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Abstract
In order to solve the problems of the preparation and matching characteristics of key materials in the
development of large area and large power molten carbonate fuel cell(MCFC) stack, the assembly and
test operation method of 10 kW MCFC stack is proposed. In this paper, the preparation method of matrix
and electrode for large area MCFC is proposed. A 10 kW class MCFC power generation system with 120
cells and an effective area of 0.2 m2 for each cell is assembled and operated. In the constant voltage
discharge test, the maximum output power is 16.51kw and the current density is greater than 95 mA/cm2.
In view of many experiments and analysis, an effective online evaluation method for the baking effect of
MCFC electrolyte matrix is obtained, which makes the matrix, electrode and molten salt electrolyte in the
molten carbonate fuel cell body form a good match, which has an important guiding signi�cance for
improving the assembly and long-term operation of MCFC battery stack. The development and
performance test method of the MCFC stack in this paper will provide effective theoretical and
experimental guidance for the subsequent development of the larger MCFC power generation system,
which is of great signi�cance to promote the commercial demonstration and promotion of MCFC.

1 Introduction
Molten carbonate fuel cell (MCFC) is a kind of power generation technology which directly converts the
chemical energy of fuel into electrical energy at 650℃[1]. It has the advantages of wide fuel source, e.g.
pure H2 coal-formed gas natural gas and other hydrogen containing gas all could be the fuel, small �oor
area, less pollutant emission, high power generation e�ciency, and its service life can reach more than
40000 h. Moreover, it can participate in electrochemical reaction with air and CO2 as raw materials and
the CO2 produced can be recycled and the emission of greenhouse gases is greatly reduced, which is of
great practical signi�cance for energy conservation and emission reduction and energy e�ciency
improvement.

MCFC has been carried out 60000 h of long-term demonstration operation in the United States, Japan,
Germany, Italy, South Korea and other developed countries with power capacity of more than megawatts.
At present, the material system of MCFC has been basically �nalized, and the cost can be greatly reduced
after the realization of full localization. It can take the lead in the promotion and application of
commercialization in China, especially suitable for the distributed power generation system of CCHP,
which has a good development prospect.

2 Experimental

2.1 Preparation and characteristics of MCFC electrolyte
matrix
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The electrolyte matrix is the most important part of MCFC[2–5]. The performance of matrix has a great
in�uence on the performance of MCFC. How to make high quality matrix becomes the key of research.
Generally speaking, the performance of the matrix is closely related to its porosity and average pore size.
The pore distribution of the membrane after setting mainly depends on the content of the nonvolatile
binder and solvent contained in the matrix before setting and the uniformity of its distribution. When the
content is high, the porosity and average pore diameter of the �lm are large, the electrolyte immersed in
the �lm is more, and the �lm resistance is small, but due to the average pore diameter is large, the risk of
gas channeling between the anode and the cathode is easy to occur. When the content is low, the porosity
and average pore diameter of the �lm are reduced, which is bene�cial to gas resistance, but it reduces the
electrolyte immersed in the �lm, and is not conducive to ionic conductivity. Therefore, a reasonable
porosity and pore size distribution of the matrix is required. Generally, the porosity of the matrix is 50–
70%, the pore size is less than 1 µm, and the distribution is uniform[6–10].

There are many methods for preparing MCFC electrolyte matrix: hot pressing, electrophoretic deposition,
vacuum casting, hot and cold rolling and strip casting (casting method) and so on, the point is how to
prepare high quality slurry. Large experiments show that large-scale water-soluble and environmentally
friendly MCFC matrix can be prepared by using automatic casting machine, the preparation process
shown in Fig. 1:

(a)Automatic Tape-Casting (b)Single matrix

(c)400t precision hot press (d)Large area matrix (900mm*600 mm)

2.2 Preparation and characteristics of MCFC electrode
Electrode is one of the key components of fuel cell. It plays an important role in the power generation of
fuel cell as follows: (1) providing a place for gas-phase and ion reaction; (2) conducting ions and
electrons; (3) acting as a barrier to separate electrolyte and gas-phase reactants. As for the main
characteristic of MCFC is that both anode and cathode active substances are gases, the electrochemical
reaction needs a suitable solid-liquid-gas three-phase interface, so the electrode must adopt a special
structure of three-phase porous diffusion electrode to facilitate the process of gas-phase mass transfer,
liquid-phase mass transfer and solid-phase electronic transfer. At the same time, due to the working
temperature of MCFC is about 650℃, and the molten salt electrolyte is involved in it, the electrode
material is required to have high corrosion resistance and high conductivity. Sintered nickel electrode is
widely used in MCFC because of its high conductivity and good mechanical properties[11–15]. In this
paper, nickel carbonyl powder is used as raw material, water is used as solvent, sodium carboxy
methylcellulose (CMC) is used as binder to obtain electrode blank by casting method, and then it is
sintered by walking sintering furnace. The preparation process is shown in Fig. 3:

(a)Electrode blank (b)walking sintering furnace (c)Sintered electrode(800mm*500 mm)
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The results show that when the sintering speed is 10-12m/h and the furnace temperature is 1123K, the
porosity of electrode is 60–80%, the pore diameter is 6–10 µm, the thickness is 0.5–0.75 mm, which is
suitable for MCFC cathode. When the sintering speed is 8-10m/h and the furnace temperature is 1173K,
the porosity of electrode is 55–70%, the pore diameter is 3–5 µm, the thickness is 0.5–0.8 mm thick,
which is suitable for MCFC anode.

