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FIETTIOH B PIERIRRIZE

Mmoo Bk RINE2 HIEE?
(1. WIRCRZ: IR S B2 B, HE 411105;
2. WK 2E AL TR, W 411105)

B . XN RMEE(TDSALR 48.75 g/t % T TS0 REH, 2 RIRAH EERE . IWERMWAL-TRE. A
W 7%, AT TL T2 B8 T R IR SRR I Bl i, e, i
R, RHEE. BHISRZER RS T RBRFRREN. SRR RAHBERZ XA RN A -RE T2,
Bt T RCRAE, T BR300 17.9%F 33.1%. KABRIEEA-TRE N TI 2, B T R REF, L2440
Ji: FAIEAEN 1.25 Limin, HHKIKEE 20%, FAEREN 50 °C, FAAEA 32 hy B HAR H,80, i 12%, &
HIREE 40 C, Bl 3.5 h, TI LBRFWIAT] 83.4%, Bt TI#EH™ Pb M4 61.9%, Pb MK 96.9%. Jit

TL /S EVRS b TL AR 8.05 g/t FFEHa b ZK .

KEEIR: H; EW; RN Ak R
XEHS: 1004-0609(2018)-02-0425-09

hESZES: TFs43.1

XERARERD: A

T 2B R BOWACR, TR RS R
WRmfeE 2 T S TIRR . Mg, BT
BRI RS, A FRRRER Y. TI R4 s
BRAL SR AT SR RSRR N A, DA% )
R KA BT K, DU o6 38 B s A7 A1 7 4
W BT INEER . WEBAT . ST, JRAD. B
MESE SRR DY BR S Z4h, TIEEE As. Cu.
Pb. Fe. Sb. Hg fll Ag JERIL e =4 A1,

T1 6 AR T A LR, TI K2 N
TI (AL R 5848, [ A AN T e,
T AESA R AR R, TUTB R0,
I, BHARRE pH EB(E, M, BaRT
TIPS IERS o ARRAE T, WAAH M 10 T1 R
e RN SR AR AL, BRI K IR
T TR T A BRI RIS . Rk, & TLAT
FRILE A I AR IE A T1 R 2 /K Ak ) i
j%'/f%[lllo

& TUF PG R, T1 LIRS R KT
¥, Dk T P vE ot KSR TS ZDRE 1,
RIS, BRALEVRS T 4 T1 20 g/t~3000 g/ t,
W LLE M AWEWAFEE, W TLO. TLS. TLSO, 4%,
ARG TI EBE AR b Bk, FZMIGH

s BEA: 2016-11-29; f&ITHHER: 2017-07-04

AR RGeS N AR A rh mlfe T, Tk E A HERIR
B ST, R R R,
RIS T1 RSB TR I A8
FEIVE RN L KIRIREE, IR B Y
HT, TV Qe il 32 B0 v5 4 =R Ja e sh ¥, —
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AR AT TRARER I T1 75 TH] PRI 900 A L 31 A SGHR
o AHFGTH RIS TLRNA AT BRI T1,
TE5 TUPRRIE S5 Bt AT A 2B, 2 —FhARK
F BTG Ged i

HHT, — S8 He a0 HOoRS AT J5UR ) T1E
TEEDMETE ™R sk, bedn, AR SGA S Bk
HORST 1) TS KT 10 g/ite SR10, HYRED 1 T
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1.1 #F#

W REI L e 3 LA s JE A PR DT A
SEIZA AV BN AT B TR, B
45 H—0.074 mm70%, FE Sk PbS. ZnS. FeS,,
ZRET T1 RS ALIL 48.75X 1070 BRERIZ TSy
ras Ransk 1.

