R4 5T 2022,42(7) 1 1-9
Metallurgical Analysis,2022,42(7):1-9

DOI:10. 13228 /;. boyuan. issn1000-7571. 011835

ERAFRRRMLESEBH X FHEKK
FIEENEFFBY B 16 AL

Rt AR B L XNAR? L
(Lo U5 K B AT B2 A L5 1026285 2. JL5t BB A PHEAT LAY 7] AL 50 101102
8. KU @RI SE BEAT IS 7 WL 47 435005)

W OB BT HALEPEROASBECEARE T FF RFIRT. B A — AR
A ) B )T A S 28 A R AR AR A T A MR, R KUK AR E & X AT R BRI AL R A R
WERARERA F XHNEAESFBLEN BRTELETT . AELBRBH L, A
WM tRATELEEIZHRE., FRATHRHMALRKBEARTER X HERELL
% (HSEDXRP) £ &t A A AR FE I THMEFT F 2 F4 5 Cu.S.Fe SO, % F485
CaO . MgO AL O, , % & Fo & T4 % Zn . Ni,Cr.Pb.Sb.Cl, Ag.As.Bi & 16 # 4 % 44 2 #7 5
o RN ERF EMNERAHT Hom EREIFEFT ERERSH T FERT I, AR EN £ 7
(to, o552 1839 F 1.98), sbsh, £ F48% Cu.S.Fe,SiO, M & 5 R #5484 47 A4 £ (RSD, n=
DARXF 0.70%, % &4 4% CaO . MgO,AlLO, # RSD ) F 1. 6% . %34 % Zn.Ni,Cr.Pb,
Sb.Cl # RSD R K F 3.3% . JR #4145 Ag.As.Bi ¥ RSD 3/ F 10% . 7 i T it 24686 W
IE4RAES P 16 Fra o thenl K,

KB AR FT R ER ;& ZBE LR KSR T &4 X H &% kK& % (HSEDXRE) ;
ik KRRk ;45
FESES 0657, 34; TF03 " 1

AL
oy I

=

XEkPRERD : A XEHS:1000-7571(2022)07-0001-09

HAE T VE N 4 8 A7 Mk Hh A 3 2R R,
R EEFER, AR B S I PO & R L
FE) B0 M SRR 0 04 f Rk 11 . SRS 0 Ak 2 i 43
43R5 A Horh Cu,As Pb.Zn MgO,Bi,Sh,
Cl 2 BB H B I H . 2017 4F Fife MR IR B b
WL S5 O T A Bt A B R B A E TR R
A OHERET P A SA ECERE T
BB BEoR . AL RSSO T2 R b, 4 T
EAL S BEIR A 0 T80 k2 i i 5 45 R
8 R, X RS B R O R S AT AU 2
FBE 5 6 i 0 55 A b 45 T 9 7 2 i LA
S ARG A TP R AR B T2 O T 2

AT GB/T 3884 F 4 HZbrfE ik Cu & i
P 7 2 R W s Ag Pb L Zn 1y 2R H
JE T WO 3% 1 . As SR FIZ8 18 1% 52 1k 5 Ag-DDTC
Iy CIERE M ks i R R T B R R, BB

Y %5 B 85 :2022-04-08

et RE . R4 GB/T 3884, 182014 (i L J&
A 85 B AT & e vk ELAT TR) B &2 o
M AP ) 55 2 52 2% AR VS A o R L X DA G
JE KR O HRS B h A5 0 R A ot R P 4
B LA BOd B T2 R s A 56 1 750K

X SR80 18 B (XRF) B A FE & 4 7 8
M 2k f 8 L 2 00 W B S i e B TE 4
J& A2 B AR T O R A
AR E) Tz Y ARk FE A b T AR E A
XRF J3 A8 7 K 8 R 57 35 YO 43 J TS T K = i
5 M F 5 b R AE-XRE I 5E A 5 b
WOCE & 53k TR R XRF U 5E K5 5w Ca.
Mg.Pb.Zn & fit; B Ar M5 % GB/T 3884, 21—
2018 2k H XRF il & #i K5 ' Cu.S.Pb.Zn,Fe,
Al.Ca.Mg.Mn . DL EWFSY £ 23T KA I
Km0 X 5 2 98 M35 A B s il il R 3, 6 F L

E SR B K E AU AT SO AT 5 IO S AR R L 3T (2021 YFC2903100)

EH BN D5k (1966
{xj0018@126. com

), B RS AL L, N OO0 K ICP B % A g% B R BIF 5T L W ) B A HE 4K 5 E-mail



FENG Xianjin, HAN Weidan, TENG Fei, et al. Determination of sixteen components in copper concentrate by high sensitivity

monochromatic excitation energy dispersive X-ray fluorescence spectrometry. Metallurgical Analysis,2022,42(7) :1-9

F R v [ B 00 2 4 S v 16 FhoC &R 9 EDXRF #F
g3 fif WL IE .

