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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 agency thereof, nor 
any of their employees, makes any warranty, express 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 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 its 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 

This is a Technical Report under a program funded by the Department of Energy’s 
National Energy Technology Laboratory (NETL) to obtain the necessary information to 
assess the viability of lower cost alternatives to commercially available activated carbon 
for mercury control in coal-fired utilities. 

Novel sorbent evaluations at We Energies’ Pleasant Prairie Power Plant (P4) Unit 1 (no 
SCR in place) have been completed.  Nineteen sorbents were evaluated for mercury 
control.  A batch injection rate of 1 lb/Mmacf for 1 hour was conducted for screening 
purposes at a temperature of 300o F.  Four sorbents were further evaluated at three 
injection rates and two temperatures.   

The multi-pollutant control test system (PoCT) was installed on P4’s Unit 2 (with an 
SCR) and sorbent evaluations are continuing.  Evaluations will continue through the end 
of January 2004. 

Tests and analysis on samples from Powerton and Valley to yield waste characterization 
results for the COHPAC long-term tests are continuing.   

A no-cost time extension for work to be completed by March 31, 2004 was granted by 
DOE/NETL.
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Introduction 
This program is funded by the Department of Energy’s National Energy Technology 
Laboratory (NETL) to obtain the necessary information to assess the viability of lower 
cost alternatives to commercially available activated carbon for mercury control in coal-
fired utilities.  During this reporting period, novel sorbents for mercury control 
evaluations were performed at We Energies’ Pleasant Prairie Power Plant (P4) Units 1 
and 2.     

Executive Summary 
Novel sorbent evaluations for mercury control at P4’s Unit 1 (no SCR in place) have 
been completed.  Nineteen sorbents were identified for sorbent screening.  Sorbents 
included experimental sorbents produced from biomass, combustion byproduct, oil soot, 
waste tires, silicate material, zeolite material, and carbon produced from lignite coal.  An 
iodine-impregnated sorbent was evaluated to assess the effectiveness of treated sorbents 
compared to untreated sorbents.  Norit America’s Darco FGDTM carbon was tested as the 
benchmark sorbent.  The sorbents evaluated are shown in Appendix A. 

During the first week of testing, injection screening tests were conducted at a single batch 
injection rate (equivalent to 1 lb/Mmacf for 1 hour) and temperature (300oF) using the 
EPRI’s multi-Pollutant Control Test system (PoCT) system configured as a COHPAC 
baghouse. The batch injection rate is equivalent to 1.09 grams of sorbent batch injected 
into the system at two equal quantities (0.545 grams) at four minutes apart.  The mercury 
removal was measured across a Teflon-coated woven fiberglass bag.  Four sorbents 
(FGD, A6, CR325A, and LAC) removed greater than 90% of the inlet mercury.  Twelve 
sorbents removed greater than 60% but less than 90% of the inlet mercury.  Two sorbents 
removed less than 50% (FA1 and MG-20).  The TDAC sorbent was not further evaluated 
after a 58% removal was observed earlier at 2 lb/Mmacf.  The iodine- impregnated 
carbon (IAC) was also evaluated at 0.5 lb/Mmacf with a result of 70% mercury removal. 

Following the screening tests, the performance of the three most promising novel 
sorbents (AMS, A6, and CR325D) and FGD were characterized by varying the batch 
injection concentration and the operating gas temperature of the COHPAC baghouse.  
The most promising sorbents were chosen based upon performance, novel idea, and cost.  
Cost estimates for the experimental sorbents, as provided by the developers, are at least 
25% less than the cost of commercially available FGD.  Both the A6 and AMS were 
chosen for testing at P4 because the sorbents, according to the suppliers, would not affect 
fly ash sales. 

