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1.1.1 T2k

SKS JERW A R I8 T U (FA% A D4 100 mm x
14 000 mm) , W88 EER% |6 S EM0 I 1 ) | 2035 7
5] 85 A ECH , A T R M S, PR AT 5 50 90° IR
ALY SR, [ W = A . AP R A
TOOMUREE (3 AR AR I, B AL E RS 57 48 AL T
T A ENCER AT AN, A il b 45, 2l
JE R 99% |, & A5 HIAE 100 ~ 130 Nm®/t, i BE 45 76
7E 1100 ~ 1 150 C i E N,

RS0 SRl s ) 2t & BRECRE (BTRS
60% ~70% , & HYWIKE 25% ~35% K57 5% 12 47)
J& , TE B FURRIE BRI N A T BB A3 s SN, (A
AT AL A AL BRER BT 0 M A AL, AN — IR
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A R I (1) ~ (12) s T2 AR aniE 1 fi,

2PbS +30,=2Pb0 +250, 1 (1)

4FeAsS +100,=2As,0, +2Fe,0, +450, T (2)

As,S, +9/20,=As,0, +3S0, T (3)
As,0; + 0,=As, 0, (4)
As, 05 +3FeO =Fe, (AsO, ), (5)
As, 0, +3PbO =Pb, (AsO,), (6)
CdS +3/20,=CdO + S0, T (7)
CdS +20,=CdSo, 1 (8)
CdS +2Cd0 =3Cd + S0, 1 (9)
2Cd + 0,=2CdO (10)
2T1,S, +70,==2T1,0 +6S0, 1 (11)
TS +3/20,=T1,0 + SO, 1 (12)
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Fig.1 Bottom blowing furnace oxidation

smelting process flow chart
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Table 1 The main components of the main materials in the bottom blown furnace Yo

A6 ik ] /L Z L Pb Zn Cu S As Cd Tl Au”® Ag”
mALERES 52,2 4.0 0.5 18 0.35 0.1 0.001 5 1.0 1020

2021 4£8 A AR 35 5.0 — 16 0.56 0.077 0.004 6 — 150
PR 6.3 17.5 — 5.6 0.36 0.14 0.0023 5 4 500

AL 53 4.3 0. 65 16.0 0.43 0.1 0.002 1 0.85 900

2022 4E3 H AT 37 5.4 — 15.5 0.34 0. 081 0.004 7 — 165
PR 5.6 16.6 — 5.5 0.45 0.12 0.003 5 6.5 5400

T = JUR LN ¢/t



2024 -4 A2 W TLSCAF . R TR R A R e A ) 1) 93 A B S i - 149 -
F2RMEEAY YR R )

Table 2 Main content of material produced by bottom blown oxidation furnace Y%

A6 0] i i) Ykt s bk Pb Zn Cu S As Cd Tl Au” Ag* Se Hg

e A i 47.56 5.5 0. 56 1.2 0.651 1.185 0.0039 5.2 1054 — —

2021 4F 8 H VN 35.5  0.34 — 13 0.272 21.48 0.246 — 100 — —

Wil R R S8 I RYe  30. 28 — — — 0.2151 0.1883 0.0201 1.2 1603 36.18  6.66

g 48.5 6.2 0.53  0.98 0.749 1.236 0.0026 4.5 950 — —

2022 43 H yN 34 0.36 — 0.312 24.071 0.281 — 90 — —

HHlBR R s I RYe  29.95 — — 0.1205 0.1282 0.0145 1.0 1410  34.47  7.78

TE A = JTRBNLN g/t
1.2 fURRIPE R IE I TI,0 + CO==2T1+CO, 1 (18)
1.2.1 T2k 2Tl +1/20,=TL,0 (19)
B SRR JE b R SR ¥ 7K S R R A A T WA R A
RS 0050 P L P B TR =)
BAEA AP s 5 R N Eva)

PORTALA 12. 15 m*

A S A — R XU R AN R AT R 0
J TR 3800 ~4 200 Nm*/h, AWM 50% ~
60% , X\ I 145 175 0. 06 ~ 1. 00 MPa; % PN i
— A RIAE 1200 C LA, P AT S8Rl &
B, SR i I A S LRI I 4k SRR | 5 B A
KAWL AR RGPS bR, & A
WIS A 1] e OGS A 7 7 S T T A e S s
FEVR R R AR RN WX (13) ~ (19)
TZARARMAE 2 Fis,

