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Abstract : Solid wastes, produced and discharged from non-ferrous metallurgical processes, have both resource

attributes and environmental attributes, and the two interact with each other. Therefore, clarifying the resource
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and environment attributes of solid waste is the key to improve the high valuable utilization. Address to the
insufficient cognition of resource and environmental attribute of solid waste in lead smelting process, the resource
and environment attributes of solid waste of lead smelting were analyzed, the analytic list of sources of solid wastes
was determined, and the treatment and disposal strategies of solid wastes were put forward. All these will provide
guidance for the classified disposal and comprehensive utilization of solid waste in lead smelter. The analytical list of
element content and leaching toxicity of solid waste from lead smelting was established based on the comprehensive
analysis of the properties of solid waste from lead smelting, the deep analysis of elemental morphology and phase
distribution. Polymetallic recovery and separation, stabilization and harmlessness of harmful elements should
be paid attention to when the comprehensive utilization of solid waste is realized. Copper, lead, zinc, arsenic,
cadmium and chromium were leached from almost all solid wastes in lead smelting systems. 20 solid waste samples
were collected, in which 13 solid wastes belong to high leaching risk solid waste, 5 samples belong to low leaching
risk solid waste, and only 2 samples belong to general solid waste. Environmental sludge has all forms of toxic
heavy metals and is a kind of very dangerous solid waste. The disseminated state of matter in each slag is different.
For example, the main components of flue gas treated acid mud and lead refining oxidation residue are both lead
(51.2% and 41.1%), but lead exists in the form of lead sulfate, lead oxide and elemental lead respectively, the
lead in flue gas treated acid mud mainly exists in the residual state, and the lead in the oxidation residue mainly
exists in the form of acid extractable state and oxidizable state. The recycling process of lead smelting solid waste
resources should pay attention to the impact of some heavy metal elements and carry out separation and impurity
removal. For environmental sludge, gypsum slag, and other valuable metal content are low, heavy metal leaching
toxicity is high, strong migration capacity of solid waste should focus on treatment and disposal to reduce its
environmental hazards.

Key words : lead smelting; solid wastes; resource attribute; environmental attribute; analytical lists; treatment

and disposal countermeasures of solid wastes
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Table 2 Water content in solid waste samples from lead smelting system 1%
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Table 3 Grain size distribution of solid wastes from lead smelting system /pm
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Fig. 1 Elements chemical forms of solid waste from lead smelting process
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T RN SRR U8 L KBRS B BB 1 4E [ Cd
FELIGRE SIS, KRB E T CARRE &K
1, BT R T2 T T VR A i Ak P AR T A N B Cd
M52, Cr 22k F A kg™, BRIFRIE R A
ik MR A S S O S e Ah, KAk
PR FEIRFRED, IR, AR5 E . R
Jerp Cral S b 5w, R H EZ L =M e 7
TEo CutEARRITIE BRI . ST W Ja 2 | VKA K 25 i
SR rpoE MR, L KO T DSCE o A
FGE 0 TR P Ph AR A 5 O, R A B R
G5 R AL [ B i A7 B L ST L AR 2 ROR A
P 3 G0 R 4 10 [ 2R iR L SR L RS R 2 Ph
ARSI . R D Zn & i A AR, BRI

A B EAR, X TR AR5 08 | A1 1 S5 A RS A
B AR, FE EHR R A IR MR 55
LR BB, PR TS VR A R A RS o R B
FREERE R, BEIRMEAR, B TfER Y, meme %)
HEAT AL AL

3 AE A M E KR KR IR B MM
o
3.1 ElETEZSEMMFR
B4 B 2R R P R, AR R T
15 F 7 2 [ E R R A B IR sh 2 —, EE T
IiE N4 EE AN 4R, (BFHRIE4E N E SR
FEZE RS, X6 NFITLESRHIGTH,

