Michelangelo Durazzo
Humberto Gracher Riella

Sintering Behavior of the
UO02-Gd203 Nuclear Fuel

AP T AMBERT

Academic Publishing

)




Michelangelo Durazzo
Humberto Gracher Riella

Sintering Behavior of the U02-Gd203
Nuclear Fuel

LAP LAMBERT Academic Publishing



CHAPTER I
Section I.1
L1.1
1.1.2
Section 1.2

CHAPTER II
Section II.1
Section 11.2
Section I1.3

CHAPTER III
Section II1.1

CHAPTER 1V
Section I'V.1
Section IV.2

v.2.1

v.2.2

V23
Section I'V.3

CHAPTER V
Section V.1
Section V.2

V.2.1
V.22
Section V.3

CHAPTER VI
Section VI.1
Section VI.2
Section VI.3
Section V1.4

SUMARY

INTRODUCTION,, - . ccoosusensscsssnsacsinsssssssssssssassiassasssssssssssssiian sisbe iosnsass 5
Reactor ControlSystems . ssswssmnsssnusmmmsrnpsemrsmssmiss 8

Caiittol ROAS! ot masims 9

Long-Term Reactor Control  .c.cououevieeiinieiiinenicieeeceeieeee 11
BUurnable POISONS .....cuouvuiueuevcriririnieieeciinieieie ettt 14
PROPERTIES OF THE UO,-Gd;03 SYSTEM  ......ccccocevvvvvninnene 26
Incorporation of Gadolinium on the UO; Fuel.......cccccceeveeeviieieneennenee. 27
Phases in the UO,-Gdy03 System oo 36
Other Relevant Properties csiassssasissisissssisssisisssessiisasssnssoss 38
FABRICATION OF UO,-Gd;03 MIXED FUEL ..........ccccccouueeee 44
Difficulties in Sintering UO»-Gd2O03 Fuel ......c.cooeuveinniiiiiinnnceene 53
DIFFUSION BARRIER HYPOTHESIS ... 64
Hypothesis Pioposal s 65
Experimental Bases for the Hypothesis — .......ccccoveeiiincicnnnnene 88

Phases Studies in the UO»-Gd,O3 System .........cccveveveveeee 88

Interdiffusion Studies ......coccoriireiinininncece 111
Conclusion Remarks s 118
Testing the HYpothesis .......cocevevierieierieiee e 120
Gd,03; PHASE TRANSFORMATION HYPOTHESIS ............ 125
Hypothesis Proposal.  swswmssmcsmmmnsssssmamssssrmsmnnsm 126
Experimental Bases for the Hypothesis — .....ccccoeviiivievieicicieccrne 129
Characterization of the Gd,O; Phase Transformation ......... 129
Rationale for the Hypothesis ........cccoueuercinenenennccnecnnne 130
Testing the HYPOthesis ... .ouiiiierssissisisiesssnsnsasercsrassesosssassassesesassns 132
STABLE PORE FORMATION HYPOTHESIS .......cccccoovvrnnee 135
Hypothesis Proposal  ......ccccccceririeiiiiiiiniiencieeerereeeiee e 136
Experimental Bases for the Hypothesis — ....coccoovvinncniiincnncine 139
Testing the Hypothesis . sssmmnasmmmsmnsmnasmsmnisimmimg 144
Review of Reported Findings and of Literature under the
Perspective of the Hypothesis e 150



CHAPTER VII TECHNOLOGICAL ANALYSIS ..o 153

Section VII.1 Adjustment of the Sintering Cycle  ...cocoovevevevieveereeeececrceeee 154

Section VIL.2 Adjustment 0f UO; ACLIVILY ......ccoeverereerisrseseeieeiee et sseesseseeenes 159
Section VII.3 Development of Alternative Methods for Gd,Oj3 Incorporation

to the Mixed POWAET  ....ccciuiiiecceccrcrceeentrtrectse sttt 162

REFERENCES: " gt Shavesbosvinrnirs Gt ase s s s s s s s 164



