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Abstract— Gas-solid mass transfer in CO,-naphthalene system was studied under critical to supercritical conditions. An
experimental apparatus of packed bed which contains pelletized naphthalene was constructed and the amounts of na-
phthalene transferred to carbon dioxide fluid phase are measured at various temperatures{308.15-328.55 K), pressures(10-200
bar), and flow rates of carbon dioxide(0.9-33.5 STD{/min). Based on the experimental data, mass transfer coefficient of na-
phthalene was examined by the cell model. The mode of flow of carbon dioxide through the vertical packed bed can be clas-
sified as the gravity-assisted direction(downward flow) and the gravity-opposed direction(upward flow). However, the ex-
perimental study is limited to the gravity-assisted flow and the result is examined according to the correlation of mass transf-
er with natural and forced mode of flow. The results were compared with the case of gravity-opposed flow reported in the
literature and accordingly we found that the assisted flow can enhance the mass transfer rate about 6-15% over the case of
opposed flow. The natural convection is dominantly important in the vicinity of critical region of carbon dioxide and par-
ticularly at 318.15 K and 100 bar.

Kev words : Gas-solid Mass Transfer, CO,-naphthalene System, Subcritical to Supercritical Condition, Experimental Data,
Gravity-assisted Flow
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Table 1. Critical properties of CO, and naphthalene

Carbon dioxide Naphthalene
Chemical formula CO, C,oHy
Molecular weight, M(g/gmol) 44.01 128.16
Critical pressure, P (bar) 73.80 40.50
Critical temperature, T/(K) 304.20 748.40
Critical volume, V (cm®/mol) 94.0 410.00
Critical compressibility, z 0.274 0.267
Acentric factor, ® 0.225 0.302
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Table 2. The effect of temperature and density dependent binary in-
teraction parameters on the solubility

T(K) a, B, %AARD*
308.16 0.0349 6.9532 958
308.16 0.0938 0.0 18.48
318.16 0.0263 8.6225 758
318.16 0.0904 0.0 24.73
328.16 0.0057 12.6236 11.52
328.16 0.1026 0.0 2641
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*Absolute Average Relative Deviation : %AARD=3, ‘N

N e

where, N=Total number of the experimental data points
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Fig. 1. Schematic diagram of experimental apparatus.

1. CO, cylinder 8. Sample tanks
2. Booster 9. Flow meter

3. Backpressure regulator 10. Wet test meter
4. Surge tank 11. Vacuum pump
5. Preheater 12. Water bath

6. Metering valve 13. Heater

7. Extractor
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Table 3. Range of experimental parameters for Naphthalene-CO,

system
System : Naphthalene-CO,
Pellet Characteristics ;
Material : Naphthalene
Shape: Cylindrical
Size [> Length(cm): 0.485
Diameter(cm): 0.485
Height of bed(cm): 0.97(2 layer)
Temperature of bed(K): 35-55
Pressure(bar) : 10-200
Flow rates(STD//min at 0°C and 1 bar): 0.9-33.5
Reynolds number: 4-135
AxAFHct
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Fig. 2. Effect of Reynolds number on mass transfer coefficients for
the naphthalene-COQ, system at 308.15 K.
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Fig. 3. Effect of Reynolds number on mass transfer coefficients for
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Effect of pressure on mass transfer coefficients at the same
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MEIZ
a : energy parameter in Peng-Robinson EOS [bar cm‘/gmale’]
A; :total surface area of pellets in extractor [cm’]
a' : Peng-Robinson mixture parameter {bar cm’/gmole’]
b : size parameter in Peng-Robinson EOS [cm’/gmole]
c : Peng-Robinson mixture parameter [bar cm’/gmole’]
d : Peng-Robinson mixture parameter [bar cm’/gmole’]
d, : average diameter of sphere possessing the same surface area
as a piece of packing [cm]
D, : molecular diffusivity [cm/sec]
E.  axial dispersion coefficient [cm’/sec]

g : gravitational acceleration [cm/sec’]

G :superficial mass velocity [g/em’ sec)

Gr  : Grashof number=d,’'gpAp/’

K, :Peng-Robinson binary interaction parameter

K,  :mass transfer coefficient [gmole/em’ sec mole-fraction]
L : total height of bed [cm)

M, :average molecular weight [g/gmole]

n : number of perfect mixers

Pe,a :axial Peclet number=ud,/E,

Re  :Reynolds number=pd,u/u
Sc  : Schmidt number=p/pD,
Sh : Sherwood number=K,M,.d,/pD,

u : interstitial velocity [cm/sec]
: superficial velocity {cm/sec]
v : molar volume {cm’]
V;  :total molar flow rate [gmole/sec]
y* : equilibrium mole fraction of solute(naphthalene)
\A : mole fraction of solute in stream outgoing from thr nth cell

az2|0la 2Kt

o, :adjustable parameter

By : adjustable parameter [cm’/gmole]

n 1 viscosity [g/cm sec]

p : average density over the bed length [g/cm’]
ol : density at solid-solvent interface [g/cm’]

Pco, :pure CO, density [glem’]
Ap  :average density difference=p’ p [g/em’]

SHAXL

1 : solute component

2 : solvent component

F : forced convection

N : natural convection

T : total combined natural and forced convection
o2
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