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¸ Coal-derived syngas contains a myriad of trace metal contaminants

Hg As Se Cd

(ppm) (ppm) (ppm) (ppm)

Pittsburg 0.11 4.1 0.6 0.06

Elkhorn/Hazard 0.13 4.0 3.1 0.31

Illinois No.6 0.22 2.7 2.2 0.15

Wyodak 0.19 1.3 1.6 0.30

Coal Type

Bool et al., 1997

Typical Metal Contaminants in Coal 

¸ Removal of trace metals is critical to control emissions from 
advanced power cycles that use coal-derived synthesis gas feed
¸ Mercury is singled-out for particular scrutiny because of its effects on 

humans and wildlife

¸ Removal of metal contaminants is also important for chemical 
manufacturing processes
¸ Arsenic is a potent catalyst poison
¸ Arsenic and phosphorous are identified as poisons for the nickel-based 

SOFC electrocatalysts

Introduction
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¸ The existing clean-up technologies based on physical adsorbents 

are limited to low temperatures

¸ The objective is to develop a sorbent-based for warm gas clean-up 

technology to remove of trace metal contaminants 

¸ For a GE gasifier with water quench, the dew point is ~245oC 

(480oF)

¸ Warm temperature gas cleaning has major benefits:

¸ Improves the efficiency of the power cycle

¸ Eliminate the need for any heat exchange equipment 

¸ Eliminate the difficulties processing the condensate

Warm Gas Clean-up
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Project Objectives
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¸ The objective is to demonstrate the efficacy of TDAôs trace metal 

removal process in the field using actual coal-derived synthesis gas

¸ Previously, in two SBIR Phase II projects TDA developed a chemical 

absorbent-based process to remove trace metal contaminants (including 

mercury, arsenic, selenium and cadmium) from coal-derived synthesis gas at 

high temperatures (500oF) in a single process step

¸ TDA demonstrated all key aspects of its technology in bench-scale tests

¸ TDA subcontracted Saint Gobain NorPro to produce a large batch of its 

sorbent to be used in support field tests

¸ In the NETL project, TDA built a test skid with 10,000 SCFH 

synthesis gas treatment capability to demonstrate the key aspects 

of its process

¸ This unit was used in two test campaigns at Power Systems 

Demonstration Facility, Wilsonville, AL and two test campaigns at 

the University of North Dakota Energy Environmental Research 

Center, Grand Forks, ND
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Sorbent Test Results - Hg
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¸ We showed very high 

removal efficiency and high 

capacity for Hg, AsH3, H2Se 

and sulfur under 

representative conditions

¸ We showed multi-

contaminant removal 

capability

¸ We demonstrated the 

expected effect of 

temperature on sorbent 

performance

¸ We showed regenerable 

operation capability of the 

sorbent for Hg

¸ We also showed the stability 

of other metals up to 450oC

Hg Inlet= 0.17 mg/m3, P= 5 psig, Simulated CO-rich 

syngas, GHSV= 68,000 h-1
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Sorbent Test Results - As
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 AsH3 breakthrough based on 99% removal

¸ In the presence of 4,800 ppmv sulfur, 
TDA sorbent had 2.89% wt. arsenic 
capacity at breakthrough

T= 245oC, P= 350 psig, AsH3 Inlet= 1.22 ppmv, H2S Inlet= 20-4,800 ppmv,     
GHSV= 180,000 to 600,000 h-1

0

5

10

15

20

25

30

35

40

45

50

0:00:00 24:00:00 48:00:00 72:00:00 96:00:00 120:00:00

Runtime, hrs

H
2
S

 C
o

n
c
e
n

tr
a
ti

o
n

, 
p

p
m

, 
A

s
H

3
 C

o
n

c
e
n

tr
a
ti

o
n

, 
p

p
b

H2S Conc.

AsH3 Conc.

AsH3 Inlet = 1.5 ppm

H2S Inlet = 20.0 ppm

GHSV = 600,000 h
-1

AsH3 Absorption Capacity = 26.34 %wt.

