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Non-Destructive Inspection of the Coated Fuel Farticles

by Contact X-ray Microradiography

Satoru KASEIMURA, Teiji HAYASHL and Kazumi IWAMOTO
Division of Nuclear Tuel Research, Tokai, JAERT

(Received 10 February 1972)

An X-ray microradiographic technique was investigated for non-
destructive inspection of the coated fuel particles, using a low-energy
X-ray beam in a commercial X-ray apparatus and several kinds of X-ray
films placed in contact with the particles. Radiographic images with
high contrast and resolution could be obtained by suitable selection
of the X-ray energy, exposure time, kind of film and geometric Tactors.
It was found to be applicable to non-destructive meagurement of the
sizes of kernel and coating layers and observation of the particle
shape and a kernel movement, and even for the neutror-irradiated
particles. A neutron radiographic technigue for the particles and the
fuel compact was also investigated; it was found to be unsuitable for

this purpose.
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Table 1 Coated fuel part.icles tested.
Keriiel Particle
S le —— : Coati Diamets
. OMPIE [ateriar Diometer oating  Layers i
{a) | 7TONC4| UCe |°%30| PYC—PyC 0255
7ONC2 |(U/Thiol 3505 S
(b) ’ 13]5430 PyC— PyC — PyC s
70NC3| uc. 3155 a4l
(c) * | 4201 pyc- sic-PyC 546
T7OFC1| UC. | 400 660
7ONC1 [U/Th0, 4905, 635 ~
td) 630! pyc— Pyc- Sic-PyC 765
7OFC2| UG, | 400 720
Table 2 Absorption coefficient of the materials for X-rays.
) . X— Ray Absorption Coefficient
Moterial  |Densityl 10 (Kev) | 15 (KeV) 20 ( KeV)
(9/em* Ny otemital & (e )i/PlemPigl i (ent™") [ /plemPrg) lem™)
LowDersi 11| 201 | 221 | 0702 | 0.772| 0398 | 0438
Fallet Matrix
C |ompnita | 16 | 201 | 322 0702 | 112 | 0398 | 0637
”‘9';,?;"‘"* io | 201 | 382 | 0702 | 133 | 0398 | 0756
sic 32 |227 |725 |895 |288 309 | 9.89
uc, |10.2 —_— —— |ea7 |70
Takle 3 Absorption coefficient of the materials for thermal
neutron.

Density Therma! Neutron. _
) Materlal _ | Micro Cross Saction(barn) | Macro Cross Sectiontbarn}
gm0y 0% ot | o 3s Tt
pr?cm"y 1110003 | 48 48 |166x10°|0.265 |0.265
C |PeletMatrix 4 & 15003 | 48 | 48 [24xI10°|0385 |0.385
Graphite
HanDmsh 19 10,003 | 48 | 48 [286x10|0458 |0.458
Sic 3.2 0133 | 65 6.63 | 0006 |0.313 |0.319
uc, 1102 |761 | 179 | 255 | 0179|0421 |0599
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X-Ray Tube Head

Helium Chamber
|~

|_-Thin Plastic Diaphragm

}__ Coated Particles

S ___High Resolution Plate

Fig. 1 Arrangement of equipment for direct microradiogfaphy.
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graphy .
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High Resoiution Flate

X- Ray Sample Holder

Tube Lead Siit I

Codted Partictes

Max. 230 mm

i / Aluminum  Foil

ORI T R R T T WO T S T E W T W N M S i

7 ;-
| C
Source Laue Coamera Stage
Position
Fig. 3 Arrangement of present equipment for microradiography.
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: &
A
C _é?%@
T bk b
‘“Qﬁ*ﬁﬁf
LA P X

B
%
M
&

(c) Lo (d)
Fig. 4 Comparison of films for microradiography.

(a) Industrial X-ray film (Sakura RR Type)

(b) Fuji autoradiographic plate (ET-2F contact type)
(¢} Polarcid Film (55 P/N)

{d) Kodak high resolution plate
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Film
X-Ray Source Object u
F
u
L r
iJ ¢ Unshorpness
U= .FI;' F : Diameter of Focus
L : Focus—to- Object Distance
r : Object-to-Film Distance
Fig. 5 Geometric unsharpness.
Fig. 7

Fig.

6

Image of sheet mesh radiographed.

—10—
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Unsharpnass

Unsharpnass ()

v, Object-to- Film Distance
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T T TTT

T

@ & ¢ P~NBEO0

1)
1

50 u[)o 750 260250
Focus-to-Object Distance (mm)

Ralation between rinsharpness and focus-to-cbject
distarnce, obtained from image of sheet mesh.
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20 Focus-io- Object Distonce pe
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7 =
B}
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3t
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1 L L. ] !
0 1 2 3 L)

Objsct —te — Film Distance (mm)

Relation between unsharpness and object-to-Tilm
distance, obtained from image of sheet mesh
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L=230 (m)
t=0.5 (ma)

weH

Dependence of unsharpness for coated fuel particle
upon geometric factors

L=230(mm)
r=10 (mm)

L=23¢
r=20
L.=230
r=4.0
L=230
r =80
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1004 1ouna
Fig.10 Microradiograph of BISO Fig.1l2 Microradiograph of TRISO
particle.

particle.

(a} (b

Fig.11 Microradiograph of TRIPLEX particle.
(a) 7ONC2 (b) 7ONC5
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(a) — (b)
1 Fig.13 Microradiograph of TRISO-II particle.
‘ (a) 7ONC1 (b) 7OFC2

(a) . (b) 107 (e)
Fig.14 TRISO particles radiographed under different

exposure conditions in order to discriminate
between the kernel and layers. (a) Only an outer
PyC layer is distinguished. (b) Kernel and SiC
layers are discerned. (c) Only kernel is
discerned.. o S
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Fig.15

JAERI—M 4749

RLLL (b))

Metallograph and microradiograph of TRISO particle
after isothermal heat treatment.
{a) Metallograph (b) Microradiograph

1004 (b)
Fig.16 Metallograph and microradiograph of TRISO particle

after temperature-gradient heating.

Fig.17

(a) Mettallograph (b) Microradiograph

100 &
f—

Microradiograph of TRISO particle irradiated up
to 26 MWD/T.
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Fig.18 Comparison of mass absorption coefficients for the

elements for X-rays and thermal neutrons.

Detecior Fim

Fig.19

Fig.22

b——— Cassette

Transfer Exposure Method

Transfer exposure method of neutron radiography.

(a) (b) Ce)

Neutreon radiographs of TRISO particles and particle
containing pellet.

"(a) Coated particle, (b) Graphite pellet containing
particles, (¢) Graphite pellet containing particles
and vacant holes
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