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ABSTRACT

The effect of gammaay irradiation on the mechanical properties ofsMirsAl10Cuso

bulk metallic glass(BMG) was investigatedThe samples were irraded with a

gammaray doseup to 2090.24 kGy prior to mechanicgroperty investigations

Vickers hardness test, naimaentation test as well as speed of sound measurements

ordert o cal cul at e t he weetoadudted.lAd-mydéraciogrami ¢ mo d u
device was also utilized to observe the BM(
that no significant changewere observed foany of the samples. XRD spectra of

irradiated BMGs also show uniform broad peaks, indicaingamorphous structer

inside the sample. This result indicatdat a gammaray irradiation dose of up to

2090.24 kGy does not change the mechanical piepemd the microstructure of the

material, thus making it a good future structural candidate for garaynaich
envirorments.
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INTRODUCTION

From its introduction in the early nineties,-@ased bulk metallic glass $attracted
much attention due tas unique propertiessuch assuperior stregth (up to 2 GPa),
high elastic strain | imit (+1ROOPa),excelléenat i vely
corrosion resistance and improved wear resistgBececk et al, 1994;Gilbert et al,
1997;Inoue 1995 Johnson1999 Liu et al, 2005Panget al 2000; Wanget al, 2000)
Due to its thermal stability andxeellent mechanical properties,is no wonder that
such materiails gaining pularity invarious engineerinjelds, such asn biomedical
applications (Liu et al, 2007)and in structural appliations in irradation rich
environments(Shah et al, 2011) However, pevious investigations conducted by
Higashi (2005) reportethat gammaray irradiation induceda suppressionn Zr-Ni
phase precipitation with a very low dose of 10 kGy during the aimgepfocess o&
ZrssNisAl 10Cuso BMG sample 10]. This led to the conclusion that the local atomic
structure of the sample was changed by gasagarradiation. Furthermorgrevious
research conducted byhah et al (2008also reported the same finding rfdiigher
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gammaray dosesbutnoted thati r r adi ati on did not change t
propertesori t s super c oo ly¢Sthahktialg20)1@oupled withsoarce T
information it is thereforeof great interest to examine the effébat gammaray

irradiation has on the mechanical properties eb@sed BMG. This study condued
several tets to observe any charggée n t he materi al ds mechanic
various dosesf gammaray irradiation.

EXPERIMENT S

A Zr-based BMG witha composition ratio of ZgNisAl10Cuso Wwas used in this research
due to its popularity as a metallic glasgtem which possesses high thermal stability
and a largep T, (Igbal et al, 2007) The bulk sample was prepared by casting the melt
into a copper mold in an argon atmosphdiee bulk sample is #m cut into several
5x 5 x 2 mnt cuboids and 25¢ 2 x 0.5 mn? bars for experimentatiomising an Isomet
Buehler low peed diamond saw. Finally, the cut samples are cleaned with ethanol.

Gamma-ray irradiation process

The culwid and bar samples wetaken tothe Japan Atomic Energy Agency (JAEA)
Takasaki Advanced Radiation Research Institute for the gamma irradiatmesprioa
Cobalt 60 irradiation facilitywithin the energy range of 1.17 MeV and 1.33 Mé&¥ie
various gamma doses were calculated to be up to 2090.24 kGygrayheose rate is
related to the flux ofhe gamma ray photons

D = Quli(e TE (1)

where D is thegray dose [Gy]
0 is the photon fluence [photons/8m
ea/ is the mass absorption coefficient [¢g]
E,is the energy of incident gamma radiation,
(1.17 + 1.33)/2 = 1.25 MeV = 1.251° x 1.602 x 10°J = 2.0025 x 16°J

With referrenceto the mass absorption coefficient of @shino, 1979 we obtainey/ } =
0.0247 crig. Calculating the highest gamma ray dose of 2090.24 kGy ( = 2090.24 Jg
Y, from Eq. (1) wecalculatethe gammarradiation fluencéo be

(2090.24 Jg) + (0.0247 crfig*x 2.0025 x 13°J)
(2090.24 JJ) + (4.9462 x 18° Jenfg?)
4.23x 16" photons/crh

a

The crosssectiomld i s pl acement due ¢t,trCDomvmie assumings catt er
the displacement energy,s8o be25 eV (Dienes andVineyard 1957) is roughly 0.1

x 10%* cn?. Therefore the displacement per atom (dpa), N, for Cu witemma

incident energpf 1.25 MeV is

N=a T,=423x10"x0.1x 10?*=4.23 x 10° dpa 2)

Thus we can assume that the highest dpghtegammaray irradiated ZgsNisAl10Cuso
BMG sample to be of the order of ~x31@pa.
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Speedof Sound Measurements

The speed of sound measurements was conducted asiigrl Deutsch Eb6
Wuppertall Echometer 1061 withcontact probe and probe gel, and a Tektronix TDS
2012 twachannel storage digital oscilloscope. Two distinctive probes were used for the
transverse and longitudinal waves. The spread time of the lomgitwdavesy, and the
transverse waveg,were measured by fixindné speed of sound dial at 0.20Gn/ € s .

Obtaining the value df andt; from the above experiment, we can calculate the
speed of sound for the longitudinal waves of the samp|ds, be

vi = (2X)/(1000%;) mg* (3)
and the speed of sound for the transverse wayes,
V= (2x)/(1000%;) mg* (4)
whereli s t he sampl e 6 s stlththeelasncensdili, nafelysmar{@),i s r e

bul k (K) and Ygasngl@sheP(oE)s snoonddusl rati o (3) ca
by inserting the speed of sound valuds the following equationgKai et al, 2002)

G =dxv2 [GPa] (5)

K =dx{ vi 2-(4/3) =2} [GPa] (6)

E = Aixviex{ vi=(4/3) »2}( vi- vi2) [GPal] @)
3 =v2-2vd)/(2vi=-2v2) [GPa] ®)

whered is thedensityof thesample.
Hardness Test

In order to investigate the plastic deformation of the surface of the material due to

gamma irradiation, a nanoindentation test and Vickers hardnessdestamducted.

The device used in this test was the Elionix ENIDOa UMIS (UltraMicro Indentaton

System) and a Matsuzawa Vickers hardness delicec at ed i n Tohoku Un
Institute for Materials Research Facility in Ooafidie xray diffraction experiment was
conductecat the National Institute for Fusion Science (NIFS) in Nagoya, using-eayx

di ffractogram device to observe any <change
the irradiation process

RESULTS AND DISCUSSION
The results of the speed of sound measurements are shown beloke. 1Fstpows the
longitudinal andtransverse wavesalues,whilst Figures 2 and 3 show the calculated

values of the elastic moduli, naméhebulk, Yourg 6 s and § aAnd BRaiss md g u |
ratios for various doses of gamma ray up to 2090.24 kGy. All elastic modulus value
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show relatively similar valugsand did not presentany change due to gamma
irradiation dossup to 2090.24 kGy.

Figure 1. Speed of sound for various doses of garmaaup to 2090.24 kGy

Figure 2. Elastic modulus for various doses of gamrag up to 2090.24 kGy
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