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Irradiation behavior of coated fuel particles (II)
( Irradiation in JMTR 71F-7A capsule )

Kazumi IWAMOTO, Kousaku FUEPDA, Satoru KASHIMURA
and Akira KIKUCHI

Division of Nuclear Fuel Research, Tokai, JAERI

{ Recelved August 25, 1976 )

First irradiation examination of reference coated fuel
particlies for VHTR was carried out by 71F-7A capsule with use
of J-12 irradiation hole in JMTR. The main purpose of the
irradiation is to examine the irradiation stability of the
reference particles fabricated in Japan in 1971. The capsule
was irradiated during #17-#18 Reactor Cycle (October 1972 -
December 1972) in which effective irradiation time was 43 days.
As for irradiation conditions, the irradiation temperature of
the particles located in the maximum temperature cell was 1180
°C and that of the particles in minimum one was 1040°C, fuel
burn-up 2.02-1.78 %FIMA, and fast neutron dose max. 2 X 1040
n/cm2 (E>0.18 Mev). After irradiation, the coated fuel
particles were examined in surface appearance, ceramography
and X-ray microradiography, and the fission product behavior
in the particles was also studied. From this irradiation
examination, the followings were obtained:

(1) Coating layer failure was found between 1 % and 0.3 % by
surface appearance cbservation,

(2) No reaction between U0, kernel and coating lavers was
observed,

(3} Deterioration of the coating layers, particularly SiC layer,
of unfailed particles was hardly noticed,

(4} The retention of fission products within unfailed particles

was good.

% Division of Reactor Safety, Tokai, JAERT
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Table 1 Characterization of coated fuel particles irradiated
in 7T1F—7A capsule
w8 & m1E |Bmem | 3@ | B4m
e & (PyC) | {PyC) {8;C) {PyC) hFEE
*EEERGE| B | HE B3| FE B3| FE |Ba| BE {p)
M | ()] (#) | @ |{g4d)] @ |(gad)| @ |(ged)| @ | (g o)
TIFC4| TRISO-I{U0Q;| 948 ([1995| 43| 122 [ 33| 174 | 28| 317} 41| L74 785
71FC5| TRISO-I|UQ,| 948 [1995( 43 | 1.21 | 34| 176 | 28| 319 | 45| L76 793

* O0/UH: 2008

Table 2 Impurity analysis in UQO,; kernel

(A ] &R (ppm) | B 4| ERlppm)| X 4 | #&F lppm)
Ce <10 Cd < 0.3 Ni <10
F <5 Cr <10 Ag < 0.1
10 Cu <5 Sn 2
Si 150 Fe 220 Mg | <2
Ca 10 Pb | <1 - N 10
AL 20 Mo 20 | B < 0.2

Table 3 Deposition conditions of coating layers
%1 E EXY % 3\ B4B
£ & 4 = 'C,pH, C3Hg CHy SiCLy Cy Hy
HET ADIE 25£/min 104/ min 7546/ min 14£/min
B ARER 30£/min 30£/min 30£/min 304/ min
% % B OE 1300C 1450C 1500C 1450C
& M 90 sec 3min 50sec l4min 4min 40 gec
X OB OEE 28¢min 8¢ /min 1.6p¢/ min . 958, min
Table 4 Properties of coated fuel particles for irradiation
RENT | NFARE| BH Y 7~ (pg/5g) | WHERE (kg/187) | $ERTHEE (g0
T1FC4 1.0 3 238 269 3.9
71FC5 L02 2 4.5 2.6 4 3.9
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Table 5 Irradiation temperature, fuel burn—up and
fast neutron fluence
- b= g2 K| * # OB BREYTETRSE R
RS 05 B A 4 0 (C) | (% FIMA) | (E>>018MeV, n/c)
71FC4-1 | 1090 980 | 1040 L7 | Lax10?°
71FC5-2 1190 1070 | 1130 1.6, 1.7 x 10%°
71FC4-3 1240 1120 | 1180 2.0, 1.8x10%¢
71ch—4. 1200 1080 | 1140 1.9 1.8 x104°
Table 6 Burn—up measurment of 71FC4-3
' 7w 2D A — ] )
HTES _(ifolffifi) o it Sl oW e
1 “ 1.9 2, | 1.8 L6g
2 214, 22, 1.8,
3 1.45¢ 1.6 1.9
4 169, 2.2, 2.2
5 1567 2.2, 2. 4,4
mean 2.0,
Table 7 Observation of surface appearance of coated fuel
-+ o - particles irradiadted in 713——7A_pap$ulg'
BSTEE B A R w | e mrams™
_, (C) | L 2 |<42025.0| mm—mach | Fem| (- (=)
7IFC4-1| 1040 |~10%| 1% = 1 2K | 1x10°® 6.7x107*
71FCs-2| 11307 ~— 1.4 = 1 | 67x107° 3.3x107°
7T1FC4-3| 1180 | 1% — 18 — | zaxw0® | <33%x10°
71FC5-4| 1140 | — — 18 1% | 67x107° 3.3%x107°