PbO-Si0, + C + CaO =Pb + Ca0-Si0, + CO 1

(13)

2Fe, (AsO,), + CO =2As,0, +3Fe,0, +CO, T
(14)
CdS +2Cd0 =3Cd +S0, 1 (15)
CdO + CO=Cd +CO, 1 (16)
2Cd +0,=2Cd0 (17)
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Fig.2 Reduced smelting process flow chart

of side blowing furnace
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Table 3 Content of As, Cd, Tl in Main Feeding Materials for Side-blown Furnace %
HGr s [7] Ykl 44 Fx Pb Zn Cu S As Cd Tl Au* Ag®
R 47.56 5.5 0.56 1.2 0. 651 1. 185 0.0039 5.2 1054
2021 48 H
AR 60 1.2 — 2 0.13 0.1 0. 001 — 145
=iy 48.5 6.2 0.53 0. 98 0. 749 1.236 0.002 6 4.5 950
2022 4F3 H

AACHE 55

2 0.13 0.1 0. 001 — 150

TE L« JUR LN ¢/t
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Table 4 Main components of materials produced by oxygen rich side-blown reduction furnace %
iRl N TR/ E S i Pb Zn Cu S As Cd Tl Au* Ag” i
A 94. 6 — 1.2 — 0. 968 0.0237 0.001 7 11 2500
IR 45 15 — 6.6 0.757 10.97 0.027 3 — 200
2021 4E 8 H .
i J 1.5 12 0.03 — 0. 162 0.0297 0. 004 0.3 15
157K 15 — — — 730. 256 67.18 1.4 — — YA mg/LL
AH Y 95.6 — 0.85 — 1.229 0.155 0.0018 10 2 100 #/iF
LEWR 48 18 — 6.5 2.248 14. 495 0.0189 — 230
2022 £ 3 H
W B 1.6 13 0. 04 — 0.068 6 0.0230 0.000 6 0.8 25
157K 10 — — — 454. 556 20. 891 1111 — — Y mg/L
T A« TR BANLN g/t
1.3 P IELIRSE T1,0 + CO =2TI + CO, 1 (25)
131 T2t 271 + 0,=T1,0 (26)
R SR 0K LA B G S T -
YRR R S MIWGA JF N BB 25 A IR 45, R
TR 11 m?, B 18 000 ~23 000 Nm®/h, H Pz T —>{ AR IR j«— B
RS TR RUBIR L 307 ~4: 6. 2 RUF v v
H— S R AER R R 3:7 ~4: 6, BXUE K i
45 ~75 kPa, — K MU JE 25 ~ 40 kPa, — R A J& (4ME)
28 ~ 44 kPa  J P TELIE — B4 1300 °C 2 A, A dss
WA S R 4 9 2 v 3 e i 0 B s AR AL R RS

W, Gt R LU ERIE 2tk AR, 50 480
PALERBEDKIRE . EZRH R b A A e AE
R ULER(20) ~ (26) s TERARME 3 iR,
Zn0 + CO =Zn +CO, 1 (20)
PbO + CO=Pb + CO, 1 (21)
2Fe, (AsO,), + CO =2As,0, +3Fe,0, +CO, T

(22)
CdO +CO=Cd +CO, ! (23)
2Cd +0,=2Cd0 (24)
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Fig.3 Flow chart of the fumigated furnace for

zinc extraction process
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Table S Main components of the material produced by the fuming furnace %
LRl ST 7/F S 2 Pb Zn Cu S As Cd Tl Au”® Ag* I
AAbRE 9.8 65 — — 0.351 0.0556  0.0003 1 55
2021 48 A Kk 0.06 0.8 — — 0.127 0.0248  0.0004 — 5
15K — 30 — — 103.077  19.49 0. 56 — — S mg/L
AAbBE 10.0 66 — — 0.363 0. 068 0.0010 1.2 50
2022 43 A KEEE 0.05 1.2 — — 0. 027 0.017 0. 000 4 — 8
15K — 25 — — 39. 459 0.379  0.0027 — — A mg/L