Performance of three sorbents (FGD, A6, and CR325D) was comparable, with mercury 
removals ranging from 81% to 98% depending on the injection concentration (0.5 to 2 
lb/Mmacf). The AMS sorbent removed 58% of the mercury at an injection rate of 2 
lb/Mmacf.   The effect of temperature on mercury removal was also evaluated during the 
parametric tests.  The impact of increasing the temperature from 280oF to 350oF 
decreased the mercury removal for three of the sorbents (FGD, A6, CR325D), ranging 
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from 52% to 89% depending on the injection rate.  At an injection rate of 0.5 lb/Mmacf, 
the AMS removed 11% of the incoming mercury.  

Sorbent screening evaluations are continuing on P4’s Unit 2.  Unit 2 has an SCR installed 
and We Energies activated and began evaluating the ammonia injection pumps on Dec 
10th.  Prior to the SCR being operational, FGD, A6, AMS, and CR325D were evaluated 
at a batch injection of 1 lb/Mmacf for 1 hour to get a pre-baseline mercury removal.  The 
mercury removal at Unit 2 was comparable for that at Unit 1 for all four sorbents.  
Further evaluations will occur in 2004 with the SCR fully operational. 

Experimental 
Slipstream sorbent injection tests were conducted at P4, Units 1 (no SCR) and 2 (with 
SCR, before and after ammonia injection).  Nineteen sorbents were evaluated on Unit 1. 
Injection testing was conducted using EPRI’s PoCT system configured as a COHPAC 
baghouse.  Mercury removal across the slipstream injection device was measured with 
and without sorbent injection.   

1. Screening.  Each available sorbent was batch injected at an equivalent 
concentration of 1 lb/Mmacf for 1 hour.  The batch injection rate is equivalent to 
1.09 grams of sorbent batch injected into the system at two equal quantities (0.545 
grams) four minutes apart.   

2. Parametric. The three most-promising sorbents from screening and economic 
criteria were evaluated at three batch injection rates (0.5, 1, and 2 lb/Mmacf for 1 
hour) and two gas temperatures (280oF and 350oF).  FGD was also evaluated for a 
benchmark comparison. 

Results and Discussion 
Sorbent screening on P4’s Unit 1 began on November 3 and concluded on November 13, 
2003.  Nineteen sorbents were identified for sorbent screening.  Norit America’s Darco 
FGDTM carbon was tested as the benchmark sorbent.  The sorbents evaluated are shown in 
Appendix A. 

Injection screening was conducted at a single batch injection rate (equivalent to 1 
lb/Mmacf for 1 hour) and temperature (300oF).  Four sorbents (FGD, A6, CR325A, and 
LAC) removed greater than 90% of the inlet mercury.  Twelve sorbents removed greater 
than 60% but less than 90% of the inlet mercury.  Two sorbents removed less than 50% 
(FA1 and MG-20).  The TDAC sorbent was not further evaluated after a 58% removal 
was observed earlier at 2 lb/Mmacf. The iodine-impregnated carbon (IAC) was also 
evaluated at 0.5 lb/Mmacf with a result of 70% mercury removal.  Mercury removals for 
all sorbents evaluated are presented in Figure 1. 

To get an idea of sorbent capacity, total recovery time (time to reach baseline 
concentration), and the time to reach 50% of baseline concentration were calculated and 
are presented in Table 1. 
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Figure 1.  Results from sorbent screening at P4’s Unit 1.  Injection concentration = 1 
lb/Mmacf for 1 hour. 

 

Table 1.  Novel Sorbent Recovery Times as Evaluated at P4, Unit 1. 

Sorbent Time @ 50% 
recovery (minutes) 

Total Recovery Time 
(minutes) 

FGD 24 42 
CFA 18 36 
CR325D 17 41 
CR325A 25 44 
Sample 1 12 46 
Sample 2 12 32 
Thief 2 10 
UMI-FG9B 11 19 
AMS 18 41 
HOK 7 24 
PRA 58 6 21 
MC-40 12 21 
CS80 4 32 
LAC 31 87 
A5 12 32 
A6 26 57 

 

Following the sorbent screening evaluations, the performance of the three most promising 
novel sorbents (AMS, A6, and CR325D) and FGD were characterized by varying the 
batch injection concentration rates (0.5, 1, and 2 lb/Mmacf for 1 hour) and flue gas 
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temperature (280oF and 350oF).  The most promising sorbents were chosen based upon 
performance, novel idea, and cost.  Cost estimates for the experimental sorbents, as 
provided by the developers, are at least 25% less than the cost of commercially available 
FGD.  Both the A6 and AMS were chosen for testing at P4 because the sorbents, 
according to the suppliers, would not affect fly ash sales. 

