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Abstract— After impregnating copper oxide by using a spherical 7-Al,03, CuO/Y-Al,03 reacted with and/or ad-
sorbed the sulfur dioxide on reaction conditions. Conversion of copper oxide was estimated under each condition and
then the reaction and adsorption behavior between CuO/¥Al;03 and sulfur dioxide were analytically compared by us-
ing the distributed pore size model.

From the results, it was shown that although the initial surface reaction rates varied with the impregnation concen-
tration, the activation energy was constant as about 14.49KJ/mol, and that the final conversion of CuO/*Al,O3 was not
affected by the particle Reynolds number. Also the values of activation energy of surface diffusion coefficients were
shown to be D =5.39 KI/mol and D,g, D,g =5.39 KJ/mol depending on the pore size region.

Although conversion rates acquired by the analysis of distributed pore size model were close to the experimental
values under most of reaction conditions, there were considerable deviations in the final conversion when the sulfur
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dioxide concentration changed from 2,000 to 3,000 ppm and the impregnation concentration increased from 6 to 8

wt%.

Also below the optimum temperature of 450°C Ihe cunversion rates based on the model were close to the ex-
perimental value, but over 450°C, there were considerable deviations between the two values. The maximum ex-
perimental conversion was shown to be 63% at 450°C with 2,000 ppm of SO, on 6 wt% CuO/-Al,05.
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Cumulative pore volume per gram % vs. pore diameter  Incremental volume per gram% vs. pore diameter
Maximum intrusion = 0.5227 cc/g Maximum incremental volume =0.1205 cc/g
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Fig. 1. Cumulative pore volume & incremental pore volume distribution of 7-Al,0; pellet.
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Fig. 2. Schematic diagram of classified pore size

2. 0| =2 region in a 7-Al, 0, pellet.
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Fig. 3a. Geometric changes in a cylindrical pore
due to the impregnation of CuQ & the
product layer.

Fig. 3b. Alternative geometric changes of pore
structure on Fig. 3a.
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Table 1. Physical properties and chemical com-
position of Y-Al,0 pellet

Physical properties Chemical composition (%)

Particle diameter 3mm  7-Al;,03 93.7
Surfacearea  123m2lg  Ig.loss 6.0
Pore volume  0.51cc/lg  FeyOy 0.03
Truedensity 5.0 glec SiO, 0.02
Packed density 1.38g/cc NajyO 0.25
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Table 2. Surface reaction rate constant at each region of a Cu0/r-Al 0,4 pellet
Impregnation Conc. 4 wt% 6 wt % 8 wt%
Surface RXN Conﬁw ky ko1 k31 k11 kay ks k11 kg k3
Temperature (°C)
250 0.141 2.10x102 3.47x1073 | 0232 2.80x102 4.16x103| 0.309 4.06x1072 523x103
350 0.241  359x102 592x103 | 0396 4.80x102 7.10x1073 | 0527 6.93x102 8.93x1073
400 0.296  4.42x10~2 7.29x10°3 | 0487 591x102 874x10°3| 0649 852x102 1.10x1072
450 0.354 529x102 872x1073 | 0.583  7.07x102 105x102| 0776 1.02x10"! 1.32x1072
500 0417  6.18x1072 1.02x102 | 068  826x1072 1.22x102| 0907 1.19x1071 1.54x1072
Pre-exp. factor 3.94 0.59 0.097 6.49 0.79 0.116 8.64 1.14 0.147
(cm/sec)
Act. energy (kJ/mol) 14.49 14.49 14.49
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NOMENCLATURE
Tol
c : gas reactant concentration in the pore media
R [g mole/cc] r{R)
C : gas reactant concentration in the solid pro- T
duct layer [g mole/cc) t
Co : bulk gas concentration [g mole/cc] V4 Vg
Dgx : the combined form of bulk and Knudsen
diffusivity [cm?sec] W,
D, : the effective diffusivity of the reactant gas in a
the radial position [cm?sec]
D... D,y D.s: the mean effective diffusivity of reac- a,
tant gas in each region [cm?/sec]
D,; : the effective diffusivity of the reactant gas B B8;:
through the solid product layer [cm/sec]
D, : the particle diameter [cm] €
E : the effectiveness factor in the effective dif- &
fusivity through the solid product layer [-]
h, : thelength of mesh point interval in the radial O(R)
position [cm)
k, : the first order rate constant of CuO/»%Al,04 e,
and SO, [1/sec] r
k; : the surface reaction constant of CuO/-Al,04
and SO, in the ith region [cm/sec]
k, : the surface reaction constant of CuO/-Al,04
and SO, in radial position [cm/sec]
k, : the adsorption equilibrium constant of SO, 1
and CuOn-Al, 0, [cc/g)
k, : the mass transfer coefficient surrounding the 2.
spherical pellet [cm/sec]
L, : the length of mean pore between the each 3.
region [cm] (1
m - amount of mole related in the formation of 4

product layer of eq.(13) [g mole]

BiSHES H28H XI2S 1990 43

k3

4

. the molecular weight of reactant gas [g/g

mole]

. Sherwood number [-]

: particle Reynolds number [-]

. Schmidt number [-]

: the number of each pore with the pore vol-

ume, v, [-]

: the number of mean pore in the each region

-]

: radial position in the spherical pellet [cm]
. radial position in the spherical pellet defined

by the distributed pore size model [cm]

. particle radius [cm]
. the radial position of the gas/solid interface in

a cylindrical pore [cm)

: the radial position of the solid product/solid

reactant interface in a cylindrical pore [cm]

: mean pore radius in the specified region [cm]
: mean pore radius in the ith boundary layer of

the specified region [cm]

: inerior pore radius after the impregnation of

CuO[cm]

: pore radius in the radial position [cm]

: the reaction temperature [°K]

: time [sec]

: the molar volumes of the solid reactant or

solid product [ cc/g mole]

: weight of a spherical pellet [g]
: the ratio of molar volumes of the solid pro-

duct to solid reactant [-]

: Thile modulus of effective diffusivity through

the product layer [-]
stoichiometric coefficient of solid reactant or
solid product [-]

: the porosity of each region [-]
: the impregnation thickness of CuO in each

region [cm]

: the impregnation thickness of CuO in the

radial position [cm]

. the bulk density of sphercal pellet [g/cc]
: the tortuosity factor in the effective diffusivity

of reactant gas [-]
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