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Irradiation of a crystalline solid solution can cause the decomposition of
the matrix into enhanced, modified thermal, or irradiation-induced precipi-
tate phases. Irradiation can also transform the matrix into a new crystal-
line phase. Alternatively, the heavily irradiated matrix can become
amorphous. Alloys of NiTi are intermetallic compounds with shape-memory
applications whase amorph1zat1on is of both technological and basic scien-
tific interest. Our purpose is to observe some details of the intermediate
stages of amorphization to provide further insight into the mechanisms of the

phenomenon. !

.An alloy of 50.5 at.% Ni/49.5% Ti was obtained from Raychem Co. as 0.76-mm-
thick sheet and then rolled to 0.5 mm sheet. Disks 3 mm in diameter were
‘punched and annealed for 0.5 h at 850°C. This results in an ordered aus-
“tenitic (B2) structure, which partially transforms to martensite after air
guenching. Disks in this condition were then irradiated with 3 MeV Ni2* jons’
at room temperature (26-28°C) to peak damage levels calculated to be 0.01 to
0.35 dpa. Samples were then back-thinned to the peak damage region and
observed in either JEOL 100CX or Philips EM40OT/FEG (100 to 120 kV) and
"EMA30T (300 kV) analytical electron microscopes (AEMs).

§

The peak damage region, at a section depth of about 600 nm beneath the bom-
barded surface, was observed to be partially amorphized (about 50%) after
‘doses of 0.01 to 0.02 dpa, and to be almost completely amorphized (90% or
‘more) after 0.05 dpa. Figure 1(a,b) shows the complicated martensite micro- °
~structure and diffraction pattern of the unirradiated starting material.
‘Figure 1(c,d) shows the partially amorphized structure after irradiation to ;
‘0.018 dpa. Figure 1(c,d) shows the crystalline portions of the irradiated
‘sample appear to be highly damaged, but the nature of the damage has not yet
‘been determined. The regions with only a few defects are mostly amorphous.
This can be seen in the dark-field series [Fig. 1{c=h)] in which these ;
;regions are dark for images with the matrix reflection, but show uniform :
‘bright contrast in images made from two different portions of the diffuse i
-amorphous ring, Small crystallites in some portions of the microstructure °
‘appear to be causing the weak spots seen in the ring. Several details are j
‘immediately apparent. The amorphous regions appear to have faceted shapes !
with fairly sharp interfaces separating them from the surround1ng crystalline
regions. This can be seen both at high magnification [Fig. 1(c)] and in a
dark-field (DF) series at lower magnification [Fig. 1(e-h)]. This obser-
vation is in contrast to the formation of irregular amorphous regions without
any definite shape reported by others for in situ irradiations.?s3 The dif- !
fraction pattern of the irradiated material shows much less evidence for mar-i
tensite relative to the starting structure [Fig. 1(d)]. This suggests that
much gf tﬁe martensitg converts to austenite prior to amorphization.“ S;milar




Irradiation of a crystalline solid solution can cause the decomposition of
the matrix into enhanced, modified thermal, or irradiation-induced precipi-
tate phases. Irradiation can also transform the matrix into a new crystal-
line phase. Alternatively, the heavily irradiated matrix can become
amorphous. Alloys of NiTi are intermetallic compounds with shape-memory
applications whose amorphization is of both technological and basic scien-
tific interest. Our purpose is to observe some details of the intermediate
stages of amorphization to provide further insight into the mechanisms of the

phenomenon. !

.An alloy of 50.5 at.% Ni/49.5% Ti was obtained from Raychem Co. as 0.76-mm-
thick sheet and then rolled to 0.5 mm sheet. Disks 3 mm in diameter were
‘punched and annealed for 0.5 h at 850°C. This results in an ordered aus-
“tenitic (B2) structure, which partially transforms to martensite after air
quenching. Disks in this condition were then irradiated with 3 MeV Ni2¥ jons
at room temperature (26-28°C) to peak damage levels calculated to be 0.01 to
0.35 dpa. Samples were then back-thinned to the peak damage region and
observed in either JEOL 100CX or Philips EM400OT/FEG (100 to 120 kV) and
EMA30T (300 kV) analytical electron microscopes (AEMs).

The peak damage region, at a section depth of about 600 nm beneath the bom-
barded surface, was observed to be partially amorphized (about 50%) after
doses of 0.01 to 0.02 dpa, and to be almost completely amorphized (90% or
‘more) after 0.05 dpa. Figure 1(a,b) shows the complicated martensite micro-
structure and diffraction pattern of the unirradiated starting material.
.Figure 1(c,d) shows the partially amorphized structure after irradiation to
0,018 dpa. Figure 1(c,d) shows the crystalline portions of the irradiated
‘sample appear to be highly damaged, but the nature of the damage has not yet ;
‘been determined. The regions with only a few defects are mostly amorphous. |
_This can be seen in the dark-field series [Fig. 1(c—h)] in which these :
;regions are dark for images with the matrix reflection, but show uniform :
‘bright contrast in images made from two different portions of the di’fuse i
-amorphous ring. Small crystallites in some portions of the microstructure
‘appear to be causing the weak spots seen in the ring. Several details are }
“immediately apparent. The amorphous regions appear to have faceted shapes !
with fairly sharp interfaces separating them from the surrounding crysta111ne
regions. This can be seen both at high magnification [F1g. 1{c)] and in a
dark-field (DF) series at lower magnification [Fig. 1(e=h)]. This obser-
vation is in contrast to the formation of 1rregu1ar amorphous regions without
any definite shape reported by others for in situ irradiations.2>3 The dif- !
fraction pattern of the irradiated material shows much less evidence for mar-i
tensite relative to the starting structure [Fig. 1(d)]. This suggests that
much of the martensite converts to austenite prior to amorphization.* Similar
behavior is noted during in situ irradiation with high energy electrons,3 but
not during in situ heavy-ion irradiation.2,3
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F1G. (b) selected area diffraction (SAD),
showing martensite and austenite of unirradiated NiTi. (c) BF near Z = [111
showing damaged crystalline and partially amorphized regions after irra-
diation to 0.018 dpa, (d) SAD from same area. (e) BF, and (f), (g) and (h)

dark-field (DF) images from same region at lower magnification. Aperture
placement for (fY=Ta) dindirated in {4}




