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e Background Problem UF -

Ma{erials Sc-iénce ;& -I-Eng;ne-eri_ng;

» Continuously increasing inventory of
nuclear waste:

— ~2000 mT of Pu created in nuclear
reactors since 1941

— 70-80 mT of new Pu from spent fuel added
to the inventory each year

 Production of other minor actinides
such as 23’Np, *1Am, #3Am, and 4**Cm

IAEA (2006)
IAEA (2007)
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MRS Nuclear Fuel Cycle

Light Water
Reactor

Pu.Zr
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Uranium Weapon
g,adz Pu Geological
disposal

mine

Courtesy IAEA
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e Opportunity T

Materials Science & Engineering

Fuel Assembly Core

« Utilize light water “’}‘\
reactors (LWRs) to N
burn or reduce Pu T i
inventory by | .TT
transmutation. l D)

» While effective, g om. s
MOX fuels lead to
the production of

T
RS ER S

new actinides. L

Homogeneous Haiuru-garmuu&

;;...

a‘é:'
)
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Degueldre et al. J. Nucl. Mater. (1999).
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e Inert Matrix Fuels UF

« Create a non-fertile matrix to support Pu
or minor actinides in nuclear fuel
— Metal or oxide

— Single homogeneous phase or multi-phase
heterogeneous material

8 mm
—
10 mm '

UNIVERSITY of

FLORIDA

-— Stainless Steel
H Outer Cladding
0.463 OD x 0.383 ID

===l Stainless Steel
Spring

+— Zircaloy
Inner Cladding

9.594 0.382 0D x 0.332 1D

MOX Pellet
0.327 OD x 0.400

Single Phase

(Microdispersion) 6.000

Two-Phase Composite | + |
(Macrodispersion)

(Average Power Test
Dimensions in inches)

Courtesy J. Carmack, INL




e Inert Matrix Properties

Required IM Properties

Neutron Transparency

High Melting Point

Good Irradiation Behavior

High Temperature Phase Stability
Cladding Compatibility

Low Solubility in the Reactor Coolant

Desired IM Properties

« High Thermal Conductivity
» Soluble in Nitric Acid

IIIIIIII

aterials Science ;3‘ Engi_ne:eri_ng_




R = Thermal Conduction UF_ -

Ma{erials Sc-iz;.-nce ;3‘ Engi_ne:eri_ng_

o A V|ab|e IMF mUSt Centerline Fuel
Temperature

possess a thermal
conductivity to melting
point ratio that meets
or exceeds that of
UO.,.

* More thermally
conductive fuels
decrease the
centerline fuel
temperature.

Thermal Energy Transport
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~E€(s  Inert Matrix Properties UF_ -
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Gap
\ Cladding

2

o

rd

Fuel Pellet Claading Bteaer Good Hydrothermal

High T, High P — Corrosion Resistance
Water Corrosion

FCCI (Chemical
Resistance) ~100 MeV heavy

FMCI (Irradiation /r fission fragments
Low Neutron Adsorption

Resistance)
L Neutron Economy . crogs Section

— Good Irradiation Stability

Y
T — | steep High Melting
Feasible Aqueous & . Temperature Point, Good
Reprocessing Dlssolgtlon Gradient Thermall .
Behavior Conductivity

H. Kleykamp, J of Nucl Mater 275 [1] 1-11 (1999).

UNIVERSITY of

FLORIDA



NE@@ IMF Candidate Materials UF

_Ma{erials S_c-i:a-nce ;3‘ -I-Eng;ne:eri_ng_

« |IMF Candidate Materials [1]:

— Fluorite: ZrO, (difficult to recycle, poor K,), CeO,

— Corundum: Al,O4 (poor neutron irradiation behavior at high
dpa)

— Zircon: ZrSiO, (low dissolution temperature) [2]

— Nitride: SizN,

— Carbide: SiC (difficult to recycle)

— Pyrochlore: Nd,Zr,0O- [3]

— Spinel: MgAl,O, (poor in-pile irradiation behavior)

— Rocksalt: MgO (poor corrosion resistance)

New potential IM materials or strategies
are need ed == [1]1 H. Matzke et al., J Nucl Mater 274 [1-2] 47-53 (1999).

