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Abstract; Mercury is a heavy metal mainly controlled by international conventions, the mining of its
primary minerals has been banned. However, mercury and its compounds play an important role in
chemical industry, military industry and other fields. The non-ferrous metallurgical industry is one of the
main sources of mercury emissions in China, which faces huge pressure to reduce mercury pollution
emissions. Converting mercury pollutants into mercury resources can not only minimize the harm of
mercury pollutants, but also maximize the use of associated mercury pollutants to ensure the security of
national mercury resources and the sustainable development of mercury-related industry. In this paper,
combined with our team's latest research results in the control and resource recovery of high-concentration
mercury pollutants in the “high-temperature, high-sulfur” flue gas of non-ferrous metallurgy, the current
status and research progress of mercury pollution emission control and resource recovery technologies in

the non-ferrous metallurgical industry at home and abroad were comprehensively summarized, aiming to
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provide reference and guidance for the green development of the non-ferrous metallurgical industry and the

economic recycling of mercury resources.

Key words: non-ferrous metallurgy; mercury pollution control; mercury-containing waste; resources recycling
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Fig. 1 Proportion of total mercury emissions from copper,lead and zinc smelting from 1949 to 2010 (a) and

consumption of copper,lead and zinc smelting concentrates and associated mercury content (b)
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Fig. 2 Material flow and emission characteristics of mercury from the non-ferrous metallurgy industry in China

2 MARIZEFBEA

AT JH A5 SR I ¥ AT 3 S J A A 2 ' I [ I
K5 EAEBORFL AR . B[R] oK A2 5 R I 1Y BR
2B PR R A v MR A B R i N AR b R Y 3
(R oI N I i == I 7 N VI (£ N1 D
XF Hg" JLT- A W 8508 3 BOK &= oK 3F A B R 7
it o PRI o J 432 I oK 2 AR g 52 B oK TR B Al
EMEEF K,

2.1 BEHT N AHESKESRZAR

HAr A o Tl B 8y & 8 8ok 8K 45
Boliden-Norzink £ A& (B 3) Bl 2% & — L fit 3 R 0
Ve R F R4, Boliden-Norzink 2 F. #] [F 4} [
FH 5 )™ 12 B4 1 T i 08 5 A RS R D R o et Ak
TRVE BN He' s Az AR SR CH 7R B E [T i,
TR ARAEAE T 25 F ER AR 16 2 B B AT7E
B TCSE BRI Y B A H fif R 2 5 2 Ak
s He' o O i B ffi Hel,™™ [l 4 g ok .
I ARAFAE B AT 2 L RS Y E AR R A, 45 1k
RS A U G SR g PR B IR [T e Hig  AGE
F& He" W E S (>5 mg/m®), H 7R BRI,

25 LRTIR A B AR ASOR TSR AR AR RICRAR . kTS
YU AR5 ), AR AR — A ORI R B
2.2 SMBESKREFMEERMBREZREER

W Y 4 oA 2 i A L A Je v ) R ASOK U T
WCHE AR o A5 e W oK W B ) 3 A O T e 4
J& AL A H TR R A SO, MR EE 2 A ) i T
PR 0 4 T AR ALY R R TR . AR ALY A Ak )
Bt SO, GE T 58 7R W B 25 5 1w » A H A5 HL A T i 5t
4 R Ao WS )

O A A A 2 AE O TR TR R RO 2 ) 2
T4 JE Ak W ook W BRE PR BB B9 B % U7 k. LIU
FE K Ok T R m AR AR Rk
W B R0 o s A A AR RO AT CuS B
JP AR AL T b EE A IR AS . EP A5 CuS
FEAE R Cu 25 30 A1 A 18 A C 467 B, S22 Hg” 1Y 5 i
IR o VA TP NP (B G = N D\Y/ S Q2 () P2 ] B )
MoS, Z5tg ¥, 7] 25 3R F+ MoS, i #Ea R M Fil = i
TP 4(a)) . MoS, i i Mo™" [Mo’" J& Hg' i
AALRL A AT A ROH He® F AR T B B iR 8 1Y
a-HgS. 78 160 “C iy il 8 T X 7 i 0 B ¢ 4 ik 5]
47.67 mglg,



* 54 - A 1048 GREEE) (http://ysyl. bgrimm. cn)

Fathpd

kil

15 RRIR)E
6%~50%

2024 4F55 11 3
PRI A il
‘ ShiE
iR KA

7
30%~40% <5% 0.1%~0.3%

1. Hg', +HgCL, = HgCL

2. Hg,Cl + CL,,. =2HgCL,

[E] 3 Boliden-Norzink ik T%

Fig. 3 Boliden-Norzink mercury removal process

Z &R BRI A G N EA M 4 R b
Py B 00 Y B ik 2. WANG 25075 5 s 1
T 2 45 70 B A3 B Cu, WIS, 0 IR ] 52 1 2L A5
PLHESL(COFs) - #5487 —Fh HA E & S 25 il COFs
gk Cu, WS, . & & b B ] S 4 1 FH 4 45 2% 4 A 1
R THEZWEME S A Cu, WS, 1Y 25 W Bt
AT 9% E 21. 60 me/g.

