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Evaluation of Melting Point of (U,Pu)o2 Fuel

Some considerations were carried out on the values of
melting points of (U,Pu)02 so0lid solution published by many
investigators from a view of point of experimental condition.
As a result, the values measured by Lyon & Baily and AitkKen
& Evans are considered to be the most reliable as the melting
point of unirradiated (U,Pu)Og fuel. They have been reported
in the fcecllowing papers; |

W.L. Lyon and W.E. Baily, J. Nucl. Mat., 22 (1967) 332,

E.A. Aitken and S.K. BEvans, GEAP-5672 (1968).

The redistributions of oxygen and actinide elements during
irradiation cause the reduction of melting point (U,Pu)02 fuel.
Values of 30€v 40°C and 40q~r5000 are considered for the reduc-
tions due to the redishibutions of oxygen and actinide elements,

respectively.
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L1,

L. Lyon & Baily O¥[EBE (45 #£3 ) (J.Nucl.Mat.22(1967)3382)

2 Aitken & Evans O¥EE (K47 #6)(GEAP-5672(1968))

TOFR, BELEWL (U, Pu) O REDHET A 2B E R, WAIERESE OB 0 hREE (
Lyon & Baily (HOBEHIE 2 TR, Aitken & Evans EOEHSE 2 MB & T80 ) Th -
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B 2BH T2 ERBARRE T 2ABSBEAR 0N S, BREFL TR, 0/ MHBEL S
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o & & & A(C) p:) % gk (3ziak)

Ru ff aﬁd Goecke 2176 ok & L 1911(22)
Friedrick and Sitting | 25650150 &S Hy . Ng 1925(23)
Lambert son and Mueller | 2878122 | #»#RFrry¥E, L 1953 (24)
Ackermann 2405122 | ArrATFYy A 1956(25)
Wisnyi and PiJanowski | 27603430 | #»7a5>»Valz 174t 1957 (26)
Ehlert and Margrave 9860120 | AvF/RFrTI Ay — 1958(27)
Newkish and Bate 270020 | 2o RF 74 74 VP 1959(28)
Powers et al 2700 gy FAFTFE, Ar BR 1960(29)
Christensen 2790420 | 22 RF»VETL T A2 1962(30)
Chikalla 2730120 i=] E 1963(31)
Hausner 2805115 | 2 yAF Y #Fwn, F-=AT VA | 1965(11)
Lyon and Baily 284020 fel + 1967( 3)
Latta and Fryxell 2836L15 " 1970(12)
2805130 | 2R FyVEI T 1540} 1970(21)

Lambert Bate

. 3
%3% (U Pu)0, ROFE (Lyon and Baily)™
Mole 9 Liquidus (°C) Solidus (°C)
Pu0: T(obs) E T(cale} P(obs} l T(cale)
0 2840 + 20! 2840 | 2840 4 20 2840
5 2830 2823 2800 2814
10 2825 2806 2805 2788
20 2790 2770 2760 2737
25 2760 2752 2710 2712
40 2690 2693 26835 2640
55 2630 2630 2580 2572
70 2555 2559 2490 2508
85 2460 2481 2420 2447
100 2390 2390 2390 2390
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Sample |[Pre-test|Poat -test|Post-test |Poat-test Me_lting -poi-nts Capsule

No. oU 0T b W % Re Solidus LIquldus Material Notes
() (c)

221 223 0.67 2564 , 2758 Re 1,7
217 223 556 2578 2740 w 1,7
188 2184 2160 502 26905 2772 w L7
201 213 2109 1.37 2667 2805 Re L7
192 212 2103 200 2634 2798 Re 6
203 2095 2092 3.94 2730 2815 w L7
208 2095 :, 2050 134 2728 2817 Re L7
172 2058 2058 332 2794 2836 w L7
204 2022 26 ppm 2812 2863 Re 1,7
193 2019 2009 26 2836 2852 W 17
212 1998 1998 54 ppm | 2845 2865 |  Re 17
i90 1987 2008 025 2845 2865 W L7
184 1.997 2000 024 2847 2862 W 17
209 1993 1995 ) 37 ppm 2834 2860 Re 17,
189 1980 1990 018 2832 2860 w L7
146 LS80 1.985 0148 2833 2860 W L7
153 1956 1955 012 2803 2857 w 1,7
148 1943 1943 0046 2796 2845 W 17
184 1920 1930 0.060 2770 2840 W L6
150 1.890 1929 Low 2729 2832 W 2,5
154 18586 1861 002 2697 2810 W L7
177 1809 1795 - 0378 2615 2760 W 357
156 1803 1849 | 80 | 2620 2760 w 25
159 1.793 1809 0014 2601 2758 W L7
129 L758 1803 014 2545 2710 W 25
104 1790 1759 0007 2590 2740 W L7
164 1.736 17 36 0012 2513 2695 W L7
166 1.662 1689 0.064 2413 2650 W 2,5
222 160 2423 2584 W 1,4
168 1556 2435 2510 W 2,4
207 150 . 1593 -~ 0198 2428 2498 kil 1,78

Notes :

1. Sample did not rupture during experiment.

2. Sample ruptured during experiment. Only melting point values prior to rupfure

) were used.

