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Measurement of Young's modulus of the high-density
pyrolytic carbon layer by compressing the coated
fuel particle

Kiyoyuki Ogawa and Kazumi Iwamoto
Division of Nuclear Fuel Research, Tokai, JAERI

(Received November 12, 1974)

Young's modulus of the outmost pyrolytic carbon layer has
been estimated for five kinds of BISO and two of TRISO fuel
particles, with the H. Hertz's formula derived by the analysis
of compression on two. isotropic elastic sphéres. For the estim-
ation, compressive tests of the coated particleé were performed '
with a strength testing machine having two differential ‘transformers -
and a displacement meter. The results of Young's moduli made good
for the BISO particles, except some particles which showed much
smaller than those by the three-point bending of PyC plate speci-
mens. For the latter case, therefore, modification of the Hertz's
formula may be necessary. The values for the TRISO particles were
larger than expected, possibly because of underestimation of the
contribution by a 5iC layer.
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Table 1 Properties of the coated fuel particles tested

Biso particile

Speacimen 7iGC1| 71GC3 | T1FC6 | 72FC16 | TONC4
o Chemical . ¢ SR P SRR S ‘
. Th{ UTh U [} LU

o form .. BRI e T)g“ G U0, “%}

5 | Diameter o . : ¥

= . ~366 ~311 ~544 ~502 ~4 60

(pni) I B &

g | First _ : : .

= ~54 . - ~h3 . ~34 ~36 ~i4

& |layer A T :

5 _

% Second : - Lo -

‘e | ’ ~29 ] ~27 . ~36 - ~28 - ~203

= | layer B . R A

- b .

g Ratio:

8 B : _ _ o

& | Radius of | ~011 | ~011 ~010 | ~068 | ~045

— - . . . Y

o | Particle: i

F ST

p—

Triso particle

Kernel Thiekness of coating la¥Yer(Hm)|Diameter
, of coated
Specimen|Chemical|{Diameter | First Second Third Fourth |particle
form SCpm)Y 1 la¥er | “layer |[laver(SiC)|laver ( #m)

71FC3 uo, ~4 95 ~40 ~30 ~2 8 ~45 ~T780
716€4 | (UTHIG] <814 | ~56 | ~27 | ~20 | ~39 . | ~598
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2 Resuits of reproducibity tests of the
identical coated particles
| Youngfs modulus(Keg./mm?)
é_ Load . ¥
5 First Seecond| Third | Fourth|Average
1503 | 1558 | 1182 | 1449 |1423-
~3|Increased : _ e _
— £ 16 | + 60|+ 93 [ +124 [+167
%] - T — - —
O 1296 1255 1134 1527 1303
wWDeereased )
+ 58 | 107 |+ 96 | +126 [+164
-3 7889 810 Ba7 1281 Q44
Slfnereased T
"2 +31 +9.0 +6.2 +127 +22¢9
- 735 950 g27 910 | €56
®Decreased . o 3
+80 | 4128 | +119 | +157 | +96&

71G03:8=104 , T72FC16:8=106

coated particles tested

Table 3 Resutts of Young' s moduli obtained for the

|No-of éqated

Yo‘ung'fs,.._mo dulus

Remar.ks.‘

"Specimen|fuel particle .
C Me an "St.-de‘v-.
(Kg /onf ) (Kg Amf )
L71GC1 40 1762 | 3de
71GC3 35 1697 383
. ™
7O0NC4 12 1523 350 "
—-
T1FC6 12 1288 412 - ©
T2FC18 40 1265 328
71CC1 12 1468 264 1400Cx500h
71GC3 11 1323 352 1400¢xh20h
TONCH4 11 1726 445 1600¢Ccx 24h
71GC4 8 22117 372
TRISO
T1FC3 8 2291 4149 particle

—10—



L

JAERE-M 5912

Table 4 Results of Young’s moduli optained in
three—point bending
Load Maxinmun Max imun Young’ s
Sample to fracture| deflection | deflection modulus
{actual) (simple theor. )
{ ' K
No, g) Comm) Conm ) (Kg/mnf )
1_ 5091 0.392 0.358 1,841
2 8174 0.326 33165 1,85 2
3 378 0.368 0.357 1.820
4 4 2.3 0.267 0261 1,723
5 347 0382 03504 1,h 27
3 492 0437 0.355 2303
7 4 0.6 0.368 0344 2187
8 584 Nn3asy 0340 1,841
9 527 0.378 0.353 1,630
10 931 0.393 0.357 1LB73
11 383 0.318 0311 1,909
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1. Differential transformer ( for detecting load )

Load ring 3 Coated fuel particle

HAT 5 ¥

Differential transformer ( for detecting displacement )

9 Direction of load applied

Fig 1 Compression of elastic sphere by two flat plates and the experimental

apparatus-
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Jr. 4
T HT 1 min 3 || I

modulus of the coating layer.

