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HE. 7 afmsm 6 LA FEHEERMFAEATE AN EALARFETENSEARAA TH Z KRG L5
Bo ERRAFET RFTHYT Gl y G A SFAELET S EZLABA LS AN, K FRAK, KB
WA PR R + AR + SRR + & AR AR A T% BRI b BAR S B TR RS R B
TAGF LA AT G P Ak A AR AR R B S VR LT IO EAAE ., R T E AT SR L
BR, R BETFREFERTZF TR, FRAEZREALENR L EMMEXEE TR, F R BRA
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Table 1 ~ Working parameters of the instrument
TAESH Kt TAESH FAF
EIES 27.12 MHz PRI 100 r/min
TR 1150 W A e S 50 r/min
F 0.7 L/min || K B 43H[H] 5s
LTI 0.5 L/min || %3 BRI (] 15s
TR it ] 10 s T LI v 12 mm
KBRS [A] 20's BIES 0.22 MPa

1.2 B2

ik (FPHA =18 MQ + cm)
1.3 beifl T AR

FHAEHED 5T o 24 B sOGIE 46 4 8 A Akl
TR TCRWE N 1.0 mg/mL bR HEAE 21, FH R 1
fift B WO R TSR G bR VA W, FLAR VR B WL 2, A Joit
7% HIERIR .

Sy AIBCHIER VBH BREC R AR UE AR WO Tt
BT R =R B 435124 1.10,100,
500.1000 mg/L,1.10,100 mg/L Fl 0. 5995 5. 995 ,
59.95 mg/L,

2 bl LI IR

Table 2  Concentration of calibration solutions

_ pp/(mg- L")
JLE
STDI STD2 STD3 STD4 STDS

Bi 0.05 0.5 5 25 50
Co 0.05 0.5 5 25 50
Cu 0.1 1 10 50 100
Li 0.05 0.5 5 25 50
Ni 0.05 0.5 5 - -
P 0.05 0.5 5 25 50
Ph 0.05 0.5 5 25 50
Sr 0.02 0.2 2 10 20
v 0.05 0.5 5 25 50
Zn 0.05 0.5 5 25 50

1.4 Feshiigmt

$4 0. 1000 g F£ 54 E T 50 mL B PO G 2 45 B
HOMA 20 mL #h R, s T 220 ~ 240°C (A fLH
Pt E i 30 min, BUR A, 258 KRk 55+
PINFIGEAR Y BE , P 5 mL AR .10 mL SRR .1
O D= v 2 ) [ 2. N N ) R
B e 4, 25 B /K Bk 55 I FBe b i B
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Ik Aksnih s S AR E R BCR R, A
3.5 mL 50% 8 B2 IT WU La i N BE iR AR i h 2R,
R, B ZE R, A 25 mL SR 25 800 (5 6
B R T KRR ZIE 575, 0,

2 g
2.1 iSBSkPERIT SAIBRELA

B O A P R TR B R AR AT,
— PRI I R, BN Gk R I R A Bi
223.061 nm, Co 228. 616 nm, Cu 324. 754 nm, Li
670.784 nm,Pb 220.353 nm,Sr 407.771 nm,

FACTR TR Wi R A e T8, HAgit
PEUCR L R HOF Al IANER TR i A 2B
2k Ni 18 £ 40 R £k 231. 604 nm, H i R £k
21.647T M 5 W =8 — T 5 A Mo 1% (Mo
221.661 nm) , V EHEE R £k 290. 882 nm, Hfx R
2k 309. 311nm &85 508 — W AT Al 14 (AL 309. 271
nm) . P PERE KR BLZL 178, 284 nm, o R 2L
177.495 nmsZ Cu 177. 482 nm BT, Zn Bz R A%
2% 213.856 nm 5 Re 213. 856 nm 52 EH 4, §H0 4
Re 2 H ZMIMHATCR , 20 Zn (45 R, BT LA Zn
TEFER R 202. 548 nm, T FR B E P A
SRR LR 3. X & B mpn R A B e
B TS T RN IS ZLAE R o3 T2k, Bl Fe o
FRUEFR A 271, 441 nm (35 L R 73 AT 4R, Mo SR ]
202.030 nm 43474k, REA SO G2 T4

