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WA 1300 W45 8RS (RS) Wiid 15 L/min,
HERCEA) Wk 0.2 L/min, Z46 S (CHA) ik
0.8 L/min, WL = 15 mm , 3240 4ER 30 s, 5 40
JEUEL 6 K, 3 1.5 mL/min,

EDH20 4 555 Gefe i A B As (S E SR B RA
Al) o TR (8 0.0001 g, FHRERIRT) )
1.2 brifEisig A 2]

15 FhICZR A HERR HETA R - ¥ B2 R 1000 mg/L( |
MR R BB ) |, (i 2 2 B, T
YEWREE N 1 FR .

ERIR IR (PR 2, it [ 25 4 Ak 2 0 A
FRAT]) smrzlik (HBHAE > 18.2 MQ - om, 5 JRJEE
IRK AL PRV 28 A BR 23 7)) 5 S5 it FH 4 L JT] 20% fi§
FRIZIZE/D 24 h, Jaik e T a T, & .

1 B E e TR
Table 1

Concentration of the elements in standard solutions

Y %Zg(mg/[J

Hi STDI STD2 STD3 STD4 STD5
Cu,Pb,Zn,As,Bi,
Cd,Co,Mn,Ni
TRARE2 Ge,Sb
RARE3 Ga,In
RAERE4 Cu,Pb

TR TRIE 1 0.1 0.5 1.0 5.0 10.0 20% FiK

0.1 0.5 1.0 5.0 10.0 20%FK
0.1 0.5 1.0 50 10.0 20%FK
5.0 10.0 50.0 100.0 300.0 20% Fk

PICERRE S Ag 0.1 0.5 1.0 5.0 10.0 20%FEsk
HICERE 6 Mo 0.1 0.5 1.0 5.0 10.0 20%Fsk
20% F K +

TR T Zn 5.0 10.0 50.0 100.0 300.0

0. 05% Bk

1.3 Feshvo it

FEAE T TOCHEAR b T4 2 h, 28w, 20
E AR S5 4d 0.097 mm §i (160 H) , TR AF
#Ho

HERFRIL 0. 1000 ¢ (H5fi 2 0. 0001 g) # 5t T
100 mL R VU3 L@ THALTE T, i A 7K i 1 4%
51,675 mL £h1R, 36 F G, T2 2 90°C
()40 55 2 BEAE AL B P T % 60 min, FEATA 2.5
mL fiffiR ,60 min J5HCH R M B IR, R 2k
%2 50 mL 250 (AU W 2, DA B 1k 55
PR ), A B AL 38550, OB W 5 R .
[F] B AR 80 25 1
1.4 FEELIE

ff ICP — AES {8 fF e fE 45 F T A€ 30 min
J& , 26 ARG AR HE S W S AR 2, FERTAE i
WHATINE o I AR, BRI 58—, T
5% TR Z AL ph i Ja FEEEAT T — R s ag Il o Y

E] Pb . Zn 5535 = IR b I, JE A g ) 5 BB
10 AN A i 5 — 4 H [ G AR TRV, A XX A A
TEVEFIRGIN 25 SR AT MR A

2 5
2.1 RAFRINKR

T A R4 SR P DU R A RE I SE R AL A o
22 NTEE, Hgh P ARE B bR UE AR, TFRE & 3 i 5
PR 2% ARG ELRE R . s A4 R Sk
T2 - APR IR R kL, ICP — AES 52 S8 Hh B 4
SABY BE L X E R SR R TI E ,  e
K% (RSD, n = 12) M/NTF 6. 9% i % F)
IR FHERIR — THRRIR ZHkE T T 12 Rl AL
£ EF—FAREY R, B T 50 RO Py B
BEVERAIISE Sh , AL 7 op Hofh 7T 2 (4 Cu Pb,
Zn As Ag,Cd Hg F1 Mo) ¥ B 1 J& 1 )5 43 B ) 7
AR AR HER 22 < 5% . 7 Al & FE 2 A
2 TR E RIS B IR 35 8 AR 0 3 1 ) P, 4
ST A BT W T A R, T N S, AR
1 RIGEE R - WRIR ORI AR IR 2
2.2 IfEINRATI R

