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Fig. 1 Typical DSC curves of Fe;03-MoQj sys-
tem

(a) Pure FezO3; (b) Pure MoOs; (c) 30. 1 wt% of
Fe203, calcined at 500°C for 5h; (d) 69. 9wt% of
Fe; 03, calcined at 500°C for 5h
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Fig. 3 Catalyst activity for o-dimethybenzene ox-
idation (MeO=V;0s, TiO,, WO3, ZrO; respec-
tively)

(a) Ttotal conversion of o-dimethylbenzene Oxidation;
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(b) Sclectivity to phthalic anhydride (CeH4(CO20);
(c) Selectivity to o-toluic aldehyde (CH3CgH4-CHO)
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Kty o ZFH, Bl t, =ng -ty B V205-MoO3 1) MoCy, £,=7.2 - 0.684=4.92nm. =3
SR EIEENLRER ¢ NAWAASEAY S HMUEBRINERE ¢, 2/, flm
V505-MoOs, tr = t,(M0oO3)+t,(V205)=4.02+-3.86=8 78nm. 5= i T L LT A 7 MRA
S¥. hME LM, SASELMTEBSERIZ ¢, 7 1.10~5.81nm M FEE, "L
HBTFERE W LI &EMR, EAX—-R43 X SRAMTETEHRE, W
AEEH XRD K51 . — R, SRS BER/D, WHENRRS, MRRTELSEXT 10nm
A EE M XRD Y. LB Lk MoO; R REE B AR &R, FHRRERLEHNK
2wy, BRAASEERTIEEENH, EREENARENEE, ReE&EM4,
M52 XRD Ml —FBOEMEHRE. T, &MY TRRSBRAELERDRIR
FiERMEH, FNHFTIR & DSCi#f7 7T RE, ESHEHTHREARELEGYARRE,
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Rl AH-TREAHAETEZRESRCHERRV N\ BEIE BRI BHEISH
Table 1 Non-monolayer model parameters of close-packed spherical octahedron of

component oxide dispersed on interface transition layer of five binary oxides

Octa- Close-packed Dispersed  Average Thickness Stacked-up Total thick-

Binary Compo- hedron monolayer threshold monolayer per thickness of ness of tran-
oxides nents radius capacity value Dy number ny; monolayer component sition layer
ro/om C/glo~?m~2 /g10~?m~2  /layer ty/nm oxide t;/nm  t7/nm
Fez03-MaOs3 MoO3z 0.202 0.169 1.27 7.5 0.684 5.13 761
FeaOs  0.204 0.092 0.33 3.6 0.688 2.48
V305-MoO3 MoOz 0.202 0.169 1.22 7.2 0.684 4.92 8.78
V205  0.199 0.110 0.63 5.7 0.678 3.86
TiO2-MoO3 M?Os 0.202 0.169 0.34 2.0 0.684 1.37 5.34
TiO2  0.208 0.088 0.50 5.7 0.696 3.97
WO3-MoO3 MoO3 0.202 0.169 1.43 8.5 0.684 5.81 6.91
WOz  0.205 0.264 0.43 1.6 0.690 1.10
7rO3-MoO3 MoO3 0.202 0.169 0.42 2.5 0.684 1.7 6.95
ZrO2 0.219 0.123 0.90 7.3 0.718 5.24

*“The dispersed threshold values per 100m? are quoted from referencelll.

EFEFRT, LRERATUHTAEEN. fmyEEEN, AVRREERES
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3 EER F: AR _TIBREREYFE EMEEER. ERHESHREAERE () 659

4 £

DSCiE T H4r b 2B ARSI B e B et B, Bkl K 0% P 4y o
W, 4MEREHERTY ., GEBEMETE. HL. REUREBEGTE MR Fatkat
G EER T X " TR AR T N- Rk, RAXM T FRRY e, HRABEE
FE R TAN B 5M R REH R OREERERR. R R R0 =2 i
T V305-MoO3z B WO3-MoO3 6 A3 T4~ H R BB EM N KB RABEIAEE HPHE
fRAB A B MoOs & V205 WITEME A BF, SLH Y T uf by H#Ea » MR ER, %
BUERE NTHEBATLAYWIBRES MREETRZEHIEIN A RETH
PR 5 2 B I f) BROE /A T A BE ) M B2 R Ay WO B T £ 24 SR | By
TREESWMAFERMEH, IRFERABMEAHAYEFE RWFERHEGUTREAL
B, BFHEMABEENIELETED R, BTTESR AV, FREENERTFADTD
B, ALRMEERNI.

