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Abstract The import of zinc oxide concentrate can make up for the shortage of zinc ore resources in China,
but it requires that ZnO>50% ,Fe<(10% ,Cl<<8% ,Cd<C0.25% ., As<(0. 6%. At present, YS/T 1171.1—

10—2017 chemical analysis method of recycled zinc raw materials is often used to detect the content of
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zinc,iron,chloride,cadmium and arsenic in zinc oxide concentrate. This series of detection methods require
complicated wet sample pretreatment, and the measurement process is lengthy, which can not meet the
needs of rapid customs clearance when a large number of zinc oxide concentrate is imported. Therefore, a
portable X-ray fluorescence spectrometry ( PXRF ) method was established for the simultaneous
determination of zinc,iron, chloride, cadmium and arsenic in zinc oxide concentrate. The YS/T 1171. 3—
2017 and YS/T 1171.5—2017 methods were used to determine the value of zinc oxide concentrate samples,
and then 21 zinc oxide enrichment samples with gradient content were selected as calibration samples to
establish the calibration curve of each element X-ray fluorescence intensity value and content. The
correlation coefficient of each curve was 0. 816 4—0. 999 9,and the detection limit was 0.013%—2.0%.
The relative standard deviation (RSD,n=11) of each element was less than 0.05%. The relative error
between the detection value of this method and that of chemical analysis method is less than 20%. This
method can be applied to the rapid screening of imported zinc oxide concentrate at the port. It takes only

one minute to detect a sample, which greatly speeds up the customs clearance of imported zinc oxide

concentrate.
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Table 1 Content range of each element /%

FE ZnO Fe Cl Cd As
1% 70. 44 5. 45 1.6 0.08 0.001 4
2% 62. 34 4.83 4.3 0. 83 0.001 4
37 76.33 1.42 6. 25 0. 28 0.001 7
47 67. 44 4. 06 6.52 0. 054 0.001 8
5% 29.49 27.55 2.01 0.091 0.002 4
67 52.94 9.98 5. 34 0. 06 0.003 4
7= 55. 21 9.73 4.4 0. 085 0.004 3
8% 76.52 8. 75 0. 054 - 0. 005 8
9% 64.01 4.22 7.27 0. 14 0.012
107 63. 84 5. 34 6.32 0.19 0.16
117 67.4 4.1 5.6 0.072 0. 31
12# 59. 26 2. 88 4. 86 0. 69 1. 68
137 83. 17 4.29 0.92 0.013 -
147 74.75 2.39 4. 06 0. 056 -
157 63. 85 5.99 8.02 0.078 -
167 77.02 0. 96 5.02 0. 14

177 82. 44 4.29 0. 24 - 0.001 5
187 58. 65 2.75 0.12 0.043 -
197 62.52 2.78 6.22 0.13 0. 064
207 66.57 6.22 6. 14 0. 099 0.001 4
217 72.23 2.44 2.76 0. 16 -
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Figure 1 Relationship between determined results

and frequency of determination of Cl.
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Table 2 Content corresponding to

different measurement time
M /s ZnO/ % Fe/% Cl/ % Cd/ % As/%

30 55.76 3. 00 4.03 0.42 1.52
60 57.79 3.15 4. 20 0.57 1.72
90 57.24 3.16 4.21 0. 54 1.74
120 57. 84 3.13 4.22 0. 55 1.78
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Table 3 Calibration curve of each element

Eii) S LIESE S
ZnO y=1.0079x+3. 465 3 0.940 4
Fe y=0.9552+0. 6691 0.978 4
cl y=1.56552+0. 1342 0.816 4
cd y=1.14962—0. 0043 0.98
As y=1.8055x+0. 0169 0.999 9
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Table 4 Detection limit of each element /%
W5 Yk A ZnO Fe Cl Cd As
1 33. 60 1. 65 0. 62 0. 055 0.13
2 34. 37 1.7 0.63 0. 046 0. 061
3 34.13 1.67 0. 62 0. 050 0.11
4 34. 82 1.67 0. 62 0.058 0.11
5 33.19 1. 69 0.61 0.05 0.11
6 33.32 1. 64 0.62 0.048 0. 081
7 32. 80 1.71 0.63 0. 044 0.074
8 33.39 1. 65 0.63 0. 049 0.12
9 33.51 1. 64 0.62 0. 044 0.11
10 34. 67 1.68 0. 63 0.051 0. 095
11 33.45 1. 65 0.61 0. 051 0.12
b 29. 49 1.12 0. 14 0. 052 0.081
A 33.75 1. 67 0.62 0. 050 0.10

