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TÓM�TẮT

Các�nhiên�liệu�hóa�thạch�khai�thác�từ�vỏ�Trái�đất�khi�cháy�trong�động�cơ�đốt�trong,�động�cơ�phản�lực�để�tạo�

ra�năng�lượng�phát�thải�khí�carbonic�cùng�các�khí�thải�độc�hại�khác�nên�tác�động�xấu�tới�môi�trường�và�bầu�khí�

quyển�cần�hạn�chế�và�thay�thế�bằng�năng�lượng�tái�tạo.�Việt�Nam�đặt�mục�tiêu�phát�thải�carbon�ròng�bằng�không�

vào�năm�2050�và�đang�thực�hiện�chuyển�đổi�sang�các�năng�lượng�mặt�trời,�gió,�sinh�khối,�sóng�biển.�Pin�nhiên�liệu�

vi�sinh�là�một�hệ�điện�hóa�tạo�ra�dòng�electron�bằng�cách�sử�dụng�các�hợp�chất�hữu�cơ�làm�chất�khử�và�oxy�trong�

không�khí�làm�chất�oxy�hóa.�Trong�hai�thập�kỷ�qua,�pin�nhiên�liệu�vi�sinh�(Microbial�Fuel�Cell�-�MFC)�đã�thu�hút�

các�nhà�khoa�học�và�công�nghệ�vì�khả�năng�chuyển�đổi�trực�tiếp�năng�lượng�hóa�học�từ�các�hợp�chất�hữu�cơ�khác�

nhau�thành�năng�lượng�điện.�Vì�vậy,�MFC�là�một�cách�hứa�hẹn�khai�thác�năng�lượng�từ�sinh�khối.�Trong�bài�tổng�

quan�này,�một�số�kết�quả�của�các�phương�pháp�tiền�xử�lý�sinh�khối�theo�hướng�thu�hoạch�năng�lượng�bằng�MFC�

và�các�vi�sinh�vật�được�sử�dụng�trong�MFC�nhiên�liệu�sinh�khối�đã�được�trình�bày.�Ngoài�ra,�cách�tiếp�cận�và�thiết�

kế�để�cải�thiện�hiệu�suất�của�MFC�sử�dụng�sinh�khối�trong�tương�lai�cũng�được�nêu.�Bài�tổng�quan�đánh�giá�hiệu�

suất�và�khả�năng�ứng�dụng�của�các�dòng�chảy�trong�MFC�dạng�tổ�ong,�đồng�thời�cũng�đánh�giá�hiệu�năng�hoạt�

động,�ưu�điểm�và�nhược�điểm�tương�ứng,�và�các�ứng�dụng�tiềm�năng�trong�tương�lai�của�MFC�với�dòng�tuần�hoàn.

Từ�khóa:�Sinh�khối,�vận�tốc�dòng�chảy,�pin�nhiên�liệu�vi�sinh,�thiết�kế�tổ�ong.
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DUH� ORRNing� for� more� reliable,� sustainable� and�

FOHDQHU� VXEVW�WXWHV� VXFK� DV� E�RPDVV� WR� UHGXFH�

the� need� for� fossil� fuels.�To� date,�biomass� can�

EH�FRQ�HUWHG��QWR�G�IIHUHQW�HQHU���SURGXFWV�VXFK�

as�fuel,�heat,�gas,�and�electricity.�Microbial�fuel�

FHOO� �0)&�� �V� D� SRZHU� �HQHUDW�RQ� GH��FH� WKDW�

XVHV� EDFWHU�D� DV� E�ROR��FDO� FDWDO�VWV� �Q� RU�DQ�F�

PDWWHU� R[�GDW�RQ� IURP� ZDVWHZDWHU� WKURX�K�

respiration,� thereby� generating� electricity.�� �W�

KDV� FRQV�GHUDEOH� SRWHQW�DO� IRU� DSSO�FDW�RQV� �Q�

Honeycomb�designs�in�microbial�fuel�cells�-�A�review
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� Fossil� fuels,� the� hydrocarbons� within� Earth’s� crust� �PSDFW� RQ� WKH� HQ��URQPHQW� DQG� DWPRVSKHUH� GXU�Q��

burning�in�internal�combustion�engine,�jet�engine�to�produce�energy�have�to�be�limited�and�all�the�countries�have�

WXUQHG�WKH�U�DWWHQW�RQ�WR�UHQHZDEOH�HQHU����9�HWQDP�Z�OO�UHDFK��WV�QHW�]HUR�FDUERQ�HP�VV�RQ�WDU�HW�E�������DQG�FDOO�

for�fairness�and�justice�in�climate�change�issues.�In�order�to�realise�this�purpose,�the�country�has�to�exploit�more�

and�more�energy�from�renewable�resources�such�as�solar�power,�wind�power�and�biomass.�0�FURE�DO�IXHO�FHOO��V�DQ�

HOHFWURFKHP�FDO�V�VWHP�WKDW�SURGXFHV�WKH�HOHFWURQ�FXUUHQW�E��XV�Q��WKH�RU�DQ�F�FRPSRXQGV�DV�UHGXFWDQW�DQG�R[��HQ�

in�the�air�as�oxidant.�Over�the�past�two�decades,�microbial�fuel�cells�(MFC)�have�gained�attention�because�they�can�

directly�convert�chemical�energy�from�various�organic�compounds�into�electrical�energy.�In�MFC,�biomass�energy�

is�directly�harvested�as�electricity,�the�most�exploitable�and�versatile�form�of�energy.�Therefore,�MFC�is�a�promising�

way�to�get�the�energy�from�biomass,�adding�a�new�dimension�to�the�biomass�energy�industry.�In�this�review,�some�

UHVXOWV� RI� WKH�E�RPDVV�SUHWUHDWPHQW�PHWKRGV� WRZDUGV�SRZHU�KDU�HVW�Q��E��0)&� DQG� WKH�P�FURRU�DQ�VPV�XVHG�

in�the�biomass� fuel�MFC�were�summarized.� In�addition,� strategies�to� improve� the�performance�of�MFC�using�

E�RPDVV�DQG�IXWXUH�VFHQDU�RV�ZHUH�K��KO��KWHG��7K�V�UH��HZ�D�PV�WR�H�DOXDWH�WKH�SHUIRUPDQFH�DQG�DSSO�FDE�O�W��

of��ows� in�honeycomb�MFC.�It� also� assesses�the� respective�performances,� advantages�and�disadvantages,�and�

potential�future�applications�of�MFCs�with�recirculation��ow.

Keywords:�Biomass,��ow�velocity,�microbial�fuel�cell,�honeycomb�design.

1.�INTRODUCTION

:DWHU� VKRUWD�H� �V� RQH� RI� WKH� VH�HUH� �OREDO�

issues;� according� to� climate� change� forecasts,�

WK�V�SUREOHP�Z�OO�EH�H�HQ�PRUH�SUHVV�Q�� �Q�WKH�

IXWXUH���7KH� �QFUHDVH� �Q� ZDWHU� GHPDQG� KDV� OHG�

WR�D�U�VH��Q�WKH�DPRXQW�RI�ZDVWHZDWHU��HQHUDWHG��

At�the�same�time,�the�need�for�renewable�energy�

EHFRPHV� �PPHG�DWH� EHFDXVH� RI� IRVV�O� IXHOV��

UDS�G�GHSOHW�RQ�DQG� WKH��URZ�Q��FRQFHUQ� DERXW�

FO�PDWH� FKDQ�H�� 0DQ�� FRXQWU�HV� ZRUOGZ�GH�
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wastewater� treatment,�� electrical� equipment,��

DQG� E�RVHQVRUV���Recently,� reactor� designs�with�

D� VFDOH� RI� VH�HUDO� KXQGUHG� O�WHUV� KD�H� EHHQ�

GH�HORSHG��� 6K�IW�Q�� WK�V� WHFKQROR��� IURP� WKH�

ODERUDWRU��VFDOH�WR�WKH�DFWXDO�S�ORW�VFDOH�Z�OO�EU�Q��

WKH�WHFKQROR���FORVHU�WR�SUDFW�FDO�DSSO�FDW�RQ�

Several� researchers� found� that� �uid�

motion� impacts� the�energy�ef�ciency�of�MFCs�

signi�cantly.�Increasing��ow�parameters�such�as�

�ow�rate�and� recirculation��ow�rate�have�been�

VKRZQ� WR� HQKDQFH� WKH� SRZHU� SURGXFHG� E�� WKH�

0)&���0DVV�WUDQVSRUW��V�DOVR�DQ�HVVHQW�DO�IDFWRU�

�Q��PSUR��Q��0)&�SRZHU�SURGXFW�RQ�GXH�WR�WKH�

effects� of� �ow� regime,�� mass-liquid� transfer,�

bio�lm�formation,�and�the� substrates.��6XSSRVH�

WKH�PDVV�WUDQVIHU�EHWZHHQ�WKH�VXEVWUDWH�DQG�WKH�

bio�lm� is� low,� some�bacteria�may�detach� from�

the�bio�lm�as�environmental�conditions�become�

unfavorable,��� thereby� increasing� the� bio�lm�

damage,� activation� loss� and�mass� transfer� loss�

RI� WKH�0)&����Furthermore,�most� of� the�MFCs�

�QWURGXFHG� �QWR� ZDVWHZDWHU� WUHDWPHQW� SODQWV�

have�continuous��ow�and�cyclic��ow�regimes,���

ZK�FK�FRPSO�FDWHV�WKH��Q�HVW��DW�RQ�RI�WKH�PDVV�

WUDQVIHU�GXH�WR�WKH�UH��PH�FDXVHG�E��FRQ�HFW�RQ�

7K�V�SDSHU�UH��HZV�WKH�0)&�KRQH�FRPE�

GHV��Q�DQG�DQDO�]HV�WKH�DVSHFWV�RI�WKH�GHV��Q�WKDW�

DIIHFW�0)&� SHUIRUPDQFH� WR� IRFXV� WKH� UHVHDUFK�

G�UHFW�RQ�IRU�0)&�GHV��Q��PSUR�HPHQW�

���0,�52�,�/�FUEL�CELL

0)&��V�DQ�HQHU���SURGXF�Q��GH��FH�Z�WK�EDFWHU�D�

as�biocatalysts,�converting�the�energy�in�organic�

FRPSRXQGV��QWR�HOHFWU�F�W�����V�PSOH�0)&�VHWXS�

is�shown�in�Figure�1,�consisting�of�an�anode�in�

WKH�DQRGH�FKDPEHU�DQG�D�FDWKRGH��Q�WKH�FDWKRGH�

chamber,� separated� by� a� proton� exchange�

PHPEUDQH��3(0���0)&�ZRUNV�RQ�WKH�SU�QF�SOH�

WKDW�D�E�RFDWDO�VW�R[�G�]HV�RU�DQ�F�PDWWHU��Q�WKH�

anode�chamber,�releasing�protons�and�electrons�

in�the�process,�also�generating�CO
�
��7KH�DQRGH�

HOHFWURGH� FDSWXUHV�HOHFWURQV� DQG� WUDQVIHUV� WKHP�

WR� WKH� FDWKRGH� ��D� WKH� RXWHU� F�UFX�W� DORQ��Z�WK�

WKH� PR�HPHQW� RI� SURWRQV� IURP� WKH� DQRGH� WR�

the� cathode� through� the� PEM.�At� the� cathode,�

HOHFWURQV� FRPE�QH�Z�WK� SURWRQV� DQG� R[��HQ� WR�

IRUP�ZDWHU����In�MFC,�the�Gibbs�free�energy�of�

the� reaction� is� negative.�Therefore,� the�MFC’s�

HOHFWURPRW��H� IRUFH� �(0))� will� be� positive,�

ZK�FK��QG�FDWHV�SRVV�EOH�VSRQWDQHRXV��HQHUDW�RQ�

from�the�reactions.�For�example,�in�case�acetate�

is�used�as�the�substrate�at�the�anode,�oxygen�is�

WKH�HOHFWURQ�GRQRU�DW�WKH�FDWKRGH��>&+
�
&22��� �

>+&2
�
��� ����P0��S+� �����������.��S2

�
� �����

EDU�,���WKHQ�WKH�UHDFW�RQ��Q�WKH�EDWWHU��Z�OO�EH�

�QRG�F�UHDFW�RQ��&+
�
&22�����+

�
2�⇌���+&2

�
�����+�����H�����(R� ��������9�vs.�6+(

&DWKRG�F�UHDFW�RQ���2
�
����+�����H��⇌��+

�
2� ������(R� �������9�vs.�6+(

2�HUDOO�UHDFW�RQ��&+
�
&22�����2

�
�⇌��+&2

�
����+��������∆G�=��847.6�kJ/mol;�EMF�=�1.094�V

)LJ��H����6WUXFWXUH�G�D�UDP�RI�P�FURE�DO�IXHO�FHOO���
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0)&� WHFKQROR��� KDV� URXVHG� �QWHUHVW�

