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Abstract—Vanadium crystalline glasses were prepared and investigated through surface area measurement,
X-ray diffraction, chemical analysis and catalytic oxidation as a probe reaction. The vanadium based glasses
were prepared by fusing V;0s, P;Os and B,0O3 mixtures with different compositions and annealling conditions.
The prepared glasses were leached in acidic solution, dried and calcined sequentially. From the results of
surface area analysis and chemical analysis of V**/V®" ratio, it was found that the glasses were porous mate-
rials of which surface area is about 1 m?/g in binary system and 5-10 m%/g in ternary system. The V**/V%*
ratio increased with P,Os ratio for V.0s-P.Os ginary glass. X-ray diffraction analysis showed that the fresh
glass was amorphous but it changed to crystalline as it was annealled. Through the catalytic oxidation of
methylcyclopentane, cyclopentane and cyclopentadiene, catalytic activity and selectivity of maleic-anhydride
on vanadium based glasses were studied. As to geometric and chemical difference between V,0s-P,Os and
V;05-P205-B>0; systems, the reaction showed also different results. Binary catalysts had less than 10% yield
of maleic anhydride, but ternary catalysts had maximum 50% yield of maleic anhydride for cyclopentadiene.
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Fig. 1. The schematic diagram of fixed bed reaction sys-

tem.

1. Air cylinder 8. Temperature controller
2. Tubuler dryer 9. Thermocouple

3. Flow meter 10. Multithermometer

4. Syringe pump 11. Three-way valve

5. Preheater 12. Six port valve

6. Heater 13. Gas chromatograph

7. Reactor 14. Cold trap
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Tabie 1. Operating conditions of gas chromatography for
solid product analysis

: stainless steel 1/8”X6 ft
TENAX-GC 80/100 mesh

Detector type : FID

Oven temperature : 100T to 300T, 10T rise/min

INJ.DET. temperature :300C

: Nz 10 ml/min

Column

Carrier gas

Table 2. Operating conditions of gas chromatography for
CO; analysis

Column : stainless steel 1/8” X6 ft
PORAPAK Q

Detector type : TCD

Oven temperature : 70T

INJ.DET. temperature :200T

Carrier gas : He 20 ml/min
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Table 3. The batch composition and relate properties of prepared glass catalysts

Batch composition(mole%)

Annealling temperature

Surface area Vi fytetal

Catalyst V,0s P,0: B.O- (c) (m¥/g) (total : V4* +V5+)
P10-450 90 10 450 1.11 0.06
P20-450 80 20 450 1.24 0.11
P30-450 70 30 450 — -
P40-450 60 40 450 146 0.094
P13B3-410 84 13 3 410 94 0.07
P13B3-450 84 13 3 450 10.2 0.07
P13B3-450(0.5) 84 13 3 450(0.5)* 56 0.07

*temperature rising rate : 0.5C /min
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Fig. 2. XRD patterns of P10-450, P20-450, P40-450.
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Table 4. Reaction results of binary glass catalysts with reaction temperature for methylcyclopentane, cyclopentane and

cyclopentadiene
Reaction P10-450 P20-450 P40-450
temperature MCP CP CPD MCP CP CPD MCP CP CPD
(c) Cv. Se. Cv. Se. Cv. Se. Cv. Se. Cv. Se. Cv. Se. Cv. Se. Cv. Se. Cv. Se
250 5 12 5 15 10 8 2 5 7 1 25 15 0 0 0 0 5 12
300 9 18 10 18 25 12 3 15 2 15 40 25 1 80 1 0 8 15
350 10 20 12 0 58 25 5 25 3 18 55 38 1 75 2 60 25 25
400 18 22 10 0 8 22 5 28 5 10 65 32 2 74 4 6 51 27
450 22 2 9 0 92 3 5 12 5 0 78 8 3 25 4 5 62 4
Cv.: Conversion of reactant, Se.: Selectivity of maleic anhydride
50 100 50 100
convank‘n of MCP conversion of CP
selectivity of MA selectivity of MA
a0 | .W//‘_l - 80 40| C4 - 80
—_— — —— .\ —
ol o & Lol e {e &
8 z 8 Z
u [ ] 2 ® >
: 5 5
& - [ B 2 - e 440 3
ézo 40 3 ézo e \\ . 3
10 | / - 20 10 \ - 20
) 1 1 J. 1 L A 0 [} 1 1 L L \ 0
240 260 280 300 320 340 360 300 320 340 360 380 400 420

Reaction temperature °C)

Fig. 4. The conversion of MCP and selectivity of MA for
P13B3-410 glass catalyst as a function of reaction
temperature.

MCP: methyl cyclopentane, MA: maleic anhy-
dride
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Fig. 5. The conversion of CP and selectivity of MA for
P13B3-410 glass catalyst as a function of reaction
temperature.

CP: cyclopentane, MA: maleic anhydride
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Fig. 6. The conversion of CPD and selectivity of MA for
P13B3-410 glass catalyst as a function of reaction
temperature.

CPD: cyclopentadiene, MA: maleic anhydride
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Fig. 7. The conversion of MCP and selectivity of MA for
P13B3-450 glass catalyst as a function of reaction
temperature.

MCP: methyl cyclopentane, MA: maleic anhy-
dride

Z7bgh v A" s 4% 300C ol X 74%E
vHoR 1 ol%e] Weend e FAI Fishs
FA% Reich CPe) 3% Wex Yo ge g
9] Z7h5471 bt S-S 400T o] 4l
A Azgo] 24% o] A Z=7}s1A] spoteh. oo His}e
2 xsletsl4Q) CPDe] 735 whg-&%of ujet g
o] @A ZF7hste] 400C oA 100% 7H7he g
& H9l7 352C o A= Adx e} H3hgo] Zof T
23| 4ke] FE-go] 73%el o) B 7)E 9] A] Eufol 4]

o
p

—

}..

N

50 100
ccnv-rslgn of CP
selectivity of MA
40 b y - 80
SE —
:30 = -1 60 é!;
S | £
(7} >
9 B
(3}
s 440 G
O [
10 - - 20
[ | el I 1 0
300 320 340 360 380 400

Reaction temperature C)

Fig. 8. The conversion of CP and selectivity of MA for
P13B3-450 glass catalyst as a function of reaction
temperature.

CP: cyclopentane, MA: maleic anhdride
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Fig. 9. The conversion of CPD and selectivity of MA for
P13B3-450 glass catalyst as a function of reaction
temperature.

CPD: cyclopentadiene, MA: maleic anhydride
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Fig. 10. The conversion of MCP and selectivity of MA
and CO+ CO, for P13B3-450(0.5) glass catalyst
as a function of reaction temperature.

MCP: methyl cyclopentane, MA: maleic anhy-
dride
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Fig. 11. The conversion of CP and selectivity of MA and
CO+CO, for P13B3-450(0.5) glass catalyst as
a function of reaction temperature.
CP: cyclopentane, MA: maleic anhydride
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Fig. 12. The conversion of CPD and selectivity of MA
and CO+ CO, for P13B3-450(0.5) glass catalyst
as a function of reaction temperature.

CPD: cyclopentadiene, MA: maleic anhydride
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