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Simultaneous Determination of 8 Elemental Componenis of Fe, Cu, Zn and
Pb in Sulfide Ores by ICP-AES with Aqua Regia Digestion

WEN Hong-li, MA Sheng-feng, MA Xin-rong, WANG Lei, FAN Fan, GONG Ai-hua
(National Research Center for Geoanalysis, Beijing 100037, China)

Abstract; A method is presented in this paper for examining sulphide ores, in order to determine Cu, Pb, Zn, As, Ag,
Cd, Hg and Mo within Fe, Cu, Pb and Zn contained in the ores. This method utilizes Inductively Coupled Plasma-
Atomic Emission Spectrometry ( ICP-AES) with aqua regia digestion. The technique for sample dissolution and
measuring conditions is also presented. The accuracy and precision of the method were examined by analyzing reference
materials GBW07162 ( multi-metal lean ore) and GBWO07164 ( multi-metal ore). The test results indicate that the
relative standard deviation (RSD, n =11) of most elemental components is less than 5% and the accuracy (RE) is less
than 10% for most elements. The method was validated by different reference materials and the results were in good
agreement with the certified values, thereby meeting the requirements of mineral exploitation. The method has the
advantage of providing a simple, simultaneous determination of multiple elements, along with having a wide linearity
range and low detection limit, especially for the determination of As, Ag and Hg.
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H SRR 15 55 S 1IR3 2k (ICP — AES) J2: 3
R 2 0 R [R50 B 0 L EEEOR 7R & R AL
WA AR E TR Z N, e T2 mi)
B4 HA PR ICP — AES 4347 53k 2 fHX e 43 4
TEWEITTRAZ , A S M E TR £ L (H
SIFTIARRIE AR . 3 A3 BT I R A T K, AR SR
BT EIKIERE - ICP — AES [a] I & 2k i B Ak
Y4 Cu.Pb.Zn As Ag, Cd.Hg F1 Mo %8 4~ JG
2,7 RN (), A R TR A A
REIICER As Ag Hg W43 HT, SE06 708k 4 BT L BF
WA R R A i [ 58— bn e oo WAk it 8
FHHLAT ARG 8% ( CID ) 7Y Fh B B 56l ICP — AES i)
E,Cu.Pb.Zn As Ag.Cd Hg F1 Mo %% 8 NILE MG
5 A AT & CH TR 7 S 6 2 3 o o 7 PR
JEY (DZ/T 0130—2006) HEER

1 ey
1.1 AU B b stk

IRIS — Advantage H3LJEGHE 5 55 55 A6 IR (358
Thermo 2AF]) , R [R5 a8 RE % = . (XS
O ICP AT 4% 1150 W, i B < i f& 0. 5 L/min,
AL E ST 0.19 MPa, B H1I i & 15. 0 L/min; B2
B < 2% 20 s, K% 10 s, T 2 mL/min,
1.2 brifEiaie Beists

E R — Y it GBWOT162( Z & /A1 £1) |
GBW07163( £ 4 &4 1) .GBWO7164 (‘& H4RH A ) .
GBWO7165 (& Y B¢ £1 ) . GBWOT166 (4 5 )
GBWO7167 ( 4% %5 & ). GBWO7168 ( #% %5 o) .
GBWO07233 ( 4 B £1 ). GBWO07234 (4 " £ ).
GBWO07235 (4% " £7 ). GBWO07236 ( &% %" £1) .
GBWO07237 (#F %" A1) . GBWO07286 (il 45 4F 8 f1) .
GBWO07287 (4%4¥041) o

B ICERME R SOR A PR EE T : B T R AR ifE
it %W (p = 1. 000 mg/mL, [E ZEFRHEY) BT 5 oL
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50% ((&FR 7%, T IA) #9 £ K, Br il HNO, (HCI
Bt

Bl . k2 Mili - Q 4ifk RS alifl, SR
FKF] 18 MQ - cm,
1.3 Fesvo it

FREC 0. 1000 g A5, 78 25 mL a5 (5K 3555
ya] ) ol ACHTIC I 4 50% (1) F 7K 10 mL, ZE9E K KR
RO 2 h 5 T e R EERE, S
afi K EAZ 25 mL, FR

1 JUHEbE TIREREHRIE 4l ey

Table 1 ~ Concentration of the elements in calibration standard
solution
3l TURRIE
. TH WA R
i py/(pg - mL™")
. Fe,AlLM, 500
iR 1 e 20% 9 £k
Ti 50
. , 10 20% f) F 7k
BAR2  Cu,Ph,Zn,Mo Ag,Cd 10 20% T Ak
N Hg 5
b3 As 10 20% [y FK
i 4 Cu 100 20% ) 7K
PR 5 Zn 100 20% Y E K +0.05% Ky H,S0,
FrifE 6 Pb 100 20% 1 FE K
Frifi 7 Cu 300 20% i EK
Frifi 8 Zn 300 20% (K +0.05% ) H,80,
FRUE9 Pb 300 20% 1) F K

