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W E WIHEREY P H (Pb). i (Cu). 4 (Cd) 5k (Fe). 87 (AD. fiE (Si) AWM 5r8, LU CaCl, 54k
Ik B AT AL RSB, TR IS BE IR AN CaCl, BN XT P, Cu Ml Cd 4% & R AW, IF2RH X S0 A
X SRR AT S LR kB W AR E R AR S A o S REEH, BN SERAMBRELRSREY
Pb. CdMIARIE, 1M Cu fF#E & 7 B8 B B9 IR % A CaCl, IR INE . S & bR be 4 IR E 1000 °C . CaCl, B3
0 10%, M Pb, Cd Fl Cu Y% & 35 5 97.80% . 96.57% F 79.80%, & Be it it =B 84> 5 4k B 740 L 28 4k
AR, BREW M Ca, SH SIO, 45 ALK 25 L CaSO, 1 Ca,Si0, JE 2 5% B8 78 ke b ids v, T C1 A8 & e v
WA MR, BHpaih 0 E £ 8 12 B E R & B FAr i (GB 5085.3-2007),
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— R, 4B A YRS R ARG, ik, SR B RE NS TSRS PR TR R A A
LR EREY R E AR, L&Y fETR N 4% CaCl,, JREE 1050 °C . B[] 2 h B4, it
SAL BB mCE AL R T T Y Au(91.6%) il Ag(54.7%). YU %0 1) MgCl, 6H,0 RS L7, #ECl5 &
TR 015, HRE 1000 C &4F, sHEMmR K KT, S8R A, CdHPbA% KR
I 100%, ALK A TR b be, BERSTERANIEE TR ELBIEL, SR b T2 AR
W4y s MR 4 R B B ROR B E RTIR DA 6T AR R B AR mNISORTN 4 A b BBk BTy 1
(1 AR IT o BRI VE S AR T A BHLIE AT 8 AR 0 AR PR 9, 7E AR B0 B A8 L E AR 1T IR
ABFGE o 2 5 3 [ PR AL T 5 5 CLEas I M43 i B T5 e, A7 vk £ FH AR &1k ) ok
HEAT E AL RS BE . CaCl, & & & . M As AR BR T, B HCL W BE i b NaClL 1 KC1a ™, A it ,
CaCl, & R &bl 2 — .

ARG LA CaCl, 2y & AT X8k B 0 A7 S ARk 5, R 58 O [l B Belit Bl CaCl, ¥ i 4t % Pb
Cu F1 Cd & R R 5 I A X BTG Hr (XRF), E 2T (TG) . X HFL AT (XRD) A4
L 82 U (SEM) #R 5T 5 B8 AT I 0 B 1 B4 S AR R 0 o R 5 44 19 AR Ak, DT T A 7 S A B e aod
H A FOC R S AR HLEE . ARAF ST 45 SR T oA BT 1Y 6 3 fh Ak BN B2 IR AL A AR S %

1 MFR5RE
L1 HASKET RSN KRE

BRESREMSR AT ARA R RFEIL, B K1 SETHEELERS
W O, A AKCRESE . 2 [ SR8 XURT L Table 1 The main chemical composition of iron tailings
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200 H o kR ML 8 3k 1 s Bk Si0, 15.78 PbO 0.13
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2230.04. 4568.00 fll 6.44 mg-kg ', SO, 3.35 WO, 0.05
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Fig. 1 Schematic diagram of high-temperature heat treatment device for iron tailings
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PLO. 5%. 10%. 20% 1 35% W) CaCl, Bi it liR &, 310 g0 G 0y CaCl, Bk & T4t T 2 H &
() 4 cmx8 em W F 5S4, RSB 17 W & 5 SR N 10.0 mL B 4liK, BRI ZHE:, #F CaCl, 58
BRI, MARRIFIERES, IRGIEHRG . RS F 105 C TR EHEE, J5EEAE
600. 800, 1000 Fl 1200 °C k&K BE T AT @ ALK He L5 o A SE I rh X AR Ps AL il
24 25 mL-min', BN AABRLR L E T 2R Ba, B ROV R E SEad 3% 1Y
HNO, F1 5% () NaOH LA 3t 50 el , SR J5 HE 2 2 < .

