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Abstract: Mercury, as a widespread heavy metal pollutant, poses a serious threat to both human health
and the ecosystem. It is of great significance to develop efficient mercury removal technologies for
reducing elemental mercury (Hg') emissions from flue gas and controlling atmospheric mercury
pollution. Adsorption has emerged as a simple, practical, and promising method for mercury removal,
and various types of adsorbents have been developed for the efficient capture and recovery of Hg’ from
flue gas. In this work, we systematically classified adsorbents based on their effective components and
provided an in-depth examination of their characteristics, preparation methods, Hgo removal

performance, and adsorption mechanisms. Furthermore, we conducted a thorough comparative analysis

r#m B HA: 20241211 &5 B #7: 2025-02-25 #% HHER:2025-02-28 DOI: 10.20078/j.eep.20250312
EEWE: BRAAMFAL® TR A (52470117); 7464 f 3% 7 50 £ 41 3748 4 3545 80 R B (CXZZBS2024172)
FE—1EE: L 1©B(1997—), B, THRFA ML E A, TE2AAFTOAHRLFTLEEHNIE, TLERAME I,

E-mail: mazhaoncepu@163.com
*EIAERE : AR L (1988—), F, FAHIRA, 3K, T RHRF @A KRAF F424 T4, E-mail: runlong880805@163.com


https://doi.org/10.20078/j.eep.20250312
mailto:mazhaoncepu@163.com
mailto:runlong880805@163.com

- 58 - (LR N T T

of these materials from multiple perspectives, examining their performance and characteristics.
Adsorbents for mercury removal can broadly be classified into four main categories: carbon-based and
modified materials, metal oxides, metal sulfides, and other innovative materials. Carbon-based and
modified materials are particularly effective in removing Hg0 due to their large specific surface area and
the presence of various functional groups, such as C—0O, C—S, C—CI. However, these adsorbents
suffer from limitations such as poor heat resistance and insufficient functional groups. As a result, they
exhibit low adsorption capacities, poor stability, and limited recyclability. Metal oxide adsorbents are
primarily composed of iron and manganese oxides, forming various crystal structures. These adsorbents
are notable for their operational stability across a broad temperature range, from room temperature up to
250 °C, as well as their large adsorption capacities. Moreover, they benefit from thermal stability and
maintain their effectiveness over multiple cycles. Metal sulfide adsorbents primarily rely on the
abundant unsaturated S-sites to achieve efficient adsorption of Hg’. Their advantages include high
activity, a wide operational temperature range, and large adsorption capacities. However, the high
temperatures required for thermal regeneration can easily degrade their activity, posing challenges for
recyclability. Based on the above analysis and the current advances in adsorbent research, we illustrate
the respective advantages and disadvantages of different types of adsorbents and propose targeted
suggestions for their further development. This work provides novel insights and useful references for
the development of new materials and their potential applications in mercury removal technologies
based on adsorption.
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0,/NO-AC 50 ug/m’, 1L/min, 76 000h "', 120 C >90.0% 12.30 mg/g 100% FLgHIRA S — — 1]
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Table 2 Metal oxide adsorbents
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4 TR ORE, [H, FHE, RE) REseR WMtAERE gES . HARKR s
AR SCiik

65 pg/m’, 1L/mi 100~250 °C 90.0 100% i =5 A
Mn-Ore pg/m’, min, —, ~ ) >90.0%  53.57 mg/g e A [38]
a-MnO, 235.6 ug/m’, —, 600L/(h-g), 100~250 C >99.0% 128.00 ug/g 1h =14 WA [39]
3D MnO,/CS —, 0.5L/min, —, 150 C >99.0% — — — — [40]
U-CuO 50 pg/m’, 1.0 L/min, —, 30 C 982% 134.06mglg  60% =10 WAL [42]

