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B B AR IR A R, Gl ER N CaCl, PR W HE AT SRR B . i X SR AT BTN . A S
XS CaClL #EAT 74307, SR AR OBOGTE L © X050 B 0 5 be il RIS EE AT 190075 98 17 AU
T A KM CaCl, AR HIHLEE ;. BFSE T Brbe SAURNR BEXT 2R 0 b Cu. Pb. Zn WYHE K ACR 1 52 i KR [R] D5 i
R BRSO . AR EW . FERAKMT, CaCl 78 b 5 A B T CaCIOH H B Cl; TEE R 4&MUT,
CaCl, 7> % 5 H,0 F1 O, 2 i B Ji Cl; 4B Cu. Pb. Zn (¥ & R IKJF N Po>Cu>Zn, H.BEE IR (1 T & i 4
K EASEMT, PoERBRM T TSN, Zn 52, Mk AN Cu I R mE/N; A
AR ESEE S THARNE, T3 TR ESET S TR E RO . Ak b
AbBRJE , BRES T Cu. Pb. Zn ¥JSII0 T AR RREE 4L .

XHiR &Ey; gy, SRR AR, EeR; BIREY

o [ R AR T PG A R A R A . AR R A AR PR R A, BRI R i
£ %8 T i R85 B AR Y B RO AE T ER B T AT RN B U Y T RS A R TR A — R
KB RN, PGS, BA LR A2 2530 t BB . 2 2013 48, FRE KR
R C IR H] 50x10% t, HH R EAWIE M, KLUk, 38k M A Y Oy bk BT,
AAUE TR KA =6, i HAES: 7 R p b # gk P, BEE TR0 L5 H Wi, o IR Xt
WEE 5 ey In) &l H /™=, BRSO ik . JOFE A AR AT A BE . RO R R b
WG B AT LSS BB R I & B 4G, [ WA ) T B i o F AR B, A AR G R B AL AR
W— B LR Z 3] T T2 R,

WAk, AR PR AR IR Y5 die RO B S A pe ORI A S AR LT A5 [ A
Y h A SRR O A T IZ S . AE CaCl, #4453 ff HLEE RS AL K e T2 SR I
FRAISSLER 26" 5, 76 TR AR 25 AT, AR A7 CaCl 15 5 LA 1 (782 C). #ET
DEAFMT, 5O, R ClL; = AT, 5 H,0 KW A HCL, NOWAK 258 73 51 % &
R SEM T W E AR R AT T TS, KB CaCl, )W B T CL A HCL,  CL Al
WisBE: 2018-12-31; FRAHHA: 2019-03-27
HEEWHE: 2017 4+ 8 rf gt L % 4 (18HKO0108)


mailto:hailicai828@126.com
mailto:hailicai828@126.com

2218 ® o T B o W 13 %

HCl Wik — 2 5 & 8 P R A AL b, RN . YU S R, AH AR e, A Ak
RETERRIRE PR E SR . JTAO Z519 R B, CaCl, BUA XS KK Cs 4% R A AR 1. #
SR AR B T2 bl b MISCH Y &)@, 7EkEBeiRE 1250 °C . KEBERf i)y 1 h 4%
5, Cu. Pb. Zn W4ERF 5 H1EE] 73.1% . 93.9% Fl 75.2%.

FACKT e Z R P B . KRR KR AR s, R 2R R, ke T S E
S B R, nl DL B A I AR B i i S A TR . A H R SRR e I oY 2 4R R AR R bR IR
FE ARG e S ks Bt Rl By s b, O TR RS B R EA AT CaCl, AT
R X LG SE B A AT IA LU B =, X R AR S R FE AR W ) RIS BT TR AT AR AEAS R, AR
WFFE X CaCl, FIEk B UEAT ALK BE, #RIT T CaCl, 43 HIAE B M T 25 KA F T $A4b H 5 72 v (1 34
7Ry R HLER , FERFIE TR P A R B B X 2R B Cu., Pb., Zn (12 BRGS0 52 i) K v ¢
TRIT IR A SRR 19k 4% W MACRT 47 A0 A5 b o 4 i %) [ e sl SR o
1 MRS T
1.1 IEER