R FH b7 v 3 B A v 0 W 4 T (N 4 45 Bl P i
40 S AR W B 700 DR B AR B A 80 . LT 4
TF % T 415 24 AL Bk R BR 5 4 LB =22 [ 1Y
Z2 T A o o A R R ) 3 T A AS A RO S A7 AE L K
W Bt 75 B 5 35 78. 8 mg/g (B 4(b)) ., BE: 4 EmuifL
Wy B R AT 2 B AR P B, BT e Hg' IR Ak
Ay Hy 183. 66 IC.

ili A6 4 X ok 1 2% RN g s T AL B . & R Al
e %t Hg” it W (4 Bt o5k . LT 2607 3 o 0 4
& I A AL ) 45 R B R T 2T N 1 RN A Y L
il 5 Ak T BRF R G SR W B AR L R R TR B 4 i
ik 345 mglg. (HIA & J& il £k ) A4 kL 2 T I
PUORESE T 22 10 1) B, B T HL AR R R R O
07 1)

T3 T RE T LG I Ak 2E B S AH B fiE ] 5
PR R PAEE PR M B4R . ARHIBAEE S T 2400

SRR AN TR B SR 3R O 1% L R 2 S I L A%
T RIUC AR SR8 AU 10 755 5 1 T A5 0 0 B A
SEWLTMAR He 1 — 2B il AR S AR A AR AR
Ik 990 VL b AL G 0y B TE 2y 1.5 A% SR It
AT 5 AL RN,
2.3 BEAREBRINBEERW

TR E TR R A (00R S A7 Ml 5 38 SR FH A AR A ik
T2 TF & i M 8 W A 571 2 S B SOR A 7 B Y
AATig A . XIE 505 DU R ORI & T —
F G 3 S AR GR (B 4 Co)d s B IR SO, i
SR M G KB A BT AT B I M R B A LR
A B 75 5 35 242.1 mefg, %7 kR AR T
CuS 4 R W WO 7 35 Ak R SO, A O, 16 £k B A2 1)
WO R CuS A 2 1 4 A 07 A5 5 IR W B i 7 2% 1 4
PRANE 257, 2% T 4 T ) R, R W A i — R T 2
775.3 mgf/g, CHEN %™ 58 2 i 2 BH % 7 1E L N
PO 2 Ak 25 F 5 H R ek i Ak B TR O LT
TR T — R A m B A sp® 244k N 54 1 55
W SR TR s s Ak . BARE « &
G510 B A sp” Ak N B T — A4 5 K A 2 L e
O JRHE T T He” 1] BH B F % % g A b i
Hg" " 3 i 5 B B e A2 1 B [ 22 (D 4 (D) . A ]
AR X SR W B PR BB X L4 SR L 1,



2024 455 11 34 A 1048 GREE 4 (http://ysyl. bgrimm. cn) e 55

@ oMo &S eHg %} DMF £, =79.89 ®)
e s R 100
ki aehe | - S
= 4 CE,=-76.61 = A
% K awh% = £ 60
L Y = =
= S S-PC
MoS,(100) ; Z 40ff —=—Fe/S-PC,,
E_.(i.:_10'93 E § M
- E %20 |
E, =886 W z =
v Z
Z
<

1 1 1 1 1
% B 0 10 20 30 40 50 60
e Time/min

MoS,(001)

Stage 1: Oxidation

Hg’ removal mechanism Hg" removal performance

()

i i (d) -
1 P P 100F t
1 480, T i 9
' Q 2 ¢ £ 80F >02% for 120 h
' g Hg"
' Nano—sulfur [ 8
P As | £ oor
! { e L L
e M2 )
. '7/,]0 CEo20f
1 © DL N,+6 vol % SO :
| L] Y 2 2 * 24
1 HgS (==} 0. 1 1 1 1 1 1 *» Hg
. | 0 20 40 60 80 100 12 \0
3 3 Time/h ‘t. L
‘ Stage 2: Coordination v €
4 (a)DMF &2 MoS, R Ht 177 ; (b) 8% 3 Sk Fi 4k 0 W B 07 5
(c)gsk S AR ; (d) [Bpy [ ThAc]E F & s 7 5% 7
Fig. 4 (a) DMF-inserted MoS, adsorbent''*]; (b) Carbon-supported iron sulfide adsorbent™'* ;
(¢) Nano S liquid mercury adsorbent''”? ; (d) [ Bpy][ThAc] ionic liquid mercury adsorbent*!
F 1 TEHA 3T R U B i BE X BE
Table 1 Comparison of adsorption capacity and temperature of different kinds of mercury sorbents
L . He' i AVRIE[ SRR W B i)/
1% Ff 31 K4 .
% it 5] C SR (#g°m73) (mg+ g 1) ?Pﬁ%_
ACL?5] 90 99. 3 kPa O, 2 000 ~4 100%
) . Coall26] 24 6%0;+12%CO; +7%H,O 50 ~0.573 100%
A ) O o s <
Fly ash carbon'?7”] 138 16 % CO, +5% 0, +0. 2% S0, 0.027" 1. 85 350 min
S-impregnated BPL ACLZ8] 140 Ny 55 2.3 100 %
Ag/CNT 2] 150 Ar 474 9.29 100%
4 JE W ) 1% Au/RB;-THPCE30! 120 12. 6 %02 100 3 72 h(47%)
SBA-15-10 % Agl31] 50 4%0;+12%CO,+0. 04 %S0, ,0. 03 % NO 77.6 0.086 1h
15 % Mn/y-Fe; O3-25032) 200 0. 1%S0, 1 0004200 3.09 10 h(50%)
Ceo. 5 Mng. 50,133 100 4% 0, +0. 05 % NO-+0. 05 %S0, 1 050+70 5.6 10 h
BRI Mn-Fe spinel34! 60 4905 +0.01%S0, 400~500 1.3 6 h
Fe-Ti-Mn spinelt33) 150 4% 0, 40. 04 %SO, +10 % H, O 500~600 0.8 8 h
1. 5CeQy TiO, 361 200 0.03%NO+0.12%S0, +4 %O, 50 ~0.012 4 h
Nano-CuSH7 75 N. 90 122. 4 100%
Coy Ss-PCL38] 100 6%0,+6%S0,+0.001% HCI+8% H,0 210 43.2 100%
Cu, S, @ACH 120 5%0;+1.5%S0O 244 3.92 100%
&R ’ , . 5 i
FeS1. 32 Seq. 11110 80 6% 0, +2.5%S0,+5%H, O 130 20. 22 100%
Fe; Oy, Se, M1 100 4%0,+0.05%S0, +8% H, O 65 8.8 100%
Cu; WS, @COF!?) 80 N: +5%S0; 50020 10. 80 50%
LEER X (Vi B
3 .&*E]i\rﬁ»}‘g /‘%‘/{%}?}E L‘J#i)ﬁ %%?ﬁﬁﬁ)ﬂéﬁéﬁiygﬂQiﬁ‘Jé}EXﬁ%ﬁo ,fgéjixm}ﬁy\jg
y TR N & hitd = . N . - NN
IR ROR FEDE A REFE, X —IAR S
3.1 BSH B R FHSROT NG SOGS R BT TR AR T T BT AR, WA B