IRU�PRUH�WKDQ�����HDUV�QRW�RQO��EHFDXVH�RI�WKH�

HOHFWU�F��HQHUDW�RQ�IURP�ZDVWHV�EXW�EHFDXVH�RI��WV�

HQ��URQPHQWDOO�� IU�HQGO�� ZDVWHZDWHU� WUHDWPHQW�

WHFKQROR������0DQ�� W�SHV� RI� ZDVWHZDWHU� WRGD��

contain� many� toxic� wastes,� which� require�

H[SHQV��H� WUHDWPHQW� EHIRUH� EH�Q�� G�VFKDU�HG�

�QWR� WKH� HQ��URQPHQW�� 3UH��RXV� VWXG�HV� KD�H�

GHPRQVWUDWHG�WKH�DE�O�W��RI�0)&V�WR�WUHDW�ZDVWHV�

such� as� metal-derived� wastewater,� food,� and�

XU�QH�DQG�H�HQ�SURGXFH�GU�QN�Q��ZDWHU�DIWHU�WKH�

WUHDWPHQW� SURFHVV�17,18�0)&� KDV� FRH[�VWHG� Z�WK�

biological��lter�tanks�in�wastewater�treatment�to�

HQKDQFH�SROOXW�RQ�FRQWURO�DQG��QFUHDVH�WUHDWPHQW�

FDSDF�W�����0RVW�RI�WKH�WUHDWPHQW�PHWKRGV�D�P�WR�

UHPR�H�RU�DQ�F�FRPSRXQGV�WKDW�UHGXFH�FKHP�FDO�

oxygen� demand� (COD),� azo� dyes,��� DQG� KHD���

PHWDO�ZDVWH�����7KH�DHUDW�RQ�V�VWHP��Q�ZDVWHZDWHU�

WUHDWPHQW� �V� UHSRUWHG� WR� FRQVXPH� PRUH� WKDQ�

����RI�WKH�HOHFWU�F�W��UHTX�UHG��Q�WKH�WUHDWPHQW�

SURFHVV��6�QFH�0)&V�XVH�DQDHURE�F�EDFWHU�D�IRU�

the�wastewater�treatment�process,� this�indicates�

SRWHQW�DO�HQHU���VD��Q�� �Q�0)&V����In�addition,�

0)&�GHU��HG� WHFKQROR��HV� VXFK�DV�0)&�EDVHG�

E�RVHQVRUV� DUH� H[SHFWHG� WR� EH� RQH� RI� �WV� PRVW�

SURP�V�Q�� DSSO�FDW�RQV�� +D��Q�� WKH� FDSDE�O�W��

WR� PHDVXUH� �DU�RXV� SDUDPHWHUV� �QFOXG�Q�� E�R�

oxygen�demand�(BOD),�chemical�oxygen�demad�

(COD),� dissolved� oxygen� (DO),� volatile� fatty�

acids,� toxic�substances�and�microbial�activity,���

WK�V�GH��FH�SURP�VHV�D�UHGXFW�RQ��Q�W�PH�DQG�FRVW�

�Q�PHDVXU�Q��WKH�WR[�F�W���Q�ZDWHU�

5HFHQW� DG�DQFHPHQW� �Q� WKH� DSSO�FDW�RQ�

RI� SRZHU� �HQHUDW�RQ� FDSDE�O�W�HV� �QFOXGHV�

WKH� XVH� RI� 0)&� WR� SRZHU� D� VPDOO� FRPSXWHU��

����� P:�� G�UHFWO�� DQG� FRQW�QXRXVO�� Z�WKRXW�

DQ��PDQD�HPHQW�HTX�SPHQW�DQG�SRZHU�VRXUFH����

7KH� SHUIRUPDQFH� HQKDQFHPHQW� RI� WKH�

0)&� ZDV� DFFRPSO�VKHG� E�� XV�Q�� DOWHUQDW��H�

electrode�materials,�different�electrode�surfaces,�

electroactive� bacteria� (EAB),� substrate,� and�

ORDG� UHV�VWDQFH�� 7KH� HOHFWURGH� PDWHU�DO� KDV� D�

signi�cant� in�uence�on� the�performance�of� the�

0)&����&DUERQ�PDWHU�DOV�DUH�XVHG�DV�HOHFWURGHV�

in�MFC�because�they�are�non-corrosive,�highly�

biocompatible,� and� exhibit� some� distinctive�

VXUIDFH� FKDUDFWHU�VW�FV� RI� HOHFWURGH� PDWHU�DOV��

Modi�cation�of� the�electrode�material�has�been�

VKRZQ� WR� EH� DQ� HIIHFW��H� ZD�� WR� �PSUR�H� WKH�

SHUIRUPDQFH� RI� WKH�0)&����7K�V�FKDQ�H� �Q� WKH�

SK�V�FDO�DQG�FKHP�FDO�SURSHUW�HV�RI�WKH�HOHFWURGH�

KHOSV� WKH� P�FURRU�DQ�VP� E�QG� DQG� WUDQVIHU�

electrons�better.�The� ef�ciency�of�MFC�can�be�

�QFUHDVHG� E�� �PSUR��Q�� EDFWHU�DO� DGKHV�RQ� DQG�

electron�transfer�along�with�the�modi�cation�of�

WKH�HOHFWURGH�VXUIDFH����

The�bio�lm�attached�to�the�electrode�is�a�

FUXF�DO�HOHPHQW�RI�HOHFWURFKHP�FDO�E�RUHDFW�RQ����

7KH� �URZWK� DQG� GH�HORSPHQW� of� bio�lms� on�

the� MFC� electrodes,� especially� on� the� anode�

electrode,� will� help� carry� out� the� oxidation� of�

RU�DQ�F� PDWWHU� DQG� WUDQVIHU� HOHFWURQV� WR� WKH�

FDWKRGH����7KH�DQRGH�HOHFWURGH�RI�WKH�0)&�PXVW�

FRQWD�Q�D�VWDEOH�DQG�KRPR�HQHRXV�E�RUHDFWRU�IRU�

HQKDQFHG� HQHU��� �HQHUDW�RQ����Bio�lm� cultures�

DUH� RIWHQ� FRQWDP�QDWHG� E�� ZDVWHZDWHU� RU� WKH�

entry� of� other� competing� microbial� species,�

which� can� reduce� performance.� Next,� the�

SHUIRUPDQFH� RI� 0)&� �V� K��KO�� GHSHQGHQW� RQ�

WKH� QDWXUH� RI� WKH� VXEVWUDWH�� 6XEVWDQFHV� FDQ� EH�

classi�ed�into�simple�molecular�structures�such�

DV� WKH�FRPPRQO�� VHG��OXFRVH� DQG�DFHWDWHV�DQG�

PRUH� FRPSOH[�VWUXFWXUHV� VXFK� DV�PRODVVHV�DQG�

FHOOXORVH���� � )URP� D� FKHP�FDO� FKDUDFWHU�]DW�RQ�

perspective,�the�nature�of�the�substrate�used�by�the�

EDFWHU�D�GXU�Q��DHURE�F�RU�DQDHURE�F�UHVS�UDW�RQ�

Z�OO�DIIHFW�WKH�HOHFWURQ�GRQDW�RQ�UDWH��Q�WKH�0)&��

This�in�uence�is�based�on�the�complexity�of�the�

G�IIHUHQW�EDFWHU�DO�VSHF�HV�XVHG��Q�WKH�0)&V���

In� summary,�the�electrode�properties�and�

the� correlation� between� electrode,� substrate,�

DQG� EDFWHU�D� DUH� WKH�PD�Q� IDFWRUV� DIIHFW�Q�� WKH�

SHUIRUPDQFH� RI� 0)&�� �W� FDQ� EH� VHHQ� WKDW� WKH�

GH�HORSPHQW� RI� 0)&� WHFKQROR��� �V� D� G��HUVH�

combination�of�specialties�such�as�biochemistry,�

electrochemistry,� mechanical� engineering,� and�

PDWHU�DOV�VF�HQFH���ORW�RI�ZRUN�DUH�GR�Q���Q�RUGHU�

WR��PSUR�H�WKH�SUHIRUPDQFH�RI�0)&�VXFK�DV�(i)�

the� Na�on� membrane��� (ii)� SUH�� WUHDWPHQW� RI�

biomass�as�bamboo,32,33�(iii)�K�GUR�HQ�UH�ROXW�RQ�

G�UHFWO��IRUP�IHUPHQWDW�RQ�RI�E�RPDVV���DQG�(iv)�

power�generation�with�higher�e�ciency.35,36



��

�������������������

�����������������

KWWSV���GR��RU�����������TQMV�����������

Quy�Nhon�University�Journal�of�Science,�����,�16���,������

����21(��20���(6,*1

�����6W��FW��H�RI�KRQH�FRPE�0)�

7KH� KRQH�FRPE� VWUD��KW�O�QH� SUHVV� �V� D� GH��FH�

Z�GHO��XVHG��Q�G�QDP�F�UHVHDUFK�ZRUNV�DQG�KDV�

PDQ��SUDFW�FDO� DSSO�FDW�RQV��7KH�� KD�H� D�PHWDO�

RU� FHUDP�F� WXEXODU� VWUXFWXUH� DO��QHG� SDUDOOHO�

to� the� �ow� direction� and� have� the� shape� of� a�

KRQH�FRPE����7KHVH�VWUXFWXUHV�DUH�XVHG�WR�DFK�H�H�

different� goals,� such� as� generating� shear� forces�

Z�WK� XQ�IRUP� �HRPHWU��� 7KH�� DUH� XVHG� �Q�Z�QG�

WXQQHOV� WR� UHGXFH� �HORF�W�HV�FDXVHG� E�� WKH�HGG��

PRW�RQ� RI� WKH� D�U� VWUHDP�GXU�Q�� HQWU���7KH��DUH�

also�applied�in��at�plate�solar�collectors�to�reduce�

DQG� SUH�HQW� KHDW� ORVV� DQG� HQKDQFH� WKH� QDWXUDO�

WKHUPDO� FRQ�HFW�RQ� SURFHVV���� 7KH� DSSO�FDW�RQ�

RI� KRQH�FRPE� VWUXFWXUH� �Q� 0)&V� �V� UHODW��HO��

new.�To�the�authors’�knowledge,�this�design�was�

GH�HORSHG� RQO�� E��:DQ�� HW� DO��7KH�KRQH�FRPE�

MFC�design�is�shown�in�Figure�2,�consisting�of�an�

DQRGH�DQG�D�FDWKRGH�FKDPEHU�VHSDUDWHG�IURP�HDFK�

RWKHU�E��D�SURWRQ�H[FKDQ�H�PHPEUDQH��7KH�DQRGH�

chamber� has� a� symmetrical� structure,� including�

WZR�ERRVWHU�WDQNV�DQG�WZR�KRQH�FRPE�VWUXFWXUHV��

�W� �V� FRQQHFWHG� WR� D� SXPS� V�VWHP� WR� IDF�O�WDWH�

continuous��ow�of�the�liquid�in�the�chamber.