AT AR B R XK R BT X 42, Tl SERTHESBKRE
ZE R FERREY . e . ARdAk, & Table 1 Heavy metal concentration in iron tailings
A Fe, Si, Al, S, CudEILER. LIAMLYIE A mgkg'!
A5 ICE & &=, Fe,0,. SiO,. ALO,; 1 SO; 4> Cu Pb Zn aoad
%lj IE 58.45% . 15.78% . 8.36% #1 3.35%, Cu. Pb, 4 568.00 1761.68 2518.70 85.81 2.8l

Zn, Cr. Cd ¥R BEUNF 1 fros o 5256 1 76 8 X
S F AR RS AT T, RIS AEMEAE R 105 C HET, HEIERAA, RARESARE.,
12 LBKRE

AR A R BT AL S, SCIR RS E AR 1 TR o EA RS bR S0 I A B A A A
g3 AR BCIR A I A R Y R A . SCI E AT SUH b (SK2-2-130, R IR B A FR
D AR 80 mm, K 120 em AY R 4 AN AR 2H AL

B
A
A

BT A A

Fig. 1 Thermal treatment experiment equipment

1.3 LA

S ER AT RE S FJC K CaCly, ARG, AWFFER R IR 0 7 0 AE b AT IR & 0 BRI
2 AFATRE, BN EESL L CaClL, MR REMIE 20 g, 520 mL 4liKIRS, FHAETHAF T 105 C
R TR EEEN, BFECY 12h, HHTE RS E T RSP R A ERE, B A E
W, FFHER B RIS 4, #E 800 °C LLUR BT, # AR S °Comin! (Y HURFHE AR, 7F 800~1 000 °C
BF, #2883 Comin™' A BORTHE AR . ERBEEE T, R 60 min, 4 EEFEE 100 C 5, MNI
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EEPEEEES, RIGHETESNBHNESE, @ omEESTPSBE TR ihE Mk E, %
X IHBEKSRETRENIELE,

a

(1 - ﬂ)x 100% )
cM

L a HEERE, CHBET TLBWE, mgke; M RERET RIS, g ¢ MBSk
SEWE, mgke!'; m MIGHRIGRBTE, g
14 D7k

K HI R 20 M vk (NETZSCH TG 209 F1, % [E NETZSCH 2 ) il %€ JC /K 4645 (CaCl,, AR) fY
MEAZ HEESE: 10 Cmin'; 40 TEAIMAR (99.9%)); K X 529 6615 (XRF)
(EDX-7000, H 7 & FE /N ) % b M5 9 2k B 5% i 09 24 5 R X AT 14X (XRD)
(D8 ADVANCE, &% Bruker 23 ) #4745 ffb & W B9 & ; 6 mL 65% 42 (AR, HNO;), 2 mL
35% L2 (AR, HCI) #1 3 mL 40% & 2 (AR, HF) 7 0% 14 % { (MARS6, Z£E CEM A Al) F1 il
fiftJs, HEKFBE R S0mL, R AR FRICo T (22000, H A H 3720 6] W 5 48 1)
W R,
2 #HR5112
2.1 CaCl #AITANIEHR

TERSMT 2K, Wk TR %F I 7K CaCl, I #Raet T2 rb 3 451 2 R0 PAI 0 R A7 2
Br, Z5RWE 2 s, IWE 2 TLAFEH, JoK CaCl, 76 168, 220, 778 °C WA B W A W #g , I 4F

Bl 25 A5 K R 32 A FE BB o 7E 100~168 °C B ool los
1R K B0 36 % 5 B0 A e R R B R 7 Wl 1,
220 °C ZE AT L RV HY BT 9 R R 0 o
W, Dk CaCl, K& W) 70 i BT 8 778 °C 2 " ) s g’
CaCl, W45 A5, Kbt B b 0ROk B4R, F nof 2
WOHBLUT IO WA, CaCL MRS, FEBRS  E | 03
IR CLL BT R A AR AE . ot
WA 778 CC R L AU T AR i It B A\ B
B, WA X B TR PR s O e T T
O, UAEAE, BT CLR B, H 5 CaCl,, L/
5 H,0 1 O, ¥k A e i, s hn T B Wl K2 AR Sy A £k

b 1 — A 43 M1 CaCl, 78 oAb B i 75 ) 4 Fig.2 TG-DSC curves of CaCl,

58, A /A& 200, 600, 1000 °C
M 285 40FF 600, 1000 °C # 4k B S Y CaCl, 5% i BEFT XRD 20 # . T 40 38 7 ik 45 B8 K Puak 3
Th. BRI E S SRR A B S AH [