AORESHIVER-ENRESRERGEY RKRRZRETHE TS REA N HMIE ST £



* 56 - £ 4 8 GEHER 4 (http://ysyl. bgrimm. cn)

2024 4EEE 11 W)

B (HH 5% 75 R v R A TE 25 I A RAS A2 5 3k 2
AR I A R 2 B R

A A R e B R R OR 1) 2 Rl ORT B 2 AL S B
SRR K. BRI R %W SO, i
WK RO EE R R, LY He &5 G E M
HgSO, 5 % A F A Az BT A8 25 7R I e 3 B ik
ANSHM . B A RIEE S Sk L R e B i
AF TR PR A DG A SRy oK T R 4% o) 43 T ik e S
H o T3 A0 AL GE TR I TR Tk e AR B v Ak, 24 R
RIS KR A A H AR . A B S i B A0
M £ 35 2 B0 T i B A SR Tk A7 LA V% B 1 1 1) G
i, BB S AOR 5 Rk 62. 4260, At R AE
7R TSR SR 2 THT W B K R AT T LR E B T
XUHL 2 1% & BOR [] 5K B 74 1E B AR el . o
2 A R B 8 0 9 4 AR 2 Y B 4 T B AR A

) B R R K R R I B A AT N Z BURTRL ES F
PEFTIY S 50 . 0, SeO, > 78 15 W Hh T L3 41
HgSO; (1 53 fff . Bl 45 10 T8 Hg SO, e 4k i 11
HgSeO, SO,* ™, R 1k 4 #F T W #% 1k i HgSe*,
AsCID W25 42 3 5K (4 7 B i, A TR As CID 38 Ji
Hg™ % 2 0 AsO,°” >HAsO, >H, AsO’™ >
H; AsO," 5 5 AsCID AR As CV ) B A7 76 23 3 6l
IR TR K W W h i) Hg (SO, " Bk FaE
B HgHAsO, ; Cu” 7] LAk 48 HgSO, 4 i 1 F2 v iy 7
R AR K Hg(SOy)," 4l /L AE M 74. 55 kJ/mol
Rk 3 48. 78 kJ/mol,
3.2 RXBBMITANEHERERSUBRER

BT XA T R AT IR & 5B R AT BT
AN 31 A 250K 5 15 R R 1 A7 78 5 P Ry 7R 15 B i
4 i B AL T I AR B 2R AR . R R S R
A 5 AR BELRR L FE R X A B SR B AR L T S B
15 PR R sk 25 Bk .

I A AT BAAH 4 4 R R SR A A A
[ 7R 1) SR R A OB 5 TR A KSR S N
I TR B A 7 0 3 AR A SR BB Ak 5 & 2
SEBLTE R P OR TR T M R R L . R e R
REEFI KB4 LA SeO, YT 2Rtk AR, I 76 U it
L HSeO™ 5 SO, MIE R TI5 KT,
W98 % B, V5 BRUE B W h 0 A i SeO,* LCL L K
I% pH AR R B B4 R F 32 5 SeO,” Xk 1 B
ORI HIROR . R CL Rl SeO, " JLAEIT . R4
DA AR E ) HgSeO,Cl 5 HgSeO,CL* f£4E . AT
SRAL SeO,* I HIROR . Ak . FBA I F /i i SO,
R 3R 58 A A BT A A JLEE L 4R T R R SO,

il 25 1E M ST R kR e WM B A A Hg' BB
Y HEST R B MR, SO, [ B TR A8 U5 9 K B S
TR i S A R AR AR B I R T
W SR E AR T YRR TR E T
SR BB HE IR ARG 99 %6 A b, il e T OR Uk T Y
Jia] 15,

T SR 25 R P 5 T, T DG AR 8 1 T TS R R
J 7 i IR T — R 4 BH BT A A K
F 38 3k B R AT 4 0L R 2 B R R MR R 2 4 L O
LA PR 95l AT 1 O o R O e A SRR E . B R
{37 I U R = b <] B P u g i RN )
T 2 0 £ W ) 30 0 B D R R R O R 9 TR K
3.3 EEFMEAFTEIEREES BEHRAER

AR EMIREKERITESHERKEH TS
Ko MR AR BB AR MR,
G G A B VR A DT T . W UL B AL 2 DT
AR TREEVLTE 2 B AL DT i . TR DT T vk i
Jin CaO 1 FeCly ¥ oKk e B b 35 FEAIK . (HI% 07 45 vT R
AT IR HOUE ok 5 HALE & B IR A kL
OYES. BRALULIEE WA S 5 He®' B sl AR i fif
JE 1) HgS U3 . F 3 5 76 b ol Bl 1k 2% 18 F itk
1T AT S FAb N i Ak &, 1 0™ & 1 K
V5 4% [ B AR Ak AR R R AR A ST S5 e b
b K 1) 4 T B T G 22 I RN 5 0 R i R
AN BRI T S

