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Introduction 

 Pyrolysis was a useful tool for the examination of structure and reactivity of coal if coal pyrolysis is performed under precisely definite conditions, in particular, non-isothermal pyrolysis at constant heating rate. The mechanistic and kinetic data on the decomposition of coal and much valuable information about the formation of numerous single products as a function of temperature could be obtained. Van Heek [1] investigated the possibilities and limitations of experimental and theoretical methods of non-isothermal reaction kinetics applied to the relation between coal structure and pyrolysis behavior. They studied the evolution curves of some evolved gases such as CH4, C3H8 and H2O during coal pyrolysis and compared with those of model compounds. Das [2,3] studied the evolution characteristics of gases during pyrolysis of maceral concentrates of different rank Russian coal using TG-GC. They found the major constituents of gaseous products were CH4, CO and H2. And vitrinite  of any rank was found to yield a higher amount of CH4 and lower amount of CO than fusinite. The previous works on pyrolysis behavior paid much attention on the effect of coal rank, few studies was carried out on the pyrolysis behaviors of individual macerals, especially those separated from the same parent coal. The aim of this work is to study the evolution behavior of evolved gases during pyrolysis of macerals separated from Chinese Shenmu coal and get more information about the relationship between maceral structural characteristic and its pyrolysis behavior of.

Experimental 

Coal and maceral sample. Macerals were separated from the Shenmu coal. The separation process included hand-collecting, grinding and density centrifugation sink-float. The elaborate process of maceral separation was reported elsewhere in details [4].The property of samples and petrographical result were shown in Table 1 and Table 2. 

Table 1 The proximate, ultimate analysis of coal sample and its macerals

	Sample 
	Proximate analysis/w%     Ultimate  analysis/w%,daf          

	
	Mad      Ad      Vdaf         C         H         O *       N        S     

	Shenmu
	7.43   4.43   36.43    76.05    4.76    17.73    0.96    0.50 

	vitrinite
	6.40   2.37   39.60    73.80    5.04    19.60    1.03    0.53 

	inertinite
	6.88   3.54   25.30    78.79    3.81    16.06    0.75    0.59


 * by difference

Table 2  The petrographical analysis of Shenmu coal 

	Sample 
	 vitrinite  inertinite   exinite   mineral         

	Shenmu
	63.59    34.99     0.36     1.07

	vitrinite
	97.55    1.51      0.38       0.57

	inertinite
	2.37     96.90     0.36      0.36


Table 3 The characteristic parameters of Shenmu macerals during pyrolysis

	Sample
	Rmax /10-2w%s-1                    Tmax / ℃

	vitrinite
	2.31                                 497

	inertinite
	1.03                                 516


     TG-MS experiment. The pyrolysis of Shenmu macerals was performed under CAHN TG-151 thermalbalance coupling with mass-spectrometer (balzers omnistarTM). The pyrolysis conditions were as follows: coal sample weight, 200mg; gas atmosphere, Ar; pressure, 0.1MPa; heating rate, 10(C /min and final temperature, 900(C. After purging, the sample was heated from room temperature to 900(C. At the same time a part of evolved gases was introduced into the ion source of MS with operation conditions: ionizing voltage, 40v; input gas volume, 2ml; mass range, 1-300aum. 

Results and Discussion

[image: image1.wmf]0

100

200

300

400

500

600

700

800

900

-35.0

-30.0

-25.0

-20.0

-15.0

-10.0

-5.0

0.0

vitrinite

inertinite

Weight loss/w%,daf

Temperature/

0

C

-0.025

-0.020

-0.015

-0.010

-0.005

0.000

Thermogravimetric characteristics. The TG/DTG curves of vitrinite and inertinite during pyrolysis were presented in Figure 1. 

Figure 1 The TG/DTG plots of vitrinite and inertinite during pyrolysis in Ar

With increasing temperature, the weight loss of vitrinite and inertinite gradually increased. And vitrinite always had higher weight loss than inertinite at the same temperature. Meanwhile, from the DTG curves, the characteristic parameters such as maximum rate of weight loss(Rmax) and the temperature at which the rate of weight loss rate assumed it maximum value (Tmax) could be obtained, as shown in Table 3. The two parameters depended on the sample properties and revealed their thermal stability. Vitrinite had higher Rmax and lower Tmax than inertinite. This may be due to that vitrinite had more weak aliphatic chains and lower aromaticity than inertinite, which was also be reflected from the evolution curves of evolved gases.

