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TABLE II

Values of 4L/L, Xx10% for puo,
This Study ‘ Brett and Bussell
Temp “4L/L Std Dev % 417 L Std Dev %
(¢ (xt08) (x108) Dev (x10%) (x10%) Dev
100 688 27 3992 480 29 604
200 1582 27 1.71 1.380. 29 210
300 | 2537 25 .98 . 2345 33 1.41
400 3541 22 062 | . 3355 25 | 074
500 4583 25 0.54 4,415 44 100
400 5460 27 048 |- 5530 41 0.74
700 877 1 24 0.38 6,680 48 | 072
860 7915 24 033 7,950 52 0.65
900 9093 28 | 031 9210 46 0,50
1000 10,302 28 0.27 10,630 48 - 0.45
1100 11537 | 24 0.21 12011a - -
1200 12788 19 015 154332 - -
1300 14038 18 013 1480248 - -
1400 15262 | 8 0.0 4 140204 - -

* Projécted values , calenlated from Egq.(2)

TABLE W
Literature Values for da“a; for puoy
Roth and Halteman?'! Desando et all
Temperature da/a, dasa, dasa,
(¢) (x10%)a (x10°%)b (x10%)e¢
100 499 . 556 535
200 1240 -} 1370 1163
300 2116 2281 1772
400 2647 3486 2345
500 5405 4395 © 2934
400 4238 5475 3545
700 4978 6917 4228
800 5867 8345 5040
900 6718 9846 5943
1000 7432 11461 7145
1100 8643 13185 8511
1200 9174 - 10228
1300 - - 12259
1400 - - 14733

*Sample prepared by oxalate precipitatin.
®Sample prepared by hydroxide precipitation.
“Sample consisted of plasma-formed microspheres.

—1 33—
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Yield Strength of Fuel
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¥ racture Strength of Fuel

624 Journal of The American Ceramic Society—Solomon Vol. 35, No. 12
Table Il. Results of Fracture Tests
P A "?“{5”
myy d!n:ﬁy iﬁ? amiﬂ ;m 12'
Batch {wt 0} (% thede) (pm) {ypet deviation tegbn Conmentnt
38 0.22 94.2 AIR-N 9,650+ 420 3 300-um poreus regions (nondeflocculated}
39 022 96.2 [ AIR-W,N 10,110x770 3 S00 Fe!
ATR-N =300 ppm Fe!
8t 02 s 15 [ARN } 10,650£1530 11
70 022 964 18 {ﬁ}fﬁ } ~10,420£500 4 <50 ppm Fe, 100-300-um particlest
i
rel 022 87,7 20 AIR-N 9,790x 1200 14
81 0.22 95.5 8 AIR-N 10,900+ 2209 9§  Surface particles?
81 022 973 23 AIR-N 11,360 1060 3
75 0.22 970 20 AIR-N 13,610+=750 4 Vacuum sintered (1750°C/30 min); no surface particles?
81 0.22 95.6 AIR-N 12,940x630 4  Vacuum sintered (1800°C/30 min); no surface particles;
free U metal?
44 1.82 AIR-N 13,550+ 1100 3
48 18 950 21 AIRN 13,120=775 2 I:s{)o ppm Fe; <50-am particles?
&
50 182 861 22 {OIL-W } 14,6501300
AIR-F
Vacuum sintered (1700°-1800°C/30-75 min);
84 10 95.3 6.7 AIRN 12,960+ 1400 14 <50 pm particles; free U metal?
71 20 92.1 152 AIR-N 9,640+10400 3
72 20 917 152 OQILW 10,050+ 1870 4
73 20 952 154 AIRNW  7.930+%00 4} <50 ppm Fe; 100-300-pm particlest
74 20 854 155 AIRNF 8,490+530 1
7 20 94.7 AIR-NF 8,560+1300 8
82 20 94,5 AIR-N 12,130 760 8 } Vacuum sintered (1800°C/30 min); <50-sm particles;
83 20 94.5 AIR-N 12,610::730 9 | {free U metall

*Grain sizes are avg

WN=npeedle, F={eelerg
$All specimens sintered
1Bali-milled with porcelain balis and steel rolls.

1Balkmilled with
1Balt-milled. for 4

line intercept multiplied by 1.56 (Ref. 9.
age, and W=whole-spring fracture tests,
in H; at 1800°C for 30 min unless otherwise noted.

porcelain balls and chrome-plated rolling mill,
h with chrome-plated balls"and chrome plated rolling mill.

