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A Studv on Interface Mass Transfer

- Effect of Interfacial Tension —

Masao KuGo, Toshiharu SHIBATA,
and Yoshinori KUMAKAWA

Abstract

A mass transfer through a horizontal interface was investigated by using the acetic
acid-benzene-water system which seems to be one of the typical systems having the inter-
facial turbulence. In this experiment the solute was transferred from the water to the
benzene phase.

Among several factors which might be related to the induction of turbulence, a
contribution of the interfacial tension upon the turbulence was somewhat illustrated by
measurements of the values as follows;

1. Interfacial tensions of this three components system in which the concentration
of acetic acid was varied as being in equilibrium in both phases.

2. The tensions at the time just after contact of both phases of which the one was
of pure benzene and these time-dependency.

3. These various tensions of the system in which several amounts of a surface
active agent were added.

The contribution of acetic acid as well as the surface active agent upon the tension
could be illustrated by a following equation :

T = 34.7--1.96 Cisu+2.02Coinn CEL5 —28.6 CL%7

Basing upon evidences in this system resulted from the experiment, such as no
change of distribution coefficient by adding the surface active agent as well as rather
weak concentration-dependency of the diffusion coefficient, the transfer rate of acetic
acid could be calculated by the following empirical correlation which depends upon the
concentration-dependency of interfacial tension :

Cu, ADyDit | < dr )
W = s N, P R (- gey ),

In this equation, it might be regarded that the term of tension derivative with the

solute concentration is directly corresponding with the effect of turbulence to promote
the transfer.




96 AEBB I - Lo - BB 2

1. #

il

BIER” kv CEH LI O RE ROV O LM FR L M9 2 B0 ClRiEE % Ly
o EBRAE RN, RO M TH UMEE @i <<, X0 iR comEBE L
wHOTOEBRERAZR LI, CADEG TR EEL THRELME 27 ) EE bbb o
TH D FEBROTCERER LI Elah o 1,

INSOFEERE L OR—FTEIL T, — R LRI RAE S  DFEIT L > T A B
RO BHHWMENRINTED, BHEKEY, FHEY CLivie —3RnTw55, RECHD
DOHREX 2B L TRTL B,

F O T REEDO B A L, oL Sternling, Scriven” 1= X A EBEIH S > TDEH
REBNCBIT 2 W TH D, WENFEN B L BT 2 Lc, CORIcBEIC Z ORRIGE
B RE LB 0w L, K, IEGREL, FEsES, BE FEEEDEOKRLEEOER
HHFT5D,

AL TRENDOERED 5 b, FHEIIORED &% D & VF R~ RBhS
*@Mﬁzm&nomh§U%%@U&uﬂb&Lf%Nfﬁ<$m BEMREY REST AT
BWTH D CIEETFRERES ZRhnnd Litiwss, ThboBEY —ECRTEE LR
EHEL oL BT EOS ZBBEEL KT 2 Lk, B THETHS, Thld LT
DORBLUTHLDE S D, FEEMICEL TL - OFRESH» PR, B &Rk
KXIBEESEID, TOREFEO—DTH B LE2LNLIHAERENOMEL LY BT DT
HBD,
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log Cw = 0.5818 log Cp+0.8474 (1)

log (Cw/Cs) = —0.7188 log Cw+1.5034 (2)
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able 1-1. istribution coefficient data Benzene-Acetic
Table 1-1. Distribut ficient data B Acet

acid-Water System (at 20°C).
without Tween 20 in Water phase.
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AcOH conc. in | AcOH conc. in | Distribution | AcOH conc. in ‘ AcOH conc. in i Distribution
Water phase | Benzene phase coefficient Water phase | Benzene phase coefficient
Cw (mole/f) Cg (mole/t) m (=Cw/Cg) Cw (mole/d) Cs (mole/6) m (=Cw/Cs)

0.2704 0.6037 73.08 | 2.69 0.163 t 16.5

0.3451 0.0056 61.62 4.47 0.393 114

0.616 0.0121 50.91 6.71 0.828 8.11
1.4104 0.0561 25.14 7.36 0.998 7.37
1.6456 0.0652 25.24 1.17 0.0367 31.9

2.2638 0.1103 20.52 3.02 0.209 144

2.530 0.138 18.3 5.04 0.486 10.4

3.10 0.200 155 7.62 1.05 7.26
1.14 0.0457 24.9 i

Table 1-2. Tween 20 100 p.p.m. in Water phase.