¥ AERERTEE TN TORMTLL 30 08 TH A,

*r SEEHEE LI REBSREL TR AR TORATS Y, & THRFRED LARHHESED
SHEICE b o,

* Kx

KFpiR b, HmRESTeCEn, REEDHEE L TWaRTORETS 5,

‘Table 8 Besults of acid leaching of irradiated particles

K T2BO" Zr count | BIHEDO  Zr cont | BB W E | BRMmEL
{ count gec ) " { count.” sec ) (—) (=)
71FC4-1 1738625 1395 802x107° 6.7xl10_3~1.0><10"2
71FC5-2 2186625 6.8 2 312x107° 33x107%
. T1FC4-3 — — < 1x107° < 33x107°
71FC5-4 1872625 595 318x1¢7° 33%107°

* BEMBEEZLD, BBRHTBHINAY I Y HARY RN FHRCRELTRALTS 2,

17 -
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Fig. 11-1  Surface appearance of 71FC4-1 irradfated up to 1.78 %#FIMA at

t
b
I
v

1040°C

Fig. 11-2  Surafce appearance of 71FC5-2 irradiated up to 1.94 #FIMA at

1130°C
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Fig. Ti-4

JABRI-M 6717

Surafce appearance of 71FC4-3 irradfated up to 2.02 %FIMA at

1180°C

Surafce appearance of 71FC5-4 irradiated up o 1.95 %FIMA at

1140°C
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Fig. 12-1  Cross sections of 71FCé-1
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Fig. 12-2

Cross sections of 71F(5-2
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[A] 717C4-1 TB] 71FC5-2

[C] 71FC4-3 [D] 71FCE-4

Fig. 13 %-ray rifcroradioqraphs of jrradiated particles
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[A] Bubbles and white precipitates appeared
in UO2 kernel of irradiated 71FC4-3:
Only fine bubbles(S) and both large and
fine bubbles({L) concentrate in grain
boundaries and interlinking(I) is seen.

Fig. 18 Observation of interaction between bubbles

and precipitates(Tg)

Electron micrographs of replicas frem zn irradiated
U0, fuel element. In (z) the operating temperature (T) was
about 1800 K and the micrograph shows the plane of a grain
‘boundary containing bubbles (B} zttached to precipitates (F),
Smalier unattached bubbles (B} } are also present. The arrow
(A) indicates the propaosed direction of the temperatare gradi-
ent. (R) indicates where precipitates have been zemoved du-
ring preparation. Fig. 1b, from an area closer to the fuel een-
tre, shows interlinking (I} occurs before the bubbles are large
enough to break away from the precipitates.

[B] Bubbles and white precipitates appear%g3)
in irradiated U02(4.6 %FIMA, 1500°C) :
Note that appearance of white precipitates
is very similer as [A].

i Fig. 17 Micrographs of irradiated UD,




