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Crystallite Size Measurement of Uranium Oxide Fuel Powders
by Neutron Diffraction

Ho Jin Ryu, Kwon Ho Kang, Je Sun Moon, Kee Chan Song and Yong Nam Choi*
Dry Process Fuel Technology Development Division, *HANARO Utilization Technology Development Division,
Korea Atomic Energy Research Institute 150, Deokjin-dong, Yuseong-gu, Daejeon 305-353, Korea
(Received 20 July 2003 ; Accepted form 2 September 2003)

Abstract The nano-scale crystallite sizes of uranium oxide powders in simulated spent fuel were measured by

the neutron diffraction line broadening method in order to analyze the sintering behavior of the dry process fuel.
The mixed UQO, and fission product powders were dry-milled in an attritor for 30, 60, and 120 min. The diffraction
patterns of the powders were obtained by using the high resolution powder diffractometer in the HANARO
research reactor. Diffraction line broadening due to crystallite size was measured using various techniques such as

the Stokes' deconvolution, profile fitting methods using Cauchy function, Gaussian function, and Voigt function,

and the Warren-Averbach method. The non-uniform strain, stacking fault and twin probability were measured

using the information from the diffraction pattern. The realistic crystallite size could be obtained after separation

of the contribution from the non-uniform strain, stacking fault and twin.
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Fig. 1. A transmission electron micrograph showing the
UO, particles.
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Fig. 2. Neutron diffraction patterns of simulated dry pro-
cess fuel of sintered pellet and milled powders with vary-
ing milling time from 30 min to 120 min.
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Fig. 3. Line broadening of milled powders and reference
materials fitted with Caglioti relation. (FWHM?=U
tan@ +V tan6+ W).
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Fig. 4. Microstructural broadening of (220) peak of 30 min
milled dry process powder deconvoluted by Stoke's
method.
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Fig. 5. (220) peak of 30 min milled dry process powder fit-
ted by Gaussian, Cauchy, and Voigt function.
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Fig. 6. Hall-Williamson plot of dry process powders milled for 120 min using (a) a Cauchy-Cauchy relation and (b) a Gaus-

sian-Gaussian relation.

Table 1. The crystallite size of dry process powders according to varions methods

Milling time

Methods

30 min 60 min 120 min
Simplified Line Breadth Cauchy-Cauchy 368.2 nm 313.6 nm 123.7 nm
Simplified Line Breadth Cauchy-Gaussian 144.9 nm 126.9 nm 59.2 nm
Simplified Line Breadth Gaussian-Gaussian 56.5 nm 53.1 nm 36.4 nm
D, 28.5 nm 25.9 nm 21.3 nm
::;:;e{‘,:;; egz:if; Dy 41.5 nm 37.3 nm 31.6 nm
Dt win 61.7 nm 52.6 nm 39.6 nm
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attrition milled dry process powders.
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Fig. 8. The flow chart for the measurement of crystallite
size of mechanically milled dry process fuel powders by
neutron diffraction.
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