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A study of the method for analyzing Dy-Fe alloy

Kento MUNAKATA”", Tomohiro ISHIKAWA", Kazuyoshi KOSONE",
“Central Customs Laboratory, Ministry of Finance 6-3-5, Kashiwanoha, Kashiwa, Chiba 277-0882 Japan

A subdivision for alloys was newly established by the tariff revision in 2018, and so we conducted a quantitative analysis of Dy and Fe

in Dy-Fe alloy using X-ray fluorescence spectrometry (energy dispersive type and wavelength dispersion type). We also examined

appropriate measuring conditions for X-ray fluorescence analysis in comparison with quantitative results of the ICP method. As a result,

the quantitative values of Dy and Fe were more accurate when at least one of the selected X-ray fluorescence analysis lines was the 3 line.
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Fig. 1 Photos of surface 1 and surface 2.
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Table 1 Results of comparison of the Fe content of alloy 1 before and after polishing of the same surface

surfacel surface2
Combination of analysis Combination of analysis
lines=(Fe,Dy lines=(Fe,Dy)
(Ko, La) | (Ka, LP) | (KB, Loy | (Ko, L) | (Ko, LP) | (KB, Lot
pointl 26.5 254 24.0 20.3 18.0 18.9
point2 25.0 24.9 24.7 21.6 19.3 19.1
before | point3 25.5 24.8 247 21.6 16.6 19.6
polishing | point4 24.9 25.8 252 20.5 18.2 17.9
point5 24.5 232 247 204 18.4 19.6
average 25.3 24.8 24.6 20.9 18.1 19.0
pointl 214 204 20.0 22.6 20.0 20.6
point2 20.8 19.9 19.8 22.3 19.6 20.3
point3 232 19.9 22.0 223 19.6 19.9
point4 20.8 19.9 19.7 21.6 19.2 19.8
point5 22.0 21.0 20.6 224 19.8 20.9
point6 21.5 20.5 20.4 222 19.7 204
point7 21.8 20.8 20.7 22.0 194 19.9
after po%nt8 21.3 204 20.2 x D) 21.8 20.2
polishing point9 22.5 21.8 20.9 22.7 20.0 20.5
point10 22.1 21.0 21.3 22.1 19.6 20.2
point11 21.5 204 20.0 22.8 20.1 20.8
point12 22.1 21.0 21.2 20.1 19.8 20.9
point13 22.0 20.8 20.4 227 20.0 20.7
point14 214 20.2 19.9 22.6 20.1 20.6
pointl5 22.0 20.9 21.2 22.7 20.1 20.8
point16 22.0 20.7 20.3 22.5 19.9 20.6
average 21.8 20.6 20.5 22.2 19.9 20.4
"p"value(Comparison before
) 0.000(*) | 0.000(*) | 0.000(*) | 0.001(*) | 0.000(*) | 0.000(*)
and after polishing)

Table 1 shows the results of measurement using EDX.
(*) Significant difference before and after polishing, by t-test, p-value <0.01
“x” is considered an outlier value as a result of Dixon’s Q-test.

a)
b)
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Table2 Results of comparison of the Fe content of alloy 1 between surface 1 and surface 2 after polishing of alloy 1

Combination of analysis lines=(Fe,Dy)
(Ka, La) (Ko, LP) (KB, La)
surfacel surface2 surfacel surface2 surfacel surface2
pointl 214 226 204 20.0 20.0 20.6
point2 20.8 223 19.9 19.6 19.8 203
point3 232 223 19.9 19.6 220 19.9
point4 20.8 21.6 19.9 19.2 19.7 19.8
point5 220 224 21.0 19.8 20.6 20.9
point6 21.5 222 20.5 19.7 204 204
point7 21.8 22.0 20.8 194 20.7 199
point8 213 xb) 204 21.8 20.2 20.2
po?ii;[lelirng po%nt9 225 22.7 21.8 20.0 20.9 20.5
point10 22.1 22.1 21.0 19.6 213 20.2
point11 21.5 228 204 20.1 20.0 20.8
point12 22.1 20.1 21.0 19.8 21.2 20.9
point13 220 22.7 20.8 20.0 204 20.7
point14 214 22.6 20.2 20.1 19.9 20.6
point15 220 227 20.9 20.1 212 20.8
point16 220 22.5 20.7 19.9 20.3 20.6
average 21.8 22.2 20.6 19.9 20.5 204
"p"value(Comparison before and after
o 0.048 0.001(*) 0.604
polishing) ®

Table 2 is the result of measurement using EDX.
a) (*) Significant difference in iron content of surface 1 and surface 2 after polishing, by t-test, p-value < 0.01
b) “x” is considered an outlier value as a result of Dixon’s Q-test.

Table3 Results of comparison of the Fe content of alloy 1 between surface 1 and surface 2 after polishing of alloy 1

Combination of analysis lines=(Fe,Dy)
alloy 1 (Ko, Lo (Ko, LB) (KB, Lay
surfacel '+ surface2 1 surfacel 1 surface2 | surfacel i surface2
before polishing 279 35.1 29.0 33.0 28.7 354
23 1 208 240 1 224 24 212
after polishing 24 208 240 1 226 22 1211
225 1 211 239 1 227 20 1 212
(average) 04 209 240 ! 26 022 212
"p"value(Comparison before and after
o 0.000(*) 0.000(*) 0.001(*)
polishing) »

Table 3 is the result of measurement using WDX.
a)  (*) Significant difference in iron content of surface 1 and surface 2 after polishing, t-test, p-value <0.01
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Table 4 Characteristic X-ray energy of Fe and Dy?