R LR PER

Table 1 Element analysis of ore sample (mass fraction)

w/% w/107
PbS ZnS FeS, CaCO; SiO, Tl
74.08  5.15 9.74 3.13 428 48.75

1.2 TIHSHREESTOEGIRE)
AR, T S0 INEED
KA BRI ACHASWRIR ) IR RSB A
Y. AEMMEEE) TARESGIIESEE. B
HUT 45 & ) LU S R 3h BT 291945 4>
i, HHMGLE Po. Zn K6 il AL 1 T Ay
RORLEH, AFEMER Pb. Zn K5H™ b a8 AL A HE 23
TI E AKX AR50 R H Mo BCR 1%
SRR AR, AR 2 2503 B VSR EURE 5 AR [+
R TI U, X TUERRE P 150 A K sk AT

%2 BCR ZESARBUDE

Table 2 BCR sequential extraction procedures

ST, BAEDERS R 2.

M 2 WA, REGATFE K T1 3 A LT A AL
AEBSY 5 TLER R 73.2%.0 5 40 THEKETEGY 3.8%)
MRS IEA 73 (5 12.6%) BT A7 EEBI AN, 3 &
T1 1 16.4%, T1 4341 L5 ] 3 B ARG, A 7 2.8%.

BRI ASTI TL S 7.6%, XE845> T1AHELLT .
W AR SRR &5 R W], WA T FER A

Aoy TL [ EBIARR U, R EAR IR MIE ) 7
25 WIREE AR T1 T H I, TR R T4
GATT IS

1.3 REHE
1.3.1  HHEREN TI

AT FE 200 g, B TR, I fE 2K
Hl—3E 5 HySOy, /KA HUR A, HiFEE A 280 r/min,
Bt I E] . SE INIER SN pH EAEA, 285K
F 2k T AR 7K I 78 o TR0 45 R 0 e ¥ v o T ARt
Pr, FEHE T LR,
1.3.2  RERRN A -TRZ M T

TERRZ MG TURT, TSR BN AE AT 48 Ak AR 2
W FE 200 g, B TRepr, IMA—E&RK, BRIK
SURAN, BEPEECR 150 r/min, SN — BN 5 R 43
B, SRR TRRIZ I T, FFHHEE TI I LBRE.
1.3.3 BRI TI

HI 22 IR SRS e R, AERRE B4 T
O, BT WA ek AR 1. Bk, TERE N
TUHT, fEBEPESAE T, A R T A A AL B

BOAFE 200 g, B TRebrd, mA—E &K, I

Procedure No. Method Object Proportion of T1/%
Water-solubl
1 0.25 g sample, 10 mL H,O, shaken at 25 ‘C for 24 h aer S.O ube 3.8
fraction

5 10 mL 0.11 mol/L CH;COOH, shaken at 25 °C for 24 h, Acid-soluble 126
8 mL H,O0, shaken for 30 min fraction ’

3 10 ml 1 mol/L NH,OH-HCl, shaken for 24 h, Reducible )3
8 mL H,0, shaken for 30 min fraction ’

5 mL 30%H,0,, shaken at 25 “C for 16 h,

4 30 mL 30% H,0,, shaken at 85 ‘C for 24 h, Oxidizable 739

20 mL 1 mol/L CH3COONH4, pH=2,shaken at 25 ‘C for fraction ’
16 h, evaporated until dry, 10 mL H,O, shaken for 30 min

5 10 mL HF, heated until dry, Residual 76

5 mL HNOs, 5 mL 30% H,0,, heated fraction ’
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10 g NaOH, FEANZS, K EE I, BiPkER 350
t/min, AR H,SO0, FHE 15%, B 3IKE 30%, &

R FE 60 °C, BN IE] 8 h, ZE KA FHZEIBK AN 7S

SN B ) S [ 4 5, BT A B A A TRV e TL,

FFa )T TL 225500 Pb (1K R:

R="15100% (1)
m;

e my A TUEVRE BT BU s my Do i TR
FEA

14 HAZE

TL SR Agilent 7900 FRLBGRE 7 25 25 1 T IE A
WMI5E; pH AT 5 s PHSI-4A FRFETHINE: & ke TI
(1) 73 AIRAS R HE S5 AR MBI AR 2 B s W FEAL BT 5
KIS ISM—6610LV Y413 si A 20 Hr .