AcOH conc. in | AcOH conc. in | Distribution | AcOH conc. in | AcOH conc. in | Distribution

Water phase | Benzene phase coefhicient Water phase | Benzene phase coefficient

Cw (mole/()

Cs (mole/t)

m (=Cw/Cs)

Cw (mole/t)

Cg (mole/d) |

m (=Cw/Cs)

1.10
1.77
2.73

0.0333
0.0787
0.170

33.0
22.5
16.1

3.50
459
6.84

0.258
0.408

0.831

13.6
113
8.23
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Table 1-3.

ASEK -

Sepifp - BB

Tween 20 500 p.p.m. in Water phase.

AcOH conc. in
Water phase
Cw {mole/t)

AcOH conc. in
Benzene phase

Cr (mole/)

Distribution
coefficient
m (=Cw/Cs)

AcOH conc. in
Water phase

Cw (mole/()

AcOH conc. in
Benzene phase
Cg {mole/;

Distribution
coefficient
m (=Cw/Cs)

0.431 0.00853 50.5 4.54 0.388 11.7
1.07 0.0323 33.1 6.81 0.847 8.04
2.69 0.160 16.8 9.96 1.91 5.1
Table 1-4. Tween 20 1,000 p.p.m. in Water phase.
AcOH conc. in ‘ AcOH conc. in . Distribution : AcOH cone. in | AcOH conc. in | Distribution
Water phase | Benzene phase coefficient Water phase | Benzene phase coefficient

Cw (mole/()

Cg (mole/)

. m (=Cw/Cs)

Cw (mole/f)

Cg {(mole/?)

m {=Cw/Cg)

0.459 0.00935 49.1 4.22 0.385 11.0
1.09 0.0367 29.7 5.64 0.574 9.83
2.54 0.114 22.3 8.18 1.24 6.60
Table 1-5. Tween 20 3,000 p.p.m. in Water phase.
AcOH conc. in | AcOH conc. in | Distribution AcOH conc. in | AcOH conec. in | Distribution
Water phase | Benzene phase coefficient Water phase @ Benzene phase coefficient

Cw (mole/t)

Cg (mole/t)

m {=Cw/Csg)

Cw (mole/é)

Cg (mole/l)

m (=Cy/CBs)

1.07
2.70
4.14

0.0351
0.174
0.381

30.5
165
10.9

5.67
8.15

0.619
1.17

9.16
6.97
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Table 2. Diffusion Coefficient for AcOH-Water System.
D temp | concentration by whom. literature
{cm?/sec) | °C) {mol/f) 1
0.91x10-5 125 0.01 Wilke Reid & Sherwood “Properties of Gas & Liquids”
1.24x10-> 25.0 dilute — ‘ Int. Crit. Table. vol. 5, p. 63.
032x10-5 = 136 — W Al | RAREUS s A, 29, 74 5.
044103 14.8 — " ”

Scm’/sec DA & D,
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Fig. 5. Relation between interfacial

tension and AcOH concentration
{(without Tween 20).
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Fig. 6. Relation between surface ten-
sion and AcOH concentration for
benzene.
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and AcOH concentration. and AcOH concentration.
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Fig. 9. Interfacial tension relation between Benzne and
Tween 20 aqueous solution.
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Table 3. Interfacial tension between equilibrium mixtures (20°C). AcOH
aq. solution+Tween 20-AcOH Benzene solution System.