1.4 Fenille

f ICP — AES fEfR AT T ARE 0.5 h )i, KUK
19 20% F oKz FAE IR AL, FH— A el 2 PR R i i
WAE D e, LA 22 R ST AR 2R, SR X
PRI TINGE o DN o A e, B B LSRR df I E — A
PRUERE G, 0 R 2 SRR T A

2 HiRkY5ihe
2.1 FERWHERIESE

SCHR[ 12 - 13 T 4GB H F KD 2 Ag.Cd In 4§
JCE . WIS R EKERE - 458 T T 1]
N SR R B B AR R ER, FREE 0.500 g,
JIA 10 mL 50% 1 F /K3 K K 2 h e, 45 R 51%
SRIURRIAY — A S IR IO A I 2 Ag  PUR
W — s OSSR E Cd | DU R s
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— ORI E Tn JEAT LOES, BEARTT G PR TE(E

BEXTER A S BB AL A R A S A TN
B &0, SLE A GBWOTI62 (£ & )8 2 0 f1) .
GBWO7163 (£ &)@ 1) .GBWO7164 (& 5 11)
GBWO7165 (& 45 8F0 41) 79l Fl 4l 7K F1 50% 1 £k
HEAT 2SS, BB 50% ) FOKFORGF T 2l K, [A)
I EAT IR f 5256, FRIBURE i 0. 1000 g T HE @A, 73
FIIMA 50% #)F7K 5 mL.7.5 mL .10 mL, fE3E 7K KE 5%
PR o3RG 2 h, SR)5 E A 2 25 mL, ] ICP - AES
Mg, &5 8 R HERE K 7.5 mL B}, Cu Pb . Zn As Ag,
Cd .Hg F1 Mo %8 PIuR AVl effis i oy T IRIET
& AT Z2R0RE i AR S A ot 1) PR 58 50% 1) E
7K 10 mlL, RIRZEI A Bk B 292 20% I E K
2.2 I

[F)RE AR HE W) it GBWOT7162 (Z & @207 1) |
GBWO7163( £ @ # f1) .GBWO7164 ( & Hil4R 5 1) |
GBWO7165 (& 8y 8¢ 4 41 ), 73 5l m A 50% 1) F K
10 mL, L) 30 min iy [&] FE B, 43 HIHE 30 min, 60 min
90 min 120 min 150 min 180 min PEFTIE . I E
S5 HKFE FERLTE 30 min T AR 58 4 (H T 52
PrRie s AR A%, S 1 S8 00 DRAIERE it 8 03 A, TE 53 #5 S0
REABRITEOLT ST BRI AE I TG o PR tAS S
SETAIN A 2 h

MEBIMERE , F K ARESE R R0 41,
A EBTTRE , HIE 0T E 45 R, D R TTEA
Wi Cu Pb.Zn As Ag .Cd Hg 1 Mo 55 8 INICRMIIE

2 TR RIS

Table 2 Experiment of dissolution time

i wy/ (pg - g~") wy/ %
Bl Ag As Cd Cu Hg Mo Zn Pb
0 min 143 0.15 358 954 107 <3 13.9 4.87
60 min 147 0.15 370 975 107 <3 13.% 4.98
90 min 141 0.15 354 939 104 <3 1312 5.01
120 min 143 0.15 352 3 106 <3 13.79 5.07
150 min 140 0.15 379 %1 105 <3 13.65 5.13
180 min 137 0.15 364 951 106 <3 13.79 5.10

FrdEff 148 £6 0.15£0.02 40015 96070 11429 1.9 13.920.2 5.13 £0.08

2.3 FHETHERSDEENE
FKEEGJ5 ik, L 1CP — AES A ] i 2% 4 |
By AL M Z R Cu Pb Zn As |
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Ag.Cd Hg il Mo £t 8 L&k, 1 T Cu Fe Mg Ti,
Mn 45 5 DT ZEXME TR Ag As Pb A7 T4, Fr LA
AR BN o AT M TR K R T R AR
AT AR EEE W 3, Hilf Cu.Pb Zn 0K
R AR B 5 BE AR N T R 14 R TR B A AR
HEV R (BRUE 6 ~ FnifE 11) Z 58, MR IEAI N T &R
T8 B HERRE .
2.3.1 T SAuBR
FHBRIAETTR RS e R T, R TR
TJCRALIE R B, BIR A r e R & o R i TR
IR Bk, K by AT R T 25 R TR E

wizwio_zkijwj (1)
j=1

K ow,— L IEJG 4 Hr oG R W40 A 45 1w, — R K IE
BT ICR AT A 2R s by — TR j X FrlTR 4
H) TR R w,— TR IR

