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Abstract The single wavelength excitation energy dispersive X-ray fluorescence spectroscopy achieved by
using a fully focused hyperbolic curved crystal structure can effectively solve the background signal

generated by bremsstrahlung in the X-ray tube emission spectrum,significantly improve the element signal-
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to-noise ratio, obtain better peak to back ratio of element characteristic X-ray fluorescence signals and
reduce the detection limit. Various trace and harmful elements in iron containing materials can be
quantitatively analyzed by this measurement. an appropriate amount of iron ore samples was weighed and
prepared into powder tablets. The single wavelength excitation performance was optimized,and the matrix
effect using the basic parameter method was corrected,and the sample using the standard free full spectrum
fitting algorithm was analyzed. The linear correlation coefficients of arsenic, mercury,lead, chromium,and
cadmium elements were not less than 0. 999, with a detection limits of 0. 0002% to 0. 003% and a precision
RSD of 3. 2% to 9. 0%. Using different methods for accuracy verification,except for the As and Pb element
detection results close to the lower limit of the method with significant deviation from the comparison data,
the determination results of other elements were consistent with the comparison method. Experimental
results have shown that the single wavelength excitation energy dispersive X-ray fluorescence spectroscopy
using hyperbolic curved crystal technology for quantitative analysis of low content harmful elements in iron

containing materials has high accuracy and low detection limit, which is significantly better than traditional

energy dispersive X-ray fluorescence spectroscopy.
Keywords

containing materials; harmful elements
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Table 1 Group list for each element and measurement condition for each group

Measuring energy levels Elements Tube voltage/kV Tube current/A Measure time/s
Low Cr 15 100—350 100
Mid As,Pb,Hg 30 100—200 100
High Cd 70 50—120 100
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Table 2 Fitting of direct measurement results of basic parameters of each element with true values
Elements Number of samples Content range/ % R?
Cd 11 0.000 82—0.112 0.999 1
As 15 0.002 4—0. 668 0.999 0
Pb 12 0.007 3—0. 795 0.999 3
Hg 4 0.001 4—0.008 9 0.999 1
Cr(High iron content samples) 10 0.015—1. 84 0.999 9
Cr(Low iron content samples) 7 0.060—0.92 0.999 1
2.2 BRRIEHVNEMRL i 45 SR A HERA P . XS AR RS O Fe-1 19 3 8k 90 L
A~

BRI L SRR IR T AR AT XY
241 5 3 T IS R i M) S R M A ) B A
S SU QAR ZRIIE AN N o ER R L S VAN AL SRR |
R L T R R AN A . A AR SR AR S 80kt
Bt A P A A T SOR T BR R S R
W EL5 B R ) AL 5 R i 2 1 2 T R

T BT S AL - BT X S Bk R R B JR SR AT
T )AL O BESHERR SR IO SR (R 5 AL T
B Z S8 FAME Snip 54k, WK 14 Fe-l &%
B S . B R i O g Fe-l &
UR7ES N i SN L R R S R
3 P m] B B AR DA £ 5