H T RACTE S A T BT P E A B RER, T NOWAK U 41 i & 4 8
R FITEAR G ).

cM
CoM, (1)

K REELSRTEMELR; CERmBAHEMFELKETHESTESBELTCENKE, mgg';
M, S F iR A BRI BT R IR N &, ¢ CRMBAHGRETELSETEERE, mgg'; ME
AL HE S AR B B, g
1.3 S5 E

Bl U2 9 A AR AR B R R AR e HE R U A 4 R oo R L Y T A D T R ) (HD 832-
2017) AT A E JR R 4 S TR % X (ICP=MS)(Thermo Scientific-ICAP RQ) 5 I i 43 J& #k JiF
JEIF M R 43T (Y (METZSCH-TG.209 FL 42 [E) Z3 BTk B0 B 12247 K, B N2
S, THEME N 10 C-min™'; ff ] X 5 AT5H Y (XRD)(Bruker D8 ADVANCE) 3 11 91| J5 &k BB 4 Fl k%
BRI LE 10°~90°/T iy B 45 b &4 s (IR 7 0l s - e 2 (U OGS 1 (SEM-EDX)(Zeiss Merlin &
Oxford X-MaxN) WEE R A RIS beit (B S (] X LI 0 (XRF)(SHIMADZU-EDX-7000,
H ) B TRk R A i FRS i 1) T b 2F i gy, IR am aod T AR A — 6 D7 vk 1 s A1 53 1) I 6 0 8K

4 I R R B SIS AR ML AR VA P R O IR B RR A R L ) (HI/T 299-2007)) 4l
PR, U S O IR MR SO OGEE T (F-AAS . Hitachi Z2000) 5 I 43 J& 52 v B o
2 #HR512
2.1 HETHEXRSFM

R=1-

3 1 AT, BB A E B Fe. SiL Al 2  ressoon
S, HAhot®E (K. Mg, Cu. Mn, Zn, Pb) flI/> 2. 80,
RWH 2 B R . Fe,0 6 il ., Hib s e,
B &YA Sio,. ALO,. SO, WK 2 fr
. BRI Fe £ B LA BB R AR TE
I I A2 7E SI0, FI FeS) Al . MJ ST

kR MOIY 45 0 3 FFR . i 3(a) s i
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gk A K 2 Al Fe,0, il FeO(OH) L Fig.2 XRD pattern of iron ore tailings
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(a) MACRER D" (b) BURLR R
B3 HEBRETHRETHES
Fig. 3 Morphology of iron tailings under SEM
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Fig. 5 Volatilization ratio of Cd, Pb and Cu in tailings under varying temperature and addition ratios of CaCl,
TR R S, T Cu M LR EIE LTHE T REEHE . 7F 600~800 C it f2 1, Cd Fl Pb #
KRR R ) TG B TE, Cd ¥ R % (10% CaCly) M 12.45% 715 80.84%, Pb 45 & %K
(10% CaCl) M 12.54% LT+ 5] 71.15%. 7£ 800 °C LA ., Pb. Cd 4%k FZIREMF MK/, HWEE
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A T A JE R L . 4l POCL i i A SERE AN AT T, 7E 400 CED S BL2URIPE LY, (ARSI
Pb 7E 600~800 °C it if b4 K A 2R EF. BRI AT, ASLE 600 °C 5 A K& 7= 4= PoCly, i il 25
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sk BE B R £ P, BT LAAE BAY PbCL, 1 CACL 7E 900 °C B 5L |52 444 kP, Cu i35 & K ZE W
JCuE T EREEMESR, L2 LAY BGBRE, B, BEEEE N T,
Ay somte, AR LS, HRES G, Ykhess s b T ge A T M piE R, =
FO IR T Cu IR &% IR 10% CaCl,, R 1000 °C B, Pb, CdFl Cu i#5 &5 50k
97.80% . 96.57% #179.80% .

ML BETEREE R 1000 °C B, Ffi# CaCl, BN EL A3 N, Pb. Cd Fl Cu WE & Rl T LTk XFF
Pb il Cd, 7EWRE & T 600 °C . CaCl, T WL AE 0~5% Z [A] i), 4% & SR IYUE T 40% 3% — 5% K F- .
241000 °C, CaCl, AN 5% F 10% i, Pb A1 Cd (4% & Gk T+ I8t 98%, JUT- ik ) e i)
B o X —25 55 AR Bt AR R 75 U8 QK B 4 J8 ¥ & (R 2538 JE AR AH [ 420 70 T B A8 ) 19 B
T (600 °C LA 1), CaCl, IRINELIEE] 10% Z )5, kL3N CaCl, ¥ il ¢ A 22 %k Pb F1 Cd # #5 & %
FEAE BB . AE 1000 °C F, 24 CaCl, Hu Ml A 109% 383 20% 15F , Cufi3% % F M 79.23% 54 i 5]
94.54%, X — 45 K AHXT T HAW ERE Y i, HEZEREK RS & A K Sio,, W {e
CaCl, A6 HCIM, fiff g o A1 5 R T 26 1 4 s SR W #5000 5 ml 2047 o 78 2 i S0 AT AR TIE Pb bR
SR PbCLY, FTLL, RMA S &R AR RS T Pb, Cd MIRIE, Z5 LTk, 4
A5 B Tk ARG, #E CaCl s il 10% ., B 1000.°C K8k B0 ALkt 5 2% Pb, Cd 1 Cu Y
AEEE
23 SEHSHERIERSTURINIES T

