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Application of Solvent Sublation for Removal of Toxic
Organic Compounds from Aqueous Solution

by Shigeno MATSUMOTO!, Yasutaka KIDA !
Hideki YAMAMOTO! and Junji SHIBATA'!

1. Faculty of Engineering, Kansai University, Suita-shi, Osaka 564

Removal of 12 organic compounds containing chloro-chemicals from an aqueous solution has been carried

out using solvent sublation. The removal mechanism of solvent sublation was studied, from which the calcu-

lated value for removal was obtaind to compare with the experimental results.

The removal rate of organic compounds is strongly concerned with the physical and chemical properties

of their compounds, such as solubility, vapor pressure, surface tension and distribution coefficient between the

aqueous and organic phase. The experimental removal rate is evaluated and discussed concerning the physical

and chemical properties of the compounds to be removed. A model for the removal mechanism is constracted

by considering several terms such as adsorption on bubble, entrainment with boundary layer of bubble, vapori-

zation to bubble and mass transfer to the organic solvent in the upper part of column. The calculated value is

in good agreement with the experimental results. According to the removal model, contribution percentage of

the above terms is estimated and then it is clarified which terms are significant for the removal of the organic

compounds with different chemical properties.
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Table 1 Physical and chemical properties of organic compounds at 298 K.
Molecular|  Vapor Aqueous o .
Substance weight pressure solubility Dlsulébunon Surface tension
oW Y
M P\"‘c\p S -
) 3 [-1 [mN/m]
[-1 [Pa] [g/m~]
Phenol(PHE) 94.1 36 6.7 103 30 65%)
Monochlorophenol(MCP) 129 25 2.4 104 130 669
Dichlorophenol(DCP) 163 20 4.1 103 154 67%
Trichlorophenol(TCP) 197 15 8.0 1()2 188 65%
Pentachlorophenol(PCP) 266 1231071 Laxio! 239 67%
Trichloroethylene(TCE) 132 1.0X 104 1.1X 103 56 712
Toluene(TOL) 9.1 3.8% 103 47X 102 15 68%
Monochlorobenzene
113 %103 % 102 5.7 5b)
(MCB) 1.7X10 4910 6
Trichlorobenzene(TCB) 182 33 37% 10! 4.5 419
Naphthalene(NAP) 128 22 3.0 101 11 499
Chlorosalicylic acid(CSA) 173 - 9.0 102 14 419
. 44 o102 a)
Chlorobenzoic acid(CBA) 157 (100°C) 4.4>10 7.1 44

Surface tensions are measured at the concentration of a)509/m3, b)35g/m3,c)399/m3 and d)ZOg/m3
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(5) cock

(6) sublation column
(7) glass filter

(8) sampling point

(1) nitrogen bomb
(2) pressure gauge
(3) needle valve
(4) flowmeter

Fig.1 Schematic diagram of experimental apparatus of sol-

vent sublation.
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Fig.2 Removal percent of some phenols by solvent sublation.
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Fig.3 Removal percent of some organic compounds by sol-
vent sublation.
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Table 2 Simulation parameters for organic compounds.

Substance Q Cwi H, a d; . | Kow K K 4
s | emd | [k [cm] fem] | feml| [ | femis] fcm]
PHE 33 50 | 2.0x10%] 5.0%102 | 143x1073] 25 | 30 | 1.1x102 | 2.5x107
MCP 33 50 |5.4%10°| 22%102 | 145%103 | 25 | 130 | 12x102 | 2.4x107°
DCP 33 500 |32x107*] 24%102 | 147x103 | 25 | 154 | 15x102 | 4.0x107
TCP 33 500 | 15%1073] 21%10°2 | 145%x1073 | 2.5 | 188 | 16x102 | 7.5x107
PCP 33 15 |92x10| 22x102 | 145x103 | 25 | 239 | 1.7x10% | 41x107*
TCE 33 500 | 49%1071| 24x102 | 147%x103| 25 | 56 | 20x107 | 1.2x10™
TOL 33 50 |30x107!] 34x10°2 | 144x103] 25 | 15 | 24x102 | 1.3x107
MCB 1.7 35 | 15x107!| 3.4x1072 | 144x103| 25 | 57 | 81x107 | 7.2x107
TCB 1.7 39 | 66x102] 24%x102 | 1.47x103 | 25 | 45 | 19x1072 | 7.0x107
NAP 17 15 |39%102| 28x1072 | 145x1073] 25 | 11 | 34%x102 | 62x107
CSA 33 50 - 31x1072 | 144x103 ] 25 | 14 | 92x102 | 9.8x 107
CBA 33 50 - 23x1072 | 146%103 ] 25 | 71 | 7.1x1072 | 3.4x107
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Fig.4 Comparison between experimental and calculated values for removal of organic compounds by
solvent sublation (Solid line shows the calculated values using the presented model).
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Fig.5 Total removal percent and contribution percent of 3
terms of bubbles and mass transfer.

Table 3 Contribution percent of bubbles and mass transfer for removal of some organic compounds
(These values are calculated from model equation).
PHE | MCP | DCP | TCP | PCP | TCE | TOL | MCB| TCB | NAP | CSA | CBA
Adsorption [%]| 1.0 1.5 1.8 3.5 15 2.0 0 3.0 4.0 2.0 3.0 2.0
BO”“darYIHVCIOfb”bﬁﬁi s6 | 72| 66 | 66 | 56 | 13 | 15| 27| 33| 25| 2 | 30
0
e “‘b“bb’ciql 0o o5 |o2]o0s5| 10| 6 | 67]50]24]90]| 0] o0
(2
Mass transfer [%]| 43 26 32 30 28 19 18 20 39 64 77 68
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LEZZLND,

FRZES
a = diameter of a bubble [cm]
Cyw, C, = solute concentration [mg/cm?]
Cyi = initial solute concentration [mg/cm?®]
d; = thickness of boundary layer of

a bubble [cm]
H, = Henry’s constant [-]
K4 = adsorption constant [cm]
K = mass transfer coefficient [cm/s]
Koy = partition coefficient [—]
M = molecular weight [—]
Py = vapor pressure [Pa]
Qa = gas flow rate [cm?/s]
7e = radius of column [cm]
R = gas constant [J/K - mol]
R, = removal percentage of solute

from aqueous phase [%]
S = aqueous solubility [mg/cm®-water]
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t = time [s]
U = velocity of a rising bubble [em/s]
Vw, Vo = phase volume [cm®]
X = whole amount of solute removed [mg]
X = amount of solute removed by
bubbles [mg]
Xy = amount of solute removed by
mass transfer [mg]
X3 = amount of solute returning to
the aqueous phase [mg]
<Greek >
r = amount of solute adsorbed at
interface [mg/cm?]
= surface tension [N/m]
= viscosity [Pa - s]
= density [g/cm?]
5] | X ik
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