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The results arc presented of an experimental investigation of the kinetics of evolution of 
C~H,,, C}t 4, CO and H 2 in the course of shale thermal decomposition. The experiments were 
carried out with a complex experimental ~t-up consisting of a derivatograph, a chromatograph 
and a spectrophotometer, with shale samples of different fractions from different seams of basic 
commercial deposits. In spite of the differences in the sites of taking the samples and in their 
characteristics, the reaction rate curves for each gas are close to one another. 

The thermal decomposition of shale is a matter of current interest in a number of 
countries. Soviet and American scientists are paying special attention to this 
question [1, 2] as there are large shale deposits in their countries (such as the 
Pribaltic shale in the U.S.S.R. and the combustible shale of the Green River 
deposits in the U.S.A.). One of the most interesting problems is the kinetics of 
evolution of the individual gases. This article is devoted to an investigation of 
Pribaltic shale and is a continuation of a series dealing with shale combustion and 
its mineral matter behaviour in the course of shale thermal decomposition, e.g. 
[3, 4]. 

Pribaltic shale finds very large use in the chemical and energetics industries in the 
European part of the U.S.S.R., but the processes of its thermal decomposition not 
have yet been studied sufficiently deeply. The dynamics of total volatile matter 
production are studied in the majority of the works, but publications devoted to 
determination of the kinetic parameters are few and contradictory [5]. The most 
interesting and the most complicated question in the study of solid fuel pyrolysis is 
the kinetics of evolution of the individual gases. We know of no publication devoted 
to this question with reference to Pribaltic shale, except [6]. In [6] we presented the 
dependences of the weight change and the rate of weight change of the sample as 
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functions of  temperature in the course of  shale thermal decomposition. The 
temperatures and kinetic constants were determined for the processes of  
resinification, resinification with gas evolution and carbonate decomposition 

(formation of COz). In this work, detailed experimental data are presented on the 
kinetics of  production of CnHm, CH 4, CO and H 2. 

Experimental 

The experiments were carried out with samples of  Estonian shale, taken from 
four seams of commercial deposits: from the "Akh tme"  mine (seams E and B), and 
from the "Leningradskaya" mine (seams I and III). The results of  chemical 

analysis: 

seam B: y = 1.62 10 -3 kg m -3, A = 46.6%, W = 7.8%, 

Q = 1.26 104 kJ k g - ' ;  

seam E: 7 = 1.88 10 -3 kg m -3, A = 44.7%, W = 12.8%, 

Q = 0.9 104 kJ kg- 1; 

seam 1: 7 = 1.69 10 -3 kg m -3, A = 42.9%, W = 10.3%, 

Q =  1.02 1 0 4 k J k g - l ;  

seam III:  y = 1.59 10-3 kg m -3, A = 43.2%, W = 8.1%, 

Q = 1.16 104 kJ kg -1 

For all samples S = 1.4% (7 = density, A = ash content, W = moisture content of  

shale, Q = low heat value, and S = sulphur content). 
The samples were milled in the laboratory roller mill, with separation into the 

following fractions: 0.0(0).05, 0.05-0.10, 0.10-0.315, 0.315--1.0 and 1.0-2.5 mm, 
which were used for the investigation. 

Complex thermal analysis was used to study the kinetics of  individual gas 
evolution. This system was described in detail in [7] and consists o f a  derivatograph 
(the total output of  volatile matter  and CO2 from carbonate decomposition was 
determined), a chromatograph (the output of H2 and CnHm was determined) and a 
spectrophotometer (the output of  CO, CO2 and CH4 was determined). Three 
experiments were carried out on each fraction and statistical mean curves were 
plotted for each fraction too. As noted in [6], these curves are close to each other: 
the deviation in the experimental data is within 10%. Accordingly, one statistical 
mean curve is given below for all the fractions. An exception is the fraction 
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1.0-2.5 mm, for which diffusional complications were noted. The cause of this was 
apparently the large particle size, so that a considerable layer of  reaction product 
blocked the diffusion of evolved gases, particularly at the end of the reaction. Thus, 
the experimental data on this fraction were not used for plotting of  the statistical 
mean curves or for kinetic parameter computation. 

The experiments were carried out with a sample mass up to 0.3 g, which was put 
on a multiplate sample holder (5 plates). A dynamic inert atmosphere o f N  2 with a 
flow rate of  10-5 m 3 s- l was used. The samples were heated up to 1173 K at a 
heating rate of  0.167 K s-1. AI20 3 was used as reference material. 

Such experimental conditions made it possible to eliminate the diffusional 
complications arising because of  the large particle size, the "gas jacket" effect 
around the decomposed individual particles and the influence of  the sample layer 
thickness (a monolayer arrangement of  the sample particles was used). These effects 
have been reported to be observed from a sample mass of  ~ 1 g [8]; our data 
suggested that they are observed from a sample mass of  0.5 g. All the above findings 
indicate that the experiments were carried out in the kinetic region. 

