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Extrastrengtheningandworkhardening
ingradientnanotwinnedmetals

WiththesupportbytheNationalNaturalScienceFoundationofChina,acollaborativestudybythe
researchgroupsledbyProf．LuLei(卢磊)fromtheInstituteofMetalResearch,ChineseAcademyof
SciencesandProf．GaoHuaJian(高华健)fromBrownUniversitydemonstratesanextrastrengtheningand
workhardeninginthegradientnanotwinnedmetals,whichwaspublishedinScience(２０１８,３６２(６４１４):

５５９)．
Thegradientstructuresexistubiquitouslyinthenaturalmaterialssuchasshells,bonesandtrees,and

exhibitahighstrengthandagoodtoughnesstohelpcreaturessurvivefromthenaturaldamages．These
ingeniousgradientstructuresshedalightondevelopingthehighperformancemetalsthroughtailoring
theirmicrostructures,consideringthatthehighstrengthandgoodductilityareusuallymutuallyrepulsive
throughtheconventionalstrengtheningstrategies,suchascolddeformation,grainrefinementandsolid
solution．However,ithasbeenabigchallengetointroducegradientstructures,especiallywithalarge

Figure　 Highlytunablestructuralgradientforextrastrengtheningand
ductilityinmetals．

structural gradient,into materials and understand the structural gradientＧrelated strengthening
mechanism．

Theauthorssynthesizedthegradientnanotwinned(GNT)Cusampleswithawiderangeofstructural
gradients(inboththetwinthicknessandgrainsizethatspanacrosstheentirethicknessofthesample)by
meansofdirectＧcurrentelectrodeposition．Theirfindingsindicatethatsimultaneousenhancementin
strengthandworkhardeningcanbeachievedbysolelyincreasingthestructuralgradientinGNTCu．The
maximumstructuralgradientleadstobothimprovedstrengthandworkhardeningthatcanevenexceedthe
strongestcomponentofthegradientmicrostructure,anunusualphenomenonthathasneverbeenreported
intheexistingliteratureongradientmetalsandalloys．Theextrastrengtheningisattributedtotheunique
patterning of geometrically necessary
dislocationsintheformofbundlesof
concentrated dislocations uniformly
distributedingraininteriorswiththe
help ofthe combination of both
microstructural characterizations and
parallellargescaleatomisticsimulations．

TheGNTstrengtheningconcept
proposed in this work provides
insightsinto combining structural
gradientsatdifferentlengthscales
in order to push forward the
strengthlimitofmaterialsandmay
beessentialto creating the next
generationofhighstrengthＧductility
metals．