C A BFFEEN] , 5 TR AL B 27 TR R
i H TR A TR R 1 AR ) T 0 AR 1 7 P 285
ST REAG SR, A SCA P IE A I AL PR K —
FARUEY T GBW 07165 (5 HYEER 1) , HEHUX 4 Fi
SAFAE N4 PR, RIS PR I 3 ANk
SEREAT HAE, S DU R 26 = KR TEASIR I )y 48 M 4
RINFF2 F3 Fd, £2 NEEMEAR RILK
52 3 ik By 5 A YR IR B2 R 2 4
LI Ag RIS 5725

2 RGBT

Table 2 The experiment conditions for orthogonal test design

ity AL P 4 AR

M2 1 N 2 N3 3

E % e KPLOKFZOKE
THRIRE (C) A 70 90 120

R - THRRIR A TREC LE B 1:3 1:1 3:1
ihAER - WRIB AR (mL)  C 7.5 5 10
I fif I 8] ( min ) D 30 60 120

TEAS IR 45 R 1 73 M 7 ik A Rl —Fifit EU
O, SRR 220 Mo B AR SR T Al
%, JCIE M F K, HOR I E W ik MRAek 4
AR ZE (B AT AT, TR TR IC L (B) DR I Bk, Ak
SETHRIA (D) |, fR S IR A BRIAAR (C) , T % i
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JE(A) BRI E MR, (AR AR KR E ERE
HHMRVCR o R LRG3 e B AT, 25
JE A5 DR R ALK 1 - 32 L L A s 1 (EL Y FRLZ M
BRI R A A, By C, Dy, BIERIR — fi IR
RAETRACE N 3 0 1 RS TR 10 mL, J# fiff i [1]
120 min, JH A B 90°C o Tifme LR i A5 7F F, 0 3
o E R —Rhn Y Bt GBW 07165 (& fi 4 41 ) ik
FrR bk, M2 25208 T35 50 Rk il iy I
LERAEFMEELITE R 2 4, R ZRBOTR K H X Fr
W 22 (RSD ) /NT 5% , 15t B A 52 361 7 1Y) die DG T
i 2R AT Z AR

3 RSB Rt #E A ra R

Table 3  The experiment program and analytical results of the
elements
Py ) 2 il 5
5 0 2 3 4 5 6 71 8 9
HEA 1 1 1 2 2 2 3 3 3
WZEB 1 2 3 1 2 3 1 2 3
HZ C 1 2 3 2 3 1 3 1 2
HZED 1 2 3 3 1 2 2 3 1
JER T HIE
FHCER
1 2 3 4 5 6 7 8 9
Pb(% ) 5.13 5.51 5.28 5.30 5.23 5.37 5.21 5.24 5.34
In(%) 13.2 13.6 13.7 13.3 13.3 13.9 13.5 13.2 12.5
Cu(%) 0.097 0.099 0.094 0.096 0.099 0.097 0.099 0.097 0.096
Mn(% ) 0.064 0.068 0.066 0.063 0.066 0.066 0.066 0.065 0.065
As(%) 0.14 0.16 0.15 0.15 0.14 0.15 0.14 0.14 0.15

Ag(pg/g) 129 123 152 151 148 154 124 155 159
Bi(png/g) 52.48 53.61 53.00 55.14 55.89 56.88 51.93 57.12 49.40
Cd(pg/g) 410 443 426 414 416 431 415 409 421
Co(ng/g) 3.80 5.47 5.18 4.83 6.01 5.63 5.26 4.96 5.36
Ni(pg/g) 18.07 16.13 18.49 11.38 17.43 17.23 18.03 17.33 18.04
Ga(pg/g) 55 61 62 63 61 64 o4 66 67
In(pg/g) 31.5 33.7 30.6 34.2 33.5 33.2 32.8 34.8 33.0
Mo(pg/g) -7.9 -6.8 -7.1 -7.2 -5.0 -4.9 -4.9 -4.5 -4.9
Ge(pg/g) 21 26 2 28 21 23 21 23 23
Sh(wg/g) 275 301 296 309 274 270 247 274 279

