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been displacing the" cofivgn ona] separs ‘process. Pervaporation is a

adopted by different
brane separation have
membrane process Other membrane process

because of the permeate Jid to vapor.

2.1 History :
Heisler ?D,ii g an H’f e first to study the
pervaporation prmg scientifically, after Kober remarchad the phenomena

of “pervaporation” in 1937 b ith water selective
permeation 1% Mﬁmﬂiﬁ ldion containers.
This p m lﬁ dunng the
T%D'W‘Iﬁifjjﬁ M marth rvapnratmn test

programs.[2]

In the last 10 years, there has been many interests in the
pervaporation process which probably due to the advancement of
membrane technology. Although pervaporation is expensive owning to the
phase change, it is of interest in case when conventional separation

processes either fail or result in a higher specific energy consumption,
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Solvent productions by the fermentation process are one of the
effective solvent production, such as acetone-butanol fermentation which
utilizes microorganisms for substrate inversion. This procedure produce

solvent by the selective bacterial fermentation of carbohydrate-containing

material such as molassas, || te are sterilize, diluted to a

dt ﬁ down to 30°C. A bacterial

culture, such as Closisditn ace m. is added to start the

roceeded for 36-38 hours,

concentration of 5%

fermentation process
the fermentation . . mixed solvents are
pumped to a colurg e vapor from the solid-
liquid separation aregdle column from which three
fractions (acetone, b sined. The yield of mixed
solvents is approximately h the sugar charged. Solvent yield
) P TR
ratios are 60-66%wt. butarol=30-35%W etone, and 5-10%wt. Figure

1* butanol production by

[/

2.1 are shown th V—- senem:
the fermentation pﬁ:&ss

However, the dimitation of the @getone-butanol fermentation process

s he roa i fummw iﬂﬁluﬁl m‘a:. o

Main products of acetone-butanol fermentation broth are acetone,
ethanol, butanol, acetic acid and butyric acid. Physical properties of these

products are shown in table 2.1.
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Figure 2.1 The™Biochelnical pathway.of 3€8tone-butanol
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Table 2.1 Physic : as of imai jucts from acetone-butanol

Product

Acetone —‘;ﬁii , Acetic Acid | Butync Acid

Forrmula

ASHCOM | CHCH CO,

Yo il ) H
Formula Wt. | 58.08 '| ,',' 60.05 88.10
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2 ia1 Application of The P T

Over the past few years, the number of industrial pervaporation plant
has increased. At least 20 to 50 plants around the world have been
developed for high productivity and cost effectiveness. For example there

have been the reduction in_energy and overall system capital costs,

Dehydration “©f {gsmiefitation ¢ oducis either by direct methods or

following primary dig \ ‘the classic examples of the

: m\\\

into a membrane Mmodllg JQE ,“

P

membrane pervapors: "(dl'ﬂtlﬂﬂ process is shown

in Figure 2.2, e f{éeq mode through a preheater,

composed of water with small

amount of ethanol is gondsnse either recycled and disposed. A
vacuum pump is s:tuatad f he downstream of the condenser for any
noncondensables e Tfie, condenser continue to

J

Figure 2.2 Ethanol dehydration.[2]



2.4.2 Dehydration of Organics.[6]

The removal of water from liquid-organic mixtures accounts for the
largest segment of new industrial pervaporation plants. The degree of
water removal depends on the desired economics. A list of organic solvent

which are currently dehydrate anc cnvared pervaporation process using is

given in Table 2.2., and a diffe: e dehydration of several organoic

Solvent '/Iﬁu‘\\\ er Content
"I ﬁ ‘\\\ Product (ppm.)
1-Butanol { % “\\ \ 138
n-Butanol 800
t-Butanol 581
THF 220
Xylene 140
Methanol - 1650
MuthanolﬂPA 2 300
“””"'W,J%J—;-‘iﬂm =
Ethano 0.8 610
-— = ——

AR NN
Ethanol/Benzene 14.1 320
Allylalcohol 4.85 620
Trichelene 0.01 8
MEK s 220
Methyl Chleride 0.20 140
Ethyl Chloride 0.22 10
Chloroethane 0.0617 12




Table2.3 Selected water permeable organics/water pervaporation

membranes.
Water Feed
Organics Concentration Selectivity Water Flux
(wt. %I o (glm’ hr)

-Butanol 3.4 1201 1820

THF/Benzene R 82

Aylene

. ——t 25

Methanol Imﬁ 229

e R i

PFP I//%ﬂ&%\\‘&\ 1088
Ethanol/Benzene l N 1' \\\"\\ 4220
n-Butanol 107
MBK 7
BTX stands for benzénie.:
The ‘T‘ii— ﬂhvdratiun of organic

solvents is mpurtaﬂy Texaco[8] T0 a'ateringmopmpylalcnhnl as shown

in Figure 2.3 I}Tﬂ?ﬂ mlm {rjtﬁ wt. up to 95 %wt.
prior to iae@ e’ e column.™ Only "a “small pervaporation
¢

), wsR e ey Bl

This pervaporation process became commercially available in 1989 by
improvise process and the membrane development. The well known of the
commercial process was GFT process for dealcoholization of beers, wines
.and liquors. Using polydimethyl silicone type membranes, reduction, or
removal of ethanol has been demonstrated. Figure 2.4 shows in the

schematic diaaram of the pilot-scale of beer industrv. Selective permeation



10

of ethanol is straightforward, with alcohol reduction to 0.7 %wt. for alcohol-
free beer. Reduction was limited to around 0.1 %wt. because the
membrane selectivity was not as good as the PVA-based water selective
material.

