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Abstract—Liquefaction of Kukersite and Dictyonema oil 

shales originating from Baltic deposits and varying by kerogen 

content and chemical composition were pyrolysed in a Fischer 

assay with the aim to maximize liquid product yield being 

determined as a sum of volatiles (oil) and solubles 

(thermobitumen). The effect of temperature in the range of 320–

490 °C during 20 and 60 min residence time on the yield of 

thermobitumen, oil, gas, solid residue and water was studied. The 

chemical group and individual composition of the compounds in 

the liquid product such as aliphatic hydrocarbons, monoaromatic 

hydrocarbons, polyaromatic hydrocarbons, low-polar 

heteroatomic compounds and high-polar heteroatomic 

compounds were estimated by using TLC and GC/MS-methods. 

Varied temperature-time regimes used in modified Fischer assay 

analysis yield thermobitumen and oil in different proportions the 

sum of those being considerably higher compared with standard 

Fischer assay pyrolysis. Up to 90% of Kukersite kerogen was 

decomposed to the summary liquid product of thermobitumen 

and oil at 400 °C, 20 min or 390 °C, 60 min in a Fischer assay. 

Keywords—modified Fischer assay pyrolysis, kerogen, 

thermobitumen, shale oil, yield 
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TBSS – thermobitumen recovered as solvent soluble 

OCV – oil recovered as condensable volatiles 

TBO – recovered as a sum of TBSS and OCV 
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MFAP – modified Fischer assay pyrolysis 
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I.  Introduction 
World reserves of conventional petroleum are finite and 

the oil shale in its varieties is observed as alternative source 
for liquid fuels and chemicals. Deposits of oil shale occur in 
many parts of the world. Oil shales of different deposits differ 
by kerogen content and chemical composition. Oil shale is 
commonly known as a sedimentary rock, which contains 
varied amounts of kerogen bound dispersedly in a mineral 
matrix. A complex macromolecular structure of the kerogen 
was formed as a result of its fossilization during hundreds 
millions of years. Unlike the bitumen in oil sands, the kerogen 
in oil shale is insoluble in conventional organic solvents [1]. 
However, the durable steric structure of kerogen can be 
pyrolytically cracked above 350 °C in special retorts. Fischer 
assay pyrolysis (FAP) is the standard method for evaluating 
the potential oil yield of an oil shale [2–4]. Total world 
resources of shale oil are estimated by Word Energy Council 
conservatively at 4.8 trillion barrels that surpassing several 
times the amount of crude petroleum in the world [5]. Fischer 
assay models industrial retorts. There are two types of retorts 
in industrial use. Gas heated vertical retort processes produce a 
large amount of harmful semicoking waste. Horizontal solid 
heat carrier retorts have a complicated multi-stage 
technological scheme. [6]. Upon heating oil shale in the retort 
the kerogen is initially converted to what is termed 
thermobitumen [7–11]. The latter being not volatile but 
soluble in usual solvents thermally degrades to shale oil, gas, 
carbonaceous residue and pyrolytic water, among which shale 
oil, gas and water leave (vaporize) from the shale particle 
matrix. Carbonaceous residue remain mixed in with the 
minerals, forming solid residues called semicoke. Shale oil, 
gas and solid residue as final products are of secondary origin 
being formed only after thermal decomposition of the primary 
thermobitumen as an intermediate. 

Yields and compositions depend on pyrolysis processing 
conditions and diagenetic history of oil shale [12–14]. A range 
of pyrolysis conditions have been investigated in the pyrolysis 
of different oil shales to obtain maximum yield of oil. These 
parametres include pyrolysis temperature, time, heating rate, 
pyrolysis atmosphere, particle grain size, reactor type and bed 
geometry [15–19]. Pyrolysis temperature and heating rate 
were shown to have the most influence on yield and 
composition of the derived oil [19–22]. The pyrolysis products 
distribution depends on the abundance, type, distribution and 
size of both the mineral and organic matter contents [13]. On 
the basis of pyrolytic behavior of Spanish, Turkish Göynük 
and US Green River oil shales it was found that pyrolysis 
reactions can be adsorbed, catalyzed or inhibited by the 
mineral matrixe present in oil shale [22–28]. In [29] and [30] 
variations in gas and oil evolution from shales of different 
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organic contents of various Colorado oil shales were 
monitored and variations registered. Effect of the pressure on 
pyrolysis was investigated in [13,31,32] and it was shown that 
vacuum pyrolysis limits the secondary decomposition 
reactions while oil yield was reduced as the pressure was 
increased in Green River oil shale. In [32] and [33] 
considerable differences were registered in the yields and 
compositions of shale oil obtained from Turkish Göynük oil 
shale as a result of slow pyrolysis, flash pyrolysis and 
extractions with super and subcritical water. 

