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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 4R, L& fETR N 4% CaCl,, WREE 1050 °C . B[] 2 h B & 0F T, @i
SRR mCE AL R T Y Au(91.6%) il Ag(54.7%). YU %0 1) MgCl,-6H,0 R4 L7, £ Cl5 &
KRR 015, HRE 1000 °C £&4F, sHAEMmR R KT, S8R L, Cd A Pb 4k R
I 100%, ALK BRI TR be, BERSTERANIEE TR ELBIELN, SALRbE T 278 BRI
W4y s MR 4 R o B B ROR B ERTIR DA 6T AR B AR mNISOR 4 4 A BBk B T T
(1 FABIF T o BRI E A AR T Ak B AT 8 AR 00 [ AR PR 9, 7E AR B B 4 8 L (EAS 1T
ABFGE o 2 5 3 [ PR S AL T 5 5 CLBas I T 45 i RIS e, 280 4 vk £ F R & Ak ) ok
HEAT E AL RS BE . CaCl, (94 & & . M A% AR BR . B HCL W BE 1 b NaCl #1 KCLa ™, A it ,
CaCl, & R &bl 2 — .

ARG LA CaCl, 2y & AT X8k B 0 A7 S Ak B, R 58 A [l 4% b i B2 Fl CaCl, 8 il 4t X P,
Cu F1 Cd & R B2 5 IFHAH X FHEFO0Hr (XRF), E T (TG). X HFEL AT (XRD) A4
L 2 U8 (SEM) R 5T K5 HE Al I B 0 LA FRME AN SR A S5 A 0 A8 Ak, DT T M 7 S Ak B e ad
H P FOC R B AR HLEE . AAF ST 45 SR T oA BT 1Y 0 fb Ak RN B U AL A AR S %

1 MFR5RE
L1 HASKET RSN KRE

BRESREMSR AT ARA KT, B R1 SETHEELERS
W O, A AKCRES R . 2 [ SR8 XURT L Table 1 Main chemical composition of iron tailings
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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, B BAE 7 W & 5 SR N 10.0 mL B 4liK, BEIRZHE:, fF CaCl, 58
VG, AR, GRS M EMA T T 105 C TR 2HEE, FEHFEE
600, 800, 1000 Fl 1200 °C k54 BE T AT @ ALK B SL 5 . AL P Ay T R, Wl
230 25 mL-min'. BAEABRELREE T 240, &G, 8RN SMESEE T 3% 1
HNO, #l 5% 1) NaOH A7 70 Wi, SR 5 HE 2 2= b

NT A AT REY TP ESBIHELER, T NOWAK FM 4 H 1 &4 8
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B0 i R R AR T R AR e RO 4 R oo R A Y AR ODE T R ) (HD 832-
2017) T PAT 5 (8 P R R B 45 B R R 1% 4 (ICP-MS)(Thermo Scientific-ICAP RQ) £ il 5 4> J& ¥k )i
JEIF M il # R 4HT{ (METZSCH-TG 209 F1 #2 [F) 43 BTk B0 B 12247 K, B N2
S, THEH N 10 C-min ' ff ] X 547 51 4Y (XRD)(Bruker D8 ADVANCE) 3 11 91| J5i &k BB o Fl %
BEHETE 10°~90°HT (1 E 245 b A9 M 7 B 6B -AE 2 B HO'E % (X (SEM-EDX)(Zeiss Merlin &
Oxford X-MaxN) ML A RS HEE RTES ;1 X S50 (XRF)(SHIMADZU-EDX-7000,
H %) i J5 8k R i it RS 58 1) 22k 2 il oy, I3 2ok 1T ARUE — 1k D7 32 2 53 1) o o 4 4

4 JE I R B SIS AR Tl AR o VAR Wy dE iR th O IR R RR A R 1k ) (HI/T 299-2007)M) 4l
PR, IR S JOA IR A OO EE T (F-AAS . Hitachi Z2000) 5 I 43 J& 52 v B o
2 #HR512
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M LAl A, SRR FE 2 M Fe, Siv Al ) .
S, HAhot% (K. Mg. Cu., Mn, Zn. Pb) Fil/b> 2,510,
BWA &AM, Fe,0, & e, Hibga 3. FeS,
B L&A Sio,. ALO,. SO, WK 2 fir
N, BB R Fe EE LR N AFTE 1
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gk Z2 | K 2 Al Fe,0, il FeO(OH) L Fig. 2 XRD pattern of iron ore tailings

b R, Bk Y 2 1 W BRI LAAE N A Fe,O, #i1 FeO(OH)., #4181 3(a) 5 & 3(b) XJ b ml %, ks
Ry Z2HARRE, AT ESREACYIEL.

