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Abstract— Diffusion coefficients of COs in aqueous Newtonian solution of PEG (polyethylene glycol) and power-
law non-Newtonian solution of CMC (sodium carboxymethy! cellulose) with molecular weights varying from 600 to
8400 and from 32300 to 136800, respectively, were obtained from absorption rate measurements in a wetted-wall col-
umn. The diffusivity-viscosity relation is found to be a strong function of the molecular weight of the applied polymers.
The data suggest the following correlations.

For PEG solution at 25°C,

. 15.66
D=1.78X10"%- u ‘'
For CMC solution at 20°C,

78.18
D=1.57X107% - p' M
app

The diffusivity of CO in CMC solution was constant with respect to the change of tiie shear rate at the wall in the
studied range of flow rate.
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Table 1. Physical and hydrodynamic properties
of PEG solution (25°C).

Polymer mol.wt.(g/mol) conc. (wt%) viscosity (cp)
PEG-600 600 10-40 1.39-6.92
PEG-1000 1000 5-30 1.13-4.50
PEG-1500 1500 7-30 1.40-6.50
PEG-4000 3350 5-25 1.45-8.63
PEG-6000 8400 3-15 1.51-7.79

Table 2. Physical and hydrodynamic properties
of CMC solution (20°C).

Polymer mol.wt. DS* conc.(wt%) n K x 100
(g/mol) (dyne sec?/cm?)
KP-1000 32300 0.80 0.02-0.20 0.81-0.99 1.30-7.78
KFA-851 44400 0.90 0.02-0.20 0.80-0.99 1.52-10.42
KFA-853 90150 0.86 0.02-0.20 0.91-0.99 2.15-11.49
HV 115800 0.81 0.02-0.12 0.80-0.90 11.19-26.22
KFA-858 136800 0.87 0.02-0.20 0.92-0.98 1.91-11.28

*DS; Degree of substitution
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Fig. 1. Absorption rate of CO, vs. (film length)!?

(PEG-1500; 0.15wt.%, CMC KFA-851; 0.02
wt.%).
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Table 3. Diffusivity coefficients of CO, in water.

Investigator D x 105(cm?/s)
20°C 25°C
Himmelblau [40] 1.77
Davison and Cullen [41] 1.62 1.90
Ferrel and Himmelblau [42] 1.92
Unrer and Himmelblau [43] 1.85
Duta and Vrentas [44] 1.98
Vivian and King [45] 2.00
Thomas and Adams [46] 1.95
Algerman and Gainer [47] 1.70 1.82
This work 1.61 1.80
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Table 4. Diffusivity parameter B and exponent A
of eq. (10) for various polymer solutions.

Polymer B A

PEG-600 1.778 0.363
PEG-1000 1.763 0.316
PEG-1500 1.757 0.247
PEG-4000 1.788 0.137
PEG-6000 1.810 0.087
KP-1000 1.580 0.320
KFA-851 1.585 0.261
KFA-853 1.553 0.193
HV 1.568 0.161
KFA-858 1.570 0.144
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NOMENCLATURE
A . constant of eq. (10)
A, . interfacial concentration of a solute in a

solution, gmol/cm?

A, interfacial concentration of a solute in
water, gmol/cm’®

B : constant of eq. (10)

Ca : concentration of a solute A in a liquid,
gmol/cm®

Cp : concentration of a polymer in a liquid,
gmol/{

d : rod diameter in a wetted-wall column, cm

D . molecular diffusivity, cm%s

D4 - molecular diffusivity of a solute in a liquid,
em?fs

h : rod length in a wetted-wall column, cm

h; : constant of eq. (8)

K . consistency index, dyne-sec”/cm?

M, : molecular weight of a polymer, g/gmol

n : power-law index

q : average physical absorption rate of a solute
in water and aqueous polymer solution,
gmol/s

s . concentration of CMC in a solution, mg//

t : contact time between a gas and liquid, sec

v : liquid flow rate, cm’s

v; . surface velocity of a liquid film, cm/s

v, . liquid velocity, cm/s

X . distance beneath a liquid film, cm

z . coordinate parallel to the direction of flow

of liquid, cm

Greek Letters

Tuar - Shear rate of a liquid at a rod wall, sec”'

5 . average thickness of film layers on the wall,
cm

slstES H26H M3z 1988 63

A4 - e
Ty . a component of the shear stress in the rec-
tangular drical coordinate
u : liquid viscosity, gfcm-s
Map ¢ apparent viscosity of a liquid, g/cm-s
o . liquid density, giem?®

20.

21

22.

23.
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