In [1] was implied that there exists an optimal retorting 
temperature for the maximum yield of liquid oil. The review 
above shows that Fischer assay yields and compositions can 
be modified by varying standard regime of pyrolysis. In [34–
36] the modified Fischer assay pyrolysis was used for 
evaluating the potential liquid fuel. In [37] modified Fischer is 
represented as a quick and simple screening method requiring 
only 100 mg of sample. The same was noticed in modified 
Gray-King assay method (the same as Fischer but operating 
with 10 g of shale per assay only [38]. In [23] three kerogen 
types were pyrolyzed by material balance modified Fischer 
assay. 

The yield of shale oil determined as volatiles in Fischer 
assay standard pyrolysis is always much lower than that of 
non-volatile but soluble high-molecular thermobitumen. 

The goal of this work is to maximize the liquid product 

yield separated as a sum of volatiles and solubles from two 

different kerogens by modifying temperature-time conditions 

in Fischer assay pyrolysis. 

II. Material and methods 
Kukersite and Dictyonema oil shales characterized in 

Table 1 were crushed to less than 1 mm and homogenized for 
use in the Fischer assay. 

TABLE I.  CHARACTERISATION OF THE INITIAL OIL SHALES 

Characteristic Kukersite Dictyonema 

Age 

Middle 
Ordovician 

Lower 
Ordovician 

Analytical moisture, Wa 0.6 1.4 

Ash (per dry mass), Ad 49.5 81.2 

CO2 of carbonates (per dry mass), 
(CO2)

d 18.2 2.8 

Dry organic matter OMd 32.3 16.0 

Elemental analysis of organic part:   

      C 79.32 73.02 

      H 9.50 9.19 

      N + S 0.30 2.66 

      O (by difference) 10.88 15.13 

 

 

The samples were submitted to the pyrolysis in a Fischer 

assay following standard and modified regimes. Fischer assay 

pyrolysis (FAP) in standard conditions followed ISO 647-74: 

heating 50 g of oil shale in aluminium retort up to 525 °C 

during 90 min. Modified Fischer assay pyrolysis (MFAP) was 

conducted at varied temperatures in-between 320–525 °C with 

residence times 20 and 60 min.  

As a result of pyrolysis series solvent soluble 

thermobitumen (TBSS), oil as condensable volatiles (OCV), 

solid residue (SR), non-condensable gas and water were 

quantitatively yielded. Upon cooling of the volatile matter, 

condensable material was collected in a round-bottomed flask. 

The condensate contained all the OCV as well as water. The 

water fraction was removed by azeotropic distilliation using 

Dean and Stark distillation method with the use of toluene as 

solvent [39]. Condensable distillate at a given temperature and 

solubles in benzene-methanol mixture from Fischer assay dry 

distillation residue as OCV and TBSS were summarized and 

calculated as total liquid product (TBO). 

Chemical group composition of TBO was estimated by 

adsorption thin-layer chromatography (TLC). For this aim, 0.5 

g of the sample was taken and fractionated on the 2 mm silica 

gel (Fluka, 60 µm) layer on a plate 24x24 cm. n-Hexane as 

eluting solvent was used. The following fractions of 

hydrocarbons and heteroatomic compounds were separated: 

aliphatic hydrocarbons (AlHC), monoaromatic hydrocarbons 

(MAHC), polyaromatic hydrocarbons (PAHC), low-polar 

heteroatomic compounds (LPHet) and high-polar heteroatomic 

compounds (HPHet). The fractions were weighted after 

desorption with diethyl ether and desiccation. 