4 DL Ag uFEABIRIES AL 5 ek

Table 4 The analytical results of Ag as example for orthogonal test

Ag HIINE A (pg/s)

o BHE A HEB HEC HED
K, 404 404 438 436
K, 453 426 433 401
K5 438 465 424 458
ky 135 135 146 145
k, 151 142 144 134
ks 146 155 141 153

& 16 20 5 19

5 BHUESEEIE A R
Table 5 The analytical results of elements in GBW 07165 for

validation test

e WM PR RSD
(%) (%) (%)

Pb 5.212 5.13+0.08 0.83

Zn 13.81 13.9£0.2 0.57

Cu 0.097 0.096 £0.007 0.74

Mn 0.067 0.066 +0.010 0.44
As 0.15 0.15 +0.02 0.73

e I 354 AN RSD
(peg/g) (ng/g) (%)

Ag 151 148 26 0.78

Bi 56.84 (5) 6.00

Cd 416 400 =15 0.73

Co 5.34 - 3.01

Ni 19.51 - 4.48

Ga 60 62 +8 0.81

In 27.7 (7.5) 2.74

Mo -8.9 (1.9) 4.63
Ge 24 25 £2 3.30

Sh 257 260 £33 0.43

2.3 srbrigemkit

JCER WA A IEAR I L ER T L AFAIE TR 8] 1Y
YL DL B AN e X 0 3R AR SR B8 38 A W 7 Y o
DS, DRI R AW R RE , i
BT SAEAT IR s — SE DRI B T
FETCRPEE T, e T4/ BT 5 T i 2t
HOIHTIEL . P, S OCR M B e L3R 6.

6 JIEMOTRBAR AR b Lk

Table 6  Wavelength, detection limit and linear ranges of
method for elements
S Y S J5 A R N2 P ]
(nm) (neg/g) (mg/L)
Pb 220.353 0.043 0.22 ~300
Zn 206.200 0.0097 0.049 ~300
Cu 324.752 0.0065 0.033 ~300
Mn 257.610 0.0072 0.036 ~ 10
As 193.696 0.014 0.07 ~10
Ag 338.289 0.0092 0.046 ~ 10
Bi 223.061 0.0098 0.049 ~10
Cd 228.802 0.0019 0.0095 ~ 10
Co 228.616 0.0076 0.038 ~10
Ni 231.604 0.0027 0.013 ~10
Ga 294.364 0.0021 0.011 ~10
In 230. 606 0.0034 0.017 ~10
Mo 204.597 0.0023 0.012 ~10
Ge 265.118 0.048 0.24 ~10
Sh 206. 836 0.0086 0.043 ~10

TE e 2R MR T R At R B 5 A5, B s sl 2k dnc s
SR, HSEER R T REE T
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2.4 JjiEKHER

TEAES B TAESME T, X0 28 s kA7
12 Y Mt TUPAC B REAE R e sl o = LA
25 RIS A 3 A8 br e 22 BT X5 0L A % s A R A 1S
ML TR 6, & ouE kit RIS T (b pre
S A AR R FLE ) (DZ/T 0130—2006 ) Xf
X el R Ak 27 AR i A2 A o B B SR
2.5 Jiikkisg

TE R —52 85 2 A SC 50 07 i X AR EY) B GBW
07165 (& HYEER ) i AT 12 e , % 5805 i
PRGERE A5RILR T, Geilt Bl a5 R s, RER 4y
TGR AT b o i 2 (RSD) 1o g (A X5 22)
#EB/NTF 10%

BT R

Table 7 Precision tests of the method

Sz D P34 4H FRUE(E RSD  HAXHR%E
(%) (%) (%) (%)
Pb 5.26 5.13 £0.08 1.3 2.5
7n 13.6 13.9 0.2 1.2 -2.3
Cu 0.105 0.096 +0. 007 1.1 9.3
Mn 0.065 0.066 +0.010 1.2 -1.5
As 0.16 0.15+0.02 1.3 7.3
TE i prER L e FRUE(E RSD xR
(ne/g) (pe/s) (%) (%)
Ag 148.3 148 =6 0.8 0.2
Bi 63 (5) 8.3 -
Cd 399 400 =15 1.4 -0.2
Co 6.3 - 7.2 -
Ni 21.7 - 3.1 -
Ga 64 62 +8 1.4 3.2
In 32 (7.5) 6.3 -
Mo -8.7 (1.9) 4.7 -
Ge 26 25 £2 3.0 4.0
Sh 256 260 £33 1.3 -1.3

