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Abstract—The living cells, Saccharomyces cerevisiae, are sandwiched between ultrafiltration and reverse
osmosis membranes. The ultrafiltration membrane separates the cells from the feed volume, while providing
free passage for all nutrients to the cell mass below. Therein, the bioreaction starts to occur, leading to
product ethanol. The reverse osmosis membrane, while immobilizing cells, also helps in separating the nutri-
ents from the product stream preferentially. Therefore, the enriched ethanol solution could be obtained without
much contamination from glucose and nutrients. Above the filtered cell mass a coarse filter paper was placed
to provide the cells extra room for growth and to eliminate the partial closing of pores of the ultrafiltration
membrane which is in contact with the cells. In order to minimize the back diffusion of ethanol from the
yeast cell layer to the feed solution, the cellulose acetate ultrafiltration membrane was replaced into the
more hydrophobic polysulfone ultrafiltration membrane. In these cases, performance data for glucose fermen-
tation to ethanol by yeast cells were obtained. As a result, the maximum ethanol concentration was 70.3
g/l after 400 hours of operation continuously and at the operating pressure of 2758 kPag(=400 psig) on
the substrate solution for the forced convection flow of substrate to the cell layer.
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Table 1. Details of cellulose acetate membrane prepara-
tion

UF RO
- Membrane Membrane
Casting solution composition, wt%

1. Cellulose acetate(E-398-3) 17.0
2. Acetone 69.2
3. Magnesium perchlorate 145
4. Water 12.35

Temperature of casting solution, 4
©)

Temperature of casting room
atmosphere

Humidity of casting atmosphere room

Solvent evaporation period, (s) 60

Ethanol/Water volume ratio in  30/70-50/50
gelation medium

Gelation period, (min) 60
Temperature of gelation medium, 0

()
Shrinkage temperature, (C) 67-77
Shrinkage period, (min) 10

Table 2. Details of polysulfone membrane preparation

UF membrane

Casting solution composition, wt%

1. Polysulfone(Udel-1700) 20.0

2. NMP(N-Methyl-2-Pyrrolidone) 80.0
Temperature of casting solution, (C) 4
Temperature of casting atmosphere room
Humidity of casting atmosphere room
Solvent evaporation period, (s) 60
Temperature of gelation medium, (C) 4

H,S0,/Water volume ratio in 15/85-25/75
gelation medium

Gelation period, (min) 15
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Fig. 1. (a) A schematic diagram of the reactor.
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1. Reservior, 2. Reactor, 3. Magnetic stirrer, 4. Permeation port, 5. Sampling port, 6, 7. Feeding port

(b) A pop-up view of the membrane cell.

1. Porous plate, 2. R.O. membrane, 3. Macrofilter membrane, 4. Cell layer, 5. Filter paper, 6. UF. membrane
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Table 3. The experimental data of glucose separation by
using cellulose acetate UF membranes

Table 4. The experimental data of glucose separation by
using cellulose acetate RO membranes

Membranes PWP(g/hr) Molality PR(g/hr)  f* Membranes PWP(g/hr) Molality PR(g/hr)
UF-50* 1007 0.10 8832  0.005 RO-67* 715 0.10 56.7 0.910
0.25 7005  0.032 0.25 484 0.907
0.50 675.0 0.088 0.50 14.2 0.903
UF-40 325 0.10 3055  0.080 RO-72 58.0 0.10 473 0.985
0.25 274.0 0.122 0.25 385 0.981
0.50 2198  0.190 0.50 23.0 0.980
UF-30 98 0.10 76.3 0513 RO-77 455 0.10 30.0 0.998
0.25 678 0.555 0.25 22.7 0.982
0.50 556 0672 0.50 18.8 0.982

*The number after UF means the ethanol concentration
(vol%) in gelation medium
#f= feed glucose concentration

— permeate glucose concentration

feed glucose concentration
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*The number after RO means the shrinkage tempera-
ture
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Table S. The experimental data of ethanol separation by
using cellulose acetate RO membranes

Membranes Molality PR(g/hr) f
RO-67* 1.0 70.8 0.210
15 67.0 0.191
25 46.3 0.170
RO-72 1.0 53.3 0.220
15 50.6 0.190
25 46.7 0.155
RO-77 1.0 46.5 0.266
1.5 40.3 0.200
2.0 35.5 0.152

*The number after RO means the shrinkage tempera-
ture
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Fig. 2. Ethanol and glucose concentration in batch fermen-
tation (400 ml, 400 psig, 18% glucose UF-50/ce-
lIs/RO-72).
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Fig. 3. Comparison of ethanol concentration between stir-
ring and non-stirring system(400 ml, 400 psig, 18%
glucose).
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Fig. 4. Comparison of ethanol concentration between with-
out filter paper and with filter system(400 ml, 400
psig, 18% glucose).
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Table 6. The experimental data of glucose separation by
using polysulfone UF membranes

Membranes PWP(g/hr) Molality PR(g/hr) f

PSf-15* 660.1 0.10 4805  0.190
0.25 4050  0.268
0.50 3228  0.355

PSf-20 872.3 0.10 6866  0.055
0.25 5513  0.070
0.50 4741  0.088

PSf-25 1150.4 0.10 8189  0.0061
0.25 7927  0.0011
0.50 6654  0.0330

*The number after PSf means the H,SO, concentration
(vol%) in gelation medium

i i
8 ]
Ethanol concentration (g/l)

Glucose concentration (g/l)

1 1
0 50 100 150 200 2500
Time (hr)
Fig. 5. Ethanol and glucose concentration in batch fermen-
tation(400 ml, 400 psig, 18% glucose PSf-H25/fil-
ter paper/cells/RO-72).
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Table 7. A comparison of batch and continuous type fermentatin systems(*means continuous type fermentation system.)

Membrane system Initial celL no. Final cell9 no. xi’;ﬂ::gzz :’(’;;::;i?;: Ave. area zﬂux Productivity
x10 X10 in permeate(g//) in permeate(g/l) X10°(g/cm®hr) - (g/L-hr)

UF-50/cells/RO-72 15 7.51 0.93 62.5 2.692 26.92
Non-stirring

UF-50/cells/RO-72 1.5 4.64 0.93 51.7 1.583 15.83
UF-50/filter paper/

cells/Ro-72 15 9.75 0.88 68.5 2.949 2949
PSf-H25/filter paper/

cells/RO-72 15 9.92 0.86 70.0 3.036 30.36
PSf-H25/filter paper/

cells/RO-72* 15 11.0 0.86 70.3 3.23 32.28
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Fig. 6. Comparison of ethanol concentration in feed solu-
tion by back diffusion between UF-50 and PSf-H25
membrane system(400 ml, 400 psig, 18% glucose).
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Fig. 7. Ethanol and glucose concentration in continuous
fermentation(700 ml, 400 psig, 18% glucose, PSf-
H25/filter paper/cells/RO-72).
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