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Abstract—The influence of internal diffusion on the partial oxidation of propylene on the tin-antimony oxide bas-
ed catalyst has been studied. For this study, two flux relations in the porous medium (Dusty-Gas model and Feng-
Stewart model) have been adopted. In this catalytic reaction system, multiple solution problem has not happened and
the internal diffusion decreases the selectivity of propylene to acrolein. The two models differ conceptually, but it has

been known that they give the same result for the catalytic reaction system of uniform pore size and no net viscous
flow.
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Table 1. Physical properties of catalyst pellet

apparent density
porosity e =0.459
mean pore diameter : a =918 A
thermal conductivity : ke = 6.864 x 10-4cal/{(cm s K)

: Pp=3.417 g/cm?

Table 2. Experimental conditions

Temperature 350°C-430°C

W/Fr 6 x 10%12.5 x 10%g/(mol/s)
0,/C3Hg 2.0-6.0

stirred speed 3100 rpm
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Table 3. List of experimental data

Sl HY Wabe) 43 513

Run  Temp. W/Frx104 02/C3Hg CsHg C3H O (07 Ny Regng % 107 RcgH 0 % 107
°C g/(mol/s) mole% mole% mole% mole% mol/cm3s mol/cm3s
1 352.0 6.0 5.0 3.53 0.253 18.5 77.1 2.37 1.43
2 351.4 9.0 4.0 4.44 0.390 17.7 76.3 2.30 1.47
3 353.5 12.5 2.0 8.12 0.653 16.6 72.5 2.93 1.77
4 3744 6.0 5.0 3.33 0.360 18.5 76.5 3.20 2.03
5 3744 9.0 4.0 4.17 0.540 17.4 75.6 3.12 2.03
6 375.0 12.5 3.0 5.00 0.765 15.7 75.5 3.66 2.07
7 374.0 9.0 2.0 7.76 0.735 15.8 73.2 4.85 2.76
8 375.5 12.5 2.0 7.20 0.860 14.1 74.2 542 2.33
9 405.1 6.0 5.0 3.12 0.406 17.1 77.5 4.40 2.29
10 404 .4 11.0 3.0 4.50 0.710 14.5 75.1 5.23 2.18
11 407.0 9.0 2.0 6.90 0.823 14.3 73.5 8.00 3.09
12 406.7 13.7 1.8 6.88 1.10 11.6 74.4 7.48 2.71
13 425.5 6.0 5.0 2.75 0.352 15.2 75.8 5.93 1.99
14 426 .4 6.0 4.0 3.67 0.423 15.1 77.6 6.94 2.39
15 425.0 9.0 4.0 3.50 0.546 14.9 75.2 5.55 2.05
16 425.3 11.0 3.0 4.56 0.775 12.1 75.1 6.05 2.39
17 428.0 9.0 2.0 7.07 0.912 12.0 74.1 9.06 3.42
18 4275 125 2.0 6.50 1.02 10.3 74.1 7.32 2.79
19 434.6 9.0 4.1 3.33 0.510 14.4 76.6 5.90 1.92
20 436.2 9.0 2.0 6.98 0.904 11.3 74.4 8.35 3.40
21 436.0 12.5 2.0 6.36 1.02 9.9 74.5 7.69 2.76
o, 17 A} A% =2000% Re,=210]et ST
st 2o @ 9 TAdY AndAAs, e Eror sim=gIemrer] i
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Table 4. Comparison. of effectiveness factors ex-
perimentally obtained with calculated
by two models

. C4H40
Run 7Cst0 Dusty-Gas Feng-Stewart
1 0.838 0.953 0.950
2 0.809 0.958 0.954
3 0.769 0.968 0.965
4 1.08 0.944 0.939
5 1.01 0.948 0.944
6 1.04 0.953 0.949
7 1.00 0.960 0.956
8 0.975 0.960 0.956
9 1.10 0.924 0.924
10 0.929 0.937 0.932
11 0.944 0.943 0.939
12 1.02 0.945 0.941
13 0.955 0.910 0.902
14 0.904 0.916 0.908
15 0.883 0914 0.906
16 0.956 0.927 0.921
17 0.971 0.933 0.928
18 0.958 0.933 0.928
19 0.811 0.906 0.898
20 0.935 0.924 0.922
21 0.912 0.927 0.921

sol 2eg wolFE Aslolod, w3t 919l gel w3
o5 olx} A1z} ozt Taloll 4o glEiabs 4xH o
2 Jehdal ekt 23E meiFelrh, £ iTeld:

e 1x107108 sl W ko R 0,2838 7ok
)]

1
o] 739 =8 Azl A" 7ot 4
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Fig. 1. Effectiveness factor-Thiele modulus curve
calculated by Dusty-Gas model at experi-
mental conditions of run.no. 17.
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Fig. 2. Effectiveness factor-Thiele modulus curve

calculated by Feng-Stewart model at ex-
perimental conditions of run no. 17.