2.6 JiikERnE

ARG BT A R B R, AR LA
TALYIE TR BRI — R Y LSS B FEo0R
HE ARG E S8 HEY) 5T, LLSIE 52 56 5
PR HERA B S AT AT

e E R Ry i GBW 07162 ( Z 4 &5
W) .GBW 07163 (£ 4 E@# £ ) .GBW 07164 (&
AR A1) .GBW 07234 (4 #" 47 ) .GBW 07235 (45
W 41) .GBW 07236 (454" £1) .GBW 07237 (£ 1)
F1 GBW 07286 (Fi4 4 1) AT il (An HED)
JEXE A R R 2 B R B R A 2 B A A

FET) o I 8 Jp A& SRl 1, 704k 1 52 8
PET B VB VSE 15 S0 ] DI R AE SRR — TR
THARAAR 25 v, AR 23 70 3R A9 000 5 (LA o L 1 %
ZEVEIE Z N, U2 5 125 8 T o0 A — AR AL P
A X LETTER R ATTHY

3 SbakEansbr

IO FHAS S 56 75 3 X e ™ DX P Ot iR A R
FEARBEATINGE , FEHLIE 4 13, P47 6 WK, H ICP -
AES U5E o [AlIN FHALZ2 IR0 FEITe, X 4T ey
SRR SR 281 EDTA 4543 2 i, FAT M
U HTE R L 9 M 10, R 9 ME R,
XFF ERICRAIE , A 20 RS, ARG
ICP — AES J7 i i)W R {65 28 L7 35 1 I 7 {2 AR
Wi 2 10 WULHTRERD 1 BEN: 2 BEah 3 BRALA —
TE MM 7 T A (L

49 ICP - AES JjiERUE Ak rai foxtte

Table 9  Comparison of analytical results by ICP-AES and

chemical method

FEA 1 Fiin 2 £ 3
TR A ROk | Adnk Glunk| ANk 200k

(n=6) (n=2) | (n=6) (n=2) | (n=6) (n=2)

Ph(%) 24.72 24.70 5.28 5.64 17.72 17.72

In(%) 13.87 14.10 15.56 15.98 28.08 28.22

# 10 PRFERIE SR

Table 10 Analytical results of elements in actual samples

Hedh 1 i 2 Fin 3 Find

JCR 5 (A RSD| W5 TR RSD| 5 R (A RSD| W FH (i RSD
(%) (%) (%) (%) (%) (%) (%) (%)

Pb 2472 11| 528 0.8] 17.72 0.3] 0.02 2.1

Zn  13.87 0.7 15.56 0.5 28.08 0.5 0.02 1.1

Co  0.19 L1| 0.04 0.8 041 0.4 001 1.4

Mn 031 L3 o0.11 0.4 028 0.3 0.04 0.9
As 0.16 14| 0.21 0.2 0.78 0.4] 0.0l 3.4

Feih 1 FEfh 2 Fih 3 FEbh 4

JER 51 RSD |5 FE (A RSD| W5 FE{E RSD| W5 FE (i RSD
(pg/e) (%)) (ng/g) (%) (pg/e) (%) (pg/g) (%)