BREAE 10 °C-min ' THEHE R T R RE DT (TG) i & 4 frs . 38 TG th£k B s, 78 200~
300 C N, HFZET TE R 2, EEPBRBEN, WA FETFTHERT A, =3HR
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Fig. 3 Morphology of iron tailings under SEM
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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 R &P, BT LAAE BUAY PbCL, 1 CACL 7E 900 °C B FEA |52 444 % P, Cu 1935 & K ZE W
JCuE T ERAMESR, S EZ LAY BaBRE, Bl BEEEE N LT,
Ay somte, HERRE EF HRED G, Ykheas bl ge L TR M A iEER, B
FO IR T Cu IR HE &% IR 10% CaCl,, R 1000 °C B, Pb, CdFl Cu #4550k
97.80% . 96.57% #179.80% .

MR BETEREE R 1000 °C B, Ffi# CaCl, BN EL AN, Pb. Cd Fl Cu W#E A KT LI XFF
Pb Ml Cd, 7EWRE B T 600 °C . CaCl, T WL AE 0~5% Z [A] I}, 4% & R IE T 40% 3% — 5K K- .
241000 °C, CaCl, AN 5% F| 10% i, Pb A1 Cd (4% & Gk T+t 98%, LT3k ) e i)
B o X —25 55 AR Bt AR PR 75 I8 QUK B 4 J8 ¥ & (R 258 JE AR A [R) 242 78 T B8 R 738 B 13 B
T (600 °C LA 1), CaCl, IRINILIAE] 10% Z )5, kL3N CaCl, ¥ i 3+ A 2 % Pb A1 Cd # #5 & %
FEAE BB . AE 1000 °C F, 24 CaCl, Hufil A 109% 383 20% i, Cu I35 & F I 79.23% 54 5]
94.54%, X — 45 HARXT T HAW EARE Y E i, HEZE R EKES &4 KM Sio,, W {e
CaCl, A6 HCIM, fiff f o A1 5 R T 26 i 4 SUAR W #5805 ml iR 47 o 78 2 I S0 AT AR TIE Pb 1k
SYER M PbCLY, FTLL, RMA S R RAERELRKREY T Pb, CdMRIE, Z5 LTk, 4
A5 B Tk ARG, #E CaClL i il 10% ., A 1000 C ek A ALk 58 26 Pb, Cd 1 Cu
AEEE
23 SEHSHERIERSTURINIES T

PR CaCl, TRNEH 10%, ANEKEFHEREE (600, 800, 1000, 1200 °C) Al 2 K5 BRI 1000 C,
ANA] CaClL BRI EE (00 5%. 10%. 20%) T (A% 5t XRD 3% & UL & 6. H1 &l 6(a) AT AT, FEER N 10%
CaCly, AN[RVEEHIREE B AF T, R U b vh A 5 g Y 32 22 i3 42 Si0,. Fe,O, #ll FeO(OH). Fifi
FIRER T, SiO, £i7 5 0 i) A X 38 B8 BRI, H. Fe,O, A4k 1 & S8 1LY (Fe, 455(OH), s0, 5) i AH X 5%
FERIN ., ZadkEke, B H Y FeO(OH) 1k N Fe,0, A2k i E E LY (Fe, ,5(OH), 0,5, SEEW
IR BT — 2.

i & 6(b) AT %0, BEE CaCl, # AN L A9, Si0, By AH X 58 B B Wi A%, Fe,0, Fll FeO(OH) 44
XT o BE G A YE AN, IR B ETE L CaSO,. A LI, UM NaCl iy 3% 88 be e i v = 24E T Ca,Si0,*7,
AWFFEF Si0, B AR W ] fE 2 5 Si0, JE L T Ca,Si0, A %5 & 6 LS A 3] Ca,SiO, #H W &40 7] fig
JEHUTCE BT A BUR & i K7 FEARDF S R RSB T, R béil XRD 3 BIF A R

1.8i0, 3.Fe,0, 1.8i0, 3.Fe,0,
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Fig. 6 XRD maps of roasting slags
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HHE 48 Cu. Pb I Cd X B R i A7 ok RE R ER
SE, AT Cu, Po Al Cd SR H2 T H
R

