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Table 1 Measuring conditions of analyzed element

JLE e ik WEE (20) TR 2% HEH BIE/ W a0 B i)

Element Spectral line Crystal Peak value/ (") Detector Collimator ~ Voltage/current/(kV/mA) Time/s
Cu Kp1,3 LiF220 58.492 SC 0.15 50/40 12
S Kal,2 Gelll 110.688 FPC 0.40 50/40 12
Fe Kal,2 LiF200 57.518 FPC 0.15 50/40 12
Sh Kal,2 LiF200 13.459 SC 0.40 50/40 12
Bi Lal,3 LiF200 33.006 SC 0.40 50/40 12
As Kal,2 LiF220 30.451 SC 0.40 50/40 12
Pb LB1,2 LiF200 28.257 SC 0.40 50/40 12
Zn Kal,2 LiF200 41.799 SC 0.40 50/40 12
Ni Kal,2 LiF200 48.667 SC 0.40 50/40 12
Se Kal,2 LiF200 31.888 SC 0.40 50/40 12
Sn Kal,2 LiF200 14.039 SC 0.40 50/40 12
Ag Kal,2 LiF200 16.013 SC 0.40 50/40 12
Co Kal,2 LiF200 16.013 FPC 0.40 50/40 12
Te Kal,2 LiF200 12.913 SC 0.40 50/40 12
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Table 2 Parameters of calibration curve

o i MXRFEG) AN (SEE)
Content Correlation Regression
Element .. ..

range w/ % coefficient precision
Cu 97.26~99.25 0.9998 0.0014
S 0.001~0.96 0.996 5 0.0210
Fe 0.005~0.64 0.9999 0.0006
Sh 0.01~0.33 0.996 7 0.0076
Bi 0.0011~0.13 0.9933 0.0046
As 0.0056~0.33 0.9991 0.004 5
Pb 0.013~1.98 0.9974 0.0427
Zn 0.0045~0.28 0.9994 0.0027
Ni 0.0098~0.48 0.9996 0.004 3
Se 0.007~0.080 0.9956 0.0017
Sn 0.001~0.24 0.9989 0.0035
Ag 0.0062~0.089 0.9978 0.0011
Co 0.005~0.060 0.9972 0.0011
Te 0.006~0.050 0.9938 0.0017

[\®]

SRS

BE ALl B B R Be 85 4 1 3 A KL AR o i 42
PRI T PRAIE A2 0 52 B A A4 N 25K A — 2 R | W] —
UM | 7] — A N 53 3 A7 25 IR I T Cie 3 Ry 6201/
min) , IR GE K DU 1A O 0 P B R E RS
FE R S AR RE & R TR 1 X 4R 2O
TEA S B A F 0 B SR 1 0 A = AT A
o S Hofth 13 AR 2% B oC R AW e . BRI 1
WHRAE T AT 2 R T, W i, e
A5 YR, ULER A I T X R AR 4% 0T 2 e g R R
M, WL 3,

1 3 AT, 3 4 A [m] A 00 T 1% ] 00 45 SR bl 2
0. 18% ~1. 03 % , HoAth Z% 51 70 3 W 22 25 AR i % 22
K 0~0.07% , BIVER I e 25 AR A5 KL g HeAth 2%
FROCE MM g Rir, FEFENEME TR T =
3G TN, X DR IE 5 & & 22 ) 1 v AR 2
S B0 i 2 S S S B A Dy AR i D8 5 B 45 4 R
BRE2E S, TR R AT B4, T LKL 4 2% T n
TAEE AL 10 pm", RIAE S OG T B K. i
A LA [) — 5 AT R B, T, BOF 2 1A
U /IN AR S B4 D AT B s Al mT DL k4R R RE R O T
K B2 DT 42 =5 XRE I iy o o 4 . (H 78 52 B A=
P PRI SRR I L R — KB R, XK
T B XRE K00 25 F 3 L bR . 28 A A R
B, 3 o0 2 25 R, 4% T T B e 25 D
PR b 5 2% 32 o0 2 19 & R AT Ge ot AL B 4 T
HHZ T 5L PR E



SUN Ke,GE Xiao-han.Application of X-ray fluorescence spectrometry on the determination of copper and

thirteen impurity elements in crude copper.Metallurgical Analysis,2020,40(4):60-64

