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Abstract 
 
Activated carbons were prepared from chars 
obtained by carbonization of blends of a coal-tar 
pitch (CTP) and different polymers (1:1 w/w) at 800 
ºC and, then, by activation with steam at 50 % 
burn-off. The polymers selected were: PET, PAN, PS 
and ABS. The porous structure of the activated 
carbons was determined from the adsorption of 
nitrogen at 77 K. All the activated carbons were 
microporous materials. However, nitrogen 
adsorption differs substantially from one activated 
carbon to another. While the polymers are 
responsible for the textural characteristics that are 
suitable for adsorption applications, CTP contributes 
to increasing the char yield without causing any 
significant loss in its adsorption properties. Among 
the polymers tested, PET and PAN were found to be 
the most suitable polymers for blending with CTP. 
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INTRODUCTION 
 
A wide variety of precursors such as polymers, wood, 
vegetable biomass and coal have been employed in 
the production of carbon adsorbents for use in 
separation and purification processes. PET char 
activated by steam or carbon dioxide has been 
shown to be a source of activated carbons with 
excellent adsorption properties [1,2] both for 
aromatic compounds of high molecular weight and 
for compounds containing oxygen and sulphur 
functional groups [1-4]. However, one of the 
drawbacks of using PET for this purpose is the 
relatively low pyrolysis yield (below 20 wt%), which 
may affect its economic viability. 

  
 
Furthermore, PET is a strong modifier of the thermal 
and rheological behaviour of coal [5,6] and CTP [7]. 
For instance, the addition of 10 wt% PET to coal, 
completely destroys its thermoplastic properties. 
Consequently, the co-processing of coal with PET 
could be considered as a viable alternative to air 
oxidation, which is necessary in the manufacture of 
ACs from bituminous coals [5,8,9]. Because of the 
modifying properties of PET, the co-pyrolysis of PET 
with other carbon sources such as coal or coal-tar 
pitch (CTP) has been proposed as a means to 
increase the char yield, while its adsorption 
properties remain practically unaltered. The ACs 
prepared from mixtures of PET and CTP (1:1) show 
similar or better phenols adsorption properties than 
commercial activated carbons [9]. 
 In addition, the introduction of heteroatoms 
(oxygen, nitrogen etc.), into carbonaceous materials 
seems to be an effective way to modify the surface 
chemistry and, consequently, their properties. The 
nitrogen atoms inside the carbon structure are 
thought to add basicity to the surface of the material 
and improve its effectiveness in catalysis [3,10,11]. 
The presence of nitrogen surface groups increases 
the carbon sorption capacity towards anions [12]. It 
also plays a favourable role in the performance of 
carbon materials in lithium batteries. 
 In accordance with the beneficial effects that 
different polymers have on coal thermal and 
rheological behaviour in the preparation of activated 
carbons, PET, PAN, PS and ABS were selected for 
co-processing with CTP. The objective of this work is 
to study the viability of using blends made up of 
plastics and CTP as precursors of carbon materials. 
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EXPERIMENTAL 
 
A coal-tar pitch (CTP) with a softening point of 72 ºC 
and a coking value of nearly 32 % was used for 
blending with the following polymers: polyethylene 
terephthalate (PET), polyacrylonitrile (PAN), 
polystyrene (PS) and acrylonitrile-butadiene-styrene 
copolymer (ABS).  

Simultaneous thermogravimetric and 
differential thermal analyses (TG/DTA) of the 
individual components and binary mixtures 
(CTP:plastic) were carried out up to 600 °C at a rate 
of 5 °C/min in a nitrogen atmosphere at a flow rate of 
100 ml/min. 

CTP/polymer (1:1 w/w) blends were prepared 
and carbonized in a tubular horizontal oven (1200 
mm x 75 mm id) heated to 800 ºC at 5 ºC/min with a 
soaking time of 10 min under a nitrogen atmosphere 
at a flow rate of 300 ml/min. The resultant chars were 
activated with steam at the same temperature up to 
50 % burn-off.  

The optical texture and homogeneity of the chars 
were evaluated by means of optical microscopy. 

The textural characteristics of the activated 
carbons were obtained by physical adsorption of 
nitrogen at 77 K (NOVA 2200, Quantachrome). The 
samples were degasified overnight at 300°C. The N2 
adsorption data were used to calculate the total pore 
volume (VT), the BET specific surface area (SBET) 
and the development of microporosity (0.7-2.0 nm) 
corresponding to the supermicropores. The 
micropore volume VDR(N2) and the average micropore 
width Lo(N2) were calculated by applying the 
Dubinin-Radushkevich and Stoeckli equations, 
respectively, to the adsorption data up to p/po ≤ 
0.015. The VDR(N2)/VT ratio was used to assess the 
contribution of the micropores to the total pore 
volume. The micro- and mesopore size distribution 
(PSD) was determined using the DFT method.  
 
RESULTS AND DISCUSSION 
A. Char production 
 
Table 1 compares the coke/char yields of the 
individual feedstocks and the CTP:plastic blends at 
800 ºC in a thermobalance and a horizontal oven 
together with the char yields of the blends estimated 
by taking into account the individual components. 