[2] M. Burghartz, Chimia 51 [7] 414 (1997).
[3] S. Lutique et al., J Nucl Mater 319 59-64 (2003).

UNIVERSITY of

FLORIDA
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RS

MgO-Pyrochlore Composites

Since IMFs are intended for LWRs they should
perform as well or better than UO...

« YSZis a primary IMF
candidate.
— Low thermal conductivity

— Difficult to reprocess using
conventional methods

 MgO is attractive but not

stable in water.

* MgO-ZrO, composites
were investigated at INL.

Al Priorwork performed under

"4ad) US DoE - DE-ACO7-05ID14517
UNIVERSITY of
FLORIDA
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M40  Fluorite® Pyrochlore  UF

Lattice parameter
Fluorite: a
Pyrochlore: 2a

- \/acant Site

Fluorite

General formula: A,B,0,0’

Pyrochlore Space group: Fd3m
- Wyckoff position:
General formula: AO, (1/8 unit cell) 8a for vacant site
Space group. Fm3m p; Priar work performed under 48f for O
\'\:“H US DoE - DE-AC07-05ID14517 8b for O’ (|f B is Origin)

UNIVERSITY of

FLORIDA



e Pyrochlore Selection UF_

Mat-erials S_c-i_énce &Eng?néer?ng

Unacceptably large neutron Cation Antisite Defect Energy
absorption cross-sections 110 L8 pan An+Ba> Ay B
eliminates pyrochlore compositions (14 °?.i§:o’:£0;”
with the rare earth oxides: N Ws20-50
E’ 1.10 F 4,40 - 4,80
Gd,03 Sm0; Eu05 ;) R
: I -§ § B 3.20-3.60
Predicted Thermal Conductivity 8 1oe 8 =§§8'2§3
Ti Ru Mo Sn Zr Po = o :2:00-2:40
a 1.60 - 2.00
1.14 Pr k (W/mK) ~ =;§g::gg
1.40 i : 0.40 - 0.80
1.11 1 o A _ 0.00 - 0.40
= N . :-5,(5) By 0.65 0.70 0.75 0.80 0,85
:g 1.08 Sm 1.85 B* Cation Radius (A)
5 1.05 Z‘Q 3'?(5) Sickafus, Minervini, Grimes, et.al. Science. 2000.
§ 2.30 .
S 102 " 245 Nd,Zr,O- is down-selected from
< 2.60 o .
0.99 = 275 the remaining candidate
2.90 iy
006 -~/ " 305 pyrochlore compositions due to
o0 ber 066 069 070708 its better radiation tolerance.

B Cation Radius (A)

. , . Prior work performed under
Schelling, Phillpot, et.al. Phil Mag Lett. 2004. @ US DoE - DE-ACO7-05|D14517

UNIVERSITY of
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NE@@ Composite Composition UF

Materials Sciénce ;& -I-Eng;néeri_ng;

* Simulation 0 10 20 30 40 50 60
based on 8 16 e 416
e AN
vol% weapons & | .. N
grade PuOyas § | *u:l -, |
fissile phase. § 12 \'N*-ﬁ{\ e 112
S e e
: = R
» Calculations E AT
= 10F . MOX \\‘\ 41.0
show the best 5§ | . tsnazo tomgo -
rath Of -%": 08 F 4 3:7Nd/Zr,0. to MgO A 108
< | v 55NdzZr0,toMgo 7 |
NdZZrZC)? to 0 10 20 30 40 50 60

MQO Is 3:7. Equivalent Burnup (MWd kg™

“A%a\ Priorwork performed under Yates, Xu, et al. J. Nucl. Mater. (2007).
" ¢a¥/ US DoE - DE-ACOT7-05ID14517

