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Table 1 Optimal operating conditions for instrument
& 1 fH [ 27 W
Instrument paramter Set value Instrument paramter Set value
V-3 R E YA 1150 U5 3 5 AL/ (r/ min) 50
% H A/ (L/min) 12 B 42 T i/ (mL/ min) 1.5
i Bh A i/ (L/min) 0.5 b e e BT/ s 30
ALK F1/MPa 0.2 S RRY IR T/ 7
 ELW I 5/ mm 12 WA I 1] /s 5

1.2 FERKF

KRV Y E Zr Y it GBW 07306, GBW
07311.GBW 07312 ([ Hb J57 Bl 27 B b 2k H 22 Hb Bk
b 2F A 5 T .

V. Mo Ni 570 &K b # i £ % W R F 58 8
B2):1000mg/L; V AR TAEH W : 20mg/L. i V
T Y At B V% T2 0 R T B Mo A o TR VS TR
5.00mg/ L, Mo P fiff £ %5 W 2 2 A B¢ i B 5 Ni
Bt TAEW W : 10. 00 mg /L. 1 Ni s 1 i £ 7% W %
SR RN K

HF.HNO, .HCIO, \HCl ¥J R 2% 4li ; & 4l Ar
S CEEEER T 99. 99 %) 3 S50 FH /K Sy i 4l K Cr BHL %
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HERIFREL 0. 30 g RSB 2 0. 000 1 @) FE S Tl T %
Wi R A D3k, =R T E 750°C e
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Table 2 Mass concentration of each element for standard solution series

mg/L

JC#E Element 25 Blank  #5#E 1 Standard 1 #5#E 2 Standard 2 #5#E 3 Standard 3 #51fE 4 Standard 4 #5r4E 5 Standard 5
\ 0 1.00 2.00 4.00 8.00 10.00
Mo 0 0.010 0.020 0.040 0.080 0.10
Ni 0 0.20 0.40 0.80 1.00 2.00
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Table 3 Influence of digestion after burning and direct digestion on determiantion results ve/g
) . GBW07306 K-8 K-18
E% ﬁ& N \ N N
Elotment Method Wi (i WEM Wi {0 BHA Wi {0 BH
Found Certified Found Reference value Found Reference value
H fift 141.97 164.02 42.13
\% Jilﬁ)ﬁ{ﬁffﬁ o 142.01 164.12 i 42.15
BT i 133.23 132.10 31.82
Y08 e T 7.72 4.01 7.32
Mo w*}n)ﬁﬂ.{,ﬁ% 7.71 3.96 : 7.34
HHE 6.05 2.12 5.23
Kb e T 77.76 58.14 59.66
Ni %“ﬁ{,ﬁﬁﬂ 77.96 58.20 - 59.78
BT it 74.32 56.47 55.28

TE: " MR B R T K-8 A K-18 £ 5 h V. Mo Ni 3 JCE 105 % {4 th 1 [ 3¢ 55 W73 /R Tl 2 SR F v R &
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Table 4 Effect of different hydrochloric acid acidity on determination results ng/g
JLHE VN 5 {4 Found
Element Certified 2% HCI 5% HCI 10%HCl 15% HCl 20 % HCl 25 % HCI
v 47.08 47.02 47.06 47.12 47.10 45.21 44.32
Mo 5.91 5.84 5.88 5.88 5.89 5.12 1.88
Ni 14.30 10.26 11.34 14.28 14.26 12.37 11.65
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F 6 Fe AlMg.Ca tEHNTFHRIKKER
Table 6 Interference test results of Fe, Al, Mg, Ca