T TURAY AN ¢/t
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Table 6 The distribution rates of As, Cd and TI

in the products of bottom blown oxidation furnace

%
A6 0 st ] Ykt R As cd Tl
A 85.10 17.44 5.76
2021 48 A PN 9.36  82.62 93.90
IR R G sh JIpiRede  5.630  0.100  0.400
T 85.408 16.777 3.488
2022 43 A 2R 9.037 83.070 95.936

MRS UMY 5.555  0.154  0.576

H1 2% 6 TTN, PIR 25 22 77 Wkt R B 4R 48 7 1)
e N

FEJRMIP A Fad R B 7 b AL P 7R S
WP SR AR T2 iR i 4 S8k, il Tz
AL SRS, A R o B BOMEFE & 1Y As, Oy,
IS Sk P A R A R R g,
I XM IR A2 5 e ST, BN S PE R 2R 4R
FENCIR T Bt 24 85% Tfi i 45 v S i a1 0 G
JEI TRRERT, 2045 9% i ik A K , 6% B itk A B
iR T P37,

HoRBH i CdS B 7e N s A Ak, H LA L)
ol L DAL T =03 it A, P AL S
MM 54N, CdO 5 CdS 2 3F17 38 5 W A2 A Cd
&g, Lh ed ZZ A I ik AR S B4k N E Ak
B, DRI WP K Cd A B, TR IR % 28 )
FESE I (H 20 3k 3] 21, 48% 24.071% . 3K 6 A
AL 217% Cd #E A T, 29 83% Cd & B 7 Al K
e, A2 0. 1% PEABRER TR 3R,

BRSP4 DL TLS, TL S B A 7ED  1E
WAL R T1LO #8830 AR, BRI A AT 4R 3]
HRZR . B 6 AIHL MR T Bl & N WG EF 1] FH
B, PR BORE 1 18] 5F- 3 55 & 43 51 35 21 0. 246%
0.281% ,2995% T ‘& EAEMHIK T, 29 4. 5% T bt
T BT T ARS8 SRS R T, 29 0.5% T i#E A
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Table 7 Distribution rate of As,Cd , Tl output

material in side-blown reduction furnace %

LRI ST 7/F 2N As Cd Tl
Liikets 76.92 1.04 22.15
A K 12.20 97. 87 73.40
202158 B 5 10. 63 1.08 4.37
157K 0.26 0.01 0.08
FHLAT 71.427 5.481 30. 33
K 23.906 93.618 57.58
2022 4E3 H
0 i i 4.392 0. 893 11.90
157K 0.274 0. 008 0.19

H 2% 7 AT, PRI 28 kLl 4R L de
AR —F, EENE AR AR E kY
FEW PN i A AU, R SR AP aA SR Rl PR

MW T2, 70% LA Y As TG LIS ak
BT A AKLES Y D As (E AR P h | 3
F/DH As BB JEVE AR A

MW T2, Cd K535 48 AR WA Ji 4
rp T Cd Bk AR, B i R AR, FEAR R
TR A CAO AR R A | AR 23R 1] ok}
HHTECRHE ARG T)F

T1 AEJEE R 4 E Ak Ha M T v U e D 38 40 ik
AR RIS T 29 20% ~30% T1 54
gha  —RHERP AN, 2 60% ~T70% T1 3 A MK, 2
5% ~10% Tl ¥t A8 J5 i % 2 WAL b Ty, HAth 2y
0. 1% HE AN RS,

2.3 MRLPEREE S T

fft R AETE AR AR S b B A A R AN SR 8
JIi7R

H 2% 8 AT, ZEMR AL b I o T b Bl R A Al
AEL, T A AL BE S P 2915 40% ~ 60% ; & I 7E
K o DU A, R VR BBORE B 7E 33 v B 0l
J90% 71%
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Table 8 Distribution rate of As, Cd, and Tl in the

output material of fuming furnace %
iRl L0 ISR V/F & AN As Cd Tl

AL RE 33.55 28.99 9. 66

2021 4E8 H K ER 66. 11 70. 66 89. 59
157K 0.34 0.35 0.76

Ak 64. 899 36. 304 28.302

2022 43 A JKHEE 34.878 63. 689 71. 696
15K 0.223 0. 006 4 0. 002

RO MAANGE T YR PR R S
Table 9 Distribution of As, Cd, and Tl in the
output materials derived from the crude

lead smelting process %
P As Cd Tl

JE WP T B M K 0.1 57.53 64.81
W RS sh Jdfde  6.87  7.90  7.13

AG I ek 1)