3 BouHME B KA SHIBREGR
Table 3  The determination wavelength and deducting background

mode of elements

b 12 -k 5L EISNSR
- K sk Vi B VENE B
A/nm g EFEFPR/om AE FEETFH/nm
Bi 223.061 451 2 - x  Ti223.094
Co 228.616 447 2+3 - x Mo 228.642
Cu 324.754 104  x  Fe324.718 12 -
Fe 271.441 124 3 - A3h -
Li 670.784 50 H3 - ) -
Mo 202.030 467 HFh - L) -
Ni 231.604 445 2 - x Mo 231.645
P 178.284 489 [ - x  Na178.304
Pb 220.353 453 1 - x W 220.379
St 407.771 83 M3 - B3 -
Ti 323.452 104 (3 - B zh -
Vo 290.882 116 [3h - x Mo 290.912
Zn 202.548 466 1 - x  Co202.575

1 :iCAP 6300 43 H 52 i S 5 25 B T IR % SIS A Y 1 [ 4 1
P 1B AHEF, ARG 1 ~ 13 ANLE . A4S0 E
HERE IR T
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R BB B U A BT R Z (]
AL TR AT, 3 BB TR B Jrikan
- BE ] — R W BE 1 T P oT RE, DE LR OF
MREEFFI ST R AT HoT R &, id Ay =k
(R y— T IC R W a—T M IT R W
WRE) SREFTILRE R, IR 4. PR T2/
OITR P R T IR L2 . B TR A
SR, B SR R INCR AR

4 TIMERE
Table 4

Interference coefficient of the elements

TR WTHER T

N NN N N } ‘
%ﬁgq:ﬁ[: Wk Bk fﬁf j’:/ﬁ:ﬁ:z\ E"JW’EPB/ E@‘(@Epg/ FS
JLE  A/mm & K A/mm O O
(mg-L7") (mg-L~Y) k
Co 228.616 447 Ti 228.618 59.95 0.09 0.0015
Mo  324.762 100 0.026  0.00026
Cu 324.754 104
Fe  324.739 100 0.002  0.00002
Fe 271.441 124 Co  271.442 10 0.68 0.068
Ni  231.604 445 Mo  231.645 100 0.09 0.0009
Ti  323.452 104 Ni = 323.465 50 0.014  0.00028
Zn  202.548 466 Cu  202.548 50 0.35 0.007

2.3 JiiER R

[ AL P 12 e s 1, % 70 T2 Ak B )
SE , LI E (ELARME I 22 19 10 A5 2R LADT 1 iR B 19
R ITER IR, f1 38 5 Bl WL, J7 i6 Kt BR
1.43 ~18.8 pg/g.

%5 JilkR

Table 5 Detection limits of the method

IR ARXTER 22 KT 10% o D i) 5 45 5 30 n] g,
ATLLKE Li RN A0 E T BRSERE A R 10 475,
HADTR MIE T FRECE AR BRI 6 47 #720K
SEAIRAR I SE T B, Al o FH A AS o it — 24T

3 6 JiUAERn I HORS S

Table 6  Accuracy and precision tests of the method

) R wy/(pg-g™")

TLE KR (pgg™h) JLE MR/ (ug g™
Bi 18.8 P 8.3

Co 1.43 Pb 17.9

Cu 5.88 Sr 2.23

Li 1.49 v 7.32

Ni 2.70 Zn 8.27

2.4 JiiUEwhEE RS B

VeI E &K — K bR HEY) i GBW 07239, GBW
07241 .GBW 07284 .GBW 07285 , 4iz FBFE i 114 it 1t Jr
P A A TAS 10 £y, 78 _LIR 25 56 I 454 T I I
TR YIME . XA 25 e IR I T 2R 43 1SR X
Frfidm 2z (RSD) AHXT 15225 (RE) , A 45 & b (i
LRI RSD, 4503k 6, AT LIE M (1Y
RSD(n =10) ¥J/NT 8% , 1 W] J5 i K6 %5 B2 B -
GBW 07239 iy Li, GBW 07241 1 fij Pb, GBW
07284 () Ni . GBW 07285 () Bi A Ky & 5 A %o 4

