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MERCURY EMISSIONS REGULATIONS

= Mercury is a cumulative poison - causes kidney and brain damage

= USA - Clean Air Mercury Rule (CAMR)
cap & reduce mercury emissions from coal-fired power plants (2005)
» 1st phase cap of 38 tpy effective in 2010
» 2nd phase cap of 15 tpy effective in 2018

= Emission limits proposed by the US EPA (2005) — based on gross
energy output

» Bituminous units: 9.5 kg/TWh [had the highest limits]

= Canada Wide Standard
» Bituminous units: 3 kg/TWh

= UK - No specific regulations yet for coal-fired power plants, however
mercury emissions from the plants will be monitored
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POSSIBLE COST EFFECTIVE METHOD OF
MERCURY CAPTURE

= Based around current emission control systems

= Possible method
» Inject sorbent before particulate control device
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* |dentification and sourcing of suitable sorbents

= Characterisation of promising sorbents
» SEM
»BET
» TGA

= Hg retention capability
» Adsorption temperature
» flue gas composition [e.g. HCl and SO,]
» Hg speciation

= Measurement of leaching stability of Hg from
spent sorbent



fohdon %% SORBENTS TESTED

= Commercial sorbents
» Norit Darco Hg™
» Norit Darco Hg-LH™

= Scrap tyre rubber
» Tyre rubber charcoal
» Tyre rubber activated carbon —steam activation
» Tyre rubber activated carbon — Bromine impregnation

= Sewage sludge
» Sewage sludge charcoal
» Sewage sludge AC — bromine impregnation

= Coal fly ash — UK power plants (8 ashes)
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MAKING SORBENTS FROM SCRAP
TYRE & SEWAGE SLUDGE

Char from scrap tyre pyrolysis
> Pyrolysis temperature = 700°C

Gas
treatment
system

Distilled water 85 cm (approx.)

= Activated Carbon from scrap tyre o Hot box
> A t t i ¢ 9250C Peristaltic pump g l
ctivation temperature = / Reaction\
P O === =~
= Char from DEMAD sewage sludge ,, Siicagel i
supply : ﬂ Water  Thermocouple

Flowmeter

> Pyrolysis temperature = 600°C

Electric  injector
motor

Bromine impregnated activated carbon from scrap tyre rubber and sewage
sludge
> Pyrolysis temperature = 600°C

Particle size between 38 — 75 um
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-onden BET SURFACE AREA & MICROPORE VOLUME

Sorbent BET surface | Micropore volume
area (m?/q) (mm?3/g)

Norit Darco Hg™ 660 169
Norit Darco Hg-LH™ 335 61
Fly ash 1-15 0.2-2
Tyre charcoal 76 1
Tyre AC -steam 249 67
Tyre AC -bromine 97 3
Sewage sludge charcoal 53 10
Sewage sludge AC -bromine 700 147
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london ~ ASH AND ELEMENTAL ANALYSIS
Sorbent Ash C N O H S Cl Br
Norit Darco Hg™ 10 77 0.6 4 0.2 0.4 0.03 | <100 ppm
Norit Darco Hg-LH™ 27 58 0.4 6 0.3 1.1 0.03 3.05
Fly ash D 92 7 0.2 <0.1| <0.05 0.3 0.02 | <100 ppm
Tyre charcoal 13 83 0.3 <0.1 0.3 3 0.03 510 ppm
Tyre AC — steam 13 83 04| <0.1 0.1 3 0.01 NA2
Tyre AC — bromine 4 90 0.3 3.0 0.2 0.8 0.01 1.08
Sewage sludge charcoal 71 23 25| <0.1 0.7 1.0 0.06 0.01
Sewage sludge -bromine 32 47 4.6 7.8 0.9 1.9 0.01 2.09
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* [norganic species in fly ash
agglomerated into spherical globules

= Wurtzite (ZnS) in sorbents from scrap
tyre rubber — not part of the carbon
matrix
= Bromine presence on the impregnated Sewage Sludge AC R
PAC confirmed '
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SIMULATED FLUE GAS

Harworth coal

Constituent | Concentration Volume ﬂ[(r)nv}l/rﬁtne] (at NTP)

Hg” 3.5 ppb, 1.3x10°7
O2 6% 2
(:C)Z 12% 5
>0, 1800 ppm, 7x102
HC 200 ppm, 7x103
NO 490 ppm, 2x102
NO, 17 ppm, 6x104
N 75% 28 mL/min

Total 100% 37
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LOW TEMPERATURFE HG CAPTURE REACTOR

London

«—— Electric Heater

Kaowool Felt Disc

W)

150 °C

Test Temperature

29 ng/L

Hg concentration

Experimental time = 60 min

Sorbent mass

20 mg

Fixed Sorbent Bed
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Flue gas to backup
capture unit

Thermocouple Well
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EXPERIMENTAL SCHEME [Gas scheme -6]

To atmosphere

|

To atmosphere

A

To atmosphere

A

To atmosphere | FM-1 @
R Ve FM -8
V1
FM -2 — <+ Sorbent Reactor Amalgamator
V2 V9
PSA Cavkit
r— =1 - /1 -
[ I
: MFC -1| |MFC -2 :
FM -4 FM -5 FM -6 FM -7
V4 V5 V6 V7
B FM -3
V3
_ Cylinder 2 Cylinder 3 Cylinder4  cylinder 5
Cylinder 1 Moisture Generator  HCI 1466 ppmv NO 3600 ppmv SOZ2 13200 ppmv 2
N2 N2 remainder NO2 124 ppmv CO2 90%

