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7131 4eh el isobutyraldehydeol] 2lgh A2k MoO,of 3HIub-g-3} Abazel|l 22k MoO,2| AAbshal-g
< uk22% 400~600°C, isobutyraldehyde #3F 0,04~0,17atm % Ak&¥9E 0.3atmelA] flow
microbalance reactors AH-&-3ted of-7-351gich,

Isobutyraldehydeol 213 MoQ,] #1813-2] 732, isobutyraldehyde: Alslet4=lo] 72 meth-
acrolein®® 1, MoO,& 550C o|AollAde b3 MoO,& #dsigier] 1 o]dle] 2oy
Hh-2-5o) otg} MoO,29 Fxo] o]zl Uoict, oleigh S8labge Fdubgo] HH KEERE
tlo] Ag" & glglen] FAslelix]= 15Kcal/g moleo] it

Azl 23 MoO,o| Af4letule-& &5 450~487Col4 MoO,7F 719] MoQO,= AAL# =i on] ash
layerd £3F &alo] 849] kMR HLd & APt o wef EAs A= 47Kcal/g mole

°j3

Abstract— The kinetics of the reduction of MoO; with isobutyraldehyde and the reoxidation of reduced MoO,
with oxygen were studied in a flow microbalance reactor over the temperature range of 400°C to 600°C,
isobutyraldehyde partial pressure of 0.04-0.17 atm and oxygen partial pressure of 0.3 atm,

On the reduction of MoO, with isobutyraldehyde, isobutyraldehyde was mainly dehydrogenated to methacrolein
and MoOj, was completely reduced to MoOj, at higher temperature than 550°C. The degree of reduction of MoO; to
MoO, was decreased with decrease in reaction temperature at lower temperatures. This reaction of MoO; reduction
with isobutyraldehyde could be explained by chemical reaction control in the unreacted core model and the activation
energy was 15 Kcal/g mole.

On the reoxidation of MoO, with oxygen over the temperature range of 450°C to 487°C, MoO, was almost reox-
idized to MoOj3 and its reaction model could be explained by diffusion control through ash layer. The activation energy
of reoxidation of MoO, with O, was 47 Kcal/g mole,
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Fig. 1. Schematic flow diagram of experimental
apparatus.
1. Gas purifier
3. Needle valve
4. Capillary flow meter
5. Silica-gel trap 6. Microfeeder
7. Vaporizer
8
9

2. On-off valve

. Digital thermometer
. Electric furnace  10. Cahn microbalance
11. Microbalance reactor
12. Temperature controller
13. Gas sampler
14. Soap film flow meter
15. Microbalance controller
16. Microbalance recorder
17. G.C. column
18. Gas chromatograph
19. G.C. recorder
20. {2} Heating & insulating region
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Fig. 2. Effects of MoO, reduction on the frequen-
cy of cycle operations reducing MoO, with
isobutyraldehyde and oxidizing reduced
Mo0, with 0,.

o First reduction

O Second reduction after reoxidation when P, 5
= 0.9atm.

+ Second reduction after reoxidation when
P02 =0.3atm.

X Third reduction after reoxidation when
P,9 = 0.3atm.

A Fourth reduction after reoxidation when
P,z = 0.3atm.
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Fig. 3. Temperature effect on reduction of MoO,
with isobutyraldehyde.
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Fig. 4. Plot of average oxidation state of Mo at
different reduction temperature.
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Fig. 5. Chemical reaction control correlation of
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Fig. 7. Isobutyraldehyde concentration effects on
reduction of MoO,,
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Fig. 10. Temperature effect on reoxidation of
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Fig. 11. Ash layer diffusion control correlation of
MoO, reoxidation at different tempera-
tures.

