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Postvpulse Detail Metallogfaphic Examinations of Low-enriched

Uranium Silicide Plate-type Miniature Fuel
Kazuaki YANAGISAWA

Department of Fuel Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Imstitute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received September 2, 1991)

Pulse irradiation at Nuclear Safety Research Reactor (NSRR) was
performed using low-enriched (19.89 w/o 235) unirradiated silicide
plate-type miniature fuel which had a density of 4.8 gU/cma.

Experimental aims are to understand the dimensional stability and to
clarify the failure threshold of the silicide plate-type miniature fuel
under power transient conditions through post-pulse detail metallographic
examinations. Obtained data through in-core experiments and post—pulse
irradiation examinations (PIE) are quite mew. The obtained results are
as follows.

(1) A silicide plate-type miniature fuel fabricated by CERCA, France was
loaded into an irradiation capsule and irradiated by a single pulse.
Deposited energies given in the experiments were 62, 77, 116 and 154
cal/g-fuel, which lead to corresponding peak fuel plate temperatures,
201 + 28°C, 187 * 10°C, 418 * 74°C and 871 * 74°C, respectively.

(2) Below 400°C, reliability and dimensional stability of the silicide
plate fuel was sustained, and the silicide plate fuel was intact.

Up to 540°C, wall-through intergranular crackings occurred in the

Al1-3%Mg alloy cladding. With the increase of the temperature, the

melting of the aluminum cladding followed by recrystallization, the

denudation of fuel core and the plate-through intergranular cracking
were observed. Judging from these experimental results, the failure

threshold of the tested silicide plate-type fuel is thought to be
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close to 400°C.

(3) With the increase of the temperature beyond 400°C, the bowing of
fuel plate became significant. In the worst case the bowing was
7mm at about 900°C. The thickness of fuel core was increased by
swelling from the initial value of 0.5lmm to l.7mm (236%) at maxi-
mum. This was due to the recrystallization and the melting of the
aluminum cladding as well as the reaction of molten aluminum with
fuel meat. Because of enhanced plasticity, the fuel core deformed
largely in irregular manner.

Above the temperature of 640°C molten aluminum partially
reacted with the fuel core,‘partially flowed downward under the
influence of surface tension and gravity, and partially formed
agglomerations.

Judging from these experimental observaticns, the fuel—plafe
above 400°C tends to reduce its dimensional stability. However, no
dogborning and blister were observed in the tested fuel-plates.

(4) Despite of the épparent silicide fuel-plate failure, neither gen-
eration of pressure pulse nor that of mechanical energy occurred
at all. This implies that no mechanical energy release will occur

until the occurrence of over all meat fragmentation.
Keywords: LEU (Low-Enriched Uranium), Silicide Plate-type Miniature

Fuel, Al Cladding, Fuel Meat, Dimensional Stability, Failure

Threshold
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REEEtREI 0 icgi~45& Lo CORBHESONBEFLNRUEL S D E. N
AR EBRZERBL . RENHRBE. HEHMAE o 38micd L THERE £
D0.05~0.08mmO E S (WEDI~ 2% HE T2 EI )L I TRIEBBESG YT
Wi, COBRBHMOMURKMRSE, AERENBT SLEL - THEHLAC
L. EPEAMRLABEANEES . W &%,

2.0 FHEEE 2 B

KL ZHEHEBRART - 2B, EROBRAFS AERONSREERES O o if
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th., AMAOBEERMET 5o, 78 A0/ 7 A v BB E BB EEE T
A S0 EE LB IR, CNSEHFEORMI OV TR
HEPO R THERATHEDOT, THhEEH I W

EFHRTH., B A ZABHET-LN, TOBESOMNEE O RAMETig. 2.
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1L3(ETANTE ., BMABHLI18E A - TLE, BEHEKEHMTI, B
K84 RS R BHHAA A 7B ELCLTAEB IR INAL, COE~-F ¥ 7/
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DiE. MMEBWTERHSECT, BHERTVE LD & EBbh .
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M
3

3.1.3.8 ¥, Wi, SHEBE :
XEREPLOBHERL LT, BHEHOMNBENHBEL . ARG,
BUnThHEABMYWy cHh, ECRIERILT. BEXHAMBZSC LI L o
chitkt-7T. BEZIZ2TVWEREFEFOHMBENELSTH B, VR, B
EH0 oD A v T FH & — (A FE5an) 2RV, BERI0rpnic THEER
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S LA MR AN EB)IEA S L, TALI 2o aMBEMRULEHE & it
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3.3.1 BAEREZEL