UNIVERSITY of

FLORIDA



RS

 Versatile structure, over 200
spinel compounds reported.
 Good irradiation resistance
— Anti-site cation disorder
— Interstitial-vacancy

recombination
— Multi-component chemistry
suppresses nucleation and

growth of dislocation
during irradiation

loops

Neutron Cross Sections of the Elements

Source: Heutron Wews, 3[3] 29-3T (1992) ‘

]

S5 W Co
ENE-N- -
a e L

Os Ir Pt Au Hy

......

o-1 l5-10 . Pr Md Pm Sm Eu Gd Th Dy Ha Er Tm b LU
C1-3@=10 -
[03-5 (barn) LS

U Mp Pu Am Cm | Bk Cf Es Fm Md Mo

UNIVERSITY of

FLORIDA

Spinel Selection

_hA-a{eriaIs S_c-iz;.-nce E& Engi_ne:eri_ng_

A-atom
Tetrahedral
site

B-atom
Octahedral
site

 Low neutron adsorption cross section
« Large, heavy ion
— Magnesium stannate (Mg,SnO,)

@ Priorwork performed under
42l US DoE - DE-AC07-051014517




RS

. MgAl,O,

— Good irradiation resistance
against neutrons and o-
decay [1-3]

— Poor in pile irradiation
behavior: swelling due to
fission fragment damage [4]

* Mg,SnO,
— Low neutron adsorption
cross section
— Large, heavy ion

£ 23 Prior work performed under

"4ady US DoE - DE-ACO7-05ID14517

UNIVERSITY of

FLORIDA

1.6

1.4

= 1.2

= | —=—MOX

1.0

0.8

Spinel Selection

UF

_Ma{erials S_c-i-e-nce ;3‘ -I-Eng;ne:eri_ng;

—e—MgO-Nd . Zr O

2277

(70/30 by vol.)
MgAl O,
—v—Mg,SnO,

0 10 20 30 40 50 60
Equivalent Burn Up (MWD/KG)

[11 K. E. Sickafus, et al., Science 289 748 (2000).

[2] K. E. Sickafus, et al., Nucl Instrum Meth B, 106 573 (1995).
[3]1 F. W. Clinard, et al., J Nucl Mater 108 655 (1982).

[4] T. Wiss and H. Matzke, Radiat Meas, 31 [1-6] 507-14 (1999).



N2 IM Materials e
IM Candidate Materials:
« Spinel: MgAl,O,
» Off stoichiometric spinel: MgO-+1.5Al,0,
* Rocksalt: MgO
* Inverse spinel: Mg,SnO,
» Pyrochlore: Nd,Zr,0O,
» Composite: 0.7Mg0O-0.3Nd,Zr, 0O,

#23 Priorwork performed under
“da#y US DoE - DE-ACQT7-051D14517
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MRG Aopoacn T

Performance How do these

relationships affect
the IM performance?

Processing-Thermal
Conductivity
Relationships

Properties

Processing
Microstructure-Thermal

Conductivity
Relationships

Processing-
Microstructure

Relationships Microstructure

UNIVERSITY of

FLORIDA



NB@@ Summary IM Thermal Conductivity UF

35 , , , , ,
« The thermal . MgO "
conductivity of the ~ x 7 ]
composites exceeds § 25 | _
that of UO.,, > ol _
. Ball-milling and 5
SPEX blending £ F -
yields the most 2 ol )
consistent thermal Gé)
conductivity. = °r7 -
0 . . . . .

200 400 600 800 1000 1200 1400
Temperature (K)
[1] Lutique, Konings, et al. J. of Alloys and Compd. (2003).

%’9{\ Prior work performed under [2] Ronchi, Sheindlin, Musella, et al. J. of Appl. Phys. (1999).
“fa¥y Us DoE - DE-ACQ7-05ID14517 [3] Slifka, Filla, Phelps. J. of Res. NIST. (1998).

