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Abstract— Morphological and structural properties of several kinds of multicomponent oxides containing Co, Bi, Fe
and Mo were characterized by means of BET, SEM, EPMA, ESCA and XRD, and their results were correlated with the
results of catalytic activity tests for the propylene oxidation. CM (coprecipitation of Co and Mo precursor) was composed
of pure CoMoO, phase. BFM (coprecipitation of Bi, Fe, Mo) was composed of mixtures of a large hexagonal plate-like
structure of MoO, and small particles of MoO; on which o-Bi,Mo0,0,, (BM) and Fe,(MoO,); (FM) phase are dispersed.
CM/BFM series catalysts (CM was deposited on BFM particles by precipitation) showed dispersion of CM phase on BFM,
whereas BFM/CM (BFM deposited on CM) did not show any dispersion of CM. CBFM catalysts (coprecipitation of Co,
Bi, Fe and Mo) which had similar strucrtures as CM/BFM were found to have more finely dispersed particles of CM on
which BM phase was present as a coated layer. The catalytic activity increased in the order of mechanical mixture<CM/
BFM<BFM/CM<CBFM. The activity became maximum at the CM content of less than 10 wt% for the former three catalysts,
whereas the activity of CBFM increased monotonically with the CM content. The activity is governed by intimate contacts
among phases and dispersion of main active phases of O,-oxidizing CM and hydrocarbon-oxidizing BM. The dispersion
of the latter is more important because of its slower oxidation rate.
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Af3ehEe oA ZEAA 2 F93F d=A F 3hal ok
AR A A o2 s AAAR Az oR QeI gl =
24| F A AskgAde] e AME T glon TR o]
FA o2 AAET gl 2 A Al ol= 2 RE Aakshs 34
2 2 Bi-Mo-0 &5 27F2.2 3k 9L, F WA A= ol=dHAt
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Mossbauer ¥ & F381 BE molybdateEo] ol EAsh} A
T2 Fe-molybdate9} Bi-molybdate A2} A A9 So|z}n FA8}
Ao, o] AAGH A AtnAR}e} Hzle] ko] Folale] A
o] Z71jteln FA4sbic}. & 24l Morooka[8,9] 5~ Bi-molybdate
£ CoMoO,2} CoyyiFe,;M00, $0ll ZH7h FAAA S0 E A F3}e]
uhg-gt At F212] 7S¢ A=) AddAde] Erhn B uslgr). o)
g A2 e} oA Sefellade kR, Aso) SAlslE s 3
¥, 283 AR Al o] M2 #¥HA 253l Water tank
2d-g A A skt
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2-1. £0j9 M=

Zujo] A2 ¢]3 Ammonium heptamolybdate(NH,);Mo,0,,- 4H,0)
(Alfa, ACS), Bi(NO,);-5H,0(Shinyo Chem, Co. Ltd., First grade),
Fe(NO;);- 9H,0(Aldrich, 99.99 %), —12] 3. Co(NO;),- 6H,0(Aldrich, 99
%y Aoke 2 AHEHH T, AZY L 2t Bolol we} chgw o]
o}

2-1-1. CoMoO,(¢]8} CMola} X&) Zoje] A=

%9 Ammonium heptamolybdate S 442} Ee}~ =4 97 25
ol Y3 heating mentle §] 4] magnetic barZ WHFs}HA] Lole]
SEE 80°C AER rtdsle &3zt o] o) a2 =
<l pH=19] Co(NO,),'6H,0 §4-& 2¥o|=2 HH3| Wherre
dojmgiet. o Hoj=d Fol= PHe] YA ek, Fg
it §9 02 pH=152 Z3AE o FEA] Mo AH A}
AAo] A2 Aol 6412t Bk wkshe] 444171 F rotavapor

sjstTat M37A RS 19994 23

E Apgsle] Axslgict AxH precursorE muffle frunanceol 4] 250
CE 317t 719 %F 3 mortar2 248+ ¥ o}A] 250 “ColA] 347
ot 7tdstglel. thA) mortar2 E4)5le] 80mesh AE AE F F
715 Z2|9A] 450 °CZ 6417} St 71dslach