RO T/C A EBHT L2 THETH -7/ Fig. §.3.11. T/C#1~#3, 350D
F— 4 Tdh B T/CEILT/CHSRUMFRLTOHRLWHET/C840 #EEKEE/IRS08-2H
BOoBREHABEAELS/LEEMLTWE, L L. T/c42&T/C85ci). mMERLDL
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Fig.3.3.4i3. BEEH» Y e rERCWMoHB ARy Y -—2F -5 TH2
B, foEERT IRBRESATVWAY, TR&bB, FRF -7 »o¥BT 2
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HH U:Siz+USio WM. BN EE L TWE, BHEHMEEXIHEN
TWVWhEEFR., TAIs v s BEHbEBRIIEEENLLRTIAI. T =
G a2 Y 2 ARGV EL AR >TE> TR (A F v 7 EHT) (Do x
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Table 2.1 Measured chemical compositions
of the low-enriched silicide
plate-type fuels

conponen | sobdsiln | Birdits
(ppm) (ppm)

B _ < 8 4
.G 580 —
Cd < 5 10
Co < 10 < 10
Cu .18 10

Fe+Si 80.5 1480

H 28 -
Li < 10 2

N 108 -

0 760 -
Zn < 10 30
Al < 50 Matrix
Fe 1170
Si 3190
Mg 10
Cr 10
Mn 10
Ti ' 4.9

Note : (1) Particle size <GC.ldmnm
Particles of which size was
not greater than 404 n<50%

{2) Particle size <0.15mm
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Table 2.2 Characteristics of the fabricated miniature
silicide plate-type fuel

1. Silicide core (U-21w/oAl-6w/0Si)
(1) Dimension{(mm) 70(L)x 25(W)x 0.5i(t}'*?
{(2) Enrichment{w/o) 19,89 (0.,84~0,86g U-235 per plate)
(3) Element : Si(w/o) 7.5
U({w/0) 92.3, U density=4,8g/cnf
‘ Void fraction=3,3~6,4%
(4) Composition : Fuei " U3Sip+USi, UsSia density=12g/enf,

Matrix

UaSip > 87w/o
ASNE

2. Alusinum alloy cladding

{1) Dimension{(mn) 130(L)x 35(W)x 0,.38{(t) in both sides
{2) Composition Al-2.78w/oMg-0.26w/oFe-0. 15w/0Si (AG3NE)
(3) Density(g/en) 2,67
(4) Hechanical'p;operties

at room temperature

Tensile stress(¥Pa) >170

Yield stress{MPa) >85

Elongation (%) =18
{5) No blister at annealiﬁg temperature of 475, >1hr
Note : (+) L=Length, W=Width and t=thickness
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Table 2.3 Fuel characteristics of the NSRR miniature plate
and those of the JMIR full-scale plate

ITEMS NSRR 3 JMTR
MINIATURE PLATE FULL-SCALE PLATE
(1) CORE MATERIAL UsSiz-Al UsSiy Al

ENRICHMENT (ws0) ca.19.89 ca. 20
THICKNESS (mm) 0.51 0.51
WIDTH (mm) 25 62
LENGTH(mm) 70 760
URANIUM DENSITY(glC.C.) 48 4.8

(2) CLADDING MATERIAL

Al-3wio Mg (AG3NE)

S AB061or AG3NE™

~ THICKNESS{(mm) 0.380 0.380
(3) PLATE
THICKNE SS (mm) 1.27 1.27
WIDTH (mm) 35 7
LENGTH{mm) 130 780
NOTE: X Industrial Standard of France
Table 2.4 Outline of the silicide pulse experiment, Ex. 508-series
EXPERIMENT 508-1 508-2 508-3 508-4
PULSE MODE SINGLE |
REACTIVITY($) 1.29 1.36 1.59 1.83
DEPOSITED ENERGY(cal/g) | 62 77 116 154
FUEL PLATE NUMBER CS514815 {CS514816 |CS514819 |CS514829 |
PURPQOSE DIMENSIONAL FAILURE
STABILITY THRESHOLD

INSTRUMENTATIONS

Pt/Pt-13%Rh THERMOCOQUPLES(5T/C's)
Alumel/Chromel T/C
CAPSULE PRESSURE SENSOR

FLOATING BUQY
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Fig. 2.1 Phase diagram of the U-Si binary alloy system:

Ref.(17)
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Fig. 2.2 Schematic representation of the tested silicide
miniature plate-type fuel. Enrichment=19.88w/o
U-235, density=4.8 gU/cm?
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Fig. 3.1.1 Time-dependent change of the fuel plate surface
temperatures measured by T/C No(#) 2, #3, #4 and #5,
where 19.89w/o enriched uranium 511101de plate-type
fuel having density by 4.8 gU/cm® was used in
experiment 508-1 (62 cal/g*fuel)
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Fig. 3.1.2 Time-dependent change of the fuel plate surface
temperatures measured by T/C #2, #3 and #5 and that
of reactor power, where 19.8Y9w/o enriched uranium
5111c1de plate-type fuel having density by 4.8
gU/cm? was used in experiment 508-1 (62 cal/g+fuel)
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Fig. 3.1.3 Time-dependent change of the coolant at energy
deposition of 62 cal/g-fuel in experiment 508-1
(1,298 insertion)
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Fig. 3.1.4 Relative displacement of the coolant front measured
as an indicator of water hammer and the reactor power
obtained from experiment 508-1 (62 cal/g-fuel)
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Photo. 3.1.3 As-polished microphotographs obtained from Ex.508-1 (62 cal/g-fuel). Cutting
was made along transversal direction including T/C's #2~#3, of those peak
surface temperatures were between 216°C and 234°C during pulse irradiation.
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Photo. 3.1.4 As-polished microphotographs obtained from Ex.508~1 (62 cal/gefuel). Cutting
was made along longitudinal direction of plate center including T/C #5.
Cladding peak temperature at the location was 178°C.
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Photo. 3.1.5 As-polished microphotographs obtained from Ex.508-1 (62 cal/gefuel}. Cutting
was made along transversal direction including T/C's #1~#2, of those peak
surface temperatures were around 177°C.
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Photo. 3.1.6 As-polished microphotographs obtained from EX,508-1 (62 cal/g=-fuel). Cutting
was made along transversal direction including T/C's #1~#2, of those peak
surface temperatures were around 177°C. Here, void (porosity, [A] ), welded
thermocouples ([Bl, [C) and fuel edge ([D, [El) were shown.
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Photo. 3.2.3 As-polished microphotographs obtained from Ex.508-2 (77 cal/gefuel). Cutting
was made including T/C's #3 and #4. Experienced peak surface temperatures
were between 178°C and 183°C.

(A): Cutting map, (B) and (C): magnified specimens 2 and 3
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m Photo. 3.2.4 Magnified [l ~[D in Photo. 3.2.3, showing the edge porosity (void) and
the grain structure of the cladding.
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Photo. 3.2.5 Magnified ~[H din Photo. 3.2.3, showing the conditions of welded thermo—
couples and the compatibility of the fuel core with the cladding. The surface
defects might be caused from fabrication stage are observed.
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Photo. 3.2.6 As-polished longitudinal cross sectlon of the fuel plate including T/C #5 which
had maximum cladding surface temperature of 195°C in Ex.508~2 (77 cal/gefuel).

(A) cutting map, (B) outerviews, (C) magnification of (B), (D) magnified some
pores (voids) in the fuel core.
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Photo. 3.2.7

Ag—etched microphotographs of the silicide plate specimen
4 and 5 cut longitudinally from the plate center, showing
a good compatibility between Al cladding and fuel meat.
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Photo. 3.2.8 As-polished transversal cross section of the fuel plate including T/C's #1 and #2,°
those had maximum cladding surface temperatures of 260°C and 179°C in Ex.508-2
(77 cal/fg-fuel). (A) map, (B) outerview, {(C) magnification of specimens 6 and 7.
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Photo. 3.2.10 As-etched transversal cross section of the fuel plate including T/C's #1 and #2,
these showed maximum cladding surface temperature of 200°C and 179°C in Ex.508-2
(77 cal/g+fuel). (A) map, (B) outerview, (C)} etched specimens 6. Others are
magnifications of (C).
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Photo. 3.3.3 As-etched (top two) and as-polished AWOWHos top) longitudinal cross section of
the fuel plate including T/C #1 of which maximum cladding surface temperature was

544°C at energy deposition of 116 cal/gsfuel in Ex.508-3,
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Photo. 3.3.5 Condition of three cracks observed in the axial mid
location of specimen 5L2. Lengths of observed cracks
are 0.08, 0.13, and 0.31lmm, respectively. Greatest

cracking is shown in the picture (A).
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Photo. 3.3.6 Separated Uj3S5i, fuels at axial mid location of the specimen 5L2, where thickness
of aluminum cladding was very thin and cladding cracks were opened at plate edge.
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3.3.7

Incipient crack eof the cladding observed in the specimen
5L1. Approximate length of crack was 0.03mm.