R3 FAREVNEXERAFETENESRHOZM

Table 3 Effect of different detection faces on the determination results of each element in crude copper w/ %
i H
Cu S Fe Sb Bi As Pb Zn Ni Se Sn Ag Co Te
Item
98.07 0 0.02 0.04 0.08 0.08 0.25 0.01 0.08 0.05 0.02 0.08 0 0
98.85 0 0.02 0.04 0.08 0.08 0.26 0.01 0.08 0.05 0.01 0.08 0 0
121 98.84 0 0.02 0.04 0.08 0.07 0.26 0 0.08 0.05 0.01 0.08 0 0.01
98.93 0 0.02 0.04 0.08 0.08 0.25 0.01 0.08 0.05 0.01 0.08 0 0
98.89 0 0.02 0.04 0.08 0.07 0.26 0.01 0.08 0.05 0.01 0.08 0 0.01
98.95 0.01 0.08 0.11 0.01 0.11 0.81 0.11 0.05 0.02 0.03 0.03 0.01 0
98.77 0.01 0.07 0.09 0.01 0.08 0.88 0.09 0.05 0.01 0.02 0.02 0.01 0.01
28 98.95 0.01 0.08 0.11 0.01 0.11 0.87 0.11 0.05 0.02 0.03 0.03 0.01 0
98.77 0.01 0.06 0.10 0.01 0.09 0.88 0.10 0.05 0.01 0.03 0.02 0.01 0.01
98.95 0.01 0.08 0.11 0.01 0.11 0.85 0.11 0.05 0.02 0.04 0.03 0.01 0
97.04 0.21 0.48 0.04 0.05 0.07 0.68 0 0.11 0.05 0.06 0.01 0.01 0
97.57 0.15 0.48 0.04 0.05 0.08 0.72 0 0.11 0.04 0.05 0.01 0 0
3 97.71 0.18 0.48 0.04 0.06 0.08 0.68 0 0.11 0.04 0.05 0.01 0 0
98.06 0.18 0.47 0.04 0.05 0.08 0.68 0 0.11 0.04 0.06 0.01 0.01 0
98.07 0.15 0.47 0.04 0.06 0.07 0.71 0 0.11 0.04 0.06 0.01 0 0
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Table 4 Precision test of crude copper sample

/4y Component  MEMH Found w/% SDw%  RSD/%
Cu 98.95 0.056 0.19
S 0 0.004 2.1
Fe 0.20 0.001 1.4
Sb 0.04 0.005 3.2
Bi 0.07 0.002 3.4
As 0.08 0.003 1.4
Pb 0.39 0.034 4.7
Zn 0 0.002 1.3
Ni 0.07 0.001 1.2
Se 0.06 0.002 4.8
Sn 0.08 0 3.6
Ag 0.02 0.004 3.6
Co 0 0.001 4.2
Te 0.02 0 3.4
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Table 5 Comparison results for the determination of copper and thirteen impurity elements in

crude copper samples w/%
& 1 Sample 1 FEdh 2 Sample 2 FEAh 3 Sample 3 FEAh 4 Sample 4
TH Ak ot Ty i EN7S Hob Ty i EN7S HoAb s i ENES HoAbT5 i
Element Proposed Other Proposed Other Proposed Other Proposed Other
method methods method methods method methods method methods
Cu 98.87 98.94 99.20 99.25 97.69 97.99 97.56 97.69
S 0 0.002 0 0.001 0.140 0.120 0.200 0.189
Fe 0.187 0.170 0.038 0.037 0.580 0.620 0.580 0.650
Sb 0.041 0.039 0.032 0.034 0.047 0.050 0.045 0.049
Bi 0.100 0.098 0.091 0.095 0.080 0.084 0.094 0.086
As 0.078 0.083 0.068 0.075 0.071 0.073 0.073 0.072
Pb 0.404 0.390 0.196 0.179 1.071 0.970 1.137 1.040
Zn 0 0 0.002 0 0.001 0.002 0.002 0.002
Ni 0.069 0.078 0.075 0.083 0.069 0.076 0.072 0.079
Se 0.052 0.045 0.046 0.043 0.076 0.064 0.073 0.063
Sn 0.076 0.085 0.095 0.110 0.092 0.100 0.091 0.100
Ag 0.011 0.011 0.019 0.011 0.021 0.020 0.022 0.020
Co 0 0 0 0.001 0.001 0.001 0.001 0.001
Te 0.014 0.016 0.019 0.015 0.022 0.027 0.024 0.030
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Application of X-ray fluorescence spectrometry on the determination
of copper and thirteen impurity elements in crude copper
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Abstract: The mass fraction of copper in intermediate product of copper smelting (i. e., crude copper) is
more than 97. 5%. Moreover, the crude copper usually contains several impurity elements such as arsenic,
antimony, iron, lead, zinc and tin. During the determination of copper in crude copper by X-ray fluores-
cence spectrometry (XRF), too high content of copper will lead to the deterioration of linearity between
XRF intensity and copper content. Meanwhile, the difference of sample in finish degree and density can al-
so cause the determination results of copper content to deviate from the true value. The crude copper pro-
duction samples with content gradient of each element were firstly selected, and various chemical wet
methods were used to determine the content of each element. On the premise of optimizing the determina-
tion conditions of XRF, the determination method of copper and 13 kinds of impurity elements (sulfur, i-
ron, antimony, bismuth, arsenic, lead, zinc, nickel, selenium, tin, silver, cobalt and tellurium) in crude
copper by XRF was established after preparing samples by the means of lathes. The content of oxygen was
provided by oxygen meter. Then the content of copper in crude copper could be calculated by subtraction
method. The proposed method was applied for the determination of copper and 13 impurity elements in one
crude copper sample. The relative standard deviations (RSD, n =11) of determination results were less
than 5%. The contents of copper and 13 impurity elements in four copper samples were determined accord-
ing to the experimental method, and the found results were compared with those obtained by chemical wet
method. It was found that the determination results of impurities were consistent with those obtained by
wet method. The calculated content of copper (the mass fractions were all higher than 97. 5%) by subtrac-
tion method had little difference with those obtained by chemical wet method, which could fully meet the
production requirements.

Key words: X-ray fluorescence spectrometry (XRF); crude copper; subtraction method; copper; impurity

element