HLHT 81.49 14.39 22.64
15K 0.27 530 0.93
2021 8 1 AAbRE 3.78  4.31  0.43
TR 7.45  10.51  4.03
15K 0.04 0.06 0.03
At 100 100 100

TR WP T AR IR 0.01 29.41 57.64
HMRARGH I  7.84  21.10 12.71

FHLHT 86.50 32.57 23.35
15K 0.33 0.17 0.15
2022 53 )1 Ak 3.46  7.51 1.77
TR i 1.85  9.24  4.37
15K 0.01 0.00  0.01
At 100 100 100

%9 EMRW TS A Bl HE e T
R BIeAT 7 R R R R B o A ST R . R T
WK KA IR FRAN A AP A R 2 AT B R R 0L, O 1 5
TR T A, R WO IT B K (3 S

WHIRTT s 2 R B4 |, R I AN 45 FF AL B )
YR G As A /D3 43 18 B JES W VT I e AR 24
R4 AKLET | ML T B 20 B 57 R 40, Ak
AR B Cd FTL R T 15 B & 45 76 I R A
WAPIR B, R B D o MR SRR AR A A
FEi LA RS RIBR R R G0 (R RIRR U8 ) JT % i
&2, WA TR L mT LUA W, FF 4 IR
KPR IR 2 e A S AL A R R P Cd A T /Y
Jrik - HaT LIRS BR H Cd F1 T B B, 328 1 [
IRALHE AR

3 PNIR I AE ZR AR 0 B S BT
3.1 WomMTURIBERE

R WA P2 — YR, 7E EAL AT As LT
SFRHE A AT, As TE IR R A RS Ao Bl B —
EFEAKLAT , HB 4 37 A B TR i AR K B3R 7 Al
L VEAGR R TR As 225580k, EE RN &
M JR A SRR AR K H As 19 OB, (H R A K
SAEFAIE AR ECRL, B LT R R RETT I As
B 7R E RN As STTRIEAME, Wby T
) As 29 35% ik Ap A5 LA AL, HAY 65% As HEA
YRR A P FERLA VR R G AR, TR IR R
LRI P H % AR S As M0, TR 7 A 7 o
HHZE AR IR RS IE W 3B AT, MRS, ek 2D X 458
YE T,
3.2 WOTHMTLARGERZE

& 4 FNIE 5 43504 2021 4EH1 2022 AEAG I EY e
WP I RN A i od S &, B AT LLE H
B IAFEAE—E P IEAH G, TR E R R K,
FEH Cd JCER B AR WP R 2 v, 00K Cd &
i TR BRI, Cd 25 Bl S B GRS R
4, DRIRZRTF B 2 BT AR 04 2%, iR 8 S B AR
5 GUFN W I E A, 7E AR 22 Y Cd B 3 209% Bk I
RRGIEE, U Cd FEART 15% B3 1R T
%, B B AR A AT BRI Cd Y OB IME I
BEAR 22 B4 WL 3R 10,

R 10 R EE K R4

Table 10  Open-circuit ash composition of bottom-blown furnace %
LYp S Pb Zn S As Cd Tl Au”® Ag*
JE RSP T 5 4R K 35 ~40 — 10 ~15 0.3~0.5 15 ~25 0.32 ~0.520 — 400 ~ 650

T« TLRIPAL g/t



2024 4F 4 A58 2 My

0
08-13 08-15 08-17 08-19 08-21 08-23 08-25 08-27
H

B4 2021 A AR HA R Ry i 1 i 3 ]
Fig.4 Trend of cadmium content in the dust of
bottom blowing furnace and high lead slag in 2021
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Fig.5 Trend of cadmium content in the dust of

bottom blowing furnace and high lead slag in 2022
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Fig.6 Trend of thallium content in the dust of
bottom blowing furnace and high lead slag in 2021
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Fig.7 Trend of thallium content in the dust of
bottom blowing furnace and high lead slag in 2022
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0. 154% 115, 1514 Cd & & 100 mg/L, 7] Jif /b
SR 1752 w’, 2SR5 B T2 Ab # A 3
120 Jo/t YA (BB AL B AS ), AT 45 29 AR 21. 024
Tt [AIRFRRE TR W AN e T A= 7=, BEAIR

