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Table 2 Types of treatments and combination

in the experiment
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Table 3 XRF scanning results of rare earth smelting slag

E 3] JC 3 20 BB ST G B
Pb Mn S Cl P La Nd Ce Zn
3t 34.3 8.16 6.02 6.02 5.86 4.58 3.78 1.46 1.14
Pb Ba Co P La Mn Zn Cu Ni
> 26.4 16.5 12.5 7.81 7.75 6.73 1.93 0. 86 0. 81
Ba La Mn P F Sr Ce S Pb
> 27.4 12.1 11.2 8. 41 7.87 6. 46 2.75 1. 63 0.19
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Fig. 1 SEM scan of rare earth smelting slag
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Fig. 2 SEM-EDS scan image of rare earth smelting slag
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Fig. 3 XRD scan of rare earth smelting slag
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Table 4 Passivation effect of phosphorus based materials on rare earth smelting slag
S1 S2 S3
Ak
pH & H W o(Pb)/(mg/L) pH B W p(Pb)/(mg/L) pH 2 o(Pb)/(mg/L)
75 5. 26 485 5. 63 11.4 2.52 62.4
W 4.41 626 3.38 1.82 1. 94 0.77
i R4 4.15 70. 2 2.74 11.2 1.84 0.50
B RR — Ak 1.76 590 3.45 2.41 2.14 1.30
WEER — &S 1.55 615 2.99 9.72 4. 86 2.70




% 43

F i L A 20 B P A B R AR 6

2.2.2 BiEMHAEXNHLIAKENLERR
WAL X 3 M A L o M A v o R
WeEE K pH W52 W3 5, wTLUE L BEE B A
5 BRRRES AL 3 Fh A L if HRiE pH AR
XtF S1 45 S3, 1 B IR A FE AR TR I SRR
LR H o e 52 Tt o Tl R S D 1 8 i
Ao G FREATEE o BEER S B R R 5 B iR

Frits pH 825 BRI U8 BH o B IR 5 1) R I AS 2 1) 3
2 M iR E AL 28R T

5525 (IR A B L BE 2 B O o 1 3 B
= RO b, S2 R S3 g pH i R A
R 2. 000 W M Ak B, 43 Sl S2 5 S3 Y pH
FEART 0.87 5 0,43, pH MREAL AT Ak S B0k &
T A 4 R B R

x5 BEMBAEN3IMELIEKE pH RELERRNZM

Table 5

Influence of phosphorus based material dosage on pH and passivation effect of

lead of three rare earth smelting slag

S1 S2 S3
Ak 3
pH 2 1 o(Pb)/(mg/L) pH B o(Ph) /(mg/L) pH 2t o(Pb)/(mg/L)

2 5.26 485 5.63 11.4 2.52 62. 4
0.5 %W 5k 5.14 465 5.42 9. 84 2.48 54.3
1. 0% W0 ¥ 5.02 498 5.01 6.42 2.27 28.4
2. 0 Y B M 4.93 523 4.76 3.88 2.09 18.7
0.5% it BEERES  5.10 422 5.28 12.7 2.47 32.7
10X d WmRss  4.94 373 4. 89 10.8 2. 34 18.6
2. 0% 1L ERRES  4.86 268 4.49 11.3 2.18 1.16
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B o R L R AR R O S 23 B B
FE R B 2 i, Kb 2. 0% A AL S S
3.0 % AL EG b BRI L S3 AN AL IR T Uk R A
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Table 6 Passivation effect of alkaline materials on three types of rare earth smelting slag

Sl S2 S3
b B
pH B o(Pb)/(mg/L) pH B o(Pb)/(mg/L) pH B p(Pb) /(mg/L)

= H 5.26 485 5.63 11.4 2.52 62. 4
A4 9.71 10. 8 12.50 22.4 12. 20 0.76
T R 55 5.39 568 7.16 7.22 2.65 13.4
EERt 14.00 591 14. 00 33.4 14. 00 0.35
EERia] 10. 30 1.21 12. 80 64.9 11. 80 0.48