1230

AL B Ao

2024 4F

s 2.3 BEAERERTFHEE
— HIRTE
30} 35} ;j;i;ig@%m TEREAF I IC 28 FR AT 135 2 il 0 o A B4 rh A7 5
seAHER
e Fka S22 00006 9t M0 0 5 2 3
e LIRTE S eIV S 7 N | e B NI B 1 0 7 = S B 3
g 20| 28 N . " , .
£ LK TR IE REOR M. 323 Rl 1T &8k
2 15120 o e Sl 22 3 : -
z PRk b B R VB B T R A AR S LR T s
SRS IEE B
sk 10 2.4 FFERNTRZK R
ok s Ve SiO M 2s FLRE A1) Bl KO BOR BE
1, HEX PR A BT A B 1 3 8. 1
— S R 2 o) PR L3 1407y
‘ ’ 2 A Al 5 SR T 4 T
1 e B 5 B B TR S 14 S — T 45 4 0
S 4 ey N = N o
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Table 3 Recommended analysis lines and interference conditions for trace elements in ferrous materials
Recommended Participate in basic ~ Spectral overlapping interference element .
Elements . . . o . . Interference correction method
spectral lines  correction elements lines and typical interference situations
Using the Lg-line of Pb element to calculate
As K i Fe, Ca, Si, Al, The L,-line of Pb element overlaps with the content of Pb element, and then re
s w e Mn,K,O the K,-line of As element analyzing the K,-line of As element in
overlapping peaks
The double peak of the K,-line of Fe
. Fe,, Ca, Si, Al, . . Algorithm of using full spectrum fitting
Pb Lg line element overlaps with the Lg-line of Pb .
Mn,K,O matrix parameters method
element
The  overlapping peaks have no
Fe. Ca. Si. Al interference, but the L,-line of Hg element  The content of Zn element greater than 1%
Hg L, line ML’ Kdé) " Tois easily affected by the K,-line and Ky-line  affects the determination of low content Hg
e of Zn element, resulting in background element
interference
The K,-line of Cr element overlaps with
Fe. Ca. Si. Al the escape peak of Fe element’s Ky-line and By calculating the content of Fe,V and Mn
Cr K, line or K line Me, K/a(,) " " the Kg-line of V element, while the Kg-line  elements, Cr can be further resolved in
n, K,
of Cr element overlaps with the K,-line of  overlapping peaks
Mn element
The position where the Lg line of Pb
. element accumulates and doubles, and the . .
. Fe, Ca, Si, Al, . . Deducting the effect of peak concentration
Cd K, line position where the L,-line of Pb element .
Mn.K.O by calculating the Pb element content

accumulates and doubles, will have a

combined peak
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Table 4 Method detection lower limit and detection limit
Determination of elements/ %
Sample number
Hg As Pb Cd Cr

1 0. 000 41 0.001 6 —0.001 2 —0.000 15 —0.013

2 0. 000 37 0.001 5 —0. 000 90 —0.000 24 —0.013

3 0.000 13 0.001 6 —0.0010 —0.000 24 —0.014

4 0. 000 26 0.001 5 —0.001 1 —0.000 14 —0.013

5 0. 000 32 0.001 5 —0.001 3 —0.000 23 —0.014

6 0. 000 15 0.001 6 —0.000 98 —0. 000 39 —0.013

7 0. 000 18 0.001 4 —0.0010 —0.000 23 —0.013

8 0. 000 15 0.001 3 —0.0010 —0. 000 68 —0.013

9 0. 000 14 0.001 3 —0. 000 93 —0.000 21 —0.013

10 0. 000 39 0.001 6 —0.0010 —0.000 49 —0.013

11 0. 000 36 0.001 3 —0.0010 —0.000 21 —0.012

s 0. 000 11 0.000 11 0. 000 12 0.000 17 0. 000 35

Detection limit 0. 000 35 0. 000 36 0. 000 37 0. 000 52 0.001 1
Method detection lower limit 0.001 1 0.001 1 0.001 1 0.001 6 0.003 3

2.5 FEBEELH
PelCS A A FHICR M & BRYPERE L BEA TR

FeRr. SPMrEARILER 5. M 5 AL 40 RSD fE
3.2%0~9.0% RSD # A KT 1026 , K5 % & KA

x5 HBEEIR
Table 5 Precision test(n=7) /%
As Pb Cd Cr Hg
Samples

Average value RSD  Average value RSD  Average value RSD  Average value RSD  Average value RSD
Fe-1 0. 048 4.9 0. 76 4.8 0.000 92 8.7 0. 056 4.8 -
Fe-2 0.004 2 7.3 0.10 4.2 0.003 8 7.0 0.018 3.5 -
Hg-3 0.022 4.0 0.21 3.2 0.032 4.7 0.003 7 9.0
Hg-4 0.008 5 3.4 0.18 4.9 0.009 8 5.6 0. 008 3 4.5