)LJ��H����3HUVSHFW��H�RI�WZR�FKDPEHU�KRQH�FRPE�0)&���
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0)&� WHFKQROR��� FDQ� EH� DSSO�HG� �Q�

ZDVWHZDWHU�WUHDWPHQW�SODQWV�Z�WK�D�UHF�UFXODW�Q��

�ow�mode.� The� F�FO�FDO� �ow�whill� promote� a�

PDVV�WUDQVIHU�WKDW�GHSHQGV�QRW�RQO��RQ�G�IIXV�RQ�

EXW�DOVR�RQ�WKH�PRW�RQ�RI�WKH�DQRGH�O�TX�G�

In��uid�mechanics,�the�Reynolds�number�

�5
H
���V�D�G�PHQV�RQOHVV�TXDQW�W��UHSUHVHQW�Q��WKH�

UHODW��H� PD�Q�WXGH� of� the� in�uence� caused� by�

inertia�and�viscosity�on��ow�resistance���

Where:�ρ�is�the�density�of�the�liquid�(kg/m�),��

V� is� the� �ow� rate� (m/s),� D
7
� �V� WKH� K�GUDXO�F�

diameter� (m),� and� µ� is� the� viscosity� of� the�

O�TX�G��N��PV���5H�QROGV�QXPEHU��QFOXGHV�EDV�F�

SURSHUW�HV�RI�O�TX�GV�DQG�SK�V�FDO�TXDQW�W�HV�VXFK�

as� �ow� velocity,� �uid� density,� and� viscosity.���

Therefore,� this� parameter� describes� the�

K�GURG�QDP�F�HIIHFW�RQ�WKH�SRZHU�SURGXFW�RQ�RI�

WKH�0)&�

�����,PSDFW�RI�K�G�RG�QDPLF�ER�QGD���OD�H�

7KH�HIIHFW�RI�WKH�K�GURG�QDP�F�ERXQGDU��OD�HU�

�V� D� GHWHUP�QDQW� RI� SHUIRUPDQFH� �Q� D� F�FO�F�

MFC�reactor.�The��ux�parameters�are�essential�

EHFDXVH� WKH� PD�Q� FRPSRQHQW� RI� ZDVWHZDWHU� �V�

+
�
2�� �WV� PRW�RQ� KDV� DQ� RXWVWDQG�Q�� IHDWXUH� �Q�

0)&� SHUIRUPDQFH� DQG� E�ROR��FDO� SURSHUW�HV����

7KHUH�DUH�VH�HUDO�PHWKRGV�XVHG�WR�PD�QWD�Q�WK�Q�

hydrodynamic� boundary� layer� thickness,� such�

as�by�placing�the�electrode�near�the��ow�inlet,���

using�thin�porous�electrode,���using��ow�controls�

WR� SUH�HQW� WKH� GH�HORSPHQW� RI� K�GURG�QDP�F�

ERXQGDU�� OD�HUV���� 7KH� ZRUN�Q�� PHFKDQ�VP�

PRGHO� RI� WKH� K�GURG�QDP�F� ERXQGDU�� OD�HU�

HIIHFW��V��OOXVWUDWHG��Q�)��XUH���

eR
ρ

= TVDρ

μ
�

)LJ��H����'�D�UDP�RI�ERXQGDU��OD�HUV��Q�D�P�FURE�DO�IXHO�FHOO�FKDPEHU���

)��XUH� �� VKRZV� WKDW� WKH� WK�FNQHVV� RI� WKH�

K�GURG�QDP�F� ERXQGDU�� OD�HU� Z�OO� �QFUHDVH�

DV� WKH� G�VWDQFH� IURP� WKH� OHDG�Q�� HG�HV� RI� WKH�

chamber� wall� increases.� The� �ow� velocity�

�UDG�HQW� Z�OO� FDXVH� VWURQ�� VKHDU� VWUHVV� �Q� WKH�

K�GURG�QDP�F� ERXQGDU�� OD�HU���� Therefore,� the�

in�uence� of� the� hydrodynamic� boundary� layer�

will�affect�not�only�the�bio�lm�structure�but�also�

WKH�PDVV�WUDQVIHU�RI�WKH�VXEVWUDWH����

&KHQ� et� al���� WHVWHG� KRQH�FRPE� 0)&V�

Z�WK� �DU�RXV� HOHFWURGH� G�VWDQFHV� IURP� WKH�

chamber� wall� (at� 1,� 6,� and� 9� cm)� to� see� the�

HIIHFW� RQ� WKH� K�GURG�QDP�F� ERXQGDU�� OD�HU��

�W� �V� UHSRUWHG� WKDW� UHGXF�Q�� WKH� K�GURG�QDP�F�

ERXQGDU�� OD�HU� WK�FNQHVV� RQ� WKH�HOHFWURGH�FDQ�

signi�cantly� enhance� bio�lm� formation� and�

VXEVWUDWH�PDVV�WUDQVIHU�
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Bio�lms� tend� to� increase� their� cohesion�

to� adapt� to� the� �ow� HQ��URQPHQW���� Li� et� al.���

VKRZHG� WKDW� WKH� �UD��W�� HIIHFW� DSSO�HG� WR� WKH�

0)&�IDF�O�WDWHG�WKH�EDFWHU�DO� DWWDFKPHQW� WR� WKH�

HOHFWURGH�DQG�WK�FNHQHG�the�bio�lm.