68 4h

5 Fo 44 %

R7T WHEMRAEX 3 MELIIAKE pH RELEHRIFM

Table 7 Influence of alkaline materials dosage on pH and passivation effect of lead of three rare earth smelting slag

S1 S2 S3
B o
pH =MW o/ (mg/L) pH =W p/ (mg/L) pH B p/ (mg/1L)
2 5.26 485 5.63 11.4 2.52 62.4
2. 00 S AL 6. 20 24.6 10. 70 1. 69 9.55 <<0.05
3. 00 S AL 7.23 29. 4 11. 30 8. 34 10. 90 <0.05
4. 0% ARG 7.37 0.47 11. 80 17.6 11. 40 0.23
2. 0% A 5.81 205 9.82 12.8 7.84 11.7
30N L 6,17 23.8 11. 90 13.8 10. 50 1.20
400 9.76 0. 69 12. 40 82.9 11. 20 0.82
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JE s pH ¥ I 25 1 s AR I BR TR
FERPRHE P i pH ARAR Ok i HoAh 4 & B 1R
R, S EAREXH .G AEFEXT 3 Fh ki pH 1
We fe s B S1.S2.S3 i pH i T 3. 88,
6.33.8. 20,

fES1 5 S3 i, s (MM . BL.C.D.EF,
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s VR B G W R 25 R X AT RB R Y S3 Y
AT, 75 S2 & A HE T AT A iR
BE I A3 W 5 Wi b R 01 0 Jo T 4 ) 348 o i
FEAG R C 5 D AL S (1) 4512 H 5 1k 5 43 3
1 1.34.,0.57 mg/L, i F AR T H A AL 3
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Table 8 Influence of mixing phosphorus based materials with alkaline materials dosage on pH and

passivation effect of lead of three rare earth smelting slag

BESEH 5 Sl S2 S3

T A 4 it pH B p/(mg/L) pH B o/ (mg/L) pH B o/ (mg/L)
A 5. 26 485 5. 63 11.4 2.52 62.4
B 6.05 41. 8 10. 27 2.50 9.06 <20. 05
C 6.93 14.9 10. 75 1. 34 9. 90 <0. 05
D 7.14 1.19 11.40 0.57 9. 46 <0. 05
E 6.93 6.29 10. 47 3. 44 10.12 0.22
F 8.38 0. 82 11.28 4.85 10. 44 0. 30
G 9.14 0. 39 11.96 26.8 10.72 0.33
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Research on Lead Immobilization Technology in Rare Earth Smelting Slag
WU Shangwen, GAO Yang, SUN Juan
(The Fourth Research and Design Engineering Corporation of CNNC, Shijiazhuang 050021, China)

Abstract: The leaching toxicity of lead in rare earth smelting slag is significantly high. Taking rare
earth smelting slags (S1, S2, S3) from three Sichuan-based rare earth enterprises as research objects,
this study conducted laboratory leaching experiments to investigate the immobilization effects of phos-
phorus-based materials and alkaline substances, both individually and in combination on lead in rare
earth smelting slag, while screening and optimizing the dosage and ratio of phosphorus-based materi-
als to alkaline substances. The results demonstrate that the sole addition of phosphorus-based materi-
als can signiflicantly reduce the leaching concentration of lead. For instance, adding 5% calcium super-
phosphate (by slag mass) can decrease the lead leaching concentration in S1 from 485 mg/L to
70.2 mg/L. However, this approach will cause pH reduction in slag, potentially inducing secondary
pollution. While sole application of alkaline substances also notably reduce lead leaching concentra-
tion, excessive dosing risked excessively high pH levels. The combined use of phosphorus-based ma-
terials and alkaline substances can synergistically regulate slag pH to 9~10 while effectively reducing
lead leaching concentration, achieving significantly superior outcomes compared to single treatments.
The phosphorus-alkaline combined approach not only mitigate lead migration risks but also minimize
environmental hazards caused by chemical overdosing. These findings provide theoretical basis and
technical references for the remediation of multi-metal composite pollution in rare earth smelting
slags.
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