Fe,_ Mn,O,/CNF 85 ug/m’, 1.2 L/min, —, 150~200 °C >90.0% — — =4 A [43]
Mn/y-Fe, 0, 85pug/m’, 02L/min, 12x10°h~, 100~200°C  —  >220mg/g  10h —  HAAFAE 44
AMn,0, (A=Cu, Ni, Zn) 50 pg/m’, 1 L/min, 50000h", 200 C >95.0% 2560 mg/g  50% — 350 CHFEA [45]
LaMnO, 500 pg/m’, 0.5 L/min, 478 000h™', 150 C >85.0%  6.22 mg/g 50% =5 LA [46]

s ) . 100% Fis
2U-Lay sMnO, 270 pg/m’, 1.0 L/min, 153 000h", 40~250 C. £5100.0% 23.86 mg/g gms — [47]
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DA 2 i i ik, 38 A AR M R R T A A 22 R
PSRRI I e 2 TR, A R b T T I o ) £

W BE 254, X ZnS, CoS. NiS %5 Z2 Rl Ak 1 W ff 5]
Fl 7R 25 BRI AT B AR Y, o T UK W b
FAEIRTF 100 f5 LA _EPY BT Ak B AL 1 2
) A AR - DA e i T R B i, ANtk
— A5 BN T W R ) b T AR i L T A ek L 4
IR AT SR, 2 55 B 22 06 A7 a5, B T W 86 551 i i
W1k . REDDY 255" DL ZFLBRAE N 40k, BF9E T
C/CuS. C/ZnS HI C/FeS X 75 iy W [ff, % PH 58 i 1%
J5 A RE S AR B AL 43 #CE I 5 L R o
s /N R TR K, XA ) T R R A
T, Horp C/CuS PERE R AE, WA T 23 mg/g.
LIU F AP JF & T —Fl CogSe-PC M B, 152 25
Tk 43.18 me/g, 12 W B 570 8 1K CosSs 5 PC
254, T nano-CooSy Rl 5 T 3 451 ANl JE 5E
s ot oA e ) R ) o
32 SEEWHUY

AL T 20 4 B kY, 2 & @ik T A
Ivi) 4 Ja BH 5 - (048 44, B0 Db IR) L BRVE T : — 7
1], Z P 4 @ B 1 Al 38 o B RN B BIL A Cln ) 2R/
A2 R B4 ) B AR = B TS PR A A, R HE Sk D
B, 25 R TH AR M A e 5 BRSO 55— T, 206
xRy nI SR BT E A SR T RE T, 722 2
AR PR e R, EAT R SR N AN

ZHAO %5 ik 7 R [l Rk i 2043 SR Ak 4y
Mt 4 B BAL Y, X T8 R W B RE AT T
T A, K B e R A E A T R B R K
& Hr Co-Mo-S Hl Cu-Mo-S &9 AL S (P fE,
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X — R I FAREMOR R W R A R
Mo BT LRI, A — R T
CoMoS/y-ALO; ¥ ¥}, #£ S, O, Co, Mo ZFl L&
I R VE FH T, 50 °C B ik 3] T 43T 100% B9 Hg'
TR R, B OR T 22 00 2 T IR FH A 4R e R
R T, WANG 5% R H—Fh FeMoS/
TiO, W5, H1 T Fe F1 Mo HA BRI %5050, 05 B
FRIBE R R EE 2 b 4 B Ak 4 1) W B R 2 A
B S LIHIBA™ i 4 T CuS/znS —JCHR ALY
R B 751, AF T % B3 A 1 K L A ] DA S BRAE B T
DX Hg” B 1 28T B o 33 o L 91 S5 i £

oo R W R PR RE SR AL T — R A ALY
Jitko

JUERAMAE TR — EROTR, (H5 &R
PCPAS TR B9 2, < Jm B AL ) 32 SRS A 2 ) AN IL
B 18 52 BROR A R 2O B o A, R B AL )
(14 <2 Ja BH 5 5 1l SO =2 &, AR BR T LA Bk
TUER N HERN, BT TR A B AR R R
R R R . AEROR R L, &R ikt B A
e P B T X g R B A R A B (2 3) 0
TR AT R B 2 B 2 AR T AN R
Ao TIT-FEF A 3 7 ) 8 3 25 2 O Sk B8 P37
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Table 3 Metal sulfide adsorbents

; . - . . (e ) . B%

R TSRO BE, R, =, W) BoseR WA R A o THETTE ‘

AR SCHR

nano-ZnS 65 pg/m’, 1.0 L/min, —, 140~260 C >90% 497.84 ng/e  50% — - [49]

