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Abstract 

In this paper, the impact of livestock manure on the environment and the current 
situation of resource utilization were briefly introduced, and the current development 
status of electrode materials was analyzed. A scheme of electrode preparation using 
livestock manure as raw material was designed. Black water fly feces biochar was 
prepared from black water fly feces, and its electrochemical performance was tested to 
explore the feasibility of black water fly feces biochar as electrode material. The results 
show that as a kind of biomass material, livestock manure can improve the 
electrochemical performance of electrode materials. 
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1. Introduction 

In recent years, the rapid development of livestock and poultry industry, followed by a large 
number of feces produced in the process of livestock and poultry breeding. The results show 
that, during 2011-2015, the average production of livestock manure in China was 2.335 billion 
tons, of which the emission of livestock manure in 2015 was 2.399 billion tons.[1] Faeces are a 
kind of biomass with high ash content and containing minerals and metal elements. The 
electrode material is selected to be used as the electrode material of supercapacitor. On the 
basis of ensuring the performance of the capacitor, the manufacturing cost of the capacitor is 
reduced. It can not only turn waste into treasure, but also protect the environment, which 
provides more reference for the high value-added resource utilization of biomass livestock 
manure. 

With the rapid development of China's livestock and poultry industry, a large number of feces 
have no place to absorb, causing certain pollution to water, soil and atmosphere. Untreated 
livestock and poultry manure is discharged into lakes and rivers, causing serious water quality 
problems. The feces are rich in organic substances such as N and P, which enter into lakes, rivers 
and lakes and other water bodies in large quantities, causing eutrophication, rapid propagation 
of algae and other plankton, decrease of dissolved oxygen, deterioration of water quality, and 
death of fish and other organisms. According to relevant surveys, in 2015, while the animal 
husbandry GDP accounted for 27.8% of the agricultural GDP, the COD emissions of the livestock 
and poultry breeding industry reached 45.67% of the total national emissions, accounting for 
95% of the total agricultural COD emissions. The discharge of ammonia nitrogen reached 24.02% 
of the total national discharge, accounting for 76% of the total discharge of agricultural 
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ammonia nitrogen.[2] The discharge of nitrogen and phosphorus caused by manure in the 
water body caused the destruction of the water ecosystem. 

With the rapid development of society and economy, the ever-increasing energy crisis and 
environmental pollution have severely restricted the sustainable development of the world. 
Therefore, it is urgent to find an alternative, low-cost, green and pollution-free clean energy. 
High-power and low-cost supercapacitors, as a green energy storage device, play an important 
role in the sustainable use of energy. The electrode material is one of the decisive factors 
affecting the performance of supercapacitors. Therefore, it is very important to develop 
electrode materials with high energy density and excellent cycle stability. 

The electrode material can use porous carbon materials, especially biomass-based carbon 
materials, and the quality of the electrode materials is mainly affected by the specific surface 
area, pore size distribution, and surface functional groups of the electrode material. Therefore, 
it is particularly important to develop an electrode material with a large specific surface area, 
reasonable pore size distribution, and high heteroatom doping content. 

Biochar electrode materials include forest crops and residues, crops and residues, industrial 
waste, marine waste, domestic waste and so on. Research by Zhao Dongjiang et al.[3] showed 
that after high-temperature carbonization and chemical activation of corn stalks, a carbon 
material with a hierarchical pore structure can be formed. The hierarchical pore structure can 
promote ion diffusion and transport; at the same time, this carbon material can form a planar 
structure and a graphitized structure, which is conductive. It has good properties and can 
promote electron transport, thereby improving the performance of electrochemical capacitors. 
Wang Fangping et al.[4] Used grapefruit peel as carbon source to obtain macroporous 
interconnection network structure of biomass carbon(GCO600-14) after a series of treatment, 
which showed excellent electrochemical performance as electrode material for supercapacitor. 
Jingdong[5] prepared biochar materials from tea and pineapple peel, and applied them to 
sodium ion batteries. It was found that both pineapple peel biochar and tea biochar materials 
had good performance, especially after mixed salt treatment, the performance of biochar 
materials was improved. 

2. Experiment 

2.1. Preparation of activated carbon electrode materials 

Mix the activated carbon, PVDF and acetylene black in a mortar with a mass ratio of 80:15:5 
and grind them evenly. Then move the mixture into a small weighing bottle with magnons. Place 
the weighing bottle in the center of the magnetic stirrer. Add NMP while stirring slowly until 
the mixed powder is uniform and colloidal, and continue to speed up stirring for 12 hours. First, 
weigh the quality of the nickel foam, then evenly mix the stirred paste into the nickel foam, then 
press the sheet to dry, and finally weigh the weight of the electrode and calculate the quality of 
the active material. 