Table 5 Content of Fe in the cutting powder of alloy 1 by EDX and WDX

Energy (keV)
Ka Kp La LB
Fe 6.398 7.057
Dy 6.494 7.246

The energy of the Ka line of Fe and that of the La line of Dy are similar.
The energy of the K line of Fe and that of the L line of Dy are similar.

3.2 YR BHECATOVYHLARUVMOEEE

EDX KO WDX IZTHIIE L7z, AaslEaEHl L TR b=t
DERD G DT LY OIEHERZE(SD) % Table 5 (3EBR 2.3.4) 1R
. G OREEIZIBWTE EDX ° WDX & W\ o 72 3E OV CER:
RIS T LD RB ST,

Combination of
analysis lines average SD
=(Fe,Dy)
(Ka, La) 22.3 0.72
EDX
(Ka, LB) 21.4 0.49
(n=16)
(KB, La) 20.7 0.43
WDX (Ka, La) 23.2 0.50
(=3 (Ka, LB) 24.8 0.62
n:
(K8, La) 23.0 0.50

3.3 AHROMBAHEHEIT& BRIEED LE

W DEEFHE LTI ONT, SHHROMAE DRI & B Hl:
DOFER% Table 6 ITRT. 1ZE A EDHARITBNTHEENED B
DD, SFTOBISEI L RIES Z L yinode.

Table 6  Effect of combination of analysis lines

Combination of analysis
lines average SD "p'value @
=(Fe,Dy)
(Ka, La) 21.8 0.61
surfacel of alloy 1 (Ka, LB) 20.6 0.51 0.000(*)
(K8, La) 20.5 0.64
EDX (Ka, Lo 22.2 0.67
(=16 surface2 of alloy 1 (Ka, LB) 19.9 0.56 0.000(*)
(K8, La) 20.4 036
(Ka, Lo 22.3 0.72
Cutting powder of alloy 1 (Ka, LB) 214 0.49 0.000(*)
(K8, La) 20.7 0.43
(Ko, La) 22.4 0.10
surfacel of alloy 1 (Ka, LB) 24.0 0.06 0.000(*)
(K8, La) 22.2 0.20
(Ka, La) 20.9 0.17
Z:D; surface2 of alloy 1 (Ka, LB) 22.6 0.15 0.000(*)
(K8, La) 21.2 0.06
(Ka, La) 23.2 0.50
Cutting powder of alloy 1 (Ka, LB) 24.8 0.62 0.014
(K8, La) 23.0 0.50

a)  (*) Significant difference of the iron content measured by each analysis line at the same measurement location, t-test, p-value < 0.01

3.4 ICP EANKMTEEICHSITE PR TO LY LARVHDESSE

g

3 EEREIC TERLEVAT B Y7 AR US43 % Table 7
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T, (Fe,Dy)=(Ka,LB) (KBLo)DFAE L, (Fe,Dy)= (Ko,La) DA
AL LT, ICP 3N ITIEDERAER & OFEAEN /NS
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Table 7 Contents of Dy and Fe by the ICP method

Content ratio(%) After standard

Fe 19.5 19.3
samplel

Dy 81.5 80.7

Fe 19.2 19.4
sample2

Dy 80.0 80.6

alloy 1

Fe 194 19.5
sample3

Dy 80.3 80.5

Fe 194
average

Dy 80.6

Fe 18.9 20.2
samplel

Dy 74.6 79.8

Fe 18.6 20.0
sample2

Dy 74.3 80.0

alloy 2

Fe 18.6 20.1
sample3

Dy 73.8 79.9

Fe 20.1
average

Dy 79.9

The content of dysprosium and iron in alloy 1, alloy 2. After calculating the content by the calibration curve method, the total

content is standardized to be 100%.

In the calibration curve method, the correlation coefficient of Fe is 0.9999, and that of Dy is also 0.9999.

Table 8 Comparison of iron content by ICP method and X-ray fluorescence spectroscopy

EDX(n=16) WDX(1n=3)
Combination of analysis lines=(Fe,Dy) Combination of analysis lines=(Fe,Dy)
(Ka, La) (Ka, LB (K8, La) (Ka, La) (Ka, LB) (KB, La)
alloy 1 22.0(*) 20.3(i) 20.5(*) 21.7(*) 23.3(*) 21.7(*)
tti der of
Cutting Poweero 22.3(%) 21.4(%) 20.7(%) 23.2(%) 24.8(%) 23.0(+)
alloy 1
alloy 2 21.7(%) 20.8 (i) 20.6(i) -
tti der of
e 22.9(%) 21.0(% 20.7%) 204(i) 21.9(% 20.6(%)
alloy

(*) indicates a significant difference compared to the ICP method.
Condition (i) is considered to be an alternative method because there was no significant difference in comparison with the ICP method.
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