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Table 1  Calibration curves of the elements
AHTICE BeHETT HHK R BT

Mn y=0.8802x +1.9713 0.9992
Fe y=1.0159x - 0. 1820 0.9995
Co y=1.2053x+0.2112 0.9850
Ni y=1.1331x +0.0169 0.9983
Cu y=1.1214x +0.0610 0.9950
Zn ¥ =0.9220x +0. 0430 0.9840
PP

2.1 JjikhiEIE

VeI E K — HARMEY) i GBW 07296 4 /it 1. 2
TR O S WA S AR, H RS g Uy ik
PEATINAE , T PR AR R b i 22 (RSD) 81 735 2.
M 2 i m] UL, Mn  Fe \Ni H1 Cu HR§ % /N T
0.6% ; &AM LKA Co Ml Zn KGHBE/NT 3%,
Yl AT 12 AR B I 2 vT SR Y
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Table 2 Precision tests of the method

w/ %
JLER RSD/ %
A N E(E FE{E
Mn 32.43 32.24 32.38 32.42 32.35 32.36 0.2
Fe 4.65 4.68 4.70 4.65 4.69 4.67 0.4
Co 0.17 0.17 0.18 0.17 0.17 0.17 2.3
Ni 1.57 1.58 1.57 1.55 1.57 1.57 0.6
Cu 1.35 1.37 1.35 1.36 1.36 1.36 0.6
Zn 0.17 0.16 0.17 0.16 0.16 0.16 3.0

2.2 JiikiEmnE

%t R bR fE W) i GBW 07337, GBW 07338,
GBW 07339 FI GBW 07296 #4705 , I 5 b v (E
XfHo B3R 3 AT LLE H, AH X R 22 4 92. 9% ~
107. 6% JuEIE P, 58 42l /2 I 1k 2= AT K
2.3 FEREL BT B LR S A WAt EE

TEICRE TP IR B8 53 1 B 45 e e i, TE S
TR MR R IR, IR Axios K B HE X 2R
P TEACI 2 , 5 I 73 B 45 KX S) T 3% 4,
4 Al LIE RS JQ — 1 A1 JQ =7 1 Cu g
22 ,Mn Fe Co Ni Zn F1/511 (Co + Ni + Cu &)
T2, 5 (RVE R S 470 P W IR B 2 BRE )
GRATTHR) B IR 22 ZR . Cu fEFEHR 4388 25, AT fig
T S g s B A 7 R [ i 8, 72 3L
TAESZMET , MO A 32 i HE A AR & i Cu 1
T S5 FE I B R B