FA G Z TR W B 3 0 B2 vk LA R A
PE o WERRE T2 N A R R K AL B DL M e
AR R B AR ph T O S 0 B o R R B AT
BT N B T pH AR 0B A R Y 4
P A T BB ) S BRI . D A R R A S A
1o T AR A T R T R £ 88 CuS 480 9 K BRI
BE R SR 3 B 0 S 198 SR TR R i L HL A R 1 3R
Bi RN LA KR R 1M B R g i i R
Pl . S R R R 2 T A S
VA 7 5 1 25 B 0 T R 1) R 5 LA A R AR A e
FEPESEOE . i S IR R L I & 1 T AR TR R
A% 0 R0 25 B R B K Hp 8 OR  AB X TS R A A S
B T oK B F S AR ik s RS
4 &5 eARE TR E K

16 4 3k R R A R I B R AR T B AR K A
SR B i S5 W 1A R 3 IR T e B R [ i
REENREENT AAE LN REEY, ME
(RFREKRANLDAER AR RE 2



2024 4E55 11 1]

A 1048 GREE 4 (http://ysyl. bgrimm. cn) e 57

A1 A% 1k SR ) S B i SRR T I B R A e 11, R 9 s AL
ANRER IS B 25 5, T 3 0 (B A B A e
Fho #ZE 2024 4E 9 J ORI C 28 140 J1 o/t
PHLIL A f a7l = A 0 R B % R B 78 W38 Ul 7
BRI Il B AR LS TR R SR W VR ARG NI R 4k
FIH
4.1 JQCGRRE B A B SFIR 85 AR

S I AR AE AR R B F R T 4. B
) T Tk SE B . 1% TR R AR & il 4
PR B R S F R B b B BB R L 3 o v B
BE BOR A KRR T AR AR O] 87 2, 4 B Tk
PB4 R4 R AL = AN BREY . gk — Ak
SR F TR AT 368 R A5 D o A DA A A IR 4 e AR
151 Un R ) L 28 A 0 4 RS 8 400 °C 1 6. 67 kPa
BB T, & ORIEYR M KBRRA 1k 96. 75 %, [k
275, 2300 WRAb L SR R AR B T O U
F FRAR R B9 f W 35 AL BE . 76 500 °C R AL FE 30 min J5 ,
KEB R F 99.98%, BoR H R I/ R TS
SR S Kk ISR R WA AE— s R BRPE . 5. I
Py b HoAb T R AR LA AR S TP R A IR OsoR
Fal gy ok, m R AL B R T RS A kTS
Yo U HZOR S BB B g . A, ok
HEHARRERE S RIS A T AR BRARR & R R BR
THEMH.

E Ry I I CH: A () B Mg e T 5 3 i
Fi ARz 2 BV E AW B R I T2 T RO
] o P AR 1 %0 78 T 38 20 12 HR K TR A [ A
Yy SRR WA L I LA T B A - Pl Ak 24 1T
VE | FL I A T 3 LSO AR TP R . R R B
T BAE T REAE AL, HAL B S AR v e AR A RS
Yesb o35 H R P T T IO I S i
W R R A = A . RS R
FHER 8 | B R 55 25 & 000 700 4 T3 i k0% s i
WEESO T R R M S OR R B T A 2 kAR
Az s T R IR A AEL B A ) O ok 5 A L ROCRAIR
HAERH 38 A R . 32 5 R AL 22 5 5k
IR Ak A4 T SR S DO R T TR i, SR
FH R IS H R B 38 T 7 A b B 55 SR B Il iR T
ik 99. 7% sl R &M W RG5Ok B T BC A, 5 i
A 1 e A5 O LA AR EE 1 b SR AR ] 99. 7 %05 4
FHUK SR #2051 Ay A5 1R Sk 3 T 741) ] ol 1 1% v 1)
KL R ATk F] 81 %, BIEH AR M A — 2
T T AR B R B R R AR IR A ATl
A B OR IR UG T o IR ¥ 45 G WL Ak 2 5 AR 27 58 R

A I REA R TSOK - b A ik e REAR A TS B )
R, RN RRVE TR TR R 50 3 6 70 1 20 2 PR A
AT T i — S PR 51 G R R A I AR R AL
AR L LB K Ak B AR

25 bk CEOR A R i T2 R B
KRB 3 s JEHRAEAROR 5 B R W 1 b B 1 B 5%
o SR B XA [ 26 R OR AR 45 0 A9 8 #5135 1 )
T AU s 5 B BT 75 1k — 25 TR AT
T » VLB DR AR Tl A IS v A e 0 A 22 B 1
4.2 EKIZEEZTALMSHMER>RER

Wt BT R Bk 5 BROR BOR 19 H A R L T — oK
[ Wi T 20 LA A 22 35 Ak i 45 R BT AR 4 1 XU 7
Ko T EETR IR LR A ROR . 2 Al iE M
WK 2R Z et M T 25 LU R AT o ) PR A5 4,
R ISR Al B B A A A 0 &R S BT IR A 4 T A
Fl o A SCRERSH AR T — A o R Y R A OB
T7 i 8 R R U S R R TR A I B A SRR
IO A S A SR TR 5 R+ 13 e R v R B [ 9 g 1
WACIG o 5 i P P 322 46 B A R ok 4R BB 0 O L i B
TRRVERT e LR i s e TS IF R IR
Pe 1T H AR A AR AP AR T I B R 8 . S B T ok
AT B A7 28 I o I ) A i 4 BB 4R AT I A
1 JEL 7 sty OO ED 3 L R R B BB S e /N Y R
(W