XA PR P A U 2 1) 1
RO

2022 4F 2 AINKRMK I LISk FE15 R As
Cd TI & RIRFAG, S8 an ke 11 s,

SO $R T AR

F 11 2022 4£ 2 AMMKAHKIT G 15FR Y As .Cd Tl FE4 1T

Table 11  Statistics of As, Cd and Tl contents in waste acid after increasing flue dust transfer in February 2022

mg/ L
As Cd Tl
Her s 7] Bt

SO N1 /M FEIE SCIN ;1 /ME FEIE SC N w/ME FEIE
2 H 4260 2270 3033 1049 274 626 — — —
3H 2230 1330 1625 1273 106. 7 551 7.22 1.56 3.67
4 A 2530 540.3 2593.5 746.2 39.3 266. 88 — — —
5H 2765 996. 1 2012.3 997. 4 62.12 263. 11 — — —
6 H 2378 587.8 1394.1 793.9 16. 86 103. 94 19. 46 5.23 17.32
7H 1832 618. 4 1154.4 260. 4 13.23 84. 06 — — —
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1) M T v 24 85% ik A\ 8 58, #9 9%
AR IK , 29 6% itk ABRBRIGHL TS TR R 45t 11
JE T, 29 70% LA b A 5540 i B E A CHLER , 24
20% T FEAGE A K, 10% LR B i 38 J5 i
HEASRAEH

2) 4 e U v B R A T RS K R R R K
b, R R R K R AR LR 85% ~95% , R
B 5% ~15% N GETE 20 5 T8, b H
AR RS

3)TERW T i, bR A 7R 00 K s S 2 rh
FEAERRAE , IR 3 T 1 FVELAR K P B 8 2 e AS P
i, e A A BT RS WO AR T 3 T
RGEhE g ERREYE, MRS 20% it
MR RGETF B, 2S00 22 R T 15% 158 1k TF i,
HCHE AR A AT B R ISR i R Ml
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A —TERIFEN; 5350, SR AW ARy 1 T.25
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Distribution and treatment measures of arsenic, cadmium and

thallium in the process of crude lead smelting
HU Weiwen'”, CHEN Kun', YANG Zilin', YAN You'?, SHENG Qunyou', TANG Zhibo', LI Mao'
(1. Hunan Shuikoushan Nonferrous Metals Group Co. Ltd. , Hengyang 421513, China;
2. Hunan Province Complex Polymetallic Ore Efficient Utilization Engineering Technology Research Center,
Hengyang 421513, China)

Abstract: In the process of crude lead smelting, arsenic, cadmium and thallium in lead concentrate and other
lead-containing materials are distributed in each process, which is not conducive to the recovery of valuable metal
resources, but also increases the difficulty of smelting waste treatment, and has a negative impact on human health
and the environment. The distribution and trend of arsenic, cadmium and thallium in the smelting process of crude
lead have not been reported in the existing literature. Based on the actual production situation of a smelting
enterprise, this paper statistics two sets of material balance data for 14 days in 2021 and 2022 respectively, and
analyzes the distribution of arsenic, cadmium and thallium in each smelting process. The distribution of arsenic is
as follows. In the bottom blowing process, about 85% arsenic enters into high lead slag, about 9% arsenic enters
into dust, and about 6% arsenic enters into sulfuric acid purification system; In the process of the reduction
furnace, about 70% of the arsenic forms lead copper matte into the crude lead, about 20% of the arsenic enters the
reduction furnace dust, and less than 10% enters the fuming furnace through the reduction slag. The cadmium and
thallium is highly enriched in the bottom blown furnace and side blown furnace soot, of which the enrichment ratio
of the bottom blown furnace dust is 85% to 95% , only 5% to 15% enter the process of transferring the high lead
slag to the reduction furnace, and very little enters the sulfuric acid system. Enterprises adopt transferring bottom-
blown furnace dust to reduce the content of arsenic, cadmium and thallium in the crude lead smelting system. The
transfer standard is when the dust contains more than 20% cadmium, and stop transfer when the dust contains less
than 15% cadmium. The dust taken out can be directly sold as raw materials for cadmium recovery. The analysis
results and the solution in this paper can provide reference for similar enterprises to control the distribution of
arsenic, cadmium and thallium in smelting system.

Key words: crude lead smelting; arsenic, cadmium, thallium; dust transfer; distribution of harmful elements;

resources recovery