 
¸ In presence of 20 ppmv H2S, 7.1% wt. 

capacity was achieved (at breakthrough)

¸ Sorbent also achieved 8.5% wt.  
sulfur capacity
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TDA Field Test Unit
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¸ The field test unit was designed for 

10,000 SCFH syngas capacity

¸ Modified to handle 500 SCFH

¸ 100 times larger than bench-scale

¸ Three sorbent reactors used for 
operation at different temperatures

¸ Gas Flow Processing and 
Distribution
¸ Temperature control and heaters 
¸ Flow metering
¸ Pressure control

¸ Control and Monitoring System
¸ Opto 22 Control System allows 

stand-alone operation

¸ Analytical System

¸ Continuous Arsine monitoring 

with a Honeywell SPM Analyzer 

ï A built-in sulfur scrubber

¸ Hg CEMs by Ohio Lumex 

(CVAAS) and Process Sentinel



TDA
R e s e a r c h

Mercury Analysis
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0.5L sample bag Ohio Lumex Analyzer Ohio Lumex 

Analyzer
Tekran Analyzer

¸ TDA Hg Analyzers Used in Field 
Tests

¸ Process Sentinel QS Hg CEM

¸ Ohio Lumex Hg Analyzer

¸ The measurement results 
using bagged samples were 
confirmed with a more 
sensitive Tekran 3300 Hg 
CEM

Process Sentinel 

Analyzer
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TDA Field Test Unit
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¸ The system shown was designed for 10,000 SCFH synthesis gas
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Field Demonstration
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¸ In collaboration with Southern Company, we 

carried out a field demonstration using real 

coal-derived synthesis gas at their Power 

Systems Development Facility (PSDF) in 

Wilsonville, Alabama

¸ High sodium low-rank lignite coal was used 

in the demonstration

¸ To support field testing, TDA fabricated a 

skid-mounted prototype unit to demonstrate 

the operation of its multi-contaminant 

removal system

¸ 10,000 scfh gas processing capacity

¸ Stand-alone, all automated system

¸ P= 250 psig, T= 300oC

¸ Two test campaigns were carried out 
¸ The first one was completed in November 25, 2006

¸ The last one was completed on April 18, 2007
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UNDEERC Gasifier
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¸ Two test campaigns at UNDEERC

¸ SUFCo bituminous (May 2008)

¸ Oak Hills Lignite (June 2008)

¸ Specifications of EERC  

Transport reactor    

demonstration unit (TRDU)

¸ Coal feed rate= 400 lb/hr

¸ Syngas flow rate of 325 scfm 

(19,500 SCFH)

¸ Operating T= 980oC, P=125 psig

¸ Oxygen and air-firing capability

¸ Analytical capabilities

¸ CO, CO2, H2, H2O, HCs (on-line)

¸ Hg, H2S (on-line) 

¸ HCl, AsH3 (intermittent)
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Test Profile/ Second Demonstration at EERC
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¸ Two sorbent beds tested intermittently over the course of 5 days 

¸ Actual test duration was 80 hrs due to gasifier shutdowns

¸ Bed A (203 g sorbent) treated 12,723 SCF of syngas 

¸ Bed B (203 g sorbent) treated 9,751 SCF of syngas

Oxygen-blown
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Bed Temperature/Pressure Profiles
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¸ Temperature of Bed A was 

maintained 260oC (500oF) 

or higher in each cycle

¸ Lower temperatures at the 

beginning of each cycle 

due to heat losses after 

regeneration step (idling)

Pressure

Sorbent    

Bed Temp. 

Bed A - Regenerated

Bed B ïNot Regenerated ¸ Temperature of Bed B was 

maintained 210oC (420oF) 

or higher for the entire test 

duration

¸ Lower temperatures is 

selected to achieve higher 

Hg capacity
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1st Cycle Absorption-Regeneration 

Hg Profiles
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¸ Sorbent achieves over 99% Hg removal efficiency

¸ Due to long sampling lines to UNDEERC analyzers there is an extended 

decay in Hg concentration when the sorbent bed was online

¸ 6h absorption (260oC); less than 2 h regeneration (286oC)

¸ Good mass closure for Hg for the absorption-regeneration steps

¸ 92% of the absorbed Hg were accounted for during regeneration
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Hg Removal Over 4 Cycles
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¸ Same cycle is repeated 4 more times with the sorbent achieving 

over 95% Hg removal efficiency

¸ The sorbent regenerated after the 3rd cycle treated the synthesis 

gas generated in the oxygen-blown mode

¸ Hg concentration increased to 45-60 µg/m3 (from 30-35 µg/m3 in 

the air-blown mode)

Inlet Sorbent Bed Online

Oxygen-blown Air-blown