Ag 2374 0.4 268  L1| 306 0.7 0.12 3.8

Bi 148 41| 471 04| 77 51| 713 2.9

Cd 227 1.6 1828 0.8] 3543 0.5 3.11 2.0

Co 4345 15| 395 0.3] 1395 0.6/ 3541 0.5

Ni27.77 0 1.9 1215 7.2 19.58 22| 167 0.4

Ga  65.91 2.9 19.76 6.9 40.52 4.9 33.65 3.4

Ih 7779 L.5| 82.83 1.8 103 27| 3.29 4.6

Mo 27.23 21| 3.18 39| 839 54| 713 L5
Ge  0.87 14| 4.08 3.8 12,19 19| 3.6 57

Sb 3253 0.3 124 2.4 100 0.8 10.01 2.6




iy

L=

K IE A0 BT Mol 22 43 i, i 1 i
ICP — AES []iH & 8584 1 Pb Zn Cu Mn | As | Ag
8515 A FEWARTCER & 1R S T A e A S0 30 25 1
TESRAR ST 25T 3l A AR vE) BT IE , A5 25 SRR
TERRIE (R Y 152 22 90 6] N, G 2% B 1 B2 48/ T
10% , HRHER 53 J0 2 WG 25 B8 FUER BE /N T 5% £
B CHb BT 77 52 3 = 0 305 i A B ) 1 K
I %7 IR A3 I R S D TR R SRR
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Table 8 Analytical results of elements in national standard reference materials
GBW 07162 GBW 07163 GBW 07164 GBW 07234
R E brifE(E e briE(E e briE(E I E briE(E
(%) (%) (%) (%) (%) (%) (%) (%)
Pb 0.42 0.43 £0.02 2.24 2.17 £0.07 0.059 0.056 +0.005 | 13.6 x10™* (13.0+2.1) x107*
Zn 0.86 0.83 +0.04 4.12 4.26 £0.15 0.148 0.143 £0.006 0.013 0.013 +0.001
Cu 0.262 0.246 +0.008 1.08 1.05+£0.03 2.85 2.80 £0.09 0.21 0.19 £0.01
Mn 0.095 0.091 0. 007 0.36 0.38 £0.04 0.239 0.241 £0.011 0.10 0.12 £0.01
As 0.044 0.043 +£0.005 0.28 0.28 £0.03 0.022 0.026 £0.003 | 1.3 x10°* (1.5+0.3) x107*
g e B (E e briE(E e R EE I E PR
(ng/g) (ng/g) (ng/g) (ng/'g) (ng/g) (ng/g) (ng/g) (ng/g)
Ag 18.6 18.3 1.3 239 220 +10 1097 1010 +20 0.76 0.70 £0. 14
Bi 2.6 2.8+0.5 81 75 +8 94 86 +16 0.42 0.43 £0.03
Cd 33 32 +2 176 172 £8 7.2 7.4+0.8 -1.40 0.14 £0.03
Co 13.94 - 25.14 - 51.90 - 16.8 16.9 £0.9
Ni 23.66 - 41.23 - 50.77 - 5.1 5.6+0.6
Ga 23.9 23.4+2.6 27 26 +3 17 15+2 23.8 22.6 1.5
In 3.6 (1.5) 19 10 2 3.4 3.3+0.5 8.09 0.25+0.05
Mo 26 28 +£3 21 24 +5 142 137 £17 2.6 2.4+0.3
Ge 2.6 2.9+0.5 7.9 6.5+1.8 6.2 3.3+0.7 -7.78 0.93+£0.19
Sh 106 94 £5 619 (610) 101 95 +6 0.34 0.23 £0.04
GBW 07235 GBW 07236 GBW 07237 GBW 07286
LR E Frifk(E E FREE ME R E(E IE FRIEE
(%) (%) (%) (%) (%) (%) (%) (%)
Pb 4.11 4.17 £0.05 0.61 0.61 £0.02 0.28 0.25 +£0.01 1.24 1.27 £0.04
Zn 0.063 0.062 +0.002 0.101 0.092 +0.003 2.83 2.75+0.04 2.52 2.51+£0.03
Cu 0.21 0.20 +0.01 0.035 0.035 +0.001 0.77 0.71 £0.01 0.22 0.22 £0.01
Mn 1.06 1.40 £0.03 1.17 1.53 £0.04 0.021 0.026 +0.002 2.94 -
S R PR (E 5 fH FrifE(E R FrUE(E Iz (E PrfE(E
(ng/s) (pg/g) (ng/s) (ng/s) (ng/s) (ng/g) (ng/g) (ng/g)
As 82.5 85.1+4.8 45.2 43.2 +3.1 11.5 12.4 0.9 0.13 x10* (0.13 £0.01) x10*
Ag 14.0 14.7 £0.1 5.5 5.6+0.8 13.1 13.5+0.8 43.0 42.4+1.6
Bi 14.3 15.6 £1.1 14.9 12.5£1.3 61.0 56.4 £3.5 8.56 0.91 £0.03
Cd 3.4 3.2+0.2 2.6 2.6+0.3 31.8 29.3+1.0 0.015 0.015 +£0.001
Co 11.6 14.7 £0.8 12.6 15.7£1.0 9.4 8.7+0.3 7.1 6.3+0.3
Ni 28.2 27.7+1.4 32.9 34.5+1.6 5.4 5.5+0.7 8.6 9.2+0.9
Ga 17.2 16.7 £0.7 11.6 11.7£0.7 8.2 8.0+0.7 15.6 14.6 £0.7
In 1.43 0.12 +£0.02 3.38 0.09 £0.04 -0.28 0.23 £0.03 2.44 -
Mo -3.2 1.6 £0.2 1.7 1.3+0.2 2.5 2.8+0.3 0.025 0.023 +£0.002
Ge 0.92 0.90 £0.12 1.02 0.93+£0.13 1.5 1.4+£0.2 -2.83 -
Sh 34.1 39.3x1.0 11.0 12.0£0.8 1.8 1.1+0.3 28.5 38.0x1.5
4 &5l

