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Abstract

A newly designed small-scale microbial fuel cell (MFC) was fabricated using
materials obtained naturally. In contrast to traditional MFCs, the noble platinum
electrode was replaced by carbon fiber, and the bacteria, uncommonly accessed outside
of a science laboratory, were substituted with yeast. More importantly, the toxic and
expensive metalloporphyrin catalyst was replaced with chlorophyll. To transfer
electrons more efficiently, the single valance magnesium ion in the natural chlorophyll
was replaced with multivalent ions such as copper and iron. In addition to the central
metal ions, chlorophylls with different hydrophobicity were also studied. More likely
due to the multi-valency and better coating, the iron chlorophyll with higher
hydrophobicity provides the enhanced performance. To achieve maximum power
generation, factors affecting the proposed MFC were investigated. The results show that
MFC operation using three layers of carbon fiber as electrodes, the hydrophobic iron
chlorophyll coated on the cathodic electrodes as reduction/oxidation catalysts, the
addition of 1.5mL of yeast solution in the anodic chamber, 2mL of buffer solution in the
cathodic chamber, and the MFC generates the maximum power density of 730 mW/m2.
The output voltage of which is comparable to that generated in typical fuel cells.
Moreover, our MFCs have enough power to light up an LED. However, all the materials

used in our MFC can be obtained naturally.
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1. Objectives

A. Development of an eco-friendly MFC

B. Using chlorophyll instead of toxic

metalloporphyrin as the catalyst

—VV\—

N afion &. Cathiode

Yeast .
Cg?// 4H +4e+0O
D

W

L A

¥ ¥ ¥
[
SR
o

Anode : CeH1206+ 6H,O — 6CO, + 24H" + 24e”
Cathode :4H"+4e +0, — 2H,0

Figl. Reactions in the proposed MFC
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2. Experimental

A. Experimental Apparatus

Material
o 5 x 5 cm? Acrylic plate
Plastic Splint
PP net
Bacteria Yeast
Fuel Glucose
Support 47mm Filter paper
Electrode Cetech Co., Ltd. 410 ¢ m Carbon Cloth
Nafion membrane
Membrane .
(0.05 mm thick ,Alfa Aesar )
Mediator Methyl Blue

Buffer Solution

Cathodic Catalyst

K;HPO4, HCI, NaOH

Iron chlorophyll
Sodium iron chlorophyll
Copper chlorophyll
Sodium copper chlorophyll
Potassium ferricyanide

B. Chlorophyll central ion substitution

a. Grinding leaves and extracting chlorophyll by acetone

b. Filtrating crude chlorophyll and dissolving in hexane

c. Purifying chlorophyll by chromatography

d. For sodium iron chlorophyllin(Na Fe Ch), cutting the

phytyl chain by saponification

e. Replacing Mg”* with Fe?* and Cu**
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Heating chlorophyll in aqueous C3HgO solution
(PH=2)

ii. Adding FeCl;z or CuSO4-5H,0

iii. Heating for 30 min

"\
P Bl

CHq

- s

@
C 12H=0 Mg-Chlorophyll @ Fe-Chlorophvllin
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CH4

HiC™

! 0
G |
CisHag » Cu-Chlorophyll CoHag  Fe-Chlorophyll

Fig.3 Structure of Chlorophylls
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3. Assembly of MFC

= &

e — PPnet

— Filter paper

‘ —» Anode
(jj Yeast

PE membrane

Q — Nafion membrane

Chlorophyll-coated

carbon fiber

7/

Fig.4 Experimental Apparatus (Integrator and MFC)

28



4. Results and Discussions

A. Selection of Cathodic Catalyst (Fig.6)

a. Iron chlorophyll performs better than magnesium chlorophyll and copper

chlorophyill.

I. Magnesium only exists in Mg*".

I1. Two different charge states of the central ions are critical for the

performance of the catalyst.
I11. Cu*- chlorophyll is more stable.

b. Hydrophobic iron chlorophyll performs better than

hydrophilic sodium iron chlorophyllin.

c. Iron chlorophyll works better than traditional MFC

(with Ks[Fe(CN)g] as catalyst).
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Fig.6 Performance of different cathodic catalysts
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B. Amount of Iron Chlorophyll (Fig.7)
The efficiency of MFC is affected by the amount of catalyst.

25 mq of catalyst coated on cathode offers the best performance.