2.2. Preparation of fecal activated carbon composite electrode materials 

The feces of black water fly were pretreated, pyrolyzed at 800℃ for 2 hours at a heating rate of 

5℃/min, and then mixed with activated carbon. The mixture, PVDF and acetylene black were 
fully mixed in a mortar with a mass ratio of 80:15:5 and ground evenly. Then the mixture was 
transferred into a small weighing bottle with magnons, and the weighing bottle was placed in 
the center of the magnetic stirrer, Add NMP drop by drop and stir slowly until the mixed powder 
is evenly colloidal, and continue to speed up stirring for 12h. First, weigh the quality of the 
nickel foam, then evenly mix the stirred paste into the nickel foam, then press the sheet to dry, 
and finally weigh the weight of the electrode and calculate the quality of the active material. 
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2.3. Construction of three electrode system and electrochemical performance 
test 

Cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS) were performed 
on chi660e electrochemical workstation. In the three electrode system, the prepared material 
was used as the working electrode, Ag/AgCl as the reference electrode, and platinum sheet as 
the counter electrode. 

3. Results and discussion 

The electrochemical performance test charts of graphite electrode (Fig. 1), activated carbon 
electrode (Fig. 2)and fecal activated carbon composite electrode materials(Fig. 3) were 
compared and analyzed. According to the cyclic voltammograms of the three materials (Fig. 4a), 
it is found that the cyclic voltammogram curve is a rectangular potential window on the whole, 
and the area surrounded by the curve can directly reflect the capacitance of the electrode 
materials. It can be seen that the relationship between the rectangular area of the three 
materials is: graphite electrode > activated carbon electrode = fecal activated carbon composite 
electrode. It shows that the capacitance of graphite is larger than that of activated carbon and 
fecal activated carbon composite. Through the impedance test of three materials (Fig. 4b), it is 
found that the graphite electrode has no obvious arc in the high frequency region, which 
indicates that the transfer resistance between the electronic carbon particles is very large. The 
45° diagonal line in the intermediate frequency region reflects the diffusion resistance of 
electrolyte ions in the electrode, and its size is closely related to the surface wettability of the 
electrode material and the pore structure. It can be seen from the figure that the 45° diagonal 
line of the fecal activated carbon composite electrode material is the shortest, that is, the ion 
diffusion resistance is the smallest. In the low frequency region, the closer the diagonal line is 
to the imaginary axis, the closer it is to the capacitance characteristic of the ideal electrode 
material, that is, the larger the slope is, the closer it is to the impedance of pure capacitance. It 
can be seen from the figure that the oblique line of the three materials is close to the imaginary 
axis: fecal activated carbon composite electrode > activated carbon electrode > graphite 
electrode. It can be seen from the figure that the fecal activated carbon composite electrode 
material is closest to the pure capacitive impedance and has the best performance. 

 
Fig. 1 CV curves(a) and Nyquist diagrams(b) of graphite electrode 
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Fig. 2 CV curves(a) and Nyquist diagrams(b) of activated carbon electrode 

 
Fig. 3 CV curves(a) and Nyquist diagrams(b) of fecal activated carbon composite electrode 

 
Fig. 4 Comparison of CV curves(a) and Nyquist diagrams(b) of three materials 

4. Summary 

Supercapacitor is a new type of energy storage device, which has broad application prospects. 
The performance of supercapacitor mainly depends on the quality of electrode materials, so it 
is particularly important to develop an electrode material with large specific surface area, 
reasonable pore size distribution and high heteroatom doping content. Using animal manure to 
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prepare electrode materials with excellent performance can increase the intensity of resource 
utilization of animal manure, provide theoretical basis and material basis for the development 
of low-cost and high-performance supercapacitor, solve the problem of feces treatment, realize 
environmental protection while improving the economic benefits of farms, and make a 
contribution to promoting the sustainable development of animal husbandry, the utilization of 
livestock and poultry manure resources, and environmental protection. 

At present, there are few studies on the preparation of electrode materials from livestock 
manure. The preparation of activated carbon electrode material from animal manure is still in 
the trial stage, and its electrochemical performance needs to be improved. Next, we can further 
study the influence of metal ion content in livestock manure on electrochemical performance 
during activation process, and we can also improve the performance of livestock manure 
activated carbon electrode by increasing the specific surface area of activated carbon and 
adjusting its pore structure. In addition, the application of this electrode material in 
supercapacitor and other energy storage devices needs to be studied. 
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