IR 7 ity B e LA 2 A ol B2 AR TG ) T 1
LI Al JT R R F LR IR IR ) Ak 2 ik ity 3
T B A [T SCE A o 5 oK T P Cln 5 SR R 8D v g ok
PASAAL MR I QR . 5 SAA6 AR A LE . B 50K
4 T 3 s B o DR IR 5 R [ — U APk A
RO L BE W AR R T T 37 58 A D AN TR AL
e A 8 ak AR AP 2 R] s (] Wi ] 12 4 o AL - AN A
& THBE IR £ 5 M) 2 3 BE K R R 45 e 7 il 4 R
I AR T B — B R 7 il o AR P IR 3[Rl il 1A
il B R A P T 2 = 3 A

ARH IR [l e A — 2 1) Z2 oAk Il 5 i
BEE AR 7 it D o) i Je %o e R Y HR 26 S (AL T2

5 Zh5HEZ

S EHE T E WA AR STk ok TG G HE
A ) VST R DA B R BOIR B bt o i R, AN R
.

DA R 447 38 R HE iy 2 2ok 2
— o AR P 9520 1 1 AR R A3 il % E R



¢« 58 o

A 1048 GREEE) (http://ysyl. bgrimm. cn)

2024 4EEE 11 W)

AU AE B R v ok A I R 0 I R 1) A A
STETRTT IR VB R A5 A s ROB A8 R R A Ay = 2%
2R PRI K

2) AR R A AT Ml A i A R IR BN G B
PR T7 3 DA L 1 P (R R T 9 3
FEBEREA . LA 5 T B Al W DA A3 14 3 32 5 P i
B R A 1R 17l i B R B BRI
12 s VRV VR T [R) A SO, il 7 78 I oK 75 4 D7 T
FRE R, EL9CB 775. 3 mglg A AR AARUE
filik .

35 MRIEA 10 if 4 ok AT (19 38 B4 ot Lo
A 285 50 RIS AR 285 5 452 37 T 285 2 WOAR o 14 B 5 TR EE
AR BRI SRR E S HE T REY
52 458 07 5 12 3l e X T I 2 OR Y R 45 B AR BELR
BT IE RROR Y R W . R 2R TR 2
(8 - i ok FE P 0 O TS IR B T OR i AL I B R
(RIS

O PR AR R Z oAb I T 20 f Tk ok Vil L R 4
AW GEIRLEE A R I K LU 2ok 5 R AR
F18 i LA 7™ it [0 ST 52 AR 2 o B UL [l i ) o R
J5 1]

A IR E AT R TS G ih S IR M BOR 42 T
K JE R TR I SR THT I 1 22 AN . R SR I BT 5 AR
e B AE LN JLASEE 2Ty 1] U A

D& Jm st xt SO, 55 S5 52 P 95 » 2l N
A O B A AR R R A VR I M . (H
B AR I oK 9 il 2 7 1143 50 ~180 °C, HL v Ik i e
ARVERE 3 FEAR . Rk T & 98 I B2 7 1 0 6 T
P 0 6 5 2 < s P B R A e T 5 B e R A
R B[R] L

2) I K BA KA OR W RE J1 B9 A4 B AT (1R
AT M AR AT 8 F B A JR T 1) o T O WA R A
BHE AR A B, HAE SO, BREE T PERESZ BR L ME LA 2
SR T A 3K . AR MW HE RN G TIT R
T R P R A R A AR L PR IE R P 70 B 2R i
TR R Ja RS E S LUBA PR A6 980 A Rk RIS B Y
(] s Sy 53 1) T 4 [T Wi A3 die A M) 5 B 8 D ) e
KAR 5 FH

DI AHRA MR E ST RS Z
5 1) <5 TR 8 A 00 A 478 7 B A 2 R R R i 1 3L
— 3 d ol TR B ST TR B = A S A R AR
Jo-We B2 AL AL AR T At 2R B AT oK 5 Ak T i
TEAT RCHE TR 9 25 BR 23R B4 [R) B 3 o AR A b 3
B BB A  HE SBR[ 22 T T RS A

4) 5 R [ [l WoR AR AR DL AR T2 T
I T 25 REFE = S Y TR AU 22 5 T )
B, JT R e PR IR Y — DURR B4 ) 4 i {EL AL 7™ i Y
JEL AR T2 iR DR 25 I TR LAY B R A

%% X ik

(1] bk . 8 KCF 8, 4. 0 58 Bk 1k 2 B 5 it

(20002010 4F) faj 8 [T 1. 57 40 55 A MR 1k 2% 3 4%
2012,31(4):291-311.
HONG Y T.ZENG Y P.FENG X B,et al. Outline of
the research progress in environmental geochemistry
during the period of 2000 to 2010 [J]. Bulletin of
Mineralogy , Petrology and Geochemistry,2012,31(4):
291-311.

[2] SELIN H. Global environmental law and treaty-making
on hazardous substances: the minamata convention and
mercury abatement[ ] ]. Global Environmental Politics
2014,14(1):1-19.

(3] R, A 4 5 R R AT Al oK HE AR R S s HE v

S5 [D]. b5t JE # K5, 2015,
WU Q R. Study on mercury emission characteristics
and emission reduction potential of non-ferrous metal
smelting industry in China [ D]. Beijing: Tsinghua
University,2015.

(4] SREUH. SRR B R 09 K AORHECR IE B 2 (D], Jb
AR, 2010,

SONG ] X. Characteristics of atmospheric mercury
emission in typical zinc smelting process[ D]. Beijing:
Tsinghua University,2010.