3. Capsule required electron beam welding five times to sezal.

4 Sample ignited during removal from capsule making it impossible to obtain a
post -teat analysis.

5 Relatively large tungsten contaminatioen due to impossibility of separating
sample from fine tungsten powder of capsuale. R

6. Leaked during experiment. Only meiting point values prior to leak were nsed.

7. Sample did not leak doring measurements-

8 Uranium metal was homogenized with U0, in the sealed capsule.Reaction with

the capsule occurred
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#E5#% U,|,-yPuyOe-xOBE (2 v 7AFvVHEZ 152 v bEE)

(a) Lyon and Baily DR

| #m (C) (BAEm)
Ups Puy, 0200 2790
Uoa Pugyp 0107 2875
Uga Puqgz O 196 2830
UgaPugz O 193 2820
U0y 2840

(b) Krankota and Craig O#E

MO @t A (C)
Uars Pu gz O 200 2801
Uom Pu gz O1a7 2759
Uasi Pug1a 0200 2831
Ugas Pugig O 107 2812
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BE6E U -yPuyQ2-x DS

M°ljhi;jf:i°n Heat Treatment | O:M Ratio|O:Pu Ratio SOIi;:i;jf%fidua
1.0 A 200 2.00 2445-2445
B 184, 184 2445-2470
B+ 1.78; 1,78 2467-2472
c 173 173 2470-2470
D 161 161 2300- 1
06 A 200 200 2580-2627
B 1.91 185 2562-2640
D 1.84 173 2605 2652
D 176 160 . 2512-2597
0.4 A 200 2.00 2685-2745
B 106 190 2737-2772 B
c 191 178 2750-2782
D 184 160 2730 2765
02 A 200 200 2787 2855
E 198 190 2783-2848
B 1.96 180 2780 2845
D 194 170 2715-2825
D 192 160 2727-2848

* The types of heat treaments are identified as follows:
A. Sinter im dry Hyfor 4h at 1500C soxidize at 900C; reduce
in Hy at 900C
B. Sinter in dry Hy for 4h at 1500C
C. Sinter in dry Hy for 4h at 1500C :reduce in Hy for 50 to 70h
at 1500C with Zr-Ti getter
D. Sinter in dry H, for 4h at 1500C iadd Pu and U metal to adjust
O:M ratto
E. Sinter in dry Hy for 4h at 1500C ; oxidize in air at 900C ;
reduce in Hy at 9007T ;add Pu and U metal to adjust O:M ratio
+ Sample heated for an additional 4h

¥ By visual observation only
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GE-NMPO (NUCLEAR MATERIALS AND PROPULSION OPERATION)

2000 DATA FOR MELTING POINT OF UOz
C} 1 8, AITKEN, E.A. AND EVANS, 5.K., A THERMODYNAMIC DATA
LT

PROGRAM INVOLVING PLUTONIA AND UFANIA AT HIGH
TEMPERATURES (QUARTERLY REPORT NO, 3),"
MAY 1968, (GEAP-5634}.

b. LYON, W.L. AND BAILY, W.E., "' THE SOL!D-LIQUID PHASE

et

g?'_ DIAGRAM FOR THE U0,-Pu0, SYSTEM,”
w 2700 |- - | GE-BRDO, DECEMBER 1965, (GEAP—4878) —
£ |
£ .
o 260u | -
2 |
) |
) SOLIDUS
2500 [~ I | B AITKEN AND EVANS {a) 1
@ LYON AND BaiLy (D)
| LIQUIDUS
I D) AITKEN AND EVANS
2400 p~ | | O LYON AND BAILY -
27500 | L1 1 | 1 | ] ! ] i
S0 10 20 30 40 50 80 70 80 90 100
u02 Pqu
MOLE PERCENT PuD,

BAME (UyPuj-y)0: ROBESD M
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Temperature, °C
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2800
27007
2600
y=0.6 {
2500
2400
1
2300 | 1 1
16 1.7 18 _ 1.9 2.0
oM
(a) O-MEOZEC L SBROEL
2900
(r) A
P —0 — 4____—_0
2800 | AR
O MHE___,
2700 L 1 1 1

