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Table 1 Mass concentration of each element in

standard solution series pg/mL
JLE Element S1 S2 S3 S4
Mn 0 1.0 5.0 10
Mo 0 10 20 40
Nb 0 5.0 10 20
Ni 0 1.0 5.0 10
Si 0 1.0 2.0 4.0
Ta 0 1.0 5.0 10
Ti 0 1.0 5.0 10
\% 0 0.50 1.0 2.0
Y 0 0.20 0.40 1.0
Zr 0 1.0 2.0 4.0
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Table 2

Linear ranges, linear regression equations, correlation coefficients of calibration curve,

detection limits and low limits of determination

iz ﬁaﬁﬁi@ %ﬁ‘f&tlﬁlﬂjﬁ& X RB(RY) fﬁ&l‘ﬁ ‘ ‘Iﬂlﬂi.TFE
Element Linear range/ Linear regression Correlation Detection limit/ Low limit of
(pg/mL) equation coefficient (pg/g) determination/(pg/g)

Mn 1.0~10 y=06.647X10"x+4.014X10? 0.9999 0.30 1.0

Mo 10~40 y=4.237X10°x —4.516 1.0000 8.7 29

Nb 5.0~20 y=4.712X10%2+1.334 X 10? 0.9999 6.9 23

Ni 1.0~10 y=3.610X10°x+1.496 X 10 1.0000 1.5 5.0

Si 1.0~4.0 y=3.739X10%x +4.871X10? 1.0000 22 73

Ta 1.0~10 y=1.237X10%2+9.864X10? 0.9999 31 103

Ti 1.0~10 y=23.063X10%x+1.145X10% 0.9997 0.60 2.0

\ 0.50~2.0 y=1.434X10"x+1.687 X103 1.0000 2.4 8.0

Y 0.20~1.0 y=1.232X10°2x—3.164 X 10? 1.0000 0.9 3.0

Zr 1.0~4.0 y=1.385X10"2+4.504 X 10 1.0000 6.0 20
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Table 3 Determination results of 10 impurity elements in nuclear grade FeCrAl alloy sample

JLE Element

%€ {8 Found w/%

S {H Average w/ %

AH X7 HE i 25 RSD/ %%

Mn 0.0151, 0.0152, 0.0153, 0.0154, 0.0151, 0.0149
Mo 2.18, 2.16, 2.14, 2.19, 2.10, 2.13

Nb 1.24, 1.25, 1.27, 1.29, 1.27, 1.25

Ni 0.101, 0.099, 0.100, 0.102, 0.103, 0.101

Si 0.185, 0.184, 0.183, 0.176, 0.176, 0.176

Ta 0.415, 0.405, 0.407, 0.404, 0.411, 0.407

Ti 0.0970, 0.0971, 0.0990, 0.101, 0.0991, 0.0984
A% 0.0972, 0.0961, 0.0961, 0.0993, 0.0940, 0.0941
Y 0.0196, 0.0217, 0.0205, 0.0194, 0.0197, 0.0194
Zr 0.198, 0.192, 0.202, 0.199, 0.193, 0.199

0.0152
2.15
1.26
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Table 4 Recovery test results of 10 impurity elements in

RITEN

nuclear grade FeCrAl alloy sample
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- Found/ Added/ Total found/ Recovery/
Element
(pg/mL) (pg/mL) (pg/mL) %
0.20 0.39 95
Mn 0.20
0.30 0.49 97
10.0 31.6 101
Mo 21.5
15.0 36.5 100
5.0 17.2 102
Nb 12.1
10.0 22.1 100
. 0.10 0.20 100
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Si 2.02
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T 6.65 3.0 9.68 101
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Ti 0.99
2.0 2.98 100
0.40 1.41 100
Vv 1.01
0.80 1.80 99
0.20 0.48 95
Y 0.29 0
0.30 0.58 97
1.0 2.95 98
Zr 1.97
2.0 3.96 100
S %3k
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Determination of ten impurity elements in nuclear grade iron-
chromium-aluminum alloy by inductively coupled
plasma atomic emission spectrometry

YANG Ping,DENG Chuan-dong,SUN Lin,SHENG Hong-wu” , AN Shen-ping

(State Key Laboratory for Reactor Fuel and Materials. Nuclear Power Institute of China, Chengdu 610213, China)

Abstract: Nuclear grade Fe-Cr-Al alloy is a very important cladding material. The content of impurity ele-
ments in nuclear grade Fe-Cr-Al alloy is critical to its properties and should be accurately determined. The
sample was dissolved with nitric acid-hydrochloric acid mixture. Then hydrofluoric acid was added to com-
pletely dissolve the sample. Mn 257. 610nm, Mo 204. 598 nm, Nb 295. 088nm, Ni 231. 604nm, Si 212.412nm,
Ta 269.452nm, Ti 334.941nm, V 310.230nm, Y 371.030nm, Zr 327. 305nm were selected as the analytical
spectral lines. The calibration curve was prepared by matrix matching method to eliminate the matrix
effect. Consequently the determination method of ten impurity elements (including Mn, Mo, Nb, Ni, Si,
Ta, Ti, V, Y and Zr) in nuclear grade iron-chromium-aluminum alloy by inductively coupled plasma atomic
emission spectrometry (ICP-AES) was established. Within the linear ranges of each element, the correla-
tion coefficients of calibration curves were all greater than 0. 9997, The detection limits of elements in this
method were in the range of 0. 30-31p1g/g. Ten impurity elements in nuclear grade iron-chromium-alumi-
num alloy were determined according to the experimental method. The relative standard deviations (RSD,
n==6) were between 1. 1% and 4. 5%. The spiked recoveries were between 95% and 105 %.

Key words: nuclear grade iron-chromium-aluminum alloy; inductively coupled plasma atomic emission spec-
trometry (ICP-AES); manganese; molybdenum; niobium; nickel; silicon; tantalum; titanium; vanadi-

um; ytrrium; zirconium





