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DISCLAIMER 
 
 This report was prepared as an account of work sponsored by an agency of the United 
States Government.  Neither the United States Government nor any agencies thereof, nor any of 
its employees makes any warranty, expressed or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, 
product, or process disclosed or represents that its use would not infringe on privately owned 
rights.  Reference herein to any specific commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise does not necessarily constitute or imply endorsement, 
recommendation, or favoring by the United States Government or any agency thereof.  The 
views and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 
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ABSTRACT 
 

The reduction of mercury emission from fossil fuel applications is an increasing priority 
for the US power industry due to regulatory pressure.  While mercury removal during 
combustion is well studied, mercury removal in gasification is less so.  The increasing 
application of coal gasification in future plant designs supplies the incentive for more study of 
mercury removal gasification processes. 
 

In gasification where the mercury is expected to be elemental, activated carbon injection 
has been the most effective method of mercury removal.  Absorption of elemental mercury at 
high temperature has not been shown to be effective.  The carbon is best injected downstream 
where the temperature has moderated and an independent collector can be established. 
 

Experiments have been conducted at 400°F to compare mercury absorption on activated 
carbon as received and “super” activated carbon.  The “super” activated carbon was prepared by 
soaking the carbon in 6M nitric acid followed by neutralization and washing.  Each absorption 
experiment has been run for 16 hours of exposure time to the gasifier product stream.  The 
carbon samples were tested for mercury absorption by ICP hydride generation.  The two carbon 
samples which had been washed in nitric acid then exposed to the gasifier slipstream showed 
higher concentrations of mercury even at this elevated absorption temperature when compared to 
the as received activated carbon. 
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EXECUTIVE SUMMARY 
 

Alterations were completed on the fluidized bed.  The refractory insulation on the inner 
walls of the lower section of the fluidized bed area was chiseled out to increase the inner 
diameter to the required seven inches.  Upon reassembly, preliminary tests showed that flow 
rates of oxygen and steam were doubled to maintain similar gasification temperatures.  Addition 
rates of coal were also doubled to adjust for the larger bed volume.  Otherwise the larger bed size 
worked extremely well and the other support hardware handled the increased flow rates with no 
difficulties. 
 

The hardware was assembled to take a slipstream from the gasifier.  A portion of the 
produced syngas is directed to a twelve-filter system that occupies a 55-gallon drum.  The filter 
was oversized to prevent clogging by coal fines during multiple days of operation.  The exit from 
the filter leads to an air driven compressor then to a rotameter to measure gas flow. The stainless 
steel vessel is surrounded by a clamshell-heating unit.  Inside the vessel is a perforated plate on 
which sits the stainless screen basket.  The top of the vessel is a bolted flange with entry fixtures 
for the inlet gas and a thermocouple.  The vessel has a single exit at the bottom.  The exit line 
leads to a backpressure regulator then joins the rest of the syngas heading to the flare.  The 
presence of the compressor, a pressure vessel and the backpressure regulator give the system the 
ability to operate at up to 125 psi. 
 

Experiments were conducted at 400°F to compare mercury absorption on activated 
carbon as received and “super” activated carbon.  The “super” activated carbon was prepared by 
soaking the carbon in 6M nitric acid followed by neutralization and washing.  Each absorption 
experiment was run for 16 hours of exposure time to the gasifier product stream.  The carbon 
samples were tested for mercury absorption by ICP hydride generation.  The two carbon samples 
which had been washed in nitric acid then exposed to the gasifier slipstream showed higher 
concentrations of mercury at this elevated absorption temperature when compared to the as 
received activated carbon. 
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INTRODUCTION 
 

The reduction of mercury emission from fossil fuel applications is an increasing priority 
for the US power industry due to regulatory pressure.  While mercury removal during 
combustion is well studied, mercury removal in gasification is less so.  The increasing 
application of coal gasification in future plant designs supplies the incentive for more study of 
mercury removal gasification processes. 
 