2 FR5118

2.1 HEEBRRE TI
2,11 BRHKRR H,SO, FH BRI S FENT T A BRF T
AL

R HNRE 40 °C, B HINE 8 h &44F T, HAE
HARZR H,SO, H 5 (RIS IO R 5T &6 A A o & 1)
Sr ORISR BENT T 2eBRA 0 m, 25kl 1 pr
7No

18

S

14t

]
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g 6r —=—Pulp density 20%

7 —e—Pulp density 25%

—a—Pulp density 30%

2 1 1 1 1 1 1 1

0 1 2 3 4 5 6
Dosage of H,SO,/%
1 BRIR RS T BRI 5% 00
Fig. 1 Effect of dosage of sulfuric acid on removal efficiency
of Tl

M T RTEN, YRR, TLAE KB H —
INERAY VAR, 2 3.4%; T1 BEE R AR H,SO,
O, HRBRRME, FralE H,S0, H & 3%~4%

I, T1 TR i PE 0, LRI S Y H,S0,
HEKT 5%J5, Tl LRREKEHRTLE, L, &
AR BZ pH<2, WA 2.

—_

=)}
T

n

—_
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T

oo
T
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Removal efficiency of T1/%

N
T

pH
B2 RMBARES pH 5 TI LERRKKER
Fig. 2 Relationship between pH and removal efficiency of T1

1€ 2 WIAN, A —EB 5016 TLIBAE T FERR
oy, K HSO, FH &R T1 LBRZ DR, 7
HAR R HIAAAE, W0 T O FER IR &, {500
FE R TR AL 2y i W T 2R, JF H HO T1E
Hid B EMAER], $&m T T REERENE. 05K
FEXT T1 ZRBRFFEMAK, n R LRI R
TI IR FERRAR, RHHEANR I R sg iR/ s, (R
WL RAFT T 780 bt Bk, wER TR H 4
At HaSO4 FH R 5%, IR EE 30%.
2,12 RHE AR X T1 LB 0

R HAAR HySO4 I 5%, B HIRIE 30%54F
N, TR I AR BT T1 LR, g
Kl 3 Bis.

20

15

Removal efficiency of T1/%

0 2 4 6 8 10 12
Leaching time/h

B3 BRI T RER A 5
Fig. 3 Effect of leaching time on the removal efficiency of Tl
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B3 ERW, WiRN, TIREBE NSRS, MER
HAAREET A, TLRRETER S, TR ER N, 44
BT BNER AT T . RIG SRR, BRI
PEGAE M Im#eR , HAE —/Nis T1 ol i 8 2 vk
Wb, T ERBRFEAET 17.9%, LK, HEZRRER
M LA B H R T1 30O

22 REEEMEMN-ERIZH T1

R KR Hy,SO, HH 10%, B IR 30%, =H
HLE 60 °C, R 8 h, A KGRI AL
ISP T1 L BRZ 0, 45 a1 4 s

40

—=—NaClO 40 g/L
—e—NaClO 50 g/L
35F  —a—NaClO 60g/L

301
25+

20

Removal efficiency of T1/%

15 1 1 1 1
0 1 2 3 4

Oxidation time/h
4 SEABETAN T1 255 10 52
Fig. 4 Effect of oxidation time on the removal efficiency of
Tl

W

HI P 4 TR, DGR T FEE AL AR B S, T1 Y
KERFA SRR RRIRNIRIE 50 g/L I, 4REL
BERIREE, TIRERFRIE AT S Efb4h ), TIH
LERFAN 33.1% N

ClO +PbS—>PbSO,+CI, E(CIO/ CI)=1.389 V  (2)

J7 BT (PLS) K 1 4 ClO™ 484k e il ¥ T /K 1)
PbSO, i, i 7 AEE— DAL, IR TR
KL TR . I, ORGSR 4L
TRACPE, IR IA A2 FAR B T1RCR.

23 WARL-ERER T
23,1 SAALI TR A BEXT T 25 B2 1R3¢ i)

B SR, 76 78 AE 2 1.5 Limin A 32 IR ¥ 15%
RIS A F T, 25 A S AL I TRURII BE 6T T1 L BRI 5%
M, g5 R s B

5 KW, PR TR R SO I ], AR I
R, T 2BRZEH NSNS, 7r4 4k 18~24 h IR B,

90
2 80
=
< 70F
oy
= 60 F
Q2
1
£ 50r
= .
z 40f e
g ——50°C
30 ——60°C
20 1 1 1 1 1
6 12 18 24 30 36

Oxidation time/h
5 S ARITET T1 LB 15

Fig. 5 Effect of oxidation time on removal efficiency of T1

LR ER . RN, & M R A R e
g T1 ITRIETE, WSS TI LSRR, 4k
B R],  BEAE R RO, IR AR AR FE A,
SRS o AR AU IS TR v P A i
2 SERARRIEE N, KGR ARy 32
h, AEEIIRE N 50 C.

Kl 6 &M, A FEPWFET NaOH, HRER
TR RN
PbS+0,+OH —> PbS,0;+H,0 (3)

M,S,+0,+OH —M(OH),+ S,0;> +H,0 4)

14 F

13

11

0 6 12 18 24 30 36
Time/h

6 pH 281k 2k

Fig. 6 Changing curve of pH
232 ST IR TI LR
kS, FERALIE 50 C, ST 24 h
RSN v S Bl N T < I T 379 D N BN
s, SURmE 7 Pros.
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50 —=—Pulp density 15%

—e—Pulp density 20%
—4—Pulp density 25%

Removal efficiency of T1/%

ast

40

0.50 0.75 1.00 1.25 1.50
Inflation rate/(L-min™")

7 RN T1 LRI

Fig. 7 Effect of inflation rate on removal efficiency of T1

B 7 Al g, 7R AR, AR, Y
AT 1.25 Limin B, SEAGHE 2638 A B 5,
PN A A 2R, Ak R NAA R E T
P BTRIREERRN, ERER R, AR
PR s A 2, B R T4 A O R R T
[ ) 78 A0 PR T DAY ™ SR A B o 48 A S B (1) 5%
Wi o DAL AT U A 78 O 26  1.25 L/min, 7 2KK
I 20%.

233 RIAAR HySO T AL X T L BREZ M 52

B ART, TER SRR 20%, 4L 50 C,
FTIHE 1.25 L/min, FAGKTE 32 h 44T, DL
fR R I, FER AR R IR L 25%, ¥ HHINTH] 8 h
MR 4 1F T, % iR A 2R H,SO, B AIEFEXT Tl
ZbRFEm, R aE 8 k.

80

60

20

Removal efficiency of T1/%

0 1 1 1 1 1
2 4 6 8 10 12 14

Dosage of H,SO,/%
8  H,SO, HIEXT TI LERF MM

Fig. 8 Effect of dosage of sulfuric acid on removal efficiency
of Tl

Kl 8 KW, AR HS0, /AN T 6%,
T1 ZBRFAK, 1 HoSO4 & 6%~10%INf, T1 Z:fRr2 5
FE, XA A S, TR £h
AR 5 S o AE WD ROkL i, LG T T
MIEH . HoSOL K& A PZ Mg fide,  ALRURL Y T1
FRUAZREE, [FI, HAA(EAERS T1 RIS T o, &
N BN []J5,  REIA B R 2 PR AR

F RN ATTREA T
Fe(OH);+H'—Fe**+H,0 (5)
Zn(OH),+H'—Zn*'+H,0 (6)
CaCOy+H—Ca*"+ CO,1+H,0 (7)

GRS, EMUERARR TR 40 °C, HBERIR
&R 12%.
234 PiPEECR AN BT T1 2 BRE 1500

B EART, fE7 R 1.25 L/min, AL
50°C, W HRKIREE 20% 448, DLAIRSE MR, 78
B AR Hy,S0, i 12%, 2 HIRIE 25%, 2 H
HEE 40 CHRI AT, AR A R R AR
IS TEDRE T1 £ BRZ I, 45 5B 9 s .