L& RE/% RSD/%
G FRUE(E U

Bi 680 662 -2.65 1.1
Cu 960 1047 9.07 0.9
GBW 07241 Li 300 296 -1.34 2.8
P - 52.8 - 2.5
(#5541 Pb 81.2 94.5 16.38 3.1
Sr - 18.8 - 3.2
7n 103 93 -9.71 3.8
Bi 2600 2514 -3.31 6.4
Co 13.2 12.8 -3.04 4.9
Cu 1300 1399 7.62 5.8
Li 180 196 8.89 5.7
GBW 07284 Ni 24.1 21 -12.87 7.9
(R0 p - 1996 - 4.8
Pb 810 853 5.31 4.7
Sr - 39.84 - 5.2
v - 90 - 5.6
7n 320 304 -5.00 5.0
Co 13.5 12.6 -6.67 2.9
Cu 48.6 49.5 1.86 2.7
GBW 07239 Li 13 16.4 26.16 2.7
. P - 1690 - 1.7
SCURCY Sr - 24.4 - 1.8
\% - 63.7 - 2.8
/n 120 114 -5 2.8
Bi 66.8 58.4 -12.58 3.8
Co 9.8 9.5 -3.07 6.6
Cu 310 334 7.75 1.8
GBW 07285 Li 29 32.3 11.38 3.2
. - 650 - 1.7
(41 Pb 2000 1946 -2.7 2.1
Sr - 391 - 1.5
\% - 61.6 - 2.5
Zn 240 224 -6.67 2.2

2.5 hiksmbpASE

TR E K — b HE W) it GBW 07239, GBW
07241 .GBW 07284 .GBW 07285, iz IR A% 5 3 it 1 )7
P28 BUAH N A W A5 4 O, e — 10 F T A
JEAEL, 55 =003 43 B0 B I AAH L A B G R PR UE TR T
Moo R By M, 25 L3R 7, & o R ints
BRI 90% ~110% Z 18], 850 4 D A 7
PR A 2R v T 7 A 80 P 83 PR R EH R O AN BRI i o
&, E R i S A IR s R DO TE , (HA R AN
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Table 7 Recovery tests of the method
. o+ mlL-! o+ mL-! . Lt
1‘,]1{?43@‘3 - py/ (pg - mL™") % pi/(pg - mL™") —— pu/(pg - mL™") %
i ARME AR NEH TAEE E AR WE
Bi 0.01 0.10 0.10 93.6 0.20 0.21 103 0.40 0.44 108
Co 0.05 0.05 0.10 94.4 0.10 0.15 100 0.20 0.26 102
Cu 0.20 0.20 0.40 100 0.30 0.51 106 0.40 0.63 110
Li 0.06 0.05 0.11 105 0.09 0.16 104 0.19 0.26 106
Ni 0.07 0.10 0.16 92.1 0.20 0.25 92.8 0.40 0.44 93.7
GBW 07239
P 6.77 10.0 17.0 102 15.0 22.1 102 20.0 27.4 103
Pb 0.16 0.10 0.27 106 0.20 0.35 96.0 0.40 0.54 94.4
Sr 0.09 0.10 0.20 108 0.20 0.31 107 0.40 0.53 109
v 0.25 0.20 0.45 100 0.30 0.56 103 0.40 0.69 109
Zn 0.48 1.00 1.40 91.7 1.50 1.89 93.4 2.00 2.35 93.0
Bi 2.61 1.00 3.71 109 1.50 4.24 108 2.00 4.70 104
Co 0.01 0.02 0.03 103 0.03 0.05 108 0.04 0.06 107
Cu 4.16 2.00 6.22 103 3.00 7.42 109 4.00 8.48 108
Li 1.19 0.93 2.14 102 1.39 2.66 105 1.86 3.20 108
Ni 0.01 0.01 0.02 108 0.02 0.03 110 0.04 0.05 106
GBW 07241
P 0.21 0.22 0.44 104 0.44 0.69 109 0.87 1.16 109
Pb 0.37 0.20 0.58 102 0.30 0.68 103 0.40 0.76 97.8
Sr 0.07 0.10 0.18 105 0.20 0.28 106 0.40 0.51 109
v 0.02 0.02 0.04 108 0.03 0.05 106 0.04 0.06 109
Zn 0.39 0.20 0.61 108 0.30 0.70 104 0.40 0.78 97.9
Bi 10.6 10.0 21.0 104 20.0 32.1 107 30.0 42.3 106
Co 0.05 0.05 0.11 106 0.10 0.16 105 0.20 0.27 107
Cu 5.77 10.0 16.4 106 15.0 22.1 109 20.0 27.2 107
Li 0.79 0.93 1.80 108 1.39 2.30 108 1.86 2.79 107
Ni 0.09 0.20 0.29 100 0.30 0.39 101 0.40 0.49 101
GBW 07284
P 8.18 10.0 18.6 104 15.0 24.1 106 20.0 29.25 105
Pb 3.49 4.00 7.68 105 8.00 11.9 105 12.0 16.18 106
Sr 0.15 0.10 0.25 97.3 0.20 0.37 109 0.40 0.59 109
\Y 0.37 0.20 0.56 95.1 0.30 0.66 95.9 0.40 0.77 97.6
Zn 1.28 2.00 3.27 99.4 3.00 4.29 100 4.00 5.26 99.4
Bi 0.24 0.20 0.43 97.4 0.30 0.56 108 0.40 0.67 108
Co 0.04 0.05 0.09 104 0.10 0.15 109 0.20 0.25 107
Cu 1.35 1.00 2.42 107 2.00 3.53 109 4.00 5.69 109
Li 0.13 0.09 0.23 109 0.14 0.28 107 0.19 0.32 107
Ni 0.10 0.10 0.20 97.4 0.20 0.30 98.1 0.40 0.51 101
GBW 07285
P 2.63 5.00 7.78 103 10.0 13.6 110 20.0 24.4 109
Pb 7.85 10.0 18.1 102 15.0 23.4 104 20.0 28.6 104
Sr 1.52 2.00 3.34 90.7 3.00 4.68 105 4.00 5.72 105
v 0.25 0.20 0.45 104 0.30 0.55 103 0.40 0.67 106
Zn 0.92 2.00 2.92 100 3.00 3.93 100 4.00 4.91 99.7

