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Tab.1 ICP-MS operating parameters
SR Hule
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Fig.1 Waste acid vulcanization process of a

copper smelting workshop
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Tab.2 Solubility product constant of sulfides

R B Ag,S CuS PbS As, S, MnS FeS Tl,S
WK 6.3 x107% 6.3 x107% 8.0x10°% 2.1x1072 2.5x107"1 6.3x107'8 5.0x10°2
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Tab.3 Determination results of solid samples of different particle sizes g-kg
, B 50 H 150 H 250 H 350 H
IR M 255 RSD/ % M 255 RSD/ % M 255 RSD/ % M 255 RSD/ %
Mn 0.0191 1.8700 0.0210 1.1000 0.0257 0.760 0 0.026 6 9.360 0
Fe 0.0190 1.060 0 0.0200 1.7500 0.024 1 0.8900 0.0249 9.6700
Tl 0. 000 2 1.6500 0.000 3 1.4500 0.000 5 1.1200 0. 000 6 8.7800
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Tab.4 Resulis of the acid-mixed system

RIF5 7 B H RIS
1 HCI 15 mL + HNO, 5 mL + [ AL i R
HF 5 mL A B A
) HC1 15 mL + HNO, 5 mL + W AL, 385 VA A
HCIO, 3 mL e B UED
5 HCl 15 mL + HNO; 5 mL + Tt 3 Ak 2 7 A v
HF 5 mL + HCIO, 3 mL I B
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Tab.5 Isotopes, potential interferences, and degrees of interference

[l {2 FopE BRAET ) TR
3Mn 100. 000 0 OAPN(0.4% ) , 0K (92.9% ) ,"“*N"K(6.9% ) ,'H**Fe(5.9% ) 2 A
% Fe 91.5200 A0 (99.4% ) ,'H*>Mn(100.0% ) ,"*0*Ca( (96.7% ) ," OH*K (92.8% ) ZWEAT
205) 70. 500 0 O Ar1SHo(99.6% ) ,"2C'"1r(60.8% ) ,"“N""1r(38.4% ) ,'°0' 0s(16. 1% ) ZmgEAT
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Tab.6 Isotope test results

o I E(/ (gkg™") FIME/
JLH RSD/%
1 2 3 (g-kg™")
3 Mn 0.02570 0.025 10 0.025 30 0. 025 37 1.204 36
*Fe 0.024 70 0. 024 20 0.024 10 0. 024 33 1.321 05
2057 0. 000 50 0. 000 50 0. 000 49 0. 000 50 1.162 45
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Tab.7 Standard curves and detection limits

% AT oegn EEI/
(pg'l™)
Mn y=0.9973x +1.199 8 0.999 8 0.0289
Fe y=0.9973x+1. 1975 0.999 8 0.0257
Tl y=0.998 2x +0. 894 4 0.999 8 0.003 2
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SEIRLRI A0 KN 45 R AR R 22 4N T
0.008 30% , e B2 o B 0. 100 00 g R A s
3 45y, R A 5 A B E S ATIN 7 IR, S5 R
W9, ARV LIE AT 3045 o Rl e E
1) RSD $45/NF 1. 870 52% , 3R Wiz J5 2 W A 4% )
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Tab.8 Accuracy measurement results

- FRUE(E/ I/ (gokg™") FHE/ A
e (gke™") 1 2 3 (gke™) B22/%
Mn 274. 500 00 276. 500 00 271. 500 00 273.500 00 273.833 33 0. 002 40
Fe 100. 000 00 99. 500 00 102. 000 00 101. 000 00 100. 833 33 0. 008 30
Tl 0. 000 006 5 0. 000 006 6 0. 000 006 4 0. 000 006 4 0. 000 006 5 0.005 10
F9 KEE R L,
Tab.9 Precision measurement results
PERL M/ (grke ") P/ RSD/
JLHE
Y4 1 2 3 4 5 6 7 (g-kg™") %
Mn 0. 02590 0. 025 20 0.02570 0.025 10 0.024 70 0.02570 0. 024 80 0. 025 30 1. 867 91
1* Fe 0. 023 50 0. 024 00 0.024 70 0.024 20 0.024 10 0.023 90 0.024 20 0. 024 09 1.505 17
Tl 0. 000 51 0.000 51 0. 000 50 0. 000 50 0. 000 49 0. 000 50 0. 000 50 0. 000 50 1. 376 20
Mn 0.02570 0. 026 40 0. 025 00 0. 026 00 0. 025 30 0.026 10 0. 02590 0.02577 1.870 52
2# Fe 0.023 70 0. 024 50 0.024 10 0. 024 20 0.024 10 0. 024 50 0. 024 30 0. 024 20 1. 144 16
Tl 0. 000 51 0. 000 50 0. 000 50 0. 000 50 0. 000 49 0.000 51 0. 000 50 0. 000 50 1.376 20
Mn 0. 026 00 0.025 40 0.02570 0. 025 50 0.02590 0. 02540 0. 025 50 0.025 63 0.948 15
3# Fe 0.024 10 0. 023 60 0. 024 20 0. 023 40 0. 024 60 0. 023 60 0.023 70 0.023 89 1.783 26
Tl 0. 000 50 0. 000 51 0. 000 50 0. 000 50 0. 000 49 0.000 51 0. 000 50 0. 000 50 1. 376 20
. IG5 25 51 Ry 5 SR AL S AN N PR A
3 45 338

1) A FH e F % PAT 9 i — ICP — MIS 25 1000 5 B A A
TRt s R TR & i, T 45 R R, BR i
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0.000 50 g/ ke, F 1 B RRBR AL 42 1B A S0 At it
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High-pressure airtight digestion-ICP-MS method for determination of Mn,
Fe and TI in sulfide residue after arsenic removal
HAN Xiao-dong', LI Wei-dong®, JIANG Lin-hua’, XU Chu-yang', ZHANG Ge’,
ZHU Guang-bin’ , WANG Fu-giang'
(1. School of Materials Science and Technology, Anhui University of Science&Technology, Huainan 232001, China;
2. Clean Production and Circular Economy Research Center, Chinese Research Academy of
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Abstract: Based on the fact that the solubility product of manganese sulfide, ferrous sulfide and thallium ( I )
sulfide exceeds that of arsenic sulfide, this paper aimed to improve the existing high-pressure closed digestion-1CP-
MS method to make part of the metal ions brought by the impurities fully digest into the solution, so as to improve
the accuracy and precision of determination of Mn, Fe and Tl in sulfide residue. It is found after optimization that
the optimal digestion condition exists in a mixed acid system of hydrochloric acid + nitric acid + hydrofluoric acid
+ perchloric acid (with a volume ratio of 15:5:5:3) at a particle size of 250 meshes. The measured value of Mn,
Fe and T are respectively 0. 025 70 g/kg, 0.024 10 g/kg and 0. 000 50 g/kg in sulfide residue after arsenic
removal. The improved method was used to determine the national standard substance of Mn and Fe ore and
standard substance for composition analysis of sulfide single mineral. The internal standard elements of *Y and '**Ir
and isotopes of *Mn, *Fe and ** Tl were used to eliminate interference. The determination results showed the same
results as those measured with national standard method, which indicated high accuracy and precision of improved
method. Besides, it can be inferred from the determination results that the hydrogen sulfide was excessive in waste
acid sulfidization plant, which provided a certain reference for adjusting the addition of hydrogen sulfide in the
subsequent stage.

Key words: high-pressure airtight digestion; ICP-MS method; sulfide residue after arsenic removal; Mn; Fe; Tl;
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