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a b s t r a c t 

Surface electropositivity and low internal resistance are important factors to improve the anode per- 

formance in microbial fuel cells (MFCs). Nitrogen doping is an effective way for the modification of 

traditional carbon materials. In this work, heat treatment and melamine were used to modify carbon 

felts to enhance electrogenesis capacity of MFCs. The modified carbon felts were characterized using 

X-ray photoelectron spectroscopy (XPS), scanning electron microscope (SEM), atomic force microscopy 

(AFM) and Melvin zeta potentiometer. Results show that the maximum power densities under heat treat- 

ment increase from 276.1 to 423.4 mW/m 

2 (700 °C) and 461.5 mW/m 

2 (1200 °C) and further increase to 

472.5 mW/m 

2 (700 °C) and 515.4 mW/m 

2 (1200 °C) with the co-carbonization modification of melamine. 

The heat treatment reduces the material resistivity, improves the zeta potential which is beneficial to 

microbial adsorption and electron transfer. The addition of melamine leads to the higher content of sur- 

face pyridinic and quaternary nitrogen and higher zeta potential. It is related to higher MFCs perfor- 

mance. Generally, the melamine modification at high temperature increases the feasibility of carbon felt 

as MFCs’s anode materials. 

© 2016 Published by Elsevier B.V. and Science Press. 

1. Introduction 1 

With the rapid economic development, energy shortage and en- 2 

vironmental pollution have become serious problems. It is critical 3 

to develop new energy sources and protect the environment. Mi- 4 

crobial fuel cells (MFCs) are devices that use bacteria as the cata- 5 

lysts to oxidize organic pollutants in wastewater and generate elec- 6 

tricity [1] . 7 

Over the past decade, MFCs have drawn significant attention 8 

as a novel method for wastewater treatment. Advances in tech- 9 

nologies have increased MFCs power densities by several orders 10 

of magnitude [2] . However, it is still a long way to real indus- 11 

trial applications and anode material is a limiting factor to further 12 

improve power output of MFCs [3] . The most widely used anode 13 

materials are carbon materials which have good electrical conduc- 14 

tivity, biocompatibility and large specific surface area [4] . Various 15 

chemical and physical approaches have been used to improve an- 16 

ode performance. Treating carbon materials at high temperatures 17 
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could improve power performance for increasing surface area [5] . 18 

More oxidative functional groups of the anode surface treated by 19 

acid or electrochemical methods could increase the biocompatibil- 20 

ity of the anode surface [6–8] . Carbon materials surface coated by 21 

conductive polymer was also used to enhance electrical conductiv- 22 

ity of the anode [9] . 23 

The carbon material surface containing nitrogen-functional 24 

groups is more prone to absorb negative-charged bacteria due to 25 

its increasing N/C ratio and positive charge on the surface, lead- 26 

ing to more favorable electro transfer between bacteria and carbon, 27 

improved anode biocompatibility and output power [5–10] . 28 

Although these surface N-doped methods could enhance the 29 

performance of MFCs, deficiencies are still subsistent, including 30 

complex operations, low nitrogen contents and slow reactions. 31 

Therefore, we chose melamine as a new nitrogen source which has 32 

higher nitrogen contents to modify carbon felts (pretreated by ni- 33 

tric acid) under high temperature, and the untreated carbon felts 34 

were also carbonized under same temperatures as reference sam- 35 

ples. Functional groups on the surface, morphology structure and 36 

resistivity of carbon felts were characterized after treatment. In ad- 37 

dition, carbon felts was used as an anode to examine the perfor- 38 

mance of MFCs. 39 

http://dx.doi.org/10.1016/j.jechem.2016.11.020 
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2. Materials and methods 40 