ISIA
57

B 9 05 X B I G 3 A B2 i ] LA 22 g 4
GBW 07284 fJ W Il GBW 07285 i) Mo f) &5 i %
i, AN 10 AT B IR EHSCR T 100% Y

SSCMELIS A A~ 0, T T IR R B R 4 O 3R X it e

RATE M ILTITE S
3 &5k

TEMOTAZ LR IR 2 3R | e AR TH
SRS AT ANER A A1, AR FRIA i $h R m B 7
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Simultaneous Determination of Trace Elements in Tungsten Ore and
Molybdenum Ore with Open Acid Digestion by Inductively Coupled
Plasma-Atomic Emission Spectrometry

HUANG Guang-ming, CAI Yu-man, WANG Bin, QIAO Ai-xiang, GAO Xiao-li, JIANG Ye
( Geological Survey of Jiangsu Province, Nanjing 210018, China)

Abstract; Tungsten and molybdenum ores have abundant paragenesis or associated elements. Detection of these
elements is beneficial to the comprehensive utilization of mineral resources. At present, the contents of these
elements are detected respectively by the national standard method of tungsten ore and molybdenum ore, which has
a low efficiency. A method for the determination of trace elements in tungsten ore and molybdenum ore by
Inductively Coupled Plasma-Atomic Emission Spectrometry ( ICP-AES) is proposed. Tungsten ore and molybdenum
ore samples were dissolved by HCI-HNO,-HF-HCIO, at normal pressure and extracted by hydrochloric acid (7% of
HCl). The 10 trace elements of Bi, Co, Cu, Li, Ni, P, Pb, Sr, V and Zn were simultaneously measured by
ICP-AES. Analytical wavelength and spectral level of elements were selected. The background interferences were
eliminated with an off-peak background correction method, and the spectral overlapping interferences between
elements were eliminated using an interference elements correction coefficients method. The detection limits were
1.43 —18.8 pg/g and the recovery rates were 90% —110% . This method has been applied to the determination of
tungsten ore and molybdenum ore national certified reference materials, and the results were in good agreement with
the certified values with RSD (n =10) less than 8% . The method avoided the influence of adding a large amount
of alkali metal elements and probably foreign matter with alkali fusion, without precipitation processing of tungstic
acid and molybdic acid. It can be used to rapidly determine paragenesis or associated elements in tungsten ore and
molybdenum ore.

Key words: tungsten ore; molybdenum ore; symbiosis or associated elements; Inductively Coupled Plasma-Atomic

Emission Spectrometry; interference element correction coefficient
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