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Abstract: Coal-based carbon membrane is a new kind of inorganic porous membrane 

prepared by mixing, drying, and carbonization after the lower cost coal powder as the 

main raw material and additives. In this paper, coal-substrate carbon membranes with 

higher porosity were prepared by using different pulverized coal ratios, miscellaneous 

additives, and coal-based carbon film thickness. The experimental results show that 

the coal-based pull-on charcoal prepared by the optimized conditions has a smooth 

outer surface, a rich pore structure, and a uniform pore size distribution. 
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1. Introduction 

In recent years, the application of carbon membranes in the fields of separation, 

concentration, and purification has received increasing attention. However, the raw 

material prices of carbon membrane precursors are generally relatively high, which 

limits the industrial application of carbon membranes. Pulverized coal, as a raw 

material for the preparation of carbon membranes, has the advantages of high 

breakage, low cost, and the like, which makes up for the above defects[1]. 

Song Chengwen et al. used pulverized coal as a raw material to prepare a coal-based 

tubular carbon membrane by extrusion molding, and systematically studied the pore 

formation mechanism and control methods of the carbon membrane[2]. Molding 

method is to make the mold according to the shape and size of the product first, then 

the mixed paste is added into the mold according to a certain number of grams, and 

a certain pressure is applied to the paste so that the paste particles are displaced and 

deformed[3]. The contact surface is mechanically engaged and interlaced due to 
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plastic deformation and compacted, and finally the pressed oyster is ejected from the 

mold. Molding method has the advantages of simple molding process, the original film 

size can be adjusted by the size of the mold, and the prepared carbon film has precise 

dimensions, and is usually used as a flat support or a sheet-like support material[4]. 

The plate carbon film has the advantages of high mechanical strength, large contact 

area, continuous production, easy industrialization, convenient replacement, and long 

service life as compared with the tube type carbon membrane[5]. 

The aim of the paper is to prepare high-performance coal-substrate carbon 

membranes[6-7]. Based on the theory of coal-based tubular carbon membrane 

preparation and systematic research of technical processes, the coal-based carbon 

membranes were prepared by compression molding and examined separately[8]. The 

effect of coal blending ratio, additive amount and different film thickness on the 

performance of coal-based carbon membrane. 

 

2. Carbon Membrane Preparation 

2.1 Experimental Materials 

In the experiment, coal films with different degree of coalification were used to 

prepare carbon films. The industrial analysis data are shown in Table 1. From the table, 

it can be seen that coal type 1 with a higher degree of coalification contains less ash 

and volatiles, and its carbon content is relatively low. The coal type 2 with a lower 

degree of coalification contains more ash and volatiles, and the carbon content is lower. 

Tab.1 Properties of coal 

Coal 
Industrial Analysis w/% 

Mad Vdaf Ad Cdaf 

Coal Type 1 0.52 9.77 12.76 76.96 

Coal Type 2 0.52 10.33 21.86 66.28 

Note: Mad: Analyze basic water; Ad: Dry ash; Vdaf；Combustible based volatiles; Cdaf: 

Flammable-based fixed carbon content 

 

2.2 Preparation Process 

The preparation process of the coal substrate type microfiltration carbon membrane is 

mainly divided into the following five steps: 

(1) Preliminary mixing 

The pulverized coal with different granularity of different coal types is mixed according 

to a certain proportion, and then a certain amount of wetting agent is added, and the 

mixture is sealed and placed after preliminary mixing so as to allow the wetting agent 

to fully wet the pulverized coal particles. 

(2) Mechanical stirring and mixing 

A certain amount of additives such as binders and pore-forming agents are added to 
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the blended coal, mixed with a trial-type high-speed turbulent mixer, and then stirred 

again with a multi-functional rocking mill, and finally the mixture is sealed and placed. 

Mix well between pulverized coal and additives. 

(3) Press forming 

Take a certain amount of mixture into a 20cm ×  10cm size of the mold, and then press 

the mold to a certain pressure pressure molding, to prepare a size of 20cm ×  10cm of 

the original film. 

(4) Drying 

The original film is sandwiched between two smooth glass plates, and then dried in a 

drying oven. The program is heated to 100° C., and the temperature is dried to remove 

the wetting agent in the original film. The original film is cured and the strength is 

increased to facilitate post-processing. 

(5) Carbonization 

The original membrane was sandwiched between graphite plates and carbonized in a 

carbonization furnace to finally prepare a coal-based carbon membrane. Carbonization 

conditions: nitrogen protection; heating rate: 3 °C/min; carbonization temperature: 

950 °C; constant time: 30 min; Natural cooling. 

 

3. Results and Discussion 

3.1 Effect of Pulverized Coal Mixing Ratio on the Diameter of Coal Substrate Carbon 

Membrane 

The use of mixed coal for the preparation of carbon membranes is based on the 

difference in the properties of different types of coal, which leads to a long-term, short-

life performance of carbon membranes. The carbon membranes prepared from a 

single coal species have their own flaws and defects in their pore structure or 

mechanical strength, which limits the application of carbon membranes. Therefore, 

the study of the compatibility of different types of coal is the key to breaking through 

the coal blending technology. 