[5] R, EHH. EEM TEAOEERETLRA

SRHE RO S B [T, 3 5 R 42, 2017, 37 (7)),
2401-2413.
WU Q R, WANG S X, WANG Y J. Projections of
atmospheric mercury emission trends in China s
nonferrous metalsing industry[J]. China Environmental
Science,2017,37(7):2401-2413.

(6]  XRERE, Rk . B2 52, 4. Iyl 2 o A 0 A0 0 vk 1ol R v oR

P L BRA B 5ELC//%6 =+ i SO, . NO, . PM,.; . Hg
5 YR BRI 238 SC4R . Jbst, 2016,
LIU Z L, LIU H,PENG B, et al. Study on synergistic
removal of mercury in flue gas washing enhanced by
selenite acid[ C]//Proceedings of the 20th Workshop on
SO, ,NO, , PM, ;5 ,and Hg Pollution Control Technology.
Beijing,2016.

[7] LIUZL, WANG D L, PENG B, etal. Mercury
re-emission in the smelting flue gas cleaning process:
the influence of arsenite[ ]]. Energy & Fuels 2017,31(10) ;
11053-11059.



2024 4E55 11 1]

A 1048 GREE 4 (http://ysyl. bgrimm. cn) * 59 .

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

WANG C, ZHANG X F, MEI ], et al. Outstanding
performance of magnetically separable sulfureted MoQO,/
Fe-Ti spinel for gaseous Hg’ recovery from smelting
flue gas: mechanism and adsorption kinetics [ J .
Environmental Science & Technology 2020, 54 (12) .
7659-7668.

DING Z, YANG C,ZHANG H,et al. New utilizations
of natural CuFeS; as the raw material of Cu smelting
for recovering Hg" from Cu smelting flue gas[J]. Fuel
2023,341:126997. DOI:10. 1016/;j. fuel. 2022, 126997.
STREZOV V,EVANS T J, ZIOLKOWSKI A, et al.
Mode of occurrence and thermal stability of mercury in
coal[J]. Energy & Fuels 2010,24(1):53-57.

- F L AR AR TR AR R R TR LT B R T
Ak 52017(4) 5-8.

WANG R S. Discussion on the process of acid purification
and mercury removal from smelting flue gas [J].
Sulfuric Acid Industry,2017(4) ;5-8.
LIU C, XIANG K S, LI J Y, etal. Controllable
disordered copper sulfide with a sulfur-rich interface
for high-performance gaseous elemental mercury
capture [ ] ]. Environmental Science &. Technology,
2022,56(19) :13664-13674.

LIU C, XIANG K S, LI J Y, et al. Edge-enriched
molybdenum disulfide ultrathin nanosheets with a
widened interlayer spacing for highly efficient gaseous
elemental mercury capture[ ]]. Environmental Science &-
Technology,2023,57(26) :9884-9893.

LIU H,LIU C. XIANG K S, et al. Disordered MoS,
nanosheets with widened interlayer spacing for
elemental mercury adsorption from nonferrous smelting
flue gas[J]. ACS ES&.T Engineering, 2021, 1 (8);
1258-1266.

WANG L L,ZHANG K, LI J X, et al. Engineering of
defect-rich Cu, WS, nano-homojunctions anchored on
covalent organic frameworks for enhanced gaseous
elemental mercury removal[J]. Environmental Science &-
Technology,2022,56(22) :16240-16248.

LIJ Y,XIANG K S,WU ]J,et al. Tuning the coordination
environment of sulfur on carbon surface via doping
with iron for high-capacity gaseous elemental mercury
capture[ J]. Chemical Engineering Journal, 2024, 490
151664. DOI:10. 1016/j. cej. 2024, 151664.

LI H L,ZHENG W, QU W Q. et al. Facile pathway
towards crystallinity adjustment and performance
enhancement of copper selenide for vapor-phase elemental
sequestration [ J ]. Chemical

mercury Engineering

Journal 2022, 430 132811, DOIL: 10. 1016/j. cej. 2021.

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

132811.

EV AL FERE. — PR R R L R A SO
#J7 ¥ :CN201410192385[ P]. 2014-08-27.

WANG P S, WU T,GUO Y. A biphenyl short chain
linear polymer and a preparation method there of:
CN201410192385[ P]. 2014-08-27.

FV I R = R U S A TR S HAE A HE T
J& 5 T £ 2 FH A ) 45 5 3 - CN201610569495. 9P,
2016-11-09.

WANGP S. A melamine polymer material and its
application and preparation method in the treatment of
heavy metals:CN201610569495. 9[P]. 2016-11-09.
LIU H, XIE X F, CHEN H, et al. SO, promoted
ultrafine nano-sulfur dispersion for efficient and stable
removal of gaseous elemental mercury[ J]. Fuel, 2020,
261:116367. DOI:10. 1016/;. fuel. 2019. 116367.

XIE X F,CHEN H,LIU X D,et al. Synergy of copper
vacancies and amorphous regions in copper sulfides
enables superior capacity for Hg’ adsorption [ ] ].
Journal of Hazardous Materials, 2024, 462 132273.
DOI.DOI: 10. 1016/j. jhazmat. 2023. 132273.

XIE X F,CHEN H, LIU X D, et al. Achieving large-
capability adsorption of Hg’ in wet scrubbing by
defect-rich colloidal copper sulfides under high-SO,
atmosphere[ J ]. Materials, 2023,16(8):3157. DOI: 10.

3390/mal6083157.
XIE X F, ZHANG Z H, CHEN Z K, et al. In-situ
preparation of zinc sulfide adsorbent using local

materials for elemental mercury immobilization and
recovery from zinc smelting flue gas [J]. Chemical
Engineering Journal,2022,429.132115. DOI:10. 1016/
. cej. 2021, 132115.

