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Analysis of Crystallite Size of Simulated DUPIC Fuel Powders by
Neutron Diffraction Line Broadening
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Abstract

The crystallite sizes of simulated DUPIC fuel powders were measured by the neutron
diffraction line broadening method. The amount of fission products in spent fuels was
calculated by the ORIGEN-2 code and the oxides of stable isotopes were added into natural
uranium oxide. The mixed UO. and fission product oxides powders were dry-milled in an
attritor with a rotation speed of 200rpm, ball-to-powder ratio of 4:1 for 30, 60, and 120
minutes. The simulated DUPIC fuel powders were compacted into pellets under a pressure of
3 ton/cm” and 4 pellets were stacked in a vanadium can for neutron diffractometry by the
HRPD in HANARO. The wavelength of neutron beam was 1.8348 A, and the monochrometer
was Ge(331) single crystal. The diffraction patterns were obtained from 20 to 155°by 20
interval of 0.05°, and the maximum intensity was about 20000 cps. Fullprof 1.9c code was
used for the Rietveld refinement and the full-width-at-half-maximum(FWHM) was obtained. A
more reliable result of crystallite size was obtained by Cauchy-Gaussian convolution method
using the FWHM from fitting of each diffraction profile. The most reliable result was the

fitting by the Voigt function and Warren-Averbach deconvolution method.
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Fig. 1. Neutron diffraction patterns of simulated DUPIC fuel with milling time.

Table 1. The result of Rietveld refinement of simulated DUPIC fuel powder.

hkl Mult D(A) 2q HW lobs Icalc io-ic

111 8| 3.157395 33.779| 0.357556 | 1835.1| 1817.9 17.2
200 6| 2.734385 39.202 | 0.340852 141.5 157.9 -16.4
220 12| 1.933502 56.644 | 0.300544 6252.3| 6235.5 16.8
311 24| 1.648896 67.602 | 0.293135 1755.5| 1712.2 43.3
222 8| 1.578697 71.049 | 0.295135 70.9 65.4 5.6
400 6| 1.367192 84.279 | 0.328018 1797.5| 1792.9 4.6
331 24| 1.254622 93.964 | 0.382135 | 1192.7| 1210.4 -17.7
420 24| 1.222854 97.203 | 0.406696 128.9 114.2 14.6
422 24| 1.116308 | 110.516 | 0.547403 | 6165.4| 6029.9 135.6
511 24| 1.052465 | 121.284| 0.721454 | 1220.6| 1188.2 32.4
333 8| 1.052465 | 121.284 | 0.721454 406.9 396.1 10.8
440 12| 0.966751 | 143.190| 1.409705 | 3889.0| 3957.6 -68.7
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Fig. 2. (a) Rietveld refinement of a neutron diffraction pattern of a simulted DUPIC fuel. (b)
An enlarged image showing the Rietveld refinement at 26 from 92.3° to 99.3° in a neutron
diffraction pattern of a simulated DUPIC fuel.
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Fig. 3. Hall-Williamson plot of a simulated DUPIC fuel powders milled for 30 min by profile

fitting using (a) Gaussian-Gaussian relation and (b) Cauchy-Gaussian relation.
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Fig. 4. Fitting curves of a diffraction peak using Voigt, Gaussian and Lorentzian function.



Table 2. The crystallite size of simulated DUPIC powders according to various fitting methods.

Crystallite size (nm)

Milling time (min)
Gaussian-Gaussian | Cauchy-Gaussian | Warren-Averbach

30 54.05 70.30 77 4
60 47.02 62.83 70.1
120 41.07 54.28 69.2
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