 
Fig.1 Effect of different ratio (coal 1/coal 2) on the pore size distribution of carbon 

membranes 
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Figure 1 shows the influence of different coal ratios on the pore structure performance 

of coal-based carbon membranes. From the table, it can be seen that as the content 

of the coal type 1 in the blended coal increases, the porosity, average pore size, and 

N2 flux of the carbon membrane gradually decrease, and the pore size distribution 

shifts to the left, and there is a tendency of narrowing. This is because coal type 1 is 

a strongly bonded bituminous coal, and when heated, it can produce a gelled body 

with better thermal stability and its content is better than commercial ones. When it 

is carbonized, it softens and melts, and the generated pores are bred to improve the 

charcoal. The density of the film reduces the porosity. This shows that the size and 

distribution of the pore structure of coal-based carbon membranes can be controlled 

by changing the ratio of different coal types. 

 

3.2 Effect of Additive Content on the Pore Size of Coal Substrate Carbon Film 

Adding a certain amount of non-coal additives such as binders and pore-forming 

agents to the mixture can effectively improve the coking performance of the pulverized 

coal. Adding a binder has the effect of improving the mechanical strength of the coke 

and improving the coke reaction performance. Through the dispersion of additives on 

the micrometer level, they are evenly distributed into the network structure composed 

of carbonaceous materials to achieve the desired purpose, and then the additive is 

sintered through high-temperature carbonization treatment, and eventually the porous 

structure is developed. A coal-based carbon membrane with uniform pore size 

distribution, narrow range, and good performance. 

(1) Effect of binder addition on the pore size of coal substrate carbon film 

The binder carboxymethyl cellulose is a hydrophilic environment-friendly binder. It has 

the advantages of low cost and no secondary pollution to the environment. Its aqueous 

solution has thickening, film formation, moisture retention, etc. effect. 

 
Fig.2 Effect of addition quantity of binder on the pore size distribution of carbon 

membranes 

Figure 2 shows the effect of the amount of binder added on the pore structure of the 

carbon membrane. It can be seen from the above that with the addition of more binder, 
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the pore structure of the carbon membrane becomes more and more developed. The 

porosity, average pore size, maximum pore size, and N2 flux increase gradually, and 

their pore size distribution shifts to the right, and there is a tendency to widen. When 

the amount of binder added was increased from 10% to 40%, the porosity of the 

carbon film increased by 13.63%, indicating that the binder would be trapped in the 

carbonization process and pyrolyzed and volatilized to produce voids and rich in the 

gap of the carbon film. structure. 

(2) Effect of the amount of pore-forming agent on the pore size of coal-based carbon 

film 

Figure 3 shows the effect of the amount of pore-forming agent on the pore structure 

of the carbon membrane. As can be seen from the figure, with the increase in the 

amount of pore-forming agent added, the porosity, average pore diameter, and N2 

flux of the carbon membrane will gradually increase, and the pore size distribution will 

shift to the right, and there will be a trend of widening. From this, it can be seen that 

the addition of pore-forming agents in the mixed coal can effectively enrich the pore 

structure of the carbon membrane and increase the permeation flux of the carbon 

membrane. 

Pore-forming agent is produced by pyrolysis volatilization gap to increase the pore 

volume carbon film, achieve the purpose of rich carbon membrane pore structure, so 

the pore-forming agent content in the blended coal is higher, the more advanced the 

carbon membrane pore, carbon film density is the worse. 

 

 
Fig.3 Effect of addition quantity of pore former on the pore size distribution of 

carbon membranes 

 

3.3 The Effect of Different Coal Thickness on the Pore Size of Coal-Based Carbon Film 

Increasing the thickness of the coal plate can change the pore structure of the carbon 

membrane within a certain range and increase the mechanical strength of the carbon 

membrane without increasing the cost of preparation of the carbon membrane. Figure 

4 shows the effect of different coal thickness on the performance of coal-based carbon 
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membrane pore structure. It can be seen that as the thickness of the coal sheet 

increases, the porosity, average pore size, and N2 flux of the carbon film decrease 

gradually, and the pore size distribution shifts to the left, and there is a tendency to 

narrow. This is because at the same forming pressure, the greater the thickness of 

the coal plate, the more pulverized coal is added and the more pulverized coal is 

compacted. 

 

 
Fig.3 Effect of different coal thickness of carbon membrane pore size distribution 

 

4. Conclusion 

This article aims to prepare coal-based carbon membranes with developed pore 

structure, large water flux, and uniform pore size distribution. The coal blend ratios, 

binder and pore-forming agent additions, and coal-sheet thickness factors were 

investigated separately. The effect of carbon membrane performance determined the 

preparation process of coal-based carbon membranes. The main experimental results 

are as follows: 

(1) Different types of coal have a great influence on the pore structure of the carbon 

membrane. Through the coal blending method, the mechanical strength of the carbon 

membrane can be improved, and at the same time, the carbon membrane has a high 

flux. Coal type 1 and coal type 2 are two types of coal as the precursor material of the 

carbon membrane. When the amount of coal type 1 added in the coal blend is 60%, 

the overall performance of the carbon membrane is best. 

(2) The pore structure of the carbon membrane is modulated by the addition of a 

binder and a pore-forming agent, the pore structure of the carbon membrane becomes 

more developed, the number of through-holes increases, and the flux of the carbon 

membrane is effectively improved. The experimental results show that when the 

addition amount of binder is 12% and the amount of pore-forming agent is 15%, the 

prepared coal-substrate carbon membrane has well-developed pore structure and 

uniform pore size distribution. 

(3) The properties of the coal substrate carbon membrane and the original membrane 
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are affected by the thickness conditions of the coal slab. The experimental results 

show that when the thickness of the coal slab is 10 mm, the forming pressure is 25 

MPa, and the pressure holding time is 3 min, the surface of the original membrane 

prepared is complete. The carbonization has a good overall performance after 

carbonization. 
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