2.1. Anode materials treatment 41 

Carbon felts (Gansu Haoshi carbon fiber Co, Ltd, China) were 42 

washed by deionization water and dried at 80 °C in a conven- 43 

tional drying oven. Part of dried carbon felts were heated to 700 44 

and 1200 °C at a rate of 10 °C/min and maintained the tempera- 45 

ture for 30 min in N 2 atmosphere. The carbon felts heated at 700 46 

and 1200 °C were denoted as CF-700 and CF-1200. The others were 47 

soaked in nitric acid (80 °C) (Beijing Chemical Co, Ltd, China) for 48 

8 h. Washing materials surface several times to ensure pH 7 and 49 

drying. 10 g melamine (Tianjin Guangfu Chemical Co, Ltd, China) 50 

was dissolved in 400 mL anhydrous ethanol (Beijing Chemical Co, 51 

Ltd, China) and gathered the upper suspension after stirring and 52 

ultrasonic dispersion. Putting the carbon felt treated with nitric 53 

acid (herein CN) into ethanol suspension of melamine and mixing 54 

4 h at room temperature, then drying at 80 °C for 4 h. After being 55 

dried at 80 °C, carbon felts were carbonized under 700 and 1200 °C 56 

at the same of heating program mentioned above, and named CN- 57 

70 0 and CN-120 0, respectively. The untreated carbon felts were as 58 

contrast sample. 59 

2.2. MFCs reactors and operation 60 

MFCs reactors are single chamber air cathode configuration 61 

(Phychemi Co, Ltd, HK) with a 28 mL working volume. Treated 62 

and untreated carbon felts served as anode materials with the di- 63 

mension of 2.04 ×2.06 ×0.25 cm (length ×width × thickness); car- 64 

bon cloths (HCP330, Heseng Co, Ltd, China) loaded 0.4 mg/m 

2 plat- 65 

inum as the cathode. Inoculation sludge was taken from Gaobei- 66 

dian Wastewater Treatment Plant, Beijing. MFCs were fed with a 67 

medium, including 1 g/L glucose solution, 50 mM phosphate buffer 68 

solution, vitamin and mineral solution [11] . 69 

Each kind of carbon felt was installed two parallel MFCs to 70 

eliminate unexpected changes, but chose one of them to analyze. 71 

MFCs were inoculated with a mixture of sludge suspension and 72 

medium by a volume ratio of 50:50. MFCs were acclimated for 73 

over a month until 10 repeatable voltage profiles were obtained. 74 

10 0 0 � external resistor was used in MFCs. All tests were operated 75 

at 30 °C. 76 

2.3. Materials characterization 77 

The surface morphologies of carbon felts before incubation and 78 

the microbe adhesion on the anode after incubation were ex- 79 

amined by a Field emission scanning electron microscopy (FE- 80 

SEM)(Hitachi S-4700). During operation, the output voltage was 81 

collected by battery system (Land – CT2001A, Wuhan Landian Elec- 82 

tronic Technology Co., Ltd). Specific surface areas were calculated 83 

according to the Brunauer–Emmett–Teller (BET) equation. 84 

The elemental analysis was done by a conventional combustion 85 

method using vario EL cube instrument based on the burn off of 86 

the sample and TCD analysis of nitrogen and carbon mass per- 87 

centage from the evolved gases. X-ray photoelectron spectroscopy 88 

(XPS) (ESCALAB250) was used to characterize the modified and un- 89 

modified carbon felts and to analyze the change of materials sur- 90 

face elements and functional groups. 91 

Material resistivity meter (HL/GM-2, Institute of Coal Chemistry 92 

Chinese Academy of Sciences) was used to measure bulk resistiv- 93 

ity of carbon felts at room temperature. Carbon felts were cut into 94 

the cylinder (diameter of 1.5 cm, height of 0.25 cm) for measure- 95 

ment and detailed method was described elsewhere [12] . The zeta 96 

potential of carbon felts was analyzed using a Melvin zeta poten- 97 

tiometer (ZEN 3600). The pH was adjusted with HCl or NaOH solu- 98 

tion and measured by METTLER TOLEDO FE20 laboratory pH meter. 99 

3. Results and discussion 100 

3.1. MFCs performance 101 

AllMFCs are acclimated for three weeks at least and the output 102 

voltage profiles are shown in Fig. 1 (a). With the external resistance 103 

of 10 0 0 �, the maximum cell voltages of CF-70 0, CF-120 0, CN-70 0 104 

and CN-1200 were stabilized at 440, 460, 460 and 520 mV, while 105 

that of unmodified MFCs was only about 360 mV. Power density 106 