UNIVERSITY of

FLORIDA



_hA_a{eriaIs S_c-i;nce E& I_Engi_ne:eri_ng_

NE€{s Water Corrosion Summary UF_—

: T 1 T 1 T 1 T 1
= MgloH),
~ A m L ] [ ]
2 | Anercomosion | | . o,
[] Testing - . ™ .
_E L vttt il | " e UL.._,JMJL._.A.
= | i l i
| Testing . |
[EPS-SNY | W0 U5 WY PV R W,
10 20 E ¢} 40 50 70
26 ()
Cross-section of Hydrated Pellet XRD Profile of Sintered Pellet
and Hydrated Surface

« The water corrosion resistance of the MgO-Nd,Zr,O, composites is
microstructure dependent. Due to high contiguity of MgO, the
composite with 70 vol% of MgO could not survive in 300°C water

« Mg,SnO, exhibited remarkable water corrosion resistance at 300°C
with reduced mass loss and minimum volume change up to 30 days

Prior work performed under
US DoE - DE-AC07-051D14517

UNIVERSITY of

FLORIDA



NE@@ Irradiation Stability Experiments UF_

_hA_a{eriaIs Sc-i;nce E&Tfngi_ne:eri_ng_

IVEM-Tandem Facility
at Argonne National Lab ‘
(ANL)

lon Beam Target Area
650 kV NEC lon Implanter

lon source: 1 MeV Kr2*|
| Flux: 10"-106 /m?s |

f A% Prior work performed under
qu US DoE - DE-ACOT-051D14517

UNIVERSITY of

FLORIDA



R = Irradiation Summary UF

Materials Science & Engineering

* Mg,SnO, can be amorphized at an ion dose of
5.5 dpa and 11.0 dpa at 50 K and 150 K

* Thermal annealing at room temperature is
effective

* The average fuel temperature is above 1000 K;
therefore, Mg,SnO, may never become
amorphous due to effective thermal annealing

ﬂ' \ Priorwork performed under
#:_;J US DoE - DE-ACQ7-051D14517
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Static Dynamic Ultrasonic
(No agitation) (Magnetic bar stirring)

Inductively Coupled Plasma
Atomic Emission
Spectroscopy (Perkin-Elmer
Plasma 3200)

! I
Pnorwork performed under

Sample Collection us DoE - DE-ACG7-05I014517

UNIVERSITY of
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MNE€{s  Summary on Dissolution UF -

Ma{erials Sc-iénce ;3( -I-Eng;néeri-ng-

 Dissolution in HNO, resulted in a selective
leaching of Mg?* for both the MgO-Nd,Zr,0O,
composites and Mg,SnO,.

 Mechanical agitation such as magnetic bar
stirring can enhance the mass transfer rate,
resulting in a completed dissolution of Mg?*,
and the break up of the insoluble matrix into
powder.

* Nd,Zr,O, can be dissolved in the boiling
concentrated H,SO,.

*«} Prior work perfarmed under
ia¥y US DoE - DE-ACOT7-051D14517
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MRG Aopoacn T

Performance How do these

relationships affect
the IM performance?

Processing-Thermal
Conductivity
Relationships

Properties

Processing
Microstructure-Thermal

Conductivity
Relationships

Processing-
Microstructure

Relationships Microstructure
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MI€CS ATR-NSUF UF Experiment UF -

Materials Scienci 8 TEngl_neenng

Calipers and
Optical
Microscope

Swelling,
Cracks, etc.

Properties

"~ lrradiation Kin

-7 350 and 700 °C I
e 1and2dpa
t g Laser Flash

| AR | Crystal

TEM and SEM ——— Structure
Microstructure

UNIVERSITY of

FLORIDA Juan C. Nino - ATR-NSUF User Week 2011: Research Forum - Idaho Falls, ID June 7, 2011 30



NE{s ATR Experiment Roadmap
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01/08 — 06/08

Developrent
Prepare Proposal A
P h of Project
Solicitation and Raview
: # Schedule and
of Proposal Submit and i
Proposal Selection asacd
Agrezment
Parfarm P Provire 3
Design le| _ Meutronic and Irradipaticn e Definition of Experimenter's
Verification Themmal Analysis Test Plan Experiment Specification
Based on Design Requirements

