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Metallographic Examination of Irradiated Core Fuel Subassembly
(Fab. No. PPIX12) for "JOYO" MK-I

Shigeharu Ukai*l, Yukio Hayashi*Z2
Ichiro Unno*1 1 Tadao Sugiyama®1, Naoya Kushida*1,
Mineo Mizuno®3, Ital Shibahara®1 and Keiichi Kohno*!

Abstract

Core Fuel Subassembly (Fab. No. PPJIX12) was irradiated at the first row of
reactor core all through the "JOYO" MK-I period, and estimated to be the highest
average burnup of 39,000 MWD/MTM next to PPIX13 of 41,000 MWD/MTM in the
"JOYO" MK-I Subassembly. This sabassembly had been intentionally kept in the water
pool with insufficient removal of Sodium after irradiation.

The observation of outer surface of cladding by scanning electron microscope
(SEM), morphological observation of fuel and cladding by Optical microscope, and
instrumental analyses by electron microprobe analyser (EPMA) and ion microprobe
analyser (IMA) were performed in order to confirm the integrity of cladding kept in pool
with insufficient removal of sodium, and to supplement the data base of high burnup
region on "JOYO" MK-I fuel.

The experimental results are summarized as follows:

1) The condition of outer surface of cladding observed by SEM was similar to that of
cladding kept in pool after sufficient removal of sodium, and intergranular attack
and corrosion of outer surface of cladding were not observed.

2) Central void and Columner grain were not formed. Fuel structure was observed as
fission gas bubble region, densified region and unrestructured region.
Gap width between fuel and cladding at oxial middplane of fuel column was
reduced to 1% 4 m in radius. These results supplement the data base of high burup
region on "JOYO" MK-I fuel. :

3)  Redistribution of Uranium and Plutonium was not observed. Volatile fission
product such as Cesium accumulated in the fuel-cladding gap, but the corrosion
depth of cladding caused by fuel-cladding chemical interaction was 10z m in
maximum.

4)  Burnup measured by IMA showed gobd agreement with that calculated using
"JTYHIST" code.

*]  Analysis and Evaluation Section, Fuel and Material Div., O-arai Engineering
Center.

*¥2  Japan Radiation Engineering Co. Ltd.

*3  (Present) Mitsubishi Atomic Power Industry Co. Ltd.
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Spec. of Cladding (Average of Makers Data. )

Table 1

Specifications of Cladding and Core Fuel (Pin No. 6734)

Spec. of Core Fuel (Average of PNC’s Data)

Items
Maker KOBE STEEL LTD.
Material SUS 316
Lot. No. K 001
Soln. Temp. (°C> 1010
Treatment Time (Min) 2
Cold Work (9 10
Chemical Compesition
(W, =)
¢ 0.05
Si 0.55
Mn 1.52
P 0.018
S 0.010
Ni 13.06
Cr 16.52
Mo 2.38
Co 0.04
B < 0.0010
N 0.176
Al 0. 0220
As 0.0045
Cu 0.0275
Nb+Ta < 00,0010
Vv 0.0170
Grain Size . 9.0
Quter Diameter mm) Max, 6.302
Min. 6.296
Inner Diameter (mm) Max. 5.603
Min. 5,600

Items

Lot . No FM0105
PuQ; / PuQ, +UQ; (W, o) 17.6
0/M ratio 1,98
Gas (uf./g) 29
Moisture {(ppm) <10
Impurities {ppm)

Al < 50

B < 1

& < 30

Ea <10

Cd < 5

Cl1 <25

Cr < 20

Fe <10

Mg <10

N < 50

F <50

Ni < 20

v < 20

Cu

Zn <195

5i

Ag

Mn

Mo <171

Pb

Sn

Total < 697

Density 93.5 £ 2

Diameter 5.4+ 0,05

(T)¥€1-98 OTV6NL-ONd
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Table 2 Conditions of lIonic Etching and Evaporations
Etching Evaporation
Ion Sourse Ar Ar
Degree of Vacuum (Torr) 1.4 x 10— 1.4 x 10—*
Accelerating Voltage (KV) 1.5 1.5
Cathode Voltage (V) 9.5~ 10.5 10.5
Magnet Current (mA) 0.7 0.7
Emission Current {(mA) 4~6 7
Suppression Voltage (V) 300 300
Neutralization Voltage (mV) - -
Ion Current (mA) 0.5~0.55 -
Exposure Duration (min) 12 ~ 20 5,725
(EPMA) -

Material of Evaporation ¢ 1MA) : C/Au
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Table 3 Measurement Value of Burn-Up by IMA
Specimen Mo i;%%ég(gmj)ﬁ # %R (atm%) JYHIST (if%ﬁ
6784 21 26.0 3.37 3.34
6784 42 262.6 5. 37 5.11
6784 62 419.6 4.50 4. 56
6784 82 592.0 2.96 2.67




(I)¥€1-58 OTFB6NL-ONd

Bottom Top

1910
5 12
57 400 600 400 208 200 28
— ' o T AN NAA | A B |
= = ] /. / I} "‘-/‘.r' w o Y V—“I % ==
2 4 3 6 7 8

8 upper -end plug SUSs 316
7 sleeve SUs 316
6 spring SUS 316
5 cladding 5US 316 I.D. 56¢, O.D, 6.3¢
4 core pellet | PuQ,—-UQ,
3 blanket U0,
2 wrapping wire SUs 316 1.2 ¢
1 lower end plug SUS 316
No. parts name material remarks

Fig. 1

- "JOYO" MK-I Core Fuel Pin
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B
oo Rl
BEECECEDRC

PPJX 12

Fig. 2 - Location of the Core Fuel Subassembly (Fab. No. PPIX12)

in the Reactor "JOYO"
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Chart 1 Line Analysis by U and Pu from the Fuel Center to Cladding
. (Speciment No. 678442)
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Chart 2 Line Analysis of U and Cs from Non-Restructured Region to Cladding
(Specimen No. 678442)
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JOYO MK-I PPJX12
Specimen NO. 678442

As-Polished

Photo. 1

Optical Micrographs of the Transverse Section of the Core Fuel Pin
(Specimen No. 678442) As-Polished
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Photo. 2 Optical Microstructures of the Core Fuel (Specimen No. 6781442)
As-Polished
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Quter Surface of Cladding . Inner Surface of Cladding
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Photo. 3 Optical Microstructures of the Cladding (Specimen No. 678442)
AS-Etched
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Photo.

u

Mo

Various X-ray Images of the Gap Part between the Core Fuel and
Cladding (Specimen No. 678442) As-Etched
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Photo. 5

Secondary Electron Micrographs of the Cladding Outersurface of the
Fuel Pin (Fab. No. PPJX12, Pin No. 6784, Lot. No. K001)
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Photo. 6 Secondary Electron Micrographs of the Cladding Outersurface of The

Fue! Pin (Fab. No. PPJX13, Pin No. 5335, Lot. No. K002)
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