It is clear that in coal combustion systems, the speciation of mercury between elemental 
vapor and oxidized forms depends on a number of factors.  The most important speciation factors 
are the concentration of chloride in the coal, the temperature in the ducting, and residence times 
in various points of the system.  The literature on coal combustion suggests that collection of 
mercury was most dependent upon the extent of carbon in the fly ash, and the presence of a wet 
gas desulfurization system. In combustion, high chloride content plus long residence times at 
intermediate temperatures leads to oxidation of the mercury.  The mercury is then captured in the 
wet gas desulfurization system and in the fly ash as HgCl2.  Without chloride, the mercury 
oxidizes much slower, but still may be trapped on thick bag house deposits.  Addition of 
limestone to remove sulfur may trap some mercury in the slag.  Studies in combustion have 
shown that concentrations of mercury sorbent need to be 10,000 to 20,000 times the 
concentration of the mercury. 
 

In gasification where the mercury is expected to be elemental, activated carbon injection 
has been the most effective method of mercury removal.  Those tests have not been extensive as 
the emphasis on mercury removal has been in combustion systems. Absorption of elemental 
mercury at high temperature has not been shown to be effective.  The carbon is best injected 
downstream where the temperature has moderated and an independent collector can be 
established. 
 

Previous work as Base Task 1.5 related to the gasification of western US coals.  The 
overall objective has been to operate a fluidized-bed gasifier with western sub-bituminous coals, 
and to characterize the synthesis gas and char products.  During the previous fiscal year, the 
focus of Task 1.5 was on the conversion of the fluidized bed gasifier to oxygen-blown operation.  
This enabled the gasifier to be tested under “CO2 sequestration-ready” conditions, in which 
oxygen rather than air is used to gasify the fuel, producing a final CO2-rich effluent that is 
amenable to sequestration.  The conversion to oxygen-blown operation also increased the 
marketability of the unit since: (i) most commercial gasification operations are O2-blown, and (ii) 
O2-blown gasification produces a high-Btu synthesis gas that is suitable for a number of 
applications including liquid fuel synthesis and hydrogen production.  The fluidized bed size was 
four inches in diameter.  This narrow bed produced an unbalanced fluidization that could be 
remedied by increasing the bed diameter. 
 
Fluidized Bed Gasifier 
 

Previously the fluidized-bed gasification unit was modified for O2-blown operation.  
Specifically, steam and oxygen delivery systems were installed to allow steam/O2 mixtures to be 
used in place of air.  Tests were conducted to characterize the synthesis gas for both oxygen- and 
air-blown operation at atmospheric pressure.  Table I shows typical syngas characteristics for 
oxygen and air cases. 
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Species Air-Blown O2-Blown 
H2 19.7% 38.5% 
CO 14.5% 28.5% 
CO2 13.3% 26.1% 
CH4 1.4% 2.8% 
N2 51.0% 4.0% 
Btu/scf 117 230 

 
Table I Representative syngas characteristics for air- and O2-gasification 

 
Table I shows the degree to which oxygen-blown gasification increased concentrations of 

reactive species such as H2 and CO, as well as the heating value of the syngas. 
 

EXPERIMENTAL 
 

The proposed FY05 work plan was split into three subtasks: 
 

1. Alteration of the O2-blown fluidized bed gasifier for increased volume 
 

2. Construction of a slipstream device for testing of the Hg sorbents 
 

3.Preparation and testing of activated carbon Hg sorbents 
 
Subtask 1 Increasing the Volume of the Fluidized Bed Gasifier  
 

The external dimension of the steel fluidized bed diameter is 12 inches.  The pipe is lined 
with four inches of refractory giving an internal dimension near four inches.  To maintain a 
steady fluidization, the dimension of the bed should be near square, in that the height should be 
similar to the diameter.  The low density of the coal, which is the fluidizing media, means that 
the bed height can be operated taller than the diameter, but not as tall as the original design 
which had an aspect ration near 3:1.  Two and a half inches of the wall insulation will be 
removed giving a bed diameter of seven inches and a height of 11 inches.  The increase in bed 
volume will change the operating conditions.  Higher oxygen and steam flow rates will be 
necessary to maintain fluidization.  A higher coal-processing rate will be a benefit of the volume 
change. 
 
Subtask 2 Construction of a Slipstream Test Bed 
 

In this subtask a device will be assembled in which a slipstream of synthesis gas from the 
coal gasifier is processed.  The gas stream will be filtered, heated to 400°F, and then pass 
through activated carbon.  The flow in this system will be controlled so accurate measurements 
of flow time temperature of the flow and residence time on the filter will all be monitored. 
 
