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BVARE B A WL 1, BT S P 5.5% |
Zn 4.60% Fe 15.57% AR & w5 ,i573.72 ¢/t
1 HRE(TE)EERSHH

Table 1 Main composition analysis of lead-silver
slag ( dry basis) %
5 Zn Pb Fe Cu S Cd  As
e 460 550 15.57 0.22  7.838 0.04 0.06
M4y Sb S0, CaO  ALO;  Ag” F Cl
0.03 14.68 1.27 0.00 73.72 0.01 0.01

T = FR IR R AL g/t
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WAE AR AT STELE R RGIT LA
MetCal v7. 00 BRI, 15 BN FYELA WAL N (£ 2)
BYERE T Zn WA EE R ZnO  ZnS 1 ZnO - Fe, O,

Pb A 3% R PbSO, , Fe ¥ 322K Fe, (S0,), .
Fe(OH), .Zn0O-Fe,0,Fl Fe,0,,

R2 HIRE(TE)EEWELN

Table 2 Main phase analysis of lead-silver slag ( dry basis) %
Y ZnS Zn0 Zn0-Fe, 0, Fe, 0, Fe, (S0, ), Fe(OH), As, O,
ot 1. 520 3.888 1. 698 2.222 23.683 12. 659 0. 089
W Sh, O; Cdo CuS PbSO, CaS0, Sio,
T 0. 046 0. 0438 0.329 8.056 3.081 14. 679
WA BRI AR
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3.1 RIS IERRY EL
MR H B B3 R RO 0 A7 40 38 7 05 e L 32
1200 CF, EELEAMNY W (1) ~(11),
C(s) +0,(g)=CO,(g)

AH = -395. 588 kJ/mol (1)
2C(s) +0,(g)=2CO0(g)
AH = -230. 137 kJ/mol (2)
27ZnS(s) +30,(g)=27Zn0(1) +280,(g)
AH = -783.798 kJ/mol (3)
Fe,(S0,),(s)=Fe,0,(1) +3S0,(g)
AH =542. 538 kJ/mol (4)
2Fe(OH),(s)=Fe,0,(1) +3H,0(1)
AH =158. 516 kJ/mol (5)
2CuS(s) +30,(g)=2Cu0O(1l) +2S0,(g)
AH = -806. 774 kJ/mol (6)
PbhSO, (s)=PbO (1) +S0,(g)
AH =243. 800 kJ/mol (7)
CaS0, (s)=Ca0(1) +8S0,(g)
AH =452. 566 kJ/mol (8)
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Fe,0,(s) +C(s)=2FeO(1) +CO(g)

AH =161. 844 kJ/mol (9)
CaO(s) +8Si0, (s)=CaSi0, (1)
AH = -90. 188 kJ/mol (10)
FeO(s) +Si0,(s)=FeSiO, (1)
AH =23.797 kJ/mol (11)

3.2 EEMREHE
TEMALIRBE 1250 °CF , R ARy AR ik 5
R E R AER ROV W (12) ~ (20),
C(s) +0,(g)=CO,(g)

AH = -395. 694 k]/mol (12)
2C(s) +0,(g)=2CO0(g)
AH = -230. 835 kJ/mol (13)
Zn0(1) +C(s)=7Zn(g) +CO(g)
AH =296. 409 kJ/mol (14)
ZnO(1) +CO(g)=Zn(g) +CO,(g)
AH =131. 550 kJ/mol (15)
PbO(1) +C(s)=Pb(g) +CO(g)
AH =248. 811 kJ/mol (16)
PbO(1) +CO(g)=Pb(g) +CO,(g)
AH =83.953 kJ/mol (17)
Sh,04 (1) + C()=Sh,0, (1) +CO0, ()
AH = —29. 134 kJ/mol (18)
2Sh,0,(1) +3C(s)=4Sb(g) +3C0,(g)
AH =1074. 651 kJ/mol (19)
2CdO(s) +C(s)=2Cd(g) +CO,(g)
AH =310. 956 kJ/mol (20)