Proposal
Scheduling

06/08 — 12/08

[] User Activities
[] Joint Activities

Ferform
Pravide Cycla
i Fazfircq?itjn fs-Bul " Nedron
“ Chemistry Meutronic
v Analysis
Transport
Target to
INL
‘ Transport
Target Capsuleto
Encapsulation ATR
Prepars Safgly Verification of
Documentation Capsule
. :nd Obtain »|  Conformance
pproval for with
Rerfi':ioa:d Reguire ments ;
Ins Insert
. Experiment
Prepare Assembly
End-of- into ATR
Irradiation
Meutronics 4L
Repont
3 Irradiate
Expenment
Assembly per
r";f; e + Test Plan
i e Transoon Trangfer
Post ~ Capsule |+ St :
Irradiation fnerIE to Canal for Paif
Disposal Examination Cooling AZ—I'QJS:
i Capsul '
e [] INL Activities P
ool Analysis

Courtesy F. Marshall, INL

Experiment
Preparation



203 ATR-NSUF UF Experiment UF

Six compositions were selected for

Probable Location of Gas Test Loop irradiation tests in the ATR B-1 position.
/ Three capsules were planned with two

“B-1" Position target doses (1 & 2 dpa) with insertion for
/ / the ATR cycle 144A .
ON-9 | Of-10]| ON-11] ON-12 Fuel Element

Neck Shim Rod Compositions

(1-6 Typical)

MgO-1.5A1,0,
MgALLO,
AN MgO
\%|§ Nd,Zr,O,

(7

>

0.7Mg0-0.3Nd,Zr,0,

N @
N

/~ %/\
Mg,SnO,

UF Experiment Fast Neutron , .

Designation ID Sample Type Target Dose Fluence Height (in.) [ Temp. (C)

Capsule A2, B2 PRSI SEalES, VS5 1 dpa 1 x 1025 n/m2 9 300, 700
samples

Capsule C1,C2 USRI RIEM 2 dpa 2 x 1025 n/m?2 9 300, 700
samples

UNIVERSITY of

FLORIDA



ME2C3 ATR-NSUF UF Experiment UF -
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|0.288]

MgAILO, (white)_DL1
J | Nd,Zr,0, (blue)_DL2

/MgO (white)_DL3
/MgO-NdZZr207 (light blue)_DL4
/MgO-1 .5Al,05 (white)_DL5
Mg,SnO, (white, heavier)_DL6

Tube C1

pL1

‘Ul 8GGge

—DL2
i ——DL3
——DL4

—DL5

/
o OIOO/O.POP.PO’PO

| —DL6

—___ Capsule C

Capsule connecting
end plug

9.125in.

LI

T

u9ez0 O OOO0O0OO0O0O0O000O0O0

'

Tube C2

Schematic of one of the
capsules for irradiation

test (left).
o] TEM fixture prior to loading

‘ «—— 45in
jm |
Yolelelel"Y YoloY ¥ Yololo

UNIVERSITY of

FLORIDA



NE{s ATR Experiment Roadmap

UNIVERSITY of
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[] User Activities
[] Joint Activities

Developrent
Prepare Proposal A
P h of Project
Saolicitation and Raview —
- #  Schedule and
of Proposal Submit and o
- ) t
Proposal Selection Agrezment
Parfarm P Provire 3
Design le| _ Meutronic and Irradipaticn e Definition of Experimenter's
Verification Themmal Analysis Experiment Specification
Test Plan
Based on Design Requirements
Ferform —_
Provide Cycle
o o fome As-Buil »  Specifc
° Chemistry Meutronic
Y Analysis
Transport
Target to
INL
‘ Transport
Target Capsule to
Encapsulation ATR
—>
l [
Riepare Safgly Varification of
Documentation Capsule
* :”d Obtain Conformance ¥
pproval for with
Recf"pl. il Requirements r
Insertion
Insert
n Experiment
Prepare Assembly
End-of- info ATR
Irradiation
Meutronics |
Repart
3 Irradiate
Expenment
Assembly per
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Repon Perform e Transfer
FPost R L Capsule
: -+ Capsule [* ; r
Irradiation for PIE to Canal for Porf
Disposal Examination Cooling A;S”“
of Capsule - Neu1r;nnic
4 oL
T::'gﬂt (] INL Activities Fepr

