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Abstract: A method for the determination of coating film thickness by neutron activa-
tion was proposed in this paper. After Au, Al and Cu et al. films were activated with a
Am-Be neutron source, the characteristic y-rays emitted by the activated nuclides in the
films were counted with a HPGe vy spectrometer. The detection limits of film thickness
by using a nuclear reactor neutron source were deduced on the basis of the y-ray counts
and the Monte-Carlo simulated detection efficiencies. The possible detection limits are
typically 4-5 orders of magnitude better than those by fluorescent X-ray method, which
is currently widely used to determine coating film thickness.
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Table 1 Relevant parameters for determining coating film thickness by neutron activation

oFE O FME O FEE/Y% 10 (n, VG /em 2 A B 11 2 3 Y LR keV Y HREHILE/ %
Mg Mg 11.01 0.038 2 9.462 min 843.7 71.8
Al 2T Al 100 0.231 2.240 6 min 1779.0 100
Si 30Si 3.1 0.107 2.622 h 1 266.1 0.07
Ti 50T 5.4 0.179 5. 76 min 320.1 93.0
Cr 0 Cr 4. 35 15.9 27.704 d 320.1 9.83
Fe " Fe 0.28 1.28 44,496 d 1099.3 56.5
Cu 55 Cu 30. 83 2.17 5. 10 min 1039.2 8.0
Gd 160Gd 21. 86 0.77 3. 66 min 360. 9 60. 6
Au 17 Au 100 98. 65 2.6935d 411.8 95.5
a b c
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Fig. 1 vy-ray spectra emitted from Al film (a), Cu film (b), and Au film (c) activated by neutron
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Table 2 Detection efficiencies

of different energy y-rays for HPGe detector

TV v e/ keV TR/ %

2T Mg 843.7 6.48
28 Al 1779 2.7

51T} 320. 1 9.78
S1Cr 320. 1 9.78
59 Fe 1099, 3 3.88
66 Cy 1039.2 4.04
161 Gd 360.9 8.94
198 Ay 111.8 8.07
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Table 3 Detection limits of coating thickness with neutron activation analysis

S EME ke yhReR/ R e pllhees Y A% Nows W wE/ 5 JEE 45
keV  B%/% W P ] A (gecem*) TR

Mg 2TMg 9. 46 min 843.7 6. 48 38 min 28 min 2 100 9.9 ng 1.74 57 pm
Al 28 Al 2. 24 min 1779 2.7 9 min 6.7 min 7 100 2.15 ng 2.7 7.9 pm

Ti ST 5. 76 min 320.1 9.78 23 min  17.3 min 27 100 0.95 pg 4.5 2 nm
Cr S1Cr 27.7d 320.1 9.78 4d 4 h 240 100 0.54 pg 7.14 0.7 nm

Fe Y Fe 14.5 d 1099.3 3.88 4 d 2d 221 100 0.8 pg 7.85 1 nm
Cu 56 Cu 5.1 min 1039.2 4.04 20 min 15 min 3 100 4.2 ng 8.92 4.7 pm
Gd 161Gd  3.66 min 360.9 8.94 14 min 11 min 8 100 4.6 ng 7.9 5. 8 pm
Au 198 Au 2.69d 411.8 8.07 3d 12 h 450 1 000 1.1 ng 18. 88 0. 58 pm
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