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ABSTRACT 

As part of this Task, several metal oxide (MeO)-based sorbents were evaluated for capture of 
mercury (Hg) in simulated fuel gas (SFG) atmosphere at temperatures in the range 423–533 K.  
Nanocrystalline sorbents prepared by NanoScale Materials, Inc. (NanoScale) as well as in-house 
(GTI) sorbents were evaluated.  These supported sorbents were found to be effective in capturing 
Hg at 423 and 473 K.  Based on the desorption studies, physical adsorption was found to be the 
dominant capture mechanism with lower temperatures favoring capture of Hg.  A nanocrystalline 
sorbent formulation captured 100% of Hg at 423 K with a 4-hr Hg-sorption capacity of 2 mg/g 
(0.2 wt%) in SFG.  The high capacity of the nanocrystalline sorbent is believed to be the result of 
its high surface area and small crystallite size. 
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EXECUTIVE SUMMARY 

Gas Technology Institute (GTI), in collaboration with Nanoscale Materials, Inc. (NanoScale), is 
developing and evaluating several nanocrystalline sorbents for capture of mercury from coal-
gasifier (such as IGCC) warm fuel gas.  The focus of this study is on the understanding of 
fundamental mechanism of interaction between mercury and nanocrystalline sorbents over a 
range of fuel gas conditions.  Detailed chemical and structural analysis of the sorbents will be 
carried out using an array of techniques, such as XPS, SEM, XRD, N2-adsorption, to understand 
the mechanism of interaction between the sorbent and mercury. 

The proposed nanoscale oxides have significantly higher reactivities as compared to their bulk 
counterparts, which is a result of high surface area, pore volume, and nanocrystalline structure.  
These metal oxides/sulfides will be evaluated for their mercury-sorption potential in an 
experimental setup equipped with state-of-the-art analyzers.  Initial screening tests will be 
carried out in N2 atmosphere, and two selected sorbents will be evaluated in simulated fuel gas 
containing H2, H2S, Hg and other gases.  The focus will be on development of sorbents suitable 
for higher temperature (420–640 K) applications. 

Activities in this Task were focused on evaluation of several metal oxide (MeO)-based sorbents 
for capture of mercury (Hg) in simulated fuel gas (SFG) atmosphere at temperatures in the range 
423–533 K.  Nanocrystalline sorbents prepared by NanoScale Materials, Inc. (NanoScale) as 
well as in-house (GTI) sorbents were evaluated.  These supported sorbents were found to be 
effective in capturing Hg at 423 and 473 K.  Based on the desorption studies, physical adsorption 
was found to be the dominant capture mechanism with lower temperatures favoring capture of 
Hg.  A nanocrystalline sorbent formulation captured 100% of Hg at 423 K with Hg-sorption 
capacity of 2 mg/g (0.2 wt%) in SFG.  The high capacity of the nanocrystalline sorbent is 
believed to be the result of its high surface area and small crystallite size. 
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1. Experimental Methods 

Supported NanoActive MeO sorbents 

NanoActive metal oxide (MeO) sorbents supported on SiO2, Al2O3 and ZnO were synthesized by 
NanoScale Materials, Inc., using their proprietary techniques.  Loading of MeO varied from 5 to 
30 wt% on these sorbents.  The nanoparticles were pelletized using pressure compaction method 
and ground and sieved to 180–250 μm size range. 

Supported MeO sorbents 

Several supported MeO sorbents were prepared at GTI.  Alumina support pellets (1/8” size) with 
a surface area of 255 m2/g and pore volume of 1.14 cm3/g were obtained from Alfa-Aesar.  The 
γ-alumina support had a bimodal pore size distribution with median pore sizes of 70 μm and 500 
nm.  The support was chose because of it high surface area and pore volume. 

Several metal (Me)-based sorbents were prepared with Me loadings in the range 5–30 wt% on 
alumina.  After drying the wetted alumina sorbents at 383 K for 6 h, the sorbents were calcined 
in air at 673 K for 4 h to obtain MeO/alumina sorbents.  The sorbents were next ground and 
sieved to the size range 250–425 μm. 

Evaluation of supported Me-based sorbents for mercury capture in SFG 

The supported Me-based sorbents were evaluated for Hg-sorption capacity in GTI’s mercury 
sorbent testing system.  The details of the sorbent testing system and the experimental procedure 
are given in the ‘Quarter-2 Progress Report.’  Initial screening tests were carried out in H2 and 
H2S containing gas stream with composition (mol %): H2/H2S/N2 = 25/0.125/balance.  Hydrogen 
was added to simulate the effect of reducing species, whereas, H2S was added to simulated the 
effect of S-containing species in the gasifier fuel gas.  Selected sorbents were evaluated in 
simulated fuel gas (SFG) with the composition (mol %): H2/CO/CO2/H2O/H2S/COS/N2 = 
30/30/10/20/0.4/0.04/balance.  The total flow rate of the gas was maintained at 2 slpm, whereas, 
the concentration of Hg in the gas stream was around 180 μg/m3.  To simulate the effect of high-
pressure gasifier conditions, for selected tests, the concentration of Hg was maintained at 2500 
μg/m3.  The sorption of mercury was carried out at temperatures over the range 423–533 K.  
Unless otherwise noted, about 0.5 g of the sorbent and 225,000 hr-1 (STP) gas hourly space 
velocity (GHSV) was used. 

