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Research Progress on Adsorbents for Mercury Removal from Flue Gas
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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 technology for
decreasing clemental 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 for Hgo removal have been developed for the efficient adsorption and
recovery of Hg0 from flue gas. In this work, we systematically classified adsorbents based on their
effective components, provided an in-depth examination of their characteristics of preparation methods,
Hg0 removal performance, and adsorption mechanisms. Furthermore, we conducted a thorough analysis
and comparison of these materials across multiple dimensions, examining their performance and
characteristics. Adsorbents for mercury removal can be broadly categorized into four main types:

carbon-based and modified materials, metal oxides, metal sulfides, and other innovative materials.
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Carbon-based and modified materials are particularly effective in removing Hg0 due to a large specific
surface area and the presence of various functional groups, such as C—0O, C—NO, C—S, C—Cl.
However, these adsorbents suffer from limitations such as poor heat resistance, deficient functional
groups, and as a result exhibit small adsorption capacities, poor stability, and recyclability. Metal oxide
adsorbents are primarily composed of iron and manganese oxides, forming various crystal structures.
These adsorbents stand out for their operational stability across a broad temperature range, from room
temperature up to 250 °C, and their large adsorption capacities. Moreover, they benefit from the 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 Hgo. Their advantages include
high activity, wide operational temperature range, and large adsorption capacities, but the high
temperatures required for thermal regeneration can easily degrade their activity, resulting in challenges
in recyclability. Based on the above analysis and summary of the characteristics and research progress
on adsorbents, the respective advantages and disadvantages of different types of adsorbents are
illustrated, and targeted development suggestions are proposed. This work provides novel ideas and
valuable references for the development of new materials, as well as their potential and further
application in mercury removal technology through adsorption.

Keywords: Flue gas; Hgo removal; Adsorption; Types of adsorbents; Hg0 removal performance.
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Table 1 Carbon-based and modified materials
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ACFC 260~300 pg/m’, 0.5 L/min, —, — >90.0% — — =9 WHFE [15]
0,/NO-AC 50 ug/m’, 1L/min, 76 000h"', 120 °C >90.0% 1230 mg/g 100% BIBHARILLEG  — — [16]
H,S-A: 4y 5% 20 pg/m’, 1 L/min, —, 30 C 95.5% — — — — [17]
Na,S/S’-PAC 500 pg/m’, —, —, 150 C — 33.80 mg/g 100% — — [18]
C WN, 42 ug/m’, 0.85 L/min, 65000-520000h", 120 °C 97.3%  0.16 mg/g 100% PIRHAIM G — —  [28]
HCU-5 60 pg/m’, 0.85L/min, 110000h™", 120 C £9100.0% 1.08 mg/g 100% BIEHBIMILIEG  — — [29]
A /BFR 50 yg/m’, 1.5 L/min, —, 140 C 99.0%  15.11 pg/g 100% BHSEIRIM G — — [25]
S¢Br; 60 pg/m’, 0.9 L/min, 21000k, 160 C 94.0%  0.95mg/g 100% BUERIAILSG  — —  [33]
AC, 50 pg/m’, 6~8 L/min, —, — 29100.0% 4.86 mg/g 100% HLEHIRIIG  — — [34]
KI-AC 145 pg/m’, 0.6 L/min, —, 80~160 C #4100.0% — — — — [35]
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Table 2 Metal oxide adsorbents
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22 ()6 P AN s, R T b 2 v AR, A R R T T
B35 0 8 B 25 £, i ZnS | CoS. NiS 25 Z itk 4
WG T 70 B O 2 R RCR AR A 2 4R T, SR AT LA
B B 2 AR T 100 45 A B0 BFSE ki AL
Wy A 33 ) L A 2 1A b DA A i T L B
AN — 25 30 T H b SR AR, i B a] DA
YRR A SR, B T 2 G PR 0, ST BOR T
P . REDDY % Y DL Z fLBRAF b 4k, BF 58 T
C/CuS. C/ZnS F1 C/FeS X 7 fr) W {2 £HL 3 1 3
— 7 X REUE AW AL 2 B I &) L SR
BHITE /N, EE SRR TR K, 3 R TR BRI 2
T, Hidr C/CuS PR fefd:, B 25 & 1T 35 23 mg/g.
LIU F B FF & T —Fh CoySg-PC W2 B, W ji 25
AT A 43.18 mg/g, 1% W B 5738 K Co,Ss 55 PC
ZE4A, T nano-CoeSg [F 5 T 38 4 T AS Tk 2 5K
I B o5 5 2 1) B A6
32 SEETmUY

FHEE TR &Ry, 2 &Rk hm T4
] 4 J BH 28 F A #8244, RENE 2R B B0 W) 22 BR 1
— 71, 220 4 JE B ] A BN B AL (g
A2 WL B A ) P A= 5 TR L e, R A fil,
i AR T R B S KRR 51— L Z2u e s
o A G SR BT AR TR T, FEE AR b
PRFFR R, B 2 Sl ban A E