As shown in Figure 2, performance of three sorbents (FGD, A6, and CR325D) was 
comparable, with mercury removals ranging from 81% to 98% depending on the 
injection concentration (0.5 to 2 lb/Mmacf). The AMS sorbent removed 58% of the 
mercury at an injection rate of 2 lb/Mmacf.   The effect of gas temperature on mercury 
removal was also evaluated during the parametric tests.  The impact of increasing the gas 
temperature from 280oF to 350oF decreased the mercury removal for three of the sorbents 
(FGD, A6, CR325D) ranging from 52% to 89% depending on the injection rate.  At an 
injection rate of 0.5 lb/Mmacf, the AMS removed 11% of the incoming mercury.  
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Figure 2.  Parametric sorbent evaluations on P4’s Unit 1.  
 

Sorbent screening evaluations are continuing on P4’s Unit 2. Unit 2 has an SCR installed 
and We Energies was evaluating the ammonia injection pumps on Dec 10th.  Prior to the 
SCR being operational, FGD, A6, AMS, and CR325D were evaluated at a batch injection 
of 1 lb/Mmacf for 1 hour to get a baseline mercury removal.  Further evaluations will 
occur in 2004 with the SCR fully operational. 
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Conclusions 
Nineteen sorbents were evaluated at P4’s Unit 1 during 22 days of testing to assess 
effectiveness of low cost novel sorbents for mercury control at plants burning a 
subbituminous coal.  Data analysis is continuing.  Initial results indicate: 

• Screening results demonstrated four sorbents (FGD, A6, CR325A, and LAC) 
removed mercury at greater than 90%.  Twelve sorbents removed greater than 
60% but less than 90% of the inlet mercury.  Two sorbents removed less than 
50% (FA1 and MG-20).  These tests were conducted at a gas temperature of 
300oF and a batch injection of 1 lb/Mmacf for 1 hour. 

• The performance of the AMS was 71% mercury removal at 1 lb/Mmacf 
during screening. 

• During parametric evaluations on Unit 1, sorbents A6 and CR325D had 
comparable results to that of FGD. 

• There was a decrease in performance for all sorbents when the gas 
temperature was increased from 280oF to 350oF.  

• Sorbent screening (FGD, A6, CR325D, and AMS) results were similar on 
Unit 2 (without SCR system being operational) as on Unit 1. 

• Ongoing tests and analysis on Powerton and Valley ash samples will yield 
waste characterization results for the COHPAC long-term tests.
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Appendix A 

 

Vendor Sorbent Description 

Sorbent Technologies A6, A5 Activated carbon-based, 15 um 

Carbochem MC-40, MG-20 Coal-based, no added chemicals, 325 
mesh 

ISGS LAC Lignite activated 

ISGS CFA Corn char, 15 um 

ISGS CS80 Soot, 6.2 um 

Barneby Sutcliffe IAC Coconut shell-based, 25 um 

Amended Silicates LLC AMS Amended silicates (CL-EA-X004) 

Norit America FGD Lignite coal-based, 18 um 

Penn State University FA1 Modified unburned carbon, 37-75 um 

CR325A Low density coal Carbon Resources 

CR325D Bamboo-based 

United Manufacturing  UMI-FG9B Bituminous coal-based, charred and 
activated, 200-325 mesh 

Superior Adsorbents Sample 1 and 2 Activated carbon, treated, 325 mesh 

DOE/NETL Thief Combustion byproduct 

DESOREX  HOK300S Lignite coal-based, 19 um 

Praxair PRA58 Zeolite-based, 400 mesh 
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