TERIMZEZEMNT, PALFEJS CaCl, 5% 59 XRD #1135 UL & 3(a) A 3(b), ATLAFE H, TRE
J+Z 600 °C 11000 C J5, HAMESIFMETIBREAERES. NE 3@ TUEH, FRAK
R, CaCl, 7E 200 °C 454 1 h J5 (158 # £ 22 %53 )& CaCl,2H,0. X S B A Tl b BRI 4 CaCl, 44 5 i
P 113 Tk, s CaCl, ¥ WL T 21 it 12 43 B0 i 70% J5 A2 i CaCl,-2H,0 ", 7E 600 °C K5 be )5
0 5% 1 v 3 B 43 & CaCly, 7] BE IR BE 1K 5] 260 °C J5 4k THIE . CaCl, 45 & 7K 38 W7 43 i TV 1 TG 7k
CaClL"™, 778 °C J2& CaCl, B85 &5, 1fij CaCl, 7E 1 000 °C #Ab 73 J5 5% 5 i 32 24 i & CaCIOH, itk 7]
DIHEWT, 778 °C CaCly iA B4& S5, 584 H,O I, ZE B CaCIOH Jf B i HCL, iX 5 CaCl, 6H,0
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B A3 R ALBRAR U, il 3(b) Fis, E a5 T, 3547 600 °C A1 000 °C #AbBESE, 58 F 2
A CaCly2H,0, FUE 11000 °C SRIAT I 38 B I . AR HO AU/ A, L0 OB A1 8
X AT 8 SE Bk CaCl, 76 H,O 1 O, fEZE I B0 T, AT LA4R 5 5 H,0 F1 O, I i, ik 4 HCL#1 C1,M™,
z3 5 O, MAFTEW > T H,0 BYIHAE

“ l d *I' * CaCIOH 1000 C N
« ‘* *I ¥ CaCl, - 2H,0 1000 C
Fooox Cac12 600 °C — M

i

o *
* & *
. CaCl,-2H,0 200 X *
| % y ‘1 CaCl,-2H,0 600 C
JL.“‘ 4 - e Aﬁl ll Ak

A

6 ZJO 4‘O 6lO 8|O 1 (‘)0 (I) 2IO 4IO 6IO 8IO 1 (I)O
20/(°) 20/°)
(a) ARIA T A ILES5RE I XRDIE (b) TSRS F AL XRD %
K3 AREUSUE Bk 2R 516 A5 5k i 79 XRD i
Fig.3 XRD patterns of roasted slags of CaCl, under different atmosphere
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NOWAK %5 iif5¢4a i, CaCl, Al MgCL, /E &AL, SCERILT NaCl, 7E 1000 C T %f%5E 60 min,
80%~90% Cu. 40% Zn FI¥IT 100% Pb #5 % Hi 25 . DA CaCl, WEALF, il 150 g-kg ' B, £
JEF Zn, Cu. Pb (¥ & RIEA KB FE . 760 MeClL, A ALFI I, Pb7E 1000 °C F4%4HE 1 h ] 52
P KRR (R R, Rk, fEE ARt I, ARFSTEERETE CaCl, WS INE R 15% . Ribert il Ky
Lh 500 T AT @A RS B 500 o AR X 44 R Wy E AT ISR, R S8 AR 0 52 30 75 200 SR I i i 2 h
100 mL-min"',

Kl 4b). B 4(d). B 4D IARAR . ARREERR FTRET ST ES)E Cu. Pb. Zn %
KRR, K 4@). KB 4c). Bl de) M XN KT be T B RN BS Be SR SR MV BRI AR R . LA
4(b) F1IE 4(d) AT LA, X T Cu M Pb, fEA KM T2 RAMT, #R R R AE R T
MR, HEEMNT, BRAOFMFHERZCRE T T35 Cu ik F7E 600 C J+ % 800 C
A A BT A T, T 800 °C 3 1000 °C # 4 R AR /N, HARET Cufe 2 FRA T
REFFZARN, MASSFET Pb 7E 600 °C BHELZHRIRF] 90%, il T34 SiREFZ1000°C,
BAEAMT S LM Cu KRR BK 2] 77.7% 1 75.7%, Pb BIHE K& K43 ik 2] 97.8% F1 96.4% .,
TE 800~1 000 °C i, 2 A5 F Pb M HE kK R 95%, X 5 Pb &5 # &4 & ot 5 A RV
HE AT UL, RS Be A Cu B4 K URFZ AN K, AE R A AL B2 15 Pb B4 & R 52 e A8 K 5 7R IR 2
BARET, T A T 6 4R R Cu TP AR R RO W . R 800 °C B Cu ZE RS N IR
BRWAR T2 A, IR S, MEEREIN CaCl, H TREERERT R RIER P, A
S +CaCly F WAL T 123 K +CaCl, &4, %5 Cu Ml Pb 78 R -HCL SR F R BT kK Rl T K-
HC1 AR Y (4518 A1

