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Determination of Trace Elements in High Purity Iron as a Certified Standard Material by
Instrumental Neutron Activation Analysis

Shogo Suzukl, Yukiko OxADA and Shoji HIRAL

Synopsis

: Trace elements in high purity iron certified reference materials, JSS001—4 and JSS003—4, prepared by the Iron and Steel Institute of Japan

were determined by instrumental neutron activation analysis (INAA).

Five or seven aliquots of each sample (ca. 130~750 mg) were irradiated for a short time (2 min) at a thermal neutron flux of 1.5X10"%n

2

5

cm 25! (pneumatic transfer) and for a long time (6 h) at a thermal neutron flux of 3.7X 10> ncm™2s ™! (cental thimble) in the Rikkyo Uni-

versity Research Reactor. The irradiated samples were measured by conventional y-ray spectrometry using a coaxial Ge detector, and by anti-

coincidence y-ray spectrometry with a coaxial Ge detector and a well-type Nal(Tl) detector.
The concentrations of 7 elements (Na, Cl, V, Co, Zn, As, W) in the JSS001—4 and 11 elements (Na, Al, V, Mn, Co, Ni, Cu, As, Mo, Sb, W)
in the JSS003-4 were determined by these methods. The determined values were in good agreement with the certified and reference values.

The lower limit of determination vatues for Sm, Ir, Au in the JSS003—4 were 0.1~ 1 ng/g.

Key words : instrumental neutron activation analysis; pure iron; certified reference material; trace element; anti-coincidence y-ray spectrometry.
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Table 1. Irradiation and counting conditions and analyzed elements.

Irradiation facility Irradiation time Cooling time

Counting time

Analyzed element

Pneumatic transfer 2 min 1 ~20 min
Central thimble 6h 2~7d
9~40d

6~30 min ALV, S, Cu, Ti, Si, Ca, Mg, I, Cl, In, Dy, Mn

2~45h K, Ga, Na, Pr, W, As, Ho, Br, La, Sm, Cd, U,
Pt, Au, Mo, Sb, Yb, Lu

18~230h Te, Nd, Ba, Rb, Th, Cr, Yb, Ce, Hf, Hg, Sb,

Zr, Sr, Ni, Tb, Ir, Sc, Ta, Sn, Se, Tm, Zn, Gd,
Ag, Cs, Co, Eu
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Table 2. Interfering elements by fast neutron reactions.

Analyzed Interfering Production
Element . .
reaction reaction rate
Mn 3Mn(n, y)**Mn  **Fe(n, p)**Mn 41ug/Fe(g)
Cr *Cr(n, yy’'Cr  **Fe(n, @)’'Cr 39ug/Fe(g)
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Fig. 1. Relation betwen counting rate and peak area of
%Zn 1115keV.
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Table 3. Concetration of elements in JSS001—4 and JSS003—4 high pure iron. (ug/g)

JSS001-4 JSS003-4
Element

This work Certified This work Certified
Na 0.202+0.018 0.206+0.027
Mg <99 <0.4* <19
Al <0.19 <0.7 9.59+0.27 7*
Si <230 <3* <430 43+4.2
S <210 1.9+0.42 <360 1.5%
Cl 1.74+0.26 <1.1
K <1.8 <0.26
Ca <4.4 <0.5* <6.6
Sc <0.0036 <0.0033
Ti <2.8 <0.6* <3.6
\" 0.0371+0.0070 <0.1* 0.101x0.006
Cr <8 <1* <8 5+0.98
Mn <8 0.03* 31.1*x1.8 32+1.7
Co 0.258+0.0014 0.3+0.04 28.0x0.9 29+1.6
Ni <1.8 <0.3* 39.3x24 36+1.1
Cu <0.81 0.5£0.12 18.3+0.9 18+0.9
Zn 6.32+0.94 6.8+0.83 <(0.82
Ga <0.075 <0.11
As 0.191£0.008 <0.3* 0.228+0.014
Se <0.13 <0.12
Br <0.020 <0.0099
Rb <1.0 <0.51
Sr <10 <12
Zr <14 <13
Mo <0.13 <0.3* 0.630=0.030
Ag <0.16 <0.14
Cd <0.33 <0.18
In <0.0013 <0.0016
Sn <6.6 <0.4* <6.7
Sb <0.0060 0.0290+0.0023
Te <0.48 <0.33
I <0.041 <0.086
Cs <0.037 <0.031
Ba <4.8 <3.0
La <0.0032 <0.0023
Ce <0.16 <0.091
Pr <0.089 <0.018
Nd <0.35 <0.19
Sm <0.00058 <0.00035
Eu <0.0031 <0.0041
Gd <0.44 <0.40
Tb <0.022 <0.021
Dy <0.0061 <0.0065
Ho <0.0038 <0.0021
Tm <0.024 <0.016
Yb <0.018 <0.0074
Lu <0.0039 <0.0023
Hf <0.029 <0.023
Ta <0.017 <0.011
w 0.252+0.032 0.3+0.09 0.349+0.037
Ir <0.00061 <0.00054
Pt <0.12 <0.072
Au <0.00026 <0.00012
Hg <0.12 <0.075
Th <0.020 <0.011
U <0.0060 <0.0035

<Lower limit of determination, *Reference value.
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Fig. 2. y-ray spectra of JSS003—4 high pure iron for 6 h ir-

radiation.

