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Overview(

•  Grain(boundary(complexions(

•  Approach(to(approximaXng(S(and(H(for(G.B.(
– Measurements(in(NiABi(and(CuABi(

•  Diffusivity(of(nanograined(samples(
–  Is(it(different?(
– Does(processing(maVer?(



Grain Growth in Aluminum Oxide 
Ca Nd 

Si Mg 



Grain Growth Kinetic Types 

S.J. Dillon, M. Tang, W.C. Carter, M.P. Harmer, Acta Mater. (2007) 



Simple(InterpretaXon(of(AGG(Mechanism(



TtransiXon(
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TransiXon(Driven(by(Energy(MinimizaXon(

2 µm 

γ=HexATSex(
RelaXve(ContribuXons?(



Borisov(Model:(Linking(Thermos(&(KineXcs(
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Adapted(from(Gupta(Met$Trans.((1977)(
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General(PredicXons(of(Borisov(Model(



Comparing(Complexions((ΔH(&(ΔS)(

Approach:(
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2(Simple(Model(Systems(

Kundu(et(al.(Scripta$Mater.((2012)(Luoet(al.(Science((2011)(

NiABi( CuABi(



Prior(Work(on(CuABi(

Chang(et(al.$Acta$Mater.$(1999)( Divinski(et(al.$PRB$(2005)(

Cu(tracer(

Bi(tracer(



Chemical(Diffusion(into(Bi(doped(Ni/Cu(
CuABiA500oC( CuABiA900oC(

Γ=0.4(Bi/nm2( Γ=1(Bi/nm2(
NiABiA300oC( NiABiA700oC(

Γ=0.8(Bi/nm2( Γ=5(Bi/nm2(



Entropy(Difference(between(Complexions(
ΔS~8k((

Bi/Cu(counts)=0.01((

Bi/Cu(counts)=0.035((

K.(Tai(et(al.$J.$Appl.$Phys.$In(Press(

ΔS~4k((
Bi/Ni(counts)(=(0.009(

Bi/Ni(counts)(=(0.003(



Olmstead(et(al.(Acta$Mater.$(2009)(

ΔS~4k(=>(Δγ~0.3(J/m2(

Dillon(et(al.$JACerS$2010(

Comparison(w/(Related(Measurements(

313(K(

293(K(

ΔS~2kA16k(

Fontanesi(J.$Chem.$Soc.$Faraday$Trans.$(1994)(

Fontanesi(Entropy$(2010)(

Anthracene&
Hg/Ethylene&Glycol&

Adenine&
Hg/Aqueous&



GB(Diffusion(in(Nanograin(AlloysA(MoXvaXon(

Kolobov(et(al.(Russian(J.(Phys.((2008)( Wurschum,(Herth,(Brossmann,(Advanced(Engineering(Materials((2003)(



!

Sample 

Average Grain Size (nm) 

X-ray 
TEM 

w/o twins w/ twins 
Cu 15.0 ~150 ~20 

Cu-W 14.7 ~30 ~15 
Irrad. Cu-W 17.0 ~80 ~25 

773K Cu 23.5 ~2000 ~280 
1173K Cu 47.0 ~4000 ~550 

Cu(Thin(Films(of(Varying(Grain(Size(
Pure(Cu(500(oC(
preAannealed(

Pure(Cu(900(oC(preA
annealed(

As(deposited(Cu(Film( Irradiated(CuA1%W(
(

AsAdeposited(CuA1%W(

(222)(

(111)(

K.(Tai(et(al.$Acta$Mater.$(2013)(



Au(diffusion(in(Cu((Different(G.S.’s)(
Pure(Cu(900(oC(preAannealed((
+(Au(diffusion((200(oC)(

Pure(Cu(500(oC(preAannealed(+(
Au(diffusion((200(oC()(

AsAdeposited+((
Au(diffusion((200(oC()(

No(Model(



Irradiated(then(Au(
diffusion(at(100(oC(

Au(diffusion(in(Cu((Different(G.S.’s)(
AsAdeposited(1%WACu(
+(Au(diffusion((200(oC)(

?( ?(



Irradiated(then(Au(
diffusion(at(100(oC(

Au(diffusion(in(Cu((Different(G.S.’s)(
AsAdeposited(1%WACu(
+(Au(diffusion((200(oC)(

?( ?(

G.B.(Kirkendall(see:(Klinger,(Acta$Mater.$2011(



Au(diffusivity(in(the(Cu(–(Limited(‘nanoAeffect’�

Results(of(Au(G.B.(Diffusion(in(Cu(

*Ref.(Surholt,(Mishin,(Herzig,(Phys.$Rev.$B$(1994).(K.(Tai(et(al.$Acta$Mater.$(2013)(



Conclusions(
•  Significant(entropy(contribuXon,(~4A8k,(
associated(with(G.B.(complexion(transiXons(

•  The(excess(entropy(is(manifest(as(enhanced(
diffusivity(/(G.B.(mobility(

•  G.S.(effect(on(diffusivity(weak(on(thin(film(
samples(

•  Thermal(relaxaXons(are(qualitaXvely(‘rapid’(at(
temperatures(where(vacancy(hops(acXve((