2-1-2. T FA 33150 (CBFM & BFM A|4) A=

ol & Fvli= 53[10}) 71&d vl oe} Az} & Am-
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40°CE 7hdshA anbatgict. olwf pH=6.50I%{ct. 47184 7
cc Z5ol| 1.5cc 21§+ AARE-94-L A 7}slo] Bi(NO,),-SH,0 8.43g2
=2 g4} 5cc FFel Co(NO,), 6H,0 20.22 g8 <) E3-4-9
< A3 Fojz=F ). o] pH=1.501%15L, FEA L] Fxle] A=
At} 6417 2 Ak F 523 CoMoO, A 249 F42] 74
3} zEo] sgirt. o] Fule] k242 Co,BiFeMo,,0,7} Elt}. Al F3}
A4 Co(NO),-6H,09 F& Hejsle] 4575 Azl o, o
¥ oleigt JAEA S E-8 CBFM A9 E ®sich 53] o|F
oA Co(NO,),- 6H,0Z H7}3}*] 9431 BiFeMoy0,2] F22lo] = A
Az F9| & BFMoleta i 3lch o1FA Az ZuEe] &
Ae)o-E CMEThst et

2-1-3. CM/BFMA|Y Zrjj2] Al

4719 T o Z Az5 BAM2| 3427 215 A% AHM
£ 5 800l Yz A wulksld A Hu]E Co(NO;), 6H,05
= $8-A98 HHF] o= oL 218 Ao 2 pH=1.52 =3
o], BEM#]ell CoMoOs} FA=A slsith. o] %2 FA2] A&
58 CoMoO, A|ZA) ¢} 7Fo] s}gich.

2-1-4. BEM/CMA|E &uj9] A=

AzH 5% CoMoO(CM)S AHM A3kg =l S=golo] Yu
Z wukspaA] BFM A ZA|9} o] Fesl BigdS 549 848 A
As] dolme 3Ao] YAHA sgict. o]F9) A=A CM
A zA) e} 7] Blgirt.

Table 1¢)] o]|Z A AxH 3572 M £A Z0jEo) tigt 33tk
243 Fuiiel ] CMAFe] FARol thidt Aks7} Yot Qlek CM
e A= SiAlEA] Fo’t ko2 AxbE ghel)

2-2. Z0{e] BYEN

Azd Ev)9] BAL AL F3, dF=F 24 (Thermogravimetric
Analysis, ©]3} TGA), X-4 3] ¥4](X-ray Diffraction, ¢|5} XRD=}
A3}), SEM(Scanning Electron Microscopy), 22| 7 ESCA(Electron
Spectroscopy for Chemical Analysis) $-& o]-8-8lo] FA}3}ic) A4
% &4-& MicromeriticsAl2] Physical Adsorption Analyzer(Model

Table 1. Preparations of catalysts

Catalysts Stoichiometry CoMoO, wt fraction
CM CoMoO, 1
BFM BiFeMo,O, 0
CBFM1 Co,sBiFeMo,,0, 0.053
CBFM2 Co,BiFeMo,,0, 0.20
CBFM3 Co,BiFeMo,,0, 0.37
CBFM4 CogBiFeMo,,0, 0.66
CM/BFM1 CoMoO,/BiFeMo,0, 0.13
CM/BFM2 2.3 CoMoO,/BiFeMoz0O, 0.30
CM/BFM3 3.84 CoMoO,/BiFeMo,0, 0.50
CM/BFM4 6.15 CoMoO,/BiFeMo;O, 0.80
BFM/CM1 0.15 BiFeMo;0,/CoMo0O, 0.13
BFM/CM2 0.36 BiFeMo,0,/CoMo0O, 0.31
BFM/CM3 0.43 BiFeMo;0,/CoMoO, 0.37
BFM/CM4 0.66 BiFeMo,0,/CoMo0O, 0.57
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Fig. 1. BET surface area vs. wt fraction of CoMoO, for various mul-
ticomponent catalysts.
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®-1) (b-2)
Fig. 2. SEM photographs of CoMoO, (a) and BFM (b), and EPMA

spectra of the hexagonal crystal (b-1) and other particles (-
2) of BFM catalyst.