Courtesy F. Marshall, INL

Materials Science

01/08 — 06/08

Proposal
Scheduling
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Preparation

01/09
Encapsulation




e Preparation UF_—
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NE{s ATR Experiment Roadmap

PIE

4/10-2012

Disposal

UNIVERSITY of

FLORIDA

_Ma{erialss_(:-ignce Engineering_

01/08 — 06/08

Proposal
Scheduling

06/08 — 12/08

Experiment
Preparation

01/09
Encapsulation

2/09 - 7/10

[] User Activities
[] Joint Activities

Courtesy F. Marshall, INL

Developrnent
Prepare Proposal A
P h of Project
Solicitation and Raview
> - #  Schedule and
of Proposal Submit and o
- ) t
Proposal Selection Agrezment
Parfarm P Provire 3
] Design le| _ Meutronic and Irradipaticn e Definition of Experimenter's
Verification Themmal Analysis Experiment Specification
Test Plan
Based on Design Requirements
Ferform
Provide Cycle
o o fome As-Buil »  Specifc
° Chemistry Meutronic
Y Analysis
Transport
Target to
INL
‘ Transport
Target Capsule to
Encapsulation ATR
Riepare Safgly Varification of
Documentation Capsule
* :”d Obtain Conformance 1
pproval for with
Recf"pl. il Requirements r
Insertion
Insert
n Experiment
Prepare Assembly
End-of- info ATR
Irradiation
Meutronics |
Repart
3 Irradiate
Expenment
Assembly per
F‘r;fEa - h 4 Test Plan
Repon Perform e Transfer
FPost R c L Capsule
: -+ apsule [* ; r
Irradiation for PIE to Canal for Porf
Disposal Examination Cooling A;S”“
of Capsule - Neu1r;nnic
4 oL
T::'gﬂt (] INL Activities Fepr

Irradiation



NE@@ Irradiation Conditions

 Temperature controlled by
capsule backfill gas

Fast Neutron Irradiation Temperature
Fluence (n/m?) 300°C 700°C

I e G52
R ot Cronsec2

UNIVERSITY of

FLORIDA

Peak axial

Tube A1 or B1
(Dummy)

Capsule AorB

Tube A2 or B2

(Samples)

fluence plane

Tube C1

(Samples)
Capsule C

Tube C2

pococcaasasgoe{ ]
\

(Samples)



MESCs  Current Status and PIE UF

Ma{erials Sc-i-e-nce ;3‘ -I-Eng;ne:eri_ng;

« Capsule Ais out of the reactor. The samples with low
enough Rad level to begin work were moved to their respective
labs.

« Capsules B and C came 07/10 and were shipped to HFEF
the last quarter of 2010.

PIE

1) Measurement of sample volumetric change under
irradiation. Quantification of swelling.

2) SEM microstructural characterization (grain size, micro
cracks, voids, etc.)

3) Measurement of thermal diffusivity of irradiated samples.

4) TEM characterization of defect formation in materials under
neutron irradiation.

IIIIIIIIII



N Color Change UF_-~

aterials Science & Engineering

Nonirradiated (N) Irradiated (I)

L.

