
  

 

Abstract—Coal is the major source of primary energy in South Africa 

and will likely remain the main energy source for the next 100 years. 

Thermal processing of coal results in the production of tar among other 

products. Tar is considered as one of the main of polycyclic aromatic 

hydrocarbons (PAHs) which are toxic and carcinogenic. To determine 

the PAHs content of tar produced from local coal, the Fischer Assay 

was simulated in this study and the tar produced was analysed using 

GC-MS to determine the PAHs content. It was found that the tar yield 

from the tested coal could be considerable under specific conditions 

while tar contained mostly lighter PAHs with a dominance of 

naphtalene. 

This preliminary study allowed to predict the tar yield during 

thermal processing of local coal and their PAHs content, further 

investigations are needed to practically determine the tar yield.. 
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I. INTRODUCTION 

     Currently, the world primary energy needs are mainly 

dependent on coal processing. This is more profound in 

developing countries like South Africa where 72% of the 

primary energy is derived from Coal [1]. In the process of 

energy generation value chain, being mining, beneficiation or 

energy production, major environmental issues are experienced. 

Although coal is a non-renewable energy source, its abundance 

and flexible nature make it an ideal source of energy. The 

conversion of raw coal into usable energy or chemicals is 

mainly achieved via combustion, liquefaction, fast and slow 

pyrolysis and gasification depending on end user requirements 

[2]. The present paper focuses on the simulation of coal 

pyrolysis followed by analysis of the content of the tar 

produced. During pyrolysis, energy is added in the form of heat 

and coal is converted to tar, char, hydrocarbons and gases. The 

overall operating conditions such as the atmosphere, 
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temperature, pressure and rank of coal (lignite, anthracite or 

bituminous or sub-bituminous) are directly and indirectly linked 

to the process efficiency and product quality and distribution 

[3]. To ensure high tar yield during pyrolysis a continuous 

system and high heating rates are imperative to avoid secondary 

reactions [4]. 

    There are many effective ways of studying coal pyrolysis, 

however the effective and reliable method is Fischer Assay due 

to the fact that it handles large quantities and different particle 

size distribution [5]. During the Fisher Assay pyrolysis method, 

devolatisation of the coal produces char and volatiles are 

evaporated. After the heating process, at room temperature, the 

volatiles together with condensable materials are separated 

from char. The condensable material and volatiles contain 

water, tar and gases. It is imperative to ensure the repeatability 

of the experiments as the Fisher Assay method requires 

knowledge and skill of the analyst during the operation of the 

setup. The mass of the produced tar and water will be 

determined by atmospheric distillation.  

      The effect of temperature, pressure and reaction atmosphere 

on coal pyrolysis product distribution and quality has been 

studied and well documented. Several studies have focused on 

the effect of different components in the pyrolysis atmosphere, 

such as N2, H2, CO2 or steam. Wang [6] investigated the effect 

of pressure on the tar yield from pyrolysed coal using a fixed 

bed reactor. The particle size distribution of the coal was less 

than 150 microns and the results showed the highest yield was 

obtained when using a combination of CO2 reforming methane 

and coal pyrolysis (CRMP) at 750°C. The results also revealed 

that N2 produced a low yield of tar [6]. Fildago [4] also studied 

the effect of reaction atmosphere at 700°C and from the results 

concluded that N2 atmosphere yields less tar (1.9 %wt.) as 

opposed to a combination of steam/H2/CO [4]. 

     The tar produced from such processes generally contains 

high concentrations of polycyclic aromatic hydrocarbons 

(PAHs) which are reported to be toxic and carcinogenic. The 

discharge of such tar in the environment could result in the 

pollution of surface and ground waters; this will therefore 

contribute to more water stress as many sources are already 

polluted by mining activities [7 – 17]. 

 In this study the tar yield from of medium rank C bituminous 

South African coal coal treated by Fischer Assay was predicted 

from the composition of coal and the PAHs in the tar was 

determined through GC-MS analysis.. 
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II. METHOD 

A. Coal Sample and Characterization 

South African coal sample from the Witbank coal seam was 

prepared to a size range of +212 to 1000 microns as specified by 

ISO 647. Table 1 shows the proximate analysis of the raw, 

parent coal.  
TABLE 1: FEED CHRACTERISATION 

Item Value 

Volatiles (dry) 23.2 

Gross calorific value (MJ/Kg) 19.33 

Ash 35.1 

Inherent moisture 1.7 

According to proximate analysis, this was a high ash (35.1%) 

coal sample containing 23.2% volatiles and 40% fixed carbon 

on a dry basis. 