B KR R R B X LR PO REAL L BE S
R AT X2 T L G A BRI A AT R 5
ARG 0 B BB A I 22 R oT 2L U TR
R HAR N R T 3E— 25 R ko0 ROk RO BER R
JCE A BR 52 B T B R o A 5 1 T
AR SCHE T i A K RE A X SR POk
12: (HS-EDXRE) 4 & PR i He AR 24007k (Fast FP) L F ]
Wy AR R 5 A Ak BEAE S PR HT T RS B R Cu,
Zn, Ag. As, Pb, Bi, Sb, Cr, Ni, Fe, S, MgO, CaO,
AL O, SIO, (Cl & . 7 3k iR 7 2, 5 34T M Am
WE T T B2 ML AT 7 VR B I 2 SR — B A ay

1 SLIgERS

1.1 FEMREIESH
PHECDA-PRO = 2 U5 5 < 30k BE it (B R

X SR NAEA (A T LR 2 A A FD o 2R XU
A ERERA REES WA 1, N FEE
Mg X L R RIR 12 WL SRR 70
kV, i K TAEHL I 350 A SDD fif: ¥ 5% £ 00 &5 (43
HER 129 eV, Mn-Ka) , Iz KITHCE 800 keps, T4
F—10 CHLHIE T R 0755 41700 i S 400
%1,

B1 VNHEAZTR2BEEATEE
Fig. 1 List for each element and measurement

condition for copper concentrate

®1 BT HEASMESEMY

Table 1 Measuring conditions of each component in copper concentrate
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Table 2 Fast FP calculation results of elements in copper concentrate CRM w/ %
453 T A8 A5y b EAE
Component Standard value Raw FP Component Standard value Raw P
Cu 20.12 19. 55 Ni 0.13 0.11
S 24.62 26.10 Bi 3*
Ag 17* 27* Sb 3%
Pb 0.012 0.014 Cl 0. 06
Fe 26.02 23. 60 Si0, 12.53 13.67
As 0. 007 0. 006 CaO 1.4 2.1
Cr 0.017 Al; Oy 0.49 0.53
Zn 0. 50 0.57 MgO 6.40 6.70

T it g/t
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Table 3 Working curves of each component

4 g (A Lk A )5 2 TE RE(RY) 4 Cp s LRI )5 R P IE FHB(RD)
B Content range Linear regression  Determination - Content range Linear regression Determination
Component Component
w/ % equation coefficient w/ % equation coefficient

Cu 16.0~23.9 y=1.08x—0.199 0.994 Ni 0.01~0. 26 y=1.20x—0.001 0.975

S 9.0~33.1 vy=0.881x+1.66 0.989 Bi* 0~2 700 y=1.24x—37.1 0.994
Ag* 55.8~258 y=1.16x—21.2 0. 984 Sb* 10~1 800 y=0.955x+18. 3 0. 986

Pb 0.01~2.6 y=1.14x—0. 005 0.978 Cl 0.1~0. 46 y=0.831x+0.012 0.997

Fe 17.8~32.9 y=0.867x+6.71 0.999 Si0; 1.0~17.3 y=0.894x+0. 281 0.996

As 0~0.75 y=0.9322+0.002 0.999 CaO 0.45~5.1 y=0.726x+0.231 0.994

Cr 0.02~0. 54 y=0.791x+0.098 0.999 Al; O3 0.27~4.2 y=1.112—0.138 0.983

Zn 0.04~5.85 y=0.8752—0. 059 0.964 MgO 0.10~5.0 vy=0.9842x—0.197 0.991
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Table 4 Limit of detection for each component in copper concentrate w/ %

i H
Cu S Fe CaO MgO Al,O; SiO, Zn Ni Cr As Pb Sh Bi Cl Ag

Item

M BE  0.04 0.09 0.03 0.002 0.04 0.03 0.01 0.001 0.0007 0.001 0.0004 0.0005 0.0004 0.0003 0.005 0.000 2

EmfR* 0.12 0.27 0.09 0.006 0.12 0.09 0.03 0.003 0.0021 0.003 0.0012 0.0015 0.0012 0.0009 0.015 0.0006
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Table 5 Precision test results of each components in copper concentrate samples