— 725 —



1Ly

= o

i

K

5 2013
s http: // www. ykes. ac. cn F
#3 JjikuERE
Table 3 Accuracy tests of the method w/ %
. GBW 07337 GBW 07338 GBW 07339 GBW 07296
JLHR
A PRMEE MXNRZE/ % ARIEE AREE MXNRZE/ % AREE AREE MXNRZE/%  AREE REE HXRZE/ %
Mn 23.16  23.20 99.8 21.75 21.70 100.2 20.37 20.50 99.4 32.18 32.20 99.9
Fe 17.32 17.10 101.3 15.48 15.50 99.9 14.81 14.90 99.4 4.60 4.70 97.9
Co 1.31 1.30 100.8 0.52 0.52 100.0 0.55 0.56 98.2 0.17 0.17 100.0
Ni 0.44 0.44 100.0 0.43 0.40 107.5 0.40 0.40 100.0 1.58 1.55 101.9
Cu 0.13 0.14 92.9 0.13 0.13 100.0 0.15 0.15 100.0 1.36 1.36 100.0
Zn  0.0655 0.0676 96.9 0.0652 0.0606 107.6 0.0568 0.0592 95.9 0.16 0.16 100.0
F 4 BGHUESIR SN PE R L
Table 4 Comparison of analytical results in on-site and laboratory analysis
e Mn Fe Co Ni Cu Zn Co + Ni + Cu( i)
s Xl 22 HXR 2 Xl 2 AR 2 AR 2 AR 2 HXR 2
bk il ey TR ! i ! FXff ey TR , FX i ! FX fi
w/ % o w/ % % w/ % o w/ % % w/ % % w/ % % w/ % o
iy 23.78 12.29 0.82 0.57 0.12 0.0665 1.51
-1 -1.1 -1.4 7.6 9.2 28.6 7.7 9.0
Q LI 24.05 12.46 0.76 0.52 0.09 0.0616 1.38
Mz 22.11 18.25 0.55 0.41 0.11 0. 0625 1.07
-2 1.2 -0.4 -5.3 10.3 9.5 7.5 2.8
1o LG 21.85 18.33 0.58 0.37 0.10 0.0580 1.04
My 27.26 14.43 0.69 0.66 0.12 0.0677 1.47
Q-3 FEE 27.16 0-4 1427 LT 060 0.0 g60 o 37 ooest %% 140 4.9
W% 23.66 10.63 0.49 0.59 0.13 0. 0688 1.21
Q-4 SUIGEE 23.89 L0080 RO gus 85 o3 107 o %7 goee0 ZP 10 10.4
iz 19.51 14.87 0.41 0.64 0.32 0.0681 1.37
- 1.4 1.4 -9. .0 . -2.2 -0.7
Q-3 S EE 19.24 14. 66 0.45 9.3 0.64 0 0.29 9.8 0.0696 1.38 0
My 17.28 24.35 0.39 0.30 0.12 0. 0635 0.81
-6 1.6 0.9 -16.5 3.4 0.0 6.3 -8.3
1 SIS 17.00 24.14 0.46 0.29 0.12 0. 0596 0.88
Mz 25.45 9.43 0.49 0.52 0.13 0.0726 1.14
-7 -1.1 -2.4 10.8 10.1 26.1 6.0 13.1
1 SGEE 25.72 9.66 0.44 0.47 0.10 0.0684 1.00
iz 20.63 15.89 0.52 0.39 0.14 0.0636 1.05
-8 N 1.1 -1.5 -9.2 -7.4 -19.4 7.3 -10.0
1 SIS 20.41 16.13 0.57 0.42 0.17 0.0591 1.16
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Table 5 Comparison of analytical results for the original samples and processing samples w/ %
B GSM — 11 J5FF: i GSM —11 GSM — 12 J5FE iy GSM - 12
o R I TR REIUE N I TR
Mn 23.02  24.39 20.89 21.43 22.43 26.40 23.14 22.53 23.80 19.33 22.20 27.46
Fe 10.45 11.20 13.29 15.66 12.65 16.32 8.98 13.28 13.62 15.34 12.80 15.43
Co 0.72 0.90 0.75 0.69 0.76 1.04 0.42 0.62 0.68 0.53 0.56 0.69
Ni 0.54 0.54 0.32 0.33 0.43 0.59 0.64 0.38 0.49 0.28 0.45 0.66
Cu 0.11 0.11 0.09 0.09 0.10 0.10 0.15 0.12 0.10 0.10 0.12 0.12
Zn 0.061 0.062 0.054 0.063 0.060 0.063 0.073 0.068 0.065 0.061 0.067 0.067
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Determination of Mn, Fe, Co, Ni, Cu and Zn in Cobalt-rich Crusts by
Portable X-ray Fluorescence Spectrometer

LI Qiang, ZHANG Xue-hua
( Guangzhou Marine Geological Survey, Guangzhou 510760, China)

Abstract; A portable X-ray Fluorescence Spectrometer can be used for quantitative field analysis with the
advantages of rapidity and multi-elemental analysis, while possessing broad application prospects for exploration of
cobalt-rich crust resources. However, there also some capacity for improving the resolution and stability of the
instrument,, and the applications of in-situ analysis need to be developed. Based on the features of a relatively high
content of target elements, a method has been introduced for the determination in field of Mn, Fe, Co, Ni, Cu and
Zn in cobalt-rich crusts collected from the Pacific Ocean by portable X-ray Fluorescence Spectrometer ( AFS)
coupled with a directly pressed powder sample preparation technique. The reliability of the method is discussed.
The proposed method has been validated by analyzing certified reference materials, the relative standard deviations
being 0.2% - 3. 0% and accuracies of 92. 9% - 107. 6% . The described method was also assessed by field
detection and laboratory testing, and good consistencies were obtained for the elements of interest except for low
content of Cu, which would meet the need of testing quality management for exploration of cobalt-rich crusts
resources. The data of in-situ analysis was evaluated by comparing with that obtained from AFS after sample
preparation, which show that the results from in-situ analysis are lower for Mn, Fe, Co and Ni with accuracies of
68% —100% . The method has been proved to be simple and effective, which is appropriate for fast analysis in
preliminary evaluation of cobalt-rich crusts resources.

Key words: cobalt-rich crust sample; metallic elements; portable X-ray Fluorescence Spectrometer
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