3.3.�Effect�of��ow�rate

�HURSRXORV� et� al.��� UHSRUWHG� WKDW� WKH� 0)&�

performance� improved�when� the� �ow�rate�was�

increased.� The� velocity� and� direction� of� �ow�

can� signi�cantly� affect� the� mass� transfer� of�

particles� in� the� anodic� solution.�As�mentioned,�

0)&� FXUUHQW� �HQHUDW�RQ� ZDV� G�UHFWO�� UHODWHG�

to� the� bio�lm� on� the� electrodes.� The� growth�

of� thicker� bio�lms� facilitated� electron� transfer�

to� the� cathode,� thereby� improving� reactor�

ef�ciency.��� 7KH� RSW�PDO� UDWH� �Q� WKH� 0)&�

Z�OO� HQKDQFH� P�FURE�DO� DFW���W�� DQG� �QFUHDVH�

the� electron� transfer� rate� in� biological� media,�

ZK�FK�Z�OO�UHGXFH�WKH�DFW��DW�RQ�RI�SRODU�]DW�RQ��

Meanwhile,� turbulence� will� have� the� opposite�

HIIHFWV��:DQ�� et� al.��� UHSRUWHG� WKDW� WKH� HQHU���

GHQV�W�� �Q� WKH� KRQH�FRPE� 0)&� �QFUHDVHG� DV�

the� �ow� rate� increased� from� 0� to� 40� mL/min.�

However,�as�the� rate�increased�to�240�mL/min,�

WKH�SRZHU�GHQV�W��GHFUHDVHG��7K�V�GHFUHDVH�ZDV�

explained�as�a� result�of�bio�lm� leaching�at� the�

anode.�In�addition,�increasing�the��ow�rate�can�

FDXVH�R[��HQ�SHUPHDW�RQ�WKURX�K�WKH�3(0�IURP�

WKH� FDWKRGH� WR� WKH� DQRGH� FKDPEHU�� 7K�V� Z�OO�

�QFUHDVH� WKH� SUHVHQFH� RI� R[��HQ� �Q� WKH� DQRGH�

FKDPEHU�ZK�FK�Z�OO��QK�E�W�(�%��URZWK�

.HWHS�et� al.��� UHSRUWHG� WKDW� WKH� ID�RUDEOH�

HQ��URQPHQW�IRU�WKH��URZWK�DQG�GH�HORSPHQW�RI�

(�%�ZDV� S+�QHXWUDO��8QGHU�DONDO�QH� RU�DF�G�F�

conditions,� the� activity� of� EAB� in� the� MFC�

Z�OO� EH� G�VUXSWHG�� �W� ZDV� IRXQG� WKDW� WKH� DQRGH�

S+� �DOXH� EHWZHHQ� ���� DQG� ����� �V� VX�WDEOH� IRU�

WKH� RSHUDW�RQ� RI� (�%���� 7KH� VORZ� WUDQVIHU� RI�

SURWRQV� WR� WKH� FDWKRGH� FRPSDUHG� Z�WK� SURWRQ�

�HQHUDW�RQ� GXH� WR� (�%� DFW���W�� FDQ� OHDG� WR�

GHFUHDVHG�(�%�DFW���W��GXH�WR�WKH�U�XQID�RUDEOH�

DF�G�F�HQ��URQPHQW����Maintaining�the��ow�rate�

UHVXOWHG� �Q� WKH� 0)&�V� DE�O�W�� IRU� VWDE�O�W�� �Q�

S+����&RQ�HQW�RQDO�PHWKRGV�XVH�EXIIHU�VROXW�RQV�

to� slow� acidi�cation� and�maintain� pH� close� to�

QHXWUDO���� �OWKRX�K� XV�Q�� EXIIHU� VROXW�RQV� �Q�

an�MFC�system�has�many�advantages,� there� is�

VW�OO� D� ORQ�� ZD�� WR� �R� WR� VFDOH� WKH� DSSO�FDW�RQ�

EHFDXVH��W��V�TX�WH�H[SHQV��H���QRWKHU�DSSURDFK�

�V� WR� HQKDQFH� SURWRQ� WUDQVIHU� WR� VWDE�O�]H� S+�

DW� WKH� DQRGH�� &�FO�F� PRGH� KRQH�FRPE� 0)&�

�V� D� SURP�V�Q�� VWUDWH��� IRU� �PSUR��Q�� SURWRQ�

transfer� capacity,� thereby� improving� power�

generation�ef�ciency�and�solving�the�problem�of�

XV�Q��EXIIHU�VROXW�RQV�WR�VWDE�O�]H�WKH�S+�DW�ORZ�

WHPSHUDWXUHV�DW�WKH�DQRGH�FKDPEHU�

Therefore,� it� can� be� asserted� that� the�

average�velocity�can�be�bene�cial�to�the�reactor�

SHUIRUPDQFH�GXH�WR�WKH�KRPR�HQH�W��RI�WKH��RQV�

�Q� WKH� UHDFWRU�� 7K�V� FDQ� OHDG� WR� D� ODU�H� PDVV�

WUDQVIHU�RI��RQV�DQG�SDUW�FOHV�WR�P�FURRU�DQ�VPV�

on�the�bio�lm�and�eventually�to�the�growth�and�

attachment�of�thick�bio�lms�on�the�anode.

����� (IIHFW� RI� FKDQQHO� GLDPHWH�� DQG� SLSH�

GLDPHWH�

&KDQQHO� DQG� S�SH� G�DPHWHUV� DUH� �PSRUWDQW�

IDFWRUV� �Q�K�GURG�QDP�FV��.DM��DQG��]]RSDUG�����

reported� that� as� the� pipe� diameter� increased,�

the� velocity� gradient� decreased.� The� �ow�

geometry� also� affects� the� �ow� velocity� of� the�

O�TX�G� �Q� WKH� DQRGH��7K�V� �V� DOVR� GHPRQVWUDWHG�

in�some�publications,58,59�who�af�rmed� that� the�

�ow� velocity� increases� as� the� pipe� diameter�

GHFUHDVHV�� 6PDOO� G�DPHWHU� S�SHV� KD�H� �UHDWHU�

UHV�VWDQFH� QHDU� WKH� �QOHW��7KH�� KD�H� D� F�UFXODU�

waveform�near� the�outlet,�which� is� the� leading�

FDXVH�RI�WKH�U�FKDRW�F�SDWWHUQ�

6DQ�HHWKD� et� al.��� UHSRUWHG� WKDW� WKH�

KRQH�FRPE� FKDQQHO� G�DPHWHU� DIIHFWV� WKH�

UHPR�DO�RI�RU�DQ�F�PDWWHU��Q�WKH�DQRGH�FKDPEHU�

RI�WKH�KRQH�FRPE�0)&��7KH��DOVR�GHPRQVWUDWHG�

WKDW� WKH� KRQH�FRPE� FKDQQHO� G�DPHWHU� DIIHFWV�

WKH�DQRGH�E�R�WK�FNQHVV��+RQH�FRPE�VWUXFWXUHV�

Z�WK� RSW�P�]HG� FKDQQHO� G�DPHWHUV� FDQ� VXSSRUW�

ef�cient� energy� and� mass� transfer� inside� the�

UHDFWRU�

�����(IIHFW�RI�GLVWDQFH�EHW�HHQ�W�R�HOHFW�RGHV

With� respect� to� the� in�uence� of� the� anode�

electrode� position� in� honeycomb� MFC,� Wang��
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et� al.��� reported� that� the� anode-to-�lm�distance�

