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SCOPE 
To help reduce the cost of Hg capture, a number of 
low-cost carbons are being investigated, including 
activated tyre char, PFA carbons and gasification 
residues.  

Breakthrough capacities reported in fixed-bed 
screening tests for these materials in relation to 
those for commercial active carbons, including Norit
FGD and the extent to which breakthrough 
capacities can be improved by MnO2 impregnation. 

Results for proprietary high capacity adsorbents will 
also be presented. 
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BACKGROUND TO Hg CAPTURE
A combination of ESP, SCR, wet FGD is effective for removing 
appreciable levels of Hg (ca. >80%) in PF combustion of 
bituminous coals since the major portion of the Hg, aided by 
SCR, is oxidised to Hg(II).  
However, without this combination, direct injection of effective
sorbents into flue gases is required to achieve appreciable 
retention levels - otherwise, Hg(0) remains predominantly in 
gaseous form.
The need for developing improved sorbents is highlighted by 
current cost of Hg control via injection of activated carbon.
High mass ratios of C:Hg have been required in injection trials 
(5,000 to 100,000:1) with the benefits of improved sorbents
requiring a small particle size range (average of ca. 5 μm).
Carbon has adverse effect on the sale of fly ash for cement 
replacement in concrete. 
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ACTIVE CARBON ADSORBENTS FOR Hg
• The adsorption of Hg species from flue gases by activated 
carbons is complex - depends on temperature , Hg forms and 
concentration, adsorbent characteristics and flue gas components, 
such as HCl, SO2 and NOx which may co-adsorb and influence the 
removal of mercury species.  

• For Hg(0), sulphur, chlorine, bromine and iodine impregnated 
activated carbons are effective options for chemical adsorption.

• The oxidative capture of Hg is well documented in aqueous 
solution.  Permanganate in acidic solution is generally used for
trapping Hg and MnO2 has been used for collecting mercury from 
air, but only as an analytical procedure.  

• Granite et al. (Ind. Eng. Chem. Res. 39, 1020-102, 2000 ) have 
compared a range of adsorbents for Hg capture, including MnO2
supported on alumina.  
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Adsorbents investigated

Activated tyre char

PFA carbons

Gasification residues

High capacity MnO2-based sorbents, 

- probably most suited for gasification

Manganese oxide addition used as one of the many 
pretreatments possible (along with S, halogens etc.)



Nottingham Fuel & Energy Centre

CCT2005

Arrangement of gas flow paths through the rig
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Vapour generators      Mass flow controller   Sample tube
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Hg test facility for screening adsorbents
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Current version of the test rig

• sorbent bed 50 mm long x 6 mm diameter

• saturated Hg vapour in 80ml/min N2 flow through 
adsorption tube (controlled by mass flow controller) 

• vapour generators maintained at 30 – 31°C

• sorbent tube and all downstream pipework at 35°C

Facility being modified for studying Hg adsorption at 
higher temperatures (e.g. 300°C) or the effects of 
acid gas species, moisture and oxygen on sorbent
behaviour.
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Before breakthrough Following breakthrough

C V3 open for 90 s  - tube outlet Hg signal

B V1 open for 90 s  - nitrogen (‘zero’ gas) signal

A V2 open for 240 s  - tube inlet signal

Breakthrough starting
Time

A B C A B C
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Modifications to adsorption rig
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Ratio of 
sorbent to 
sand (by 
volume)

% of 
sorbent in 
bed (by 
volume)

Mass of 
sorbent 

705/1     g

Break- 
through 
time h

Mass 
loading 
of Hg 
mg/g

1 : 7 12.5 0.16 1.45 1.44
1 : 5 16.7 0.21 12.60 10
1 : 3 25 0.32 49.00 19.5
1 : 1 50 0.62 98.60 24.9

- 100 1.23 233.00 33.8
Breakthrough time vs. mass sorbent 

y = 212.81x - 29.179
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Mass loading of Hg  vs. volume % sorbent in bed 
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Effect of sorbent
dilution on mass 

loading and 
breakthrough time

Standard conditions:

Bed dimensions 5 cm x 6 
mm   Hg inlet concn. ca. 
34 mg/nm3            

N2 carrier flow 80 ml/min 

Sorbent temperature 35°C
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Test 
No. Sorbent, sized as shown, diluted with sand

Volume 
Ratio of 
sorbent 

to diluent

Mass 
diluent g

Mass 
sorbent g

Break- 
through 
time h

Break- 
through 

mass 
loading 

mg/g

HG104 Fisher gas adsorption carbon,  75 < d <250 µm 1 : 1 1.00 0.25 0.63 0.45

HG106 Picazene AC,  75 < d <250 µm 1 : 1 1.00 0.25 2.25 1.44

HG132 Norit-Darco FGD activated carbon,  98% <45µm 1 : 3 1.65 0.14 0.56 0.68

HG131 Norit-Darco FGD activated carbon,  98% <45µm 1 : 1 1.10 0.28 1.1 0.64

COMPARISON OF MERCURY UPTAKE 
FOR SOME COMMERCIAL ACs

The breakthrough capacities are broadly similar to the equilibrium 
adsorption capacities reported by Granite et al. (Ind. Eng. Chem. 
Res. 39, 1020-102, 2000. ) for unmodified active carbons at much 
lower partial pressures. 
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Test 
No. Sorbent, sized 75 < d <250 µm, undiluted Mass 