N2 remainder

N2 remainder
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Kalien BENCH SCALE SORBENT TESTING SYSTEM

FM5 FMB FM7 - Il
o B
{
1

/ By-pass ball valve

FM4

Reactor for testir;a
sorbents

I
| PTFE I|ned pump | o



Imperial College

London

Mercury Capture Efficiency (%)

HG CAPTURE - TEMPERATURE

Gas scheme = Exp. 1

100 -

80

60 -

40

20 -

100 C

Sample mass =100 mg

150 C
Test Temperature (Deg. C)

Hold time = 60 min

175C

[ INorit Darco Hg™
B Fly ash D
B Fly ash F
B Tyre char
I Tyre AC - steam

200 C



Mobean % NG CAPTURE — TEMPERATURE

Gas scheme = Exp. 2 [ Norit Darco Hg"
B Fly ash D

A Tyre char
I Tyre AC -steam

100 C 150 C 175 C 200 C
Test Temperature (°C)

100 A

80 -

60

40 -

Mercury Capture Efficiency (%)

20

Sample mass = 100 mg
Norit Darco HgTM - test duration = 60 min. All other sorbents - test duration = 30 min.



mperial Colege - HG CAPTURE — WITH SCHEME -1

London
100 —

] ®m  Norit Darco Hg ™"
90 - ® Tyrechar
A Tyre AC - steam

Tyre char
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Mercury Capture Efficiency (%)
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Hold Time (mintues)
Note - sample mass = 100 mg Test Temperature = 150°C
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London HG CAPTURE -EXP.1 TO EXP. 5

[ 1 Norit Darco Hg"" [ 1 FlyashD
B Tyre char N Tyre AC - steam
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Note - Fly ash D was not tested with gas scheme Exp.4
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London HG CAPTURE -EXP.1 TO EXP. 6

[ lFlyashD I Fly ash E [ Norit Darco Hg™
1l ] Tyre char [ ITyre AC - steam

100 - I — — =

80 - 11 L

60

40 %

20 -

| | |
Exp 1l Exp 2 Exp 3 Exp 5 Exp 6

m Capture efficiency of Fly ash D calculated using expected 64ng input |

Note - sample mass = 20 mg

Mercury Capture Efficiency (%)
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tondon  HG CAPTURE - INITIAL EXPOSURE TO NO,

[ Gas scheme Exp. 1 [l Gas scheme Exp. 2
110 | [ Initial exposure to NO,

Mercury Capture Efficiency (%)

Norit Darco Hg Tyre char Tyre AC - steam

Sample mass = 100 mg Test temperature = 150°C
Hold time = 60 min.
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tondon  HG CAPTURE — INITIAL EXPOSURE TO HCL

[ JGasscheme Exp.1 [ ]Gas scheme Exp. 3
110 - [ Initial exposure to HCI
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Norit Darco Hg Tyre char Tyre AC - steam

Sample mass = 100 mg Test temperature = 150°C
Hold time = 60 min.
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Percentage of mercury that was desorbed
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Gas scheme = Exp. 1
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Gas scheme = Exp. 6 100
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FLY ASH FROM UK PLANTS

®  Mercury capture efficiency
For mercury capture efficiency

A |nitial mercury concentration
e For initial mercury concentration

4 6 8 10 12 14 16 18
Loss on Ignition (LOI) (%)

Initial Hg concentration (ppm)
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LEACHING TESTS - EXP. 1

I Hg concentration in leachate

[ Percentage of Hg leached from the sorbent

US EPA — Safe Drinking Water Act =2 ng/mL
LDR Limit = 25 ng/mL B

3.0

Percentage of total Hg leached from

the sorbent (%)
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Hg concentration in leachate (ng/mL)
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LEACHING TESTS — EXP. 5

I Hg concentration in leachate
[ Percentage of Hg leached from the sorbent

| US EPA - Safe Drinking Water Act = 2 ng/mL
LDR Limit =25 ng/mL

4.0

3.5

Percentage of total Hg leached

from the sorbent



lodon o CONCLUSIONS

= Brominated sorbents ~ 100% effective when gas scheme —
Exp. 1 is used.

» Needed less than 5% the mass of Norit Darco Hg™

= Sorbents without Br impregnation (except the fly ash)
» Efficiency increased with NOX or HCI

= Tests with Exp. 1. Physically adsorbed - steam PAC
Chemical bond — Tyre pyrolysis char
= Test with Exp. 5 — Strong chemical bond
probably due to HCI

= Hg capture on fly ash related to LOI
» LOIl >17% needed to equal Br impregnated sorbents

= TCLP leaching test showed very little mercury is leached
» Hg conc. in leachate < EPA safe limit for drinking water
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= Norit Darco Hg™ substitute
»Steam activated PAC from scrap tyre rubber

= Norit Darco Hg-LH™ substitute

»Bromide impregnated PAC from scrap tyre
rubber
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" RECOMMENDATIONS FOR
FUTURE WORK

= Test with SO,

»Might consume active sites which would
have adsorbed mercury

= Entrained flow reactor

» Difficult to correlate bench scale fixed bed
results with full-scale field tests

» Entrained flow reactor results in USA have
had better correlations with full-scale tests
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