Tween 20| Equilibrium | Equilibrium | Interfacial | Tween 20 | Equilibrium | Equilibrium | Interfacial
conc. in | AcOH conc. | AcOH conc. | tension conc. in | AcOH conc. | AcOH conc. .
Water in Water in Benzene Water in Water in Benzene tension
phase phase phase T phase phase phase r
(p.p.m.) {mole/?) (mole/l) (dyne/cm) || (p.p.m.) {mole/?) (mole/t) (dyne/cm)

0 0 0 33.50 50 0.881 0.0252 8.80
0 1.17 0.0367 23.65 50 1.800 0.0812 8.46
0 3.02 0.209 19.06 50 1.800 0.0812 8.54
0 5.04 0.486 14.07 100 1.10 0.0333 6.64
0 7.62 1.05 7.74 100 1.77 0.0787 519
50 0.491 0.0091 8.56 100 2,73 0.170 5.54
50 0.491 0.0091 8.11 100 3.50 0.258 541
50 0.908 0.0265 7.93 100 4.59 0.408 478
50 0.908 0.0265 8.09 100 6.84 0.831 471
50 1.834 0.090 8.21 500 0.431 0.00853 5.29
50 1.834 0.090 771 500 1.07 0.0323 5.06
50 1.834 0.090 7.78 500 2.69 0.160 407
50 3.4075 0.2440 7.06 500 4.54 0.388 2.83
50 3.4075 0.2440 6.92 500 6.81 j 0.847 | 2.81




W2 e B9 5 DFgE (88 3 ) 111
Tween 20| Equilibrium | Equilibrium | Interfacial ETween 201 Equilibrium | Equilibrium | Interfacial
conc. in | AcOH conc. | AcOH conc. tension w conc. in | AcOH conc. | AcOH conc. tension
Water in Water in benzene I Water in Water in benzene |
phase phase phase r % phase phase phase I
(p.p.m.) (mole/l) (mole/f) | (dyne/cm) | (p.p.m.) (mole/t) (mole/€) ' (dyne/cm)
50 4.321 0.390 ‘ 6.05 i 500 9.96 1.91 2.58
50 4.321 0.390 553 | 1,000 0.459 0.00935 5.26
50 6.015 0.690 5.95 1,000 1.09 0.0367 4.68
50 6.015 0.690 5.10 1,000 2.54 0.114 3.90
50 6.015 0.690 5.31 1,000 4,22 0.385 1.84
50 8.715 1.310 4.32 1,000 5.64 0.574 211
50 8.715 1.310 453 | 1,000 8.18 1.24 2.05
50 0.471 0.0084 8.56 3,000 1.07 0.0351 374
50 0.471 0.0084 8.74 3,000 2.70 0.174 2.75
50 3.361 0.250 7.92 3,000 5.67 0.619 1.00
50 0.881 0.0252 8.80 3,000 8.15 1.17 1.09
Table 4. Interfacial tension soon after contact of two phases 20°C).
{AcOH aq. solution +Tween 20)-pure Benzene System
Tween 20 Initial bulk Interfacial Tween 20 Initial bulk Interfacial
conc. in AcOH conc. in tension cone. in AcOH conc. in tension
Water phase Water phase 7 Water phase Water phase 7
(p.p.m.) (mole/0) {dyne/cm} {p.p.m.) (mole/?) {dyne/cm)
0 0 34.70 50 4.08 8.19
5 0 18.85 50 6.032 7.37
10 0 15.95 50 8.709 571
50 0 11.72 100 1.12 9.04
100 0 10.50 100 1.81 8.48
500 0 8.13 100 2.86 7.95
1,000 0 7.48 100 3.78 6.95
3,000 0 6.66 100 4.76 6.92
5,000 0 6.32 100 7.35 5.55
10,000 0 5.74 500 0.453 7.57
30,000 0 5.77 500 1.116 6.92
0 0.503 27.70 500 2.862 5.69
0 1.20 19.92 500 6.032 4.21
0 1.24 21.72 500 8.709 3.55
0 2.86 16.30 1,000 0.468 7.26
0 4.76 12.61 1,000 1.116 6.34
0 7.35 7.07 1,000 2.811 5.09
0 9.676 5.80 1,000 4.486 3.53
0 3.123 17.35 1,000 6.032 3.02
0 4.984 12.75 1,000 8.709 2.75
0 6.702 9.57 3,000 0.453 6.11
0 9.676 5.42 3,000 1.116 5.38
50 0.62 11.40 3,000 2.862 4.20
50 1.005 10.73 3,000 6.032 1.68
50 2.645 9.55 3,000 8.709 1.99
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Table 5. Surface tension (20°C). AcOH benzene solution—Air.
cone. i bemsene | Surface | (DK AR o Surface R A ene | Surface
solution tension solution tension solution tension
(mole/t) (dyne/cm) (mole/() {(dynefcm) (mole/l) (dyne/cm)
0 28.90 0.10 29.35 0.30 28.96
0 29.10 0.15 28.90 1.00 28.70
0.05 29.30 0.20 28.96 2.00 28.50
0.05 29.10 0.25 29.50
Table 6. Surface tension (20°C). AcOH aq. solution—Air
cone.in ‘aqueous | Surface | BWEAOR 1 Sutee | DUk AR, Surface
solution tension solution tension solution tension
(mole/() (dyne/em) {mole/l) (dyne/cm) {mole/t) {(dynefcm)
0 67.20 1.24 44.80 9.676 37.9
0 68.00 3.123 44,10 9.676 37.9
0 67.10 3.123 48.70 1.20 42,10
0.520 56.40 4,984 44.4 2.86 42.0
0.520 53.00 4,984 44 .4 4.76 41.30
0.520 53.90 6.702 40.5 7.35 39.9
1.24 41.00 6.702 41.75
Table 7. (—di/dC.) equilibrium from data of interfacial
tension of equilibrium mixtures (20°C)
C(l)gr;lcl.kinA(\:?ff)aI?er Tween 20 conc. in Water phase (p.p.m.)
p(l;lajfe /%“’ 0 50 100 § 500 | 1,000 3,000
0.5 10.0 1.333 1.152 1.130 1.312 1.220
1.0 6.08 1.071 0.915 0.954 1.000 0.957
1.5 3.93 0.876 0.722 0.728 0.853 0.818
2.0 3.14 0.769 0.600 0.595 0.688 0.694
2.5 2.69 0.674 0.505 0.511 0.578 0.597
3.0 2.44 0.598 0.403 0.435 0.514 0.543
3.5 2.16 0.558 0.354 0.357 0.458 0.465
4.0 2.01 0.500 0.317 0.303 0.402 0.421
4.5 1.89 0.466 0.271 0.265 0.359 0.374
5.0 1.77 0.426 0.233 0.222 0.315 0.326
55 1.68 0.408 0.192 0.196 0.272 0.282
6.0 1.62 0.385 0.162 0.164 0.236 0.250
6.5 1.56 0.368 0.150 0.138 0.202 0.222
7.0 1.50 0.355 0.130 0.123 0.174 0.187
7.5 1.46 0.338 0.116 0.111 0.146 0.163
8.0 1.42 0.320 0.095 0.097 0.122 0.146
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Table 8-1. Ratio (R) of experimental AcOH transferred to theoretical AcOH
transferred (20°C). AcOH aq. solution+Tween 20 (contact time 1 hr.)