ML B2 77 B Zn Pb Sbh. Cd 4578 S 1E =K
K8 %84} ZnO . PbO Sb, O, . Sh, 0, #1 CdO %5, L)
A I A5 2] [

4 SHRERIMINRESG - EEEE TZ TERT

4.1 #AFEHE

KRR R S ELERNRZRE T KT A
MetCal v7. 00 7 4AR 7 M WO I 1 — 35 201k T2
BRI HEAT IR A5 BRI A 0 W I -
HELEMRAL T2 TAESI R 310 d/a 24 h/d, Ab BRAS
BRI (T2E) 14 TJ7 ¢, MW R b SRR B 50% , i
e Rl 5 A

MW A BEAR 5% A AR 4 460 Nm'/h
(0, % 88% ), 25 B 5707 Nm’/h, He i & >
1.07 v/h, By HEH R 4.29 vh, HALY . XUBE IS A 25
A 13596 Nm®/h, By Ry 2. 15 v/h,

MRS, G5 R 3 k4 Fion, Ml
PRI L Rk BE fE 7 AR A 29 855 Nm'/h,
S EE S CO, 22.73% S0, 3. 10% S0, 0. 06% .
H,0 19.83% , %7 56. 84 ¢/Nm’, MHALY PIARAL
I 4 =P AR S 72 AR A 24 864 N/,
WS FEEH CO, 14.65% . S0, 0. 13% ,S0,0.01% .
H,0 5.20% , %72 77. 04 ¢/Nm’

LS AL, MW R BT A L SR 5
WO R« RSN B A Shy B o ) A2 B (2 (1)
A (2) ) 5 #A57 H A 35 W B ARG 2% P R 40
For s 5 92, 8% I AL FE A K ERASE
0 7.2% o ARSI AL PO DL R 6, HEAL Y A
b SR I A AL F55 6 i BRI PR 2B 3 (X (12) ~
K(20)), Hrph il 51.91% , fhs A0
48. 09% ; P43 AL FE ) BEIFN BB G o 3
ol 93.11% , B K 45 K & R SR, S
6.89% .

£3 MRBHPESHES RSH

Table 3 Flue gas composition and parameters of side-blown melting furnace

MR, MR, R
44y Co, S0, S0, H,0 AR " -
C (Nm*-h™")  (g-Nm™)
BT % 22.73 3.10 0. 06 50.76 19. 83 1196 29 855 56. 84
x4 BUPESEIRSH
Table 4 Fume composition and parameters of fuming furnace
WARE, R A
4144 co, 50, 50, 0, N, wo | AURE M LR
C (Nm’-h™") (g:Nm™)
TR EL % 14. 65 0.13 0.01 3.50 76.51 5.20 1509 24 864 77.04
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Table 5 Heat balance of side-blown melting furnace

Pult A I
AL X il A ] ot/
Ykt T/ C o H% Ykt I/ L HH%
(MJ-h™) (MJ-h™")
SRy 25 0. 00 0. 00 T 1200 19 657. 23 28.25
sk 25 0.00 0.00 PN 1 200 1077.89 1.55
W BAER 25 0.00 0. 00 L7BLiEA W 1200 43837.24  63.00
BT R 25 0. 00 0. 00 iNan 64572.36  92.80
IN 0. 00 0. 00
2zt 25 69584.88  100.00 | #Hi%k 5012.51 7.20
it 69584.88  100. 00 it 69584.87  100. 00
Rz 6 RLIIRL I A
Table 6 Heat balance of fuming furnace
A HSH
FAE St . ot/ LSS } Pl
ikt IR/ °C Lo A% Yk i/ C L %
(MJ-h™") (MJ-h™")
It 1200 39 314. 47 51.91 P 1250 40 438.93 53.39
Sk 25 0.0 0. 00 PN 1250 659.91 0. 87
Y A =5 25 0.0 0. 00 LUBLiEA MW 1250 29422.58  38.85
ray &l 25 0.0 0. 00 N 70521.42  93.11
N 39 314. 47 51.91
=S 25 36428.64  48.09 S 5221.69 6. 89
&1t 75743.11  100.00 A1t 75743.11  100.00

