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ABSTRACT 
 
The retention capacity of coal fly ash wastes of different characteristics for retaining the mercury 
present in gas phase during coal combustion was evaluated. The ultimate objective was to acquire a 
basic knowledge of the properties of the components of fly ashes, which are responsible for mercury 
capture. Five fly ash samples from power stations using coals of different rank were chosen as raw 
materials. The mercury retention capacity of these fly ashes was compared with the retention by a 
commercial activated carbon. A lab-scale device was used to estimate the retention capacity for Hg

0
 in 

an air atmosphere, at 120ºC. The results obtained demonstrate that not only the carbon particle content 
but also its different characteristics play a determinant role in mercury capture.  
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INTRODUCTION 
 
Mercury has received considerable attention due to its high toxicity, a tendency to bio-
accumulate, and a series of problems that  make it difficult to control. This element is often 
found as a trace contaminant in coal (Onei, 1999). When coal is used in processes for power 
generation, the combination of elevated temperatures and the volatility of mercury and its 
compounds, enable the mercury to enter the combustion gas exhaust stream. Regulations for 
mercury emission from coal combustion are now a  matter of main concern in USA 
(http://www.epa.gov), and in Europe (http://europa.eu.int).  

At present, there is no universally accepted Hg control technology for coal-fired 
utilities, and the incorporation of the technologies already in use in waste incineration plants 
could enhance the cost of the process considerably. Several solid materials, such as activated 
carbons, calcium based sorbents, and zeolites, have been considered as sorbents for mercury 
control in flue gases from coal combustion (Felsvang, 1994; Krishnan, 1995; Ghorishi, 1998; 
Hassett, 1999).  

Recent research has focused on the capacity of certain fly ashes to capture mercury 
and their influence on mercury speciation in the capture process. It is well known that fly 
ashes may retain different proportions of mercury. More specifically it has been observed that 
the unburned material present in fly ash shows a considerable retention capacity for retaining 



mercury (Serre, 2000; Carey, 2000; Pavlish, 2003; Sloss, 1995; Li, 2002; Karatza, 1998). 
Various studies on fly ashes suggest that retention capacity depends not only on their 
unburned content, but also on their surface area, morphology and petrographic characteristics 
(Hassett, 1999; Serre, 2000; Hower, Finkelmen, 2000; Hower, Maroto-Valer, 2000). 
However, the exact nature of Hg-fly ash interactions is still unknown and needs to be 
investigated more thoroughly. The aim of the present work was to evaluate the retention of 
elemental mercury in fly ashes from different power stations which burned coals of different 
rank and nature. The mercury retention capacity of these fly ashes was compared to that of a 
commercial activated carbon.  

 
 

EXPERIMENTAL 
 
Five fly ash samples from different power stations which burned coals of different rank and 
nature were used in this study. Four of them were obtained in pulverized coal combustion 
power plants (PCC), while the fifth was taken from a fluidized coal combustion power plant 
(FBC) that uses limestone in its bed. The fuels burned in these power stations were coal 
blends of different origin. In one of the power stations the blend contained high rank coals 
(the fly ash was denoted as CTA). In another two, bituminous coals were used (CTL and 
CTSR), while in the fourth, sub bituminous coals were employed (CTES). The FBC plant 
burned a mixture of bituminous coal and coal wastes of high calorific value. This sample was 
named CTP. Different fractions were separated for each sample in order to obtain sample 
fractions enriched in unburned particles with a high yield (CTA>150 µm, CTL>100 µm, 
CTSR>80 µm and CTES>200 µm). In the CTP sample the unburned particles were 
homogeneously distributed among the different particles and for this reason only the raw 
CTP sample was used in this study. RB3 is a commercial activated carbon (Norit RB3). The 
unburned carbon particle content in each fraction was estimated as loss of ignition (LOI). The 
crystalline species were identified by X-ray diffraction (XRD) and the BET surface area was 
measured by means of the volumetric adsorption of nitrogen at 77K.  
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FIGURE 1: Schematic diagram of the experimental device for mercury retention  

 
The experimental device used for the mercury retention experiments at laboratory 

scale consisted of a glass reactor fitted with an internal and external tube (Figure 1 ). The fly 
ash bed was placed inside the internal tube and was heated to 120ºC. The Hg0 in gas phase 
was obtained from a permeation tube, and it was passed through the sorbent bed in an air 



atmosphere at 2.5 L min-1. The mercury concentration in gas phase was 1.98 10-5 mg ml-1. A 
continuous mercury emission monitor (UT 3000) was used to monitor the mercury. Any 
mercury that could not be retained in the sorbent bed was captured by impingers containing 
1N KCl, 5% HNO3/10% H2O2 and 4% KMnO4/10% H2SO4. 
 
