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FEALLT: ICAP™ RQ ICP-MS ( 3£ [ Thermo
Fisher Scientific) ; Hi #4GE X184 (P E Marit) ; £
Beit P BUAL 2% ( 35 18 Thermo Scientific Digital ) ; e
BEARYEAE K AL (P E T3 ) 5 Cubis® T i R (18
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It (RIS B A YRR R A R 5 5025
2 2 B R FE

FEEG B A B ZK b Y B (GBW (E)
070101) kw41 B bR 9 Bt (GBWO7271) it Ak
YR ) B 43 53 A Bk E W) BT ( GBW07269 ) 5 HCL
(MOS 2, dt 5t b2 A 52 T ) \HF (MOS 2%, Ikt
AR FIIEFERT ) JHCL0, (MOS 2%, At 5 Ak 273750
FEIT) s HNO, ( BV T2, At fb 2= iR B9 BT ) 5 i 4l
7K (25 C L PH#REF].18..5 MQ-cm) 3 Y Ir FRifEVA
(1000 pe/mL, 54 1043 J& B L A1 kL 53 1 D)
G I (10 pg/mL, L E Agilent A H] ) ;
GSBM-1767—2004 ZICRIREPRMER (100 pg/mL, I
IFELEA R AR .
1.2 BT ESH

BRI I A ICP-MS X8 , % H kA7 T4
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Tab.1 ICP-MS operating parameters
S Bl
AR/ W 1 600

FAE WAL/ C 3

A MAUE K 3
155 B4 1 [E]/ ms 200
Tt/ 0.5
PR R/ (Lomin ") 1.10
BE R/ (mL-min =) 13.5
FAA R/ (mL-min ") 0.75
SRR/ (mL-min ") 0. 80

1.3 RBEFEESHX
1.3.1 FEAFiAbHE

AHESR 16 o 2 B A Ak 4 ] SR AR HLA AR
(CRETR P 1S R (=N E 1 R ] R TR i by
FEdhig 250 HO, & H
1.3.2  FEm MR

TSI VI AR R R REAE 20% HNO, (IRFR
388, TR R 8 h, HEBRFREL 0. 100 0 g BRARGTIL
T T TR DU 8L 20 o PR3 A e e AL IR AR 515 mL
ERHR +5 mL AR +5 mL SR +3 mL S ERIMA
FEAT HUEAE TAES 10 min, $EEHT 1 090 A HET-Ha
A B G TR 9,10 min THEZ 160 °C |, 114 f#
4 h, FEH R E R IRE KT B8 T R
JN#AZE 120 C, HIHAK EE R 6 ~ 10 IRETR, 2R
SR HER R 10 mL, EHUETIFEH, SHST R
15mLEHR +5 mL i88 +5 mL &R +3 mL &
AR
1.4 #REBRBKEH
141 IREWERR RIS &

1 100 pg/mL ZICRIEA TR HERRERE ] 2%
fil MR 5 W A7 s B, Bid 0.5.1.5.10, 50, 100,
500 pg/L IR AT, 25 FAS HON 2% THER AT, I
BRI AR
1.4.2  WPREIRTH %

#1000 pg/mL 42 KT R AR R RIR B 2%
TSR VA W IE AT 43 TF A0 B, 5270 28 b 105 Y7
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Ja , LUK AR
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% SN DR Hi LR B3 10 SR SR TE 22 0
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® M 250 H,XHROKAE R 0. 058 mm,
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Fig.1 Waste acid vulcanization process of a
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Tab.2 Solubility product constant of sulfides

AL 2 Ag,S CuS PbS As,S; MnS FeS TI,S
A RERUR B 6.3 x10°% 6.3 x107% 8.0x10°% 2.1x10°% 2.5%x10° "1 6.3x10°18 5.0x10°%
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HUHET P R B AL A L 4B 4 1, 43 I s
it 50,150,250 ,350 H i, 23 S HEF PR 0. 100 0 g,
K 4 A BEVAAE S R = e 235 P T A vk T A, )5 B L

D, LA 5 45 5 (O 8 YR BME) WL 3, i3
ATA5 Bl FE oA R /0N, DU A0 A | N 4 T
gE A3 K, Hodr 250 H (350 H Aok, HLE
SERANTRARAL,  JE 70 48 B A A 1) 8 B 1] AR
B 45 SRS 5 PR R BRI ARk i AR S E T 250 H
VB Ry it ibr o

R3O [EDRLAR T A ot 0 4

Tab.3 Determination results of solid samples of different particle sizes g kg™
o 50 H 150 H 250 H 350 H
MELE R RSD/% MELE R RSD/% ME LR RSD/% MELE R RSD/%
Mn 0.019 1 1.8700 0.0210 1.1000 0.0257 0.7600 0.026 6 9.3600
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

