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Fig. 1 Relationship between the concentration of MCB,
TCB and naphthalene in aqueous solution and
surface tension

~v ) —EHR, SR OBEOEHBGRERT O
THEDH, OEHEM-> TRIENOTHFICERT
ZEBYOBAERDLIENTES. ~v ) —FEHH
i3, R Lichi- THEBEE N 3B,

H=P,,,M/(133.32X 760 X82.057T) 10)

KRR T D 3 BOA MY O /KERIEERIEEBE
FHK 3zhzh Lewis e VA HOLTRIES i
THbHE, Lewis v VOYEINRZRALVEHEN S In
{Cw—Ci/(D+1)} XERIt D70 v MEKERY, T
DEFOMEE, REMB L UL OEREL SRR
BIEMEBBRHM K 2k, /oo v by,
MY ZooRvEYBIUF 78 OKERIEERE
YHEBHREK EZhENn 814 X 107 891 X 107,
1.10 X 107 *cm/s T » 7=.

SUERE, BEBEECLVRAES L. 15 LRI
R L ESABREEEL, hx22 ) - VIERLT,
INoDKHEDOEN ST v F Az 100 @&y 7Y vy
L, &Rz Uictd » TEEKUEE Al Z3R 1.

A, =ZnA%/ZnA% an

Levich (Z L 4 7 )b X¥Hs 800 LI F ol iz kb O R
EOBEDOES d 2R TEL Y.

d=(na/oU)"* (12)
KD FREFEICHO>WVWTIE,  Clift # Grace »ic & bk
FOB—KRED FAEE & STaROMERESFEANShTE
D, TOREREER L EERIEED S K[UgD LA ERE
EWETHENTE B, ‘

Ubo & AR L ->T, BRlEFIHEELL
Yt % Eqgs. (3) - (5) @A L, KEKF» 5D
BEABYOBREICEET 2T AT - . FHEICLES
YIE(#E 13 Table 1IRENTW3,

b TR



Table 1 Physical properties of some organic
compounds at 298K

MCB Tcp  Naphtha-
lene
Molecular weight® 112.6 181.5 128.2
Vapor pressure [Pa]® 1.66x10° 33.3 22.2
Aqueous solubility
[mg/dm’]® 488 37 30
Partition coefficient [—] 5.66 4.47 111
Henry’s constant [—] 0.15 0.066 0.039
Mass transfer coefficient s s 2
[em/s] 8.14X107° 8.91 X107 1.10x 10
2, ERBRAE
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Fig. 2 Schematic diagram of experimental apparatus
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Fig. 3 Effect of gas flow rate on removal percentage of
MCB
conditions : MCB initial conc.= 360 mg/dm®
phase ratio (A/0) = 20
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Fig. 4 Removal of some organic compounds by solvent
sublation
conditions : MCB initial conc.= 35 mg/dm?®
TCB initial conc.= 39 mg/dm®
Naphthalene initial conc.= 20 mg/dm?®
phase ratio (A/0) = 20
gas flow rate= 1.33 cm®/s
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Fig. 5 Effect of salts added in aqueous phase on removal
percentage of MCB
conditions : MCB initial conc.= 200 mg/dm®
phase ratio (A/0) = 20
gas flow rate= 0.67 cm®/s
added salt conc.= 0.1 mol/dm®
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Table 2 Number of water hydrated to various cations®

Cation Li*

Number of water 5 8 9 12

Table 3 Relationship between added amount of
ethanol and removal percentage

of MCB
Added amount [vol%] Re [%]
0 73.7
0.025 7.7
0.050 81.2
0.075 79.8
1.000 81.9

conditions: MCB initial conc.=360mg/dm®
phase ratio (A/0)=20
gas flow rate=1.33cm®/s
t=3600s
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Fig. 6 Removal of MCB from aqueous phase
(Solid line shows the calculated values.)
conditions : MCB initial conc.= 350 mg/dm®

phase ratio (A/O) = 20
gas flow rate= 1.67 cm®/s
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Fig. 7 Removal of TCB from aqueous phase
(Solid line shows the calculated values.)
conditions : TCB initial conc.= 39 mg/dm®

phase ratio (A/0) = 20
gas flow rate= 1.67 cm®/s
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Fig. 8 Removal of naphthalene from aqueous phase
(Solid line shows the calculated values.)
conditions : Naphthalene initial conc.

= 15 mg/dm?®
phase ratio (A/0) = 10
gas flow rate= 1.67 cm®/s

Table 4 Proportions of removal percentage for some
organic compounds by bubbles and
molecular diffusion (The values are
calculated from model equation.)

Naphtha-
MCB TCB lene
(Bubbles)
Adsorption 0.02% 51.27%  63.41%
Retention in boundary 21.63%  26.71% 19.69%

layer around bubbles

Vaporization within o :
bubbles 48.52%  9.42%  3.95%

Molecular diffusion 29.83% 12.60%  12.95%
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Nomenclature

A =diameter of a bubble [cm]
C =solute concentration [mg/cm?)
C; =initial solute concentration in aqueous phase
[mg/cm’]
D =partition coefficient [-1]
H =Henry’s constant (-]

K =overall mass transfer coefficient based on
aqueous phase [cm/s]
M =molecular weight of solute [—]
P.., =vapor pressure of solute [Pa]
Qa =gas flow rate of nitrogen [cm?®/s]
R =gas constant [J/K-mol]
R: =removal percentage of solute [%]
S =aqueous solubility of solute (g/cm?]
U =velocity of a rising bubble [em/s]
V  =phase volume [cm?]
a =average radius of a bubble [cm]

332

d =thickness of boundary layer of a bubble

[cm]
m, =amount of solute removed by bubbles [mg]
m, =amount of solute removed by molecular
diffusion [mg]
r =inside diameter of the column [em]
t =time [s]
<Greek >
I'  =amount of solute adsorbed at interface
between aqueous phase and bubbles
‘[mg/cm?]
r  =surface tension of aqueous phase [N/m]
n  =viscosity of aqueous phase [g/(cm:-s)]
o  =density of aqueous phase [g/cm?]
< Subscripts >

av. =average
W =aqueous phase
O =organic phase
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Removal of Toxic Organic Compounds from Aqueous
Solution by Solvent Sublation

Junji Shibata and Hiroshi Tokunaga

Dept. of Chem. Eng., Kansai Univ., Suita 564

Key Words: Solvent Sublation, Removal, Hydrophobicity, Adsorption, Bubble,
Mass Transfer

Removal of organic compounds from an aqueous solution has been studied
using solvent sublation. The organic compounds are mono-chlorobenzene, tri-
chlorobenzene and naphthalene. They are removed at high efficiency by solvent
sublation, because they are hydrophobic and have low vapor pressures. A model for
the removal mechanism of the organic compounds from an aqueous phase is con-
structed and the removal percentage‘calculated from the model is compared with ex-
perimental results. Removal percentages for the organic compounds, by bubbling
and by transfer to the organic solvent in the upper part of the column, are calculat-
ed from model equations.

When salts are added in the aqueous phase,the removal percentage of mono-
chlorobenzene increases due to the salting out effect. The removal percentage of
mono-chlorobenzene is slightly enhanced with addition of ethanol to the aqueous
phase, which makes the diameters of bubbles smaller and consequently increases
surface area per unit volume of bubble. The addition of salts and ethanol has an

effect on the increase in removal percentage of the organic compounds.
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