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SRR E B RY TP E4JE Pb. Zn. Cu. Cr 1 Ni [UHF5T

AT, BEE, FFE, Tk,

(TFEINKEFERZESTRESER, TEEMEEECSRENITHESSIRE, R
BRSSEITHMART, % M 510006)

WE: A CUERET W%, IR EDTA-2Na /F 3R 376825 1 Pb. Zn. Cu. Crfll
Ni AT REGRAR S0, DR FENR PRI « I LA 2 3% I e 3o 3 4 B 2 RO M i, I RhR R AT m 4
JEIEATBAAT 0, Wt TR ESESBIENAHCE. 451K, Pb. Cu. Cr fEREIRIKIE SN
250 100, 200 mmol/L Hf KR ZiX B FH e, 4300 19.9%. 43.9%. 4.2%; Zn Fl Ni 7F EDTA-2Na 3K & 437 by
100. 200 mmol/L I 25 [ Ak B de i, 2B Z43 WK 33.2% M1 39.4%. R4t i, Cu i Pb 122 bt i
P I ) (386 B Wi 4 s, Zn. NiF Cr (025 BR2AE 120 min J5 R4S T8 % . EDTA-2Na % 54 8 1 2 (R bl
R N TR P E AR K, 2RI (A 60 min WA FRRE .. M ol 30:1 B, FEERF EDTA-2Na X}
FL R I BRACRA B0 . SRR IR 5 B R FEEAT AN, RIRRA NG R ERESEN S
TBIEA, R ESBIESRAETBEA . IS RIES B E B & &5 v A A R #h 454 4 1A
RARKAINA 0.9307F1 0.996™ . 1258 BH T F 48 1 v A8 W AR IR £h 45 & AR LI B, R A, BRELA
W EBIANNGCSLOIGI, & T 8RRV fEHRE P WERGEE, BCT 5 RIS, 2T
TC AR AE T B ) B B R B AT

kHER: 2R, BRI, HAJE, TR, EDTA-2Na

doi:10.3969/j.issn.1000-6532.2022.04.007

hESHES: TDIS2 NEMFER: A XEHS: 1000-6532 (2022) 04-0033—-08

S BT R R S TSR AR R A 1) HE A R
K, #wgeih, 2006 43 E R =AM RN 1 LA
) 59.7 4 M. Hh, BRREATMHEAF R ESIA L
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e RHETBUR AL B T7 50, AT HEAN I (AN W7 348 o
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PRSI R VRIS Y, EDTA HAG IR 38 (0 4 J 28 4 e
71, XFE AR I 2 BR AR T AR R KT I K RIER
T3 1

RN RF L XA AT %, K
M2 1 EDTA-2Na 1E R 5251, 10k 400 bk o 1 12
BT 5 AN [ 42 B 900 3 55 0 5 3 I i) o 2k JR A o 4
J& Pby Zn. Cu. Cr #l Ni ZBRACRMIEN, LUE
BB R ESEME M. KA Tessier .
WP LR BT G BB A E 4 Pby Zn.
Cu. Cr Al Ni FESTBATHT, WiITEEEE
SEREBRZBMXR, NREV P ESEG
YLt 7 2 RyA BREE LB () R R R 4

1 AR

1.1 IER

SIS P BV R AR F T AR BROR T R E L
B X FES BT, BEH0.074 mm 205 5N
HEASTRALE, &
1.2 KWHE
1.2.1 B P4 m S I e

HERfAR I 0.2 g 25 R R K T RIS L4 1
fREET, BN 6 mL /2, 4 mL fiff2, 2 mL
R 1 mL = SR, #ESIIAIEEE 10 min,
AR5 9 AR RE P TR B R i K TN 4 1 B T T
FfFE A AR AR, INFAGE LS AR 140°C R
B2, AN JE R R 2~3 mL B, I
2 50 mL 25 &b, FH 2808 K ok Y i G
2~3 W, MBI E 50 mL REME, T,
I KA S WS 15 O e B4 o =, W
g ER 1. AR 1P ATLLES, %ES+ Pb.
Zn. Cu. Cr FlINi FLASHS 4 1655.05 2006.3.
2527.9. 422.7 #137.8 mg/kg, HH1 Pb. Zn. Cu M
Cr &, AR IEN Y, SAEE
BEK IS LIRS (1) ARG o