/CM Al ZrlE= CM2] kel FA} glo) A9 ZIAIF ez &5
g Zrll9} AR 2102 Mol BFMO] AFE-E CM A iAbel ol 4t
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223 SZAAAre] 2 AAYAE £AE ZA1d Mo F{2ut #7E
= Aoz ujFo] Moo, At A A& ¢ 57} rh Fig.2
o (1-2) AL (b-1) 0]918] el EAsRe 217} 2w BFHY
31z1=2] EPMA 242452 Z Mo 72} flol % 2he =517]9] Fes}
Bi slele] A EAlShe A & 47} ek F2) XRD Atz )
o] Fes}t Big] T4 3= AE-2 ferric molybdate(Fe,;Mo,0,,)2}
bismuth molybdate(Bi,Mo,0,,)2] ZAAre 2 waizict weby (b-2)
QYR}IEL MoO; Y=} $Jell ferric molybdated} bismuth molybdate
Aol vlmA e QIAtE FAMES glE Ao E Atgct. Fig 3%
4= 7}z CM/BFM &4 E3} BFM/CM Z:)52] SEM3} EPMA 2
s}Eo]c}. Fig.32] CM/BFM Zv) 58 ulad =48 gla}So] Hol
x5 3T CM Feke] Z7hael) mek S2bnael AdARE 5
oJE3 2H& QIAFE9] o] F7IRIth o|ZE Fig 1042 BET
A Z7} Aspel 9A3hs EPMAS] (b-2) ¥-4-2] HAZFH2 T
E] MoO, J=}$}¢ll CM(cobalt molybdate), BM & FM A5o] H4k
o] ¢l& Ao 7 =25} Fig.42] BFM/CM £d]5-2 CM9] ¥
ol e w53 @ G A YA Qo) Fig 20)
BEM )53} SAbsha OM @ao] 2714258 (@) A4
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(a-1) (a-2)
Fig. 3. SEM photographs of CM/BFM catalysts, and EPMA spectra
of the hexagonal crystal (a-1) and other particles (a-2) of CM
/BFM1 catalyst.

(a-1) (a-2)

Fig. 4. SEM photographs of BFM/CM catalysts, and EPMA spectra
of the hexagonal crystal (a-1) and other particles (a-2) of BFM
/CM1 catalyst.
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(c-1) (c-2)
Fig. 5. SEM photographs of CBFM catalysts, and EPMA spectra of
the hexagonal crystal (c-1) and other particles (c-2) of CBFM3
catalyst.
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Fig. 6. XRD patterns of BFM (a) and CM ().
0; Bi,M0oO;0y, 1; CoMoO,, 2; MoO;, 3; FeMo;0y,, 4; CoMoO,,
H,0.
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Fig. 7. XRD patterns of CM/BFM-series catalysts.
(a) CM/BFM1, (b) CM/BFM2, (c) CM/BFM3, (d) CM/BFM4
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Fig. 8. XRD patterns of CBFM-series catalysts.
(a) CBFM1, (b) CBFM2, (c) CBFM3, (d) CBFM4
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Fig. 9. Relative ESCA intensities of metal components in CBFM, cat-

alyst.
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Fig. 11. Conversion per surface area vs. weight fraction of CM for
CM/BFM-series catalysts.




zzg4 A
50
—0— aso:c
—{— 370C
o LY
40 s 390 C
£
e
N 30 -
c
]
g
2 go—oﬁ
>
= L
-]
© g0}
0 L " L 1 i 1 "
0.0 0.2 0.4 0.6 0.8 1.0

x, Wt. fraction of CoMoO4

Fig. 12. Conversion per surface area vs. weight fraction of CM for
CBFM-series catalysts.

Azt 2 Aoz Gt 7|AA EFE Fof vz CM/BFM
o) FpAggo] 4 Ax FVI%E AL CM/BFMe] 32 Soji
o} = A} alo)e] o] v LA wiitelzta Azt o]
o) Ashgo] ¥olE e BFM/CM Fvj2] Z$-x sHi7iA=
CMEeE 10 % =l =hollA] vhelytet.

Fig. 12 248 Zvjql CBFMoe] didk A o2 $)9] 33vEte
o2 AL 1wk & CM ke Zvlel wiet Z4go] Hoge
Bolx| ¢k hutsiA A% Frbste A Byt Fig. 10 2 11
| As}e] ol3pd Fig. 129] FHSw = CM| o] F713hd
uh2atd e F43] Fhasfopdt de}. aeb CBFM 33 F+lle 1
A3 2}o] SEMo|v} EPMA R H]43)] Holi= CM/BFM Ald Zejs}
L g2 ez FAEX )Rtk CM Fedo] woplel] w2t ukg-el] A
gHAQl 82291 acceptoride] 9l BFME| ofo] Zhadvin A7d
o ukg@A el F7he A BEMAES] E3 2] F7ld] 7]alshe
7 o2 ®ejzltk. BFM Fulu] A5 FellA = 1] dojvk= BM
Aol wwA F7V7h Fasich. k] SEMI EPMA Asjellxe
MoO:$]ell BM, FM % CMe] 2h& glzt2 #Abse] 9lx, XRD 2
FEHEE o|FME CMe A& xR FAEs WA o A
3 02 Ve on BME CMo] 2 §lALE FAle] HlE w
gk g7 #ato] A ¥ 7 o2 vieyth. w3 ESCAd A& Ff ]
R2 A5 CM o] F718ls Zleg velye. ol2id AMR
2E] CBFM Zuj CMo] MoO; §lAk¢jell 2He- gl FAle] =
T Q¥ BMo] o] #AH CM Sixk ol #AHEE CM jiAHE o
)3T gle AR 458 71 glew, ofd df2 CM §e]
Z7}sld BM R4 webd Frlstel SujdAio] siutel S48
Hole Zlo® Ayt