2.3 Assemblage and assessment of MCFC stack
The MCFC electrolyte matrix and electrode prepared in the Lab. are used to assemble the 10 kW MCFC
stack by the way of series connection. The series connection of the MCFC stack is 120, and the effective
area of each cell is 0.2 m2. The composition parameters of each cell are shown in Table 1 below:

Table 1 The physical parameters of matrix and

electrode in MCFC

Component Material Area/m2 Thickness/mm Porosity/%

Anode Ni 0.2 0.6 66.85

Cathode NiO 0.2 0.4 70.25

Matrix α-LiAlO2 0.32 0.6 55.26

After the MCFC stack is assembled, a certain assembly pressure is given, and then the stack is
hoisted and put into the temperature rising baking furnace after the fastening bolt is tightened[16–20].
The assembly and test process of the whole MCFC stack is shown in Fig. 6 and Fig. 7.

The electrolyte needed for the matrix is 62mol%Li2CO3—38mol K2CO3. The electrolyte is placed in the
anode channel in advance, melts slowly with the increase of the temperature of the MCFC stack, and is
immersed in the micropore under the capillary force of the diaphragm[21–24]. In order to make the heating
of the MCFC stack even, the upper and lower sides of the stack are heated by electric heating wires
according to the heating sequence of room temperature-350℃-450℃-540℃-650℃and a certain heating
curve. Only air is introduced into the cathode to bake the diaphragm from room temperature to 540℃,
and the anode is not ventilated. When the temperature reaches 540℃, the carbonate electrolyte melts
completely, H2 is introduced into the anode of MCFC, air and CO2 are introduced into the cathode,
electrochemical reaction takes place in the MCFC, and open circuit voltage is generated; after 650℃,
electronic load discharge is introduced to test the MCFC performance.

3 Results And Discussion

3.1 Performance test results of 10 kW MCFC battery stack
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The 10 kW MCFC stack assembled according to the above conditions, when the temperature reaches
650℃, uses the DC feedback type electronic load to carry on the constant voltage performance test to it,
the maximum open circuit voltage of the stack reaches 140V, the average single cell voltage is above
1.15V, and the discharge test is carried out at 84V (average single cell voltage 0.7V), the output current is
above 190A, and the discharge test is carried out. The current density reaches 95 mA/cm2, the maximum
output power reaches 16.51 kW, and the output power remains stable, indicating that the MCFC stack has
relatively stable performance, which shows that the prepared water-soluble matrix and electrode have
good performance. In addition, since the stack is composed of 120 cells in series, it shows that under this
assembly condition, the components between the cells match well, and it also shows that we have
mastered the assembly and operation technology of 10 kW MCFC stack, and the constant voltage
discharge performance is shown in Fig. 8.

3.2 Analysis of factors in�uencing the performance of
MCFC stack
The performance of MCFC stack mainly depends on the electrolyte transport capacity of diaphragm,
electrode and three-phase interface[25–28]. The performance of MCFC electrolyte matrix mainly depends
on the �rst heating roasting of MCFC stack, so how to judge the baking quality of matrix is very
important. After many experiments and analysis, an effective on-line evaluation method of matrix baking
is obtained, which includes the following steps: (1) Before assembling the cell, record the weight of the
matrix of MCFC and roughly estimate the solvent, binder, plasticizer, etc. contained in the matrix
according to the formula of the matrix; (2) According to the thermogravimetry curve of the diaphragm, the
heating up program of the diaphragm baking was established; (3) According to the heating procedure, the
assembled cell is heated and roasted. During the heating process, a certain amount of air is introduced
into the cathode and a small amount of nitrogen is introduced into the anode (in order to prevent anode
oxidation); (4) During the whole roasting process, the oxygen concentration at the outlet of the cathode
tail gas is monitored on-line. When the oxygen concentration changes from large to small and gradually
to large, it indicates that the binder and plasticizer in the diaphragm have been completely burned, and
the diaphragm forms a certain porous and �aky structure; (5) When the fuel cell reaches about 490 ~ 
500℃, close the cathode air intake, and then the electrolyte gradually melts into the porous structure of
the diaphragm; (6) When the fuel cell is stable to 600 ~ 650℃, the electrolyte is basically full of the
diaphragm. At this time, the fuel cell has preliminary power generation capacity. A certain amount of
hydrogen is introduced into the anode, and a certain amount of air and carbon dioxide are introduced into
the cathode. After a short activation reaction, the fuel cell can be discharged for testing ; (7) The
judgment of diaphragm baking is based on the fact that there is no risk of gas channeling or leakage
between the anode and cathode of the fuel cell, and the average open circuit voltage of a single cell is
above 1.1V. The whole process of on-line evaluation of the MCFC matrix baking effect is shown in Fig. 9.

After ensuring the baking effect of the matrix, by continuously optimizing the matching characteristics of
the matrix electrode and molten salt electrolyte, the power generation performance of the MCFC stack can
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be effectively guaranteed, which lays a solid foundation for the long-life operation of the MCFC.

4 Conclusions
(1)The 10 kW class MCFC power generation system has been assembled and successfully operated, with
the maximum output power of 16.51 kW and discharge current density of more than 95 mA/cm2. The key
technologies of assembly, roasting and operation management of MCFC stack have been mastered.

(2)The performance of MCFC stack mainly depends on the matching characteristics of its matrix,
electrode and molten salt electrolyte. By optimizing the baking effect of the matrix and effectively
immersing enough electrolyte, the good performance of the battery stack can be guaranteed.
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Figures

Figure 1

The whole process of on-line evaluation of the MCFC matrix baking effect
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Figure 2

The constant voltage discharge performance of the MCFC stack

Figure 3

The performance test �ow chart of 10kW MCFC
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Figure 4

Assembled 10kW MCFC stack body

Figure 5

Large area electrode preparation process
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Figure 6

The tape-casting preparation process of water - based matrix

Figure 7
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Preparation of water - based matrix