B. Tar Experiment Setup  

The Fischer Assay experiment was performed according to 

ISO 647 using a modified automated Fisher assay setup. The 

setup is presented in Figure 1. The temperature of the oven and 

coal bed was monitored periodically. 

 
Fig. 1: The automated Fischer Assay setup adapted from Roets [18] 

 

The reactor inside the oven is manufactured from stainless 

steel to allow high temperature (1000°C) pyrolysis to be 

conducted. The coal sample is placed inside the reactor and 

heated to the required temperature under the N2 atmosphere 

which is blown continuously. The blowing of nitrogen also 

helps in purging the reactor and to minimize the secondary 

reaction of tars. The condensable materials were condensed in a 

flask immersed in an ice bath and the non-condensable volatiles 

were allowed to escape to the atmosphere. The condensed 

material mainly tar was measure and send for analysis in a 

GC-MS. 

C. Gas Chromatography–Mass Spectrometry (GC–MS) 

All tar samples were analyzed using a GC-coupled with MS 

for quantification and identification of PAHs. Samples for 

GC-MS analysis were prepared by dissolving tar into 

dichloromethane in vials. Approximately 1 microliter of 

prepared sample was injected into the GC column. 

III. RESULTS AND DISCUSSION  

A. Mineralogical Composition of Coal 

The XRD analysis revealed the mineralogical composition of 

the coal feed; kaolinite, quartz and dolomite were the most 

abundant minerals in the coal; these minerals have been 

reported as the most common minerals in coal [19 – 23]; 

however, the coal feed also contain a considerable proportion of 

highly disordered materials in the form of amorphous carbon 

[24]. 
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Fig. 2. XRD spectra of coal. 

B. Prediction of Tar Yield 

     Tars are produced from coal in several industries to the 

advance of chemical applications. According to work done by 

previous researchers [25, 26], the type of coal is likely to affect 

the yield of tar generated and therefore the composition of the 

recovered by-products which include PAHs. The chemical 

characterization of the coal used in this study allowed to 

determine the rate of parameters listed in Table 2. These 

parameters could be used to predict the tar yield according to 

the estimative equation (1) which was developed by Okumura 

[26] by applying the least squares approximation to the yield 

data for various coals.  

Ytar = 30.4 x (H/C) – 14 [wt%]           (1) 

Where Ytar is the tar yield and H/C is the atomic ratio of H/C 

Using equation (1), the tar yield was calculated and the value 

obtained (9.6 w% or 0.096 g/g coal) indicates that tar yield in 

this was in the average range compared to the yield obtained by 

Okumura [26] from 19 coal samples. According to the same 

study, the PAH yield in the tar will increase with increase tar 

yield; implying that a non-negligible amount of PAHs was 

expected to be produced from the coal studied. 
TABLE 2 CHEMICAL COMPOSITION OF COAL 

Parameters Value % 

Carbon content  49 

Hydrogen content 3.17 

Nitrogen content  1.02 

Oxygen content  8.49 

C. PAHs in Coal Tar 

The polyaromatic hydrocarbons (PAHs) have been reported 

as the major components of coal-derived products and thermally 

cracked petroleum oils [27]; the PAH are toxic and/or 

mutagenic in biological systems and must therefore be seriously 

considered in coal tar. The coal tar PAH composition was 
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determined using GC-MS and the results are shown in Table 3. 

A variety of PAH were observed in the coal tar with a 

dominance of naphtalene. The toxicities of PAH have been 

reported to be related to specific structures and positions of ring 

subtitution [27]. The PAHs identified in this studied are mostly 

categorized as lighter PAHs, because of their lower molecular 

weight; It has been reported that PAHs of lower molecular 

weight are less toxic compared to the heavier PAHs [28]; 

however, their toxicity may become more significant when they 

react with other pollutants [29]. 
TABLE 3: COAL TAR PAH COMPOSITION 

Compounds Area Number of rings 

Naphtalene 15.22 2 

1,4-Methanonaphthalene 1.78 2 

1-Naphthalenecarbonitrile 0.6 2 

Dibenzofuran 0.6 3 

Anthracene 0.77 3 

Phenanthrene 1.01 
3 

IV. CONCLUSION 

Tar was effectively produced from coal using the Fischer 

Assay. Based on the properties of coal, it was predicted that a 

considerable amount of tar could be produced from such coal. 

The PAHs identified in the tar by GC-MS are classified as 

lighter PAHs with the potential to become significantly toxic if 

reacted with other pollutants. If the tars generated through such 

processes are discharged in the environment without proper 

management, compounds such as the PAHs identified could be 

released in surface water with detrimental impact on the aquatic 

system. This may exacerbate the problem of water pollution 

already reported in our previous works [30 – 34].  
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