o T R 22 0.65 0.024 0.007 5 0.0043  0.022
R 1.95 0.072 0.023 0.013 0. 066
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Table 5 RSD of each element /%
] YRR ZnO Fe Cl Cd As
1 58. 88 3.16 4. 45 0.57 1.77
2 57.48 3.09 4.41 0. 54 1.74
3 58. 91 3.17 4. 46 0.58 1.71
4 59. 72 3.15 4. 54 0.58 1.91
5 59. 08 3.17 1.48 0.57 1.82
6 59. 00 3.18 4.51 0.58 1.78
7 58. 32 3.13 4. 47 0.56 1.76
8 59. 52 3.15 4.55 0.59 1.82
9 58. 72 3.14 1. 50 0.57 1. 80
10 57. 4 3.08 4. 46 0.55 1.72
11 58. 89 3. 14 4.52 0.58 1.76
o o {1 59. 26 2.88 4. 86 0. 69 1.68
T 58.72 3. 14 4.48 0.57 1.78
o 1 i 22 0.73 0.033 0. 042 0.015 0.056

X PR 25 0. 013
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Table 6 Accuracy data /%
FE it ViRS ZnO Fe Cl Cd As
. AJFE(E 73.25  4.13 7.22  0.30 -
7 b2 66.89  4.34 6.31 0.27 0.001 1
. AWM 69.55  7.74  3.91  0.084 -
DT 59.49  8.24 3.21  0.084 0.0013
AWM 76.49  3.04  4.01  0.12 -
BT i 7516 2,98 426 0.12 0.0016
- AFEM 75.19  2.73 3.87  0.12 -
b3 )rik 76.18  2.51 4.3 0.11  0.002
o AJFP 70.34  4.13 5.23  0.14 -
o g 68.39 3.49 6.32  0.14  0.055
. AWM 66.91  5.38  5.14  0.15  0.078
fb2 7 ek 63.65  5.49  6.46  0.17  0.081
) ARIF A 74.73  2.55 5.91  0.068 -
o b2 75.68  2.62  6.18  0.061 -
.- AFWEME 753 2,01 6.09  0.050 -
hEFEM 7407 2 6.38  0.063 -
. AFPAE 7192 2.92  6.40  0.071 -
5 fe2 5P 71.89  2.61  6.20  0.054 -
374 AJFfE 73.34 252 5.91  0.077 -
bk 72.57  2.34 6.51  0.075 -
3 ZEig

BEH 21 A B R i S Bt R AR
SEWIRE it A5 D MR by o R T 45 2 X SR A0t
T A S T [l R A B R SR P ZnO L Fe  CLL
Cd\As 470 & 1 AR I 77 3k - 45 0 & o 1AL
PER AR DR B RS M 750k . AR Tk R
il PR L BRI i BB RE JiS G R R RT R AR I
FEHFE 1 min I & wFE] 50052 3500 E — R L
BERZ) 2 d WFIRLAH L L B O b T Bk E AR AR B

(1] HE. i, 5 R 4. X 22 0 & 7 20 10 W 45 fE 0
BEAE R N (D). 70 P U R 2 2 R CA R BHE MOD
2017,42(3) :163-166.
sAN Yuan, YANG Hai, GE Liangquan. On application
of X-ray fluorescence measurementsin Hongshanzui' s
lead-zinc ore detailed investigation[ ] |. Journal of Southwest

China Normal University ( Natural Science Edition),



118

AL BT Ao

2021 4¢

[2]

[3]

(4]

(5]

[6]

[7]

[8]

2017,42(3) :163-166.
IR 5, X o BRIIE , A5 AR 3 i 28 S0 b A S 10 18 485
3 X LG LT ], b4 57 3 T A Bl 44 &
2015,33(4) :299-301.

