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Abstract. The influence of pyrolysis water which was used as molding water of powdered coal on 
molding coal pyrolysis conversion rate and semi-coke strength was experimentally researched in the 
pyrolysis experimental device independently developed by Beijing Shenwu Environment & Energy 
Technology Co., Ltd,. The experimental results were showed that pyrolysis water can enhance the 
strength of the semi-coke, increase CH4 and H2 componentcontent of pyrolysis gas, improve yield 
and quality of tar. Tar yield in the pyrolysis process of molding coal used pyrolysis water as molding 
water(MCPW) was 1.4 times than that of molding coal used new water as molding water(MCNW), 
and the content of light oil in pyrolysis of MCPW was higher. 

Introduction 
According to international geologists, lignite, accounting for about 40% of the world's total coal 
reserves, is one of the main sources of energy that can be used in the future. The lignite resources in 
china are very rich, proved reserves of lignite accounted for 12.69% of the country's proven reserves 
of resources. Compared with foreign lignite, China's lignite quality is uneven, mainly for the high ash, 
low calorific value, processing and utilization of poor economic. In the future, how to make use of 
lignite resources scientifically, reasonably and fully will be of great significance to the sustainable 
development of coal industry.  
Lignite has the characteristics of high moisture content, high volatile, low calorific value, easy to 
powder, and the direct utilization efficiency is low. With the improvement of the mechanization 
degree of coal mining, in the course of mining the content of coal powder in raw coal accounted for 
generally 40-60%. Due to the low intensity of lignite, there is serious pulverization phenomenon in 
the drying process, according to the experimental data, in the process of drying the powder rate is in 
the range of 20-30%. Pyrolysis can improve the quality of lignite, however, it is found that a lot of 
pyrolysis water is produced during the pyrolysis process, the pyrolysis water contains a certain 
amount of sulfide, cyanide and other impurities, its cannot be recycled, and the cost of sewage 
treatment is high. There exist in some of the tar in low temperature pyrolysis wastewater, the oil 
according to the existing form can be simply divided into floating oil, dispersing oil, emulsified oil, 
dissolved oil and heavy oil, in which the proportion of heavy oil and floating oil only account for 
around 5%, and the proportion of dispersing oil, emulsified oil and dissolved oil is over 90% (which 
accounted for 90% of the oil content in wastewater). 

Pyrolysiswater of low temperature coal of typical lignite contains COD, BOD, NH4-H, volatile 
phenols etc., and its pH value is higher than 7. In order to reduce the cost and environmental pollution, 
the experiment was to design to investigate the feasibility of using pyrolysis water as lignite molding 
water, and the effect of pyrolysis water on the pyrolysis products was studied. 
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Experimental method 
This low temperature pyrolysis experimental device in the paper was shown in Fig.1, and its 

processing capacity was 3 kg per time. The device was mainly composed of reaction system, oil and 
water condensation system, pyrolysis gas measurement and instrument control system. 

 
Fig. 1 pyrolysis process diagram 

The process of this experiment was as follows: coal sample was fed into the fixed bed reactor after 
molding, purged the reactor using nitrogen, set the pyrolysis temperature, heating rate and residence 
time, recorded the initial value of wet-type flow meter, and then started the experiment. Volatile 
product was condensed by condensing system, oil/water mixture into the liquid storage tank, and 
pyrolysis gas discharged from the condenser into the wet-type flow meter. After the experiment was 
finished, shut off the heating furnace, recorded wet-type flow meter date. The oil/water mixture was 
separated. Weighted the char after the reactor temperature was lower than 50℃. 

The lignite from Inner Mongolia was chosen as the coal samples for this experiment whose particle 
size fraction was 0-5 mm. Material mixed of the broken, screened and dried coal powder with 
pyrolysis water, prepared of coal briquette, and tested of coal mechanical strength and cold pressing 
strength. Through the coal briquette pyrolysis experiments, the influence of pyrolysis water and new 
water which were used as molding water of powdered coal respectively on coal pyrolysis conversion 
rate and semi-coke strength were experimentally investigated in the 3 kg pyrolysis experimental 
device. After analysis and comparison, the feasibility of lignite as pyrolysis water was gained. The 
quality analysis results of coal, MCPW, MCNW were shown in table 1, total water of coal sample 
was 25.90%, volatile of air dried basis was 37.11%, and the utilization efficiency could be improved 
by pyrolysis. The element composition and industrial analysis of MCPW, MCNW were different 
little, and heat value of MCPW was higher than that of MCNW. 