Hordrw, cwy ow; FE ALY T A K% 5 AT
RAR ne/go BT T FHORIE 25, A FIHBR
TIFILREIEL T A TFE R THCRAE =
WEIE B I B o

ARSI i A BRI A e
JCEMAT TG ARG TS s mfA THc R T
Yook, H ok th T R B B AE, BRI 43 51 H 1000
pg/mLAY Fe (Al Mn Cu,Pb.Zn,500 pg/mL fY) Ca Mg,
Ti,400 wg/mL (1) Mo Th BAITEIFWGH T THREH . M
SRR EETHICER A Fe Ti Mn £ Th 55 4
NTCE BT TR BARIR 2 (H S PR AN Rkt T 1) T4
R B R DR U R TR B FOE T TR IE . T
2 Ti Mn Xf Ag # T4, Fe X As A9 T4, Mg, Cu [ Ti %}
Pb 216. 999 {154 | 3% 2k i) Tt LA ¢ Ti %} Pb 220. 353
TIS2 P82y T8, AR TH 0 2R M IE REUILER 3,
HRAE A (1) TR A TE AL IE
2.3.2 Wi

3 WIS IR AR ZS 1, 2Tt 10 453 0, X5 o 45
AT EFRMEN 22, 10 A5 AOBRAE R 22 715843 7 J v th
PR o 23 FH T F Kol 7 BN E To 3R N5 A HY
REL, F R L ICH 250 A% 4544 R il EFRR AR BR . —
JRE S R RS PR 3 ~ 5 A% S TR E I E 4
RAMERTE, FIRICRAE S 7 p e T BR OBk
GBS BERR ARSI T T i 0.25 i
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Table 3 Wavelength detection limits, background deduction and interference deduction of elements used in the method

Tk P/ gy TEOER OENETRY o WRI SRELL
| (pgrg™')  (pgrg™h) % t THTE EL
Mn ~0.0001
Ag 328.068(102] 1500 0.8 3.2 0.5 1 2 _
Ti 0.003
As 189.042 {177 150 4 12 10 1 13 Fe 0.000004
cd 228.802147] 2000 0.5 1.5 1 3 12
217.894{ 154 300 10 500 10 1 15
Cu 324.754{103 5000 1 500 2 1 15
Hg 184.950 {181/ 360 1 3 0.5 1 15
Mo 202.030 166 400 0.85 2.6 0.4 1
Cu 0.0021
o 216.999 {154} 90 28 1000 20 1 15 Mg ~0.0004
Ti -0.0005
220.353 |152] 120 1.2 500 1 1 15 Ti 0.00054
" 213.856|157] 3000 0.7 500 1 1 15
334.502{ 100} 40 15 1000 15 1 15

®4 JIEREE
Table 4 Precision tests of the method

GBW07162(GSO -1) GBW07164(GSO -3)
T fitix /(- g ™) wy/ (g g ™)
A/nm RSD/% RE/% RSD/9% RE/%
W P W T

Ag 328.068 18.3+1.3 16.5 1.5 -9.8 1010 £20 980 2.07 -3.0
As 189. 042 430 50 422 0.61 -1.9 260 +30 254 2.3 15.5
As 193.759 430 +50 411 0.65 -4.4 260 +30 221 2.42 0.5
Cd 214.438 32 +2 30.3 0.94 -5.3 7.4+0.8 7.68 2.02 3.8
Cd 226.502 32+2 29.2 0.47 -8.8 7.4+0.8 7.09 2.66 -4.2
Cu 217.894 2640 +80 2612 1.8 -1.1 28000 +900 26098 1.84 -60.8
Cu 324.754 2640 +80 2468 0.53 -6.5 28000 +900 25551 1.8 -8.7
Hg 184.950 4.2+0.3 4.1 -2.4 8.24 - <3 - -
Mo 202.030 28 +3 27.2 0.4 -2.9 137 +17 125 1.87 -8.8
Ph 216.999 4300 +200 4452 0.99 3.5 560 +50 576 2.18 2.9
Ph 220.353 4300 +200 4130 1.5 -4.0 560 +50 491 1.09 -12.3
Zn 213.856 8300 +400 8187 1.8 -1.4 1430 +60 1381 2.75 -3.4