Z�WK� D� �DOXH� RI� [�  � ���� FP� ���HV� WKH� EHVW�

SHUIRUPDQFH� �Q� KRQH�FRPE� 0)&�� 7K�V� FRXOG�

EH� EHFDXVH� SURWRQ� PR�HPHQW� �V� UHVWU�FWHG� WR�

WKH� FDVHV�ZKHUH� WKH� DQRGH� HOHFWURGH� �V� ORFDWHG�

far� from� the�PEM.� In�addition,�Xu�et�al.��� DOVR�

SR�QWHG�RXW� WKDW� WKH� FRQGXFW���W�� �V�DIIHFWHG�E��

WKH� E�ROR��FDO� IRXO�Q�� SKHQRPHQRQ� WKDW� RFFXUV�

RQ�WKH�VXUIDFH�RI�3(0�ZKHQ�WKH�3(0��V��Q�G�UHFW�

FRQWDFW�Z�WK�WKH�O�TX�G��Q�WKH�DQRGH�

7DEOH����6WXG�HV�XV�Q��UHF�UFXODW�Q��KRQH�FRPE�UHDFWRUV�

)OR���DWH�

�P/�PLQ�

5H�QROGV�

Q�PEH�

(OHFW�RGH�

VSDFLQJ��FP�

)OR��FKDQQHO�

GLDPHWH��

�FP�

2�3����9�

0D�LP�P�

SR�H��GHQVLW��

�P��P��

5HIH�HQFHV

� � 1� ��� ���� ���� >���

� ���� 1� ��� ���� ���� >���

�� ��� 1� ��� ���� ��� >���

��� ���� 1� ��� ���� ���� >���

� ��� ��� 1� ≅���� ������ >���

���� ����� ��� 1� ≅���� ������ >���

���� ���� ��� 1� ≅���� ������ >���

���� 1,6 ��� 1� ≅���� ������ >���

���� �� ��� 1� ≅���� ������ >���

���� �� ��� ��� ���� ����� >���

���� �� ��� ��� ���� ����� >���

���� �� ��� ��� ���� ����� >���

���� �� ��� 0,4 ���� �����

���� �� ��� 0,7 ���� ����� >���

���� �� ��� ��� ���� ������ >���

��2&3���2SHQ�&�UX�W�3RWHQW�DO

4.�CONCLUSIONS

7KH�0)&� V�VWHP� KDV� D� EU��KW� IXWXUH� QRW� RQO��

EHFDXVH�RI�XV�Q�� WKH�FKHDSHU�PDWHU�DO� EXW� DOVR�

RI�FRPE�Q�Q��WHFKQ�TXHV�IRU��HQHUDW�Q��HOHFWU�F�

SRZHU� DQG� WUHDW�Q�� ZDVWHZDWHU�� �Q� R�HU��HZ�

RI� WKH� QHZ� KRQH�FRPE�0)&� GHV��Q� KDV� EHHQ�

presented� and� elucidated.� The� in�uence� of�

�ow� and� related� design� factors� are� presented�

�Q� 7DEOH� ��� �Q� RUGHU� WR� V�VWHPDW�]H� RSW�PDO�

design� conditions,� the� optimal� reactor� speed�

was� determined� at� 40� mL/min.� The� reactors�

achieved�maximum�voltage�output,�power,�and�

FXUUHQW�GHQV�W��Z�WK�UHGXFHG��QWHUQDO�UHV�VWDQFH��

When�the��ow�rate�is�too�large,�bio�lm�washout�

will�occur,�resulting�in� reduced�ef�ciency.�The�

HIIHFW� RI� � K�GURG�QDP�F� ERXQGDU�� OD�HU� �Q�

recirculation�MFC� is� a� vital� factor� in�uencing�

mass� transfer� and� bio�lm� formation.�Electrode�

placement� selection� and� �ow� control� are� two�

HIIHFW��H�DQG�HFRQRP�FDO�PHWKRGV�RI�PD�QWD�Q�Q��

WKH� K�GURG�QDP�F� ERXQGDU�� OD�HU� WK�FNQHVV��

7KH� KRQH�FRPE� WXEH� G�DPHWHU� RI� ���� FP� �V�

RSW�PDO�IRU�HQKDQFHG�&2'�UHPR�DO�DQG�SRZHU�

generation� ef�ciency.� The� electrode� distance�

DIIHFWV� WKH� WUDQVSRUW�RI�SURWRQV� IURP� WKH�DQRGH�

WR�WKH�FDWKRGH�

Currently,� the� problems� of� material� cost�

and� unclear� surface� modi�cation� mechanisms�

K�QGHU� WKH� SUDFW�FDO� DSSO�FDW�RQ� RI� 0)&�� 7KH�

honeycomb� design� has� great� signi�cance� in�



��

�������������������

�����������������

KWWSV���GR��RU�����������TQMV�����������

Quy�Nhon�University�Journal�of�Science,�����,�16���,������

reducing� operating� costs,� improving� ef�ciency,�

DQG� FRQWU�EXW�Q�� WR� WKH� RSHUDW�RQ� RI� DQ� 0)&�

system�with�recirculating��ow.

5()(5(1�(6

1.�� N.� Mancosu,� R.� L.� Snyder,� G.� Kyriakakis,� D.�

6SDQR��:DWHU�VFDUF�W��DQG�IXWXUH�FKDOOHQ�HV�IRU�

food�production,�Water,�����,�7(3),��975-992.

2.�� K.� Obileke,� H.� Onyeaka,� E.� L.� Meyer,� N.�

Nwokolo.� Microbial� fuel� cells,� a� renewable�

HQHU��� WHFKQROR��� IRU� E�R�HOHFWU�F�W��

generation:� a� mini-review,� Electrochemistry�

Communications,�����,�107003.

3.�� W.-f.�Liu,�S.-a.�Cheng.�Microbial� fuel�cells�for�

HQHU��� SURGXFW�RQ� IURP�ZDVWHZDWHUV��7KH�ZD��

toward�practical�application,�Journal�of�Zhejiang�

University�Science�A,�����,�15(11),�841-861.

4.�� D.�G.�A.�Avilés,�O.�F.�N.�Barrionuevo,�O.�F.�S.�

Olmedo,�B.�D.�C.�Piñan,�D.�A.�A.�Briones,�R.�A.�

%��6RU�D���SSO�FDW�RQ�RI�D�G�UHFW�FXUUHQW�F�UFX�W�

WR�S�FN�XS� DQG� WR� VWRUH�E�RHOHFWU�F�W��SURGXFHG�

by�microbial�fuel�cells,�Revista�Colombiana�de�

Química,�����,�48(3),�26-35.

5.�� J.�Z.�Sun,�G.�Peter�Kingori,�R.�-�W.�Si,�D.�-�D.�

Zhai,�Z.�-�H.�Liao,�D.-Z.�Sun,�T.�Zheng,�Y.�-�C.�

Yong.�0�FURE�DO� IXHO� FHOO�EDVHG� E�RVHQVRUV� IRU�

HQ��URQPHQWDO� PRQ�WRU�Q��� �� review,� Water�

Science�and�Technology,�����,�71(6),�801-809.

6.�� H.� Hiegemann,� T.� Litt�nski,� S.� Krimmler,��

M.�Lübken,�D.�Klein,�K.�-�G.�Schmelz,�K.�Ooms,�

D.�Pant,�M.�Wichern.�Performance�and�inorganic�

fouling� of� a� submergible� 255� L� prototype�

P�FURE�DO� IXHO� FHOO� PRGXOH� GXU�Q�� FRQW�QXRXV�

ORQ��WHUP� RSHUDW�RQ� Z�WK� UHDO� PXQ�F�SDO�

wastewater� under� practical� conditions,�

Bioresource��echnology,�����,�294,�122227.

7.�� C.� Munoz-Cupa,� Y.� Hu,� C.� C.� Xu,� A.� Bassi.�

�Q� R�HU��HZ� RI� P�FURE�DO� IXHO� FHOO� XVD�H�

in� wastewater� treatment,� resource� recovery�

and� energy� production,� Science� of� the� Total�

Environment,�����,�142429.

8.�� S.�Pinck,�L.�M.�Ostormujof,�S.�Teychené,�B.�Erable.�

Micro�uidic� micURE�DO� E�RHOHFWURFKHP�FDO�

V�VWHPV�� DQ� �QWH�UDWHG� �Q�HVW��DW�RQ� SODWIRUP�

IRU� D� PRUH� IXQGDPHQWDO� XQGHUVWDQG�Q�� RI�

electroactive�bacterial�bio�lms,�Microorganisms,�

����,�8(11),�1841.

9.�� D.� Taherzadeh,� C.� Picioreanu,� H.� Horn.� Mass�

transfer� enhancement� in� moving� bio�lm�

structures,� Biophysical� �ournal,� ����,� 102(7),�

����������

10.�� J.� B.� Kaplan.� Bio�lm� dispersal:� mechanisms,�

clinical� implications,� and� potential� therapeutic�

uses,� Journal�of�Dental�Research,�����,�89(3),�

��������

11.�� M.�Rahimnejad,�G.�Najafpour,�A.�A.�Ghoreyshi.�

(IIHFW� RI� PDVV� WUDQVIHU� RQ� SHUIRUPDQFH� RI�

microbial�fuel�cell,�Intech,�����,�5,�233-250.

12.�� Y.�Wang,�Y.�Zhao,�L.�Xu,�W.�Wang,�L.�Doherty,�

C.�Tang,�B.�Ren,�J.�Zhao.�Constructed�wetland�

�QWH�UDWHG�P�FURE�DO� IXHO� FHOO� V�VWHP��LRRN�Q��

back,� moving� forward,� Water� Science� and�

Technology,�����,�76(2),�471-477.

13.�� Z.� Du,�H.� Li,�T.�Gu.�A� state� of� the� art� review�

RQ�P�FURE�DO�IXHO�FHOOV����SURP�V�Q��WHFKQROR���

for� wastewater� treatment� and� bioenergy,�

Biotechnology�Advances,�����,�25(5),�464-482.

14.�� R.� A.� Rozendal,� H.� V.� Hamelers,� K.� Rabaey,�

J.� Keller,� C.� J.� Buisman.� Towards� practical�

�PSOHPHQWDW�RQ�RI�E�RHOHFWURFKHP�FDO�ZDVWHZDWHU�

treatment,�Trends�in�Biotechnology,�����,�26(8),�

��������

����� 9��*��*XGH��:DVWHZDWHU�WUHDWPHQW��Q�P�FURE�DO�

fuel� cells–an� overview,� Journal� of� Cleaner�

Production,�����,�122,�287-307.

16.�� M.� Schechter,� A.� Schechter,� S.� Rozenfeld,� E.�

Efrat,�R.�Cahan.�Anode�bio�lm,�Technology�and�

Application�of�Microbial�Fuel�Cells,�����,�57.

17.�� D.�Pant,�G.�V.�Bogaert,�L.�Diels,�K.�Vanbroekhoven.�

��UH��HZ�RI�WKH�VXEVWUDWHV�XVHG��Q�P�FURE�DO�IXHO�

cells�(MFCs)�for�sustainable�energy�production,�

Bioresource� �echnology,� ����,� 101(6),� 1533-

�����

18.�� T.� Catal,� A.� Kul,� V.� E.� Atalay,� H.� Bermek,��

S.�Ozilhan,�N.�Tarhan.�Ef�cacy�of�microbial�fuel�

FHOOV�IRU�VHQV�Q��RI�FRFD�QH�PHWDERO�WHV��Q�XU�QH�

EDVHG� ZDVWHZDWer,� Journal� of� Power� Sources,�

����,�414,�1-7.



