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Sulfur-Infused Modification and Highly Selective Enrichment of
Hg* from Aqueous Solutions of CuS Hollow Nanospheres
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Abstract: Sulfur-infused CuS hollow nanospheres (denoted as CuS@S HSs) were synthesized through a facile
sublimation method. Compared to pure CuS hollow nanospheres, the sulfur-infused CuS nanospheres exhibited
better enrichment performance toward Hg”, one of the most toxic heavy metal pollutants in the aquatic environment.
Under an optimal sulfur mass loading of ws/w¢s=30%, CuS@S HSs exhibited a super mercury adsorption capacity
of 1 207 mg-g™, 229% higher than that without sulfur-infusion. Additionally, CuS@S HSs demonstrated highly
rapid removal of Hg*, over 99% of Hg** could be captured just within 3 min. Besides, CuS@S HSs captured Hg**

selectively among other toxic heavy metal ions such as Pb*, Ni*, Cd*, and Cr*.
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Table 1 Adsorption capacity and selectivity of various nanomaterials toward Hg* in aqueous solution

Selectivity / %

Material t*/h Hg" - o Q. (mg-g™) Reference
Sulfur-modified ordered mesoporus carbon 24 — — — 476 [28]
MoS¢ intercalated layered double hydroxide 24 =997 =99.7 — 452 [29]
2-aminoethanethiol-grafted porous organic polymer 1 100 100 — 232 [30]
FeS 24 ~100 ~100 ~100 313 [31]
Layered double hydroxide with nitrogen and
sulfur co-decorated carbon dots ! 9 502 o6 02 B2l
Fe;0,@MoS, 1/30 99.9 46 0 526 [33]
Thioether-crown-rich calix[4]arene porous polymer 1 ~100 — — 1 686 [34]
Thiol-functionalized graphene oxide/Fe-Mn 72 80.8 82.6 ~20 233 [35]
CuS@S HSs 0.5 ~100 0.25 0.57 1207 This work

*t stands for the time of approaching equilibrium; " (,, stands for the adsorption capacity.

2.3 B AFWHHRLE

FATEE A A A E (AR RS [ 20 h,ws/
was=30%) I HiIAF 0 RE S O MR, BFSE T He TR
CuS@S HSs b rymMepiyzh Jp 2= #i e, & 8 KW CuS
@S HSs X Hg2& B BT A W2 Bk 23 o 2 5 of B

100 = aooo_o—o—o *
Ed
o 8
80p '
sk y=0.083x+0.025
R - 2=,
= ok @ °E° R*=0.999 9
g 40k §’
R~ %y 2F
20p ok
6 2.0 4‘0 6.0 8.0
Time / min
0 [ ' 'S 'S A I}
20 40 60 80 100
Time / min

Initial Hg** concentration of 10 mg L™'; Inset shows the pseudo-

second-order kinetic plot for the adsorption

K8 CuS@S HSs WM He i 5h Jg 7 i 2k
Fig.8 Hg* adsorption kinetics of CuS@S HSs

[E] PR 38, K e Hg? ) W B B AR PR IS AN, 15 min
W B RAT IR 99% , N 30 min J5 Hg7E CuS
@S HSs 1k 2 W B4 AR 455 W B ith 15 2 1 30 )
A SR T CuS@S HSs X Hg? 1 WL B 75 45 1
B s Sy s A (4)), M OC R BRI 0.999 9,
T T 1
r 1,1
! kZQe

0.70 @)
o ¢ AR MBS 8] (min) , Q, AT Q, 53 B ¢ B Z1
A7) 2] CuS@S HSs X Hg? 1Y Wit & (mg - g™) . ks
PR ME Z 0 R R (g mg ! - min)
2.4 EFEERHHKE

SR K BR88E TP R H [ I AR AR £ B 4 R 4 R
BT T SR A MR Y D R 5 4 i B A AR TR
IR KRR H bn s Je Wy i W B s SRR, Rt b
BRFAEZ T FIAF T, WA R B A5 i
Py iR S B DR FRATTEEBE T K A e UL 1Y
Na* K45 H AR B 1, F1 Mn®* Ni?* Cd* Cr* Pb*
FEEEEFENTIRAESE T, B4 T CuS@S