Table 1 The quality analysis of raw coal, MCPW and MCNW 

 

 

Coal sample 

Industrial analysis 
(wt%) 

 Calorific Value 
(kcal/kg) 

 Element analysis  
(wt%) 

Mad Aad Vad FCad Qgr,ad St,ad Cad Had Nad Oad 

Raw coal 16.33 7.68 31.66 44.33  4683.43  0.16 53.13 3.48 0.33 18.89 

MCPW 10.63 22.82 32.37 34.18  4548.02  0.67 50.24 3.41 1.03 11.20  

MCNW 10.18 22.81 31.85 35.16  4434.78  0.80 50.01 3.31 0.28 12.61  
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Experimental result  

The strength of MCPW and its semi-coke 

Mechanical strength cold compressive strength of MCPW and its semi-coke、MCNW and its 
semi-coke were tested respectively according to determination of shatter indices of coal (GB/T 
15459-2006) and determination of cold compressive strength of industrial briquette( MT/T 
748-2007). The experimental results showed that compared with the semi-coke, the surface of 
MCPW semi-coke had more obvious cracks. The strength of MCPW and its semi-coke were shown in 
Table 2, the strength of MCPW had less change after being pyrolyzed, compared with MCNW. It 
could be seen that the oil and other components in the pyrolysis water could increase the strength of 
semi-coke. 

Table 2 The strength of MCNW and its semi-coke 

Coal 

sample 

Before pyrolysis  After pyrolysis 

Mechanical 

strength(%) 

Compressive 

strength(N) 

 Mechanical 

strength(%) 

compressive 

strength(N) 

MCPW 96.72 263.17  75.42 242.17 

MCNW 90.36 203.29  50.50 174.57 

The influence of pyrolysis water on pyrolysis products of molding coal 
The distribution of pyrolysis products of MCPW and MCNW were shown in Table 3, the tar yield 

in pyrolysis of MCPW was 4.70% (as received basis), the tar yield in pyrolysis of MCNW was 3.39%, 
and the tar yield of MCPW was 1.4 times of the tar yield of MCNW The content of light tar of MCPW 
was higher. It was believed that the tar yield could be increased in the pyrolysis water, and it was 
helpful to improve the quality of the tar. 

Table 3 The influence of pyrolysis water on pyrolysis products (as received basis) 

Coal smaple 
Tar yield(wt%) Water  

(wt%) 

Gas yield 

(wt%) 

Semi-coke 

(wt%) Tar Light oil Heavy oil 

MCPW 4.70  3.76 0.94 19.90  10.68  64.72  
MCNW 3.39  1.36 2.03 16.75  15.66  64.20  

The semi-coke quality analysis of MCPW and MCNW were shown in table 4, sulfur content of the 
semi-coke of MCPW was 1.08 times that of MCNW, and both calorific value differences were small. 
The reason of higher sulfur content of the semi-coke of MCPW was caused by the pyrolysis water 
which contains sulfur. The calorific value of the semi-coke of MCNW was slightly higher. The 
pyrolysis water had little effect on the sulfur content of the char. 

Table 4 The semi-coke quality analysis of MCPW and MCNW 

 

The analysis results of crude gas component of pyrolyzed MCPW and MCNW was shown in Table 
5, The crude gas of MCPW had more CH4,and less H2、CO2、CO、CnHm, and both calorific value 
difference were small, comparing with that of MCNW, the calorific value of crude gas of MCNW 
was slightly higher. 

 

Coal smaple 

Industrial analysis 

(wt%) 

 Calorific Value 

( kcal/kg) 

 Element analysis 

(wt%) 

Mad Aad Vad FCad  Qgr,ad  St,ad Cad Had Nad Oad 

MCPW 0.34  34.19  9.64  55.83   5442,62  0.86  60.59  2.21  1.32  0.49  
MCNW 0.23  31.58  9.65  58.54   5567.62  0.79  61.83  2.33  1.41  1.83  
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Table 5 The analysis of crude gas component of pyrolyzed MCPW and MCNW 

Conclusions 
By analyzing of mechanical strength, cold compressive strength and pyrolysis products, the 

experimental results are as follows: 
1) The elemental composition and industrial analysis of MCPW and MCNW differed not quite, and 
the calorific value of MCPW was higher than that of MCNW. 
2) Compared with MCNW, the strength ofMCPW had less change after being pyrolyzed, and it could 
be derived that the pyrolysis water could increase the strength of semi-coke. 
3) The tar yield of MCPW was 1.4 times that of MCNW, and there was more light oil in the content of 
MCPW. It was considered that pyrolysis water could help to improve the quality of tar, and increase 
CH4 and H2 content of coal gas.  
4) Sulfur content in semi-coke of MCPW was 1.08 times than that of MCNW, both calorific value 
differences were small, and the calorific value of MCNW was slightly higher. Water pyrolysis had 
little effect on the sulfur content in semi-coke. 
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Coal smaple H2 (V%) CO2(V%) CH4 (V%) CO (V%) CnHm(V%) calorific value（Kcal/Nm3） 

MCPW 13.33 45.68 25.47 9.67 5.85 3197.43 
MCNW 11.74 48.45 22.75 10.40 6.66 3330.53 
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