PREESTE ST A M R R 100% |, %18 T B i3T5 i
RBRT 97% , Y%7 i i) 1T — Ry BT 7 14 5
PRt AR A, HAER AR ) B P, LRI AR i, i
AL AT G BURSR MRS

ARSI AR R ARSI S B LA i 2 AR
TBCE A5 R DR 3R 2 18] A S AR A1 SE B B
HRK BB IR 3R 22 [ AT 8 22 A7 A — [y 5 TLARONE , AT B2
Wi 3 i 2 AL, TR 2 AR PP AT E— 2D IR R
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Simultaneous Determination of 15 Elements in Lead-Zinc Ore by
Inductively Coupled Plasma-Atomic Emission Spectrometry

MENG Shi-xian' , DENG Fei-yue'* | YANG Yuan', SU Wei-han® , MIN Xiao-fang' , YONG Fu-zeng'
(1. College of Chemistry and Chemical Engineering, Central South University, Changsha 410083, China;
2. Analysis Center, Hunan Non-ferrous Geological Exploration Institute, Changsha 410007, China)

Abstract; The process of sample preparation is affected by many different factors in multi-element determination for
lead-zinc ore. However, single-factor experiment design cannot provide a reasonable solution for the simultaneous
optimization of multiple-factor experiments. In this study, minerals were dissolved by hydrochloric acid-nitric acid.
The effect of digestion conditions was studied. Ratio and volume of the mixed acids as well as time and temperature
of the digestion were optimized by orthogonal test and range analysis. The conditions of digestion were optimized as ;
ratio and volume of the mixed acids at 3 : 1 and 10 mL, respectively,time and temperature of the digestion of 120
min and 90°C , respectively. The contents of 15 major and trace elements (Pb, Zn, Cu, Mn, As, Ag, Bi, Cd,
Co, Ni, Ga, In, Mo, Ge and Sb) were determined simultaneously by Inductively Coupled Plasma Atomic Emission
Spectrometry ( ICP-AES). Under optimal conditions, the method was verified by certified national reference
material GBW 07165. The results show that the precision (RSD, n =12) and accuracy are less than 5% for most
elements, and the detection limit is 0. 0019 - 0. 048 wg/g. In addition, as the lead-zinc ore usually exits in the
form of sulfide, the accuracy and feasibility of the method can be verified by a series of national standard sulfide
materials. The results were consistent with the certified values within uncertainties. After using the proposed
method to analyze large quantities of lead-zinc ore samples collected from Hunan, the qualification rates for
standard samples and blind samples are 100% and 97% , respectively. This method optimizes the experimental
conditions, and solves the complex problem of sample pretreatment. The method has many advantages, including
low consumption of reagents, green environment and simultaneous determination of multi-elements, which indicates
that it is an accurate and practical method to simultaneously determine the content of lead and zinc.

Key words: lead-zinc ore; major and trace elements; orthogonal test; Inductively Coupled Plasma-Atomic

Emission Spectrometry