%4

BB AR AT L 0 A 25 O A DK IR Bl A 16 1 B HE X 7K v g e T 43 O R e 701

HSs A0 K B BHE 52 J4 1R 22 v X Hg? 19 W B 1B 6 1
WK 9 it 2 MR E FHAEIEN T |, CuS@S
HSs X Hg 3 1 5105 Ha ¥ W AH AL 1) v 2580 W o
R 15 min PR ATKE 99911 Hg W bt & 4, [FIR
W@fﬁﬁ%mm%%WN@WQﬂ%H&ﬁE

b 43 J B BB A WY B, B R AR R I AE
S%UWOL—M%E%m%xM@smgWHﬁ%
A S P B — R o e

100 |

80 |-

60

40t

Residual rate / %

20 F

0 20 40 60 80 100

Time / min

Concentration of each metal ion was 10 mg-L™

K19 CuS@S HSs % Hg* Pb* Ni* Mn* Cr* Cd* K*
I Natf 9 B 26 5 1

Fig.9 Adsorption selectivity of CuS@S HSs toward Hg*,
Pb*, Ni*, Mn*, Cr*, Cd*, K* and Na*

MR Soft-Soft FiE , it A9 H (4 B JC X Hg™
Ph* CA*55H & 8 B F HA MR R/ ), X {75
B ALY P LUK He? \Ph*  Cd> %5 B 4 J8 25 119 Na*,
KRR 25 1 XCor TPk, (HIRATHY S8 45 2R B
CuS@S HSs A AUXS Hg? Fe B HY i 25010 W B 1 RE | i
A LMR S K He? 5 Ph* | Cd> 45 43 J& & 1 X 73 JF
ke % Hg? 5 B H DI 5 1) B — W B e ek X 5 FRATT
ZHTHRIE B CuS HSs HY B — 38 F 14 W Bt 45 14 e
— 0 H it #E CuS@S HSs M ¥t Ho i it #& v | bk
T 3BAE Soft-Soft FRIE i BAFVE A (K, LA, R
I AH SC B AT R R R CuS B K, T HeS H
T HAL &R AY (W CdS PbS NiS A1 MnS %),
XA AE He> Pb> Cd> 55 2 Fh & & B 7 A7 19 1%
LR, CuS A5 K H 8 7 & A s, A2k
HgS?ﬁﬁEo
3 &

FOATT I S A B O MR T, O PR AR £ 2 3
CuS 25 OIKRBRE T, XA BT 571 21 CuS 250
GORERXT K A He? B P | o R R B 4
PEBE, 15 min AT LK K Ol i 999 1 He ' 4E 71

B, BRI R RS T CuS 25 04K
BROGT Hg (W B vk g, ol DA R B o A R 17 2800
ﬁ*%?2@%ﬁﬂ2MmggoLﬁ$ﬁﬁﬁﬁ
9 CuS 25 D AR IR F I R B T CuS %8 0 0 K Bk
He [ B — e PE PR ML B 55 52, AT Hg?* 5 Ph* Ni%*
Cd* Cr35 2 P& R & T A8, XU, Joigx)
TR Hg M PR B4 8, B X T Hg e

P E B AN B BARL £ 2 CuS 23 0 44 oK BT e 1
HH R 8 1 T
SEZ .

[1] Yu J G, Yue B'Y, Wu X W, et al. Environ. Sci. Pollut. Res.
Int., 2016,23(6):5056-5076

[2] Kim K H, Kabir E, Jahan S A. J. Hazard. Mater., 2016,306:
376-385

[3] Liu W J, Feng X D, Fryxell G E, et al. Adv. Mater., 1998,10
(2):161-165

[4] Huang L J, He M, Chen B B, et al. ACS Appl. Mater.
Interfaces, 2017,9(3):2550-2559

