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Extractive Butanol Fermentation Using Pervaporation and a Low Acid
Producing Strain
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An extractive fermentation process using pervaporation was studied in a 7 liter fermentor. Pervaporation was performed
using a silicone membrane module, and a low-acid-producing strain, Clostridium acetobutylicum B18, was used to
produce butanol. In batch culture without pervaporation, pH 5.5 and initial glucose concentration of 60 g/L resulted in
the highest butanol productivity (0.216 g/L - h) with butanol yield of 0.261. Butanol flux through the membrane was
best at 2.0 L/min-tubing of air flow rate. In batch and fed-batch fermentation glucose consumption rate increased by

1.3 times with pervaporation.
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Figure 1. (a) Schematic diagram of pervaporative fermentation

system. (b) A photo of actual pervaporative fermentation system.
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Table 1. Effect of glucose concentration on the fermentation characteristics in batch culture without pH control.

Glucose concentration 20 g/L 40 g/L 60 g/L 60 g/ + extra nuirient (added at 27hr)

Glucose consumption (g/L) 18.23 34.10 29.34 36.10

Butanol(g/L) 344 6.32 5.77 743

Acetone(g/L) 1.50 291 2.52 3.28

Ethanol(g/L)’ 0.46 0.81 0.45 0.46

Acetic acid(g/L) 1.12 1.86 1.05 0.98

Butyric acid(g/L) 0.57 0.48 0.71 0.55

Butanol yield(%) 18.86 18.53 19.66 20.58

Solvent yield(%) 29.62 29.44 29.78 31.01

Acid yield(%) 927 6.86 6.02 4.23

Total yield(%) 38.89 - 363 35.8 35.24

Butanol productivity (g/L - h) 0.063 0.099 0.081 0.112
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Figure 2. Profiles of pH, cell growth, glucose and product concentrations in batch culture without pH control, for initial glucose concentrations
(g/L) of 20 (a), 40 (b), 60 (c) and 60 with extra nutrient (0.5X) added 30hrs after fermentation start wp (d): The arrow( ) indicates the
moment of nutrient addition; ---- pH; - dry cell weight (DCW) ; ---- glucose; (M) butanol;, (@) acetone; (@) ethanol; (]} butyric
acid; () acetic acid.
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butyric acid; (O) acetic acid.
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Table 2. Effect of pH on fermentation characteristics in batch culture with pH control.

pH 5.0 5.5 6.0
Glucose consumption (g/L) 44.50 48.20 38.41
Butanol(g/L) 9.98 12.59 8.12
Acetone(g/L) 355 4.98 245
Ethanol(g/L) 0.81 1.04 1.25
Acetic acid(g/L) 2.35 3.37 1.52
Butyric acid(g/L) 2.83 3.44 7.54
Butanol yield(%) 2243 26.10 21.13
Solvent yield(%) 32.20 38.61 30.77
Acid yield(%) 5.39 6.39 20.15
Total yield(%) 37.59 45.01 50.92
Butanol productivity (g/L - h) 0.154 0216 0.103

* Glucose concentration was 60 g/L and extra nutrient was added 30hrs after fermentation start up.



Yoon, J.-Y., Extractive Butanol Permentation Using Pervaporation

—=— (.50L/min-tubing
—— 1.0L/min-tubing
—e— 1.50L/min-tubing
—4A— 2.0L/min-tubing

Residual Butanol Conc.(g/L)

Time (hr)

14x107
12x107  (b)
1.0x107
8.0x10"“j
G.OXTO'E:

4.0x10°

Butanol Diffusivity (nffh)

2.0x10°

0.0
0.5 1.0 15 2.0

Air flow rate (L/min-tubing)
Figure 4. Profiles of butanol concentration vs time (a) and diffusivity
vs air flow rate (b) during pervaporanon with make-up solution at
different air flow rates.
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