The individual composition of TLC fractions was 

determined by GC-MS-analysis (Shimadzu QP 2010 Plus) 

using 30 m capillary columns ZB-5 and HP-5MS. 

III. Results and discussion 
As a result of conventional FAP OCV in yields 65.6 and 

9.8% on OM bases from Kukersite and Dictyonema oil shales, 

respectively, were produced as condensable volatiles. The 

yield of TBSS separated as solubles in benzene-ethanol mixture 

was negligible. Recoverable OCV and TBSS yields as well as 

those of SR, gas and water obtained from both kerogens as a 

result of MFAP at constant residence time (20 or 60 min) and 

varied temperatures are represented in Fig. 1. 

 

In the Fig. 1 one can see common features and 

dissimilarities between two oil shales mentioned above. The 

former ones are visible in SR and gas yields while the latter 

ones in the yields of TBO liquids. With increasing the 

temperature the yield of SR proportionally decreases and that 

of gas increases up to twice. Exception is Kukersite MFAP 

during 60 min where gas yield practically was not changed 

with temperature rise from 370 to 410 °C. Concerning 

regularities of TBSS, OCV and water formation one can notice 

significant differences. 
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Figure 1. Yield of pyrolysis products from Kukersite (a) and Dictyonema (b) oil shales versus temperature. 
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Kukersite curves demonstrate that TBSS yield abruptly 

increases from 25.9 to 54.7% with temperature increasing 

from 370 to 390 °C and then decreases with further increase 

of the temperature up to 410 °C (20 min). When the 

residence time was prolonged to 60 min, the yield of TBSS 

was almost the same (55–57%) in the range 370–390 °C but 

abruptly decreases down to 33.4% with temperature 

reaching to 410 °C. The tendency of OCV and gas formation 

as a result of TBSS decomposition leading to decrease of 

TBO is observable with increasing the temperature. 

Regularities of TBSS formation from Dictyonema oil 

shale at residence times 20 and 60 min are described 

similarly. TBSS maximum has been formed below 350 °C 

and at 450 °C all the TBSS is decomposed to OCV, gas and 

water. The maximum OCV yield obtained in parallel with the 

minimum that of TBSS  (0.2%) was 17.67% (at 20 min and 

480 °C). Dictyonema oil shale pyrolysis was accompanied 

with significant water formation compared with Kukersite 

(3–5 and 0.6–1.6% per oil shale, respectively). Water of 

crystallization in Dictyonema mineral part can have its role 

in larger water release. Twice lower kerogen content and 

higher that of mineral matter in Dictyonema oil shale 

compared with Kukersite led to considerably lower TBSS, 

OCV and finally to lower TBO as the sum. 

Group composition of TBO is displayed in Fig.2 and one 

can see that it is different for Kukersite and Dictyonema. 

60–75% of Kukersite TBO make HPHet. The content of 

hydrocarbons is low. In the composition of Dictyonema 

TBO prevail PAHC their yield amounting to 40%. HPHet, 

dominating in Kukersite TBO make only 20%. Among 

hydrocarbons PAHC are dominating in Kukersite TBO as 

well. It seems that the temperature has only small effect on 

TBO composition. With increasing the temperature slightly 

decreases the content of HPHet and increases that of 

hydrocarbons (in Dictyonema case, particularly PAHC 

content). 

The individual composition of TLC fractions analyzed 

by using GC/MS-methods is represented in the Figures 3 

and 4 and Table 2. 