E 4(F) FTLLE Y, R Be i BE MRS B ST Zn OS2 MAS I i . B PR F, Zn fERBE
TN 800 °C W LZ MU T AL, HRFERN 753%, TERASIKMUT, Zn WFFE L RBEE IR E B F &
Fhigs, 71000 °C fremik®] 38.2%, i HAESMRE T AR ER L F 23500 PR, X5R
R -HCH A28 A-HC AR XS HEF 58 19 25 SR PR TR] AT RE A9 I R 25 <0 -CaCl, U4t T & AR il



%5 9 BRIUES A5 CaCl s Rbe I REED PRV ESJECu, Pb, Zn 2221
=~ 3000 s 80
| 7+ 75
i 2 500 mN, 60
£ 2000 S
1500 j‘i 40
S 1000 ¥
B 500
& 0
600 800 1 000
REBENLIE C Keemd R /C
() Hl 8 BRI (b) FE LR
~ TR
2 2 500 ) Rty 100 EN, L
- 2000 EEN, 80
L S
£ 1500 2 60
g 1000 é 40
R 500 ‘ 20
&
600 800 1 000 600 800 1 000
Rpeib L/ C R EE/C
(©) MYV EEIR I L (d) HRIYFE AR
~ 600 s
Losoo | EATET
2 400 g
& 300 Z‘i
§ 200 &
100
%
i belli g/ C Rl /G
(&) BRI BER S (f) PRI K23
B4 RESSREE FEAEE Cu, Pb. Zn HYHFE K A BEROK B
Fig. 4 Vaporization percentage and condensate concentration of heavy metals under different temperatures and atmospheres

Cl,, 1 CL X T4 )@ &SR E T HCIM, 5 Cu M Pb AL, Zn BU4E LR, X5 Zn &L
VIR B 728 SRR A XY [, B Si0,. ALO, B KREFETE, £l Zn 16 5 W i 72 o 4R il

WERRAY . PRPRERSE, AR T A R,
23 BREMRSN

SILERH ClILR & WA b 2 h H & Jm 135 &), (B H S TTRMGI AR CLILR

19 ) 75 72 Ak K S e B Ak Al AT RE N PR R 1 TS
Yoo B, A BT RE B ST MR be i
HEAT oM, BB HIEARITTR A M.

AN [R]85 958 25 AP 1 8 06k e v 1Y) 4 28 1 an
BIsiaR. afLAE M, BN TR RE T
SITLEREMFRM L TE KK, ETERFK
PR, S JUE i o3 B bl A I B 0038 5 12
fiK, (AR BN EBANITE . X
By, EE AT REET MR,
CaCl, 57255 ) O, L K A b A LB SO, J B
A B CaSO,, 3% BTk peil h P, FER S
T, 600 CHrBefE I3 BMARZ Clou & Ml Ca o

N, 1000 C [ --w
B Zn
N, 800 C [ Il EK
Mn
Cu
N,600 L]
Si
F2545,1 000 °C [ Elims
IZIC?
2545800 C C
Tas IIIEFe
F425 600 C I )
0 10 20 30 40 50 60 70 80 90 100
RSy EU %
B 5 FaMESEM T ARRE M S
S et T R A

Fig. 5 Elements in roasting slags under different temperature
in dry air and N, atmosphere
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2, T ERAAREMT CaCl W4 f#HLEE; #E 800, 1000 C F i@ bk b, sRik b Rk
ME| ClIEEMS TTE, FEHFe, Ca, SiTtELPHEE Cu, ZnELE,
24 SWHERELZYIEHEMEE DT