mg/L

Jt.Z Element PEiE 1 Theoretical value i %€ {6 Found

EWCE SN E 10 U, LA 3 A An i fin 22 1158 07 i 4%
JOER AR R AR LR 7,
2.5 BEESEWRIAR

$52 50 0 W 5 1 B W 2

N

@ TUA AR

v 4.00 3.96 K-11.K-15 H1 V. Mo Ni, Jf #1785 25 i Al [A] i 2% 3
Mo 0.040 0.038 5 S5 RILEK 8, I 8 ATLIFE Y . I &5 R 1 A Xt
Ni 0.80 0.78 FRUEDR 22 (RSD,n = 11)4E 0. 91 % ~5. 1% 2 Ji], 514k
RT REHEZHEEEE . LHEEAFEEAXRYEMEHR
Table 7 Linear range, linear regression equation, correlation coefficient of calibration curve and detection limit
LR WK LI 2k | E )5 7 LIPS it R
Element Wavelength/nm Linear range/(mg/L.)  Linear regression equation Correlation coefficient ~ Detection limit/(pg/g)
\ 292.402 1.00~10.00 y=5036.482x —0.874 0.9999 8.1
Mo 202.031 0.010~0.10 y=71627.397x+456.560 0.9996 1.3
Ni 231.604 0.20~2.00 y=29384.67x+52.461 0.9997 1.2
*8 REEMEKERRELER
Table 8 Test results of precision and recovery
K—11 K—15
E 7 fE RSD Ty e 52 [ i 4 e (e RSD ik W [a] i 5
Element Found/ (n=11)/ Added/ Total found/ Recovery/ Found/ (n=11)/ Added/ Total found/ Recovery/
(pg/g) % (pg/g) (pg/g) % (pg/g) % (pg/e) (pg/e) %
100.00 351.24 99 300.00 950.23 100
v 251.84 3.2 200.00 452.02 100 649.21 0.91 600.00 1251.81 100
300.00 551.96 100 900.00 1543.31 99
2.00 6.94 97 4.00 10.88 97
Mo 5.00 5.1 5.00 10.02 100 7.01 4.3 8.00 14.69 96
8.00 13.10 101 12.00 19.03 100
25.00 79.54 98 30.00 94.35 101
Ni 54.96 4.1 50.00 104.44 99 64.01 3.9 60.00 125.11 102
75.00 130.02 100 90.00 153.24 99

FA 96 % ~102 % , Yk 2 A A i E K
3 BERSHT

Hi G S 06 77 12 0 22 GBW 07306, GBW 07311,
GBW 07312 3t 3 MK R VTR br W i h V. Mo,

Ni, 53R FE 9, L 9 I, V. Mo . Ni il EHE 5
NGB A — 5L,

x99 KRABUWIREYRFR V.Mo N HTllE LR
Table 9 Determination results of V, Mo and Ni in

stream sediment certified reference materials

pe/g
S GBWO07306 GBWO07311 GBWO07312
JUHR

e WGE(E EM WG AEE WEE AE
Found Certified Found Certified Found Certified

\Y% 141.97 142,01  47.12 47.08 46.97 47.02
Mo 7.72 7.71 5.88 5.91 8.42 8.43
Ni 77.76 77.96 14.28 14.30 12.77 12.81
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Determination of vanadium, molybdenum and nickel in black
shale of Kunyang phosphate mine in Yunnan by inductively
coupled plasma atomic emission spectrometry

FENG Xiao-jun, XUE Jing, YANG Xiao-yan,SHI Xin

(National Phosphate Resource Development and Utilization Engineering Technology Research Center,

Kunming 650600, China)

Abstracts: The black shale contained high content of carbon and many types of coexisting elements. Due to
the incomplete digestion of carbon residue, the injection system of instrument was usually blocked. Mean-
while, vanadium, molybdenum and nickel could be also adsorbed, leading to the lower determination re-
sults. In order to eliminate the interference of carbon with the determination of vanadium, molybdenum
and nickel, the black shale sample was pretreated by high-temperature burning. The influence of hydro-
chloric acid medium with different acidities on the spectral strength of vanadium, molybdenum and nickel
was investigated. The interference tests of coexisting elements were also conducted. After removing carbon
by burning in muffle furnace at 750°C, the sample was digested in nitric acid-hydrofluoric acid-perchloric
acid system. After acidification by hydrochloric acid and dilution to constant volume, V 311.071nm, Mo
202.031nm and Ni 231. 604 nm were selected as the analytical lines for determination of vanadium, molyb-
denum and nickel by inductively coupled plasma atomic emission spectrometry (ICP-AES). The hydroflu-
oric acid resistant nebulizer was used for sample solution injection. Consequently, a determination method



of vanadium, molybdenum and nickel in black shale of Kunyang phosphate mine in Yunan was established.
Under the optimum working conditions of instrument, the linear correlation coefficients of calibration
curves of elements were all higher than 0. 9995. The detection limit of method was 1. 2-8. 1 ug/g. The pro-
posed method was applied for the determination of vanadium, molybdenum and nickel in black shale sam-
ples of Kunyang phosphate mine in Yunan. The relative standard deviations (RSD, n=11) of determina-
tion results were between 0. 91% and 5. 1%, and the recoveries of elements were between 96 % and 102 %.
The content of vanadium, molybdenum and nickel in national certified reference materials of stream sedi-
ment (GBW 07306, GBW 07311 and GBW 07312) was determined according to the proposed method, and
the results were basically consistent with the certified values.

Key words: nitric acid-hydrofluoric acid-perchloric acid; inductively coupled plasma atomic emission spec-

trometry (ICP-AES); Kunyang phosphate mine in Yunan;black shale; vanadium; molybdenum; nickel
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