200 1.98 1.96 1 1.94 192 1.90
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K EERAOTWACE, EEE, BHEAZAEL THWELEN 6, ZO/RIZ Urs

Pug2 O2-x 2T, £ET & 3, U PuozO02-x AKTiE, O/ M 196 & 194
T, BHEAOCEAMORLBH b, 1.94 LLI20RBTid, WHE ~BHESADEEZDH100
CR2BAT3, (%7&113,) LOLHekanER, BOPul, FFEXK, 0/ Mo
RIZ3AMTABATELOL E I, BROXSFREITEL V., LEH ST, 0/ M
1.92 194 D Ugspuoz02-x DML, HEOHE@EL HEL ., COFBRE, O/ MEOE
B L A3EEETIREOEVSOCHUNTH 2EE L 6N 5,

3-3 BHEXEA/AILBSIETEE

Christensen )43, v rAF v VM7 474 v FEZALT, 2000 9,500
13,500, 18,000, 29,500, 52000MWD, MTU DRBEE D U0, OBIE ZMEL 12, T O
R, BHESHEAT s LIS, @A 32C710000MWD/MTU D& CEBRHITHE
bIreEROCHELI, (HE8E )

Krankota & Oraig ) i3, PuO, 8% 19 ~ 25%, WREEEE 0 ~ 200,000MWD,/MTU .
D24 BROFMCOWT, H300 SOBE TV, BEESBAICESIIIIEEL, &
BRBHEE E S EEHEAL, 200000 MWD/ MTU TRV EOTCIZTELZL T
L BRUR, BEOHKRR, £T1E, BIRWKFT.

2o, M%), BEF PREEML, 0~ 150000 MWD, MTU DIRBERE D Al
DRIFE 21T sW, Krankota & Craig OFREEFBREDATHUILHERZHL 2, (
BHI0K) LItdoT, BHEEBMSESICBLIITEEIT ST, Krankota & Craig®
EREROEISR b EEEIE V. COM, Lambert 271, 2 x10% fissons/com® &
TRHLIZUO, DR 2MEL, RBHORBLEO LT EE2REL TS,

4, MBER OMBE R

EIFTE, BHITROAN 2, AB»6l—mMBAT I LKLY, Puly 8FE, 0M
B, BHEOBK LT, MA2AE LSRR 2HRII LI,

UL, BMEEOEVRH D, EERETFFATHEFERIGL , B5H = 2 F THRET 3
&, MEAIE, REVREESE T2, BEAK, KEVBEENSETE &, BHOBET
FEOWRFE, BE, BRI b, BERLEIES, e, B—LtHEWEORMEES, #
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#71% BHU 1y Puy O2 BB OBAOLIL ¥

Burrup | Oxygen- No. ¢cf Calculated Mean . o | S
MWd./ Te Toegetal Pu{wt%) | Sampl es | Melting Ta?perw- K, K, Ji?h
x10? Ratio(0M n ture T (C)
14 1.94 23 33 281991 2197 | + 1621119
14 200 25 16 274806 1303 | = 52 | 747
73 200 20 12 275233 1506 | £ 52 | 845
80 2.00 20 36 279136 1579 | £ 95 | 970
120 196 25 26 270342 1154 | £ 59 | 675
200 200 25 18 268917 3066 | £130 |172
82 2.00 25 12 | 2756.50 2722 | £ 95 |1516
51 - 198 ' 20 40 278360 1529 | £ 97 | 908
56 200 20 6 2748.00 4199 | 100 {2084
56 199 20 34 278126 868 | £ 50 | 499
0 197 24 24 275900 1186 | £ 60 | 692
0 2.00 24 30 280117 1502 | + 80 | 884
0 2.00 19 70 283114 1423 | £120 | 853
0 1.97 19 15 281220 2791 | £110 | 1585

* K, is the interval in which there is a 90% confidence that the
true melting temperature for samples of like parametere will fall
# Ky, is the interval containing of all experimentally obtained date

for samples of like parameters.
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Wr—T1T— T 1T T T T T 1T T

{a) CHRISTENSEN, J.A., ““IRRADIATION EFFECTS ON URANIUM DICXIDE
MELTING,” MARCH 1962, (HWV~-69234).
{b) CHRISTENSEN, J.A., 'MELTING FOINT OF IRRADIATED URANIUM

2300 . DIOXIDE,"” TRANSACTIONS OF THE AMERICAN NUCLEAR SOCIETY,
H * VOL. 7, NOVEMBER 1964, P. 330.
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CHANGE INOBSERVEDMELTING POINT, ©
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~p  MELTING POINT (°C)
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DEEWMATEIN L, #CT, CHHEDHBOI L, BAILS & s BBEBIEITEELS
N30/ MEBSMAE, 7Ab=v 0B Me, HECREBRT S,