One can see that the TBO of Kukersite oil shale 

differs from that of Dictyonema mainly by the composition 

of AlHC and LPHet. Kukersite pyrolysis yielded both 

alkenes and alkanes C9–C19 and alkanones. Longer alkanes 

(C12–C31), no alkenes and sulfur compounds in parallel to 

alkanones were produced in pyrolysis of Dictyonema oil 

shale. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.  Group composition of TBO of Kukersite (a) and Dictyonema (b) oil shales, %. Fractions separated by TLC as follows: 1 – aliphatic hydrocarbons 
(AlHC), 2 – monoaromatic hydrocarbons (MAHC), 3 – polyaromatic hydrocarbons (PAHC), 4 – low-polar heteroatomic compounds (LPHet), 5 – high-polar 

heteroatomic compounds (HPHet). 
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Figure 3.  GC-MS-chromatograms of the aliphatic fraction showing the n-alkanes distribution in TBO. 

The numbers C9–C19 above and C12–C31 below correspond to carbon atoms in the chain of n-alkane, shorter peaks in the chromatogram above preceding to the n-
alkane belong to the respective n-alkene. 
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Figure 4. GC-MS-chromatograms of the polyaromatic hydrocarbons and low-polar heteroatomic compounds. 
The identification of the peaks marked by numbers is shown in Table 2. 

 

 

 

 

 

 



 

180 

International Journal of Environmental Engineering– IJEE 
Volume 2 : Issue 1      [ISSN : 2374-1724] 

Publication Date: 30 April, 2015 
 

TABLE II.  COMPOUNDS IDENTIFIED IN TBO FRACTIONS 

Peak number Kukersite Dictyonema 

1 Isopropylbenzene Benzenethiol 

2 o-;m-;p-Ethyltoluene 1,2,3,5-tetramethylbenzene 

3 Indane 1-ethyl-3,5-dimethylbenzene 

4 Sec-Butylbenzene Naphtalene 

5 o-;m-;p-Propyltoluene Benzothiophene 

6 1-metylindane  Pentamethylbenzene 

7 Methylindane, isomere 4,7-dimethylindane 

8 Methylindane, isomere 1-methylnaphtalene 

9 Pentylbenzene 2-methylnaphtalene 

10 Tetralin Cyclohexylbenzene 

11 p-isobutyltoluene Biphenyl 

12 Naphtalene Dimethylbenzothiophene 

13 2-ethylindane Dimethylnaphtalene 

14 Dimethylindane, isomere Dimethylnaphtalene 

15 Etylindane, isomere Dimethylbenzothiophene 

16 Methyltetralin Dimethylnaphtalene 

17 Methyl-Naphtalene, isomere Diphenylmetane 

18 Methyl-Naphtalene, isomere Dimethylnaphtalene 

19 Ethyl-Naphtalene  

20 Dimehtyl-Naphtalene, isomere 1,1-Diphenylethane 

21 Dimethyl-Naphtalene, isomere X,y,z-trimethylnaphtalene 

22 Dimethyl-Naphtalene, isomere X,y,z-trimethylnaphtalene 

23  X,y,z-trimethylnaphtalene 

24 Allylnaphtalene  

25 Allylnaphtalene  

26   

27 Antracene, phenantrene derivate 1,4,5,8- tetramehylnaphtalene 

28 Antracene, phenantrene derivate Antracene, phenantrene derivate 

29  Diphenyldisulphide  

30  Triphenylmethane 

31  Antracene, phenantrene derivate 

32 Pyrene Antracene, phenantrene derivate 

33 Benz(de)antracene derivate  

 

IV. Conclusions 
• The pyrolysis results indicate that high liquid yield 

can be achieved as the sum of condensable 

volatiles and solvent soluble with proper process 

conditions. 

• The liquid yield and bitumen-to-oil ratio in it 

depend strongly on the chemical composition of 

the initial kerogen and pyrolysis variables in a 

Fischer assay. 

• The maximum liquid yield from Kukersite and 

Dictyonema oil shales amounted at varied 

temperature-time regimes to 90.2 and 17.7%, 

respectively, surpassing those in Fischer assay by 

1.4 times. 

• Kukersite liquid is rich in high-polar heteroatomic 

compounds (60–75%) while that of the 

Dictyonema oil shale is characacterized by as high 

content as 42% of polyaromatics.  

• Varying with pyrolysis temperature and time in 

Fischer assay it is possible to obtain higher 

liquefaction degree of kerogen and to modify liquid 

product chemical composition. 
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