MgALO,

MgO

MgO-1.5A1,0,

UNIVERSITY of
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K=apC, R VIRV, wop

Laser Pulse

. Graphite |

\ ., Anter Flashline 5000 ,l:

0 r(l)o 2C|)0 3(|)0 4(|)0 5(I)O 6(I)O 7C|)0 800
\ Homogenous
Isotropic

b,

a=0.1388L2/t, ,

Measure To and AT

UNIVERSITY of
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N2 Thermal Diffusivity UF_ -

_Ma{erials S-c-iénce ;& -I-Eng;néering;

1100 —tr r r - r T r 1 11T rrrrrrrrrrrrrrsr T
1000 0.030 | -
[ = L]
7 MgAlLO,
800
5 _ & 0.025} §
& 700 - .
o 600 =
5 [ 2 0.020 F - -
T 500 3 =
o) [ &=
g_ 400 | = x :
—_— . - = -1
S 300} g Loy
= 200 S i
I 2 oot0} LI
100 I ] =
0 " 1 " 1 " 1 A 1 A 1 A 1 A 1 1 " 1 " 1 " 1 " 1 " 1 A 1 A 1 A 1 A 1
0 100 200 300 400 500 600 700 100 200 300 400 500 600 700 800 900 1000
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« Background and Motivation

Materials Selection

Summary of Prior Out-of-Pile Research
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Summary and Outlook

IIIIIIIIII



R Summary el

Materials Science & Engineering

* Down-selection, synthesis, and processing
optimization of inert matrix materials (i.e. MgO,
Nd,Zr,0-,, 0.7Mg0O-0.3Nd,Zr,0,, MgAl,O,,
Mg,SnO,, and MgO-1.5Al,0,) was performed.

* The out-of-pile thermophysical properties (thermal
diffusivity, thermal conductivity, contiguity, etc.)
and in-service engineering parameters (water
corrosion resistance, acidic dissolution, etc.) were
characterized.

« Target samples (120) were successfully loaded
(A2, B2, C1, C2) and inserted into ATR (B-1)
during cycle 144A and PIE is ongoing
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e Summary of PIE UF_ -

Materials Science & Engineering

The following research was done on capsule A2:

* Density measurements and thermal diffusivity
of gold coated MgAl,O,, MgO, and
MgO-+1.5Al,0,

* Collected XRD for MgAl,O,, MgO, and
MgO-+1.5Al,0,

 SEM of MgO, MgAl,O,, and MgO-+1.5Al,0,

» Used FIB to make lamellae of MgO, MgAl,QO,,
and MgO-+1.5Al,0, then TEM

SEM, FIB, and TEM of nonirradiated samples
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MR Summary of PIE UF_~

Materials Science & Engineering

Initial pre v post irradiation observations:

* |rradiated samples exhibit significant
accumulation of point (color change) and line
(dislocations per TEM) defects.

* lrradiated MgAl,O,, MgO, and MgQO-+1.5Al,0,
preserved macroscopic and overall crystallinity.

« Thermal conductivity of irradiated samples is
lower than that of non-irradiated samples.

* lIrradiated MgO, and MgAl,O,, show
embrittlement consistent with observed grain
growth (Hall-Petch effect).
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R = Current Work UF

Ma{erials Sci-e-nce ;3‘ -I-Eng;ne:eri_ng;

This summer we are focusing on the following tasks:
« SEM, TEM, and diffusivity measurements of MgO
and MgAl,O, from capsules C1 and C2

« SEM, TEM, and diffusivity measurements of
Nd,Zr,0,, MgO-Nd,Zr,0O-,, and Mg,SnO, from
capsule A2

« Thermal diffusivity on pre-irradiated samples
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UIECE: Outlook UF_~

Materials Science & Engineering;

« Extract and evaluate integrity of capsules B
and C

» Completion of PIE for all samples (over the
next year and a half)

« Comparison of materials properties before and
after irradiation

* |dentification of mechanisms responsible for
property degradation

IIIIIIIIII



MNESCS  ATR-NSUF Users Week 2011 UF_——

Ma{erials Sc-i;e-nce ;3‘ -I-Eng;ne:eri_ng_

Investigation of MgO-Pyrochlore
Composites and Spinel Compounds as
Potential Inert Matrix Materials:
ATR Experiment Overview and Results

Juan C. Nino
Department of Materials Science & Engineering

University of Florida, Gainesville, FL 32611

IIIIIIIIII