ZHAO “5 G ok T A R Rk 4 20 4 TR Ak 4
M= JC 4 R, X B AT R W I e AT T
DA b, e B e A 4 B AT B v 1 R
., i H Co-Mo-S HI Cu-Mo-S & FLH L S AP fE,
TE AP L BE 2% 14 7 5% oK 19 6 Bk 303 T 100%,
X — R BT T AR OR B AR I & B B
X, BT LR ACR, R ES L ERT
CoMoS/y-Al,O; ¥ K}, 7E S, O, Co, Mo £ Fl L &
(B VR F R, 50 °C i ik 8 T 100% Y He'
Tt R RO, R T £ o0 W AR AR 4 e oK
AT T S . WANG 25 PV I &ty — Fil
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FeMoS,/TiO, W [t 71, Hi T Fe Fil Mo E. 47 13 [a] %%
IO, W R} 50 A5 SR R0 L 2 ol B 4 i 7 A 40 ) R o
PEREZ FNHE K . LIATBA % T CuS/znS —Jt
T Ak W B 590, A5 % B ik 1] 3 L 45 AT DL S B
TE 5 5 XX Hg” 0 7 280 B 33k ol L 451 341 5 5 s
A o0 4 SR A W B R Y v R AR AL T —
BRI

REmMEE TR —EHE LR, H58RA
YR ) S, 4 8 B i ) = SR S A i AN i

B 13 5 BROK A S 20U B o A, G B AL )
(14 <2 Ja BH 5 5 1 SO 5, AR BR T LA B GR
JUER g LA, BIANA R 1A 5 A B R AR
L R AEROR R HL L, &R si ikt B
R P B DR R B A R AL E (2 3) 0
TR AT R B A B 2 AR T AN T AR
A TP A 3 7 ) 8 i 25 O R 3k 8 6 37
X EG SRR AR T BB

*3 EEFLYRMHF
Table 3 Metal sulfide adsorbents

; ; - . e Ew o BF

Bt TP OREE, R, A, R A WRRE FE A D7 :

A Sk

nano-Zn$S 65 pg/m’, 1.0 L/min, —, 140~260 C >90%  497.84pgle  50% _ _ [49]

90 pe/m’. 1.0 Limi « 100% Big:

nano-CuS pg/m’, 1.0 L/min, —, 75°C >999% 122.40 mg/g R — _ [51]

7nS 100 pg/m’, 1.0 L/min, —, 100 °C >99% 53.83mg/g  50% — — [52]

S/FeS, 68 ug/m3, 1.0 L/min, —, 80 °C >99% 2.73 mg/g 50% — — [53]

C/CuS —, —, —, 100 C — 23.00 mg/g — — _ [54]
3 . « 100% Hig: -

C0,S¢-PC 210 pg/m’, 0.6 L/min, —, 100 C >90% BIABMEE ey Z6 250 CHHLE [55]

CoMoS/y-AlLO, —, 1.5L/min, 45000 cm’/(g'h), 25~450 C

FeMoS,/TiO, 4300 pg/m’, 0.3 L/min, 1200 000 cm*/(g-h), 40~100 C

100% ¥t

100% (50 C) 18.95 mg/g BRI A
=4 =

— [57]

>90% 41.80 mg/g — =5 450 CHHEA [58]

4 Hit2EBIIR 5

Bk T 3 TL AR 4 S5 2 A X B — R I B 5
W B % 22 i A2 5 S 700 1 ot o i R 50 4 ek it
15 T WF5E, LU o 4R 52 5 3000 345 B8 A 5+
IR RYERE (6 4) o 10, T6Oh K H e g B 571 A1
T B S R E AR AR RS B, 1T LA
ALY R I B AT TR A e R . A
J R B, 3 4 g 43 o B A AR R R AR
Bk, LA, Fe,0,. TiO, Fll CaO %5 4: J& A LWy ) Kk
W BEEAT TS5 VR o | TP AR M A RO X TR Y
W R AR, 55 22 2 4 % L AT O F 5 ok 1
W Bk R L T B A A SR 5% NaCl i i
T CPE 1 COR, EORBSCR AT IR 92.6%, AR FTE
ik % 930 ng/g, AT ik 60 h. ZHANG
B ] HBr S OB AT i, I SR A% 3R Ml
PERTAY 8.1% $-TF2] T 98.4%, KIE B $2 T+ T MoK
8

FH WK EFLY . )8 S Ay . Ak
Y. e &R TR EMES G, PR T HA UL
il 14 1B SR W B 7). XU 454 4 T [MoS,]* /CoFe-
LDH"”| ZnO@CuS™" % Z R 52 & bR B 551, 1
i [MoS,]” /CoFe-LDH % 4 44 46 Wi 5} 551 76 A1 e 2
FE e SO, P A Mty He' EBRIERE, X
ZE W] T XA A RIE S-Hg 1R A ML iy
W, KRR R IL 1639 mg/g. ZnO@CuS B
AR B, AR AT, M AR B 2
A3k 60.53 mg/g®. LIU % ¥ 4E 48 Se 5 Fe,S,
HATHB Y, K45 TR PERE I & T 1L 48 Fe,S, 11
FeS,Se,, FeS,Se, ok [N A {5 1) He' 4 4 1 B
A5 1 TR LB S RN e A ISR e, A
SR TS FH R Hg A 4 F g 5