Subtask 3 Mercury Sorbent Development 
 

In this subtask, several pretreated activated carbon sorbents will be prepared.  The two 
proposed preparation methods are pretreatment of the activated carbon by acidification and/or 
promotion by sulfur.  The suggested preparation methods are: 
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1. Treat carbon with 6N nitric acid for 5 hours at room temperature followed by water wash 
and 120°C dry in air. 

 
2. Mix 2g of carbon with 0.6 grams of sulfur.  Heat to 400°C under flowing nitrogen for 6 

hours. 
 

Following preparation, the sorbents will be injected into a slipstream of synthesis gas 
from the O2-blown fluidized bed gasifier to determine Hg removal rates for different injection 
rates and conditions. 
 

RESULTS AND DISCUSSION 
 
Subtask 1 
 

Alterations were completed on the fluidized bed.  The lower portion of the reactor was 
disassembled. The burner was replaced.  The refractory insulation on the inner walls of the lower 
section of the fluidized bed area was chiseled out to increase the inner diameter to the required 
seven inches.  Upon reassembly, preliminary tests showed that flow rates of oxygen and steam 
were doubled to maintain similar gasification temperatures.  Addition rates of coal were also 
doubled to adjust for the larger bed volume.  Otherwise the larger bed size worked extremely 
well and the other support hardware handled the increased flow rates with no difficulties. 
 
Subtask 2 
 

The hardware was assembled to take a slipstream from the gasifier.  A one-inch line takes 
a portion of the produced syngas and directs the gas to a twelve-filter system that occupies a 55-
gallon drum.  The filter was oversized to prevent clogging by coal fines during multiple days of 
operation.  The exit from the filter leads to an air driven compressor then to a rotameter to 
measure gas flow. The activated carbon sits inside a stainless steel vessel surrounded by a 
clamshell-heating unit.  Inside the vessel is a perforated plate on which sits the stainless screen 
basket that holds the activated carbon.  The top of the vessel is a bolted flange with entry fixtures 
for the inlet gas and a thermocouple.  The vessel has a single exit at the bottom.  The exit line 
leads to a backpressure regulator then joins the rest of the syngas heading to the flare.  The 
presence of the compressor, a pressure vessel and the backpressure regulator give the system the 
ability to operate at up to 125 psi.  A photo of the system is shown in the following figure. 
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Figure 1 Reactor for mercury absorption testing. 
 
Subtask 3 
 

Experiments have been conducted at 400°F to compare mercury absorption on activated 
carbon as received and “super” activated carbon.  The “super” activated carbon was prepared by 
soaking the carbon in 6M nitric acid followed by neutralization and washing.  Each absorption 
experiment has been run for 16 hours of exposure time to the gasifier product stream.  The 
carbon samples were tested for mercury absorption by ICP hydride generation.  The results for 
mercury absorption are found in Table 1.  The two carbon samples which had been washed in 
nitric acid then exposed to the gasifier slipstream showed higher concentrations of mercury even 
at this elevated absorption temperature when compared to the as received activated carbon.  No 
experiments were conducted using sulfur activated carbon due to completion of the project 
budget. 
 
Sample ID Carbon type Mercury mg/kg 
1160-14-001 Untreated  0.078 
1160-17-001 Nitric washed 0.141 
1160-21-001 Nitric washed 0.096 
 
Table 2 Mercury Absorbed on Activated Carbon 
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CONCLUSIONS 
 

• The goal of Subtask 1 was to increase the working diameter of the fluidized bed from 4 
inches to seven inches.  This work was completed and the larger bed operates with 
improved throughput and increased syngas production. 

 
• In Subtask 2, a slipstream system was assembled to be used to test hydrogen separation, 

mercury absorption or other investigations in which a portion of the total syngas 
produced can be isolated, purified, heated and pressurized up to 125 psig.  This device 
was used successfully for the experiments in Subtask 3. 

 
• The goal of Subtask 3 was to test a “super” activated carbon at higher temperature to see 

if mercury absorption in the hot exit syngas of the gasifier was practical.  The 
experiments showed that while activated carbon removed some of the mercury in the 
slipstream, activated carbon treated by nitric acid absorbed more mercury at 400°F. 


