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Abstract: The objective of this work was to investigate the performance of pervaporation process for recovery of ester
compounds from model aqueous solutions and how the fluxes of esters and water were affected by changes in feed concen-
tration and temperature. The flux of ethyl acetate (EA), propyl acetate (PA), ethyl propionate (EP), butyl acetate (BA), and
ethyl butyrate (EB) increased with an increase in feed concentration from 0.15 wt% to 0.60 wt%, and increased with tem-
perature change from 30°C to 50°C. The flux of esters (EA, PA, EP, BA, and EB) was in order of (EA) < (PA, EP) <
(BA, EB). This result meant that the flux strongly depended on affinity between esters and membrane surface; EA is the
least hydrophobic because it has one hydrophobic function group (-CH:-), (PA, EP) have two (-CH»-), and (BA, EB) are the
most hydrophobic because these have three (-CH,-). As well as such an influence of hydrophobicity of ester molecules on
ester flux, the influence of hydrophobicity of membrane surface on ester flux needs further investigation. With increase in
temperature, water flux of aqueous EA, PA, EP, BA, and EB solution increased. However, water flux of aqueous ester sol-
utions did not change appreciably with increase in concentration. This experimental results may be used as fundamental data
for pervaporation (PV) to improve the aroma recovery process as an alternative to thermal evaporation and distillation

processes.
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0.084
0.019
0.019
0.007
0.006

Water solubility at 25°C
(g/em’)

O
77
106.6
99
125
121
100

Boiling point

Molar volume
(cm’/mol)
97.7
115.6
114.6
132.6
132.2
18.01

(g/mol)
88.1
102.13
102.13
116.16
116.16
18.01

Kun-Ho Song - Kwang-Rae Lee

Molecular weight

Specific mass
(g/cm3)
0.902
0.886
0.891
0.882
0.879
1.000

Compound
Ethyl acetate (EA)
Propyl acetate (PA)

Ethyl propionate (EP)
Butyl acetate (BA)
Ethyl butyrate (EB)

Water

Table 1. Properties of the Ester Compounds
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Fig. 1. Schematic of pervaporation process. 1. Thermometer, 2.
Membrane, 3. Feed solution, 4. Cold trap, 5. Vacuum gage, 6.
Vacuum pump, 7. Stirrer plate, 8. Isotherm water vessel, 9.
Immersion circulator heater-controller, 10. vacuum controller,

11. Dryer.
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Table 2. Specification of Surface-modified Membrane

Surface-modified alumina membrane
Membrane diameter (ID/OD) 6.48 mm/8.0 mm

Effective membrane area 18 cm’
Length 58.5 mm
Substrate Alumina (Al,O3)

Pore size of substrate 0.12 pm

Hexadecane ‘ ‘ Carbon tetrachloride

Stirring under dry nitrogen atmosphere

¥

The oxidized inorganic membrane was dipped into the solution
of silane-coupling agent at room temperature for 12h

¥
The treated inorganic membrane was washed with the mixed solvent again
under dry atmosphere
\4
| Inorganic membrane was dipped into 300ml of chloroform and dried ‘
\

‘ Finally, the membrane was washed with deionized water ‘

Fig. 2. Preparation procedures for an organophilic inorganic
membrane.

@ (b)

Fig. 3. Photo of water droplets on the surface-modified
membrane; (a) before heat-treated, (b) after heat-treated
membrane.
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Fig. 4. Ethyl acetate permeate flux as a function of feed
concentration.
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Fig. 5. Propyl acetate permeate flux as a function of feed
concentration.
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Fig. 6. Ethyl propionate permeate flux as a function of
feed concentration.
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Fig. 7. Butyl acetate permeate flux as a function of feed
concentration.
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Fig. 8. Ethyl butyrate permeate flux as a function of feed
concentration.
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Table 3. Molar Fraction of the Ester Compounds (z!°?)

=
Ester © 0.15 wt% ester 0.30 wt% 0.60 wt%
Ethvl ate (EA) EA : 0.0307 mole% EA : 0.0614 mol% EA : 0.1228 mol%
y? acelate (H,0 : 99.9693 mole%) (H,0 : 99.9386 mole%) (H,0 : 99.8772 mole%)
P | ate (PA) PA : 0.0265 mole% PA : 0.0530 mole% PA : 0.1060 mole%
ropy’ acetate (H,0 : 99.9735 mol%) (H,0 : 99.9470 mol%) (H,0 : 99.8940 mol%)
Ethyl propionate (EP) PA : 0.0265 mole% PA : 0.0530 mole% PA : 0.1060 mole%
Y? propionate (H,0 : 99.9735 mol%) (H,0 : 99.9470 mol%) (H,0 : 99.8940 mol%)
Butvl ate (BA) BA : 0.0233 mole% BA : 0.0466 mole% BA : 0.0932 mole%
Uyl acetate (H:0 : 99.9767 mol%) (H:0 : 99.9534 mol%) (H:0 : 99.9068 mol%)
Ethyl butyrate (EB) EB : 0.0233 mole% EB : 0.0466 mole% EB : 0.0932 mole%
y? butyrate (H:0 : 99.9767 mol%) (H:0 : 99.9534 mol%) (H:0 : 99.9068 mol%)
Table 4. Ester Fluxes of (PA, EP) and (BA, EB)
Temp. 30°C (kg/m’h) 50°C (kg/m’h)
wt% of Ester PA EP BA EB PA EP BA EB
0.15 Wt% 0.0469 0.0537 0.0550 0.0579 0.1006 0.1091 0.1354 0.1528
0.60 Wt% 0.1871 0.1905 0.2080 0.2330 04312 0.4683 0.4822 05117
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Fig. 10. Molecula structure of esters.
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