£

1] a. FERE, & W, HEH, ¥ (WANG Zhi-Min, et al). LHLE B 2 (Journal of Inorganic
Materials), 2003, 18 (2): 385-392; b. EF R, kMK, WER, £ BRIKFERABEENR,
2002, 19 (2): 81-86.

[2] a. Estevez A M, et al. J. Mater. Sci., 1989, 24: 3750-3755; b. THE, KM, HER, % 22X
LA AREE2M, 2002, 19 (4): 91-93.

[3] a. Tang You-chi. Advances in Science of China, Chemistry, 1987, 2: 177-204; b. Xie ¥ C, Tang Y
Q. Advances in Catalysis, 1990, 37: 1-10.

[4) a. BEY, EEE, HEH, % FEHS BE, 1993, 23 (2): 113-119; b. WHY, X/KK, HE
¥, %, hEH2 B#, 1082, 12 (8): 673-682.

(5] MWK, WAEY, FEEH, % M#4LEH 1982, 3 (4): 262-265.

6] Eftdr, MELEHE. RAMBBRFE. XF: AEMBMRKFLMAE, 1991, 444-445.

[7] Jezlorwski H, et al. J. Phys. Chem., 1979, 83: 1166-1170.

(8] EFHE, TTHESE. MLFEE M) L. B iRk, 1983 373-374.

[9] Fagherazzi G, et al. J. Catal. 1970, 16: 321-325.

[10] BR#ERE, BRASE, MK, %. TheEsrkl, 1993, 24 (4): 314-320.

[11] B:#k3k, XKL, HAH, % FEB%BHE, 1985 15 (6): 509-514.
[12] XU255%, #iaw, BHE, % ¥R, 1984, 5 (3): 234-240.

(13) EER, X, B4R BREIK¥EAME¥IR, 2003, 20 (1): 85-88.



660 X M oM OB ¥ i 18 %

Interaction, Noncrystalline Structure and Catalysis Property on the

Interface of Five Transition Metal Binary Oxides (II)
DSC, Semiconductor Gas-sensitivity, Catalysis Activity and Meta-monolayer Dispersion Model

WANG Zhi-Min?, LI Li!, HAN Ji-Xin?, LI Yong-Zhan', HAN Wei-Ping?

(1. College of Chemistry and Chemical Engineering, Heilongjiang University, Harbin 150080, China; 2.
Institute of Surface Chemistry, Harbin Normal University, Harbin 150080, China)

Abstract: Continuing last paper, DSC results show that the exothermic and endothemic peaks
could be attributed the formation of solid solution, lattice distortion or disintegration, melting,
sintering and interface chemical reactions. Conductibility measurements provz these binary oxides
are N-type semiconductors, their resistance decrcade in o-aimethylbenzene atmosphere, i. e., they
are sensitive to this vapor, and all ihe seasitivities darcund linearly on the vapor concentration
during the initial stage of chemic:l adsorption. Catalysis tests show V505-MoO3 and WO3-MoO3
are all catalytizaily ackive in the selcctive oxidation of o-dimethylbenzene to phthalic anhydride.
Conversion and selectivity measurements indicate that non-crystalline dispersed MoQ3 and V5,05
are obviously advantageous to the catalytic reaction, and selectivity is at its best when cata-
lyst composition is close to the dispersed threshold value. In order to explain satisfactorily the
relation of great dispersed threshold values with small specific area, the meta-monolayer disper-
sion model was suggested: each component oxide should be dispersed on other’s surface with the
unit of spherical octahedron MeQg close-packed with each other by sharing O atoms to form a
two-dimensional monolayer, and limited numbers of such monolayers are stacked up to form the
meta-monolayer dispersed interfacial transition layer of a binary oxide. Seven parameters of the
meta-monolayer model were calculated and listed:average mono- layer number (np=1.6~8.5 lay-
ers), thickness per monolayer (t;,=0.678~0.718nm), stacking-up thickness of each component oxide
(tp=1.10~5.81nm), total thickness of interfacial transition layer (¢;=5.43~8.78nm), octahedron
radius (rg=0.199~0.219nm), close packed-monolayer capacity (C = 0.088 ~0.264g/100m?) and
dispersed threshold value (Dt=0.33~1.43g/100m?). By discussing the relation of meta-monolayer
dispersion with non-crystalline phase, the mechanism of crystalline phase loss, the non-crystalline

structure and the thermal meta-stability of interfacial transition layer of binary oxide catalyst were
described, respectively.

Key words interface structure of transition metal binary oxides; characterization (DSC, semi-
conductor o-dimethylbenzene sensensitivity, catalysis activity, octahedron closed-packed meta-
monolayer dispersion model and its seven parameters)