3 . 100% ¥y — —

nano-CuS 90 pg/m’, 1.0 L/min, —, 75 C >999, 12240 mg/g [51]
HEAIP A

ZnS 100 pg/m’, 1.0 L/min, —, 100 C >999, 5383mglg  50% — — [52]

S/FeS, 68 pg/m’, 1.0 L/min, —, 80 C >999, 2.73 mg/g 50% — _ [53]

C/Cu8 —, —, —, 10T — 23.00mglg  — — — [54]

. . 100% Fit .

CoySy-PC 210 pg/m’, 0.6 L/min, —, 100 C S00%  43.8mglg . © =6 250 CHFA [55]
REAIP A
. 3 100% Pt

CoMoS/y-ALLO, —, 1.5L/min, 45000cm’/(g-h), 25~450 °C 100% (50 C) 18.95mg/g — — [57]
REAL

FeMoS,/TiO; 4300 ug/m’, 0.3 L/min, 1200000 cm’/(gh), 40~100 C >90% 41.80 mg/g — =5 450 CIMFAE [58]

4 H i 2EBIIR 5

Bk T bR JL 0 o 4R AT B — 4 I R 5
SR KT Z2 T A TR 14 B R I B R B R AT T
FFE, LASHISE 2 R 08 5245 3000 R AT 00 5 14 ot
SRVERE(F 4) o an, "GO B He P Wi Bk 5] 14 32
LAY R SR R IR, RIS Ak R
EMRE AR EIR AP . BRI, R
RIS K4 EEAER . ILAh, Fe, 04, TiO, Al CaO
4 Ja AR X R W R S PR . B TR
O A OB R 4 W BRSO B, B & 2
PEAT B AIF 5 oA 418 i W B0 o el A 21 SR
FH 5% NaCl # 0 t elobE Ja 1 COK, B R3]
ik 92.6%, HoA AT B R 1k 5] 930 ng/g, {1 FH 75 i
K35 60 h, ZHANG [ A" {8 F HBr % K K47

PP, RO R AR N R R Y 8.1% FEFHE T
98.4%, K BEET T WORACE
FEHE B . &E A ALY . 5.
& BT REME R, A5 T BA 05 W B
BE A4 10 R W2 B ) . XU 2546145 T [MoS,]” /CoFe-
LDH'| ZnO@CuS"™" % £ Fft 52 4 bk Ji 51,
1 [MoS,]* /CoFe-LDH & £ b1 Wl Bl 51 76 A vk J3E
FIE e SO, T A Hahy He' ERRIERE, X
SR T XM EE S-He IR A A L TR i
Wy, R KA RIL 16.39 mg/g, ZnO@CuS B A
T I B 25w, e e A 2R T, 0 AR o 5 e T
ik 60.53 mg/g™. LIU Z" 4 4E 4 8 Se 5 Fe,S,
WATB AR, A8 T R MEREIT & T A& 48 Fe,S; 1Y
FeS,Se,, FeS,Se, Uk F A 11 53 9 He' 1l 4 1 B .
0 1 T A e B S R S 2 1 TR R AR, A
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Table 4 Other adsorbents

(EE

FHEH LIS REE, <Hl, 8, RE) EEAE WA R LT i B
AR SCHik
NaCl/FA 25 ug/m’, 1.0 L/min, 153000h"', 40~250 °C >90.0%  0.93 ug/g 100% — — [60]
[MoS,J* /CoFe-LDH 350 pg/m’, 0.5 L/min, —, 50~150 C >95.0% 1639 mg/g 3000~3250 min  — — [62]
ZnO@CuS 1200 pg/m’, 0.5 L/min, —, 75 C >90.0%  60.53 mg/g 6 000 min — — [63]
FeS; 5S¢0 130 pg/m’, 0.6 L/min, 230 000h™, 80 °C  >90.0%  20.22 mg/g — — — [64]
Ag-SBA-15 125 pg/m’, 1 L/min, 260000h", 150 <C 1320 ma/ A [65]

o N >99.0% .20 mg/g 1% =5 300 CFA

EAp SRS YIRS
3 . . >97.0%
H5Mn 1200 pg/m’, 0.5 L/min, —, 25~550 C >13.00 mg/g — — — [66]
(<200 C)
Cu,Se/PUS 7200000h", 30~120 °C 99.0%  25.90 mg/ 100% N N [67]
USe — T , 30~ N >99.0% .90 mg/g
A I B