Initial Bulk

AcOH cone. in Tween 20 conc. in Water phase (p.p.m.)

Wate(;gllf/sj Cw 0 ‘ 50 100 \ 500 1000 | 3000
0.5 (8.17) (7.35)
1.0 3.89 2.67 3.24 2.36
15 3.15 1.94 2.608 1.94
2.0 2.66 1.61 2.263 1.660
2.5 2.35 1.46 2.038 1.488 1.28
3.0 2.075 1.36 1.832 1.340 1.245
3.5 1.912 1.33 1.666 1.248 1.22
4.0 1.340 1.33 1.518 1.160 1.17
45 1.393 1.39 1.442 1.133 1.17
5.0 1.615 1.375 1.352 1.063 1.135
55 1.565 1.38 1.297 1.048 1.138
6.0 1.488 1.34 1.205 1.006 1.105
6.5 1.451 1.32 1.165 0.984
7.0 1.415 1.30 1.113 0.958
75 1.372 1.29 1.065 0.940
8.0 1.350 1.26 1.025 0.935

Table 8-2. Ratio (R) of experimental AcOH transferred to theoretical AcOH
transferred (20°C). AcOH aq. solution+Tween 20 (Contact time 3 hr.)

Initial Bulk !

AcOH cone. in Tween 20 conc. in Water phase (p.p.m.)

