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One of the main sources of clean energy in the next few decades
will still be the “dirty” fossil fuels
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BP, Energy Outlook 2035 [Online] available from <http://www.bp.com> (accessed Jan, 2015), 2014.
IEA, World Energy Outlook 2014 [Online] available from <http://www.worldenergyoutlook.org> (accessed Jan, 2015). 2014.
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Current Pollution Control Technologies in Practice

*Post-combustion: Wet (lime-scrubbing) flue gas desulfurization (wet-FGD) g
Selective catalytic reduction (SCR) of NO,
*Combustion process: Low NO, Combustion Technologies
Coal-fired boiler Heat exchanger Stack
Mercury Emission Steam generator I
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e Hg?*and Hg could be removed by the existing air pollution control devices (APCDs),
such as wet-FGD and ESP

» Hglis extremely difficult to be removed because it is highly volatile, insoluble in water.

sa1bojouyda] |0J43U0D UOoIIN||0d JO JuswdoaAap 9yl

* The injection of powdered activated carbon (PAC) has been commercially introduced in
the US for Hg® capture. However, it is of several drawbacks: additional capital
investment, relative high operating costs and secondary environmental pollutions, etc.
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Pollutant control ~ Resource
recovery

Novel
Materials

*Mercury removal in flue gas/process gas tt. 1 BEVE M X,
*Coal-fired power stations A/ HL |
*Coal-fired boilers#R AL A sm b
Petrochemical plantsfa AL 24T
*Fuel gas cleaning/t. G BEIBR IR S ik 14k
*Coking gasfE IS
enatural gas KRS,
*Shale gas Il A LS A LTI
*Mercury recovery [R SRS R B IR B I

*Recovery of mercury as resource during the regeneration of mercury capture

materialstiff 5275 W B A4 R AR 1) [F] B SEER R B YsA [RTiA
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1. Conventional reactor; 2.Temperature
controller; 3. Single mode microwave
reactor; 4. In-situ DRIFT;

5. He0 analyser: 6 Flue gas analyser:;

8. Hg® generator; 9. Exhaust gas treatment;
10. Blender; 11. Other gases cylinder; 14.
N, gas cylinder; 15 N, gas cylinder; 16.
Flowmeters; 17. AC filter;

18. Computer with data analysis software.

Schematic diagram of the experimental system

i R A4 Rk 57 226 AT PR DI R 4
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{ﬁﬁ%fﬁ Q éﬂ% Type IV isotherms:

wr w1 Capillary condensation
(NH4)eM070244H,0 Co(NO3)>6H,0 _
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Phases transformation N,-adsorption-desorption isotherms plots
Textual properties & BJH pore distribution
Surface Area Total Pore Average Macropores Mesopores Micropores
Sample (m2/a) Volume Pore Width (%) (%) (%)
(0] 0 0
(cm3/g) (nm)
Y-ALO, 188 0.49 10.3 6 88 6
CoMoO/y-Al0, 181 0.39 8.2 6 83 11
CoMoS/y-Al0, 177 0.37 8.2 6 83 11

(Cat.M. - y-Al203 supported metal oxide catalysts; Cat.S. — The catalysts with sulfurization; Cat.A.- the catalysts after around 7 h testing.)
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v M 2H 43
MoS,
0.0
Co 1.0 ’ M06+
0  400°C *7-Alz03 + CoM0Os + MoS, + CoS; 12001 Mo 3d 57 —a
0.8 :
10001
0.4 -~ ~
3 5
(ii] - S 800+
0.6 bt 2
il Z 5 600
0.8 § =
k= 400-
1'0|v|o
06 04 02 00 200+
Mole Fraction T T " T " T " T
[i] Co(s)+Mo(s)+MoS,(s)  [iii] CoS,(s)+Co,S,(s)+MoS,(s) 10 20 30 40 50 60 70 8 90 225 _23(_) 235 240
[ii] Co(s)+Co,S,(s)+MoS,(s) [iv] CoS,(s)+MoS,(s) 20 Binding energy (eV)
Phase diagram XRD analyses XPS spectra
Surface chemistry
Element concentration wt%
Sample/Product Al 2p 0 1s Mo 3d Co2p  S2p
Y'AI203 48.0 52-0 - - -
(a) CoMoO/y-Al,O; 43.1 46.2 9.7 1.0 -
(b)CoMoS/y-Al,O 42.2 42.0 9.6 1.2 5.0
(c) CoMoS*/y-Al,O, 43.7 43.0 8.6 1.2 3.5

XRD analyses of (i) y-Al203, (ii) Cat.M., (iii) Cat.S. and (iv) Cat.A.
XPS spectra (Mo 3d) of (a) CoMoO/y-Al203, (b) CoMoS/y-Al203, and (c) CoMoS#/y-Al203
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The layered MoS, nanosheets
(a) overall schematic structure, (b) (001) plane, (c) (100) plane, (d) (110) plane
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It is shown that P B v ik 45 SR 2R A1 -

**The Co-Mo-S sorbent exhibited excellent performance in the removal
of HgP at lower temperatures. M 551 E A (KR A i 1

**For 2000 min test, the removal efficiency remained at almost 100%
with a calculated HgP capture capacity of 45.31 pg/g. 30ug/m3f7K fE%

il R R IF HRe4Errini 200070 BH DL L.
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Hg® capture

R e i

Long-period evaluation

» During the 2000 h test, the amount of Hg® captured was 15 mg/g.
» To further understand the kinetics, the experimental data was analyzed by using the

Elovich model.
» The non-linear mathematical function fitted well with the experimental data.
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It is shown that Jit B3 14 It 45 SR AR BH -

**The regeneration temperature was found to be 200 ° C
SR 75 £E 200 ° CERY AT FAE P R B A

s*Elemental mercury can be recovered as a resource

PR A A TR A B R B A KT
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CVR — Chemical vapour reaction

IWI — Incipient wetness impregnation
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2D TMDC - Two dimensional transition metal dichalcogenide 1 — Removal efficiency

Graphical abstract: Haitao Zhao et al,,

B

Environmental Science & Technology, under review.

HAEYKER2 *ﬁﬁﬁﬂ%m”&ﬁﬁ I M ELH 4% v (1 201510870489.02 )
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O Graphene-like MoS, nanosheets containing materials were prepared and

characterised. M 50| & HRAL T A A s ) 4L S8 —m
HIMoS, R TEGNK JE AR S5

 These materials showed excellent mercury removal capability at low

temperatures. W BV PRI A SRR WY, b A 771 B A Il e v Pt A v 1 5

L These materials can be regenerated at 200° C with the potential to recover

mercury as a resource. JiFiETENIASE RK, B FE57E200° Cm] A4
MEBE B, T AR R BT R RIS R IR R RV 1T

O Further study is need to explore the potential of these materials for commercial

uses in the cleaning of a variety of gases. H. A5 91K JZIKMoS, 45 1) 11 B 71 v 1E
NERR SRR @1’%7&%5?*?*41&@1& WK
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