PR CaCl, TRINE K 10%, ARG HEIREE (600,800, 1000, 1200 °C) FlE 255 B 1000 C,
ANA] CaClL IR INEE (00 5%. 10%. 20%) T (%5 it XRD 3% & UL 1] 6. H &l 6(a) AT AT, FEER N 10%
CaCly, AN[RVEHIREE R AE T, B AU rh A g Y 32 243 42 Si0,. Fe,0, #ll FeO(OH). Fifi
FIRER T, Si0, £i7 5 0 i) A X 58 B2 FRAIE , - H. Fe,O, A4k 19 & S8 ALY (Fe, 455(OH), s0, 5) i AH X 5%
BRI, ZadkEke, B Y FeO(OH) % 1N Fe,0, Ak i E & LY (Fe, 3(OH), 0,5, SEEW
IR BT — 2.

i & 6(b) AT %0, Bl CaCl U8 AN HE A3, Si0, By AH X 58 B B Wi &A%, Fe,0, Fll FeO(OH) 44
XT o BE A YE AN, IR ETIE L CaSO,. A LI, U NaCl Y3 58 be e i v ™ 2E T Ca,Si0,7,
AWFFE F Si0, A AR 1] fE 2 5. Si0, JE L T Ca,Si0, A %5 & 6 LS A 3] Ca,SiO, #H W &40 7] fig
JEH AT E BT AR SR & it K17 FEARDF SRR R4, Rrbéil XRD 3 BIF A o

1.8i0, 3.Fe,0 1.8i0, 3.Fe,0,

273 -
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Fig. 6 XRD maps of roasting slags
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tHH 4 )8 Cu. Pb R Cd X N 19 2R & A B Ak R
Z5™, I Cu, Pb I Cd SERES 143 TH
RIT R o

TEANFIE BT, RV IR AWM
XRF JCR G A5 R E 7 iR o B K55 iR
8 Tt 755 Al CaCl, B3 0 i O34 0, K% Be i b Cu,
Zn 7 BT . R BRI AR T 1000 C
i, S & AR, HAE 1200 CHF, S
o PR, 751000 CREREIRIET, BEE
CaCl, VEMREAGHEIN, S FrREIMBUTI . Sl 0 0 27w g
Yy, fE25 &N F CaCL. O,. H,0 150, I &
R CaSO,™, [ CaCl, W93 IS8 Ca ity BT HREORAVHXRFERSAER
W, AR S DL E R BT 2 7 4 Theit b Ca 9 Fig. 7 XRF elemental analysis results of iron tailings mixture
FRXS % 2R S WAL/, {HAZ CaCl, BN (9 S M K o Ca F5dm BT U8 i CaCl, 149 384 i 1k, L 451 14
I, AR R AT s B A I T AN AE CLe e, FETRJE 1000 C . 10% CaCl, ¥% il 22 A9 k% b8 2% F
T, Pb, Cd Al Cu %5 it H & J@ MM &5, W PeiE r) BE M SRR M LB, JUHZ
Fe. Si. Al

CaCl, 5 O, le N Bt AE S Y €L, H2Y H,0 SEREW RS 125 CaCl, W AR i HCI' 29,
g7 e n =t )~ (4) BiR

[Ca

Il Others
Il Mn
Il Zn
Bl Cu
Al

[ Si
[ Fe

100

CaC12 + 02 — CaO + C12 (2)
CaCly + HsO — CaO + HCI 3)
CaCl, 4 H,0 +CO, — CaCO, + HCI 4)

TEARB ST, CaClL A F] 778 C WG MG, SEE 18y Si0, )k W B i HCI'Y ., CL, #
HCL7E & i T 5 8o vh iy J &8 s e s 4 )8 @Ak, 1 Cu. Pb A1 Cd 3 %53 51 LA CuCl(g).
PbCly(g). Pb,04(g) Fll CdCL(g) L4 L™, BEW T Ca. S Hl Si0, £ i Sk K b )5 LL CaSO, Al
Ca,Si0, & R 5% B4 76 B B b s v, KB 43 Ca LLAS Eh A8 X B e A5 Be b it v s 1T CL L 4 J8 S LW .