W“e(fnglhe};f Cw 0 50 100 500 | 1000 | 3000
0.5 (6.72)
1.0 3.922 (2.45) 3.73 1.83 1.828
1.5 2.91 (1.79) 2,735 1.50 1.560
2.0 2.345 (1.50) 2.173 1.30 1.371
2.5 2.00 (1.39) 1.862 1.20 1.288 1.227
3.0 1.738 1.31 1.608 1.09 1.172 1.172
3.5 1.583 1.29 1.433 1.02 1.100 1.142
4.0 1.448 1.30 1.302 0.987 1.040 1.106
4.5 1.373 1.32 1.237 1.00 1.028 1.088
5.0 1.272 1.32 1.150 1.00 0.991 1.045
5.5 1.232 1.30 1.148 0.992 0.984 1.024
6.0 1.188 1.27 1.052 0.966 0.966 1.018
6.5 1.166 1.25 1.022 0.955 0.970
7.0 1.122 1.20 0.987 0.935 0.966
7.5 1.093 1.16 0.953 0.907 0.953
8.0 1.083 1.15 0.938 0.896 0.978
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Table 8-3. Ratio (R) of experimental AcOH transferred to theoretical
AcOH transferred (20°C).
AcOH aq. solution+Tween 20 (contact time 6 hr.)

20

Initial Bulk

AcOH conc. in | Tween 20 conc. in Water phase (p.p.m.)
Watef pi’a/je Cv 50 0o 500 1,000 3,000
imole/() ‘
0.5 (9.13) (6.65) i
1.0 4.14 2.54 3.820 1.650
1.5 2.855 1.83 2,665 1.395
2.0 2.285 1.56 2.20 1.285
2.5 1.876 1.41 1.794 1.207 1.108
3.0 1.654 1.35 1.58 1.134 1.105
3.5 1.512 1.34 1.412 1.058 1.092
4.0 1.402 1.32 1.30 1.021 1.075
4.5 1.320 1.31 1.192 1.012 1.058
5.0 1.270 1.27 1.137 0.997 1.038
5.5 1.238 1.25 1.061 0.993 1.028
6.0 1.220 1.23 1.032 , 0.979 1.020
6.5 1.192 1.19 0.983 E 0.977
7.0 1.190 1.17 0.948 0.982
7.5 1.175 1.13 0.908 0.984
8.0 1.162 1.09 0.868 0.997
Table 9-1. Benzene-Acetic acid-Water System
2.86 N AcOH aq. solution+Tween 20 50 p.p.m. at 20°C.
o Contct aren | b 0ea | A uni aeea
o (hr) ! (vsec. (cm?) (m-mole) (m-mole/cm?)
6 147.0 1.091 0.169 0.155
1.047 0.191 0.182
5 134.2 0.993 0.146 0.147
1.119 0.175 0.156
4 120.0 0.995 0.127 0.128
1.123 0.155 0.138
3 103.9 1.096 0.117 0.106
1.090 0.127 0.117
2 34.8 1.126 0.109 0.0970
1.002 0.0932 0.0930
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Table 9-2. Benzene-Acetic acid-Water System
4.76 N AcOH agq. solution+Tween 20 50 p.p.m. at 20°C.

Contact time Contact area AcOH AcOH transferred

- transferred per unit area

(hr.) | (Wsec) (cm?) " (m-mole) (m-mole/cm?)
6 147.0 1.091 0410 0.376
1.047 0.357 0.341
5 134.2 0.993 0.346 0.349
0.964 0.331 0.343
4 120.0 1.119 0.360 0.322
3 103.9 0.995 0.286 0.288
1.123 0.331 0.294
2 84.8 1.126 0.244 0.217
1.002 0.233 0.233
1 60.0 1.096 0.168 0.154
1.090 0.188 0.173

Table 9-3. Benzene-Acetic acid-Water System
7.35 N AcOH aq. solution+Tween 20 50 p.p.m at 20°C.