L

0 10

Fig. 11°] =l44dog ®el Alaol o3 MoO,9 A
AF3HaFe-2 ash layer diffusion®] €430 RS
dol A& o 4 vk, S5 k.o =& S
Arrhenius plot3t Z¢] Fig. 12¢]c}, Fig. 129 7%
715 Fe ZAgselvz]el gho] 47Kcal/g mole &
ok 4= 9lglch, o] k2 Keulks $[11, 12]¢] Bi-Mo
AbgbEol| 23 propylened] catalytic oxidationol]
4} catalyst reoxidationd] 243z 5 3 gt}
A2l dxsta gl

olefdt 7§3ko 2 Wol Aol AL ude] £ o
2} Keulks 5[11, 12]o] A2 vy} A3)el#]
o] ko) 7o A& Mol E Aol ozl A3

h=
=] gho] =& Fedetctn & 4 A

4. 2 E

1 714 IBAol <31 MoO, 2Alj]zk= 550C ol 4

Pg, =0.3atm

Eg =47 Kcal/gmole

6t

1.3 1.31 132133 1.341.3%5 1.36 1.37 1.38 1.39
1/T) x 103 K1)
Fig. 12. Arrhenius plot of MoO, reoxidation with
0,

S5 28 K25 A M3S 1987:16H

FAZ . 21

RS

oA Ao MoO,2 <A 3Islgin 1 olsle] 2=
ol AlE Hhg-Exol ulzl MoQ,29 s =
Boirh, ojzleg el vk ol uie} A
Soll Aesle Aol Aol7} e & £
3 IBAol 23 MoO,2] H9akse Zriupdo
ol REMEFE A 288 4 gloln :
2] 15Kcal/g molecl$}

2, skAEIE MoO, 9] Atsoll 218 450~487C ¥
ol A= AAkglel-E MoO,7F MoO,& A9
AArstElglond 2 WSS ash layers £3F 3Hilo] &
4ol kMR Aol HEE 4 dn 1 F4dslell
~]+& 47Kcal/g mole ©1%ict,

3. Redox #g-Eo2A ohdE5of e MoO,+=
uhg-A] AzPAkA 9] Al Wab opel @A Abdoll sl

Akt g oF o gl
NOMENCLATURE
b : number of moles of solid reactant per mole of

gas reactant {mole)
: concentration of A (mole/cm?®)
: concentration of gas reactant A in gas main
body (mole/cm?)
D, : effective diffusion coefficient in a porous
structure (cm?/ sec)
E : activation energy (cal/mole)

k. : apparent surface rate constant ( min~!)

k, : apparent rate constant for diffusion (min1)

R : radius of particle (cm)

t : reaction time (min)

a : fractional conversion of solid reactant to
product (-)

p, : molar density of solid reactant B (mole/cm?)
REFERENCES

1. Groggins, P.H.: “Unit Processes in Organic Syn-
thesis”, McGraw-Hill NY (1958).

2. Bleijenberg, A.C.A.M., Lippens, B.C. and Schuit,
G.CA.: J Catal, 4, 581 (1965).

3. Trifiro, F., De Vecchi, V. and Pasquon, I.: J
Catal, 15, 8 (1969).

4. Ueda, W., Morooka, Y. and lkawa, T.: J. Catal,
70, 409 (1981).

5. Maksimov, Y.V., Firsova, A.A., Lubentsov, B.Z,,
Shashkin, D.P., Linde, V.R. and Margolis, L.Y.:
“Kinetics and Catalysis”, 24, 460 (1983).

6. Akimoto, M., Ichikawa, K. and Echigoya, E.:
Chem. Soc. Jpn. Ind. Chem., 9, 1293 (1977).



Isobutyraldehyde ol €& MoO;9) &l o 3helsl MoO, ol 4baol od bbb 281

7. Hattori, T., Ii, M. and Murakami, Y.: J Japan 10. Levenspiel, O.: “Chemical Reaction Engineering”,

Petrol. Inst., 23, 233 (1980). John Wiley & Sons, NY (1972).

8. Massoth, F.E. and Scarpiello, D.A.: J. Catal,, 21, 11. Krenzke, L.D. and Keulks, G.W.: J. Catal, 64,
225 (1971). 295 (1980).

9. Von Destinon-Forstmann, J.: Can. Metallurgical 12. Monnier, J.R. and Keulks, G.W.: J. Catal, 68, 51
Quart., 4, 1 (1965). (1981).

HWAHAK KONGHAK Vol. 25, No. 3, June 1987



