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Abstract: Nowadays, countries all over the world develop fuel ethanol in order to decreae the
dependent on fossil resources and environmental pollution. However, there is serious product
inhibition in the traditional production process, which not only limits the saccharification, but
also restricts the increment of the strength of fuel ethanol production, and is not favorable to
the energy saving. Coupling of ethanol fermentation with product separation, especially ethanol
fermentation and membrane separation could effectively solve the problem. This technology can
perform the fermentation of high concentration substrates or enzymatic conversion, reduce or
eliminate the toxicity of products to biological catalysts, improve the reaction rate, and obtain
high concentration products. It also can simplify the product separation process, and reduce the
energy consumption of product separation and production cost. This paper introduced and com~
pared the various integrated bioreaction—seperation processes. and finally forecasted their pros-
pect.
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Table 1 Performance comparison of various adsorbents
Types of Adsorption capacity Selectivity Condition of desorption
adsobents
. B . Difficult to desorb.
Activated 12] |
carbon t1o, 113 | Bad. It had higher adsorption capaci-
Adsorption capacity was influenced by specific  ty to glucose[!2),
surface area, pore diameter, particle size and oth-
er properties. Generally, the higher specific sur-
face area led to the higher adsorption capaci-
tyl10:11]
y .
Zeolite [REN 0 h [l
Adsorption capacity was influenced by silicon-a~  Good. There was no absorption to (51,
luminum ratio(SAR). Generally, the higher SAR  glucose. fructose and glycerol, but a  Esaier to desorb, and the reac-
led to the higher adsorption capacity-'?'. strong adsorption to acetic acid"*!. tion did not occur between the
adsorbent and ethanol in the
thermal desorption process''J.
. 30°C.60 g/L 90 . . . 80°C
Silicalite mg/g( [16D). 171, . i
General. The adsorption capacity was 90 mg/g in  Good. There was no absorption to BLIN
60 g/L ethanol solution at 30°C[16]. glucose. fructose and glycerol 7. Easy desorption. Ethanol could
be rapidly desorbed from sili-
calite at less than 80°C[16].
s [18.19] . R [20] R [20] .
Resin General. Adsorption capacity was related to the Bad. It had absorption to glucosel?®’.  Esaier to desorb?*J,

e PN 97
types and specific surface area of resin-'%:1%,

Ca1] ; pH (22
Small. Starch -based adsorbent had greater ad-
sorption selectivity and capacity to water'?!); the

Starch-based

adsorbent and

o S .
[23]

Bad. It had absorption to glucose and
acetonesand a big absorption to wa-

21]

Esaier to desorb2!).

lignocellulose adsorption capacity of lignocellulose was influ-  ter'?*.
enced by pH?2!,
Walsh L3 20 C()z ’
. 99.5%~99.8% N, :
, o CO,
[27] . [28] ,
, 4 , CO, ,
5 5.5%~10% ; .
) , 1.4
21 d 35 d, ,
[29] s ,
" 110. 87 g/L., °
2.99 g/C L+ h), Taylor [3031 (s3] s
, - 23.03 g/
: 30L , (L+h, . Cysewski [
Co, 185 h , , 82 ¢/(L+h.
15.8 g/C L+ h), CO;,
, s ) (O s
[52] b b o b
3. 14 mT ’ ’

1.531 g/(L . h)v
51.4% 14.6%.
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, Masa-
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- . . 48
, , g/(L+h,
. 1.5.3
Melzoach ¥ ,
) , 100 % ,
) 50~300 g/L, 0.03~0.3h™",
) . 15 g/(L*h).
(PDMS) , .
PDMS , 400~690 g/(m” * ,
h), 80~190 g/(m’ * h), .
2 . , .
2.5~7. 2", .
PDMS , . Jeong M
. Li MY .
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40°C . 5% 8.3, 6. 74X 10° cell/mL  5.42X10°cell/mL,
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5% ) 21. 35, (MD)
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Table 2 Comparison of various integrated bioreaction-seperation technologies-*
Method Cost Energy Operation Disadvantage Advantage Prospect
consumption
Ethanol fer- The high cost Low Simple op- . .
mentation of of extraction a— eration The performance and In situ extraction; R
extraction gent high consumption of the product inhibition was Solving the problem of
extraction agent. reduced or eliminated. extraction agents or
methods was the key.
Ethanol fer- Low Simple op- Low adsorption capacity. . .
mentation of  The low cost of eration The low energy -consu-  Inefficient. currently
adsorption adsorbent ming. There were in situ little progress.
internal coupling and ex-
ternal  recycling  cou-
pling.
Ethanol fer- The low cost of Low Simple op- B . s Solving the problem of
mentation of  gas eration Low system efficiency, o efficiency was  the
gas stripping the high energy -consu-  Cell activity increased, key.
ming of gas compressor. the density increased, the
substrate was full used
and yield increased.
CO2 s , B s
Ethanol fer- The high cost High Vacuum Oz . High productivity. .
mentation of  of operation operation Difficult CO; emission., If the problem of ener-
vacuum easy contaminations need gy consumption was
to feed Oz to maintain solved, it could be
cell activity. widely used in indus-
trial production.
Ethanol fer- The high cost Low Room tem- Big membrane resist- High efficiency,simple e~ o
mentation of of the separa- perature anceseasy to plug. quipment. The membrane was
membrane ting membra- operation casily plugged, practi-
separation nes cal application was not
significant.
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