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1-lECIWTICAL TWINNING m NICKEL 

vle a.re 1nweticating the structure and meclul.nica.l properties of 

polycryat.'31l1ne nickel deformed. by shock lCXlding at roan teri....nere.ture 

, as well aa by tensile and cOI!ij?ressive tceti~ nt vurious te:nrx;ro.tm~c:l .. 

, The ex);)Crimenta a.re bc1ns done to try to underate.nd the reaaona for the 
I 

considerable hardening that can occur as a result of shock loading vith

out much cho.nge in dimensions or grain structure. (l) 

Thin foils ltere · J?l"C:pa.red frCllll t inch thiclt polycrystallinc deformed 

Ina.terie.ls by- spark croaiori slicing follovrod by electropolishing.. Tho 

trr.nsmiosion electron microscopy- results have oho'tm that tip to 350 kilo-

bar presoure the structure of e"'"'Plos1vely d.cfor.m.cd. nickel 1~ oiLlilo.r to 

thc;t:. of statically loaded specimens in that donee tangles of dislocations 

and cell •ro.lls ifCl"C:l observed. Cell vro.l1s irore also observed even ai'tcr 

·tensile deformation in lic;ruid. He. Hoi-rover., dttrin;:r e:lC}?losive deformation 

at and above 350 kilobe.rs pr~ssurc ( cc1ui vo.lcnt to 5 x 106 poi) 1 niclcel 

· dcforma by :r:lcchanical tvinning on (lll) plo.nes. T'.nis is of interest 

:. since Dietcr(2 ) vas unable to observe tvinning in his e=::pcr1:ments v.sin~ 

both light nrLcroscopy and electron microscopy of replic~s. As shovm in 

Fig. 1, the tld.."lo a.rc ext.rc:;ncly fine ("' 0.051-4 thick) o.nd cannot be rc-

solved by lic;ht mctallo{7'aphy. Thcl"'e a:Pl,)CarG to be a hi&h dcnai'cy of' 

d.ioloca.tions e.t the tvdn-mtrix interface (Fig. 2) suggesting that the 

t1'lins n:r;:y be :tnc,pherent. Figure 3 ahOi.;rs. the electron diff'".caction JX'l,ttern 

of Pie;. 2. The foil is in the (5iO) orientation and the s:po·~a nc.rkcd 

. T1 and T2 are the reflections corresponding to the two sets of t~~ns in 

· Fig. 2. T1 has the orientation (134) and. T21 (134). 'J.'he contrast cru1 

. ·be reversed for either. set by means of d.a.rk field. iU\lXllina.tion usinB tho 
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dittract1on spots corresponding to that set. The spots in the d.iff'ra.ction 

pa.ttern not corresponding to any at the three lattices are attributed. to 

double ditf'raction. 

'l'he c~aaoion axis ·1n Fig. 2 is desic;nated by the e.rrow c.. Thia 

corresponds to the [151] direction.. Since this lies 1n tho dcxlccshcdral 

plane, one might expect conjugate twinning on tho (hl) and (lll) planes., 

However, twinning occurs on the (ili) and (liT) planes., Operation of the 

.. \lnex;pected (lll) twin probably occurs because of the com;plex stress oyotcm 

sot u,p in the polycryst. .. 'll Hne BOJI1Pleo 

AlthOUl)h Haa.sen (3) has reported that t\Tine formed in the necked 

region ot single crystal specimens de:formod at 20°IC and below, so to.x, m~ 

. have not observed any twinning .after low temperature static deformation 

~ to 2~ atro.ino 

It appears frOill the present cta.te of research on mechs.nica.l twinning 

that the latter 1s fav~ed by deformation at lov temperaturco or very high 
. . (4) 
strain rates as well as by lo-wering stacking fault energy (by o.lloy.tng). 
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Figure Ce.ptiono 

Fig. 1 l'ri explosively deformed. at. 350Kb ahmring two nets of ~.-v1z1a ~·ing 
no~ to the foil ourfa.ce (orientation [110]). F.oil cnu~f'a.cc 
;po.rallel to stress axis. 

Fig. 2 /'.fJ Fig. 1, toil or1en·t.a.t1on [5iO), showint:t two octo of t·.dns 
· T1 T2 .(see text). .Arrw C ·shows direction of stress 0-"::i:::>. 

Fig. 3 Selected e..rea d.i:f':f'ra.ction )?a.ttel"n o:f' Figo 2 shO'.rl.ng tvin cpots 
'1'1 T2 • ~latrix re:f'lactiona are indexed. 



-4-

ZN-3566 



-5-

1 0. 5 Jl- I 

' ..... " ~ 

ZN-3567 



-6-

-15' I 51 
41' 

t c 
" 

-lilt "'-r2. 
-002 

• 

---153 , 
• 

ZN-3568 



This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com~ 
m1ss1on, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such co~tractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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