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Nanolaminates	 Oxide	Dispersion	Strengthened	 Self-Organizing	Alloys	

1.  Rela&vely	thermally	stable	
2.  High	strength	
3.  High	density	of	interfaces	for	point	defect	recombina&on	
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Size	Effects	(Nanograin)	and	Irradia&on	Induced	
Creep	(IIC)?	
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Nanocrystalline	Irradia&on	Creep	Mechanisms	
Cu-W	Thin	Film	Bulge	test	



Nanopillar	Experiments	
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Experimental	Challenges	
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Experimental	Challenges	

Ozerinc	et	al.	JNM	(2015)	

1.  Selec&on	of	par&cle	for	irradia&on	to	high	dose	
2.  Need	for	small	specimens	for	homogeneous	ion	damage	
3.  Tes&ng	of	bulk	materials	(not	thin	films)	



Measuring	Irradia&on	Creep	In-situ	
Using	Sandia	Na&onal	Lab.	IBL	I3TEM	
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Goals	and	Experiments	

•  Can	we	measure	IIC	in	the	TEM	(at	high	T)?	

•  Mechanical	response	of	nanograin	and	
nanolaminate	materials	under	irradia&on	

•  Pillar	size	effect	at	high	T	in	the	sink	limited	
regime	(Ag)	



Sample	Prepara&on	and	Tes&ng	
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Loading	Geometry	



Irradia&on	Creep	(4	MeV	Cu3+	10-2	DPA/s)	
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Comparison	of	Steady-State	Creep	Data	
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•  R.T.	IIC	rate	in	nanoliminates	
significant	at	<10%	σY		

•  IIC	rates	in	Ni-Ag	
approaching	theore&cal	
maximum	

•  Mechanism	for	Cu-W	in	high	
stress	regime	likely	different	
than	prior	low	stress	
measurements	

Dillon	et	al.	J.	Nuc.	Mater.	(2017)	



High	Temperature	Experiments	on	Ag:	
Approxima&ng	Temperature	Regime	



Prior	IIC	on	Ag	
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Sink	limited	regime	
ac&va&on	energy:	≈0.002	eV		



Stress-Strain:	Effect	of	Irradia&on	and	
Temperature	



IIC	in	Sample	with	Non-ideal	Geometry/
Deforma&on	

Speed	≈75x	



Steady-State	Creep	Rates	in	Ag	
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Effects	of	Stress	on	IIC	

Jung’s		
descrip&on	
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Effects	of	Pillar	Size	on	IIC	
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Size	Effect	in	Sink	Limited	Regime	
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Compe&&on	between	Disloca&ons	and	
Interfaces	



Fit	Predicted	from	S.S.	Rate	Equa&on	
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Remaining	Challenges	
•  Determining	temperature	and	limit	the	
temperature	gradient	

•  Amplifying	strain	such	that	is	is	directly	
measureable	during	long	(e.g.	1	hour)	steady-
state	creep	experiments	



Conclusions	
•  In	situ	TEM	promising	for	small	scale	IIC	
tes&ng	

•  IIC	in	‘large’	Ag	samples	comparable	to	bulk	
measurements	

•  Compe&&on	between	interfaces	and	loops	as	
point	defect	sinks	quan&fied	through	pillar	
size	effects	

•  R.T.	IIC	rates	may	be	high	in	high	strength	
nanostructured	materials	at	a	frac&on	of	their	
yield	strengths	