Conact tme Conactarea | ACOH | A<OH tpnferea
(hr.) } | ; (Vsec.) {em?) (m-mole) (m-mole/cm?)
6 147.0 1.091 0.765 0.701
1.047 0.666 0.637
5 134.2 0.993 0.604 0.608
0.964 0.443 0.460
4 120.0 0.995 0.537 0.540
1.123 0.581 0.517
3 103.9 1.096 0.571 0.521
1.090 0.541 0.496
2 84.8 1.126 0.438 0.390
1.002 0.431 0.430
1 60.0 1.119 0.334 0.299
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Table 9-4. Benzene-Acetic acid-Water System
10.79 N AcOH aq. solution+Tween 20 50 p.p.m. at 20°C.
Contact time’ Contact area AcOH AcOH trqnsferred
- transferred per unit area
(hr.) Wsec.) {cm?) (m-mole) {(m-mole/cm?)
6 147.0 1.091 1.198 1.097
1.047 1.207 1.153
5 134.2 0.993 1.008 1.013
1.119 1.240 1.108
4 120.0 0.995 0.934 0.959
1.123 1.140 1.014
3 103.9 1.096 0.913 0.833
1.090 0.912 0.837
2 84.8 1.126 0.721 0.641
1.002 0.743 0.741
1 60.0 0.964 0.567 0.588
" Table 10-1. Benzene-Acetic acid-Water System
1.013 N AcOH aq. solution, Benzene+Span 20 100 p.p.m. at 20°C.
Contact time Contact area AcOH | AcOH transferred
; : transferred per unit area
(hr.) (min) | f{sec) | (y¥sec.) | (cm?) {m-mole) {m-mole/cm?)
6 147.0 1.091 0.0891 0.0816
1.047 0.0944 0.0903
0.993 0.0944 0.0951
4 120.0 0.964 0.0891 0.0925
0.995 0.0785 0.0790
| 1.123 0.0838 0.0746
3 103.9 1.096 0.0734 0.0670
2 84.8 1.090 0.0419 0.0385
1.126 0.0628 0.0558
1.002 0.0471 0.0470
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Table 10-2. Benzene-Acetic acid-Water System
8.166 N AcOH ag. solution, Benzene+Span 20 100 p.p.m. at 20°C.
o Conet e Comact area | QUL )| A0 rarsforred
(hr.) | (min.) (sec.) (ysec.) {cm?) (m-mole) (m-mole/cm?)
6 148.2 1.091 0.802 0.734
6 148.0 1.047 0.807 0.771
6 147.6 0.993 0.958 0.965
4 120.0 0.964 0.772 0.802
1.119 0.697 0.623
0.995 0.629 0.631
2 84.8 1.123 0.752 0.670
1.096 0.547 0.499
1.090 0.507 0.466
Table 10-3. Benzene-Acetic acid-Water System
5.280 N AcOH agq. solution, Benzene+Span 20 100 p.p.m. at 20°C
Comtct fime Comtact area | 8O 1 | A or i e
(br.) (Vsec.) {cm®) (m-mole) (m-mole/cm?)
6 147.0 1.091 0.389 0.356
1.047 0.403 0.385
0.993 0.3695 0.372
4 120.0 0.964 0.351 0.364
1.119 0.328 0.293
0.995 0.321 0.323
3 103.9 1.091 0.304 0.278
1.047 0.2982 0.285
0.993 0.262 0.264
1.091 0.252 0.230
1.047 0.2938 0.2805
2 84.8 1.123 0.257 0.228
1.096 0.257 0.234
1.002 0.225 0.225
6 147.0 1.091 0.404 0.370
1.047 0.487 0.465
0.993 0.380 0.383
4 120.0 0.964 0.349 0.362
0.995 0.3144 0.316
1.123 0.354 0.316
2 84.8 1.096 0.285 0.260
1.126 0.304 0.270
1.002 0.248 0.246
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1.013 N AcOH aq. solution, Benzene+Span 20 500 p.p.m. at 20°C.