 
RESULTS AND DISCUSION 
 
The mineral phases detected by XRD in these five fly ashes were different. The only 
crystalline species identified in CTA was quartz, while in C T S R  aluminosilicate was also 
found. I n CTL, quartz, lime and aluminosilicates (mullite) were found and in CTES, quartz, 
lime, mullite, anhydrite and ferric sulfate were present. In the case of fly ash obtained from 
FBC some untransformed mineral species were also found. In this sample quartz, anhydrite, 
calcite, illite and ferric oxide were detected. These results indicate that aluminosilicates and 
compounds of calcium and iron are present in higher proportions in CTL, CTSR, CTES and 
CTP than in CTA.  
 The mercury adsorption curves for the original fly ashes and fractions enriched in 
unburned carbon and for the activated carbon are given in Figure 2.  T he horizontal 
discontinuous line represents the background and the vertical discontinuous line represents 
the breakthrough time (180 min). The breakthrough time was defined as the time necessary 
for the original fly ash sample to reach maximum retention. This breakthrough time was used 
with the aim of achieving a mercury retention capacity in a fixed time period. Although this 
fact influences the absolute retention capacity for each of the materials tested, it is valuable 
as a means of differentiating between the samples in similar conditions. The concentration of 
mercury retained (retention capacity) was calculated as the area above the curve between the 
background and the breakthrough time.  
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FIGURE 2: Curves of mercury adsorption for the different fly ashes and an activated carbon 

 

The retention capacity values are presented in Table 1 together with the LOI values 
and the BET surface area. Although fly ashes are non-porous solids as demonstrated from the 



N2 adsorption isotherms (type II), the highest values for surface area were found in the 
fractions enriched in unburned particles CTL>100 and CTSR>80: 23.9 and 17.6 m2g-1, 
respectively. These differences in surface area are not significant compared to the activated 
carbon (RB3:1183 m2g-1). Although an increase in the surface area of the fly ash fractions is 
observed as the unburned carbon particle content increases, the correlation between the 
unburned particles and surface area does not match when the five raw fly ash samples are 
compared (Table 1). This may be due to the different characteristics of the unburned carbon 
particles that were originated from coals of different rank. 

The greatest mercury retention was found in the fly ashes taken from the PCC power 
plants in which bituminous coals were burned (CTL and CTSR). The mercury retention 
attained 9.36 µg g-1 and 10.3 µ g g-1 in the CTL>100 and CTSR>80 fly ash fractions. In the 
raw fly ash samples  and in the fly ash fractions enriched in unburned carbon particles 
derived from the combustion of coal blends containing anthracites (CTA) and sub-bituminous 
coals (CTES), the mercury retention was lower than 1.82 µg g-1. In spite of the different 
characteristics of the CTP sample obtained from FBC this sample do no capture more 
mercury than the other raw fly ash samples. The mercury retention capacity for the 
commercial activated carbon was 11.7 µ g  g -1, similar to the retention obtained in the 
CTSR>80 fly ash fraction. This indicates that the surface area of the sorbent is not the main 
factor influencing retention. The increase in mercury capture when the CTL and CTSR fly 
ashes are compared with their fractions enriched in carbon particles (Table 1) suggests that 
mercury retention takes place in the unburned particles produced from combustion of 
bituminous coals. 
 
TABLE 1: Loss of ignition (LOI), surface area (A) and mercury retention of the different sorbents 
 

 
LOI  
(%) 

A  
(m2g-1) 

Hg retention 
(µg g-1) 

CTA 5.7 1.6 1.70 
CTA>150 22.4 4.2 1.64 
CTL 5.6 4.1 1.76 
CTL>100 35.4 23.9 9.36 
CTSR 7.2 9.4 5.02 
CTSR>80 54.2 17.6 10.3 
CTES 2.0 1.9 1.82 
CTES>200 17.8 13.4 1.38 
CTP 3.8 6.7 1.40 
RB3 --- 1183 11.7 

 
 
 
CONCLUSIONS 
 

Not only is the surface area or the carbon content determinant in the capture of mercury  but 
also the influence of the nature of the fly ashes needs to be considered The fly ashes obtained 
from PCC plants in which bituminous coals were burned are more efficient in retaining 
mercury than those obtained from FBC and from PCC in which high rank coals and sub 
bituminous coals are employed.  
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