��

�������������������

�����������������

KWWSV���GR��RU�����������TQMV�����������

Quy�Nhon�University�Journal�of�Science,�����,�16���,������

19.�� A.�J.�Mohammed,�Z.�Z���VPD�O��6ODX�KWHUKRXVH�

ZDVWHZDWHU� E�RWUHDWPHQW� DVVRF�DWHG� Z�WK�

E�RHOHFWU�F�W�� �HQHUDW�RQ� DQG� Q�WUR�HQ� UHFR�HU��

�Q� K�EU�G� V�VWHP� RI� P�FURE�DO� IXHO� FHOO� Z�WK�

aerobic� and� anoxic� bioreactors,� Ecological�

Engineering,�����,�125,�119-130.

20.�� A.�G.�Capodaglio,�G.�Olsson.�Energy� issues�in�

sustainable�urban�wastewater�management:�use,�

GHPDQG� UHGXFW�RQ� DQG� UHFR�HU�� �Q� WKH� XUEDQ�

water�cycle,�Sustainability,�����,�12(1),�266.

21.�� A.� S.� Mathuriya,� J.� Yakhmi.� Microbial� fuel�

cells� to� recover� heavy� metals,� Environmental�

�hemistry�Letters,�����,�12(4),�483-494.

22.�� Y.� Cui,� B.� Lai,� X.� Tang.�0�FURE�DO� IXHO� FHOO�

based�biosensors,�Biosensors,�����,�9(3),�92.

23.�� X.� A.� Walter,� J.� Greenman,� I.� A.� Ieropoulos.�

0�FURE�DO� IXHO� FHOOV� G�UHFWO�� SRZHU�Q�� D�

microcomputer,� Journal� of� Power� Sources,�

����,�446,�227328.

24.�� S.� Kalathil,� S.� Patil,� D.� Pant.� Microbial� fuel�

cells:�electrode�materials,�Elsevier,�Amsterdam,�

The�Netherlands,�2017,�1-10.

25.�� M.� Zhou,� M.� Chi,� J.� Luo,� H.� He,� T.� Jin.� An�

R�HU��HZ�RI�HOHFWURGH�PDWHU�DOV��Q�P�FURE�DO�IXHO�

cells,�Journal�of�Power�Sources,�����,�196(10),�

����������

26.�� P.� Choudhury,� U.� S.� Prasad� Uday,� T.� K.�

Bandyopadhyay,� R.� N.� Ray,� B.� Bhunia.�

3HUIRUPDQFH� �PSUR�HPHQW� RI� P�FURE�DO�

IXHO� FHOO� �0)&�� XV�Q�� VX�WDEOH� HOHFWURGH�

and� Bioengineered� organisms:� a� review,�

Bioengineered,�����,�8(5),�471-487.

27.�� M.� N.� Gatti,� R.H.� Milocco.� A� bio�lm� model�

RI� P�FURE�DO� IXHO� FHOOV� IRU� HQ��QHHU�Q��

applications,� International� Journal� of� Energy�

and� Environmental� Engineering,� ����,� 8(4),�

��������

28.�� T.�-�H.�Lan,�C.�-�T.�Wang,�T.�Sangeetha,�Y.�-�C.�

Yang,�A.�Garg.�Constructed�mathematical�model�

IRU�QDQRZ�UH�HOHFWURQ�WUDQVIHU��Q�P�FURE�DO�IXHO�

cells,�Journal�of�Power�Sources,�����,�402,�483-

����

29.�� L.�Wang,�C.�Yang,�T.�Sangeetha,�Z.�He,�Z.�Guo,�

G.� Lei,�A.�Wang,�W.�Liu.�Methane�production�

�Q� D� E�RHOHFWURFKHP�VWU�� �QWH�UDWHG� DQDHURE�F�

reactor� with� layered� nickel� foam� electrodes,�

Bioresource�Technology,�����,�123657.

30.�� C.�Santoro,�C.�Arbizzani,�B.�Erable,�I.�Ieropoulos.�

0�FURE�DO� IXHO� FHOOV�� IURP� IXQGDPHQWDOV� WR�

applications.� A� review,� Journal� of� Power�

Sources,�����,�356,�225-244.

31.�� H.�H.�Lam,�D.�T.�Tran,�T.�T.�H.�Dinh,�E.�Korneeva,�

V.�T.�Nguyen,�K.�Yoshimura,� S.�Hasegawa,� S.�

Sawada,�M.�V.�Tran,�Q.�H.�Nguyen,�A.�T.�Luu,�V.�

P.�Dinh,�Q.�L.�Le,�Y.�Maekawa.�Morphological�

FKDUDFWHU�]DW�RQ� RI� �UDIWHG� SRO�PHU� HOHFWURO�WH�

PHPEUDQHV� DW� D� VXUIDFH� OD�HU� IRU� IXHO� FHOO�

application,�Journal�of�Applied�Polymer�Science,�

����,�139(14),�51910.

32.�� H.� N.�Dai,�T.� K.�N�Le,�T.�K.�T.� Huynh,�T.�A.�

D.� Nguyen,� M�� 9�� 7UDQ�� 7KHUPR�SUHWUHDWPHQW�

on�bamboo�biomass�with�ammonia,�Journal�of�

Science�and�Technology,�����,�54(4B),�24-29.

33.�� H.�N.�Dai,�T.�K.�T.�Huynh,�T.�A.�D.�Nguyen,�T.�

V.�V.�Do,�M.�V.�Tran.�+�GURWKHUPDO�DQG�VWHDP�

H[SORV�RQ�SUHWUHDWPHQW�RI�EDPEXVD�VWHQRVWDFK�D�

bamboo,�Waste�and�Biomass�Valorization,�����,�

12(9),�1-10.

34.�� H.� N.� Dai,� T.� T.� Vo,� T.�A.� D.� Nguyen,�M.� V.�

Tran,� L.� P.�M.� Le.� Hydrogen� production� from�

acidic,� alkaline� and� steam� exploded� bambusa�

stenostachya�hydrolysates�in�dark�fermentation,�

Biomass�Conversion�and�Biore�nery,�������

35.�� H.�N.�Dai,�T.�A.�D.�Nguyen,�L.�P.�M.�Le,�M.�V.�

Tran,�T.�-�H.�Lan,�C.�-�T.�Wang.�Power�generation�

RI� 6KHZDQHOOD� RQH�GHQV�V� 05��� P�FURE�DO�

fuel� cells� in� bamboo� fermentation� ef�uent,�

International� Journal� of� Hydrogen� Energy,�

����,�46(31),�16612-16621.

36.�� K.�L.�Dinh,�C.�T.�Wang,�H.�N.�Dai,�V.�M.�Tran,�

M.�L.�P.�Le,�I.�A.�Saladaga,�Y.�A.�Lin.�Lactate�and�

DFHWDWH� DSSO�HG� �Q�GXDO�FKDPEHU�P�FURE�DO� IXHO�

cells� with� domestic� wastewater,� International�

Journal� of� Energy� Research,� ����,� 45(7),�

������������

37.�� T.�Sangeetha,�I.�-�T.�Li,�T.�-�H.�Lan,�C.�-�T.�Wang,�

W.� -�M.�Yan.�A��uid� dynamics�perspective� on�

the��ow�dependent�performance�of�honey�comb�

microbial�fuel�cells,�Energy,�����,�214,�118928.



��

�������������������

�����������������

KWWSV���GR��RU�����������TQMV�����������

Quy�Nhon�University�Journal�of�Science,�����,�16���,������

����� 3�� 5�� Satpathy,� R.� Sharma,� S.� Jena,� A.� shade�

G�VSHUV�RQ� �QWHUFRQQHFW�RQ� VFKHPH�IRU�SDUW�DOO��

shaded� modules� in� a� solar� PV� array� network,�

Energy,�����,�139,�350-365.

����� 0��9��'�NH��An�album�of��uid�motion,�USA,�1982.

40.�� J.�Welty,�G.�L.�Rorrer,�D.�G.�Foster.�Fundamentals�

of� momentum,� heat,� and� mass� transfer,� John�

Wiley�&�Sons,�2020.

41.�� T.�Sangeetha,�I.�-�T.��Li,�T.�-�H.�Lan,�C.�-�T.�Wang,�

W.-M.�Yan.�A��uid�dynamics�perspective�on�the�

�ow� dependent� performance� of� honey� comb�

microbial�fuel�cells,�Energy,�����,�214,�118928.

