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In this work..

Two Turkish coal were extracted with

NMP-CS2 (1:1 v/v) and NMP-EDA (1:15, 
v/v)  at room conditions 
NMP and NMP / EDA under reflux.
Solvent swollen samples were also
extracted.
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Why? 

Energy is a fundamental driver of 
economic development.
Cleaner energy and less pollution are 
demanding.
Coal is quilty?
But the world, to meet energy 
demand, cannot ignore it.
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Background 

Coals show a tendency to swell in 
some organic solvents.  
Swelling of coals is accompanied by 
solubilization of coal molecules. 
There is a growing interest in the use 
of NMP as a solvent for extraction of 
coals.
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Experiments

Ultimate and Proximate analysis of Coals Used 

11,227,018,41,94,772,9Çayırhan

1,125,516,31,54,577,3Karadon

%MbV.M.b%A b%Na%Ha%Ca

a: daf basis
b: air dried
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Extraction with NMP/CS2 and with 
NMP/EDA under ultrasonic   
irradiation

1 g of raw coal or swollen coal 
30 ml of NMP/CS2 mixed solvent ( 1:1 
v/v)  or NMP/EDA mixed solvent ( 1:15 
v/v) 
ultrasonic irradiation for 30 min at room 
temperature
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Extraction with NMP and NMP/EDA 
mixed solvent under reflux

2 g coal sample 
100 ml NMP or NMP/EDA mixed 
solvent (1:15 v/v).
Reflux
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Recovery of solid extracts

Distilled water was used as 
antisolvent.
For extracts of NMP/EDA extraction, 
10% aq HCl was used as antisolvent.
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Preparation of solvent-swollen 
coals

N-methyl-2- pyrollidone (NMP) 
Ethylenediamine (EDA)
Washing with 2% HCl aq
Washing with 10% HCl aq
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Results and Discussion
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Extraction of coals

26, 833,017,837,2Karadon

7,25,75,83,8Cayirhan

nmp/edanmpnmp/edanmp/cs2

RefluxUltrasonic 
irradiation

Coal



Effect of solvent-swelling on NMP/CS2
extraction under ultrasonic irradiation

NMP/CS 2 Extraction
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1: raw coal 2: NMP-swollen coal  3: EDA-swollen coal



Effect of solvent-swelling on NMP/EDA  
extraction under ultrasonic irradiation. 

1: raw coal; 2: NMP-swollen coal; 3: EDA-swollen coal

NMP/EDA Extraction
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Effect of solvent-swelling on NMP 
extraction under reflux. 

1: raw coal; 2: NMP-swollen coal; 3: EDA-swollen coal

NMP e xtraction
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Effect of solvent-swelling on NMP/EDA  
extraction under reflux

1: raw coal; 2: NMP-swollen coal; 3: EDA-swollen coal

NMP/EDA e xtraction
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Recovery and ash content of Solid 
extracts

The recovery of solid extract was easier for 
bituminous coal.
Recovery of solid extracts was  95% and 91% for 
NMP/CS2 and NMP/EDA extraction,respectively
Ash recuduction was significant
Ash content of solid extract of bitumninous coal was
0,12%  0,4% for NMP/CS2 and NMP/EDA extraction, 
respectively.
Extraction under reflux was less effective on the
reduction of ash content. Ash content of solid extract
was 1,22% for NMP/EDA extraction. 



17

Conclusions

EDA is better swelling solvent for brown
coal
At room conditions, NMP/CS2 mixed 
solvent is very effective on the solubility of 
high ranked coals.
Pretreatment of bituminous coal with NMP 
has an adverse effect on the extractability
of coal in NMP under reflux.
Presence of EDA is more effective during 
the extraction of higher ranked coal in NMP 
under the reflux conditions. 
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Conclusions

Extraction yield of brown coal  in NMP is 
enhanced by adding a small amount of 
EDA .
It was possible to extract about 36% of 
brown coal sample with NMP/EDA mixed 
solvent under reflux.
Pretreatment of coals with NMP and EDA 
has a significant effect on the extraction in 
NMP/EDA mixed solvent under reflux.