x6 BEEHSHBPb,Zn, Hg, Cd.As, Cu,Fe IS EHTIFH

Table 6 Pb,Zn, Hg, Cd, As, Cu, Fe contents list of solid waste samples 1%
GRS As Cd Cu Pb Zn Fe Hg
B35 By 51 31.4 0.051 0.027 3.12 0.094 0.036 0.000 4
IS 19.6 0.017 0.007 1 0.5 0.0017 0.038
W5 R 7.11 1.98 0.002 7 0.42 0.22 0.47 0.003
HEE 6.79 1.51 0.007 0.41 0.38 0.72 0.000 6
PR e 5.44 0.009 4 1.13 4 0.052 0.9
SRR A 4.13 2.23 1.99 23.8 1.41 2.55
TRt 3.46 0.15 5.79 90.8 0.0015 0.2 0.000 4
1w F VK 1.14 0.46 39.7 25.4 0.16 3.17
iy 0.55 0.5 35.2 15.2 0.36 5.83
JEAR o 2 0.5 0.051 0.14 9.9 34.7 9.65 0.001 3
BRE 0.42 0.0018 1.04 0.12 2.54 52.1
i 0.18 0.008 9 0.73 0.5 1.4 38 0.003
iz I8 0.17 0.42 0.086 51.2 0.009 9 0.42 2.01
i 0.11 0.016 0.075 2.23 10. 1 20. 4
R 0.081 0.003 4 0.31 7.73 0.13 2.47
K S 0.063 0.001 0.31 0.29 2.04 8.93
T St RIS U8 0.028 0. 000 4 0.012 0.018 0.008 2 0.11
Ak 0.005 7 0.000 6 0.001 2 41.1 0.036 0.025
KB i 0.005 1 0.001 4 0.14 0.084 1.16 24.3
i vt AR g 0.001 3 0.008 1 1.3 6.76 0.002 2 0.005 6

D) & s

Rl T & e, 15 90.8%0, 1R Ml R 4t
W s RUe . A il P S BN, B 51, 2%
AL 1%, HATAR @ 0 SO (E 5 vk Sk e 4k ok A
SR AP R K R oK, 430 25. 4%, 23.8%
15, 2%, B B m i B A ;s R b 02 | A
W i 5% 4 ) [ Jie B AR U8 B BRA U6 L B 38 Bl ) i
TR AR 2. 23%~9. 9%, B —Z 1Y [l i
FIUHMAE ; HA R P& BT 1%, T HE K
TEIRB 1k H X BB A fE 3

2) BES R

BEAEMR AL 0 A b & R, R 34. 700, R B

[l i R ) R R ST TP RS R oM 10, 1%, 1R
RGN BRSSO AR A R o 2. 5400
2.04% , BHA — & iy ORI B, (B2 B 0 5
KR SME TSR ; HoAR W h i & R K

3) R & LI

T & BT R T A, SRIEFR S &
LK 2.01%, ATAE R R A W6 IR HEAT D o4y o
TR,

4) 5 LI A
BRSSO 2 IR R R R M R K Ak R
B 5 A AR, 40 2. 2306 1,986 Al
1,51 %, 3k LA i v 9 5 — 7 A — 5 19 Il s £

I
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Sy — 7 T T T SO A 2 AR v B R PR ) 5
S5 fGE . M | ok | BRI SO i R
AL HAaE e & RS, (AT E R D
(R 2, DB 1k X R 1 f 5

5) fif 5 it i

76 5t 4 R RT3 8 SR AR OB T 28 9 HE
1 3 38 B R L B R R R S AR L 4k 31,4 %
19, 6%, Mo ALBE 5 40 B it i B AR ek o E
b, Bii 1k IR 5T KRS 5 a5

6) il B i

i) AE = B KR Aok e b AR &, 4 il Gk
39. 7% F35. 2%, HA MR E R B S F M E, H
WK, IR R A 5. 79 %, B — 5 By [N R
WAl o R IR A 5 a0 R S8 FEAR R | B PR A B
e e RGBT Fp A & o 1. 04%~1. 99 % ; HA4v ik
2 v (1 AR AR

)

PR A RO 38U, Ak, B R
BRIk B 52, 1%, AT RSCR] T KO gk A

h8.93% , AT HE— A0 4 i W R I ROR B R K R
BRI B i K VR M ST R i o 24,306
20.4%, T HEAT 0, R AR P R A v Bk A R
9.65%, Al Ak F KRR PRI R AF 78, HAv ik
B AR

