arises primarily from the sensitivity of Frank loop formation, interaction and unfaulting to dpa
rate. The primary requirement to attain steady-state swelling is the resultant formation of a
mobile dislocation network. The addition of carbon suppresses the flux sensitivity, however,
and the microstructural origins of this response are currently under investigation.

The second experiment involves nickel ion irradiation of Fe-15Cr-16Ni only, but at three
temperatures, 300, 400, 500°C, and three dpa rates between | x 10° wnd 1 x107 dpa/sec.

At these higher dpa rates the transient regime is Jonger than that observed in the neutron
irradiation experiment, and increases further as the dpa rate increases. Once again the most
important results are the sensitivity of Frank loop behavior to dpa rate, and the decrease of
swelling at every tested temperature as the dpa rate increases.

The implications of these findings on the interpretation of other experiments conducted on
neutron-irradiated commercial alloys will be discussed. In general these latter studies also show
that swelling decreases as the dpa rate increases, primarily due to an extension of the duration

of the transient regime.

PaananHoHHO-CTHMYJIHPOBaHHAS aMOPQH3aALMA: CPaBHEHHE MAaTEPHNAJIOB U

METON0B BO3A€EHCTBHA

H.H. Tepacumenko*

*Mockorckuit MucTuTyT DnexrpoHnol TexHuky, 3eneHorpan, Pocens (rmta@miee.ru)

B  pabore  genaeTca  MOMNBITKa  aHATMTHHECKOro  CpaBHMTensHoro  063opa
OKCMEPUMEHTANbHBIX  Pe3y/7bTaToB M  TEOPETHUYECKMX NpeACTaBleHMIl 0 mpoueccax
amop®u3alyH B NONYIPOBOJAHMKOBBIX MaTepHaNax (MOHOATOMHBIX U MHOTOKOMIIOHEHTHBIX) H
MeTajiaX. PaccMaTpuBaroTes cledyroliue npodieMsl: o

1. MoxHo a1 nonyuuTs aMopdu3aLUio NpyU obTydeHH!:

—  OBICTpBIMM 3NIEKTPOHAMH;
—  [pOTOHaMH;
—  HeHTpOHaMu.

2. PasHuua B npoueccax aMopdH3alMyi anMasa H KpeMHHUs.

3. CylecTBylolne Moaend amopdH3auHH ANd HOHHOH GOMGApAMPOBKH KPEMHMS.
HakoruieHde  KpUTHUYECKOH  KOHLEHTpalMH OeDeKTOB: NPOCTPAaHCTBEHHOE pasaereHHe
MEXI0Y3eJbHbIX W BaKAaHCHOHHBIX AedeKTOR (MO0 3a cHeT pa3zHOH MOABMKHOCTH, 1MbO 3a
CUET Pa3JeNAIoIMX areHTOB — TPaHHU pa3aena, CUNOBbIX NOseH, TETTEPOB U TaK Aanee).

4. TlpepcraBneHus O MexaHM3Max amopduzauuy B Metamiax. CyluecTByeT JH
KPHTHYECKas KOHLIEHTpaUHs nedheKToB?

_ 5. AmopdHoe coctosHMe M cTexio. Ilpouecchl ofpazoBaHus: panvalMOHHOE
BO3JeHCTRHE, ObicTpOe OXJIaXACHHE PACIIIABOB, Ja3ePHBLH OTXKHUT.

6. DazoBblil Mepexol MOHOKpHCTaT — aMopdHOe cocToshHMe M obpaTHoO.
PaccmoTpenne ¢ nosmumi cHHepreTHkH. MOXHO M OXKHAATH CaMOOPraHM3alMy NpH TaKMX
repexoaax.
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[Tpeanaraempiii  gowitaf no OOMbIIMHCTBY MOCTABlEHHBIX Npobsem He  HMeeT
OIHO3HAYHBIX OTBETOB W CTABHT CBOeid Uenbio obpalileHHe BHHMaHWI Ha COBOKYMHOCTH
M3BECTHBIX YKCTIEPHMEHTANIbHBIX PE3Y/IbTATOB H NOAXO/OB K WX OMHCaHHIO. JlesaeTes nombiTka
CPaBHEHHWs M3BECTHBIX TMOAXOJOB K OMMCAHHIO MEXAY MONYNPOBOJHUKOBBIMU U

METAJITHYCCKUMHU MaTepralaMi.

Phase Transformations in Ion Irradiated NiTi Thin Films

T. LaGrange*, R. Schaublin** D. S. Grummon***, C. Abromeit™" and R. Gotthardt*
"Swiss Federal Institute of Technology Lausanne (EPFL), 10135 Lausanne, Switzerland
(roif.gotthardt@epfl.ch),
“CRPP-EPFL Fusion Technology-Materials, 5232 Villigen, Switzerland
""Michigan State University, E.Lansing, Michigan, 48224 United States of America an
" Hahn-Meitner Institut, 14109 Berlin, Germany

SMA thin films have an anomalously high strain energy storage output and large
- transformational strains which have stimulated a current interest for their use as active elements
that require large force and displacement outputs. We have studied a novel processing
technique using ion irradiation to develop a thin film micro- actuator. The main experimental
approaci has been to irradiate one side of martensitic TiNi thin film that has been pre-deformed
it tension. With sufficient irradiation dose, the martensitic transformation can be suppressed in
the beam-damaged layer, whose thickness can be on the order of half the film’s thickness.
During heating to austenite phase, only the un-modified martensite structure can recover and
contract to its original length, and the differential strain between the damaged and unmodified
layers causes the film to bend out of plane. The partial energy stored in the damaged layer by
the prior heating transformation is available to deform the martensite on subsequent cooling,
which thus causes an uncurling of the film and thereby creates a two-way motion during
thermal cycling.

Grummon et al [4] noted the dependence of the TiNi film’s thermomechanical properties
(after a 5 MeV Ni*" ion irradiation) with the irradiation fluence, and they also observed an
unusual and unpredictable motion in the samples irradiated with a low fluence (1 x10"
ions/cm’). In a similar study by LaGrange et al [3], they observed monoclinic and BCC
nanocrystallites surrounded by an amorphous matrix in this damaged layer with an irradiation
temperature of 30°C. Barbu et al. have performed ion irradiations in electron stopping regimes
and concluded that martensite has undergone transformation to amorphous and austenite phase
in the tracks[2]. We have explored the electron stopping effects using 350 MeV Au ions.
Amorphous and crystalline phase transformations were observed within the tracks and due to
the electron excitations by HRTEM, and in addition, BCC TiNi phase nanocrystalline particles
were observed, which were surrounded by an amorphous matrix within the track. The
deformed 1x10' ion/em® diffraction spectrum and microstructure was very different as
compared to the undeformed 1x10" ion/em®. Thus, there was an effect of the predeformation

on irradiation effects, which has not been previously observed. Whether this crystalline
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