiX WA HCHO & &3o]
Yot thA] EH HAE hydroxyl 7] WHgol
st} p-mA9] Fo] YL HoFr),

Scheme 1

CH;O0H —— > OCHi(a)+H(@)
OCHas(a)+H(@) —— [CH;OH]

[CH:OH] ————— CH:OH(g)* (at 425K)
2H(a)+ O(lattice) —> [H,0]

[H.0] —————— oa-H,0(@ 1 +V.S(at 428K)

Scheme 2
OCHsz(a) —— > [OCHs]
[OCH;] ————— HCHO(g) 1 +H()at 545 K)
2H(a)+O(lattice) —> [H,0]
[H:6] ——— B-H:0() " +V.S.(at 586 K)
(g) : gas phase
(a) : adsorbed phase
[ ] : surface intermediate
V.S.! vacant site

3. 3. 29 gst
Fig. 12 & Ax4a7 A9A 9le AslEang
Zu 9o 1,000L ¢ D:0 & AEHA2 H 1,000L ¢
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TEMPERATURE/K Fig. 13. Thermal desorption spectra of CHsOH after
Fig. 12. Thermal desorption spectra of DHO and exposing to CH;OH of 3,600 L on the (a)
CH;0D after exposing to CH;OH of 10,000 L clean MoO; and (b) 1,500 L H,O-covered
on the 1,000 L D,O-covered MoQs surface. MoOs.
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Fez Ql3ted methoxy & AAo) olzigzl Ao Fig. 14. Thermal desorption spectra of O, after ex-
71Q1% Ao, posing to Oz of 10,000 L on (a) clean MoO;
Fig. 14 & 488y dlo) 1500L o &8 XNE} and (b) 1,500 L H:O-covered MoQs.
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Fig. 15. Thermal desorption spectra of HCHO after
exposing to CH;OH of 10,000 L on (a) clean
MoO; and (b) 2,000 L H.O-covered MoOs.

TASE, A2A A 23, 191

Y RRE-L

4.2 £

TLAFAAA MoOs ZFullel tidted CH;0H, H.0,
0, 2 5994 & ¥33t= CH,0D, CD:0D, D0 59
gz 4383 FEF A4S FIFeEHN d2H
2L AZES 98 F AU
1. CH:0H & &w|E9 o) methoxy(-OCH) &} 449 -

A(H)Y FHz EYso Fasgen, FF

#2927 methoxy o+ AZH3FHEA 425K oA

CH;OH & €353, methoxy EHE F4294

7} A= HA HCHO 7F /3 =o] 545K oA &

2= At
2. CH,OH 2%-E HCHO 9] Aol 4&& 714 gol

o] X & ©A1E methoxy %€ HCHO 7} A H =

FHvrgozA, ¥ HAHE methoxy oA C-

H ZA%o] BoAE @At €49A2 3834

=5
3. Bkgo osiA AE F2 428K A €Fsie

a-H3% 586K oA gFsle p-H3E HIAe
tl, o-¥ 3= A4 ¥4 € hydroxyl o 71913+

gz F3H9, f-5I = methoxy 7t 4

£ oW HCHO o Fe2 g3sie 3gA
1 91 Fadate} AxPitarE BEste] A
Eof 7Ishe Aoz FFHAY.

Zg J4UAE CHOH 9 E3F&S &1
1024 CH,OH 9 F&%F& F7/H1171= v

zd & 8§38t CH0H 9 &3A1E]
do 24 CH,0H & F&%FE FAaAA

> ox Mo

A

w
% =

o dor gl o e X

5]

A

HAR| o

1. J.-F. LePage, “Applied Heterogeneous Catalysis”,
Chap. 9, Editions Techniq., Paris, 1986.

2. W. Keim, “Catalysis in C; Chemistry”, D. Reidel
Publishing Company, Dordrecht, p. 89, 1983

3. A. B. Sites, “Applied Industrial Catalysis”, B. E.



MoOs Zuli el A o] o &g F244shut-g 137

Leach(ed.), 2, Academic Press, New York, p. 138,
1983.

4. H. Adkins and W. R. Peterson, J. Am. Chem. Soc.,
53, 512(1931).

5. J. Novakova, P. Jiry, and V. Zavadil, J. Catal, 17,
93(1970).

6. J. Novakova, P. Kiru, and V. Zavadil, /. Catal, 21,
143(1971).

7. B. Grzybowska, J. Haber, and J. Janas, J Catal,
49, 150(1977).

8. J. Haber, “Solid State Chemistry in Catalysis”,
R. K. Grasselli and J. F. Bradzil(eds.), ACS, Washi-
ngton, p. 3, 1985.

9. J. Novakova, Catal. Rev. -Sci. Eng, 4, 77(1971).

10. R. P. Groff, J Catal, 86, 215(1984).

11. T. -J. Yang and J. H. Lunsford, J. Catal, 103, 55
(1987).

12. F. Ohuchi, L. E. Firment, U. Chowdhry, and A.
Ferretti, . Vac. Sci. Tech. (A), 2, 1022(1984).

13. J. M. Tatibouet and J. E. Germain, J. Catal, 72,

375(1981).

14. J. M. Tatibouet, J. E. Germain, and J. L. Volta,
J. Catal, 82, 240(1983).

15. F. Trifiro, S. Notarbartolo, and 1. Pasquon, J. Ca-
tal, 22, 324(1971).

16. J. N. Allison and J. A. Golddard III, . Catal., 92,
127(1985).

17. ¥h&A - 0152, 3833, 23, 79(1985).

18. W. E. Farneth, R. H. Staley, and A. W. Sleight,
J. Am. Chem. Soc, 108, 2327(1986).

19. P. A. Redhead, Vacuum, 12, 20(1962).

20. G. I Golodets, “Studies in Surface Science and
Catalysis”, Vol. 15, “Heterogeneous Catalytic
Reaction Involving Molecular Oxygen”, Chap.
XVI, Elsevier, Amsterdam, 1983.

21. I. Toyoshima and G. A. Somorjai, Catal. Rev. -Sci.
Eng, 19, 105(1979).

22. N. Pernicone, F. Lazzerin, G. Liberti, and G. Lan-
zavecchia, J. Catal, 14, 293(1969).

J. of Korean Ind. & Eng. Chemistry, Vol. 2, No. 2, 1991.



