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Table 1 Instrumental parameters

Rh tube 26 angle (°) Counting time/s

Element ————— Crystal Collimator Detector ————— —
kv ‘mA PK BG PK BG
Cr 50 60 LiF (220) Fine FC+SC 107.17 +1.50 20 10
Mo 50 60 LiF (200) Fine SC 20.29 +0.60 20 10
W 60 50 LiF (220) Fine FC+SC 62.51 —0.70 100 20
Co 50 60 LiF (220) Fine FC+SC 77.93 +1.20 50 20
Ti 50 60 LiF 200 Fine FC+SC 86.19 —1.20 50 20
Al 40 75 TIAP Coarse FC 37.85 +1.50 50 20
Nb 50 60 LiF (200) Fine SC 21.35 +0.60 20 10
Fe 50 60 LiF (220) Fine FC+SC 85.73 +2.50 20 10
Mn 50 60 LiF (220) Fine FC+SC 95.21 +1.50 50 20

TIAP : thallium acid phthalate; FC : flow counter; SC : scintillation counter; PK : peak; BG : background

Table 2 Chemical compositions of nickel-based standard sample for
preparing calibration curves

Chemical components, %

Sample
Cr Mo w Co Ti Al Nb Fe Mn
JAERI-R4 13.6 4.51 (0.06) 0.39 0.71 6.28 2.10 0.19 0.01
NBS SRM 1201 20.7 9.1s (0.15) 0.56 (0.01) — 0.02) 23.2 —
NBS SRM 1204 12.75 4.28 0.028 — 0.63 5.60 1.31 3.1 0.41
NBS SRM 1205 13.82 5.75 0.019 — 0.36 6.68 1.95 (1.55) 0.29
NBS SRM 1208/1 17.5 3.24 — 0.82 0.46 0.15) 5.38 19.2 0.38s
N-1t 17.29 4.65 4.57 2.17 1.31 1.44 — 14.74 0.64
N-2t 26.49 1.09 0.42 4.83 0.35 1.24 — 19.83 0.65
N-3t 15.90 1.73 2.48 8.90 3.44 3.48 0.88 0.12 0.002
t Home-made standard samples
FERE RN T 6 /@Y g:lﬁgr-ghf\, B, FIT, ARET Table 3 Correction coefficientse for spectral line
MRETETHD ITEC O CUHERBE A IERT 2 overlap to use nickel-base binary cali-
723, Ni-Mo & Ni-W BBk tk B O ARE 7 « 1 7 m 1 bration curve
e LR E LTT — 7 BRE, SR%REFER LSS Elf)“;;m Spectral  Interfering c&g&ﬁ?}or
X o ER U - ARMESESRE SEHY S8 D determined line element spectral overlap
=y rAVEEERREFER L. AR =, r VEEER Mn Ka Cr ler Oﬂg
oy \ 8) ~18) 1> 3 mjcr 0.00
RE OB BB O BG A D JIS B: CREHLL T Co Ke Fe Iype  0.0010
RKdte. TofbFER % Table 2 iR L. myre 0.0010
Nb Ka Mo lymo  0.0009
mjmo 0.0005
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l3=JIS method; mj=a-method

Table 4 Stability of correction coefficient for
spectral line overlap to use nickel-base
binary calibration curve

Correction coefficient

Spectral line Date
13-May 11-Jun 23-Jul
Mn Ka lycr 0.0013 0.0014 0.0013
mj cr 0.0020 0.0018 0.0020

13=JIS method; mj=a-method
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Table 5 Theoretical alpha coefficients for nickel-based alloys
Interfering Analyte
element AlKa TiKa CrKa MnKa FeKa« CoKe NbKa MoKa WLa
Al —0.814 0.093 0.091 0.105 0.210 —0.39 —0.890 —0.890 —0.8%4
Ti —0.537 0.390 3.428 3.500 3.945 1.503 —0.476 —0.475 —0.468
Cr —0.395 -0.219 0.782 0.779 5.210 2.146 —0.338 —0.338 —0.329
Mn —0.306 —0.236 0.564 0.989 1.375 2.248 —0.257 —0.258 —0.254
Fe —0.210 —0.081 0.052 0.840 1.637 0.129 —0.180 —0.181 —-0.173
Co —0.113 —0.127 —0.133 —0.14 0.889 0.253 —0.092 —-0.091 —-0.091
Nb —-0.357 2.195 2.196 2.230 2.503 0.707 —0.057 —0.014 —0.742
Mo —0.335 2.371 2.379 2.420 2.716 0.817 —0.147 0.036 —0.716
w -0.289 2.498 2.673 2.835 3.311 1.229 1.081 1.090 —~0.341
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Table 6 Calibration constants

Element E D
Cr 0.16682 0.10472
Mo 0.07444 0.06272
w 1.08961 —0.02089
Co : 0.30636 —0.08440
Ti 0.18479 —0.00031
Al 1.20563 - —0.04448
Nb 0.09057 —0.00445
Fe 0.09883 —0.01683
Mn 0.14848 —0.00024

E : inverse slope of the calibration line in concentra-
tion units; D : intercept of the concentration axis in
concentration units
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Table 7 Comparison of accuracies (oq) in
calibration curves