Evolution characteristics of gases. The thermogravimetric analysis could only supply information about the sum of all evolved gases.  Coupling with MS, the individual compounds evolved during pyrolysis could be observed. The evolution of different volatile matter could provide much information about the chemical reactions occurring during pyrolysis. And the evolution intensity and peak temperature related to the content and stability of its precursor of the evolved gases. The variation of H2 evolution with temperature could be seen from Figure2(a). Evolution of H2 started at about 464(C for vitrinite and 505(C for inertinite, and reached the maximum at about 792(C and 789(C for vitrinite and inertinite and then decreased. Generally, H2 came from the condensation of aromatic structure or the decomposition of heterocyclic compound, which occurred at relative higher temperature about 780(C. It could be seen that vitrinite and inertinite had similar evolution shape and intensity. This was very different from the case of other gases. It was due to that though inertinite had higher aroamticity and lower H/C ratio than vitrinite, the formation of CH4 was at higher temperature and the difference of H/C ratio and aromaticity between vitrinite and inertinite became small during this high temperature range from 600(C to 900(C, which led to the similar H2 evolution of vitrinite and inertinite.
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Figure 2 The evolution curves of H2, H2O, CO2, CH4 and C2~C4 from MS during pyrolysis of vireinite and inertinite under Ar atmosphere
The evolution curves of H2O was shown in Figure2(b) Formation of H2O started at about 60(C and obtained a small peak at about 120(C and then reached  maximum at about 513(C  for vitrinite and 551(C for inertinite. The small peak at 120(C was due to the evolution of external water absorbed in coal. And the maximum was due to the pyrolytic water which evolved at temperature higher than 350(C and mainly came from the decomposition of various oxygen-containing groups. Hence, the yield of pyrolytic water could reflect some of the coal structural characteristics of coal. 

The evolution curves of CO2 during pyrolysis were shown in Figure2(c). Evolution of CO2 started at about 150(C and reached the maximum at about 458(C for vitrinite and 491(C for inertinite. And CO2 also had two shoulder peak at about 220(C and 600(C. Vitrinite had higher intensity in the first shoulder peak than inertinite, while inerintie had higher intensity in the maximum and the second shoulder peak. In generally, the first shoulder peak of CO2 was due to the decomposition of aromatic carboxyl and carboxylate groups at lower temperature. The maximum and the second shoulder peak were due to the decomposition of stable oxygen-containing groups[5]. Inertintie had higher maximum and the second shoulder peak than vitrinite, which suggested inertinite had higher amount of stable-containing group than vitrinite.

The evolution curves of CH4 were shown in Figure2(d). Formation of CH4 started at about 400(C and reached the maximum evolution at about 554(C for vitrinite and 613(C for inertinite, and then decreased. Vitrinite and inertinite also had small shoulder peak at about 780(C. The peak of CH4 mainly came from the dealkylation of the organic matter by cracking of methylene links and saturation of the radicals [6]. Vitrinite had more aliphatic chains and lower aromaticity. So vitrinite had higher CH4 evolution intensity and lower evolution temperature than inertinite. And the shoulder peak of CH4 at 780(C came from the hydrogasification of the fresh char with the evolved hydrogen to form CH4. Due to the similarity of vitrinite and inertinite in structure and property at higher temperature, the evolution intensity and temperature of vitrinite and inertinite was also similar.    

The evolution behavior of C2~C4 during pyrolysis was similar. The evolution shape of C2~C4 was sharp, reached maximum from about 485 to 505(C and then decreased. For simplicity, only the evolution curves of C2H6 were presented in Figure2(e). Vitrinite always had higher evolution intensity than inertinite. This was also consistent with that vitrinite had higher aliphatic side chains and higher volatile matter yield than inertintie. From the above analysis of the evolution behaviors of H2, CH4, H2O, CO2 and C2~C4, it could be found out that the different evolution behaviors between vitrinite and inertinite reflected the different structural characteristics between vitrinite and inertinite, suggesting thaty the determination of volatile matter under precisely define conditions was a useful tool for the eximanation of structural characteristics of coal.
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