£ =EoAe) APAHARE ofF] FMel| isiM = 2 |¥e] 3
gl olal€)R] edgton o] ¥ AFolM ¥ wstaa} gt

4. & =

o)) AT che 3t 2 AEE B S AT

ArEke 33

(1) CM 8lAks 274 flake 2F 22 CoMoOgo2xE o] Fo
A 1317} 14} Zvigen, BRMS $24347249] Mo,k MoO;
ZAAAbo)| ferric molybate(MF), bismuth molybdate(BMyio] A F
Ars)o] gl vl 2He <late] &3 AER AR 2304 3%
Tx2 5] glrh

(2) CM/BFM ©7] Zvje] 7% CM2 BFM sl9ell(FAH o2
MoO#AHs]oll) 34te] Hg1 21}, BEM/CM &4 Zuje] 7-¢- BFMZ
CMAFS ol A3 BAte] =|#] ¢k3 BFM3} CMe] 7|AlA &3t 3
B2 Ex et

(3) CBFM 44 % FAZ0)9] 7 §43aT29] 24 Moo,
£ CM, BM, FM& $4HA7]1E &4 8¢ 39, o]F BM9| 45
= oA 2 24 CM3IALS o] ] Bo] o CM ko] St
4% BM ZH & shihs) S713ksdc

@) =299 AsESA) W BA L 7AH E3E<CM/BFM
<BFM/CM<CBFM %22 Z7}3}3]r}.

6) 71AA E3E 2 FASNEE 1B CM % 10% 7l
gtol| A Hdirt Hglen, ol BMAAe] Zagal Alshkgo]
CMAYl|42] Akz spill-over & W} =2]7] W22 AR}

(6) CBFM 44 % ZAZv)9] 7= Axle| SvjEa o) ue-d
Kol CM geZrtet A Al stutsbA Fristalen, o= BM
EiA e} F7ld 71dskdd

rer

ZHIEE

1. Nemec, J.W. and Bauer, J. W.: “Encyclopedia. Polym. Sci. Eng.’}
211(1985).

2. Hucknall, D.J.: “Selective Oxidation of Hydrocarbons”, 124(1974).
3. Wolfs, M. W.J. and van Hoff, J.H. C.: “Preparation of Catalysis
I”, ed. by Delmon P., Jacobs, P. A. and Poncelet, G., 161(1976).

4. Wolfs, M. W.]. and Batist, Ph. A.: J. Catal., 32, 25(1974).
5. Isaev, O.V. and Margolis, L. Ya.: “Prep. Catalysts I’, ed. by Del-
mon, B., Jacobs, P. A. and Poncelet, G., 177(1976).
6. Filkova, D.G., Petrov, L. A. and Shopov, D.M.: J. Catal., 88, 119
(1984).
7. Krylov, O. V., Masksimov, Yu. V. and Margolis, Ya.L.: J. Catal,
95, 289(1985).
8. He, D.-H., Miura, N., Ueda, W. and Morooka, Y.: Shokubai, 31
(6), 341(1989).
9. Morooka, Y. and Udea, W.: Shokubai, 30(2), 104(1988).
10. Kawajiri, T., Onodera, H., Uchida, S., Taishi, Y. A. and Nishin-
omiya, M. W.: US Patent, 4, 873, 217(1977).
11. Carson, D., Coudurier, G., Forissier, M. and Verdine, J. C.: J. Chem.
Soc., Farad. Trans. 1, 79, 1921(1983).
12. Weng, L. T., Ruiz, P. and Delmon, B.: J. Molecular Catal, 52, 349
(1989).
13. El Jamal, M., Forisser, M. and Coudurier, G.: React. Kinet. Catal.
Lett.,, 37(2), 349(1988).
14. Ozakan, U., Gill, R.C. and Smith, M. R.: J. Catal, 116, 171(1989).
15. Cha, T.B., Choi, M.J., Park, D. W. and Chung, J.S.: J. Korean
Ind. Eng. Chem., 3(1), 53(1992).

HWAHAK KONGHAK Vol. 37, No. 1, February, 1999