Element C?-I;;egrg,ra;zon c&iﬁ‘cﬁl cor‘rzé:&nf
Cr 12.75 ~26.49 1.009 0.267
Mo 1.09 ~ 9.1s 0.076 0.060
\"% 0.019~ 4.57 0.118 0.010
Co 0.39 ~ 8.90 0.067 0.059
Ti 0.35 ~ 3.44 0.042 0.033
Al 0.15 ~ 6.68 0.095 0.039
Nb 0.88 ~ 5.3s 0.035 0.020
Fe 0.12 ~23.2 1.078 0.127
Mn 0.01 ~ 0.65 0.041 0.012

t Theoretical alpha coefficients used. Accuracies
were calculated as standard deviation obtained for a
series of differences between analytical values and
certified values.
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Table 8 Comparison of accuracies (¢4) between
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Table 9 Reproducibility of analytical values of

a-correction method and JIS method . JAERI-R9
Correction Without With correction Certified Found, %
Element . - Element —

method  correction ® a0 12) value, % X g r.s.d., %
Cr a-method 1.009 0.267 0.272 0.271 Cr 21.5 21.69 0.146 0.59

JIS 0.23¢ 0.210 0.199 Mo 9.10 9.08 0.0542 0.60
Mo a-method 0.076 0.060 0.062 0.062 W (0.55) 1t 0.58 0.0070 1.21

JIS 0.109 0.113 0.105 Co 1.18 1.15 0.0063 0.55
Al a-method 0.095 0.039 0.049 0.044 Tit 2.59 2.73 0.0070 0.25

JIS 0.100 0.098 0.093 Al 0.26 0.27 0.0082 3.01
Fe a-method 1.078 0.127 0.115 0.106 Nbt 1.02 1.00 0.0042 0.42

JIS 0.987 0.940 0.940 Fe 17.6 17.60 0.100 0.57
Figures in parentheses are the number of setting-up Mn ;0'33 0.33 0.0042 1.27
standard samples. Accuracies were calculated as 7n=10; 1t BS750; {f Not certified.

standard deviation obtained for a series of differences
between analytical values and certified values.
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Table 10 Comparison of X-ray and chemical analytical values of nickel-based

heat-resisting alloys

Analytical values, %

Sample
Cr Mo w Co Ti Al Nb Fe Mn

Inconel 617

Chemical 21.94 8.96 0.032 12.10 0.28 1.27 0.10 1.82 0.07

X-ray 22.00 8.95 0.01) (12.35) (0.27) 1.26 (0.10) 1.75 0.08
Inconel 713LC

Chemical 11.38 3.96 0.033 0.23 0.70 5.70 1.74 0.16 0.003

X-ray (11.42) 3.85 0.02 0.22 0.71 5.74 1.79 0.18 <0.01
IN-738LC )

Chemical 15.87 1.78 2.52 9.00 3.40 3.52 0.86 0.08 0.004

X-ray 15.47 1.74 2.51 8.82 3.44 3.48 - 0.86 (0.05) <0.01
IN-792-5A

Chemical 12.25 1.84 3.97 9.99 3.99 3.38 — 0.06 0.005

X-ray (11.80) 1.77 3.93 (10.04) 3.66 3.37 — 0.04) <0.01
Inconel-W

Chemical 15.26 0.10 — 3.00 0.81 — 7.18 0.005

X-ray 15.63 (0.08) — 3.05 0.79 — 7.34 <0.01
Mar-M247

Chemical 8.11 0.69 10.02 11.11 0.93 5.75 — — 0.007

X-ray (7.92) (0.69) (10.07) (11.98) 0.90 5.69 — — 0.01
Mar-M421

Chemical 15.26 2.05 3.90 10.70 1.80 4.11 2.00 0.14 0.004

X-ray 15.50 2.03 3.88 (10.88) 1.89 4.20 2.00 0.12) <0.01

n=2; Iigures in parentheses are extrapolated values.
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X-Ray fluorescence analysis of nickel-based
heat-resisting alloys by matrix correction using
theoretical alpha coefficients. Shinji Itos, Koichi
Satro, Kunikazu Ipe and Haruno Okocmr (National
Research Institute for Metals, 2-3-12, Nakameguro,
Meguro-ku, Tokyo 153)

The study of the X-ray fluorescence analysis of
main component and alloying elements in mnickel-
based heat-resisting alloys has been performed. The
calibration curves were made by using NBS SRM'’s,
JAERI and home-made nickel-based standard samples
and the correction was made for the matrix effects
using theoretical alpha coefficients. Accuracies (gg4)
for respective element obtained from those curves
with correction were improved, especially for chro-
mium and iron, in comparison with uncorrected ones.
The relative standard deviation for each element was
in the range of 0.25~1.279;, with the exception of
aluminum (0.26 Al%;; r.s.d. 3.019;). The analytical
ranges were as follows; Cr(12.75~26.49%), Mo(1.09~
9.18%), W(0.019~4.57%,), Co0(0.39~8.90%), Ti(0.35
~38.449;), A}(0.15~6.689,), Nb(0.88~5.389;), Fe(0.12
~23.29%), Mn(0.01~0.65%). The analytical values
of nickel-based heat-resisting alloys such as Inconel
713LC, Mar-M247 and so on, showed good agreement
with those determined by chemical analysis.

(Received October 24, 1985)

Keyword phrases
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alloys.
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