Contact fme Contact acea | neQl s A0k it aren
(hr.) (Wsec.) (cm?) (m-mole) (m-mold/cm?)
6 147.0 l 1.091 0.110 0.1008
1.047 0.0995 0.095
0.993 0.1048 0.1055
4 120.0 0.964 0.0964 0.100
1.119 0.0859 0.0769
0.995 0.0870 0.0875
2 84.8 1.123 0.0608 0.0541
1.096 0.0650 0.0593
1.126 0.0650 0.0577
Table 10-5. Benzene-Acetic acid-Water System
5280 N AcOH aq. solution, Benzene+Span 20 500 p.p.m. at 20°C.
Contnct time Contact aren | hRles |5 e e
(hr.) (Wsec.) (cm?) (m-mole) (m-mole/cm?)
6 147.0 1.091 0.408 0.374
1.047 0.375 0.3585
0.993 0.361 0.364
4 120.0 0.964 0.335 0.348
1.119 0.335 0.299
0.995 0.312 0.314
2 84.8 1.123 0.251 0.224
1.096 0.251 0229
1.090 0.254 0.232
3 103.9 1.123 0.3195 0.284
1.096 0.346 0.316
1.119 0.2955 0.264
0.995 0.2705 0.272
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8166 N AcOH agq. solution, Benzene+Span 20 500 p.p.m. at 20°C.

Contact time

Contact area | (2000 g | AT irapsierred
(hr) (vsec.) (cm?) (m-mole) (m-mole/cm?)
6 147.0 1.091 0.811 0.743
1.047 0.811 0.776
0.993 0.756 0.762
4 120.0 0.964 0.654 0.679
1.119 0.663 0.593
0.995 0.588 0.591
Table 10-7. Benzene-Acetic acid-Water System
1.013 N AcOH aq. solution, Benzene+Span 20 2,000 p.p.m. at 20°C.
e | Conmetares | ASOH | ACOH nserrd
(hr) ! (Wsec.) (cm?) (m-mole) (m-mole/em?)
6 147.0 1.091 0.107 0.0980
1.047 0.1048 0.101
0.993 0.0923 0.0930
4 120.0 1.123 0.0891 0.0792
1.096 0.0965 0.0879
1.090 0.0629 0.0577
2 84.8 0.993 0.0524 0.0528
0.964 0.0471 0.0490
1.119 0.0734 0.0656
Table 10-8. DBenzene-Acetic acid-water System
5.280 N AcOH aq. solution, Benzene+Span 20 2,000 p.p.m. at 20°C.
Comee fme Contact area | 0Dttt | M e
(hr.) ] t (Wsec.) (cm?) {m-mole) (m-mole/cm?)
6 147.0 0.964 0.387 0.414
1.119 0.464 0.415
0.995 0.357 0.359
4 120.0 0.993 0.335 0.338
0.964 0.297 0.308
1.119 0.498 0.445
2 84.8 0.995 0.257 0.258
1.123 0.2935 0.261
1.096 0.2935 0.268
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Table 10—9‘. Benzene-Acetic acid-Water System
8.166 N AcOH agq. solution, Benzene-Span 20 2,000 p.p.m. at 20°C.
Contact time Contact arca AcOH | AcOH transferred
transferred per unit area
(br) \] (Ysec.) {cm?) (m-mole) (m-mole/cm?)
6 | 147.0 1.091 0.816 0.746
1.047 ‘ 0.719 0.687
0.993 0.697 0.702
4 120.0 0.964 0.729 0.756
1.119 0.724 0.647
0.995 0.654 0.657
2 84.8 1.123 0.539 0.479
1.096 0.535 0.487
1.090 0.540 0.496
Table 10-10. Benzene-Acetic acid-Water System
1.14 N AcOH agq. solution+Tween 20 500 p.p.m.
Benzene+Span 20 100 p.p.m. at 20°C.
Contat ime Comact area | QN | A58 mnsterned
(he) | (min) | (sec) | (fseo) (em?) (memole) imemolefem?)
6 147.0 1.091 0.0461 0.0423
1.047 0.0415 0.0397
0.993 0.0415 0.0418
5 134.2 0.964 0.0415 0.0431
1.119 0.0461 0.0412
0.995 0.0434 0.0436
4 120.0 1.091 0.0462 0.0423
1.047 0.0462 0.0442
0.993 0.0415 0.0418
3 14 ; 108.0 0.964 0.0462 0.0479
3 103.9 1.119 0.0498 0.0445
2 84.8 0.995 0.0333 0.0334
1.123 0.0388 0.0345
2 30 94.9 0.995 0.0656 0.0658
1.123 0.0849 0.0755
1.096 0.0831 0.0758
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Table 10-11. Benzene-Acetic acid-Water System

3.0256 N AcOH aq. solution+Tween 20 500 p.p.m.,
Benzene+Span 20 100 p.p.m. at 20°C.

S Contact area | iOH, ;| AeQH transterned
(hr.) (vsec.) (cm?) (m-mole) (m-mole/cm?)