CI-PPy@MWCNTs 240 pg/m’, 1L/min, 200000h"', 25~100 C  97.3%  3.87 mg/g 220% =5 MREFIMMED [68]
CI-PANI'@MWCNTs 240 pg/m’, 1L/min, 200000h"', 25~100 °C  985%  7.43 me/g 10% =5  RMELNEE [69]

YA Tl R H” A4 B B

BEAh, BT & R H — S Al 25 75 1 1 5]
FHBH(FE 4) . CAO %51 il 46 T LI FRAR g T 235
PEOL 251 Ag-SBA-15 40K B4 BE, 120 B 570 78 w57 3k
200 °C (A5 T % He' A 3T 100% 10 FH: fE s
Ph 19 RV BE R 28385 o, W25 s 4T3 SR AT 3k 13.2
mg/g. RIEFE R 2 FB RN S, 15 B A mk
91.6% ) Hg' ZBRB0E . YAN [ BA " 3 5 it for
(14 7 2R A T B AR W BRI, E 200 °C R SEEL T
5 He” 25 % & R F i 3k 13 mg/g Hg' 19 1% B 75
B LI A7 4 T — R B0 Ak 4 28 0 5,
Hrh CuFeSe, 1Y W Fff % i ik 900.71 pg/(g min).
Cu,Se/PUS & Lt 5 K14 W Ff 25 & 25.90 mg/g, WK
B 2235 1 275.84 pg/(g-min), HAO HIBA™ 1 JF
KT — RN RB A BILPR A YW, 7E
200000 h™' BUEE2s R He' J:4%ik 98.5%, L) 10%
R B R 2 1, WS T IA 7.43 mg/g, I AR
AR R R R LB, 42 T — R = IR A
TR BE AR T, SEEOR B[R]y RT R B R0 A
TR ke FE X He' 2 B S 2 B B
F1, A T R W B R A R
-

i
G 5RE

RZ BRI A D — R AR s . T B 2
TR, fER L bR Jr i BA R R TR . A
R AT RO I3 X R FH A W BRI 2E AT T 2026 20 #r

IS, TEAESS T A [F] 2 W B 50) A A o0 g,
AW FEFERE . W2 BRHAILEE S5 2 05 T AT T A, S
SGERIEILR .

(1) B 5 W o 50 EL A R X f B el e T 25, (R
ZIRFEREA SR D | WEPEAR, FEM A= 753
R Ty . PRI IS IR A5 TH W AN 2 o AT DA
FHBLABER B | 242 55 J X3 hn s fig T 2
gL, FIADG . B SF A 1 9ok ZSBRACR

(2) 4 @ 8 Ak RN 4 Jas 4 1 40 Tz A 70 o 218 26
Z, M T G B OL 3, EN 7 76
MR PUsiis: . ok e B RBUL S, SRimER
e A G J A% A 5 e A T R ) 1 g
ATRAFE A R R SR . R (1 12 A5 8 VR D ek g
A, LA R RS G, LSS L4 s Ak
WYIRN 4 SR AR AL ()RR il 5 RN o

(3) i — AR R I I R T AN [R) T 2 o6 551,
FEARTE A BHRR PR A R SE B0 f ) R 1745 &, T2
B W ) S8087 1 526 AR, 3XORE T I & e PR RE
W IF 5510 R )7 53 PR o T iy i ELA R

(4) 3T Wz B0 350 o o 1k e A 5, WO 50 74 -
A FIOR DGR A Rt — 20 A Je . B i I B 0] P 2E
F UL A 1 7 OB ok OB LS IE A UE 2
A A BTN BCR T LR R 5 A5 T
ST MR R FEAE ORI R B AR . TERAE TS
K B FEE I — AR MO ¥, S0 A B 5T
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