[5] Jin S Y, Park B C, Ham W S, et al. Colloids Surf. A, 2017,
531:133-140

[6] JIN Cui-Xin(¥7 % #), DU Yu-Cheng(¥t £ ), WU Jun-Shu
(R B, et al. Chinese J. Inorg. Chem. (% #AL F 5 3R),
2019,35(4):621-628

[7] Zhao H'T, Mu X L, Yang G, et al. Appl. Surf. Sci., 2017,420:
439-445

[8] LuJ R, Wu X N, Li Y, et al. Nanomaterials, 2019,9(3):314

[9] Zhang D, Wang L, Zeng H H, et al. Chem. Eng. J., 2019,
363:192-202

[10]Mon M, Qu X N, Ferrando-Soria J, et al. J Mater. Chem. A,
2017,5(38):20120-20125

[11]Huang N, Zhai L. P, Xu H, et al. J. Am. Chem. Soc., 2017,
139(6):2428-2434

[12]Qiu J L, Liu F Q, Cheng S, et al. ACS Sustainable Chem.
Eng., 2017,6(1):447-456

[13]Rong L D, Zhu Z M, Wang B J, et al. Cellulose, 2018,25(5):
3025-3035

[14]Tracey M P, Koide K. Ind. Eng. Chem. Res., 2014,53(38):
14565-14570

[15]Li H B, Dong X L, da Silva E B, et al. Chemosphere, 2017,
178:466-478

[16]Zhao H T, Mu X L, Zheng C H, et al. J. Hazard. Mater.,
2019,366:240-249

[171Sun Y, Lv D, Zhou J S, et al. Chemosphere, 2017,185:452-
461



702 M

e

EE 55 36 &

n2
¥

[18]Sun Y, Liu Y L, Lou Z M, et al. Chem. Eng. J., 2018,344:
616-624

[19]Shen J, Ren C C, Zeng H Q. J. Am. Chem. Soc., 2017,139
(15):5387-5396

[20]Hu M H, Tian H, He J J. ACS Appl. Mater. Interfaces, 2019,
11(21):19200-19206

[21]Nouri R, Tahmasebi E, Morsali A. Mater. Chem. Phys.,
2017,198:310-316

[22]Freda C, Baker D R, Scarlato P. Geochim. Cosmochim. Acta,
2005,69(21):5061-5069

[23]Zhang K, Zhao Q, Tao Z L, et al. Nano Res., 2013,6(1):38-46

[24]Hampton M A, Plackowski C, Nguyen A V. Langmuir, 2011,
27(7):4190-4201

[25]Lu X G, Guo Y T. Environ. Sci. Pollut. Res. Int., 2019,26
(13):12776-12787

[26]Ting Y, Chen C, Chag B L, et al. J. Hazard. Mater., 2018,354:
116-124

[27]Xiao L F, Cao Y L, Xiao J, et al. J. Mater. Chem. A, 2013,1
(33):9517-9526

[28]YIN Jun(B&f2), CHEN Guang-Hui(#G#E), CUI Hao(# fif),
et al. Chin. J. Environ. Eng. (%%t 42 % ), 2009,3:2148-
2152

[29]Ma L J, Wang Q, Islam S M, et al. J. Am. Chem. Soc., 2016,
138(8):2858-2866

[30]Ravi S, Puthiaraj P, Row K H, et al. Ind. Eng. Chem. Res.,
2017,56(36):10174-10182

[31]Sun Y, Lou Z M, Yu J B, et al. Chem. Eng. J., 2017,323:
483-491

[32]Asiabi H, Yamini Y, Shamsayei M, et al. J. Hazard. Mater.,
2018,357:217-225

[33]Tian H, He J J, Hu M H. J. Colloid Interface Sci., 2019,551:
251-260

[34]Shetty D, Boutros S, Eskhan A, et al. ACS Appl. Mater.
Interfaces, 2019,11(13):12898-12903

[35]Huang Y, Gong Y Y, Tang J C, et al. J Hazard. Mater.,
2019,366:130-139

[36]Liu L L, Ding L., Wu X, et al. Ind. Eng. Chem. Res., 2016,
55(24):6845-6853