26 FEREWHEXE

TEIUAS TC R AN R ZKOF & B RHRE i 3 258 T
AT E L IF 5 ICP-MS 3 | B 25K A #E 17 45
JEHXT L R 25 S 32 6~ 10, Fh 4G I 45 SR AT, i
JCZE M Fe-2.GSB03-2854-2012 % S4 & %Y
BEL BT R H YSBC28786-2015 44 4y k4 il

F6 WMILEWMILITER
Table 6 Comparison results of arsenic element detection
/%
Samples This method ICP-MS measured value
Fe-1 0. 048 0. 056
Fe-2 0.004 2 0.002 4
YSBC14722-98 0.11 0.10
YSBC28786-2015 0. 009 6 0.009 5
GSB03-2854-2012 0. 006 4 0.004 4
GSB03-2855-2012 0.22 0.22
GSB03-2856-2012 0. 047 0.051
YSBC28785-2015 0.013 0.011
GSB03-1805-2005 0.096 0.11
S-4 0.001 9 0. 000 8
S-1 0. 094 0.097
S-2 0.014 0.010
S-3 0.093 0.072
GSB03-2857-2012 0. 33 0. 29
Fe-3 0. 64 0.67

450 5 FO A T7 1 b s 8 D 25 B R L 3 B RN R 4
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KT BAERNEXER

Table 7 Comparison results of lead element detection /%

Samples This method ICP-MS measured value
Fe-2 0. 10 0.11
Fe-1 0.73 0.79
YSBC14722-98 0.099 0.120
YSBC28786-2015 0.004 7 0.007 3
GSB03-2854-2012 0.027 0. 035
GSB03-2855-2012 0.16 0.18
GSB03-2856-2012 0.031 0.034
YSBC28785-2015 0.012 0. 020
GSB03-1805-2005 0. 085 0.11
S-1 0. 44 0. 47
S-3 0.18 0. 20
GSB03-2857-2012 0. 18 0.19
£8 REERWILIMNER
Table 8 Comparison results of mercury element detection
/%
Samples This method Direct mercury meter method
He-1 0.001 2 0.001 4
Hg-2 0.002 5 0.003 0
Hg-3 0.003 9 0.004 5
Hg-4 0.008 1 0.008 9
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Table 9 Comparison results of chromium element detection /%

High speed iron containing materials

Low iron element iron containing materials

Samples This method ICP-MS measuredvalue Samples This method ICP-MS measured value
1SO306 0.015 0.017 GBWO07146 0.13 0.12
1SO316 0. 069 0. 080 GBWO07147 0.13 0.13
1SO315 0.031 0. 036 GBWO07148 0.073 0. 060
1SO327 0.014 0.015 7ZBK413 0. 80 0.76
ZBK459 0. 055 0.047 ZBK414 0.93 0. 90
ZBK460 0. 037 0. 037 ZBK415 0. 82 0.83
ZBK461 0.033 0.027 ZBK416 0.76 0.76
ZBK418 1. 31 1. 38 ZBK417 0. 36 0. 37
ZBK412 1.75 1. 84
GBWO07149 0. 055 0. 046
x10 BLTERMEINER (2] FEBRBIEC, EAET 55 X JHR5C 0 4
Table 10 Comparison results of cadmium element detection Frep ey N AR A Bae LT, ¥ 4 4 . 2020, 40(10)
/% 32-49,

Samples This method ICP-MS measured value WANG Yimin, DENG Saiwen, WANG Yiya, et al.
Fe-1 0.000 8 0.000 7 Review on the application of X-ray fluorescence
Fe-2 0.003 6 0.0031 spectrometry in ores' analysis [ J ]. Metallurgical
e 0-003 4 00089 Analysis,2020,40(10) ; 32-49.
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sl 0.11 0. 096 #,2022,12(4) :28-33.

S92 0.001 4 0.001 2 HUANG Heqing, WANG Lu, YANG Guilan, et al.

S-3 0.011 0.011 Rapid determination of As,Cd,Pd,Cr, Hg in chemical

ZBK410 0. 050 0.047 fertilizer by portable X-ray fluorescence spectrometry|[ ] ].

ZBKA17 0. 029 0. 028 Chinese Journal of Inorganic Analytical Chemistry,

2022,12(4) :28-33.
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