Except for the CTP:PAN blend, the small 
differences between the experimentally obtained 

char yield and that estimated from the additivity law 
suggests different degrees of interaction for CTP and 
the polymer during the co-pyrolysis. On the other 
hand, the char yield obtained from the carbonization 
runs in the horizontal oven is always higher than that 
obtained in the TG analysis (10-13 wt%), indicating 
that the char yield is affected by the residence time of 
the volatile products evolved during pyrolysis. Thus, 
the dimensions and design of the oven are critical 
factors. 
 
Table 1. Coke/char yield at 800 ºC in a thermobalance (TG) and 
a horizontal oven (HO). 
Sample CY-TG (wt%) CY-HO (wt%) 
CTP 29.6 42.0 
PET 14.3 18.4 
PAN 36.4 na 
PS 0.9 na 
ABS 1.9 na 
CTP50PET 27.0 (22.0) 36.7 (30.2) 
CTP50PAN 33.1 (33.0) 46.4 
CTP50PS 16.7 (15.3) 26.6 
CTP50ABS 18.7 (15.8) 28.4 
na: not available; values in parentheses refer to the char 
yield estimated by applying the additivity law. 

 
Microscopic observations of the chars reveal 

that the polymers lead to a char with a less-ordered 
and small-sized anisotropic carbon together with 
isotropic carbon. 

Although the blends of CTP with PS and 
ABS give a low char yield at 800 ºC, they were also 
subjected to textural characterization in order to 
determine whether they cause modifications in the 
porous structure of the CTP. 
 
 
B. Characterization of activated carbons 
 
Figure 1 shows the N2 adsorption isotherms 
measured at 77 K for the carbons prepared by 
activating the chars obtained from CTP, PET and the 
CTP:polymer blends with steam at 800 ºC. The 
textural characteristics of the activated carbons 
(ACs), calculated from the corresponding isotherms 
are presented in Table 2.  
The nitrogen adsorption isotherms of the ACs are 
type I, according to the BDDT classification, which is 
typical of microporous materials. However, the 
nitrogen adsorption capacity differs from one 
activated carbon to another. The AC from PET which 
has a BET surface area (1564 m2/g) and a total pore 
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volume of 0.607 cm3/g, exhibits the highest nitrogen 
adsorption capacity When it is blended with CTP, 
there is a loss in surface area (1082 m2/g) and in the 
total pore volume (0.390 cm3/g), whereas the ACs 
obtained from the CTP:PAN blend and PAN alone 
are characterized by a similar porous texture. Both 
the polymers, PET and PAN, give rise to disordered 
isotropic chars. However, when mixed with CTP they 
have a different impact on porosity development 
upon activation. The CTP:PAN blend produces an 
activated carbon with a lower surface area than that 
of PET. 
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Figure 1. Adsorption isotherms of N2 at 77 K for steam 
activated carbons obtained from CTP, PET and the 
CTP:polymer blends. 
 
Table 2. Nitrogen adsorption characteristics of activated 
carbons from different precursors. 

Activated 
carbon 

SBET 
(m2/g) 

VDR 
(cm3/g) Lo (nm) VT 

(cm3/g) VDR(N2)/VT 

CTP 429 0.164 1.07 0.199 0.82 
PET 1564 0.534 1.24 0.607 0.88 
PAN 807 0.285 1.15 0.316 0.90 
CTP50PET 1082 0.390 1.28 0.440 0.89 
CTP50PAN 801 0.300 1.25 0.355 0.85 
CTP50PS 483 0.182 1.03 0.220 0.83 
CTP50ABS 440 0.171 1.10 0.220 0.78 

 
 In contrast, the blends with the polymers PS 
and ABS have a surface area that is very similar to 
that of AC obtained from the single pitch.  
 Figure 2 shows the pore size distribution for 
the CTP:PET and CTP:PAN blends as determined 
using the DFT method. 
The CTP:PAN blend gives rise to wider micropores 
compared to CTP:PET: The range of maximum pore 
size shifts from 1.2-1.4 nm to 0.6-0.8 nm. This 
reflects the difference behaviour of the two polymers 
during co-pyrolysis with CTP. 
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Figure 2.  Pore size distribution of activated carbons CTP:PET 
and CTP:PAN as determined by the DFT method. 

 
CONCLUSIONS 
 
Blends of coal-tar pitch and polymers such as PET 
and PAN make good precursors for microporous 
activated carbons with a SBET of 800-1000 m2/g. In 
the pitch:PET blend, the pitch enhances the 
activated carbon yield, while the polymer provides  
the textural characteristics. 
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(2005) Effects of plastic wastes on coal pyrolysis 
behaviour and the structure of semicokes . J. Anal 
Appl. Pyrol. 74, 327-336. 
[7] Machnikowski J, Machnikowska H, Brzozowska 
T, Zielin ́ski J. (2002) Mesophase development in 
coal-tar pitch modified with various polymers. J. Anal 
Appl. Pyrol. 65, 147-160. 
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