FIHA SIS 5 ik SE e 25 4 GBWO7163 (£ 408 il , ik = ik MERR FE , 0 T 2R L3k 5
W A1) . GBWO7165 (& #5 FE 0 A1) . GBWOT166 ( i ¥ M S BERKFE , FKREE A S 7 i E )
W) . GBWO7167 (#5455 ) . GBWO7168 ( BEAf 1) . KOS H 1 — R Ak 1 47, Cu \Pb  Zn | As | Ag ,Cd . Hg
GBWO07233 ( %l &~ A ). GBWO07234 ( 4 # A ). 1 Mo 4 8 N ITE M) ICP — AES {5 45 SR I A ERFE A
GBWO07235 ( #% " {1 ). GBWO7236 ( #5 #" {1 ).  HE(EIEFEN, BB 2 M S AT 75 22 o9 S
GBWO7237 (4F %" A ) . GBW07286 (Hl#S4FH A1) . KW WK H GBWO7167 MK 5:k# GBWO7168 11y
GBWO7287 (8YFER A1) FE R — R EW R 75 Pb Zn @iz M EFR AN REVERRINAE
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Table 5 Analytical results of elements in different reference materials analyzed by ICP-AES
GBW07163 GBW07165 GBW07166
TR LEi
MEH PRifE( HEH FrifE( MEH bRifE(
Ag we/'s 208 220 =10 142 148 +6 42.4 43.6 2.2
As % 0.27 0.28 +0.03 0.15 0.15+0.02 0.18 0.17 +0.03
Cd ne/'g 153 172 +8 381 400 +15 2.89 4
Cu % 0.98 1.05 £0.03 0.098 0.096 +0.007 24.01 24.2£0.2
Hg ns 14.8 173 109 114 <3 -
Mo /s 29.7 245 <3 1.9 2086 2240 £ 130
Pb % 2.03 2.17£0.07 5.01 5.13£0.08 0. 046 0.040 +0.005
Zn % 3.90 4.26 £0.15 13.78 13.9£0.2 0.061 0. 057
GBW07167 GBW07168 GBW07233
JLE i
e PRE(E e FRifE( WEH PRE(E
Ag we/g 593 626 +16 228 217 +6 3.86 3.9+0.7
As I 1800 1730 + 140 677 640 =60 <15 4.2+1.8
Cd ne/s 85.0 90 +5 1100 1290 +50 <3 0.42£0.10
Cu ng/'s 241 280 £70 1400 1380 +80 11500 11500 +400
Hg ne/e 45.8 46 +5 519 560 +80 <3 -
Mo pg/s 12.3 4 33.5 - <3 1.4+0.3
Pb % 21.05 57.1+0.3 1.38 1.44 £0.03 n.7" 9.1£2.97
n % 2.91 3.3+0.1 55.89 52.70.3 533 590 £70 "
GBW07234 GBW07235 GBW07236
TR LEi
Tl 8 PRifE(H ME(E PR MEH FRifE(H
Ag /s <4 0.70 £0.19 13.9 14.7£1.5 2.97 5.6+1.2
As ne/'g <15 1.5+0.4 87.6 85.1+7.9 38.8 43.2 £5
Cd pg/'s <3 0.14 £0.04 3.37 3.2+0.4 2.40 2.6£0.4
Cu pe's 2100 1900 + 100 1875 2000 + 100 342 350 £20
Hg ng/'s <3 - <3 - <3 -
Mo we/'g <3 2.4+0.5 2.09 1.6+0.2 0.32 1.3+0.2
Pb pg/s 15.8 13£3.7 40510 41700 +1000 6083 6100 =300
Zn pg/8 137 130 +10 560.4 620 +50 1055 920 +70
GBW07237 GBW07286 GBW07287
JLE L
e PRifE(H e FRifE( WE ai3ien
Ag ne/'g 15.2 13.5+1.3 50.75 42.4+2.1 64.61 61.3+3.4
As pg/8 8.34 12.4+1.4 1275 1300 +100 855.3 860 £20
Cd pe/e 30.7 29.3+1.8 150 150 £ 10 152.4 160 £20
Cu ne/'g 7200 7100 +200 2212 2200 + 100 287.2 280 +40
Hg ne/e <3 - 1.417 - 49.4 -
Mo 1e/g <3 2.8+0.5 228.5 230 £20 9.409 -
Pb ne/s 2500 2500 +100 12570 12700 +700 32350 33800 + 1000
Zn we/'g 2.82 2.75£0.09 24790 25100 500 63570 62000 + 1600
@O W = SEARENN ne/go
3 5% #fEfii 22 (RSD) <5% MIXH iR 72 (RE) <10% , 032 {H 5

ARSCIRGE T TR R VR B BT RRAL I A7, R
R B TR SO E Horh 8 ANTT R Tk
DTk fR L R, T E TR Z, KA A
— R HE) I B, AR O R AN 25 2R A AR XA
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