45 I 5E fE -2 {E
RSD/ %
Component Found w/ % Average w/ %
Cu 21.84,21.91,21.80,21.88,21.84,21.89,21. 86 21. 86 0.17
S 23.97,23.65,23.25,24.01,23.83,23.91,23. 64 23.61 0. 70
Fe 28.00,28.10,28.01,28.14.28.09,28. 14,28. 09 28.08 0.21
CaO 3.62,3.60.3.59,3.64,3.65.3.64,3.66 3.63 0.68
MgO 1.60,1.60,1.58,1.63,1.57,1.64,1. 60 1. 60 1.5
Al; Oy 1.33,1.34,1.34,1.33,1.34,1. 30,1. 32 1.33 1.1
SiO; 7.32,7.29.7.25,7.28,7.25.7.28,7.29 7.28 0.33
Zn 0.251,0.250,0. 248,0.249,0. 249,0. 248,0. 251 0. 249 0. 46
Ni 0.203,0.205,0.202,0.202,0.205,0.202,0. 205 0. 204 0. 69
Cr 0.0711,0.068 1,0.073 9,0.073 9,0.070 3,0.073 2,0.073 9 0.072 1 3.3
As 0.006 3.0.005 8,0.006 5,0.005 7,0.006 1,0.006 7,0.006 0 0.006 1 5.9
Pb 0.016 6,0.016 9,0.016 0,0.017 2,0.016 7,0.016 2,0.016 5 0.016 6 2.4
Sb 0.081,0.082,0.084,0.083.,0.082,0.083,0. 083 0.083 0.98
Bi 0.003 1.,0.002 9,0.002 4,0.002 9,0.002 5,0.003 0,0.002 9 0.002 8 9.3
Cl 0.130,0.129,0.133,0.129,0.128,0.131,0. 129 0.130 1.2
Ag 0.006 2,0.006 8,0.006 2,0.006 5,0.006 4,0.007 0,0.006 4 0.006 5 4.3

RGO 8. AT LA 5 bR v i 28 8L 237 T 9 245 IR
(B BA B —5 A Moo CuAg.S%. 4
FEILEU As Pb.CL.Sb SEMA45 5 10 180 304
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Table 6 Determination results of each component in copper concentrate CRMs w/ %
4 GBW(E) 070197 GBW(E)070199
Component T v fE I 5E 18 ZMH ferF 22 T I 5E (8 2 o2
Standard value Found D-value Allow D-value Standard value Found D-value Allow D-value
Cu 24. 40 24,23 —0.17 0.73 31.05 30. 92 —0.13 0. 87
Zn 0.034 0.041 0. 007 0.010 0. 20 0.168 —0.032 0.010
As 0.011 0.011 0 0. 004 0.013 0.021 0.008 0. 004
Pb 0.13 0.13 0 0.03 0.097 0.103 0.006 0.03
MgO 0. 46 0.59 0.13 0. 060 1.27 1.034 —0. 236 0. 060
Fe 34.12 34.02 —0.10 0. 84 28. 46 28 —0. 46 0.73
S 31.22 31.12 —0.10 0.68 38.00 37.35 —0.65 0.68
Al O 1.32 1.63 0.31 0. 26 0.71 0. 86 0.15 0. 26
SiO, 3.73 3.88 0.15 0. 27 5.28 5. 36 0.08 0.28
CaO 0. 38 0. 40 0.02 0.07 2.10 2.19 0.09 0.40
Ni 0. 009 0. 008 —0.001 0.007 0.074 0.075 0.001 0.007
Ag 0.018 6 0.0178 —0.000 8 0.000 8 0.018 1 0.018 6 0. 000 5 0.000 8
Bi 0.061 0. 059 —0.002 0.012 0.052 0. 057 0.005 0.012
Sb 0.000 5 0.008 0.001 5 0.002 0 0.000 5 0.008

:Zn,As . Pb.CaO.Ni,Bi.Sb foi4 2 45 GB/T 3884. 182014 [ F Bl BR 3157 s Cu. MgO.Fe .S, Ai, O3 LV 22 i 4ls GB/T 3884. 21—
2018 f R BLMEBR 31455 SI0, i 22 K4 GB/T 3884, 16—2014 B R 4 s Ag R Z KR GB/T 3884, 2—2012 AYFE L BRI 45 .