sorbent g

Break- 
through 
time h

Break- 
through 

mass 
loading 

mg/g

HG137 High Marnham PFA (HM-PFA) - no impregnation 0.44 < 0.1 0.01

HG144 HM-PFA + 1.8% KMnO4 impregnation, dried 0.45 0.13 0.04

HG142 HM-PFA + 1.8% KMnO4 impregnation, at 10% moisture 0.34* 0.4 0.18

HG143 HM-PFA + 1.8% KMnO4 impregnation, at 23% moisture 0.36* 0.75 0.34

*   -   dry mass

COMPARISON OF PFA-BASED 
ADSORBENTS

mg/g

PFA by itself, generally poor for Hg uptake.

The results demonstrate efficacy of KMnO4 when 
sufficient moisture is available to facilitate the 
reaction:
4MnO4

- + 2H2O + Hg(0) -> MnO2 + 4OH- + 2HgO
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COMPARISON OF TYRE-CHAR-BASED 
ADSORBENTS

Test No. Sorbent
Mass 

sorbent 
g

Break- 
through 
time h

Break- 
through 

mass 
loading 
mg/g

HG146 UTC  - Unactivated tyre char, 250µm > d > 75µm 0.72 0.32 0.07
HG145 UTC + 1.8% KMnO4 impregnation, at ca 15% moisture 0.71* 0.5 0.13

*   -   Dry mass of sorbent
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COMPARISON OF  ACTIVATED TYRE-CHAR-
BASED ADSORBENTS

Test 
No. Sorbent, sized 75 < d <250 µm, undiluted Mass 

sorbent g

Break- 
through 
time h

Break- 
through 

mass 
loading 

mg/g

HG136 Tyre char T801 (steam actv'd, 2.5h, 850°C),  BET-SA = 200m2/g 0.58 0.93 0.22

HG146 Unactivated tyre char (UTC)

HG145 UTC  + 1.8% KMnO4 impregnation, at ca 19% moisture

HG139 Tyre char T511,  (steam actv'd, 4h, 900°C),  BET-SA = 519m2/g 0.52 0.83 0.25

HG141 T511 + 1.8% KMnO4 impregnation, dried at 200°C 0.55 0.88 0.27

HG140 T511 + 1.8% KMnO4 impregnation, at ca. 28% moisture 0.54* 1.44 0.43

*   -   dry mass
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MnO2 addition fails to improve the breakthrough, possibly due to 
other mechanisms dominating, for example, trapping promoted by the 
zinc sulphide known to be present. 
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COMPARISON OF CFB 
GASIFIER CHARS

Sorbent (all undiluted) Mass 
sorbent g

Break- 
through 
time h

Break- 
through 

mass 
loading 

mg/g

Norit-Darco FGD carbon 0.56 2.3 0.67

ECN Petten CFB gasifier char - wood waste feedstock, test 1 0.38 0.51 † 0.21
ECN Petten CFB gasifier char - wood waste feedstock, test 2 0.46 1.64 0.56

ECN Petten CFB gasifier char - paper waste feedstock, K710 0.59 5.25 1.6
ECN Petten CFB gasifier char - paper waste feedstock, K760 0.61 8.5 2.13
ECN Petten CFB gasifier char - paper waste feedstock, K810 0.62 4.8 1.19
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Superior uptakes to Norit 
FGD, especially when 
particle size is considered.
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Effect of particle size on 
Hg uptake

CFB gasification char –paper 
waste

Standard conditions

Bed dimensions 5 cm x 6 mm   

Hg inlet concn ca.34 mg/nm3            

N2 carrier flow 80 ml/min 

Sorbent temperature 35°C

Breakthrough time vs. mass sorbent 
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COMPARISON OF 
HIGH CONTENT MnO2-
BASED ADSORBENTS

Sorbent (in each case diluted 1 : 3 by volume with sand)
Mass  sorbent g Break-

through 
time h

Break-
through 
mass 

loading 
mg/g

A – HG130 0.32 49 19.5
B- HG133 0.25 76 47.9
C- HG181 0.29 212 170

0.30 > 120 > 90
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D

Order of magnitude better 
performance.

Cost means more suited to 
fixed-bed operation.
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Conclusions

The results demonstrate that low-cost carbons, based on 
PFA, gasification and tyre chars have the potential to give 
comparable of better performances than commercial 
activated carbons for Hg capture in PF combustion.  
Apart from MnO2 which facilitates the oxidation of Hg(0) to 
HgO, more research is needed to understand the dominant 
mechanisms operating for the different carbons (e.g. the 
gasification chars). 
High MnO2 content adsorbents give performances between 
one and to orders of magnitude better than carbons. 
Direct injection tests will commence shortly on 0.2 MWth test 
facility at E.ON UK.