42.�� D.�Ye,�Y.�Yang,�J.�Li,�X.�Zhu,�Q.�Liao,�B.�Deng,�

R.� Chen.� Performance� of� a� micro�uidic�

microbial�fuel�cell�based�on�graphite�electrodes,�

International� Journal� of� Hydrogen� Energy,�

����,�38(35),�15710-15715.

43.�� T.�H.�Sleutels,�H.�V.�Hamelers,�C.�J.�Buisman.�

(IIHFW� RI� PDVV� DQG� FKDU�H� WUDQVSRUW� VSHHG�

DQG� G�UHFW�RQ� �Q� SRURXV� DQRGHV� RQ� P�FURE�DO�

electrolysis� cell� performance,� Bioresource�

�echnology,�����,�102(1),�399-403.

44.�� Y.� Yang,� D.� Ye,� Q.� Liao,� P.� Zhang,� X.� Zhu,��

J.�Li,�Q.�Fu.�Enhanced�bio�lm�distribution�and�

cell� performance�of�micro�uidic�microbial�fuel�

cells� with� multiple� anolyte� inlets,� Biosensors�

and�Bioelectronics,�����,�79,�406-410.

45.�� Y.�-�M.�Chen,�C.�-�T.�Wang,�Y.�-�C.�Yang.�Effect�

RI� ZDOO� ERXQGDU�� OD�HU� WK�FNQHVV� RQ� SRZHU�

SHUIRUPDQFH� RI� D� UHF�UFXODW�RQ� P�FURE�DO� IXHO�

cell,�Energies,�����,�11(4),�1003.

46.�� A.� Ter� Heijne,� O.� Schaetzle,� S.� Gimenez,��

F.� Fabregat-Santiago,� J.� Bisquert,� D.� P.� Strik,�

F.� Barriere,� C.� J.� Buisman,� H.� V.� Hamelers.�

�GHQW�I��Q��FKDU�H�DQG�PDVV�WUDQVIHU�UHV�VWDQFHV�

of� an� oxygen� reducing� biocathode,� Energy� &�

Environmental�Science,�����,�4(12),�5035-5043.

47.�� H.� Beyenal,� Z.� Lewandowski.� Internal� and�

external� mass� transfer� in� bio�lms� grown� at�

various��ow�velocities,�Biotechnology�Progress,�

����,�18(1),�55-61.

48.�� T.�Li,�L.�Zhou,�Y.�Qian,�L.�Wan,�Q.�Du,�N.�Li,��

;��:DQ���*UD��W��VHWWO�Q��RI�SODQNWRQ�F�EDFWHU�D�

WR�DQRGHV�HQKDQFHV�FXUUHQW�SURGXFW�RQ�RI�P�FURE�DO�

fuel�cells,�Applied�(nergy,�����,�198,�261-266.

����� ����eropoulos,�J.�Win�eld,�J.�Greenman.�Effects�

of��ow-rate,�inoculum�and�time�on�the�internal�

resistance� of� microbial� fuel� cells,�Bioresource�

�echnology,�����,�101(10),�3520-3525.

50.�� N.�Eaktasang,�C.�S.�Kang,�S.� J.�Ryu,�Y.�Suma,�

+�� 6�� .�P�� (QKDQFHG� FXUUHQW� SURGXFW�RQ� E��

electroactive�bio�lm�of�sulfate-reducing�bacteria�

in� the� microbial� fuel� cell,� Environmental�

Engineering�Research,�����,�18(4),�277-281.

51.�� C.� -� T.� Wang,� Y.� -� S.� Huang,� T.� Sangeetha,��

W.� -� M.� Yan.� Assessment� of� recirculation�

EDWFK�PRGH�RSHUDW�RQ��Q�EXIIHUOHVV�E�R�FDWKRGH�

microbial� Fuel�Cells� (MFCs),�Applied� Energy,�

����,�209,�120-126.

52.�� L.�Zhang,�X.�Zhu,�H.�Kashima,�J.�Li,�D.�-�d.�Ye,��

Q.� Liao,� J.� M.� Regan.� Anolyte� recirculation�

HIIHFWV� �Q� EXIIHUHG� DQG� XQEXIIHUHG� V�Q�OH�

chamber� air-cathode� microbial� fuel� cells,�

Bioresource��echnology,�����,�179,�26-34.

53.�� S.�F.�Ketep,�A.�Bergel,�M.�Bertrand,�W.�Achouak,�

E.� Fourest.� Lowering� the� applied� potential�

GXU�Q�� VXFFHVV��H� VFUDWFK�Q��UH��QRFXODW�RQ�

�PSUR�HV� WKH�SHUIRUPDQFH�RI�P�FURE�DO�DQRGHV�

for�microbial�fuel�cells,�Bioresource��echnology,�

����,�127,�448-455.

54.�� V.�R.�Nimje,�C.�Y.�Chen,�C.�C.�Chen,�J.�Y.�Tsai,��

H.� -� R.� Chen,� Y.� M.� Huang,� J.� -� S.� Jean,��

Y.�-�F.�Chang,�R.�-�C.�Shih.�0�FURE�DO�IXHO�FHOO�

RI� (QWHUREDFWHU� FORDFDH�� (IIHFW� RI� DQRG�F� S+�

microenvironment� on� current,� power� density,�

�QWHUQDO� UHV�stance� and� electrochemical� losses,�

International� Journal� of� Hydrogen� Energy,�

����,�36(17),�11093-11101.

55.�� G.� Jadhav,� M.� Ghangrekar.� Performance� of�

P�FURE�DO� IXHO� FHOO� VXEMHFWHG� WR� �DU�DW�RQ� �Q�

pH,� temperature,� external� load� and� substrate�

concentration,� Bioresource� Technology,� ����,�

100(2),�717-723.

56.�� G.� C.� Gil,� I.� S.� Chang,� B.� H.� Kim,� M.� Kim,��

J.�-�K.�Jang,�H.�S.�Park,�H.�J.�Kim.�Operational�

SDUDPHWHUV� DIIHFW�Q�� WKH� SHUIRUPDQFH� RI� D�

mediator-less� microbial� fuel� cell,� Biosensors�

and�Bioelectronics,�����,�18(4),�327-334.

57.�� R.�Kaji,�B.�Azzopardi.�The�effect�of�pipe�diameter�

on� the� structure� of� gas/liquid� �ow� in� vertical�

pipes,� International� Journal� of� Multiphase�

Flow,�����,�36(4),�303-313.



��

�������������������

�����������������

KWWSV���GR��RU�����������TQMV�����������

Quy�Nhon�University�Journal�of�Science,�����,�16���,������

58.�� M.�Vijayan,�S.�Jayanti,�A.�Balakrishnan,�Effect�

of� tube� diameter� on� �ooding,� International�

�ournal� of� Multiphase� �low,� ����,� 27(5),��

��������

59.�� X.� Li,� L.� Hu,� F.� Shang.� Flame� downwash�

WUDQV�W�RQ� DQG� �WV� PD[�PXP� OHQ�WK� Z�WK�

�QFUHDV�Q�� IXHO� VXSSO�� RI� QRQ�SUHP�[HG� MHW� �Q�

cross��ow,�Energy,�����,�164,�298-305.

60.�� C.�T.�Wang,�I.�T.�Li,�J.�H.�Jang.�Effect�of�electrode�

VSDF�Q�� RQ� WKH� SHUIRUPDQFH� RI� P�FURE�DO� IXHO�

cells� with� a� honeycomb� �ow� straightener,�

International�Journal�of�Energy�Research,�����,�

44(14),�12136-12144.

61.�� J.�Xu,�G.�P.�Sheng,�H.�-�W.�Luo,�W.�-�W.�Li,�L.�-�

F.�Wang,�H.�-�Q.�Yu.�Fouling�of�proton�exchange�

PHPEUDQH� �3(0��GHWHU�RUDWHV� WKH�SHUIRUPDQFH�

of� microbial� fuel� cell,� Water� Research,� ����,�

46(6),�1817-1824.

�


