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W FREAE = T A AR LA TR I AR AR R, B
M SR B A% X TR R SR R T R Ay
BT RGI J7 3 i e B AR R IR PE . & FH B4 B o7
DA MAE D DU & S OB E B A 5
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RSO SEAEAN N AR 300 ) 26 45 T, T
S+ TN (MIBK) 25 HUE SR 48, 2 800 A 5
H S WA SE A HILAR A EE
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1.1 st

Contr AA 800D FU A7 85 47 — KM I 7 W O 3%
(TEEYRE AR AT AR EAEE A shif
FEARE

R F . bR E R IE R, R W E N
1 mg/mL;ﬁfiﬁfi,%QEjﬁ 37% A (GR) ;SR , He
R 68% 4l (GR) ; =& AL8k, 4 =99% | 4y
Mréfi(AR) s BRIR , W N 98% , 46 (GR) ; BEfR
WeFEH 85% 4t (GR) ; TRALSER , 4l =99. 5% ,
AT (AR) s AR T R, 465 =99% |, s Hr 2l
(AR),
1.2 REFHE
1.2.1 HEAhAbEE

FRER 0.200 0 g T 300 mL |~ EEERR N, Jin
AHEERTR 15 mL, ALV #2500 b 5, I AW 6l IR
S5mL,78E 1 ~2 mL B iIA H,S0, (1 +1)15 mL, 7%
B AT ERE L BUR ST, IREEBEAR N EE N
AZLKZ 2y 70 mL, ARSI Th 7 i Eh 2, 2R
/NF 50 mL BUR A1, B A 100 mL B, E %
o)
1.2.2 B EE

R G 1 1 FH I (CRUAE b T 35 o e IR Y
) F 100 mL )7 AR H A 100 g/ FeCl, %
0.5 mL, 3812 5 mL, & TR ML E 50 +5 CHE
KEFT A H,80, (1 +1)15 mL, f& 7 e $h 2k
JaBA 50 mL e b inglisk 245 35 mL, iR AL
BIAWE (5% )2 mL, IR 2] 5 & 5 min, IITABE R
5 mL, II7KEZRZE 50 mL, #EFI A 5. 00 mL H 35
TIEHI (MIBK) |, 3777 250X 3 min, EHE 72, T8
AP, A8 B

1.2.3 iR B
BRELERIR AHIR R IR A AL PSR =

PR, I T 5224k T, fff
TI * TEGR IR — TR AL B A0 B 2548 T 2R [ TIBr, ]~ AL )
B DA 5 T A H R ( MIBK) SRy 26 BG4 0B
B[ TIBr, |~ BB & MK AH 2 88 & 4 T4 HLAH
I R MR T A SR s e e B AE
FEW R m e O A (1) ~ (8)

FeCl, +3H,0 =3HCl + Fe(OH), | (1)

T1,0 +2HCI =2TICl + H,0 (2)
2TICI + H,S0, =T1,S0, +2HCI (3)
H,S0, + KBr=HBr T + KHSO, (4)

2HBr + H,80, =Br, +S0, T +2H,0  (5)
TI" + Br~—TIBr (6)
TIBr + Br, +4H,0 = TIBr, -4H,0 (7)

2TIBr, -4H,0 =TI[ TIBr, ] +Br, +8H,0 (8)
1.2.4  ZIESE RS
Fi IR Contr AAS00D A7 58 4 Ji - WK AL S 1 43
TEAETOR M I AR R R B e S50, A
W ESEOLE 1RGSR E 1R,

®1 ARPESH
Table 1 Setting parameters table of graphite furnace

HE, THREE, R FEH

C (C-s™')y  WHE/s WS

1 T 80 6 20 27.5
2 T 110 5 10 16.0
3 Ak 350 50 20 24.8
4 AZhHZE 350 0 5 5.0
5 JEF4k 1 650 1 100 3 4.1
6 R 2 450 500 4 5.7

0.025-
0 0.020F
£
Q
T 0015f
3
£ oo0lof
2
W 0.005F
R
= 0 A

-0.005

0 2IS 5IO 7l5 l(I)O léS 150 1%5 2(I)0
B%
B1 S T moEig
Fig.1 Graphite furnace atomic absorption

spectroscopy
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116.5 °C , &4 1 By B 0 3B FES 8] 4351 3% %
110 °C 10 s,
2.1.2  IRAGTREE e
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Fig.2 Effect of ashing temperature on absorbance

of the sample
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Influence of atomization temperature

on absorbance
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Fig.4 Effect of reagents on thallium enrichment

A, AR k£ A 0.5 mL = &AL ]
(1 mg/mL) ; AR I EH 5 mL MIBK, BB /£ 0. 2 pg
TI 9 52 & A0, 18 T 48 R Z 8 W PR 4 i
ME
2.3 BRFERZRAGFEESFXNELSE RN

PR RAD 2R R A S R R F2
SR B E R A, S Zn 20% ~
50% ,Fe .Pb Cu.Cd AKT 10% , FHERE AR
1 o R T o M i R R RS R 2 A B KR
PRI A1 T, IS BEIAE 5 g MOAEPRUERS
WA BN AR % 5 /¥ Zn Fe \Pb . Cu, Cd, #% I8
AR I A R A R L 2,

F 2R B TT L, A28 S BRI R (4R VBE VY
i ERIEAR A S R AR B BR 5E 20 B, AR HUS 1Y)
B LA A HooeHee T B R, T B R Bl VR
TR XTI 5 25 AT BRI
2.4 FRAEMZNIGHR

HE B B W 0.00 pg, 0.025 pg. 0.050 pg.

FT2 AR FEITREE AN E S
Table 2 Results of thallium determination at

different primary weight elements

ra— BEARUEIRIR  HFCRIMA RN E
%?E/Mg B/ g {ﬁ/pug

1000 4.82

Zn 5.0 2 000 4.89
5000 5.03

500 4. 80

Fe 5.0 1 000 4.81
2 000 4. 86

500 5.02

Pb 5.0 1 000 4.83
2 000 4.87

500 4. 86

Cu 5.0 1000 5.08
2 000 5.06

500 5.03

Cd 5.0 1 000 4.91
2 000 4.89
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Fig.5 Thallium standard working curve

MNELS AT UL e Y o i e BEAE 0.0 ~ 50. 0 pg/L
TN AP 2t O &R, bl th 23U 4 ¢ R 4K
4°0.999 949 892 ; Xt FIAEHEAT 11 R E, LA 3 £%
P A 22 R LARRAE ih Ze R0, 45 2% 07 3
BeotmR R BR R 0. 27 pe/L,

2.5 fAREEREEE EiXK

ARSCHRHL 2 A (BEAE B AR D ) 45 B R
RIS H i, AT 5 UOPATINAE | T3 HAE- Y E
XTSI R 25 (RSD) 80485 TR 3 h, k3 1l
H,RSD(n=5)<10% .

F 3 AR R A

Table 3 Sample precision test data table

IE(E/ SFE{E/

mg mg

i i 2

TR
SD/mg

RSD/ %

30. 20
29.48

F22 208 31.05 30.13 0. 58 1.9
30. 07
29. 86

38.58
39.15

Kb 37.16 38.51 0.88 2.3
39.42
38.25

TEAF IUAE FOI A BEARMETRE, #5213 o A 25 B
AT IR IR S5 R WA 4

HH 4 ] 20, SRR IR iR 3K 3 95. 2% ~
102. 1% FEB R 1. 9% F1 2. 3% , F WA SR
FH RS I 7 2 I 58 4% 0 R ORS % A5 A 4 B K

&4 EEIAR R
Table 4 Test data table of sample spike

recovery rate

FEML S/ ket WE SUE/ DErRE  [liceR/

R 2R
mg mg mg {H/mg %
BEEH 86.72 50 134.32  47.6 95.2
AW R 16.28 50 65.94 49. 66 99.3
PR 30.20 50 79.20  49.00 98.0
Py 38. 58 50 89.64  51.06 102. 1
B 52.36 50 100.29  47.93 95.9

2.6 A=PNEEHES ICP-MS NEEHIETLE

PEH LA AR S A Tk, I (55 1CP -
MS R0 5 (R 7% L, W BE AR AT, 43 A B8
XA ZFE IR Z VP Z N IR A R IR 5

x5 AR HERE 1CP-MS ARSI
Table 5 Comparison between data with ICP-MS

instrument test g/t

Contr AA 800D

FE 24 R P ICP - MS il 22 25 5
JE ek 1 22.32 22.87
KRRkl 2 22.16 23.06

M2 54.32 60. 01
=k 81.18 88. 50

5 W R AR 705 D s R A A T
ICP —MS K3 | A 3 1R AR 24 2R i AER 1) S 1A
A2 ATTE IR B Al R o S R R
OIMTAE R U R 2 A SRR i R
D s, 38 BEAR S ARG EE B 7% 20 B
TR R A B8 A IR I 173 o 8 38, i v &2
A SRR R B A /D R AR BE AL A v T
AL B B A 258 O BE AR B O SR A A i A7 A
JEFAEASE 2RIl

R FRJE A A sk Rl — T %K A —
5 B PE g ali 1G], ol A 250 Xt o0 i 45 2R
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Table 6 Comparison table of the test conditions of the various analysis methods

SETY 95. aal L A{% _ N »‘f‘%‘%‘ﬂ’”‘
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3 45

1) Ryt Go i A3 AT 7 2k B i, an el 2 Tk 4
A AR AR R R BRI 5 | 2 g 2k B i 7
HH-GFAA ¥ FE R PRI B e T R Tk A 2
HUAR T RIS R ) AR 21 43 AT DA AT R 2Bk T
W, KR AP XU 1 R AR 2K | e 8 A D o
BT A 22K

2) F A AR BB R — IR B A B 4, T BR 2
ZRIEAR B X e e B9 T8, 4 T 5 Bre ™ JE Y
[TIBr,] " FC B & F, 8 H J 5% T 2 H R ( MIBK) %
ARG WS TR &Y) , T A VU eI E
5 AR ASCES I e Ak R, B R A R K AR R B
400 °C JEFALIREE 1 650 °C , T SZ BN 16 15 T
ZEErh YRR TR S E RIS . TIE
KPR h 0.27 we/L, RSD < 10% , il #x 18] Yt 2
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XFHE , 25 R T 5
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Determination of thallium content in zinc containing intermediate materials of zinc

hydrometallurgy by graphite furnace atomic absorption spectrometry
JIN Zhong', GAO Pinfang' , ZHANG Yuchen', GONG Yanfei’, ZHUO Jiejun', LI Yanlong’
(1. Chengzhou Zinc Smelter, Gansu Changba Non-ferrous Metal Co. Ltd. , Longnan 742508, China;
2. Baiyin Nonferrous Group Co. Ltd. ,Baiyin 730900, China;
3. Northwest Research Institute of Mining and Metallurgy, Baiyin 730900, China)

Abstract; Thallium and its compounds are highly toxic. There are environmental pollution risks in the production
process of zinc hydrometallurgy process. However, the existence of thallium in the intermediate materials of zinc
hydrometallurgy process is complex, and the content is low and unstable, which makes it difficult to track, monitor
and detect thallium in the intermediate materials of zinc hydrometallurgy process. In this paper, iron salt and
potassium bromide extraction were used to eliminate the interference of thallium determination by complex matrix
components. The [ TIBr, ] = complex anions formed by TI’* and Br~ were quantitatively extracted by methyl
isobutylmethone ( MIBK). Finally, thallium in the organic phase was determined. By optimizing the instrument
measurement conditions, the graphite furnace ash temperature was 400 °C , the atomic temperature was 1 650 °C ,
thus realizing the accurate determination of thallium content in the intermediate materials of zinc smelting process.
The detection limit of the method was 0. 27 wg/L, RSD <10% , and the added standard recovery rate was 95.2% ~
102. 6% . The method was verified by the national standard material, and the results were accurate and reliable.
Key words: graphite furnace atomic absorption spectrometry; zinc hydrometallurgy; thallium; detection; sulfuric

acid- potassium bromide medium; methyl isobutyl ketone; extraction; recovery rate