— 109 —




A R

JAERI—M 91-—152

-+

* BOTIOM.

legraphic < © ¢

Section- for metal
examination. ..

oP

Photo. 3.3.8 Condition of the axial mid of specimen 5L2, where one
side of two cladding walls was almost disappeared.

— 110 —




L

SR  AS-EAGHED. o M7 0T e T e S

JAERI—M 91—-152

v &

“KLCUADDING - - “CORE. (U, )AL

AR R

N .w,yé . B e ag B By @ fow ke b i -
x gy TR TS prges — — T - TR A e ” - o
T T T TR e S s r mF o v oo . T B b T g Ny ron i ’ N e
a.w.sﬁ.u.&,w,% ia«,?.ﬂw%&“yw.&%x B ﬁn_HNOZAU LR e g b T L
@@.@.%Wm&%w« w‘m%.“,;@égmvn%n%& e Y i b . RS ol & oo
3 p CE R G g ek e e e e B F v o TR

O T NS POLISHED. T EX.508-3
S T essue , |

LEram -

iyt Lo
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508-3. (A) map, (B) macroscopic photograph, (C) as-polished photograph and (D)
etched photograph.
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Photo. 3.3.10 As-polished (bottom) and as-etched (top) microphotographs cut transversally
including T/C's of #3 and #4 (peak temperatures were between 363 and 414°C),
pulse irradiated at 116 cal/gefuel in Fx.508-3.
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Photo.

3.4.1

Disassembled condition of the fuel plate pulsed at 154
cal/gefuel. (a) unirradiated plate fuel, (b) disassembled
plate fuel together with supporters from the irradiation
capsule (c) front surface condition of the plate fuel,
where five T/C's attached to are worked properly and
discoloration occurred overall the plate surface. Fuel
core deformed much, (¢) back surface of the plate showing
a significant deformation, {(e) variation of plate thick-

ness.

- 117 -




B g BB b
TR NE Y R

g
S R
B 10!
(]
Te
—
—
(s3]
o
ﬁ,
-
y %
e
=F
- o
m 5 [ERE R
mm Il R
= ; 8 . : B <8 o 3 g et 2 P LB
i ey # : ; 3 . e E . B, . g : e oy
: TEER By g
. g ‘o A ikl X * % PR R
T TR sy TR £ : B TR v o y # iy BB G g g g
Wb, A 2 EOE R ey
PRSI SR % o : Bh oo e

>

(A) before
Ex.508-3
isted

.8 gU/cma),

ion the plate bottom bowed

.
°
s

in
There ex

icide plate fuel
+fuel

ic
t

19.8%w/0 and density 4
— 118 —

showing that due to irradia

hment,
ficantly and deformed towards back.

large crackings in the fuel core.

signi

pulse and (B) after pulse of 154 cal/g
{(Fuel enric

Photo. 3.4.2 X-yay photographs of the sil



JAERI—M 91—152

EX508-4
C5514829
AS-POLISHED

" MOLTEN Al

ICE MOLTEN
LADDING

(A)

airzesass Secvion for melatlographic
_ (Sp3)  examnatio
P Sp xamnation BOTTOM

fUritrem )

Photo.

3.4.3

As~polished cross sectional microphotograph of the specimen 3. This was cut from
fuel plate including T/C #3 of which temperature was almost equal to the cladding
melting temperature of 620°C. Deposited energy was 154 cal/gsfuel in Ex.5308-4,
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Photo. 3.4.4

As-etched condition of the specimen 3 previously shown in photograph.
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Photo. 3.4.5 Repolished specimen 3 by a few mm from Photo. 3.4.3.