—13%

d )
0l4 0 o4 0 QM4 0 O 0 0.28 056 084
Load ( kg )
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- 1 2 3 4
~ - -
E [ f’ - //”:; . ”/
3° 7 / e A T
:c:: L ' i
m """" - lst
E 4 [ —
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g 4 3ed |
0
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Q $5=1.028 —— —— 4th
0 I ] | 1 L l [ 1
0 Q14 086 . 084
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I T ey R Ist
B —_—-— Znd
B 72FCl8 id
s=1103 4eh
1 L L [ ! |
0 0Ol 056 084
Fig- 2 Reproducibilyty tests of displ4cement — load curves for ‘obtaining Young s

112
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' L 1 1 1 1

T2FCL16
5==1.028

T2FC16
8=1103

! ] | { L L 1

028 056 084

Load (Kg)

Plots of the displacement vs
tdentical coated particle

load of the



Young’s modulus(Kemnf)
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Youngs modulus(Kg /mnf)
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(s=1103)
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Figs 4 Variation of max.min
and average Young's modulus
with the load applied to

‘the i1dentical coated particle
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Fige 5 Relationship between the load applied to the identical

JAERI-M 5912

1.0
T1GC3:8=104
B g M1
A o
- w2
V I~
05 | 7 Moo 3
0.2 |—
[} 1 i L [y Fl l
T [4 1 T T li |
I~ 72FC16:5=106 1
c . :
05 |— o Ao 1 e
A -
a2
o % 3
02 — S
I P i i oy
0005 _ 0010

0.002

Displacement {mm)

coated particle and the displacement

g




Young’s Modulus (kg/mm?)

JAERI~M 5912

lLoad applied (kg)
_—

0.3 0.5 0.7 0.9 1.1 01 0.3 0.5 0.7 0.9 1.1

2400

1800

1200 |

rd = )
| s (6) TIFC6 particles |

x/ ! __..a..—o-é—
i o f.

{b) T1GC1 particles

. » . 1.01
600 |——— F———————— A ——F—
. 1.04
"_ 1.06 B ]
2400 - v V'——"v—_M_Q -
S
1.00 2= 1.05
Oy e p— . W W T g
1o i3 RIS
5 X
L " “-’___‘,-—" 1.05 i
s v T 104
1200 - A\ -
© oL {d) 71GC3 porticles -
800 1 1 ] ] 1 1 1 | ] | -A|/| I ! ! | 1 1 ] I
O.1 03 - 0.5 oT 0.9 1 Ol 0.3 0.5 0.7 0.8 t.1
Load applied (kg)
Fig.- 6 (A) Variation of Young's modulus with the load applied to the 71 GC1, 71GU3,

70 NC4 and 71 FO6 particles. Numeral of the curve indicates sphericity of

the particle.
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2200 , = Tan
D/u
1800} ~ 1
1400}
1000k
asE X
£ §oo .
5 1500t :
3
T
[ 8]
= 1100} 1
-m [ el3
e
2 700 b o
> 1900F :
v,;_'.os.r
1500} | .
1100} — ozt i
700 ' ‘
0 8 1

Fig.6 (B) Varitation of Young's modulus with the load applied to the 72 FC16 particles.

Numeral of the curve indicates sphericity of the particle.
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“load applied (kg)
————

o.1 0.3 0.5 0.7 0.9 1.0 01 0.3 C.5 o7 0.9 [
2400 ; T T T T LN B A T 1 T T T

105

i ' "T{b) TIGC3 particles
2000+ — |0| - heated at 180C°C 1
" : for 34 hrs

T 1 i

,___102

‘\T _.v.-—"‘V"'-' g .02 —

E 1600 /v——" v )@.—‘:‘_—-"-""" ——=— 104 ' —— 1.02

E = :r— Lot e S-S

\6, T s T T e e é_::-:ﬂx:_d'_Tloz

x ta) 71GCI particles —1 06

= eoof heated at 1400°C R e -
0 for 520 hrs hd - =G :

E -
3 .

=) 800 I l 1 1\ \; : 1 ] L - 1 1 1 L 1 1 i

= \:oa (c) TONC 4b particles 01 0.3 058 or 09 s

- N e ; o - B L .

L@ . 101 o heated .at 1400°C l_oad app“ed (kg)

2 2200 LS for 500 hrs _ I

3 -

1800

I40b

1000 ! 1

0. 0.3 05 o7 0.9 1.1
Lood applied {kg) -

—_——

Fig- 6 (C) Variation of Young's modulus with the load applied to the heat treated
71 GC1, 71 GC 3 and 70 NC4 B partictes. Numeral of the curve indieates

- sphericity of the partilcle-

3500 — 1
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£ A 72FCl6
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«» 1000 ¥ “ Ay a0 b .
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=
s
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G — { L i L
1.00 1.02 1.04 1.06 1.08 1.10

“ SPHERICITY OF COATED PARTICLES(-)

F.ig;l"f‘_ Relatib.n‘_bet\;ve‘en' Young s modulus of Py(C layer and sphericity-
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Fig. 8 Relationship between the load applied. to the coated
particle and the displacement. Te figures show several
results obtained from different particles of the sample.