SR FH VA RE A 4 U5 WA TR 72 e 046 T Se 7 kot R A P i B 0 R AT WSO A ATT X v B AL 4 R
PEAT XRF 7081, S5RWNEE 2 iR, 56K 4). K o). K ae), TUAFEH, BEENCETT X AR
SATHERYPIBESCRABRKAES . ERFFHT, MERENTE, BERR TS SERE
BEZ s i —RRIRE T, AR TREY P S ESBERE S T340, RHZETE 800
C 11000 C 4T, BAMTEEMT Po. Cu M5 R FRAIT, (548 AR Y 5 4 8 e A
ZEART, LB VR BE Y 7 15 A USRI T 1R B4 2 W A AL

z2 FEEMEASEGTARBERLEEHNAREEEZERS

Table 2 Main compositions of condensate after heat treatment under

different temperature in dry air and N, atmosphere %
SR S H,0 cl Si Zn Cu Pb Fe
T255-600 C 73.57 26.21 0.20 0.02 0.01 — —
T25-800 C 73.21 26.54 0.16 0.04 0.02 0.02 —
F255-1 000 C 71.67 27.93 0.21 0.09 0.04 0.04 —
N,-600 C 71.82 27.92 0.17 0.01 0.01 0.03 —
N,-800 °C 71.09 28.23 0.18 0.11 0.14 0.20 0.01
N,-1000 °C 70.19 28.88 0.19 0.17 0.24 0.22 0.02
e < K

HARFEIE MR J7 O R 2 R U T B R 25 DR A mLCSCR . ARBIESE X <
Uit 1 25 5 A~ S 200 mL 5% Fi i IR 14 W WKL PP G v BE EA TGN, AR ANTE 6 s . TR
T AT WOR T & R R . 3 KRR RO AR RGN B & 2wt R, il
UL, 8 2% 4 JE DU R AR AT 2 WO P AR SE el AR 1RO P A% < s G R 1k
JERTLAE H, WO )8 Zn, Cu, Po¥RIERS, 1M Cd, Fe JLRMIEMM, X EH AEKES +
ARG Cd B, M Fe i B m THERAAIE L Gm . BRI A, 25T AR b r 4%
KWy oy TRk B U

120 ¢ 1000 [
—=—7n —=—7n
100 —e—Pb —e—Pb
—a—Cu 800 - —a—Cu
~ 80 —v—Cd R —v—Cd
o —e—Fe D600t Tefe
2 60 g
= B 400 -
X 40 X
5 200 |
O 2 = 0 = o o =
4 5 1 2 3 4 5
WO WSO
(a) AREMF TR (b) T2 KA T UM

Pl 6 R I WAORR A B VR JEE

Fig. 6 Concentration of collected solution in gradient absorption bottle
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Recovering Cu, Pb and Zn in iron tailings by chlorination roasting with CaCl,

CAI Haili, NING Xunan®, BAI Xiaoyan, LU Xingwen, LI Riwen, SHEN Wen

Guangzhou Key Laboratory Environmental Catalysis and Pollution Control, Institute of Environmental Health and Pollution
Control, School of Environmental Science and Engineering, Guangdong University of Technology, Guangzhou 510006, China

*Corresponding author, E-mail: ningxunan666@126.com

Abstract In view of the resource utilization of iron tailings, the iron tailings were chlorination roasted by
adding CaCl,. X-ray diffraction analysis and thermogravimetric analysis were used to analyze CaCl,, and atomic
absorption spectrometry and X-ray fluorescence were used to analyze the roasted slag and collected materials.
The CacCl, action mechanisms under nitrogen and dry air conditions were investigated, the effects of roasting
atmosphere and temperature on the volatilization rates of Cu, Pb and Zn in iron tailings, as well as the effects of
different collection methods on the collection rates were studied. The results show that the CaCl, reaction could
generate Ca(OH)CI and release Cl in nitrogen atmosphere, while CaCl, reacted with O, or H,O to release Cl in
the dry air. The order of heavy metal volatilization rates was Pb>Cu>Zn, and the rates increased with the
increase of temperature. For Pb volatile effect, nitrogen atmosphere was better than air atmosphere, which was
contrary for Zn volatile effect, while roasting atmosphere has little influence on Cu volatile effect. In nitrogen
atmosphere, the heavy metals in the flue gas were more easy to be collected by condensation, while in the
circumstance of dry air, the heavy metals in the flue gas were more easy to be recovered by wet-washing and
absorption. After chlorinated roasting, large part of Cu, Pb and Zn in iron tailings volatilized.

Keywords metal ore; iron tailings; chlorination roasting; volatilization rate; heavy metal; solid waste
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