LIU Juntong,LIU Yan,CHEN Ya,et al. Determination
of lead in workplace air by portable X-ray fluorescence
spectrometry[ J]. Chinese Journal of Industrial Hygiene
and Occupational Diseases,2015,33(4):299-301.
Aol BRUT BT L FE AR L S T R 5 RO LD - R R R
i 0 T A3 B g L) . D% % 506 43 i, 2014,
34(1):257-262.
FU Qiang, ZHAO Hongxia, DONG Junqing, et al.
Nondestructive analysis of the silicate artifacts excavated
from Baofeng and Xinzheng of Henan province [ ] ].
Spectroscopy and Spectral Analysis,2014,34(1) :257-262.
HOR W R R A HE U X PO G AL TE B 4
Ja 7 it B 3 Bl R A I b R A (DL i
2019(5) :15-16.
DAI Jue, XIE Qiyao, WU Song. The application of
portable X-ray fluorescent spectrometer in the on-site
sampling inspection of precious metal products[]]. Shanghai
Measurement and Testing,2019(5) :15-16.

TR RS HE L SR e, A7 K g, (4 20 X5 98 O i A PR
B N A L. £ 28 A 0T E AG I 27 4, 2017, 8(6)
2277-2281.
GENG Zhiwang, LE Jian, YANG Yongjian. Rapid
screening of sulfur fumigated star anises by field-
portable X-ray fluorescence[ J]. Journal of Food Safety
and Quality,2017,8(6):2277-2281.
AR R RAT R A A4 20 XS R Ot i i i
D FOK AL ] B S AR Tl 2014.(9) :63-66.
LIAO Xueliang, CHENG Dawei, ZHOU Chao, et al.
Determination of cadmium in rice by portable X-ray
fluorescence spectrometer[ J]. Cereal &. Feed Industry,
2014(9) :63-66.
2RI TR SR A X BFRPOETT R M R TE
T 3% W g e I g b s A e e iy i LD L o B 2450
2013,16(2) :215-217.
LI Junqging, YIN Lihui, ZHANG Rui, et al. Rapid
detection of Cr in capsules, gelatin and collacoriiasini by
X-ray fluorescence elemental analysis technology [ J J.
China Pharmacist,2013,16(2) :215-217.
X3 g JENE R T R AR A X PR OO I E -
b RER Cy S SV s il A I B S O 1 o T (=

(9]

[10]

[11]

(12]

[13]

2019,9(4) ;12-15.

DENG Shupei, FAN Pengfei, TANG Yushuang, et al.
Determination of 9 kinds of soil pollution of heavy
metals in samples by X ray fluorescence spectrometry[ J].
Chinese Journal of Inorganic Analytical Chemistry.
2019,9(4) :12-15.

By A MR, O, S5 MR R X S 2Pt
WEEME R A S B RV VBT E B
S MiAka%,2020,10(4) :67-70.

DUAN Jiahua, DU Shunlin, WU Guangyao, et al.
Determination of Fe,Nb,Si, Al,P in ferroniobium alloy by
powder compression X-ray fluorescence spectrometry[]].
Chinese Journal of Inorganic Analytical Chemistry,
2020,10(4) :67-70.

HAEW Fm FBHE 5 X R0 2 & #h B
FE T i ()] B A 301k 2% 43 0, 2017,53 (7D
775-779.

XIA Chuanbo, JIANG Yun., ZHENG Jianye, et al.
XRFS determination of chlorine in geological samples[ J].
Physical Testing and Chemical Analysis Part B:
Chemical Analysis,2017,53 (7).775-779.

N 5 T 0 AR b AR ?}i{/ﬁ@ﬁﬁl X 4 50t
T S ARG B R A R RN R A LT b B LA AT
b2 ,2021,11(4) : 13-18.

FENG Yahui, HOU Jianjun, PAN Shenglin, et al.
Determination of cobalt, copper and manganese in
cobalt concentrate by wavelength dispersive X-ray
fluorescence spectrometry[ J]. Chinese Journal of Inorganic
Analytical Chemistry,2021,11(4);13-18.

X5 /NG A SO - 45 XS 2R 26 6k vkl 2
WAEMA = A E i o 0] o BB ik,
2021,11(4):25-30.

ZHAO Yanan, WANG Xiaoqiang. YU Wenli, et al.
Determination of major and minor components in limestone
and dolomite by X-ray fluorescence spectrometry[ ] ].
Chinese Journal of Inorganic Analytical Chemistry, 2021,
11(4) :25-30.

JEIUE Sl B St JA ATk, A HE AU X 2R U ot i
ACHE A A R b A A TP B AR LT . 5 ik, 2018,
37(1) :56-63.

ZHOU Shuguang, LIAO Shibin, ZHOU Kefa, et al.
Application of portable X-ray fluorescence spectrometer in
the analysis of rock samples[J]. Rock and Mineral
Analysis,2018,37(1) :56-63.



