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Adsorption performance of semi-coke
modified by KMnO, solution for gas-phase Hg’ in flue gas
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(College of Chemical and Environmental Engineering ,Shandong University of Science and Technology, Qingdao 266590, China)

Abstract: In an attempt to develop a novel and more effective sorbent with low-cost for the removal of gas-
phase Hg’ from flue gas, the adsorption performance of semi-coke and KMnO, solution-modified semi-coke for
gas-phase Hg’ was investigated with a bench-scale fixed-bed reactor system. The experimental results suggest that
the adsorption performance of semi-coke is good at low temperature but weak at higher temperature. The semi-
cokes impregnated by KMnO, solution have excellent adsorption performance for gas-phase Hg’ at 140 C, and
can be further enhanced by heating the impregnated samples at 250 C. The BET analysis shows that the semi-
coke has rich micro-pores but become poor after modification. The XPS results indicates that the adsorbed
mercury on the surface of the modified semi-coke samples mainly exists in oxidation state ( Hg**) and these
compounds (KMnO, , K,MnO, and MnO, ) play a key role in the oxidation reaction of gas-phase Hg’.
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Figure 1

Experimental device for adsorption of gas-phase Hg’

1: nitrogen gas cylinder; 2,3 rotameter; 4,9. U-tube; 5. water bath pot; 6. mercury permeation tube; 7. buffer bottle;

8. oil bath pot; 10:adsorbent sample; 11 flue gas mercury analyzer; 12 :tail gas absorption; 13 ~16. triple valve
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Table 1 Proximate and ultimate analyses of semi-coke
Proximate analysis w,,/% Ultimate analysis w,,/ %
M A 14 FC C H (¢ N S
2.60 24.26 7.46 65.87 66.93 1.47 3.30 1.22 0.22

% 2 SC, MSC1 5 HMSC1 ) BET
L RERFFLE D
Table 2 BET surface area and pore structure
analysis of SC, MSC1 and HMSC1

Surface area  Pore volume  Average pore

Sample y N
A/ (m -g7) v/ (cm’-g™) d/ nm
SC 84.20 0.107 2.55
MSC1 32.21 0.071 4.40
HMSC1 65.49 0.120 3.67
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Figure 2 BJH Pore volume distribution
of SC, MSC1 and HMSC1
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Figure 3 Gas-phase Hg’ adsorption performance
of SC at different temperature
m:30C; @ 60C; a;:100C; v: 140 C
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Figure 4 Effect of KMnO, solution concentration

on the adsorption performance of MSC
v: 0 mol/L; @: 0.01 mol/L;
m: 0.03 mol/L; a: 0.06 mol/L; . 0.08 mol/L
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Table 3  Distribution of different forms of Mn on the surface of MSC1, HMSC1, MSC1-Hg and HMSC1-Hg

Atomic ratio /%

Sample Average valence A
Mn** Mn™* Mn** Mn®* Mn’*
MSC1 21.14 30.15 24.77 9.15 3.85
HMSC1 21.79 39.55 29.86 14.79 3.34
MSC1-Hg 25.23 44.20 30.56 8.80 3.05
HMSC1-Hg 25.56 47.64 26.80 3.01
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