(a) Conventional y-ray spectrometry, (b) Anticoinci-
dence y-ray spectrometry, @ *°Fe 143keV, @ *Fe
192, ® *Co 811, @ **Mn 835, ® *Fe 1099, ®
Co 1173, @ *°Fe 1292, ® ®°Co 1332.
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Table 4. Comparison of detection sensitivity of elements by y-spectrometry and anticoincidence.

Specific activity (cps/ug)

Element Nuclide Half-life ]/-inf\:}'gy
(keV) y-Spectrometry Anticoincidence
K 2K 124 h 1524.6 3.72 3.08
Ga 2Ga 14.1 h 629.9 110 225
Na %Na 150 h 1368.5 162 73.8
Pr 142py 192 h 1575.7 18.4 16.5
W 1879y 239 h 685.8 328 308
As 75As 263 h 559.1 505 349
Ho 166k 26.8 h 80.6 1380 1370
Br 82Br 353 h 554.3 152 19.0
776.5 126 14.6
La 1401 2 403 h 487.0 203 60.1
Sm 1538m 46.8 h 103.2 4288 3452
Ccd Hsmyy 45 h 336.2 14.0 13.8
U 2Np 2.35d 106.1 363 85.0
Pt 9 Au 2.69d 158.4 13.7 12.9
Au 1% A0 2.70d 411.8 6500 6000
Mo 9ImTe 6.02h 140.5 242 23.6
Lu G 6.71d 208.4 304 174
Te B3Iy 8.04d 364.5 1.24 1.22
Nd 4INd 11.0 d 91.1 2.05 1.87
Ba BiBa 12.0 d 496.2 0.0767 0.0198
Rb 8Rb 188 d 1077.2 0.288 0.0280
Th 233pg 270 d 311.9 19.1 17.9
Cr S1Cr 277 d 320.1 1.07 1.06
Yb 5yp 4.19d 396.3 69.9 69.7
19y 320 d 198.0 8.57 2.76
Ce M4Ce 325 d 145.4 2.48 2.41
Hf By 424 d 482.0 7.36 3.47
Hg Mg 46.8 d 279.2 2.43 231
Sb 1228 2.70d 564.4 314 288
124Gh 602 d 1691.0 1.30 0.419
Zr S7Zr 64.0 d 756.7 0.0103 0.0101
Sr 88r 64.8 d 514.0 0.0163 0.0147
Ni BCo 70.8 d 810.8 0.0795 0.0714
Tb 1607} 72.1 d 966.2 8.00 4.86
Ir 1921 742 d 316.5 362 68.5
Sc 465¢ 83.8 d 889.3 46.6 20.4
Ta 1821 1150 d 11213 5.07 0.874
Sn 13gp 115.1 d 391.7 0.0215 0.0213
Se *Se 1185 d 264.7 1.12 0.0690
Tm 0T m 1286 d 84.3 10.3 10.2
Zn 557n 224.1 d 1115.5 0.0821 0.0801
Gd 153Gd 2416 d 97.4 0.515 0.279
Ag HomA o 252 d 657.7 1.07 0.165
Cs B4y 2.06y 604.7 5.47 1.80
Co Co 527y 1173.2 1.97 0.920
1332.5 1.74 0.770
Eu 152Ey 13.1y 344.2 19.0 10.6

Table 5. Lower limit of determination of elements in
JSS003—4 high pure iron.

Lower limit of

determination Y-Spectrometry Anticoincidence
0.1~1 ng/g Ir Sm, Au
1~10 ng/g Na, Sc, Br, In, Sb, La, As, Ho, Yb
Eu, Dy, Lu, U
10~100 ng/g V, Co, I, Cs, Tb, Hf, Mo, Ce, Pr, Tm,
Ta W, Pt, Hg, Th
0.1~1 ug/g Al Cu, Ga, Se, Ag, K, Zn, Rb, Cd, Te,
Gd Nd
1~10 ug/g Cl, Ca, Ti, Ba Cr, Ni, Sn
10~100 ug/g Mg, Mn Sr, Zr
100~ 1000 ug/g Si, S
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