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Mass Transfer from restricted-Area Source
— Transfer Enhancement due to Solute Diffusion in

Parallel Direction to Interface —
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Abstract

A transport phenomenon of mass which wells out from restricted-area sources to extended-
area solvents was discussed theoretically and experimentally.

As a result of theoretical formulation and its numerical analysis, the following correlation
may be used for a diffusional mass transfer with restricted-area sources.

W(t)==0.313 °c*aR,/Di (¢ < R)

As mixed solvents, benzene-hexane, benzene-ethanol and hexane-ethanol and as solid
solutes, benzoic and salicylic acids which were sealed into fine glass tubes, were used.

As a result, all systems showed approximately a three fold or larger transfer amount
than that calculated by Higbie’s pure one directional diffusion. It was also shown that the
ethanol system may have some diffusional resistance in the source because of its high solubility,
and the benzene system showed some interesting phenomena.
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Fig. 1 Model for mass transfer from restricted-area source
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Table 1 Numerical value for g(¢, fu)=g(0, 1)
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Table 2 Solubility data

Benzoie acid Salicylic acid

Benzene-Hexane Ethanol-Benzene

0 vol%~100 vol% | C*=8.63 mgr/cc 5 vol%-95 vol% | C*=46.4 mgr/cc

10 90 12.52 10

90 778
35 65 28.93 20 80 133.9
50 50 41.90 50 50 222.4
65 35 52.75 80 20 2575
80 20 64.46 100 0 265.8

Ethanol-Hexane Ethanol-Hexane

10 vol%- 90 vol% | C*=66.53 mgr/cc 20 vol%-80 vol% | C*=79.7 mgr/cc
35 65 163.1 35 65 126.2

50 50 198.8 50 50 168.3

65 35 228.1 80 20 235.0

80 20 261.9

Ethanol-Benzene

0 vol%-100 vol% | C*=82.1 mgr/cc

20 80 2137
50 50 285.4
80 20 304.7
100 0 306.8
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Nomenclature
a rddms of solute feed source [em]
an function of fo defined by Eq. (29)
C concentration [mgr/cc]
Cc* saturated concentration [mgr/cc]
Cun (n, m) term of double sequence
D diffusion coefficient [em2/sec or min]

fo a kind of Fourier number (= R%[4Df) [—]
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F(N) function defined by Eq. (31)

(F(f0)n function defined by Eq. (24)

g(é, fo) auxiliary function for W(#) determination

Jolx) Oth kind of Bessel function

Ji(x) 1st kind of Bessel function

7 ordinal number for max. or min. of Eq. (31)

L solvent layer height [ecm]}

N; index for finite series

R radius of cylinder which encloses solute passage [cm]

¢ time [sec or min]

W(t) transfered solute (double integrated) (=W, r(f)) [mgr]

W Lore(?) integrated solute by height [mgrfcm?]

Wirorer(t) double integrated solute by height and radius R [mgr]

(r, 0, 2) variables in cylindrical coordinate system

A constant [1/sec or min]

¢ area ratio of source and solute passage (=ma?/nR?) [—]
X [y
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