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Determination of Major and Minor Components in Zinc Concentrate by
Wavelength Dispersive-X-ray Fluorescence Spectrometry
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Abstract: A method has been developed for the direct determination of Cu, Si, Mg, Zn, Al, Fe, S, Pb, Ca, As,
K, Cd and Mn in zinc concentrate samples using a fusion method by Axios PW4400 XRF spectrometer. The
conditions for pre-oxidation on sample preparation were studied using the wet chemical method. A 0.3 g sample
with 1 g lithium nitrate and 0.5 mL liquid hydrogen (30% ) were loaded into a platinum-gold crucible at room
temperature. The sample and oxidants were mixed well by shaking the crucible. The higher sample/flux ratio
increased the intensities of the trace elements signals in XRF. A lithium tetraborate fusion agent was applied to
reduce the matrix effects among elements. The formula and calibration models of gain on ignition are discussed in
this paper. The gain on ignition of the actual sample, which cannot be corrected by the software, was converted to
the loss on ignition of a virtual sample. The matrix effects among different elements were corrected by theoretical
alpha coefficients and empirical coefficients. The precision (RSD, n =12) of the method was less than 3% for all
components except Cd. The detection limits of the method were 6.55 —111.24 pg/g. Due to the analysis of CRM
(GBW 07163 and GBW 07170 were mixed in a mass ratio of 1 : 5) by this method, the obtained results are
consistent with certified values.
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Table 1 Measurement conditions for elements by XRF
ey ©
% GBIk ABREE MR/ am B i i )
U/kV i/mA I {1 e =)
Cu Cu Ka LiF 200 300 Duplex 50 60 44.9906 -0.5246
Si Si Ka PE002 - C 300 Flow 30 100 109.0152 1.3772
Mg Mg Ka PXI1 700 Flow 30 100 22.9480 —1.5882 0.9988
Zn 7Zn Ko LiF 200 150 Scint 40 60 41.7512 0.9472
Al Al Ka PE002 - C 300 Flow 30 100 144.8582 -1.6132
Fe Fe Ka LiF 200 300 Duplex 50 60 57.5036 -0.8690
S S Ka GEl111 -C 300 Flow 30 100 110.5220 1.1034
Pb Pb LB, LiF 200 300 Scint 50 60 28.2468 -0. 6406 0.4932
Ca Ca Ka LiF 200 300 Flow 30 100 113.1104 -0.8356
As As Ko LiF 200 300 Scint 50 60 33.8824 0.8144 -0.6824
K K Ka LiF 200 300 Flow 30 100 136. 7054 1.3726
Cd Cd Ka LiF 200 300 Scint 50 60 15.2410 0.4748 -0.3254
Mn Mn Ka LiF 200 300 Duplex 50 60 62.9690 —-0.4944 0.5982
Br Br Ka LiF 200 300 Scint 60 50 29.9150 0. 9060
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Table 2 Concentration range for components

4145 wy/% 4145 wy/%

Cu 0.11 ~0.75 Pb 0.72 ~8.00
Si0, 3.24 ~33.01 Ca0O 0.96 ~4.65
MgO 0.085 ~0.96 As 0.064 ~0.21

Zn 20.41 ~52.70 K,0 0.18 ~2.13
Al, Oy 0.57 ~5.88 Cd 0.054 ~0.20

Fe 4.13 ~15.20 Mn 0.025 ~0.26

S 15.16 ~32.00
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Table 3  Interfering elements for analytical line

IR IIPTIGLR Git=diiey
Al Al Ka Br La
Mg Mg Ka As La
As As Ka Pb La

4 HImEaHES R

Table 4  Calibration parameters of components
24y RMS/ % K/ % o RMS/ % K/ %
CuO 0.0045 0.0067 PhO 0.1286 0.1188
Si0, 0.2012 0.0607 Ca0 0.0462 0.0345
MgO 0.0079 0.0132 As, 04 0.0044 0.0098
Zn0O 0.1815 0.0372 K,0 0.0094 0.0128
Al, 04 0.0491 0.0317 CdO 0.0014 0.0037
Fe, 05 0.1363 0.0634 MnO 0.0032 0.0072
S0, 0.5755 0.0947

2.4 JiikEHR

i HEAS YR ) R ) S A5 0 AR 28 X33 ik
FIOUER IR H R, 45 L3 5 (Zn (S SR a9 3
BRI, RAATRH BRI o

3.2 /1,
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WA % 5 5 ) 0 P 1 o
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Table 5 Measurement detection limits for components

5y R/ (ng-g™h) || 4 BRI/ (ug-g!)
CuO 12.16 CaO 38.63

Sio, 39.07 As, 05 6.55

MgO 105.13 K,0 19.11

Al, 0, 111.24 Cdo 51.56

Fe, 0, 88.50 MnO 18.75

PbO 25.04

2.5 JiiENEEE
XA — iR &8 12 a7 g , R TR
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Table 6 Precision test of the method

# 8 FROURFE S Hra R

Table 8 Comparison of analytical results of elements in samples

wy/ %
2P RES 3FRES

Aoy
2k XRF A2 XRF
Cu 0.18 0.20 0.14 0.16
Si0, 3.12 2.92 22.07 21.98
MgO 0.38 0.44 0.13 0.16
Zn 49. 14 48.79 36.84 36.76
Al O, 0.55 0.64 1.82 1.95
Fe 8.70 8.62 5.40 5.21
S 30.40 30.24 19.33 19.25
Pb 2.68 2.64 5.88 5.91
Ca0 0.57 0.59 0.24 0.26
As 0.043 0.045 0.050 0.053
K,0 0.28 0.29 0.54 0.52
Mn 0.032 0.033 0.24 0.24
cd 0.13 0.13 0.13 0.13

TrENG R (n=12) TR (n=12)
Hor Z
wy/ % RSD/% wy/ % RSD/ %
Cu 0.59 0.47 Pb 2.04 0.29
Si0, 25.65 0.20 CaO 2.90 0.32
MgO 0.72 2.37 As 0.16 1.47
Zn 28.56 0.19 K,0 1.64 0.43
Al, 04 5.88 1.00 Mn 0.24 1.70
Fe 7.43 0.38 Cd 0.068 7.90
S 19.25 0.46
7 Prai RS bR L
Table 7 Comparison of analytical results and nominal values in
samples
wy/ % wy/ %
Moy — Moy o
2l AENEM 2 AEWEM
Cu 0.29 0.28 Pb 1.56 1.49
Si0, 10.68 10. 66 CaO 1.58 1.61
MgO 0.30 0.30 As 0.10 0.097
Zn 44.63 44.53 K,0 0.67 0.66
Al, 04 2.34 2.30 Mn 0.084 0.087
Fe 6.72 6.61 Cd 0.11 0.11
S 27.79 27.63
L
3 ik

A AL X ARG R 1R Al A PR A AL B, A
ASCAT At B 1 AR o B < < T 308 ) g eV o
LI T i 4 5 P A ity 5 8 500 A R L, B2
TR R RRINOCER A X SEOEEIE SR, S B
R i o i 20K e B8 T 60 i
XHRE i A KRG T 58 J7 1k RO, 1R G35 ]
KB AT ARSI I AR, B TR S PR il e
SRR O RE AU il A BE O R i DR AUURE iy
R E 2 1A D T8 BRI, BB X ZnO2H 73 >R T #H 18

o FBHATROE . (HHIE o REBMAE RE0L
FPRCIE A RO B 1 HE R 00 M & i 2k 40
Jr ik il PRI ER , AT AR S A A 4 i
3 2 H AT RV ZE 2K
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