4.2 YRHTE

R A5 o e K MR A o 32 2 40 ) ST £ 43 ) AL
T 38 MR B e A YR B
7182 t/a JEHY 3 1602 t/a HHARIE 140 000 t/a  f1 K
4112 622 t/a, [A] I ARG 111 406 t/a FHEA
11473 t/a; MIEI B EZ MY 111 406 tVa
FEEB 11 050 va, [ H AR AL 5 i 106 746 va, M
bR 2 842 1/a,
4.3 EREMMRIESE-EEEL T ER0EE
4.3.1  URIE BRI

RS R BS T MIWOA R H AL BT AR i
(T 3) R 452 vd, REE TR EBUE K
IRAEETI R 35 v/ (m* - d) AR R AR 3 F
S =452/35=12.91(m*) AR HIEI 1 &R
k13 m? PG R

4.3.2  JRfEp

HRAE bR B 1A AL H A B A R4 Ak A
S 360 v/d, BURALYIRAE T8 .37 vm® - d, W
KA PR AN T .S =360/37 =9.73 m? , A T
FEVEEL 1 SRR 10 m® FIHRALY

5 HEFIRERHE

2021 4F 12 1, i E BEE TR AR R A
BT MR 14 J7 v/a J075 B AR N T 05 o —
SRR T 2025 A I R TG 3 A A BRI H 7E H R 5
HERa ) BORH IR ER S H P A —
i, F2024 46 H iAo ad 2 a4, e
HEPEIa T SR INT 25%  HAA = 2t & B N T
1. 5% TG HERR % T 2R kbR, W59
JIR VAR 28 i WO M — S SR T2 A 3, e 2
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Table 7 Main material balance of side-blown melting furnace
BAY Ykt Jisiivg Zn Pb Fe S
7 A (ta™) HH/% SR/ (tat) HH% S (ta) HHY% SR (a) V% SR/ ()
Pkt 7182  0.00 0.00 0.00 0.00 2.89 207 1.11 79. 80
by 31602 0.00 0.00 0.00 0.00 2.89 913 1. 11 351
®A HESA 100948 0.00 0.00 0.00 0. 00 0.00 0.00 0.00 0.00
AR 140000  4.60 6 446 5.50 7706 15.57 21799 7.88 11037
AIRA 12622 0.00 0.00 0.00 0.00 0.50 63.11 0. 00 0.00
kg 111406 4.34 4 834 2.08 2312 20. 01 22293 0.79 878.77
s g 11473 14.05 1611 47 5394 6.01 689 1.42 162. 48
MWIAS, 214547 0.00 0.00 0.00 0.00 0.00 0.00 4. 86 10 427
BAY Yt it/ Cu Ag Si0, Ca0
7t AR (aTh) HH% S (ta ) B/% i/ (e V% SR (a ) /% SR (a )
ol 7182  0.00 0.00 0.00 0.00 9.56 686 2.67 192
A 31602 0.00 0.00 0.00 0.00 9.56 3020 2.67 843
®A EASA 100948 0.00 0. 00 0. 00 0. 00 0. 00 0.00 0.00 0.00
AR A 140000  0.22 307 0.02 28.00 14. 68 20 551 1.27 1777
AIRA 12622 0.00 0.00 0.00 0.00 1. 00 126 55. 00 6942
e 111406 0.27 297 0.01 5. 60 21.23 23 651 8.49 9461
7 w4 11473 0.08 9.20 0.20 22.40 6.38 731 2.55 293
WIS, 214547 0.00 0.00 0.00 0.00 0.00 0.00 0. 00 0.00
*8 BUPEEYRTEEE
Table 8 Main material balance of fuming furnace
BAY Ykt it/ Zn Pb Fe S
e ER N (tra™) /% fri/(ta™) AlV% SR/ (ta™) V% SR/ (ta™) /% SR/ (ta™)
by 11050  0.00 0.00 0.00 0.00 2.86 316 1.10 122
A Mwckrid 111406 4.34 4 834 2.08 2312 20. 01 22293 0.79 879
BHEZSS 64657 0.00 0. 00 0. 00 0. 00 0. 00 0.00 0.00 0.00
AP 106746 1.80 1921 0.20 213 20.97 22383 0.74 786
7 MHALARA 2842 34.02 967 16.27 462 7.95 226 0.58 16.38
LS 77525 2.51 1946 2. 11 1636 0.00 0.00 0.26 198
B’AY Ykt iy Cu Ag Si0, CaO
7 i B (taT') /% S/ (eat) A% SR/ () dHV% SR/ (tat) ATHV% B/ (ah)
Sk 11050  0.00 0.00 0.00 0.00 9.46 1045 2. 64 292
®A e 111406 0.27 297 0.01 5.60 21.23 23 651 8.49 9461
WASA 64657 0.00 0. 00 0.00 0.00 0.00 0.00 0. 00 0.00
AL 106746 0.28 204 0. 00 2.35 22.90 24 450 9.04 9 655
g JEAL IR 2842 0.10 2.97 0.11 3.25 8. 69 247 3.43 97.52
ML 77525 0.00 0.00 0.00 0.00 0.00 0.00 0. 00 0.00
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FEH A M AL i & Zn < 1.5% ,Pb < 0.06% , Cu <
0.6% ,S <0.2% ,Ag <5 g/t,Au <0.5 g/t, KM% i
IRBNER 12— Tl SRR UE, IR R 50 K I
ABPMER KR o BRI AR b AR 4 5