CHEN H.XIE X F,LI C F,et al. Steering electrophilic
N center in ionic liquid for efficient oxidative capture of
elemental mercury[J]. Chemical Engineering Journal,
2024,481:148438. DOI:10. 1016/j. cej. 2024, 148438.
KARATZA D, LANCIA A. PRISCIANDARO M,
et al. Influence of oxygen on adsorption of elemental
mercury vapors onto activated carbon[]J]. Fuel, 2013,
111.485-491.

HSI H C, ROOD M J, ROSTAM-ABADI M, et al.
Mercury adsorption properties of sulfur-impregnated
adsorbents[ ] |. Journal of Environmental Engineering,
2002,128(11):1080-1089.

MAROTO-VALER M M,ZHANG Y.GRANITE E ],
et al. Effect of porous structure and surface functionality
on the mercury capacity of a fly ash carbon and its

activated sample[ ] |. Fuel,2005,84(1):105-108.



60 -

A 1048 GREEE) (http://ysyl. bgrimm. cn)

2024 4EEE 11 W)

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

LIU W, VIDIC R D, BROWN T D. Optimization of
sulfur impregnation protocol for fixed-bed application
of activated carbon-based sorbents for gas-phase mercury
removal [ ] ]. Environmental Science &. Technology.
1998,32(4) :531-538.

LUO G Q,YAO H,XU M H,et al. Carbon nanotube-
silver composite for mercury capture and analysis[]J].
Energy & Fuels,2010,24(1) :419-426.
RODRIGUEZ-PEREZ J, LOPEZ-ANTON M A, DIAZ-
SOMOANO M. et al. Development of gold nanoparticle-
doped activated carbon sorbent for elemental mercury[J].
Energy & Fuels,2011,25(5):2022-2027.

XIE Y J.YAN B, TIAN C, et al. Efficient removal of
elemental mercury (Hg’) by SBA-15-Ag adsorbents[ ] ].
Journal of Materials Chemistry A, 2014, 2 (42):
17730-17734.

YANG S J,GUO Y F, YAN N Q, et al. Capture of
gaseous elemental mercury from flue gas using a magnetic
and sulfur poisoning resistant sorbent Mn/y-Fe; O, at
lower temperatures[ ] |. Journal of Hazardous Materials,
2011,186(1):508-515.

QU Z,.XIE ] K, XU H M, et al. Regenerable sorbent
with a high capacity for elemental mercury removal and
recycling from the
temperature [ J J. Energy & Fuels, 2015, 29 (10).
6187-6196.

DANG H.LIAO Y,NG T W,et al. The simultaneous

simulated flue gas at a low

centralized control of elemental mercury emission and
deep desulfurization from the flue gas using magnetic
Mn-Fe spinel as a co-benefit of the wet electrostatic
precipitator [ J ]. Fuel Processing Technology, 2016,
142.345-351.

LIAO Y,XIONG S C,DANG H,et al. The centralized
control of elemental mercury emission from the flue gas
by a magnetic rengenerable Fe-Ti-Mn spinel [ ] ].
Journal of Hazardous Materials,2015,299:740-746.
LIHL,WUC Y,LI Y,et al. CeO,-TiO; catalysts for
catalytic oxidation of elemental mercury in low-rank
coal combustion flue gas[J]. Environmental Science &
Technology,2011,45(17) :7394-7400.

YANG Z Q. LI H L, FENG S H. et al. Multiform
sulfur adsorption centers and copper-terminated active
sites of nano-CuS for efficient elemental mercury
capture from coal combustion flue gas[J]. Langmuir,
2018,34(30) :8739-8749.
YANG S, LIU C. WANG Coy Sg
highly

P S, etal

nanoparticles-embedded porous carbon: a

efficient sorbent for mercury capture from nonferrous

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

smelting flue gas[]]. Journal of Hazardous Materials,
2021, 412 124970. DOI; 10. 1016/j. jhazmat. 2021.
124970.

YANG S, WANG D L, LIU H, et al. Highly stable
activated carbon composite material to selectively
capture gas-phase elemental mercury from smelting
flue gas: copper polysulfide modification[ J]. Chemical
Engineering Journal,2019,358.:1235-1242.
LIUZL,LI Z L, XIE X F, et al. Development of
recyclable iron sulfide/selenide microparticles with high
performance for elemental mercury capture from
smelting flue gas over a wide temperature range[ ] ].
Environmental Science & Technology, 2019, 54 (1)
604-612.

YANG Z Q,LI H L, YANG Q, et al. Development of
selenized magnetite (Fe; O,-xSey) as an efficient and
recyclable trap for elemental mercury sequestration
from coal combustion flue gas[ J]. Chemical Engineering
Journal, 2020, 394 ; 125022, DOI. DOI: 10. 1016/j. cej.
2020.125022.

AR BRI R SR U S RS R A W ) i Ak 3
B L ZWRD] Kb B R, 2011,

WANG Q W. Study on new treatment process of biological
agent for washing mercury-containing contaminated
acid in flue gas of lead and zinc smelting[ D]. Changsha:
Central South University,2011.
WANG QW, QIN W Q, CHAI L Y. etal
Understanding the formation of colloidal mercury in
acidic wastewater with high concentration of chloride
ions by electrocapillary curves [ J]. Environmental
Science and Pollution Research,2014,21:3866-3872.
Bk AR FS R AR A AL A AL 30 5 R Tk K
KSR SELT ], BEAL 5 &AL . 2010,25(5) : 18-19.
MA X Q,SONG L F, LI Z X, et al. Study on the
treatment of mercury-containing wastewater with sodium
sulfide[ J]. Phosphate and Compound Fertilizer, 2010,
25(5) :18-19.

