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_ i\ECHANICAL TWINNING IN INICKEL

We ure‘iﬁveétigating the structure and mechanical properties of.
‘polycrystalline nickel deformed by shock loading at rocm terperature
- as weli as by tensile and ccmpressive’testing ot various temperatwres,
'iThe experimenﬁa aie beihg done to t&y to understand th%vreQAOna for the

cohsiderable hardening that can occur as a result of shock'loading with-
. .ogt much chonge in dimensions or grain structure.(l)
Thin folls were prepared frcm 4 inch thick polyerystalline deformed
"matefiais by spérk erosion slicing followed by electropolishing. The
. trancmission electron microscopy resulis have shown that up to 350 kilo- -
‘:bar pressuré the structure of explosively &eférmed nickel 1s sinilor to
: .that of Bt&fically loaded specimens in that denﬁe‘tanglcs of dislocations
'Tand cell wails were observed. Cell walls were also observed even after
-{tensile deformation in liquid He. However,duringfexplosive deformation
Cat end avove 3502kilobars pressure (equivalent to 5 x 108 psi), nickel
;ideforms by mechaniéal twinning on {111} planes. Thails is of interest
3;.since.Dicter(2) vas wnable to observe twinning in his experiﬁents vsing
: both light microscopy end electron microscopy of replicag. As shoﬁn in
: Fig. 1, the twins are extremely fine (~ 0.05: thick) and cannot be re- ',”
' solved by light metallography. There appeais to be a high denslty of |
.dislocatigns et the twin-matrix interface (Fig. 2) sugzesting that the
.twins woy be inecherent. Figure 3 shows the electron>diffraction patiern:i
of Fig. 2. The foil 1s in the (5I0) orientation and the opots marked -
:Tl and. T» are the reflections cqrresponding to the two sets of twiﬁs'in-
ffFig. 2. T, has the orientation (135) and To, (134)s The céntrast can’

" be reversed for either set by means of dark field illumination using the
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difﬁ'uctioxi spots corresponding to that eet. The spots in the é.iff‘ra.ction
‘ '. pattern 'no@ corresponding to any of the three lattices are attributed to
| double diffraction. _

The compression axis in Fig. 2 is designated by thé errow Co This
corresponds to the [151) direction. BSince this lies in the dodecahedral
plane, one might expect conjugate twinnirig on the (I11) end (111) plaves.
.vHowever, tvinning occurs on the (111) and (1I1) planes. Operation of the
';\me:@ected (115) twin‘ probably occurs because of the camplex stress system
‘Bat wp 1n_".hhe polyerystalline sample.

Although Ha.asen(3 ) has reported that twins fgrme’d in the necked
' régim of singlé crystal specimens deforned . at 20°K and below, so far, we
| “have not observed eny twinning after low ﬁempera.ture static défocmatiom
W to 20% strain, | | |
It appears fram the present state of research on mechanical twinn_ing
bitha‘.t the latter is favored by deformation at low temperatures or very high -

‘strain rates as well as by lowering stacking fault energy (by a.lloyi,ng).(h)
| * : + e
Ro L. Nolder and G. Thomas™ - :
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Flpure Captions

Pig. 1 m ozplosively deformed at 350Kb showing two sets of %wins Lying
normal to the foil surface (orientatioan [110]). Foil cuwrface
porallel to stress axise

Fig. 2 As Pig. 1, foll orientation [510], showing two scts of %wins
. Py T (see text). Arrow C shows direction of stress axis.

‘Fig. 3 Sclected erca diffraction pattern of Fig. 2 showing twin spots
Ty Ta. Matrix reflections are indexed.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, 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 contractor 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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