Zn 48.92% Pb 18.95% Ag 1153.65 g/t Au 4.44 g/t
HHAL AR 2 Zn 68.61% Pb 7. 66% ,Ag 381.43 g/t
Au 1. 07 g/t, MW 24 55 00 A A 22— [R]5& (8] B 1Y)
IR T 2408,

®9 BREMBH-EZEU I ZZINEETYES

Table 9 Main product composition of side-submerged combustion smelting-continuous

fuming process for lead-silver slag %
% Zn Pb Fe Cu S Ag/(gt™h) Au/(g-t7")
HL s 4. 60 5.50 15.57 0.22 7.88 73.72 0.55
i 8.89 1.25 28.13 0.52 0.04 29. 04 0.28
A 2 48.92 18.95 0.77 0.16 4.43 1153.65 4.44
JRAL Y i 1.37 0.06 34.10 0.57 0.18 4.82 0.39
SRR 2R 68. 61 7. 66 0.21 0.07 0.95 381.43 1.07
6 Zit [ &% k]

WAL AR R TR RS Tk sz gk, vT LIS 3 n
T,
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Engineering design and core equipment of side-submerged
combustion smelting-continuous fuming process for
hazardous waste lead-silver slag from zinc hydrometallurgy

SONG Yan, CHEN Xiangqiang, ZHANG Ge
( China ENFT Engineering Corporation, Beijing 100038, China)

Abstract; In view of the characteristics of industrial hazardous waste lead-silver slag produced by zinc
hydrometallurgy in a Gansu zinc smelter, the side-submerged combustion smelting-continuous fuming
process core equipment selection and engineering design for lead-silver slag were carried out, through the
analysis of lead-silver slag smelting mechanism and the thermodynamic calculation of lead-silver slag
smelted by side-submerged combustion smelting-continuous fuming process. An environmentally friendly,
energy-saving, continuous and efficient lead-silver slag green smelting process and equipment have been
developed, and a demonstration project for treating 140 000 tons of lead-silver slag was formed. Through
the engineering design and industrial practice of the side-submerged combustion smelting - continuous
fuming process, the advantages of the side-submerged combustion smelting - continuous fuming process in
the treatment of non-self-heating materials such as lead-silver slag are fully verified. By injecting coal into
the molten bath in the form of pulverized coal and oxygen-enriched air smelting, precious metals such as
silver has been recovered, and the side-submerged combustion smelting-continuous fuming process can
effectively improve the fuel utilization rate and reduce the coal rate to < 25% , which realized the
reduction, harmlessness and resourceful utilization of zinc-containing hazardous waste lead-silver slag.

Keywords: industrial hazardous waste; lead-silver slag; zinc hydrometallurgy; harmless slag;

comprehensive recovery; resourceful utilization o
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