As-polished condition.
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3.4.6 As-etched condition of the Photo. 3.4.5.
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Photo. 3.4.7 As-etched magnification of [D] in the photograph 3.4.35, where specimen 3 of 508-4
. (154 cal/g-fuel) was in the neighbour of T/C #3.
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Photo. 3.4.8 As-etched magnification of [D] in the photograph 3.4.5, where specimen 3 of 508-4
(154 cal/gefuel) was in the neighbour of T/C #3.
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Photo. 3.4.9 As-etched microphotograph cut transversally from the specimen 4 including T/C #4:
measured temperature was 881°C at 154 cal/gefuel in Ex.5084.

Note that Pt/Pt-
137Rh thermocouples were relocated from cladding cuter surface to the fuel core.
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Photo. 3.4.10 Repolished by a few mm and etched cross section of Photo. 3.4.9, then relocated
T/C's were eliminated completely.
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Photo. 3.4.11 Magnified [G] and [H of the photo. 3.4.10, shown previously.
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Photo. 3.4.12

the specimen 5R, where T/C #5 was included.
957°C at 154 cal/gefuel in Ex.508-4,

As-polished and as-etched microphotographs of longitudinal cross section of
Measured fuel temperature was
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Photo. 3.4.15 Magnified location of the molten fuel shown previcusly
as in the photo. 3.4.12.
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Photo. 3.4.16 As-polished (top) and as—etched (bottom) microphotographs of specimen 5L, cut
longitudinally including T/C #5 (peak temperature 957°C), pulse irradiated with
energy deposition of 154 cal/g-fuel in Ex.508-4,
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Photo. 3.4.20 Magnification of [D] in photo. 3.4.16 showing the
incipient crack by length of about 0.17mm. No trace
of oxidation at cladding surface,
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Photo. 3.4.21 As-polished (top) and as-etched (bottom) microphotographs of specimen 6R, cut
lengitudinally at the silicide plate center including T/C #5 (957°C) and
middle of T/C #1 (971°C) and that of T/C #2 (893°C), pulse irradiated at
154 cal/g+fuel in Ex.508-4.
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Photo. 3.4.22 Magnified location of the wall-through crack in photo.
3.4.12,
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Photo. 3.4.24 As-polished (top) and as—etched (bottom) microphotographs of specimen 6R, cut
longitudinally at the silicide plate center including T/C #5 (957°C) and

middle of T/C #1 (971°C) and that of T/C #2 (893°C), pulse irradiated at
154 cal/gefuel in Ex.508-4,
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Photo. 3.4.25 Magnified.crack observed in the photo. 3.4.24, as polished.
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Photo. 3.4.26 Magnified crack observed in the photo. 3.4.24, as-—etched.
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Photo. 3.4.28 As-polished (top) and as-etched (bottom) microphotographs of the silicide
plate—type fuel specimen 1 cut transversally including T/C #1 (peak
temperature 971°C). This plate was pulsed at 154 cal/g-fuel in Ex.508-4.

- 165 ~ 166 -



SR et

JAERI-M 91—-152

£X.508-4
5514829
AS-ETCHED

arareriziis Section ﬁ;or metallographic
T0F t5p.12 e:xamma filal S0TTOM

bt 25
—<— 35 — ]

{Unit:mm)~ |

Photo. 3.4.29 Magnified location of the molten aluminum in the
photo. 3.4.28.
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Photo. 3.4.30 As-polished (top) and as-etched (bottom) microphotographs of specimen 2, cut
longitudinally from the silicide plate center including T/C #2, which showed
peak temperature of 893°C by pulse irradlation of 154 cal/gefuel in Ex.508-4.
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Magnification of the previous specimen 2 showing the U3Si, agglomerates in

3.4.31
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Photo.

4.1.2 Magnification of the photo. 4.1.1 and XMA linear
against the agglomerations of 5i, U and Al.
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Photo. 4.1.3 SEM images of the specimen 6R cut longitudinally from
the failed silicide plate pulsed in Ex.508-4 by 154
cal/g+fuel. This was intended to clarify the reason
of fuel core separation.

— 175 —




Qe

Photo.
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W)

)

SEM/XMA against the location close to the fuel surface
of specimen 6 in Ex.508-4. (a) map, (b)~(c) locations
examined, (d)~(f) Al, U, and Si elements. Each picture
seen at right hand side of (e) and (f) was background
level of the previous elements studied.
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Photo. 4.1.4 (cont'd)
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Photo. 4.1.5 SEM photographs of the specimen 6 cut longitudinally from
the center of plate fuel. Magnification (b) and (c} were
taken from the neighbour of crack end in Ex.508-4
(154 cal/gefuel}.
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Photo. 4.1.6 SEM photographs of the specimen 6 cut longitudinally from
the center of plate fuel. Magnification (b)~(d) were
taken from the neighbour of crack tip observed in Ex.
508-4 (154 cal/ge-fuel).
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ESTIMATED SURFACE:
TEMP=201228 °C

Photo.

