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A Study for Mass Transfer in Liquid

— An Investigation on the Penetration Theory
Having a Mixing Region —

Masao KUGO
Toshiharu SHIBATA
Masataka FURUKAWA

Abstract

A new model for the interface mass transfer which is tentatively referred to a pene-
tration theory modified with a mixing region is presented. This was checked experi-
mentally by the acetaldehyde-toluene-water system.

For the mass transfer rate, the molecular diffusion may be a predominant factor,
but it is suggested here that the concentration profile crubled up to its average value by
the induced mixing effect such as an eddy or interfacial turbulence etc. seems to have a
fairly important role.

Considering the profile crumbling, the transfered solute during the contact time “¢”
is described as

W = conse (14 a5y )

where “@” is a mixing region depth in the concentration layer, and

<

‘const” is the

characteristic value which may be affected by the solute concentration.
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1. manometer

2. cell for mass transfer

thermometer

4. thermostat

5. gear pump

6. electric heater

condenser for vapor recover
trap

sampler

10. water jacket
11. ice
12, burette

13. bypath fiow line

14. evaporated solute feed line

Fig. 1. Experimental apparatus.
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Fig. 2. Temperature effect on diffusion

coefficient of acetaldehyde.
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Fig. 3. Concentration change with
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Fig. 4. Effect of toluene layer depth on solute
transfer per unit contact area.
(parameter : toluene layer depth cm)
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Fig. 5. For analysis of diffusion in toluene layer.
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— for check of the present model
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= VN KO EEIREE L B BRI B Fig. 9. Acetaldehyde transfered into water.
(parameter : toluene layer depth)
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Notation

a: mixing region distance {cm)
concentration {mol/¢ or mol/cc)

interfacial concentration (mol/¢ or mol/cc)
initial concentration (mol/€ or mol/cc)
average concentration (mol/¢ or mol/cc)
diffusion coefficient (cm?/sec)

penetration distance (cm)

mass transfer flux (mol/cm? sec)

time (sec)

combined variable (= L/y4D¢") (—)
transfered solute by penetration {mol/cm?)

transfered solute by mixing penetration _ (mol/cm?

v ¥ 8 SN Z2n0 000

distance (cm)

2 Y R
erfy = V::S e dé=1—erfcy
i 0

ierfcy:Serfcdy
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Table A. Experimental data acetaldehyde tsansfered into toluene.
¢: time ': average concentration x: transfered solute
v: toluene volume /: toluene layer depth.
t ¢ | = t 84 z t ¢ x t c | =z
_{hr) | (mol/¢) \ (g) (hr) | (mol/0) (g} I (hr) | (mol/f) (g) (hr) | (mol/f) (g)
1 1.89 1.14 1 2.20 1.02 1 2.81 0.907 1 3.33 0.836
1.53 0.914 2,17 0.993 2.80 0.900 3.10 0.770
1.90 1.155 2.21 1.02 2.87 0.928 3.40 0.859
1.82 1.129 2,18 1.00 2 3.33 1.09 3.52 0.893
2 2.45 1.51 2 272 1.29 3.33 1.09 3.25 0.808
2,34 1.43 2.86 1.37 3.52 1.18 2 4.45 1.195
2.31 1.42 275 1.31 3.58 1.20 4.50 1.215
2.36 1.445 2.73 1.30 3.54 1.19 3.97 1.02
3 2.74 1.74 3 3.13 1.52 3 3.48 1.15 3.85 0.994
277 1.76 3.11 1.52 3.64 1.23 3.98 1.03
2.78 1.76 3.14 1.53 3.76 1.71 4.15 1.09
278 1.76 3.14 1.53 3.99 1.365 3 4.52 1.22
5 2.90 1.85 5 3.48 1.72 4,06 1.39 418 1.105
2.98 1.92 3.44 1.71 3.85 1.31 4.38 1,17
300 | 192 | 345 | 171 | 5 | 378 | 128 453 | 123
2.94 1.90 3.75 1.26 5 4.98 1.38
4.12 1.43 4,93 1.36
4.28 1.50 5.02 1.40
4,34 1.53
4.30 1.51
11.50 cc v 8.67 cc v 582cc v "442cc
3.24 cm J4 2.44 cm 14 1.64 cm l 1.64 cm
1 3.80 0.667 1| 398 0.516 1 4.46 0.433 1 4.82 0.308
3.76 0.658 4.05 0525 4.36 0.421 4.89 0.314
3.73 0.658 3.95 0.510 4.30 0414 4.95 0.319
3.73 0.654 2 478 0.651 4.32 0.419 5.03 0.326
2 4.60 0.853 481 0.655 2 5.42 0.565 4.84 0.312
4,58 0.830 476 0.645 5.48 0.573 2 5.79 0.404
4.55 0.843 3 5.60 0.815 5.62 0.59 5.82 0.406
3 515 0.976 5.53 0.799 5.38 0.557 5.87 0.409
5.10 0.990 5.64 0.826 5.32 0.549 3 6.51 0.477
512 0.985 5 6.01 0.898 3 6.06 0.663 6.48 0473
5 571 1.16 6.10 0.923 6.13 0.675 6.76 0.505
5.65 1.13 5.44 0.780 5.98 0.657 6.53 0.479
5.67 1.13 5.97 0.898 5 6.14 0.781 5 7.34 0.580
559 1.12 6.10 0.772 7.62 0.618
6.25 0.781 7.38 0.583
] 6.18 0.784 7.71 0.631
733 | 0581
3.02 cc v 220 cc v 1.60 cc ‘ v 1.03 cc
0.85 cm / 0.62 cm { 0.45 cm l 0.28 cm
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Table B. Experimental data acetaldehyde transfered into water.

t: time l: toluene layer depth

; acetaldehyde transfered into water (g)
(hr) [ 085ecm | I 062em i / 045cm | [ 028cm
5 0.142 * 0.359 * 0.597 % 0.697 *
0.148 3 0.368 3 0.587 0.778 2
0.640 0.709
0.790
3 0.035 0193 0.447 0.557
0.041 2 0.184 2 0.464 0.581
0.438 0.662
0.569
2 — 0.070 0.289 2 0.383 2
0.079 2 0.350 0.395
0.298 2
1 0.017 0.087 4 0.197
0.009 2 0.186 2
0.232
0.244

* over lapped data number.