BE AN, F AT S R ) — 2 H Al 24 75 g 1087 o 5]
FHRHFE 4) . CAO % il 46 T LIS BRER h 24
PEOL B Ag-SBA-15 9K A4}, 12 W B 551 75 1= 38
200 °C BB F X He' A 35 F- 100% B0 B4 fiE s



T4 H BRI
Table 4 Other adsorbents

. , s , . AR 5%
FEEH TS OREE, T, =3, BE)  REE WMz E A mAET
A ik
NaCI/FA 25 ug/m’, 1.0L/min, 153000k, 40~250 C >90.0%  0.93 ug/g 100% — — [60]
[MoS,]*/CoFe-LDH 350 pg/m’, 0.5 L/min, —, 50~150 C >95.0% 1639 mg/g 3 000~3250min — — [62]
ZnO@CuS 1200 pg/m’, 0.5 L/min, —, 75 C >90.0%  60.53 mg/g 6 000 min — — [63]
FeS, 1Seo.s 130 pg/m’, 0.6 L/min, 230000h™', 80 °C  >90.0%  20.22 mg/g — — — [64]
Ag-SBA-15
£ 125 pg/m’, 1L/min, 260000k, 150 °C  >99.0%  13.20 mg/g 1% =5 300 CHIEE [65]
GRE AR
B 1200 pg/m’, 0.5 L/mi 25~550 % ~oT0%
JA M m’, 0. min, —, ~ 9 . — — _
n pg/ (<200 C) >13.00 mg/g [66]
7200000k, 30~120 99.0% 100
Cu,Se/PUS - , 30~120 C, >99.0%  25.90 mg/ — 67
: T sy o7
CI-PPy@MWCNTs 240 pg/m’, 1L/min, 200000k, 25~100°C  973%  3.87 mg/e 2120% =5 MEAMLMED [68]
CI-PANI'@MWCNTs 240 pg/m’, 1 L/min, 200000h ', 25~100 C 98.5%  7.43 mg/g 10% =5 MESILEIRS [69]

Ph 1% R e B o 28 155 i, W 25 75 SR AT 3k 13.2
mg/g. RIi7E R A% BB BUR A, B A Rk
91.6% (11 Hg" 2B &% . YAN P B\ i 3 i
1977 2 A8 1 BRI B R, #E 200 C R ACER T
5 He” 25 % & R F i 3 13 mg/g Hg' 19 1% B 75
B LI A7 4 5 T — R B0 Ak 4 28 0 5,
Hirr CuFeSe, 1M B} % 5 15 900.71 pg/(g-min)
Cu,Se/PUS FKILH R 254 25.90 mg/g,
BE3E% 5 1 1 275.84 pg/(g-min) o HAO A )
F R T — R0 KRB 25 B I YR A9 Wb,
7E 200 000 h' {728 7R BRIk 98.5%, LI 10%
IR B R 25 i, W BN 25 Tk 7.43 mg/g, TR R
ZM R R TR VLB, $E T —Fh =R A
TR R AR T, ST K B R AC R B R
PR, s IR He” ¥ B A S 0 2 4 RE
1, =209 T ok W R AP

5 %

t5RE

FI AT, e FELRR A oA HE i BR fEL 2z s T [ 4
BRRERL), 2 BROR ORI AR & AN 58 3%, 1
RAGRHNUR L7 22RO . W R4 g —Fh
B T AR EOAR, e R LB i H
A R BIRHTAT S o AS SO B RORo0 % R T
WA EAT T 232 A e, TRAEE4S 1A
SN 50 A B S0 R, AT B PERE L I BT ATL B 25
ZATTEHEAT T A, SEEHETR

(L) B HE 2 B 700 AT ARG TR B v T 25, {8
32 PRTE RE MR D | TR PR, fE AR | R
i HTBE J7 . BRSFEAE IO 1R 25 7 T W S AN A2 o R LA
FHUBRERIE | flsr A 25 0 s i s e i Rk
A, FIRDE . d S SRR R BRACR .

) &R AL mE BRI MEEZ, 5850
FUHT & R L3, R B 25 12 L PREREEH]
ORI | PO PE L RBUOL S, R IR i A A
B IR AR EOR R A R ) T T AT RASE S
FHRIRG™ Y R 18 B2 5 PR OB AR, E— 2
A A MW 12, LASE SRS A i) £ RN o

(3) ] LAE— 2P R I e B 22 A [ ol 2
MR B 551, AR A0 A R e A ) 248 2R kg o 50 A
458, B A PR RN A S A AR, I T A
A 136 W% R ) 60 00 3 oA W% R T i Ty 3 LA

(4) AHAE T W B 57) B A< Pk RE RO AIF 2, WA L 551 7
FHE MR WG it — 2P R o LRI B 5
A 32 B DU W ) 07 SO R R LA IE S
o WAMLABITEN R T R IR B
TS T W BRI AE FOR A v B 4R . FE
A= J7 b B — PRI R T, S
IE BT A
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