FR7T EBTHERB Crfl CLHEEIER

Table 7 Comparison results of Cr and Cl in copper concentrate samples w/ %
TA2108—0442 TA2108—0411
ik P 0 5 P 0 5 f
. . I 5E {H ZfH T5 i V22 . e (E ZfH Ti ik i 2
Component  Found by national Found by national
Found D-value Allow D-value Found D-value Allow D-value
standard method standard method
Cl 0. 460 0.454 —0. 006 0.052 0. 100 0.097 —0.003 0.003
Cr 0. 450 0.442 —0.008 0. 030 0.020 0.017 —0.003 0.010

7 :CL R GB/T 3884. 12—2010 & ; Cr R Fl GB/T 5121. 26—2008 I 2 CHIAE§ 6 Cr B4R HE 54T 77 25, AR S 00 2 % 4 B4R A 4
I .

xS EEVXMERPEASPILIXBER

Table 8 Comparison test results of each component in copper concentrate samples w/ %
. Cu S Ag* Zn As Pb Cr Ni
R il 44 - - - - - - - -
Samole 1D 2% WEM ZHEME WEM ZEFM WEM ZEBME WEM ZEM WEHE SEME OWEM %M WEM ZEM WNEM
Sample
Reference Found Reference Found Reference Found Reference Found Reference Found Reference Found Reference Found Reference Found
184 18.74 18. 60 23.20 22.23 60. 0 63.0 0. 04 0. 04 0.51 0.55 0.02 0.02 0.48 0.48 0.027 0.031
19 # 22.39 22.46 22.79 21.77 62.8 67.6 0.22 0.24 0.22 0.23 0.02 0.01 0.54 0.50 0.025 0.025

204 17.96 17.99 22.85 22.24 66. 4 66.5 0.41 0. 39 0.70 0.71 0.64 0. 64 0.47 0. 46 0.023 0.021

21# 20.21 20.06 22.38 21.31 88.8 89.7 1.29 1.26 0.22 0.23 0.61 0. 64 0.43 0.46 0.027 0.025
2248 17.95 18.06 22.89 23.19 192.1 203.9 0. 40 0. 40 0.22 0.23 0. 60 0. 63 0. 45 0.47 0.023 0.025
234 21.80 21.91 21.64 21.93 196.0 201.0 0.22 0.23 0.22 0.21 1.40 1.38 0.05 0.05 0.180 0.190
244 19. 56 19.55 26.79 26.36 199.0 204.0 1.22 1.23 0.22 0.23 0.97 1.00 0.11 0.10 0.190 0.200
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k8 w/ %
Fe SiO; Ca0O Cl MgO Al2 O3 Bi Sh

b 44 B
Sample D Z%M el Z%ME WElE Z%ME WEHE SHME WEM SHME WeEdE SHME WEE 2%ME WeEE %M WEE
Reference Found Reference Found Reference Found Reference Found Reference Found Reference Found Reference Found Reference Found
184 28.57 29.00 7.50 7.72 4.22 4.15 0.10 0. 10 4.51 4.71 0.45 0.47 0.09 0.09 0.009 0.009
194 32.90 32.73 8.07 7.83 4.21 4. 36 0.10 0.09 2.96 3.07 2.31 2.37 0.09 0.09 0.015 0.010
20 28. 41 28.05 7.88 8.28 4.26 4.35 0.10 0.10 4.53 4.55 0. 44 0. 46 0.09 0.09 0.013 0.013
21# 28.00 27.50 1.21 1.25 0.48 0.42 0.10 0.10 4.16 3.93 0.46 0.50 0.09 0.09 0.004 0.009
224 27.41 27.93 11.48 11.10 3.45 3.49 0.10 0. 10 4. 40 1. 54 0.45 0.46 0.09 0.09 0.160 0.149
234 32.49 32.33 11.74 11.45 3. 60 3.53 0.10 0. 10 3.50 3.49 2.55 2.56 0.17 0.16 0.012 0.013
24 # 32.51 32.23 11.57 11. 89 2.02 1.94 0.10 0.10 3.48 3.40 2.61 2.53 0.17 0.17 0.010 0.009