TEAFIERZMET, RERTVIESYH
XRF JCE Mg R mE 7 s & R be i
[ Ft 15 F CaCl, S i A 35 m,  be i 1 Cu.
n AWK . YRR KT 1000 <C
B, SE &AM E, H1E 1200 CH, S
SEM L, 751000 CrERIEET, ME
CaCL Wi 3, s &t sm, 2| 0 1020 80 90 100
W, FEZESAMET CaCl. 0. H,0 I SO, i e
MR CaSOM, H CaCl MG H Ca ity 7 HRTRAMMXRFARSHER
. RS LLE A BT S A7 7 TR . Ca 1O Fig. 7 XRF elemental analysis results of iron tailings mixture
AEXF B 1 A2 IR R A /N, (A2 CaCl, B IN BRZ A K . Ca 7 2 Bl T 78 I CaCl, B35 A B 91 3
hn, MR AT SR B i TR R AEAE CLe G, FETRE 1000 °C . 10% CaCl, ¥ Jil & (14 K5 e 2%
T, Pb. CAdMI Cu S EE BB ERG, BN EEN T S8BT HILERAKR, THE
Fe. Si, Al

CaCl, 55 O, Jx W B AL i P i €L, H.24 H,0 S8R 1R G145 CaCl, K2 4 i HCIM 28
Ho i AR A )~ 4) iR,

[Ca

Il Others
Il Mn
Il Zn
B Cu
Al
IS

= Si

= Fe

CaCl, + 0, — CaO +Cl, ©)
CaCl, + H,0 — Ca0 + HCl 3)
CaCl, + H,0 + CO, — CaCO, + HCI 4)

ARG, CaClik 8] 778 C WM S5, S EF Y Sio, W B ik H HCIMY, Cl, Al
HCL7E S i T S8R o 0y 5 4 8 O 2 s 4 8 &k, 1 Cu. Pb A1 Cd 3 %53 51 LA CuCl(g).
PbCly(g). Pb,04(g) Fll CdCl(g) I #4 &>, #EW T Ca. S Hl Si0, £ i S 4k K% b )5 LL CaSO, Al
Ca,Si0, 1 X 5% B FE K be i ids v, KB4 Ca DL R X B e A5 Be it v s 1T C1L L 4 J8@ S 1L W .

Cl, M HCLRYJE A A e o e oh . BRI i i F2 FEEE S TREBNR L ST

Fe fl AVIRMEAE EAL S T S AP, WL & Table 2 Leaching toxicity of the roasting

AV T 2 Gk SR 5 B AR RS slags under different conditions mg-L™
24 HETIEREESRREFESN BRAMFABERR 20 o N P

AN TR 5 b R B AR [R] CaCl, WS I R, 8k 600 C, 10%CaCl, 00173 - - -
B RRshEESRNE B RW% 2, 800 C, 10%CaCl, - - - -
20 H, SEEE M, Sddfbkibe 12007, 10%CaCl, - - - -
MHEHE T 48 Zn, Cu. NiflPbiR WA 1000°C, KifFMCaCl, 02240 38576 - 1.146 0
KK, ETHRSEAET, NEEEMA 1000 C, 5%CaCl, 00121  0.0791 - -
[F] CaClL, T i F A ALKG B i B 4 82 vk 1000 ¢, 10%Cacl, - - _ _
FETEAR T SR R 4 4 bR 3= s PR 4 5] ) 1000 C, 20%CaCl, - - - -
(GB 5085.3-2007)"" bR #EFRAE . CaCL WS ANELN b)Y 34700 302900 00120  13.1900
10% B}, 600 C J5 K IHA 4 8= i, k3 B AR (A 100 100 5 5

800 °C B} i2 M MK T 4 @ vk B ot & A T A Ve cFoRER i PRI TGB 5085320071,
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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 I 4 I8 12 Bk R A e AR i, HLH (9 Fe,0,. SiO, Al
ALO, S5 WItR B B O A L AR AR K, SR L, ol LU A @ # 7= fh o ie4h, N CaCl, nJ
Ae YGRS Bed b Ca W&, X4 Ca v] LAREAREE M A B Ca il &L, B an e i 7 & i<
BB, TR AR T RN 28 BRTA, Zad EALR B R0 B 0T be s aT kA7 9 U AL A A
3 4Hig

) FERR R E ALK bead B, ML P M CA IR, Cu EXMEE K, Cu AYFE K75 20 iR ol
2% CaCl, Nt . BB W e FEE AL R B A IR 1000 °C . 10% CaCl, %, BLHf Pb, Cd Al
Cu M & 253 1 97.80% . 96.57% F1 79.80%.

Q)W WK Ca, S M SIO, & it AL B BeJE , DL CaSO, Al Ca,SiO, & 25k B 78 K5 b sk i b,
Ifii Fe Al Al DL 4 J@ AL 09T X BR B 7E R e sk s o

3) R AR M Y Pb. Cd. Cu I Ni ¥ v B 4 A% T [ G bm off vl B PRAH, SUfb B 58 s 10 3% v
Al AIEAT B IR AL A

2 % X M
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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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