Propylene 4tstub

modeloltl] ubslo] o}F w|&dh ZAnE HoiFI Qe
] o}% Jackson[2]®] AH s dxstz Aok, 22
v} elgol oldt mole 4 WH3lel upE Hof o} 9
Bole] gtedzlell 2)3ted viscous flow?} AR 745
£ Dusty-Gas model& 1-parameter modele] =k
Feng-Stewart model& 2-parameter model&# 1
A g Ao) zpolzt 9l Ao ARG

8. 2 &

2ol Ay ool Hofule] 2EFulr) A
712 ¢tord 3l multiple solutionTA|5. of7|= =]
orokrt, Thiele modulus ¢7F #AA4% acroleinel
gk Adelssl golalg HoFa ek, Dusty-Gas
model?} Feng-Stewart modelel 42 basis7} th&
modelQld] Hbslo] B Aol sjel slo] Zef f¥-9} 9
2ol otedzle] 2|8} viscous flow7} 22 Z4fole A
o 7o AE wolFm gl HE 4 F Ao, I
Dusty-Gas model® Zeiu] 7|52 27| £x7} 4
gF 73-$ollul AQo] 2 5 4 9l Hheiol] | Feng-St-
ewart model> 7| Z%3 %27} bimodaldlet el
Z o} 2439 Aol L8 4 gle] 1 o]EriHE 2

o} #ze,
NOMENCLATURE
a : mean pore radius, cm
a; . stoichiometric coefficient of species i in jth
reaction

-y . matrix with stoichiometric coefficients a;
As, Ay : submatrix of A

B . matrix defined in Egs. (12) and (13)

B, : permeability of the pellet, cm?

C . concentration of species j, mol/cm’

C

C,  : specific heat of fluid mixture, cal/g°C

D; - Knudsen diffusion coefficient of species i,
cm?/s

D, . surface diffusion coefficient, em?/s

i . binary pair diffusion coefficient for species i
and j, cm?/s

Fr - molar feed rate, mol/s

: recycle ratio

. mass flow rate, g/s cm’

: partial molar enthalpy of species i, cal/mol

- heat of reaction i, cal/mol

- heat transfer coefficient, cal/s cm®C

- thermal conductivity of fluid mixture cal/cm
s°C

Sol 4l Zohl A% Bael 3 515

ke . effective thermal conductivity of catalyst pel-
let, cal/cm s°C
kg . mass transfer coefficient, cm/s
k],kz,kg,k4 . reaction rate constants in the Eqs.(9) and
(10)

radius of catalyst pellet, cm

- molecular weight of fluid mixture, g/mol

. molecular weight of species r, g/mol

: number of reactions

. flux of species i, mol/s cm

. flux of enthalpy, cal/s cm?
number of species

: total pressure, atm

: partial pressure of species i, atm

. appearance rate of species i, mol/s cm?® of
cat.

: particle Reynolds number( 2LGf /)

. rate of reaction i, mol/s cm® of cat.

: temperature, °C

. defined in Eq.(34), mol/s cm atm

: mass of catalyst, g

. coefficient in Eq.(32), dimensionless

: space coordinate, cm

. molar fraction of species i

. permeability defined in Eq.(6), dimension-
less

. Kronecker delta

. porosity of catalyst pellet

. void fraction of packed bed

. effectiveness factor of species i

. viscosity of fluid mixture, g/s cm

. real density of catalyst solid, g/ em?®

. tortuosity of catalyst pellet

: Thiele modulus

SEEC

5 <

PV USD Z22Z2

o
)
s

sE<-

™ X X

A RS mom
w ~ o .

(=]

Superscript

e . effective or experimental

Subscripts

: initial
. at external surface of catalyst
. transposition of matrix
: column vector
matrix

I 3 » 0
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