4—-1 O/MUEBHT

Ui-yPuyOarx % BEFE TR &, BEVELHL , O/ MEGEETKE{,
s O EERITE S L 1L oh, P& BB, Evans %2, 36~405 DU 0 Puo20 2-x
%Vyb%%vifvﬁfﬁwmﬁkb,L%OC~ZMOC®EE?M%b,O/M&@%
meF~Iz, B & HFET, Aitken %13, UosPugaOz-x Puoz_xcoo/PuH:a)ﬁ
% 900C~ 1200 C DIREHBATH N, Evans EDFEF %, F 11X, Aitken EOD
BREZE12KTRYT,

%, Johnson % !8) 3, EBR-IIC, 47 ~ 109% ME 3¢ F2RE DO/ M K
%, Mo, MoO, DIESHE» 6 R, HIMWERTEREEB T3, @O MK, 1988~
200) _ .

CNODFEREHRBEDHPELIT, X . FHBOBKELTHV2 Pul, 88X 20~
SO%EEmUquwOrx?m,ﬁ%mi50/Mm®EQMQIMW?%&Ctﬁ5m
5o CDO/ME01 DA, 3-2HTREMU LS, BAFHKL TS, 50CLIADH
HET LB £,

4—2 FAIZVLBHHE

b= vaid, BRRNKRENESE T A E, ER EBE, BREHRcL Y, KESOR
BEREC, BREESICUEDSoT, BEEE £ 5, Ruiz ) 3 EBR-T TRAL
RBEEO A b2 v ASHRE 14BICRT, & 51, Lackey 2 S MSETRT0.7% #
BEIRIZABOIA L2y a5M%, F15IMTmT, CNO6DERY 6, #HRT 2 &0
ZWHIETO 74+ =9 A BE I, BHENON3I0~40%8FL H o T3 &b 3, L
ST, A b=y sOBRHR L ZELOELIR, PuO, EFEIC2OEPT, 9~
12% iTEL, CORRICLZEAETR, 30 ~50C &I 3,

-23—
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Deviztion from Stoichiometry, X
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Deviation from Stoichiometry (in terms of O:Pu ratio}
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Radial distribution of uranium and plutonium in th;oUO —20 wt o/
PuO, matrix after irradiation in EBR—I to 56x10 fissions/An at

a heat rating of 560 Wtm. Measurements were along eleven different
radii while simultaneously recording the uranium plutonium Y-ray
intensity. Original concentrations of fissile atoms in the matrix
are 70.5 wt c'/0 uranium and 17.7 wt 0/0 plutonium.
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PLUTONIUM CONTENT, % Pu/(U+Pu)
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5. & A L o 8RED S

SGETIToTENBERL L, bALS»BRROBME2FEM LIz, b AL BRI,
BIRFHTHEALI-EEZHG, BEELM4wR, SEHERISTW om, BHHHEE 1061
g/ sec 2L, 30%Pu0; -70% UO, B 25 L 720

T k= AOBEGHOHEICE, “PIPER” =2 —F2AW, 40% LEOELEZES
UTto — 7, O/ MEOBSTNE, REFOSBEOIKES 74+ =9 ACHFEFRIOC &b
5, "HTHGME2RET T3DELI,

CoDHFER S &, BN OBSY, EGEAE (BRE) LR EDLSELLTEH
2, REEOFHMEMRL ., £ 16 RiTRd,

(1} fEfEEmIZ, Aitken & Evans DHIEMES® 6, O/ MESHEHRIOC, At =9 4F

S AL0C, FT0CEZLI B EORRTS 3,

2) TLENOBEEEIZ, Aitken & Evans OAIEB»H, O MESHHR 50T, 74+ =

TABSMEBRSOC, FI100C2ELI|OIHEE (1) DIMBEORIKH 2BEERTH 2,
8) EELEFOMEEIE, Lyon & Baily OfEES» 60/ MBEZWHE 30T, 74 b=9a

BOWHR A0, F70C2EL|VWIHB e, QOMKEOMCHZEEFRRTH 2,

@0 HEEAOHEEE S, Lyon & Baily DHIE@ED» 6,0/ MBS HEHR0C, A b=

LAHGHHRS0C, F100C2ZELF VIR EQOHMBROMK S 2BERAK TS 3,

B REOHEFR, QOMBLTORERRTH 3,

6. 5 i

() {LZEHRBYL (U, Pu)O, EEMEOE A2, Lyon and Baily & Aitken and Evans
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Tdh 3,
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