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2 Radiation and thermal creep tolerant materials

Stable microstructures with
many nanoscale interfaces:

Oxide Dispersion Strengthened
(ODS) Alloys

Nano layered materials

anocrystalline Alloys

Murdoch and Schuh,Acta Mat. 2013
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3 High Energy Ball Milling
Slowed
360x

Om°
Elastic deformations

Plastic deformations

Shear deformations

Fracture, amorphization
chemical reactions



4 Spark Plasma Sintering

800 - 1000 °C

—5 minutes at temperature

Nanofeature retention

Vacuum chamber
(typically water cooled)

Top electrode

Die Spacers

Bottom
electrode



*

103 # 
A. 
0. *

A : *** 40 * 410

eA

4. a •
* 00

ieo * • •• ••

*
• •

*

(wu) az!s apased
OE 8Z 9Z 17Z ZZ OZ 81 91 171 Z1 01 8 9 17 Z

az!s app..nd

(uuu) az!s u!EJD

°N 001 06 08 OL 09 OS 017 OE OZ 01

• I I 11 l

*
►

* . '

0 . 
4.

* 
1 0 * 

* 0 ''' 1 I I * * '''' 
a ,p, *

0 ' * ge Alb iit k • ** * ' * 4Ir° . ' .04*, -
* '''' 

* JP 41 gs• 1 I R ''' 411° 0 4°', - lb
O 

4. * . * * 
IA '

• * * . ,, 0 - * ,* • *
* * * * i .

O * 6 * 0 , no 0 .

* At • # # . * . ** ,..

* 4k 111v, 0 • * * ,,, * 0
0 * * • # , 4 -4*

4 ii • .. 
IP '41). 

% * • ,

O 
* • 

. • • , *, 
* ** ' • 

4 . * o # ,

0 MP • • • . - - * ON* li• « • . IV

D. 008 anilDnAsanu

0

50'0

1'0

51'0

Z'O

Sr()

E'0



•

4AX,-*

\4., 
\‘'



7 Higher temperature 1000 °C
BF





1,45-414*
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ii Hardness
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I 2 Irradiation Conditions

15 MeV Si3+

100 DPA at 2 micrometers depth
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13 Post Irradiation
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max = 2.071
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15 Future Work

Post irradiation:

Boundaries

Particle interface

Phases

In situ irradiation and heating
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I 6 Summary

Amorphous nanoparticles

Ultrafine grained and nanocrystalline
metal matrix

Significant growth in grains, particle
size, and a phase evolution with
elevated temperature (>0.7 T/Tm)

Retention of amorphous nanoparticle

Ion irradiation induced changes
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