YUJ G, YUE B Y, WU X W, etal. Removal of
mercury by adsorption: a review [ J ]. Environmental
Science and Pollution Research,2016,23:5056-5076.
ZHANG F S, NRIAGU ] O, ITOH H. Mercury
removal from water using activated carbons derived
from organic sewage sludge[ J]. Water Research,2005,
39(2/3):389-395.

BB, B B AW AL B A 0 2 K BRI Rl A
Te FExb kv Hg®™ i e B v % M s 42 LT ). bl 2
24 ,2020,36(4) :695-702.

HU M H, TIAN H. HE ] H. Sulfur-infused



2024 4E55 11 1]

A 1048 GREE 4 (http://ysyl. bgrimm. cn) e 61 -

[48]

[49]

[53]

[54]

[55]

[56]

modification and highly selective enrichment of Hg®"
from aqueous solutions of CuS hollow nanospheres[ J].
Chinese Journal of Inorganic Chemistry, 2020,36(4)
695-702.

DAI D H, YANG J, WANG Y, et al. Recent progress
in functional materials for selective detection and
removal of mercury( Il ) ions[ J]. Advanced Functional
Materials, 2021, 31(1):2006168. DOI: 10. 1002/adfm.
202006168.

HUA K.XU X L.LUO Z P,et al. Effective removal of
mercury ions in aqueous solutions:a review[ J |. Current
Nanoscience,2020,16(3) :363-375.

MENGER-KRUG E. NIEDERSTE-HOLLENBERG
J, HILLENBRAND T, et al. Integration of microalgae
systems at municipal wastewater treatment plants;
implications for energy and emission balances [ J].
Environmental Science & Technology 2012, 46 (21) .
11505-11514.

SUBESHAN B, PHAM A, MURAD M S, et al.
Mercury recycling technologies in its' end-of-life
management:a review [ ]]. Journal of Material Cycles
and Waste Management,2023,25(5) :2559-2583.

LEE W R,EOM Y,LEE T G. Mercury recovery from
mercury-containing wastes using a vacuum thermal
desorption system[]J]. Waste Management, 2017, 60
546-551.

LIU C,PENG ] H, LIU ], et al. Catalytic removal of
mercury {from waste carbonaceous catalyst by microwave
heating[ J]. Journal of Hazardous Materials,2018,358;
198-206.

BACK SK,LEE E S,SEO Y C, et al. The effect of
NaOH for the recovery of elemental mercury from
simulated mixture wastes and waste sludge from an
industrial process using a thermal desorption process[]J].
Journal of Hazardous Materials, 2020, 384, 121291.
DOIL: 10. 1016/;. jhazmat. 2019. 121291,
A ROR L KA 4. NaClO,-HCEH, O 2 4
R FR IR e s th ok [ ], 18 506 425 2021, 40(5)
382-385.

LI A J,LIW B,ZHANG B, et al. Leaching of selenium
and mercury from acid-mud in NaClO,-HCI-H,O
system[ ] ]. Hydrometallurgy of China, 2021, 40 (5);
382-385.

LIU Z,WANG D, YANG S,et al. Selective recovery of

[59]

[60]

[61]

[62]

[63]

[64]

6

i

mercury from high mercury-containing smelting wastes
using an iodide solution system[ ] . Journal of Hazardous
Materials,2019,363:179-186.
ZHOU Z, DREISINGER D. An investigation of
mercury stabilization techniques through hypochlorite
leaching and thiosulfate/selenosulfate precipitation[]].
Hydrometallurgy,2017,169:468-477.
TR, LH W REW S SR MoK VEBR A R e
SRAGE E e T2 5x L], 9 TR, 2017, 37 (5) .
91-94.

ZHANG Z W, WANG Q L,YU Y T,et al. Study on
recovery process of mercury and selenium from acid
mud washed for dust removal in gold smelting [ J].
Mining and Metallurgical Engineering, 2017, 37 (5);
91-94.

HAN C,WANG W,XIE F. Mechanism and kinetics of
mercuric sulfide leaching with cuprous-thiosulfate
solutions[ J]. Separation and Purification Technology,
2017,177.223-232.

ISSARO N,BESANCON S,BERMOND A. Thermodynamic
and kinetic study of the single extraction of mercury
from soil using sodium-thiosulfate[ ] ]. Talanta, 2010,
82(5):1659-1667.

WANG ] M,WANG T,MALLHI H,et al. The role of
ammonia on mercury leaching from coal fly ash[]J].
Chemosphere,2007,69(10) ;1586-1592.

AL-GHOUTI M A, ABUQAOUD R H. ABU-
DIEYEH M H. Detoxification of mercury pollutant
leached from spent fluorescent lamps using bacterial
strains[ J]. Waste Management,2016,49:238-244.

LIU F P, WANG ] L, PENG C, et al. Recovery and
separation of silver and mercury from hazardous zinc
refinery residues produced by zinc oxygen pressure
leaching[ J]. Hydrometallurgy,2019,185:38-45.

A5 SC R SR L B35 = AP E R UG P AR OR (9 7 1k
CN201710211864. 1[P]. 2017-06-27.

FU G Y,ZHAO Z Q,HUANG S Y. Extraction method
of mercury from heavy acid mud:CN201710211864. 1[P].
2017-06-27.

EHL D dh, DR, — Rl R U8 o Il Wl | ok L 4 R
751 :CN201510259346. 8[ PJ. 2015-07-29.

WANG M, MA J, MA C. A method for recovering
selenium, mercury, gold and silver from acid mud:

CN201510259346. 8[ PJ. 2015-07-29.



	有色金属（冶炼）2024-11目录.pdf
	有色金属（冶炼）2024-11正文.pdf