ZE LR, i UL B YA R R SR A Y [ R
Pb. Zn, Hg. Cd. As., Cu, Fe %A 4 J8 1Y & 25
B OGBS AT R, A5 AR 0 A JE L
VPR ST R A A, AT I &R AR S T IR
L RE b N ANE R (o G (NN 1) B i I
B Rk S SRR R R GBS X T
i AT 17 1 P T 5 kR B b i 4
J& , FRElAR s RN B, a0 [ 461 an S PR s
Ue . AF WS A JE A i K, 2P RS AR el
WO AR B, B O i R B
3.2 TERUBSHBNER

[ 1) B AT DA LS e HL PR S v, A
I, SR A TCLP 3 B P X 20 B 5 i 19 358 1 3 4
HEAT M, SR W 7,

®7 BEEHRETRRHEMEANES

Table 7 Leaching toxicity list of each element in solid waste samples

FE 0@?%@ R éﬁ?%@ R ;g?%@ B éﬁ?%@ AR h@@%@ AR
R 1703 339.6 0.01 — 0.23 — 0.11 —
Wi 787 156.4 0.52 — — 0.05 — 0.14 —
PEIE B 736 146.2 10. 52 9.5 3.4 — 3.03 — 15. 34 —
B R 324 63.8 10.52 9.5 144.1 27.8 0.63 —
PR U8 104.7 32 0.12 — 0.4 — 20. 85 0.03 14 —
T 5t B AR U8 164.9 20 0.1 — 0.4 — 5.17 3.2 0.5 —
7t 45.1 8 3.94 2.9 0.1 — 9 630 1925 5.8 —
2 g 31.9 5.4 181.2 180. 2 3.9 — 11.06 1.2 3.6 —
Tl 5t #1435 g 5.98 0.2 0.11 — 2.2 3. 64 — 3.02 —
= B VKR 4.18 — 63.83 62.8 107.3 0.07 573 113.6 24.15 —
A 4.08 — 0.01 — 5.72 0.1 4.52 —
B A 1.84 — 624.75 623.8 297.1 1.97 54 9.8 498.2 3.9
e 1.32 — 0.3 — 18.0 — 27.88 4.6 169.5 0.7
K HE 0.79 — 0.42 — 18.8 — 28.16 4.6 156.9 0.5
A 0.76 — 0.1 - 0.1 - 2.9 — 99 —
KV 0.35 — 0.24 — 1.08 — 89.6 —
SRR A 2 0.27 — 7.01 6 234 45.8 5267 51.6
ALt 0.19 — 0.18 — 6 780 1355 0.66 —
i vk 0.1 — 82.55 81.6 15.1 — 137.5 26.5 23.04 —
Rt 0.06 — 0.05 — 0.1 — 6.4 0.3 27. 46 —
D As 2 BRI i AsTE I E B, 151 703 mg/L, #FR 340 1% 5 K

IR R [ A v T B LR TR As B TR REE
M AR EGS mg/L), J& TIal iy, Hi g e

TR HRIR LI K AR B ™ A B R R 5 98 b As TR VR

v, 787 mg/ L, #kR 156 155 5 UK H 5t 4 e [l
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RGO BLES B | 6 ok | BH R D K 4% H Ak H B U8 TR
AsTR U, BFR 20~146 1% ; PRI . FRIE KA 55 [l i

T BRI U8 As T3 e By , M B 1l 5~8 4% 5

Fs o DS T B (R TG T P As 12 HE VR B IS B A o

2)Cd = hFE e

o3[ P Cd ¥R B A [ AR E (1 mg/ L),
J& T fEW R, Horb R R 2 R i Cd 12 R
[, ik 624,75 mg/ Ly HUCHIRYE, CAdE MWK EN
181.2 mg/L; B yKAR . &5 40 oK rf Cd 5 H vk E [
REREER, 39k 82,55, 63. 83 mg/L; BEIEBh#) 556
FUBS o CA R W 3 1 9 10. 52 mg/L s M AL i 2k
HCAIR W E A 7.01 mg/L; 7 Cdiz ik i
h3.94 mg/ L. 78 B Yy sl i #E 47 B8 U5 1 sOR]
B, B AT 5 SR T Cd B X 2R A R R JE AL