Results and discussion 

The experimental statistical mean curves of the reaction rate of  individual gas 
formation are presented in Figs 1-4. The value of  ct was calculated by analogy with 

re(t) 
formal kinetics, i.e. as the fraction of  evolved gas: ~t(t) - , where mo and m(t) 

mo 
are the total and variable mass of  evolved gas, respectively, and t is time. Thus, it 

2oL 
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Fig. I C~H~ out let  rate dependence on the temperature in the course o f  shale thermal  decomposi t ion.  

B seam; . . . .  E seam; 

. . . . . .  I seam; . . . . .  I l I  seam 
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Fig. 2 C H 4  outlet rate dependence on the temperature in the course of shale thermal decomposition. 
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Fig. 3 C O  outlet rate dependence on the temperature in the course of shale thermal decomposition. 
. . . . .  B seam; . . . . .  E seam; 

. . . . .  i seam; . . . . .  I I !  seam 

was assumed that 0t = 1 at the final temperature o f  the reaction (when the evolved 
gas could not be determined with our experimental methods). Three representative 
reaction temperatures are presented in Table 1 :Tm --- the reaction rate maximum 
temperature; Tt = the temperature corresponding to ct = 0.01; and T 2 = the 
temperature corresponding to ct = 0.99. The initially evolved gas traces emerge 
significantly earlier. Thus, CO formation begins at ,~ 603 K and H 2 formation at 
640 K (Figs 1-4). However, the quantity formed in this range is very small in 
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Fig. 4 H 2 out le t  ra te  dependence  on the t empera tu re  in the course  of  shale  thermal  decompos i t ion .  

B seam;  . . . . . .  E seam;  

. . . . .  I s eam;  . . . .  111 seam 

comparison with the total output. It is necessary to note some of  the main features 
in the experimental results. The kinetic curves for the individual gases are close to 
one another for all of  the investigated seams. The reactions begin with CH4 
evolution, followed by C,H,, ,  H2 and CO (Fig. 5). The reaction rate curves for 
C,H,,  have a clear beginning and end. The formation of these gases is obviously 
determined by one reaction or by a group of  parallel reactions proceeding 
simultaneously. The reaction rate curves for CH 4 have two peaks and indicate at 
least two different overlapping reactions. The situation is similar for H2 formation. 
The small peak at ~ 775 K shows that one more reaction takes place. It is obvious 
that, after the end of  the basic reaction of  H 2 evolution, further processes take place 
which lead to the formation of  a small amount  o f H  2 up to ~ 1150 K. The kinetic 
curves for CO have no clear initial and final temperatures. A very weak CO 
formation is noted in the temperature range 603-873 K. An analogous situation 
occurs after the end of  the basic reaction (or the group of reactions) in the 
temperature range 1123-1193 K. Unknown weak processes leading to CO 
formation proceed in this range. 

' ~ g, A ' d, A 

Temp~oture t K 

Fig. 5 T e m p e r a t u r e  ranges  of  separa te  gases  evolu t ion  in the course  of  shale  thermal  decompos i t ion  
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Accordingly, for all the studied samples from all the seams the reaction rate 
curves are very close both qualitatively and quantitatively. All these facts permit the 
assumption of a single reaction mechanism determining the formation of each gas 
in the course of shale thermal decomposition. Independently of the deposits, it is 
suggested that unique kinetic constants are sufficient to de~ribe the kinetics of 
evolution of each gas. 
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Zusammenfassung - -  Ergebnisse einer experimentellen Untersuchung der Kinetik der Freisetzung yon 
C,H,~, CH,, CO und H 2 im Verlaufe der thermischen Zer~tzung yon Schiefern werden mitgeteilt. Die 
Versuche wurden mit einer komplexen, aus einem Derivatograph, einem Chromatograph und einem 
Spektrophotometer bestehenden Ausriistung vorgenommen. Untersucht wurden Schiefer von 
verschiedenen, kommerziell abgebauten LagerstS.tten. Obwohl sich die Schieferproben hinsichtlich der 
Lage und der Charakteristik des Vorkommens unterscheiden, verlaufen doch die Reaktionsge- 
schwindigkeitskurven f'fir jedes Gas nahezu gleich. 

Pe31OMe-- [IpellCTaB~'leHhl pe3yJlbTaTbl 3KcllepvlMeHTa,'lbltOrO FlCC,'/e,~OBalIit2 KHIteTHKH BhlXOna C,H~,, 
f i t4 ,  CO, H 2 npa TepMFIqeCKOM pa3dlo~eHFIlt c21aluia. OIlblTbl IIpOBO.B, HJIHCb Ha KOMIISIeKEHO~ 
3KcneprIMen'ra:tbnofi yCTaHOaKe, cocTatUefi n3 aepaaaTorpa~a, xpoMaTorpadpa a ci~erTpO~OTOMerpa, 

c ofpa3~laMn c:lanlta pa3.arlqHb~x qbpaKltttfi rl3 pa3~rI,~HblX naaeroB OCHOBHblX IlpOMblllLrletlHblX 
MeCTOpOX~enrlfi. l-loKa3aHO, qTO KprIBble cropoc-r~l peaKttrlH .a, na Ka~.aovo ra3a 6,'II~3rrl apyv K ~pyry 
He3aBHCHMO OT pa3~14qH~ B MeCTaX OT6OpOB o(Spa311oa 14 ~lx xapaKTepncTnKax. 
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