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Table S1. Element composition analysis of CuS/Al2O3 measured by 

XRF.

Sorbents
Al

(%)

Cu

(%)

S

(%)

CuS

(%)

CuS(0.5-1)/Al2O3 18.74% 5.37% 3.87% 9.23%

CuS(1-2)/Al2O3 21.42% 3.21% 2.33% 5.53%

CuS(2-3)/Al2O3 19.69% 3.11% 1.98% 5.09%

CuS(3-5)/Al2O3 17.45% 1.70% 1.21% 2.92%
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Table S2. Experimental parameters of fixed-bed adsorption for bed length 

optimization. 

[Hg0]in        

(μg m-3)

f 

(mL min-1)

Le

(mm)

qe

(μg g-1)

ρ

(g cm-3)

D

(mm)

tb

(min)

ts

(min)

1200 500 12 359 0.7958 20 400　 1400
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Table S3. Surface elements valences of fresh and spent CuS/Al2O3.  

Sorbent S2- S1- SO4
2- Cu+ Cu2+ Hg0 Hg2+

Fresh 21.80% 10.85% 67.34% 49.37% 50.63% - -

Spent 22.67% 6.95% 70.38% 58.43% 41.57% 14.63% 85.37%
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Figure S1. XRD pattern of as-prepared CuS(1-2)/Al2O3.
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Figure S2. Sectional views of different CuS/Al2O3: (a) 0.5-1mm, (b) 1-2 mm, (c) 2-3 
mm, and (d) 3-5 mm.
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Figure S3. The Hg0 adsorption performance of 1-2 mm Al2O3. 



S9

Figure S4. The long-term effect of gas components on mercury adsorption 

performance over CuS/Al2O3: (a) O2+SO2 and (b) O2+SO2+H2O.
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Figure S5. Linear regression by fitting the data with Freundlich adsorption 

model.
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Figure S6. The mercury adsorption breakthrough curves under different temperature.



S12

0 20 40 60 80 100
0

200

400

600

800

1000

1200

1400

M
er

cu
ry

 c
on

ce
nt

ra
tio

n 
(μ

g 
m

-3
)

Time (min)

0

100

200

300

400

280

Te
m

pe
ra

tu
re

 (°
C

)

195

Figure S7. Hg0-TPD experiment of spent CuS/Al2O3.
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Figure S8. XPS spectra of fresh and spent CuS/Al2O3: (a) S 2p, (b) Cu 2p, and (3) Hg 

4f.

Figure S7 illustrates the changes in the surface chemical valence of CuS/Al2O3 before 

and after mercury adsorption at 80 °C for 3h through XPS analysis. For S 2p in Figure 

7Sa, the peaks located in 163.7 and 164.9 eV were assigned to S 2p3/2 and S 2p1/2 of S1-, 

respectively, which were regarded as the active site for Hg0 adsorption in our previous 

works.1 The peaks centered at 161.8 and 163.0 eV were attributed to S2-.2 SO4
2- featured 

its S 2p3/2 and S 2p1/2 spikes at 168.8 and 170.0 eV. For the results of Cu 2p, as shown 

in Figure 7Sb, the binding energies at 932.4 and 952.2 eV were consistent with the 

characteristics of Cu+, while those at 934.5 and 954.4 eV were ascribed to Cu2+ with 

the satellite peak at about 944 eV.3 After capturing Hg0, as list in Table S3, the 

proportion of S1- and Cu2+ in the spent CuS/Al2O3 decreased by 3.9% and 9.1%, 

respectively, while that of S2- and Cu+ increased accordingly. Moreover, the spectrum 

in Hg 4f region included two forms of mercury. The fitting peaks located at 100.7 and 

104.6 eV were attributed to Hg 4f7/2 and Hg 4f5/2 of Hg2+ (Figure 7Sc), owing to the 

formation of HgS.4 The peaks at 598.7 and 102.6 eV belonged to the spin−orbit doublet 

of the Hg0, which accounted for only 14.63% (Table S3). It indicated that the gaseous 

Hg0 was first physically adsorbed on CuS/Al2O3 surface (Hg0
ads), and then transferred 

to the chemisorption state (HgS), which could be descripted as following equations:

Hg0
g + surface(CuS/Al2O3)→Hg0

ads (1)

Hg0
ads + 2S1 - →HgS + S2 - (2)

Hg0
ads + Cu2 + + S1 - →HgS + Cu + (3)

Hg0
ads + 2Cu2 + + S2 - →HgS + 2Cu + (4)
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Figure S9. The mercury adsorption performance of CuS/Al2O3 after Hg0-TPD 

experiment (without activation).
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