* Excessive chlorophyll may become obstacles for the transfer of oxygen to

the electrode.
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Fig.7 Performance of various amounts of iron chlorophyll
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C. Concentration of Yeast Solution (Fig.8)

Since the anaerobic oxidation was achieved by yeast, the concentration of yeast

would affect the performance of MFC.

When dissolving 0.5 gram of yeast in ImL glucose solution, the MFC has the best

efficiency.

* Higher concentration of yeast leads to more glucose decomposition,
providing higher electricity generation. However, excessive yeast would

increase viscosity and hinder the mass transfer.
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Fig.8 Effect of yeast concentration
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D. pH of Anodic and Cathodic Buffer Solution (Fig.9 & Fig. 10)

a. Anode: The performance of pH5 is poorer than others. The power density is

similar in the pH range from 6 to 10. (Fig. 9)

* pH5~6 was reported to be the best condition for the yeast . However, high

concentration of protons may suppress the oxidation of glucose.
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Fig.9 Effect of pH in anodic solution

b. Cathode: The power density increases slightly from pH5~9 and decrease slightly after

pH9. However, it seems to have no significant difference among the efficiency of MFC

in pH5~10. (Fig. 10)

* Strong acidic solution favors the cathode reaction, but un-favors the transfer of
protons from anode chamber to cathode chamber. Strong alkaline solution affects

in the opposite way. However, the effect of pH seems not significant from pH5~10.
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Fig.10 Effect of pH in cathodic solution
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E. Layer of Carbon Fiber (Fig.11)

The current of MFC is closely related to the effective area of its electrodes.

However, the voltage of MFC isn’t..

When using more layers of carbon fiber as the electrode, MFC has higher current.

* More likely due to the larger effective area than the others, triple layers of

carbon fiber performs best.

N

[l

(e}
1

400

Power Density (mW/m?)

200

Fig. 11 Layer of Carbon Fiber
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F. MFC Performance (Fig.12)

The MFC was connected to resistive load and the resistance of the load was varied

to change the voltage and current of the MFC.

The MFC voltage drops continuously as the current increases.
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Fig. 12 Chlorophyll MFC Performance
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5. Conclusions

A. The maximum power density of the MFC is 730mW/m?, of which is comparable to

that of typical fuel cells.

B. Due to the multi-valency and the better coating, the hydrophobic Fe2+-chlorophyll

provides the best performance.

C. All the materials used in our MFC can be obtained naturally, fulfilling the

requirement of green energy.

D. Inthe future, we would like to study our MFC using waste water or glucose

produced by plants online, developing a natural and sustainable green energy.

Fig.12 Lighting up an LED

36



References

Ying-Fang Chen, June 2009, An improved fuel cell with Bacillus loliquefaciens

and metalloporphyrin for power generation. (MS Thesis, NCHU, Taiwan)

Zhao, F.; Harnisch, F.; Schroder, U.; Scholz, F.; Bogdanoff, P.; Herrmann, 1.,
Challenges and constraints of using oxygen cathodes in microbial fuel cells.

Environmental science & technology 2006, 40 (17), 5193-5199.

Zhao, F.; Harnisch, F.; Schroder, U.; Scholz, F.; Bogdanoff, P.; Herrmann, 1.,
Application of pyrolysed iron (I1) phthalocyanine and CoTMPP based oxygen
reduction catalysts as cathode materials in microbial fuel cells. Electrochemistry

Communications 2005, 7 (12), 1405-1410.

Min, B.; Cheng, S.; Logan, B. E., Electricity generation using membrane and salt

bridge microbial fuel cells. Water research 2005, 39 (9), 1675-1686.

Eileen Hao Yu, Shaoan Cheng, Keith Scott, Bruce Logan; July 2007 ; Microbial

fuel cell performance with non-Pt cathode catalysts

Shaoan Cheng , Hong Liu, Bruce Logan ; Environ. Sci. Technol. 2006, 40,
364-369 ; Power Densities Using Different Cathode Catalysts (Pt and CoTMPP)

and Polymer Binders (Nafion and PTFE) in Single Chamber Microbial Fuel Cells.

37



CISERAE R R

FH AR R PR QT T - iR AT £ 1

D hp RET R 0225V RR AL HEBRE L F il MEY

38



	作者簡介

	摘要

	Abstract

	壹、 前言
	貳、 研究方法及過程

	參、 研究結果與討論
	肆、 結論與應用 

	伍、 參考文獻

	1. Objectives 

	2. Experimental

	3. Assembly of MFC

	4. Results and Discussions

	5. Conclusions

	6. References

	評語