4,1.7

Transversal cross section cut from specimen 7 (T/C #1)
of the silicide fuel, pulsed in Ex.508-4 with energy
deposition of 154 cal/gefuel. From the center of fuel
plate microphotographs were taken for SEM/ZMA.
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Photo. 4.1.8 The same specimen shown in previous photo. 4.1.7 where

XMA analysis against U3Si; agglomerates and Al matrix
were made by using U, Si and Al elements.
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Photo. 4.2.1 Microphotographic sample of SEM/XMA study, cut trans-
versally from specimen 2 of the silicide plate (T/C #2,
177°C peak temp.), pulse irradiated by 62 cal/gefuel in
Ex.508-1. Location was adjacent to the attached thermo-
couples.
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Photo. 4.2.2 Microphotographic sample of SEM/XMA examination, cut
transversally from specimen 1 of the silicide plate
(T/C #1, 200°C peak temp.), pulse irradiated by 77
cal/g-fuel in Ex,508-2, Location was adjacent to

the attached thermocouples.
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Photo.

4,2.3

SEM/XMA results obtained from specimen 5L2 (T/C #5, 544°C
peak temp.) of the pulse irradiated silicide plate fuel
by 116 cal/g-fuel. Morphology of the cladding was
studied. (a) SEM, (b) macrophotograph, (c)~(e) XMA study
of U, 8i and Al elements, (f) map, (g) and (h) intensity
of Al element in magnified location of picture {a).
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SEM/XMA results obtained from specimen 5L2 (I/C #5, 544°C
peak temp.) of the pulse irradiated silicide plate fuel
by 116 cal/ge¢fuel, where separation of the core matrix

was studied.

Photo. 4.2.4
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Photo. 4.2.5 The same specimen of 5L2 as shown in Photo. 4.2.4,
where morphological difference in cladding surface at
location (& is shown in picture (d), and shown in
(b) from XMA. Core morphology obtained from fuel
separation region is also displayed.
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Photo. 4.2.6 Specimen of 5Ll as pulsed as the same condition of 5L2
shown in photo. 4.2.4. Fuel core relocation toward
cladding was shown.
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silicide plate fuel cut transversally from
the fuel top end, pulsed at 77 cal/g+fuel in Ex.508-2.
(a) map, (b) macrophotograph, (c) SEM of intergranular
cracking, (d) and (e) XMA of Al and Mg elements.

Specimen BT of

— 188 —



JAERI-M 91—152

“ P o

e oA g

C e MiepBT o
. . e —

X ROA3ep. BT |

Specimen BT shown in photo. 4.2.7, where relocation of
fuel meat toward cladding was studied by SEM and XMA.

— 189 -




JAERI—M 91-152

e Wspl, Wsp.2- soriom

EXS08:4 =g g

. 25 =
b 35—

i 4
4 i
|

{Lnit:mm)

i o
FUEL MEAT:
‘E:EPARATION

Photo. 4.2.9 Specimen 2 cut transversally from the silicide fuel plate,
pulsed in Ex.508-4 with energy deposition of 154
cal/gefuel. Microphotographs taken at the center of fuel
plate were provided for SEM/XMA study. This location
included T/C #2 (893°C in peak). Arrow in picture (c}
shows the location of fuel separation.
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Photo. 4.2.11 SEM morphology of the fuel core taken from three

different locations in picture (c). XMA analysis was
made against picture (c) by Al element. Specimen 2
was pulsed in Ex.508-4 with 154 cal/g-<fuel (tr/C #2,

893°C in peak temp.).
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Photo. 4.2.13 SEM/XMA of the specimen 3 (T/C #3, 652°C in peak temp.)
cut transversally from the silicide fuel plate. Fulse
jrradiation was made with 154 cal/gefuel in Ex.508-4.
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Photo. 4.3.1 Location of XMA point analysis to detect the existing
metal elements at the place. (a) identification of
specimen 6R (b) cross section of the specimen, (c)
locations of XMA point analysis, where (@ matrix,
outermost (first) phase, (3 second phase, and
original meat.
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