2.3 REEARAMAR

HRAE SCHR[ 20 ] 0, 4 1 B A v B R 4
fERER S C I E, thR AR SR | = SRR 1 TR
P54 2 X4V S0 A A TR A T AR RICR . AR
MR AER , 2k T 5 A A I VK RS A s 1
A A EURRR , 2o T S g Ml 5 A ke 5 o ) i
FE A 5 A SR , &R T S b s A 25 sk i v 11 [
TRREAL . RIRZE R B AL A B, 45 1Y) B At A A T
A B — S E () ARV B R 2B 1o A AR B A A A Ak
WIUTVE , SHE B AR 2 o A A — 2 B X1, R
FEXT LR TR + AHIR + SRR ERTR + iR + = &R |
B + IR + 2R + AR 3 MERIA R,

HERAFREL 0. 100 0 g B s i i 3 1y, i MR35 4
FIE7R 3 Bl b AT b, th 3R 4 W DL Y (A 3k

MR + TR + SRR + o SRR IR AR IR R I, PR 1k
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Tab.4 Results of the acid-mixed system

R F5 IR B RIS
] HCI 15 mL + HNO, 5 mL + TRt Ak 7 V5 A
HF 5 mL AR
5 HCL 15 mL + HNO; 5 mL + TR % Ak i Vs T
HCIO, 3 mL e 1 EIIED
X HCI 15 mL + HNO; 5 mL + 6T T A 7 VA T T
HF 5 mL + HCIO, 3 mL THiB W]
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Tab.5 Isotopes, potential interferences, and degrees of interference

[ % FopE AE T FHLR
55Mn 100. 000 0 OAPN(0.4% ) ,"°0%K(92.9% ) ,"*NYK(6.9% ) ,'H**Fe(5.9% ) AT
HFe 91.5200 40Ar'%0 (99.4% ) ,"H>Mn(100.0% ) ,"°0* Ca( (96.7% ), OH*K (92.8% ) AT
205y 70. 500 0 OAr Ho(99. 6% ) ,"2C"1r(60.8% ) , " N*'1r(38.4% ) ,'° 0" 0s(16. 1% ) AT

&6 (AR E SR

Tab.6 Isotope test results

. RIS/ (gkg ™) T,
JLH RSD/ %
1 2 3 (g-kg™")
> Mn 0. 025 70 0.025 10 0. 025 30 0.02537 1.204 36
HFe 0.024 70 0.024 20 0.024 10 0.024 33 1.321 05
20571 0. 000 50 0. 000 50 0. 000 49 0. 000 50 1. 162 45
LY 4 Mo Fe 9B ERCRAE 47, RSD /T wor
1770 0% ; ™ Ir A T 0  iF 2R 36 4, RSD /1 I
F1.090 0% , I, #PY | Ir HAFRIEE, 09998
» - 400 F
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507 0.999 8, Kt PR 438 /NF 0. 028 9 e/ L, 1 /2 4 B4 Fe ZPEPrAEMZ
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sk 7=0.998 20+0.894 4 Tab.7 Standard curves and detection limits
R*=0.999 8
B o Kt R/
_ 400 JCHE By i 1Y
T (pg'l™")
ERe Mn y=0.9973x+1.1998  0.9998 0.0289
S 00k Fe y=0.9973x+1.1975  0.999 8 0.0257
Lol Tl y=0.9982x+0.8944  0.999 8 0.003 2
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Fig.5 TI linear standard curve
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0.008 30% , HERfM LR . HL 0. 100 00 g BT A
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Tab.8 Accuracy measurement results
e FRUE(E/ PRI E S (gokg™") SFRIE/ X
JLH

(g-kg™") 1 2 3 (g-kg™") W/ %

Mn 274. 500 00 276. 500 00 271. 500 00 273. 500 00 273.83333 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

RO MEEMEL
Tab.9 Precision measurement results
Felh WSE (A (g+kg ") Tt RSD/
L, o

Sy I 2 3 4 5 6 7 (g'kg™") %
Mn 0. 02590 0.025 20 0.02570 0.025 10 0.024 70 0.025 70 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 0.025 70 0.026 40 0.025 00 0. 026 00 0.025 30 0.026 10 0.025 90 0.025 77 1. 87052
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 0.025 90 0. 025 40 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
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High-pressure airtight digestion-ICP-MS method for determination of Mn,
Fe and T1 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;
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Abstract: Based on the fact that the solubility product of manganese sulfide, ferrous sulfide and thallium ( 1)
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 Tl 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.
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