Fa e LSRR RE A

3)CuiZ M

SR B AR A B e A KA v Cu (1998 1 B 1 R 1o
E Z AR HE(100 mg/L), J& FRaks By, Hoa i b iz
VR BEBITEARMELL T ©

4)Ph 2 B 1k T HR

K Z 81 % Ph i 3=t B M 2 B 5K b
(5 mg/L), J& Fap Y, X i 1 Fr A [ 4 % 9 5%

AR B IR R RS R DA R B4 e el
PR, I P &, = BRI R R . i AR A
Ph 75 5 ¥ th, PhiR W BE AR &, 43k 9 630,
6 780 mg/L, X A ¥E 7k BISCPR | S AL i Ph R
BETARE . KM T B B AR rf P YR VR B A
XA v, HoA e pK AR PR vk B 3K 1375 mg/L.
%)ﬁé@EW/\,LE@%%H*ﬁqJPb?étHWWLtKﬁ

,i5144.1 mg/L. PoAERER KSR ERE,
Hﬁﬁﬂmﬁﬂiﬁfa%?ﬁﬁﬂﬁ @z —, EREY . T
Vi) 75 Ak R AR 2 S5 1 3 [ R D 5 2 TR 2 0 4 T Y
[l 42 )8 Pb i e % .

5)Zn iz w7

T R A v Zn By gt MR B R385 267 mg/ L,

T ECIR B R G R Zn s SOSHRAR2 e SOK s

AT E ZARE(100 mg/L), J& Tk &Y, H
A Zn (132 R AR T AR v B A

*E#E&Hjarééﬁﬁ R SHRTIR B, R T AR R R
R PR S AR T 2R A I3 R RS E T
B AR E P, 5 ARG E TR AR E E, W
A 2AFE SR T — M P . AR R A B 4 R
PR R R T A B R HET T 4025, 43 hienia h fa
PR | ARCIRE A [ P 0 — P [ 1, v 26 8.

%8 nlnﬂl-'L$£¢'7F IEI'ZH [‘AHEE“EI $
Table 8 Different leaching risk list of solid waste from lead smelting process
S F TS HARICHR 7 T
R As 7 H R LY R M R K b B
1z e Cd ™ H b5, As ., PbE&RUH bR ML et BRI R T2
JEAR A 24 Pb. Zn " H 5, Cd B OB IR HH R R AR AL 4
eI Pb ™ HE MR, As. Cd R FR A AR B T S
Akt Pb " & bR HEHT R MRt B R
FH A% ¢ As P H AR, Pb IO AR KA MRt B2 i fif
1o 5 Y f P [ )5 SRS R Cd™&E#4b5, Cu, Pb. Zn BERUBE R R MRt B U
o F KA Cd . Pb ™ &z, Culg R bz KA R T B e
[ Cd. Pb ™ & @45 LR AREPSUREIR 1P o
Nexizon As "™ bR i St I A s
RS As PR BT, Cd g HuB IR i Bt Ay It R A A it
B8 As Pbj" AR, CdIE R R T Bt 2 [ Wi e AR A MUt
i ot BRI AR U8 AsUH AR, Pb ISR bR i Bt s 2
g Pb ., Zn W i AR VR IR R G AL I
AT Pb i i b TR IR R G RR MR IE K Al
AR H A 6 M T 2 piLs Pb ., Zn W& (i bR KEHT IR Mrad R
BRKE™ Pb W% HOE b7 KEH R MRt Rt
TR TG e As B RO bR i B IS 2 A 7K b 2
i KPR Jc KLY B R e R AR
GRS o TG R GE R s CROR Mo B R e IR

o ¥ A I T P P AR AR As L Cd befpﬁ
G IE IR T E AR R O, TR YE L AR AL b A )

AR RS R 2 K vk AR 45 [ R R P, Zn 8§
Cu & &, WL R 5 S R & R R As |
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Ph AT B, D ENE MR IR AL BIAL B RIS

BT R R KRG RLAR /N, R T HEAE R
iz, D N A BT P R B 2 U R e, R
R E, [H i T WS i ot R EIE S R
7%, KM S EERMEA S 2N, @ BETR S
TR L, AT TR A R A [ TR R MR R S
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P R U A X U R BT WA . R Rk R
SRS (1 20 Al [ R FE &L R, 13 R0 8 T fE
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