[}
(=}
T

~l
(e}
T

[N
S
T

~
S
T

—a— 250 r/min
—o— 350 r/min
—4— 450 r/min

W
(=}
T

Removal efficiency of T1/%
Wi
S

3}
(e}
T

05 1.0 15 20 25 3.0 35 40
Leaching time/h

9 PUREHMUA AR N )6 T1 25 BR A A 520
Fig. 9 Effect of stirring speed and leaching time on removal

efficiency of Tl

B9 KW, fifliaxt T1 I bl AT — 2 %
], 45 e 1 K BE 4 R R I [R], 6 d5e ¢ T 2%
BRI /N P 350 v/min I, 2 TR
H T IEE[]R 3.5 he R HHHILARY B, T1 LBRIE A
WLENG, PIREAE KA IX — W B B AR IRk R
A Y. I, W EHUR AR 4l 350r/min,
B IS TR 3.5 ho
2.3.5 AL RIS P [RICE B 5 A7 (1) 5

TESAE R Z A T A, 72 % 1.25
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L/min, %A 50°C, W IR 20%; B i,
2K R Hy,SO, I H 12%, =2 HRIKEE 25%, 2H
BT 40 °C, BEPEHEAR 350 r/min, R HEE 3.5 h), %
A AL A0S P RIS J A (52, 45 Rt 10
FiR o

100 70
< T 68
. -W
2 <
&= N
; 166 E’i
S 90r B
Q
g {64 2
g 5
O 85F
P 162
80 1 1 1 1 1 60
4 12 20 28 36

Oxidation time/h
10 SUALIRTA]X) Pb [BRREA N2 it A 1R 52 R
Fig. 10 Effect of oxidation time on recycling efficiency and
grade of Pb

K10 LW, A P (1) A AL I TR g A
B, Pb [MCRAEAEALIT ] 24 h A7 2 P&, Pb
AN 98.1% A4 94.8%. “AALIFIA] 24 h Ji5, Pb
[ S A, T BOX PSR I IR A T RE A2 PBS
WAL A i PbS,0; I HLA AR (E(PBS|S,05°)=0.5 V),
N2 34T, PbS,05 FR AL PbSO,, 1M1 PbS,0;
L LE PbSO, K, FE Pb ISR RIE S THT
e I TLAVREE SO AL BRI B2/, B PR ks A
HERAT (FeS,)~ AR (ZnS) 35 HAMGR AL [FIFE 4 2L,
ESiR SR R A I, ORAIE T I T BRI 16
o

FE A
PbS+0,+OH —>PbS,05+H,0 ®)
PbS,0;+0,—>PbSO, Q)
Hopth s By A an R
FeS,+ O,+OH —>Fe(OH); +S,05* +H,0 (10)
ZnS+ O,+OH —Zn(OH), +S,0:* +H,0 (11)
M(OH),+nH'—M"" +n H,0 (12)

BRI S AR A AR BB B S RAL
0o WA RERE R, BBk, VB S SRR AL
PR IRV M A, 2R TR, —ERE
JE B3 T P HYAhAL, [N IZ A S S ) T1 A

FUREG P20 T TR,
PRI FAR Al b, IR A ZR AT B R
W, WA R WK 3 il

x3 HEEMARLR

Table 3 Duplicate tests under optimum condition

Test Removal efficiency Pb grade/ Pb recovery/
number of TV/% % %
1 83.4 61.8 96.8
2 84.1 61.3 97.3
3 83.5 62.0 96.6
4 82.6 62.3 97.1
Average 83.4 61.9 96.9

*£ 3 SRR, BERKALT, g Tl
LRESEY N 83.4%, i T #5KE0 Pb SuArSFX{E A
61.9%, Pb [MIHKFIMEH 96.9%.