CL fl HCI W JE X #k . tesh, o 1y
Fe Fll ALARMEAE A 25 R &AL, i UL 42 )8
ALY L gk S 5% B AR bR v
24 $REWEREESERHSHESN
ARG PRl BE AN ] CaCl, W ini F, Bk
B R beidh #E 4 R R s A R WLk 2,
M2 ATH, SRR ML, i@k
e b B4 )8 Zn, Cu. Ni 1 Pb i3 ik 14
KRG TS EAET, ANEEEMA
[F] CaCl, ¥ 2 S AL KT B8 1) 8 4 R 2 Hh vk
FEAR T SR % bR = s d 4 5] )
(GB 5085.3-2007)°" ¥ fEBRE . CaCl, %8 hnn Lt Ky
10% i, 600 CJ5IKIHA & 4 BiR 1, ik 3
800 °C B I2 ¥ T 4 @ Wk B3 ik 4 30K T A

®2 TRBRFGTHERENRZESN
Table 2 Leaching toxicity of the roasting

slags under different conditions mg-L™

Rrbe A B IR Zn Cu Ni Pb

600 °C, 10%CaCl,  0.0173 - _ _
800 °C, 10%CaCl, - - _ _

1200 °C, 10%CaCl, - - - _

1000 C, RESMMCaCl, 02240 3.8576 - 1.146 0
1000 C, 5%CaCl,  0.0121 0.0791 - -
1000 G, 10%CaCl, - - - -
1000 G, 20%CaCl, - - - -
RALFAERE ) 34700 302900 0.0120 13.1900

B FRERRE® 100 100 5 5

e TRk IMERIETGB 5085.3-2007°,
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Fl. 7£ 1000 C. CaClL, WA T 5% BF, AELEJRR S, MKT 5% 5, FHEeREEEREMIKT
K R, 2SR b Jn . RPpe il 10 4 B 2 Bk R M e AR i, HLH 9 Fe,0,. SiO, Al
ALO, S5 WItR ek RO A L AEfE AR K, SR L, ol LU R @ b 7= 8o b4h, ¥ CaCl, 1J
Ae YGRS pe b Ca &, X4 Ca v] LAREAREE M A B Ca il &, Bl an 76 il VE = R <
REE I, AR AR TR 28 BRTA, Zad EALR RS R0 B B 0T be s nT kAT IR AL A .
3 #ig

D) FERR R E ALK bead A, ML P M CA T, Cu EXMEE K, Cu AYFE Koy 200 iR Fn ol
2% CaCl, Nt . BB e FE AL R B A IR 1000 °C . 10% CaCl, Wi, BLHf Pb, Cd Al
Cu M & 253 1 97.80% . 96.57% F1 79.80%.

)W K Ca, S M SIO, & it AL B BeJE , L CaSO, il Ca,SiO, & 2\ 5k B 78 k5 b sk it b,
Ifii Fe Al Al DL 4 J@ AL 09T X BR B 7E R e sk s o

3) KR AR M A Pb. Cd. Cu T Ni ¥ H v B B A% T B G bm o e B BRAA, SUfb B 08 i 10 3% i
Al AIEAT B IR AL A
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Separation of lead, copper, cadmium in iron tailings by CaCl, chlorination
roasting method
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Abstract In order to separate lead, copper and cadmium from iron, aluminum, silicon and other oxides in iron
tailings. Using CaCl, as the chlorinating agent, the influence of temperature and CaCl, content on the
volatilization ratio of hazardous Pb, Cu, and Cd was investigated in the study. The basic characteristics and
crystal structure of iron tailings were analyzed using X-ray fluorescence and X-ray diffraction et al. The results
show that the contents of Pb, Cd and Cu in iron tailings are 2 230.04, 6.44 and 4 568.00 mg-kg', respectively.
Sufficient chlorine content is the guarantee for chlorination roasting to remove Pb and Cd from iron tailings. Cu
is more dependent on high temperature and CaCl, addition. With the optimum chlorination roasting conditions at
1 000 °C with 10% of CaCl,, the volatilization ratio of Pb, Cd and Cu were 97.80%, 96.57% and 79.80%,
respectively, and the main components of roasted slag have little change compared with iron tailings. Ca, S and
SiO, in iron tailings remain in the roasting slag in the form of CaSO, and Ca,SiO, after roasting in chlorination,
while ClI hardly observed in the roasting slag. The leaching concentrations of heavy metals in the roasting slag is
below the national standards (GB 5085.3-2007).

Keywords iron tailings; heavy metal; chlorination roasting; harmless; solid waste
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