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Automatic Size Analysis of Coated Fuel Particles

Satoru KASHIMURA, Katsuichi IKAWA

Department of Fuels and Materials Research,
Tokai Research Establishment, JAERI

{ Received October 8, 1984 )

For the purpose of measuring the diameter of coated fuel
particles automatically PSA{Particle Size Analyzer) was installed.
This machine was used to measure the diameter, sphericity and
dengity of fuel kernels and coated fuel prarticles and the data
were compared with those obtained manually by conventiocnal
methods. Both data showed a good agreement. Comparison was also
made on the thickness and density of the coating layers.

Agreement of the thickness was good, whereas the density did not
always show satisfactory agreement, sc that it should be recommended

to 1limit the use to the first layer.

Keywords: Dimension, Sphericity, Density, Ccated Fuel Particle,

Quality Inspection, Automatic Size Analysis, Accuracy
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Table 1 JAERI design dimensions and densities
of components of TRISO coated fuel

particle
w o et ET x| BE
(pgm) (g /cm?®)
7ok B UQ: 600 124595 % 96.0 (B TD>
1B LD PyC 60 - 1. 10
# 42/ | HD PyC 30 - 1. 85
A WIE | SiC 25 - >3 20
& $4/8 | HD PyC 45 _— 1. 85
BT — 920 | <L248> 95 % ~ 4373

¥ 1 LD:{E%E HD:SFEE
* 2 MEHE, HER T EE WEE RS
*3 BEM

Table 2 Comparison of coating thicknesses

between the PSA and the conventional

method
wowm m | L SAE TR
(pm) (£ m)
s 1 & 66 64
A = 26 28
% 3 3 23 26
® 4 B 43 42
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Table 3 Comparison of kernel densities between

the PSA and the conventional method

2 3 = P S A(E @-ﬁ 3% {Lj_:{
xROE S (%TD) | (%TD)

1 87. 5 97. 5

2 86. 7 95. 7

3 95 5 95. 8

Table 4 Comparison of whole particle

densities between the PSA

and the conventional method

; Iy .
SR E | (Db e

I 4. 32 4.45
2 447 4. 57
3 4. 32 4. 45
4 4. 49 4. 57
5 4. 39 4. 45
6 4. 26 4. 30
7 4. 22 4. 28
8 4. 34 4. 40
g 4 24 4, 23
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Fig. 1 Structure of TRISO coated fuel particles
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Fig. 2 Principle of measurement of particle diameter
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Fig. 4 Apparatus for random sampling
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Fig. 5 Xray radiograph of TRISO ceoated fuel particles
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Fig.6  Examples of diamefer distribution and
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by conventional methods
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Fig. 9 Method of sampling outer PyC layer

peeagelonl 15-JUN-1981
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Fig. 10 An example of a diameter distribution
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PARTICLE SIZE ANALYSIS FPSA V8

EXAMFL NO: 0000001001 15~ JUN-1981

NUMBER OF PARTICLES 4175 RANGE: 298 - 1203 MY
DIAMETER MEANVL 928 MY  (CEERE)

STANDARD DEVIATION 20.3 (EHEREE)
VARIATION 2.2 4 (EEER

DIAMETER LIMITING VALUES 99%Z 887 969 MY (9 Z{3FEFK)
99% 873 983 MY (99 B{EHER

VOLUME MEANVL 0,418950E 000 MM3 (fuT 1 Bo{k#E)
COMMON 0.174911E 004 MM3 (GEELEDKE)

SURFACE MEANVL 0,270634E 001 MM2 (kT [ EOXER)
COMMON 0.112990E 005 MM2 G 2foXRERE

COMMON WEIGHT7419.7000 (BEEAHF—5)
DENSITY 4,2420 (TR

Fig. 11 An example of printout of a particle size analysis
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Fig. 12 Dependence of standard diviation fluctuation

on the number of sample particles

( A,B,C, indicate different coating batches )
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Fig. 13 Correlation of diameters between the

PSA and the conventional method
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epoepalone 15-JUN-1981 EXAMPL
ABUNDANCE
—]
39 -
28 -
10 -
e T T T T T T 7 7 T T 7T 7T~7T T 7T 7T 7+ T 1777
1.0 1.5 2.9 2.5 3.0

SHARPE FACTOR

Fig. 14 An example of a shape factor distribution
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SHAFE ANALYSIS FDA V0&

EXAMFL NO?! 0000001002 15-JUN-1981

SAMPLING-CONTROL FARAMETERS!

$ OF PARTICLES 100 RANGE 98 —~ 1003 MY

$ QF CYCLES NORMAL 50 (EIKERE D HOEERIESED

% OF CYCLES EXCERT 442 (EEEHSEVWESOERIERED

LOGARITHMIC SHAFE FACTORS: (XEtUDZR)

LOG SHAFEFACT MEANVALUE 0,661 CHECEIRE OMETL)

ANTILOG SHAFE MEANVALUE 1.046 (BEIREOYED

LOG STANDARR DEVIATION 0,094 (EREOEERFE)

LOGARITHMIC ONEWAY UFFER TOLERANCE LIMITS: (@&XEIEMEEEHEEE)
KT FOR LOG ANTILOG

KT 1 = 3.000 0.943 1.088

LINEAR SHAFE FACTOR DISTRIRUTION! (EREOEIHSH)

SHFACT F ARS F Cx3 FS ARS FS %3]
1.00 0 ¢.00 0 0.00
1.01 0 0.00 v 0.00
1.02 0 ¢.00 0 0.00
1.03 10 10.00 10 10,00
i.04 36 34.00 446 46,00
1.09 32 32.00 78 78,00
1.06 2 20.00 98 ?8.00
1.07 1 1.00 9 ?79.00
1.08 1 1.00 100 1460.00
1.09 0 0.00 100 100.00

"RUNTIME EVENTSH

EXCEFTIONS 0
TOO SLOW'S 0

TOO FAST’S )

Fig. 15 An example of a printout of a shape analysis

( ref 11 )
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Fig. 16 Correlation of shape factors between

the PSA and the conventional method
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Fig. 17 Comparison of 4th layer densities between the

P5A and the conventional method
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Fig. 18 Sphericity dependence of the difference of

density between the PSA and the conventional methed