6 147.0 1.123 0.1735 0.1542
1.096 0.1513 0.1380
1.090 0.1688 0.155

5 134.2 1.126 0.1478 0.1312
1.002 0.143 0.143

4 120.0 1.091 0.1108 0.1015
1.047 .0.1662 0.1588

3 103.9 0.964 0.143 0.1485
1.119 0.1172 0.1048
0.995 0.1089 0.1094

2 84.8 1.123 0.1108 0.0985
1.096 0.1402 0.1280
1.090 0.1062 0.0974

1 60.0 1.126 0.0877 0.0780
1.002 0.0950 0.0948
0.993 0.0785 0.0791

Table 10-12. Benzene-Acetic acid-Water System

502 N AcOH aq. solution+Tween 20 500 p.p.m.,
Benzeen-+Span 20 100 p.p.m. at 20°C.

comect tme Contact aren | m oDl | A e
(hr.) (Wsec.) (cm?) (m-mole) (m-mole/cm?)
6 147.0 1.091 0.329 0.301
1.047 0.333 0.318
0.993 0.295 0.298
5 134.2 0.964 0.339 0.353
1.119 0.358 0.320
0.995 0.291 0.292
4 120.0 1.123 0.300 0.267
1.096 0.348 0.317
1.090 0.275 0.252
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Contact time Contact area AcOH AcOH trgnsferred
- . transferred per unit area
(hr) (Wsec.) (cm?) (m-mole) (m-mole/cm?)
4 120.0 1.091 0.279 0.255
1.047 0.295 0.282
3 103.9 0.993 0.214 0.246
0.964 0.233 0.242
1.119 0.245 0.219
2 84.8 0.995 0.206 0.207
1.123 0.230 0.205
1.096 0.220 0.201
1 60.0 1.090 0.254 0.233
1.126 0.171 0.152
1.002 0.164 0.164
Table 10-13. Benzene-Acetic acid-Water System
7.77 N AcOH aq. solution+Tween 20 500 p.p.m.,
Benzene+Span 20 100 p.p.m. at 20°C.
Contact time Contact area AcOH AcOH transferred
- transterred per unit area
(br) (Wsec. ) (cm?) (m-mole) (m-mole/cm?)
6 147.0 1.091 0.668 0.612
1.047 0.612 0.585
0.993 0.602 0.606
5 134.2 0.964 0.595 0.618
1.119 0.685 0.613
0.995 0.581 0.585
4 120.0 1.123 0.568 0.505
1.096 0.651 0.594
1.090 0.540 0.495
3 103.9 1.091 0.518 0475
1.047 0.425 0.406
0.993 0.475 0479
2 84.8 0.964 0.360 0.374
1.119 0.413 0.370
1 60.0 0.995 0.268 0.269
1.123 0.323 0.287
1.096 0.321 0.293
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Notation
A constant
B : constant
C : concentration for acetic acid (mol/4)

concentration for surface active agent (p.p.m.)
concentration for final r—c relation (g/4)
D: diffusion coefficient (cm%/sec)

function of 7

N

constant

3
3

distribution ratio (coefficient)

index

ratio of transferred solute (experimental/theoretical)
area of schlieren pattern (cm?)

contact time (sec or min)

n
R
S
2
W: transferred solute per unit area (mol/cm?®)
y : height of schlieren pattern (cm)

f : magnifying ratio

T interfacial tension (dyne/cm)

Tyt

o interfacial tension between water-benzene interface (dyne/cm)

Subscript

AcOH : acetic acid
B : benzene (I)

SAA.: surface active agent
W water (II)
0 : initial #=20
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