2. Results and Discussion 

Evaluation of supported MeO/alumina sorbents 

A 20 wt% Me/alumina sorbent was evaluated for mercury sorption capacity at 473 K.  The gas 
composition was: H2S = 1250 ppm, H2 = 25%, Hg = 180 μg/m3, N2 = balance.  As seen from 
Figure 1, the sorbent maintains a very high efficiency for Hg capture for 4 h, capturing nearly 
100% of incoming mercury.  The amount of mercury captured by sorbent during 4 h exposure is 
calculated as 170 μg/g.  The trend of the breakthrough plot suggests that the sorbent has a 
potential to achieve much higher Hg-sorption capacity while removing more than 90% of 
incoming Hg.  The high capacity of the sorbent is believed to be a result of its high surface area.  
The 20 wt% Me/alumina sorbent was also evaluated at 533 K under similar conditions.  
However, the sorbent did not show much affinity for Hg at this temperature.  Comparison of the 
results at 423 and 533 K suggests that mercury capture by the sorbent is dominated by physical 
adsorption mechanism. 
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Figure 1: Mercury breakthrough plot for 20 wt% Me/alumina sorbent at 473 K 
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Figure 2: Mercury breakthrough plot for NanoActive 5 wt% MeO/alumina sorbent at 473 K 
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Evaluation of supported NanoActive Me-based sorbents for mercury capture 

A NanoActive 5 wt% MeO/alumina sorbent was evaluated for Hg capture at 473 K in a gas 
containing H2/H2S/N2 with the composition given earlier.  As seen from Figure 2, the 
NanoActive sorbent captured nearly 100% of incoming mercury and achieves a high capacity of 
ca. 170 μg/g in 4 h. 

The same nanocrystalline sorbent, when evaluated at 533 K, gave small capacity of mercury (see 
Figure 3).  Although the Hg-sorption capacity is lower as compared to 473 K, the sorbent can 
still remove moderate amount of mercury at the higher temperature of 533 K.  The lower 
capacity at higher temperature suggests physical adsorption as dominant mercury-capture 
mechanism. 

Since the nanocrystalline sorbent was more effective at lower temperature, it was evaluated at 
423 K in SFG of composition: H2/CO/CO2/H2O/H2S/COS/N2 = 30/30/10/20/0.4/0.04/balance 
(%).  In addition, to simulate the effect of high-pressure syngas, the concentration of mercury in 
the SFG was maintained at 2500 μg/m3.  For this experiment, 0.75 g of the sorbent was used and 
the gas hourly space velocity GHSV was maintained at 150,000 hr-1 (STP).  Figure 4 shows the 
breakthrough curve of mercury capture by the nanocrystalline sorbent.  During the 5-h exposure, 
the sorbent captured nearly 100% of incoming mercury.  The Hg-sorption capacity of the sorbent 
is calculated as 2 mg/g (0.2 wt%).  Based on the trend of the breakthrough curve, it appears that 
the nanocrystalline sorbent has a potential to achieve much higher Hg-sorption capacity while 
removing 100% of incoming mercury at 423 K.  Such a high Hg-sorption capacity of the sorbent 
is believed to be due to its high surface area and small crystallite size. 

Mechanism of mercury sorption by supported sorbents 

Since the capture of Hg by the supported sorbents decrease at high temperature, it can be 
concluded that the removal of mercury is dominated by physical adsorption mechanism.  Several 
desorption experiments (not shown here) were also conducted which suggested that Hg is 
captured by the supported sorbent by physical forces. 
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Figure 3: Mercury breakthrough plot for NanoActive 5 wt% MeO/alumina sorbent at 533 K 
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Figure 4: Mercury breakthrough plot for NanoActive 5 wt% MeO/alumina sorbent at 423 K 
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3. Conclusion 
Several supported Me-based sorbents were evaluated for capture of Hg in SFG atmosphere at 
temperatures in the range 423–533 K.  Nanocrystalline sorbents prepared by NanoScale as well 
as in-house sorbents were evaluated.  These supported sorbents were found to be effective in 
capturing Hg at 423 and 473 K.  Based on the desorption studies, physical adsorption was found 
to be the dominant capture mechanism with lower temperatures favoring capture of Hg.  A 
nanocrystalline sorbent formulation captured 100% of Hg at 423 K with Hg-sorption capacity of 
2 mg/g (0.2 wt%) in SFG.  The high capacity of the nanocrystalline sorbent is believed to be the 
result of its high surface area and small crystallite size. 
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