The pervaporation process

of other organics from water is also

IPV/water

Fidure i . process.[5]
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membrane EOH condenser
carbonats l
water _.?dﬂuﬂnn s

slcohol free high aloohol

Figure 2.4 Pervaporation process for alcohol reduction

in beer.I2]
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2.4.4 Organics/Organics Separation. (2,6]

Separation of organics/organics mixture is the least developed, and
the largest potential impact for the pervaporation process. Membrane for
this process must be designed for the specific process objective.

The example for organi nics separation by the pervaporation

process was the removal methyl-tert-butyl ether in the

. This process called TRIM™™

I.h Ose acetate membrane for
\\\\

process and is sh s of this application lies in
the high selectivi

methanol over M BE/C, mixtures.

recovery amit

Qﬂ’]ﬂ‘ﬂ*ﬂﬁ@f&%ﬁr]‘}%ﬁﬂ s

separation.[6]

2.4.5 Vapor permeation. [7]
This process is one of the membrane pervaporation. The feed
stream is a mixture of vapors rather than liquid. The permeate partial

pressure is maintained by the use of inert sweep gas, or a vacuum.
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Vapor permeation, as a commercial process is only recently being
developed. Vapor has other theoretical advantages over the general
pervaporation. First, the feed is vapor, so that it would be compatible with
fractional distillation. Second, large heat input is not required to vaporized

the feed thus the design of complex module and eliminating the need for

2

» BeeFe ryenorat| o R-Eroe

I8 \“\* 71‘ veloped and applied the

interstage heating.

Uevelopmen

In recent
pervaporation proe#Sse y , Sef \-\ Main targets of the
development and @ppl€agion. :';,- \ ase pfoductivity and to reduce
investment costs. \
died butanol extraction through

M.A. Larrayoz it i8] st

_ \
pervaporation in acetobutylie=feimen i 1987. The rate of glucose
consumption was_foune oy 2fvaporation was used. In this
case, since no *fﬁ ton Wa : microorganisms kept
Matsumura etfald®] developedaliquid membranes for the separation

processes i@] &Jﬂhﬂ:ﬂrﬂmﬁlw Etja’]nﬁratinn through liquid
membrane_supported wi ﬁydro obi u mPrdne, The liquid
mamﬁ@pﬁ@e@ ﬁlﬁzm M@ ﬁ:ﬁ:ﬁmﬁﬂmﬂ suitable

for separating volatile products resulting from acetone-butanol fermentation.

their metabolic ac‘t@w.

Using the oleyl alcohol liquid membrane, the dilute aqueous butanol
solution of around 4 g/L obtained in acetone-butanol fermentation could be
concentrated up to 100 times. The stability of the liquid membrane was
also quite good and the separation performance was found after the

continuous usadge in a long period of 100 hours.
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W.J. Groot et.al.[10] integrated pervaporation and continuous butanol
fermentation with immobilized cells in 1980. Glucose consumption was
found to increase from about 30 to 120 kgfma by pervaporation alcohols.
The accumulation of inhibitory acids became substantial.

In 1991, W.J. Groot, T- et al.[11] studied mass transfer in

silicone rubber membranas of fermentation products by

pervaporation. They heorlas on thermodynamics
and diffusion mecham applicable, and correlations
were derived to preé " solute in silicone rubber
membrane on basis

Teruyuki lasahito Taya, and Setsuji

Tone[12] studied separs anol-oleyl alcohol mixture by

pervaporation with po ' ollow fiber membrane in 1992,
Butanol flux was found to 7 emperature and concentration of
butanol in feed se_lgtj,ﬁﬁ; Tl butanol ranged from 19
to 270 in feed sa -"-ﬁ:,a n the r Aﬁerthat Michael S.K

Chen et.al.[B] later mprmrad membrane pervnpnr n for butanol separation
from metha m T% ibed the successful
technical dmf m ﬁﬂm cellulose acetate
mambqrw ﬂﬁnﬁ Erampamtmn
and Separex cellulose acem methanol flux mtﬁ:&arw with the
increasing methanol driving force. Total flux remained parallel with
methanol flux, indicating that flux of MTBE/C, was constant. As methanol
driving force increased, the selectivity of methanol also increased.

In 1992, Matsumura and et.al.[13] have been coupled down-flow

column reactor with supported liquid-membrane for continuous butanol-

isopropanol fermentation. The liguid membrane was prepared with olevl
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alcohol.  In comparison with continuous fermentation without product
removal, the specific butanol production rate was 2 times higher. The
butanol concentration in the permeate was 230 kgfma, which was 60 times
higher than that in the culture broth.
-Ho Park[14] developed the fermentation
% The pervaporation process with
/Aona membrane of 240 um
thickness.  Silicon % Waved 1hrough the holes on two flat

oy

Qinghuang Geng and Cha

process by pervaporation

2
0.17 m of surface

autoclavable plasti ntally. mot Res, n a fermentor. Butanol

and acetone fluxe iS'Cencentration in the aqueous

\\

phase. During bat : . pervaporation at an air

flow rate of 8 L/ anol ™ and acetone efficiently.
Glucose consumptionra _’_' ', " _ Sase in comparison to the
process without parvaporat: " - “160 g,-'? of glucose was consumed
during 80 hours: ad by possible salt

accumulation or @ ;f"”—‘ “’ tubing. The culture

volume was main ed relatively constant d\ﬂng fed-batch operation

::::;::rzmm i
AR e -

temperature {Sﬂ-ﬁﬂ c), feed concentration of butanol(0.5-4.38 %wt.), and
permeate pressure(20-50 mmHg.). Butanol flux was increased with
increasing temperature, feed concentration, and lowering permeation

pressure.
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