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Abstract— A PVA pervaporation membrane, which has preferential selectivity for water, was introduced. For the
separation of ethanol-water mixtures above 90 wt% of ethanol, the membrane exhibited selectivity above 50 and per-
meability of 0-0.4 //hr-m2 The membrane surface area required for the production of 360 kg/hr absolute ethanol from
93 wt% ethanol-water mixture by the pervaporation process using the membrane was estimated as 163 m2. In this
case, the average ethanol concentration was calculated as 13.5 wt%. The energy cost of pervaporation process was
compared with that of azeotropic distillation process using benzene as an entrainer. As a result, it is confirmed that the
energy cost of pervaporation process is merely 1/5 of that of azeotropic distillation process.
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Fig. 1. Separation curve of KRICT membrane for
pervaporation of ethanol-water mixtures.
(Temperature; 65°C, Permeate pressure; 5
mmHg absolute)
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Fig. 2. Selectivy & flux of KRICT membrane for
pervaporation of ethanol-water mixtures.

(Temperature; 65°C, Permeate pressure; 5
mmHg absolute)

KRICT u-& A Fxol chsle] Ao AdAsic}, 27
1}, 70mole% ©lAe] Exof dishrls KRICT =Hel
Hejgao] GFT ol #|skod k2l dojxlct,

Fig. 20 KRICT 2o ollglg 4~8-o)] gt +
A4 (selectivity) oF FAE55 (flux) & A gkct, ol&l
£ % 90wt% oAbl KRICT 2| HeiAlg+=
50 o]Atelw, Er&wl 0-0,4//hr-m? AxYS o

4 9ok,

.

it



KRICT Pervaporation -2]u} 721

5. Scale-upAle] E2/2t THY gl Eajd HREE
Alst
APAH R Sy Fejute) Lelds A (%
Fhe] Frugel] whE Fajele] Erol ErLr
3} 28 )8 5F scale-up Al 8T 3} et ¥
A g oo HEEEE A4 5 9l we o
okelela, ol& shehgdtajol wEslaic}(5], of why
of we} Fig, 13 2o vjebl KRICT =he] Rejis
AR5 ol gsled HEjnt FniAn Erjel mfrc
Abglel, o5 Ak FApu] mE oux] 4wk A
Foll ez 3, ofslol4 obE AHAA HEo|M=
o] &g o3},
KRICT =te] ZFaie] & 55 (x)ol whd Fajole]
£ 72t 23}

T EE(y) W FAEE (o) WE AuAe

F~2 regression analysis 3} c}2-3 72 7144

S et {40wty% 14l ethanol &),

y=—0.166x"+0.300x+0.853 1)
z=-2.05x*+3.26x+0.05 (2)
93 wt%

ollBbS 488 FF5led 99, 8wty F4 ol

EFSS- 360 kg/hr ALk pervaporation %&oll o

sted e Fejwh FwiAn) Fajo HEHyed 42s)

712 gt Rt 3wl (A)9 Sl HEss(y)
A z

* dx 1 dx
A—qtf exp (] y_XJ v-% 2 (3)
- Q™ = dx y dx
TR xz exp ny—X ) y-z) z @
A (D3 (2% A2 A (33 (@)l talsted = 2e}
v

3

22
0}4,‘ -
i
=
|

T 29 (A)+ 163m?, T ofeke- 3
¥+ 13.5wt%E  Alakslojzch, o] g
.%174% A [2]el HuE GFT =) 7-%-(2000
liter/day o 7 ol&hg3-5 AAbshs o] 50m2e] #2
uh A e)e} frakste,
8. Pervaporation 3&z JH| 7 39| ofix|
H|E Bjm
Bwty olelE 4Fo e F4 ofels (99,8
)5 360 kg/hr TEZ A41517] 918k pervapora-
tion FAFA Fvl FF FH x| vlLE nws)
712 gt
Bwt% olErE: FENE FFdted T oS
#JAk8l= pervaporation 542 Fig, 3o jebfich,
g B T olelad Al4lgE uiel Fo)

93 wt% 20°C
EtOH
78°C
70°C _ 99.8 wt%
EtOH
Steam
70°C
IT,@ PV
E _ lﬂ
Steam
Vacuum
H-2 system
100°C
-40°C
13.5 wt%
Hy0 EtOH

Fig. 3. Flow diagram of pervaporation process
for the production of absolute ethanol.

Table 1. Energy consumption of pervaporation

process

Energy source Steam Electricity
Equipment kcal/hr kg/hr* kw
H-1 2,690 54
H-2 7,840 15.7
H-4 16,310 32.6
H-5 2.9
PV-1 14,560 29.1
Vacuum 13.0

system
Total 41,400 82.8 15.9

*Latent heat of steam =500 kcal/hr.
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Fig. 4. Flow diagram of azeotropic distillation
process for the production of absolute
alcohol.

Table 2. Energy consumption of azeotropic distil-

lation process using benzene as an en-
trainer
\Energy source Steam

Equipment kcaVhr kg/hr*

H-1 19,470 38.9

H-3 336,940 673.9

H-4 5,400 10.8

Total 361,810 723.6

*Latent heat of steam = 500 kcal/hr.
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NOMENCLATURE

A : membrane surface area [m?]

q; - flow rate of feed at the inlet of pervaporation
module [kg/hr]

x : concentration of water in feed [wt fraction]

x, : concentration of water in feed at the outlet of
pervaporation module [wt fraction]

x; : concentration of water in feed at the inlet of per-
vaporation module [wt fraction]

y : concentration of water in permeate [wt fraction]

¥ : average concentration of water in permeate [wt

fraction)
z : permeate flux [kg/hr-m?
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