# 8 Uo,
w E 95~974T. D
FEA Y 1A 5~25u
B o AREE % B
AR A¢, Ca, Cg Cu, Fe, K, Mg, N3, Ni, B, S, Si, Zn
TV ZCLBME, EYCIZME, Pb shot i€ & 2 sk
A.A.SOLOMON : Influence of Impurity Particles on the Fracture

U05.J.Am, Cera.Soc, 55 (1972) 3
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Fractre Strength of Fuel 7 : )

OF (Kg/crf )=531+0365T(C) -

10— T T T T , 1400 1 B . ; |
. L ‘ ' ' o
e 1400 . a “& 1500} ]
3 3
140 - 1200 g ]
Q fe) - o o} o]
o 1200 g i @
W o 5 vy 1ol . . -
B e Q0 — = o
£ o fo] o] ~
e ° % o o = 1000}~ -
w100 © o -+ @ o
o 00— -
2 so0- o " 3
Q
= ‘ o S —
B 800 o i
[} s} [}
;g 7000 : e | § 7004~ i
y .
Brogool 4 w4 400 L b [ |
86 83 90 92 94 9% 98 100 2 4 & 8 0 12 14 16
& TD GRAIN SIZE, gm
(a) {b)

- Bffect of (a) Porsity and. (b) Grain Size ‘on Brittle-
fracture Strength of UQz-20 wt % Pu0 at 1000 ©C and =
Strain Rate of 0.1 hr-1.

#®  H U0, —20wt% PuO,
W 87~97% T-D
MR 2~15p

H o 453U
HEepfEE 1000~1300C o

2 Ay WEEEHDCRETAHERELT, #EKE LTHsTWEOTERAK
Zln, LLUOQO, —Pul; & LTH—DTF—42Td5B,
Fep— (BEE) KEAAEDOATv2nd Y, HiEr LUNELS T
BABNEDTH Do '

J.T-A.Roberts and B.J.Wrona : DEFORMATION
AND FRACTURE OF U0, —20 wt% PuO, . ANL—7945(1972)

27



N843—73—07

Stress—strain curve of Fuel
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Creep of Fuel
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Interaction between Fuel -and cladding
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Interaction between Fuel and Cladding
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I nteraction between Ft_le] and Cladding
W B 89 SUS3160ONackaE&exH B,
@ &+ BT O T ¥—7 Ok Heater THMELTONANE Test Sgctibn’
ELFANY v /e HbEd, 2ok Na 58 10~20 ft/sec THA 540~
36 0nr MELEIDo LOMOBEEFig—20 X 9CNa ORAFIWICE
B XHETNHnD, P
@ % RiFRLIrIOER 1os_sa:tNa'xr;U%ﬁﬁ;ﬁmﬁftm?&o—cwt LTwa3o
(Fig—2) '
Metal RE @ Carbid @ Cr, Ni BT T5BH CEE L TH%B, Carbide
DEEX Ray Lo TMy O BDwro '
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o NadF R0, BR<10ppmThHAFFELAEMELCELE V.

TABLE
GRAIN BOUNDARY GROOVES ON TYPE 304 STAINLESS
STEEL
Temperature Time of Exposure Groove width Solubility
( ") ( hours ) (H) (w ppm)
1250 247 0.8 21x 108
1250 387 1.5 7Z1x10"8
1250 589 . 2.4 19 x 10
1250 1147 A 42x%x 10?8
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RESULTS OF OTHER INVESTIGATIONS

TABLE 2
COMPARISON OF PRESENT CORROSTON RATE DATA WITH THE

O xzmen Corrosion
Temperature Velocity Material C ontent Rate
™ (ft/sec) (88) (ppm) (mils/yr) S aurce,
12644 205 314 <5 0.72 Present
1307 22 304 4 0.5 Ref. 4
153060 17 314 <10 0.29 Ref. 5
1200 25 3164 <5 015 Ref. 6
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CORROSION OF TYPE316 STAINLESS STEEL
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Fig 6.
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Free Energy of the (U,Pu)0,., Solid Solution as a Function
of Stoichiometry and Temperature Compared to that of
Stainless Steel. We see that the hyperstoichiometric
oxideg are very much less stable than the hypostoichiome:
tric oxides and that their free encrgy is greater than
that of stainless steel. The numbers shown on the fight
of the solid line represent the valence of uranium in the
hyperstoichimetric region and the valence of plutonium in
the hypogtoichiometric region.

ANT-TRANS-904
REATIONS BETWEEN CLADDING(STAINLESS STEEL) AND FUEL (MIXED OXIDE
(U.Pu)Opsy) DURING IRRDTATION IN FAST REACTORS

Translated from French by Dennis O’Boyle-December 1971
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Interaction between Fuel and Cladding
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Fig. 1. Intergranular penetration of type—304 stainless steel

by cesium oxide as a function of time at 600 and 69070
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