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Development of Bioreactors for Enrichment of Chemolithotrophic Methanogen and Methane Produc-
tion. Na, Byung Kwan, Tae Sik Hwang, Sung Hun Lee, Dong Hun Ju', Byung In Sang', and Doo Hyun
Park*. Department of Biological Engineering, Seokyeong University, 'Division of Water Environment and Reme-
diation, KIST — A gas-circulating bioreactor was used for enrichment of autotrophic methanogens. Mixture of
hydrogen and carbon dioxide (5:1) was used as a sole energy and carbon source. Anaerobic digestive sludge
isolated from wastewater treatment system was inoculated into the gas-circulating bioreactor. The enrichment
of two chemolithotrophic methanogens, Methanobacterium curvum and Methanobacterium oryzae was
accomplished in the gas-circulating bioreactor. The enriched bacteria were cultivated in a bioreactor equipped
with hollow-fiber hydrogen-supplying system (hollow-fiber bioreactor), and a hybrid-type bioreactor equipped
with hollow-fiber hydrogen-supplying system and electrochemical redox control system. The methane pro-
ductivity was maximally 30% (V/V) in the hollow-fiber bioreactors and 50% (V/V) in the hybrid-type biore-
actor.
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Fig. 1. Schematic structure of bioreactor for enrichment of
chemolithotrophic methanogens. A reservoir functions as both
gas supplier and pressure buffer. The reservoir’s pressure was
automatically controlled by a pressure switch and a solenoid
valve. Micro oxygen contaminated in hydrogen and carbon diox-
ide or diffused from outside was continuously removed by O,
remover (gas purification oven).
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Fig. 2. Schematic structure of bioreactor equipped with hol-
low-fiber for separation of methane from H,-CO, mixture.
Medium saturated with carbon dioxide was cycled through reser-
voir and bioreactor at the speed of 500 ml/hr. Hydrogen is sup-
plied through hollow-fiber at pressure of 0.22 kgf/cm, but not
bubbled. The pressure of reservoir was automatically controlled
by pressure switch and solenoid valve. Micro oxygen contami-
nated in hydrogen and carbon dioxide or diffused from outside
was continuously removed by O, remover (gas purification oven).
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Fig. 3. Schematic structure of hybrid-type bioreactor equipped
with hollow-fiber and carbon electrode for control of redox
potential in bioreactor. Medium saturated with carbon dioxide
was cycled through reservoir and bioreactor at the speed of 500
ml/hr. Hydrogen is supplied through hollow-fiber at pressure of
0.22 kgflem? but not bubbled. The carbon dioxide was automati-
cally refilled by gas pressure switch and solenoid valve. Micro
oxygen contaminated in hydrogen and carbon dioxide gas or dif-
fused from outside is continuously removed by O, remover (gas
purification oven). Round type carbon electrode was disposed
around the hollow-fiber, to which constant 20 mA electricity was
charged to maintain reduction environment of medium.
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Fig. 4. Enrichment of autotrophic methanogens with hydro-
gen and carbon dioxide as energy and carbon source. The
methane production was progressively cumulated in proportion to
the incubation time. Four black symbols indicate methane concen-
tration produced from four different bioreactors.
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Fig. 5. Methane production from hydrogen and carbon diox-
ide as energy and carbon source in bioreactor equipped with
hollow-fiber. Three black symbols indicate methane concentra-
tion produced from three different bioreactors. Medium saturated
with carbon dioxide was cycled through reservoir and bioreactor
at the speed of 500 ml/hr. Hydrogen is supplied through hollow-
fiber at pressure of 0.22 kgf/cm? but not bubbled. The electricity
charged to electrode was adjusted to 20 mA.
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Fig. 6. Methane production from hydrogen and carbon diox-
ide as energy and carbon source in hybrid-type bioreactor
equipped with hollow-fiber and carbon electrode. Three black
symbols indicate methane concentration produced from three dif-
ferent bioreactors. Medium saturated with carbon dioxide was
cycled through reservoir and bioreactor at the speed of 500 ml/hr,
Hydrogen is supplied through hollow-fiber at pressure of 0.22 kef/
cm® but not bubbled. The electricity charged to electrode was
adjusted to 20 mA.
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