x1 BEVPESERNEEE (gt

Table 1 Total amount of heavy metals in iron ore tailings

Pb Zn Cu Cr Ni

1655.0 2006.3 25279 422.7 37.8

1.2.2 BN G E R SR

(1) AN[EIH B[R A EDTA-2Na O 5 4
JE LR R HERIRRE 1.0 g B AR T
50 mL &0 8, B 30 mL iR EEH 0. 5.

10. 25. 50. 100, 200. 250 mmol/L {55 /iR ¥ 42
W, 7R T L 120 t/min (I ZEY 2 h, E5E
J§ S5 75 4000 r/min #4250 5 min, HC 3G
JEWCER, I G B RO R SO i v
Pb. Zn. Cu. CrAINi & &, BMRERE
APATEE. EDTA-2Na iRJEBEE N 0. 5. 10, 25,
50, 100, 150, 200 mmol/L, I 4% 0% 15 8k
JE SIE AR TR

(2) I LR T 4 I 2 BRAOR IR YRR
1.0 g B #R T 50mL .04, A 200 mmol/L
()P R L9 (150 mmol/L ] EDTA-2Na) , &
[l bL B o 501, 10:1, 20:1, 30:1, 40:1, 50:1,
100: 1. F4l&E =/ANFATH, HRP8]E (D
FHIA .

(3) 35 I [AD0) 54 J 2 PR AR %,
HEFREL 1.0 g B MR T 50 mL 2.0, A 30 mL
WP 200 mmol/L [ (150 mmol/L ¥ EDTA-
2Na) , ZEHIE R L 120 t/min B3R 0 W 5E 1.
2. 3. 4. 5. 10. 30. 60. 120. 240. 480 min,
RABE AT LRPES (1D M.
1.2.3  Tessier TP HRITES T ESBIES

Tessier AP FRHGE! Wk B h 48 B
S EATRMT .

(1) A3 #eds: FRE 2.0 g B H AR FE ST
100 mL B0, hiA 16 mL 1 mol/L f¥] NaOAc
W, H HOAc /75 pH = 8.2, NS HIRIRED
W, E=ERTESED 1 h, ¥ 250 r/min.
7% Y 56 UG TE B DAL B0, BB W0 U O
KA 25 mL I AR

(2) RIRIHEEE: 1 E— Dkl A
16 mL 1 mol/L ] NaOAc %, H HOAc 15 pH =
5.0, S FHEEE 5h, A 250 t/min. &0
JE B EVEWCT 25 mL A EIRH, AR

(3) PEEMML G M PR
BN 40 mL 0.04 mol/L ) ¥ fit T~ 25% HOAc ]
HONH,Cl % ¥, F NaOH J§ 4% pH = 2.0, J A
W SR T, 7E 96 + 3°C /KIHEI 6 h, 5F
30 min FEFE— R B0 AR EEWT 50 mL %
s, EERI .

(4 {HHEEE: WL BrEkE A
6 mL 0.02 mol/L [¥] HNO, ¥#F1 10 mL [¥] 30% H,0,
W, T HNO, #75 pH = 2.0, 7F 85+3°C /Kift
FEU 2 h, B 30 min BEHE— K AHEIEARELINA
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XM FRELRBEST ¥ E4EPb. Zn, Cu. Crfe Ni 95 R ©35.

6 mL f] 30% H,O, ¥, JH#K HNO, #i15 pH=2.0,
7 85+ 3°C K HEE 3 h, 4 30 min HEFE—Kk;
UK G 4k 4 N 10 mL 3.2 mol/L [ f# T 20%
HNO; i) NH,OAc ¥, JHZMKERE 40 mL,
FiR P RFEEE R 30 min, N 250 r/min. 250
JE U FIECAE 50 mL 25 e AR

(5) Bkt SEREN ThESE AR E
EAIE (1.2.1)

1.3 Stk

G G 1 B SR O R IO
AT E

KRV TESBLSETELAA DN W=
my

K wy WV T ESEN DS E (ngkg)
Co WGP ERBKKE (mgl) , ¥,
N R AR R (mL) 5 my kg Y A AR
w (g) .

B LBRETEALN: K=
100%

K KANESBRNERE (%) , C B
WHESBERE (mg/L) , V, R AR
(mL) , m, AR PSR (2 » W, B2
THEEENDEE (mgkg) .

2 #HR 5%

2.1 $KE#H 1 Pb. Zn. Cu. Cr F Ni BUERRHR
2.1.1 BARBOKREXS Pby Zn. Cu. Cr F1Ni %[
SRR (1) 53 )

AN 7] ¢ B TR T T 4 2 R R W R
WK 1(@). ME 1) 7T AR, MEERRIKE N
100 mmol/L I, Cu [ 2% i 214 2 5 K AH 43.9%,
Ak LR BRI, Culf EBRFEIANDE,
Zn 1 25 BRFAEFLR KL N S mmol/L I 0 T 44
JE Bt R R B IR B N 2B AR A K, MR
PR B oA 250 mmol/L B, Zn [ L BR &N 26.4%.
Ni [ 2: bR 2 bt A IRV B (38 s g i i, 4
WPEA 200 mmol/L I L FRFX B K (24.0%)
Ok 58 1 0 B UK B 48 250 mmol/L I, Ni i 2%
BT A, 3X 0] A PR A (R BT B R 1 22 %
W pH (HBFAK, A FT Ni (I H, b E IRk
JERE— DK, RS SR Y RIS AR

CixV,
miXWO

HSEYWM AR F, BT Ni 2R,
Cr 2B % 4E 200 mmol/L i ik ) f K (4.2%)
7E 250 mmol/L i % B FFAIK, A Cr 14k L B
RIRL (<5.0%) , XA[RES Cr fE8 R H 147
TETEAH Ko P IR 2 B e bifl w0 1R vk FE (1) 38 K A
Writ ., MK Eh 250 mmol/L 5, Pb =R %R
h19.9%, Ui BHBEAG BERRIRBE IR N, UK pH
FRA, AT P (¥ H .
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Fig.1 Effect of concentrations on removal of heavy metals

5 1(b) 4 EDTA-2Na ¥ ¥ 15 A [7] 9 FZ I %

R EBRN L. Ni %R % EDTA-
2Na ¥ J& I 39 KT Ty, IR 200 mmol/L
I, BN 39.4%. Pb Al Zn (1) 2535 4E EDTA-
2Na KT 100 mmol/L J5 s %, Cu Fl1 Cr
ZBRRAEMRSE KT 150 mmol/L J& FF4f PR, X
K8 EDTA-2Na & 5 B h A &8 5 7 (Mg™,
Ca™', A% 454G, EnReS PN Do iHFe—
oy, AT AR 25 BR A PRI 24 EDTA-2Na i &
> 100 mmol/L i, Pb Al Zn 225k 40K 2.6%
F133.2%, WK 150 mmol/L i, Cu Al Cr (K126
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HAYRIN 37.1% Fl 3.4%.

PR B, HERNT Cu M Pb (1) 25 [ 8 R %
Uf, EDTA-2Na X} Ni [ LB R Em TH]R, X4
EDTA-2Na W JEK T 150 mmol/L I, % Zn )54
R LR R U, PRI RSN Cr 1) L BRI
o BERH [ RhR B AN A [R) 5 42 s 1) 25 BR AR A
], AN TR 3 0T ] —Ff 3 4 S 1A FH R oA
A, XAfAg i T EERAAENESARL LR
P E ST R
2.1.2 I Ll 4 2 BR AR 5

TR AN AT AEAS RV LU I R v 4 )
FEEER LK 2(a), H1E 2(a) 7T A, Cu. NiFl Pb
(2 R AW L o 3001 I e ok, 20k
44.8%- 24.6% F120.1%. 4R8I L, Cu )
F R A TR B, NiF Pb [ 2 15 2% I A 3 45
ANAZ o Zn 1 2 B AR W LG O 401 I LK
(27.0%) , RSEIEIEIE LL A 100:1 1, LFR%E
SR N B TR B 3 e Cr 1 25 B g A
Ko H4JE Nifl Pb 1) LB I AR
AR, SRR BE A R L 3, RS A
J& 4% ey M, A G e T AR B R AR
W, dREERE IR L, A R R R AR TA
BP0 Zn R Cu [ 2B 5EH K5 N, AT
REAZ RN R 5 R i L & 48 W Fe. Al
Ca ZERAERN, A Zn Fl Cu R T T8, w97
EATM BR8] 2(b) & EDTA-2Na ¥ A2
W AEAS [R) R ] bl ) 2 4 J 1 e %, AT 2(b) &
I, M AN 521 3902 30:1 B, Cu F1 Ni [1)
LBRBEG NN, AR b, BR AR IEA
TREFFAAR . Zn ZEWE LEK T 4001 I LB 2T %,
Pb (1) 25 S R AE W L 30:1 I fe Ko Cr (K25 %
4 [ A5 Y ] B P 3 0 B v, (R AN B 2
P, O T ORIE 2L BR R R 5 402 38 77, SR AN
EDTA-2Na Y ORI E Ry 3001 #E4T 5L .

213 EHNX Pb. Zn. Cu. Cr Al Ni 2%k
IR

Kl 3(a) 4 B IR AE AN [ 7 % B [ % Pby Zn,
Cu. Cr Ml Ni [ EBRAA, Hrh Cu LR
P I TA) PR S AN T 48 5, 172 35 I (] 28 480 min
I, Cu HI28% K 47.7%. Zn. Ni Ml Cr L%
76 7% ¥ W) R 120 min I 23 51 4 26.2%. 23.2%
1 2.9%, AkEinmEm g, LBRRBAAR K,
YLLK BT Zny Ni Al Cr (55 45 & 7%

50
(a) B

40t -

30+

TG )m 2R/ %

TG %%

T L

2 TREIRELL E e R ERERNS
Fig.2 Effect of different liquid-solid ratios on the removal
rate of heavy metals
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Fig.3 Effect of shaking time on the removal of heavy metals
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X FUTE: ZRELBRBEST FPELEPb, Zn, Cu. CrAe Ni 4R «37 .

BRI K, LB IR, FEE
WRVERS TR RN, 4 I A R AR 2R,
bR E WL BT, MBERNESEEETEHRE
W T ) By A A TR T, A DL AR SR
Pb [ 25 [k 26 bt 7% 3 I ) R R I P sk, 4
WRVERSTA] 2l 480 min I, Pb IZEBRFRA 23.5%, i
B} Pb 71 ¥ 4 ot 2 v Bt A5 302 35 I T ) JE K 2 24 W o
R H R, g s T 2 kRZ. 8] 3(b) i EDTA-
2Na FEAN [) 75 9 1 ) 56 76 4 ) 25 Bk, mT A
RIL, Y& AT 120 min 25, & HE4L B
LBRFSEARFERRE . MR G I 480 min Y,
Pb. Zn. Cu. Cr. Ni [(EFRZHN 1.8% 27.6%-

37.4%-+ 5.3%- 30.6%. . [% 5 EDTA-2Na #f L,
EDTA-2Na B 5% 3 I 18] (R34 oo 5 4 8 oo 25 2Bk
R AN, 1 R B R 3% B TR) PR E K ) Pb A
Cu £ BRI B 5
22 RIENEHREVPESREESHTL

4 N R B (1) 52 i AN A 52 B R = 1) s,
S T AT B R AR A A A . RIS
TEVEA A v T (75 e R I, AN ) HL
SR BEAT AT, SR LR G R TR S 3T S
AWFFEIEE 200 mmol/L B IZHE 2 h J5 2k BN
AT, g R I3 2 FiE 4.

*2 ERFREAEHET PEEBRSSENL (¢t)

Table 2 Comparison of various heavy metal forms in iron tailings before and after leaching

HEEETHR BTG A IR & A4 BRER A S & A AL &R B A M
HY 74.9 59.4 80.1 60.1 1380.5 1655.0

P Ja 15.8 11.1 67.9 59.0 1187.1 1340.9
I 576.0 133.6 81.2 56.1 1159.4 2006.3

o & 92.1 105.0 86.2 54.2 1138.8 1476.3
HY 729.8 277.8 68.6 175.0 1276.7 2527.9

o Ja 56.3 73.1 14.0 155.7 1127.3 1426.5
AT 12.1 11.2 8.0 78.2 313.2 4227

“ Ja 4.6 4.0 7.9 82.1 304.8 403 .4
‘ i 9.3 2.8 3.3 2.6 19.8 37.8
N J& 23 1.0 3.1 7.1 14.9 28.4

RK2ONERBZRWIGHRET T ESBEEN
TrEXFILEE R, WLUREL, SRR, B
W R E S R R T — e AR e, I
o Pb Il Cr ) L BRAUR B 22, X A& KA Pb Al Cr
HRBENTREZ, ZEESNELSE S T4
Tk TR ORI, A S iR AR R,
BRI Pby Cu. Cr ) A B A AR 26,
WD B K T SRR IR Eh 45 & 5.
Zn WA MY SRR, Cr M N WA
Bl GRS B, WHAER LR ES ST
I, LB A IS AAAEE A B

AR T ESE NS ATLLEUILE 4(a),
L Pl Cr EZE LR E S A, Zn, Cu Ml
Ni EE LR E S L EFE. EXEES
, MRS RS AN ESEE TS
Re i zE, ARmIMITBIE, RN NE S

Bk, AHLE GBS Mgk A a8 E
PEECSE, AN DR TRRI AT, Bl AR 1) T <
THRAGE, BN Pk, RS Zn.
Cu. Ni BJRATH 5 AR . & 4(b) 5 IRE
RREREN G m MBS AT G 5R T
ML, FRRE SRR T ESE RN 5T H
JEAS LIRS, FEASEIRIn, fehs W2 AT
BRI EE XS o Ni (5 A 5 3 i A e AL
AR, BEA D a G EII R, Hix
ERGEERGR, ABInH . Hit, i
XA I E A AT R R A, W LUK R
R T OIS ESmA LR, Raikues
RIEEB, AT R R AT 5 A A BT K U o
23 EERESEERRRESENEXMESH
KRV hESF A MES. WREL S
B BEEMDLGE . AN GEEEERN
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D St WO A ML A% BB HERILS
7 WA oA T iR

HE BRI LL1/%

(a) ZAEHT
I s I A ALES & EER St
iR EhEs od T WAcias

H RIS A0 L Bl/%

Pb Zn Cu
(b) FIRIEE 5

4 HREVHEEEIORESSH
Fig.4 Morphological distribution of heavy metals
in iron tailings

T e RIS AT, AR IHE 3.
MR RD], A SR & 2 W B
K (P<0.05) , WML HEHREGRELE
IEAR (P<0.01) , WAZHA . IRHE AL
] e R FE < R R R e, AR W LA AT e s A
IR TR 4 G S AN E G m T B, &Y
PoRIR R, X HERBEAE DR A R 5
R3 YEVEGREHESESRRESEHXMINER

Table 3 Correlation analysis results of morphology and
leaching effect of heavy metals in iron tailings

X BmE R T
e T T ] ;ﬁ% -

sk tind  diok
Pearson . o
\ 0.930° 0.996 0.685 0.846 0.733
e
by
(U 0.022  0.000 0.202 0.071 0.159
N 5 5 5 5 5

FE: AE0.05Z5) ORI FSCIER S TE0.014¢5] GRD
MR

3 % %
() ZEBRSTR, BRI L 5 2L

IR PR 2% R 4 1) S BR AU . Pb (1) 23 e b 1
i v J R 88 KT T v s Cu A0 Zn 1) 265 I R A0 B
WPEIE B — e {H I T 8808 s 1 Ni F1 Cr b B R
WL, TE R e 25 5 W e R I,
SEEBFLT G, EDTA-2Na iZ42Eh, Ni
(1) 2 B e BEVR FE I i 2 55, Pby Zn. Cu fI Cr
25 B R AE W FE KT 150 mmol/L J5 JT 45 N %, i
Wk A vh 1) 4 J8 2 (R A7 7 — € T4, EDTA-
2Na SRl T HA & & & - R ) o i RE . B
% 1 EDTA-2Na #H LG, LY Cu A Pb 1) £ BR A%
R Uf, EDTA-2Na %f Zn fil Ni [ 2 & 80 1 &%
U, U B A R 7060 AN [ 3 4 8 1Y) 25 R s R AN
o PRI EEINT Cr i BRI 22, XY
Cr Rk R EE DRI AL Ko

(2) EEBILESIEREY, FERERNT
BN T Pb Al Cr EE IR &AFAE, Zn, Cu Al
Ni E LIRS A LS A E, Zn, Cufl
Ni fEIREE A — @ R R . R e B
w4 i I ) AT e A R B IR B 45 A A5 L BRI
Fe A BN, HRAEW A R HERET F L
AR HEERAAENESRE T LR, fRed
LB, Bk RV YL BB I KU

(3D AHICH BT B PT A8 e 2 RO R &k &5
R R EF A, WA MRk IR & 45
BN ESBEGEAE TR, MR
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Removal of Pb, Zn, Cu, Cr and Ni in Iron Tailings by Leaching

Liu Yuxin, Lu Xingwen, Ning Xunan, Wang Yi, Zhong Ren
(School of Environmental Science and Engineering, Guangdong University of Technology, Guangdong Key
Laboratory of Environmental Catalysis and Health Risk Control, Institute of Environmental Health and
Pollution Control, Guangzhou, Guangdong, China)

Abstract: In this paper, oxalic acid and EDTA-2Na were used as leaching agents to perform shock leaching
tests on Pb, Zn, Cu, Cr and Ni in iron tailings. The effect of different leaching solution concentrations,
liquid-solid ratios and shaking times on the removal effect of heavy metals were studied. The changes of
heavy metal morphology after leaching were analyzed, and the correlation between leaching content and
heavy metal morphology was discussed. The results showed that the removal rates of Pb, Cu, and Cr reached
the highest when the oxalic acid concentration was 250, 100, and 200 mmol/L, respectively, and the removal
rates were 19.9%, 43.9%, and 4.2%, respectively. The removal effect of Zn and Ni was best when the
concentration of EDTA-2Na was 100 and 200 mmol/L, respectively, and the removal rates were 33.2% and
39.4%, respectively. During the oxalic acid leaching process, the removal rates of Cu and Pb gradually
increased with the increase of shaking time, and the removal rates of Zn, Ni and Cr tended to be stable after
120 min. EDTA-2Na had little effect on the removal rate of heavy metals with the extension of the shaking
time, and it basically stabilized when the shaking time was 60 min. When the liquid-solid ratio was 30:1, the
removal effect of heavy metals was relatively good. The morphology of heavy metals after oxalic acid
leaching was analyzed, and it was found that the leaching can not only effectively remove the easily migrated
forms of heavy metals, but also caused the migration and transformation between heavy metal forms.
Correlation analysis found that the correlation coefficients of heavy metal leaching content with
exchangeable state and carbonate binding state were 0.930" and 0.996", respectively. After leaching, the
ratios of the exchangeable state and the carbonate-bound state of heavy metals in the iron tailings decreased,
and the proportion of the residue state, the iron-manganese oxide-bound state and the organically bound state
increased. This improved the stability of iron tailings in the environment, reduced the risk of iron tailings
polluting the environment, and provided new ideas and theoretical basis for the harmless iron tailings.
Keywords: Iron tailings; Leaching; Heavy metal; Oxalic acid; EDTA-2Na
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