T A g/t
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Fig. 2 Consistency analysis of test results between HS-EDXRF and national standard or classic methods
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Table 9 Summary of method differences

/N e A PR Least squares criterion

H k- # Pass rate/ %

4oy ¢ 4 HE RB(RD o 2 (8 H T I 1 B 4
Component ¢ test criterion Determination - PR log difference Standard method
Slope Regression error/ %
coefficient criterion reproducibility criteria
Cu 0.019 0.994 9 0.999 9 0.94 100 86.4~86.1
Zn 0.908 0.995 1 0.975 4 9.5 98.9 89
As 1.104 0.998 3 1. 006 3.2 94. 3 93
Pb 1.507 0.999 4 0.994 8 2.2 97.7 95
Ag 1. 845 0.994 7 0.974 1 7.4 98.9 85.2
Cr 0. 545 0.994 7 0.991 3 12.1 86. 4 —
Ni 0.419 0.995 6 1.002 7 9.9 96. 6 92
Cl 0. 359 0.998 1 0.993 8 4.5 100 100
S 1. 157 0.985 4 1. 006 4.0 98.9 70. 2
Fe 1. 207 0.991 2 1.002 1.9 100 84.1
SiO; 0 0.989 5 0.997 7 5.1 92.1 82.5
Al O: 1. 687 0.984 6 0.966 5 12.5 88. 2 79
CaO 0.311 0.996 6 1.001 3.0 98.9 89. 8
MgO 0. 149 0.993 8 1. 000 5.6 92.1 84.1
Bi 1. 561 0.994 5 1.038 5.0 96. 4 89. 4
Sb 1. 452 0.9831 1.001 7.6 92.1 86
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Determination of sixteen components in copper concentrate by high
sensitivity monochromatic excitation energy dispersive
X-ray fluorescence spectrometry

FENG Xianjin', HAN Weidan?, TENG Fei*, LIU Xiaodong?, HU Junkai’
(1. BGRIMM MTC Technology Co. .Ltd. » Beijing 102628, China; 2. Beijing Ancoren Science &
Technology Co. , Ltd. , Beijing 101102, China; 3. Daye Nonferrous Design and Research
Institute Co. ,Ltd. , Huangshi 435005, China)

Abstract: The coverage of the components required in the technical conditions of copper concentrate ranges
from main, macro, micro to trace. Therefore, it is difficult to determine these components in copper con-
centrate simultaneously using one instrument technology. The monochromatic excitation energy dispersive
X-ray fluorescence spectrometer uses hyperboloid bent crystal confocal technique for the monochromatiza-
tion of X-ray continuous spectrum, thus reducing the interference of continuum background, decreasing
the limit of detection, and enhancing the sensitivity. The detection range of the components can cover the
main to trace. In experiments, a method for the analysis of 16 components including main components
(Cu, S, Fe, SiO,), macro-components (CaO, MgO, Al,O;), micro and trace components (Zn, Ni, Cr,
Pb, Sb, Cl, Ag, As, Bi) in copper concentrate was established based on high sensitivity monochromatic
excitation energy dispersive X-ray fluorescence spectrometer (HS-EDXRF) and fast fundamental parameter
(FP) method. The copper concentrate samples were determined according to the experimental method.
The found results were compared with those obtained by the standard methods or classical analysis meth-
ods, and there was no significant difference (All ¢, 5.5, values were less than 1. 98). In addition, the rela-
tive standard deviations (RSD, n=7) of determination results for main components (Cu, S, Fe, SiO,),
macro-components (CaO, MgO, Al,O;), micro components (Zn, Ni, Cr, Pb, Sb, CD), and trace compo-
nents (Ag, As, Bi) were not more than 0. 70%, 1. 6%, 3. 3% and 10%, respectively. The proposed
method could meet the detection requirements of 16 elements in copper concentrate in copper smelting
process.

Key words: copper concentrate; pressed powder pellet; high sensitivity monochromatic excitation energy
dispersive X-ray fluorescence spectrometry (HS-EDXRF); fast fundamental parameter (FP) algorithm;

component