2.4 WRELTAIEIT AT YERI I

W RER AL T G ) XRD W4 11 s, il
XPLEATAS, AR A S, LT PbSOLAH, H
T SR A . R, B RERA AL TR
FHILL PbS AAELE, IX XS T1 RS )5 82 KR4
TR K . B (S™) A A MK I g 4E A
N SO HIHALN 0.5 V A4, RN SREAT, ik
B SR 05770 4 O, f7AERT, 8,057 4
HE—2 UK SO (E(S,05771S0,7)=0.17 V). %fbit

] = — PbS
A— 7nS
o — FeSZ
*— CaCO,
. +— PbSO,

| |}
A | ]
. A ]

Galena concentrate after oxidation

A A AN A A
. . lflotatlol} galena concentrate

0 40 50 60 70 80
20/(°)

N

11 J7HH RSB AG AT S ) XRD 3%
Fig. 11 XRD patterns of galena concentrate before and after

oxidation
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PbS+0,+OH —PbSO,+H,0 (13)
IR SR FE S SRR 2 A REA T LB 4
Wk 12 fros. B 12 201, B RoRL R A AL T, SR
OG-V, 2o it)n, BRI AL 2
fLo LG M, AIHER PRI R . FT B
PREGHIZ L T BRIl T1 Bk, XX R0RE
W R S TRALH™ i AR 5 1) T1 R AR A A

12 AL HT S SEM
Fig. 12 SEM images of ore surface: (a) Before oxidation;

(b) After oxidation

3 i

1) R BEERERM KA AMN-IRETZ, I
TIRCRALE, T EBRZES 5020 17.9% 33.1%.

2) KA T T2, A8
TIZR, TR FIET] 83.4%. ST &M : B
AL, #4H%E 1.25 L/min, FALEE 50 'C,
WTE 20%; =HER H,S0, HE 12%, § 3%k
25%, = HE 40 C, HEFEE A 350 r/min, ¥ H ] E]
3.5 hoJBi TUJS 320 BRGS0 i A7 8 61.9%,
I EI A 96.9%, TI 17340k 8.05 g/t, Wi
T A RIEEANHORE T 0 TLAR KT 10 g/t (14
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Removal of thallium from flotation galena concentrate

CHENG Lin', TIAN Xue-da', ZHANG Xiao-yun?, RUI Hai-feng?

(1. College of Environment and Resources, Xiangtan University, Xiangtan 411105, China;

2. College of Chemical Engineering, Xiangtan University, Xiangtan 411105, China)

Abstract: To remove Tl from a galena concentrate with a Tl grade of 48.75 g/t, some processes such as direct acid
leaching, sodium hypochlorite oxidation-acid leaching and basic oxidation -acid leaching, were investigated, and the
effects of inflation rate, pulp density, sodium hypochlorite oxidation time, basic oxidation time, dosage of sulfuric acid,
leaching temperature and leaching time on the T1 removal efficiency were studied. The experiment results show that the
Tl removal efficiencies are only 17.9% and 33.1% by direct acid leaching process and sodium hypochlorite
oxidation-acid leaching process, respectively. However, through basic oxidation-acid leaching process, the Tl removal
efficiency can reach up to 83.4% under the condition of inflation rate 1.25 L/min, pulp concentration 20%, oxidation
temperature 50 ‘C, basic oxidation 32 h, dosage of sulfuric acid 12%, leaching temperature 40 ‘C and leaching time 3.5 h.
The thallium grade in thallium removed sulfide concentrates is 8.05 g/t, the grade and recovery of lead are 61.9% and
96.9%, respectively, which meet the requirements of lead smelting enterprises.
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