curves ( Fig. 1 (b)) and polarization curves ( Fig. 1 (c)) for the MFCs 107 

were generated by changing the external resistance in the range 108 

of 10 0,0 0 0–10 0 � and normalized to the projected area of anode 109 

surface (both sides). The maximum power density of MFCs was 110 

significantly improved by modifying the anode material. The max- 111 

imum power densities of CF-700, CF-1200, CN-700 and CN-1200 112 

were 423.4, 461.5, 472.5 and 515.4 mW/m 

2 , which were 53, 67, 71 113 

and 86% higher than untreated anode (276.1 mW/m 

2 ). Output volt- 114 

ages and power densities increased as temperature increased, and 115 

melamine modified. 116 

The linear part of polarization curves can be used to estimate 117 

the apparent internal resistance of MFCs [13] . The apparent inter- 118 

nal resistances of MFCs were 355, 235 and 225 � for unmodified 119 

carbon felt, CF-700, CF-1200, decreasing dramatically with the in- 120 

crease of carbonization temperature. There were tiny differences 121 

in internal resistances between CF-700 and CN-700 (229 �), but 122 

the CN-1200 performed a lower resistance of 201 �. The trend in 123 

anode potential ( Fig. 1 (d)) based on polarization data shows large 124 

changes, whereas there are relatively small changes in cathode po- 125 

tentials. This clearly suggests that the differences in the MFCs per- 126 

formance were attributed to the changes of anode properties. 127 

3.2. Surface morphology of anodes 128 

Higher surface roughness and area are believed to improve 129 

the microbial adhesion and the efficiency of electricity production 130 

[7,14] . Biofilm could directly influence the performance of MFCs, 131 

thus we used SEM to observe surface morphology and biofilm mor- 132 

phology of carbon felts as shown in Fig. 2. 133 

As shown in Fig. 2 , the unmodified carbon felt possessed a 134 

smooth surface, but the roughness of CF-700 and CF-1200 surface 135 

increased slightly because of the heat treatment [15] . In the case 136 

of melamine modification, the surface of CN-1200 was smoother 137 

than that of CN-700 according to Fig. 2 (d) and ( e ). Further BET 138 

test showed that the measured surface area of untreated carbon 139 

felt, CN-700 and CN-1200 were 3.14, 14.70 and 6.46 m 

2 /g. Un- 140 

treated carbon felt had a relatively rough surface with ridge/valley 141 

structure, and became relatively rough surface grooves after acid 142 

treatment and carbonization [15] . During the impregnation pro- 143 

cess, melamine gradually penetrates into carbon felts and adhered 144 

to the surface. The thermal decomposition of melamine promoted 145 

carbon’s accumulation in the materials surface at subsequent high 146 

temperature carbonization process, which filled the surface defects 147 

such as porosity. Thus, the surface area of CN-1200 was lower 148 

than that of CN-700. It is clearly that higher temperature and 149 

longer complete reaction resulted in removing impurity atoms and 150 

reducing surface defects. On the other hand, the surface area of 151 

CN-700 was higher than CN-1200 and untreated carbon felt, but 152 

didn’t obtained maximum power density, which would indicate 153 

that surface area was not the conclusive impact on output power 154 

in this experiment. 155 

After 21 day’s operation of MFCs, the morphology of each elec- 156 

trode was examined using SEM ( Fig. 2 ). Untreated anode had a 157 

relative clean surface with less biofilm compared with other sam- 158 

ples. The heat treatment (CF-700 and CF-1200) slightly increased 159 

the amounts of bacteria attached to the anode. CN-700 anode sur- 160 

face was covered with thick film and CN-1200 was observed the 161 

Please cite this article as: Y. Xie et al., Melamine modified carbon felts anode with enhanced electrogenesis capacity toward microbial 

fuel cells, Journal of Energy Chemistry (2016), http://dx.doi.org/10.1016/j.jechem.2016.11.020 

http://dx.doi.org/10.1016/j.jechem.2016.11.020


Download English Version:

https://daneshyari.com/en/article/6530311

Download Persian Version:

https://daneshyari.com/article/6530311

Daneshyari.com

https://daneshyari.com/en/article/6530311
https://daneshyari.com/article/6530311
https://daneshyari.com

