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Reaction mechanism of mercury removal by cobalt-based oxygen
carrier for chemical looping combustion
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Abstract: Mercury removal during chemical looping combustion for coal is important in reducing
elemental mercury emission. However, the oxidation mechanism of elemental mercury by oxygen
carriers is still unclear. Mercury removal experiments were carried out in a fixed bed reactor using
Co050, as the oxygen carrier, with online measurement of Hg0 concentration at the outlet of the reactor.
Hg0 catalytic oxidation mechanism was also revealed through thermodynamic calculation. Experimental
results show that both the homogeneous reaction between HCI and Hgo, and the heterogeneous reaction
between HCI and Co;0, contribute significantly to Hgo removal. With the reduction of Co;0,, the
removal efficiency on Hgo drops dramatically. Calculation results show that three reaction routes exist
for HgO oxidation: the reaction between HCI and Co;0,4 produces Cl, Cl,, and CoCl;, which then reacts
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with Hgo to form HgCl,; Hgo reacts with Cl and CoCl to form HgCl, which is then oxidized by Cl, Cl,,
and CoCl; to form HgCl,; HgO reacts with lattice oxygen to form HgO, which then reacts with HCI to

form HgCl,. Overall, the contributions of different Cl-containing components for Hgo oxidation follow

the sequence of Cl, > Cl > CoCl;. This attempt reveals the Hg0 oxidation in a furnace and sheds light on

the development and application of Hg0 removal technology.

Keywords: Hgo oxidation mechanism; Chemical looping combustion; Oxygen carrier
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Tab.1 Changes of Gibbs free energy for different reactions at 800 C

Sy Jiaat AG/(kJ-moL™) £k Jrfat AG/(kJ-moL™)
RS HCl—H+Cl 3237 R15 Cl+HgCl—HgCl, -103.2
R6 H+H—H, -322.8 R16 Cl,+HgCl—>HgCl,+Cl -99.2
R7 Cl+Cl—Cl, -122.1 R17 CoCl;+HgCl—CoCl,+HgCl, -155.4
RS Cl,+0—CL,0 -82.5 R18 Cly+Hg—HgCl, -270.5
R9 C050,+H,—3Co0+H,0 -165.2 R19 HgCl+OH—Hg+HOC1 -226
R10 H,0—0+H, -34.0 R20 Co+HgCl—CoCl+Hg -229.7
R11 H+O—OH -14.7 R21 Hg+O—HgO -173.3
R12 Co+Cl—CoCl —244.4 R22 HgO+Cl,0—~HgCL+0, -933
R13 CoCl+Cl,—CoCl, -218.0 R23 Co+HgCl,—CoCl+HgCl -37.8
R14 Cl+Hg—HgCl —206.6 R24 CoCl+HgCl,—CoCl,+HgCl -82.3
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Fig. 9 The relevant mechanism for Hgo oxidation process
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Tab.2 Comparison of reaction produts materials in
Hg"+HCI+Co;0, and Hg'+HCI+Co;0, system

Yy Hg+HCIZ 5 /moL Hg +HCl+C0;0,% %i/moL
HCl 2229 9x10°° 2226 7x10°
Cl 1.092 3x10"! 2.293 4x107"
HgCl, 4.959 4x10 "' 1.744 7x10°"°
cl 5.290 4Ex10 2424 1x10 "
HeCl 1.850 5x10°™" 1.420 7x107"
CoCl - 9.933 5x10 "
CoCls = 4.1443x10
OH - 7.767 5x10°"
CL,0 = 4716 0x107*
HgO - 7.502 2x10 "
0 - 1.013 4x10™"
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