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Abstract

The catalytic dehydrogenation of propane was investigated over chromia-alumina catalysts,
without the addition of hydrogen, to determine the kinetic model, rate equations, and good
operating conditions.

It was found that the results obtained in the temperature range of 540~640°C could be
explained in terms of the following reaction steps:

C,He——C;Hs+H.
C;H¢——3C+H,
C;H+C3Hg—2 CH,+C,He+-C

Based on this scheme, the rate constants and activation energies were obtained.

The yield of propylene was highest with W/F of 30~35 g-cat/g-propane per hour; the yield
at 600°C was 0.30 with W/F of 35.
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C: : Evapoator

C: : Quenching Column
Cs : Separator

F : Rotameter

GC : Gas Chromatograph
R : Reactor

S : Feed Propane

Sz : Nitrogen

Ss & Air

T : Deaerated Water

TC : Temp. Controller
W . Wet Test Flowmeter

Fig. 1 Schematic Diagram of Apparatus
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Table 1. Comparison of Product Distribution Before and After Catalyst Regeneration
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Table 2. Initial value of reaction constants(W/F=25gcat./mole/hr.)

Reaction; Partial pressure atm 4i <103

Rectiaon rate<10° Reaction consta ntsx 103
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|—4CsHg ACsHs

I

dHy rerd r | re | ke R | B | R

540 0.682 | 0.140| 0.167 | 4.64 3.2
560 0.527 { 0.147 | 0.289| 10.6 3.4
580 0.403 | 0.147 | 0.413 8.2 3.54
600 0.390 | 0.167 | 0.385 6.9 6.0
620 0.390 | 0.210| 0.380 9.9 5.0
640 0.344 | 0.213 | 0.452 | 11.2 | —8.5

6.2 14.25]0.65  0.39
17.3 | 8.46]2.93 2,14 |37.7 | 263.4 | 2.00 |"27.6
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Table 3. Reaction Constants Obtained From
Analog Calculation

Temp.g K.x10° K./ x10°  Kpx10® K.x10°

540 11.5 130.1 4.5 4.7
560 20.0 143.0 11.0 10.0
580 41.0 189.0 25.5 14.0
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(Fig. 1)) &8 % ko
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Nomenclature

£ Activation energy(cal/g mole)

F  Flow rate of feed propane(mole/hr)
K; Equilibrium constant for a reaction
P; Partial pressure of 7 component

R Gas constant(cal/g mole °K)

T Absolute temperature(°K)

W Weight of catalyst(g)

X Equilibrium conversion

@, Initial activity

a’  Activity based on conversion

ko, oy ey ko'

Tar¥a s 7oy 7e

Specific reaction rate constants
Specific reaction rates(g mole/g
cat./hr)

¢ time

[Z) Molar concentration of species “7”

3 Deactivation rate constant

1

Total pressure

e
&

References

1. A.W. Richie, R.D. Hawthorn, and A.C.
Nixon, I & EC, PD & D, 4(1965), 129.

2. G.F. Hornaday, F.M. Ferrell, and G.A.
Mills, “Advances in Petroleum Chemistry
and Refining”, 4(1961), 451.

3. Stephen Szepe and O. Levenspiel, “Proce-
edings of the 4th European Symposium
on Chemical Reaction Engineering”, (19
68), 265,

4. Stalinovy Zavody,
667, 130(1952).

5. K.K. Kearby, “Catalysis”, P. Emmett ed.,
Reinhold, New York, 1955, Vol. 3, Chap.
10.

6. S.E. Voltz and S.W. Weller, ]J. Phys.
Chem., 59(1955), 569.

7. SRI Report, No. 29A, (1971).

8. O.A. Hougen, K.M. Watson, and R.A.
Ragatz,
Wiley, New York, 1960, Part 2,

9. A. Wheeler, “Advances in Catalysis”, 3
(1951), 249,

10. Phillips Petroleum Company, US Pat. 3,
275,705(1966).

11. D.W. Henderson and J.H. Ruley, US Pat.
3,439, 061(1969),

12. C.K. Thomas, I & EC 41(1949), 2564.

Czechoslovacia Pat.

“Chemical Process Principles”,

13. H. Pines, ]J. Am. Chem. Soc. 82{1960),

3652,
14. C.J. Plank, D.]J. Sibett, and R.B. Smith,
1 & EC 49(1957), 742

HWAHAK KONGHAK Vol. 18, No. 1, February 1980



