SWELLING OF ALPHA-Si0O, INDUCED BY MEV IONS IRRADIATION:

CRITICAL DOSE FOR SWELLING
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Abstract: The swelling effect was studied in a-SiO, crystal irradiated with 2MeV He’ and 3MeV
Si*" ions using Tandem accelerators. Using profilometer and laser microscopy, the step height
(represents the swelling) was measured in the boundary between irradiated and virgin area. The ion
fluence induced swelling was found to be different with different ions depending on irradiation
parameters. By converting the ion fluence to displacement per atom (dpa), the critical dpa for swelling
was determined to be about 0.04 dpa, corresponds deposited energy of 2eV/atom. This is the dose
required to form an amorphous region embedded in crystalline matrix induced by ion irradiation.
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Introduction

Aggregates are well-crystallized non-metallic mineral structures which constitute about 70%
by volume of concrete [1] and form a major component of the load-bearing structure in
biological shielding. It is known that radiation induces considerable dimension change due to
the amorphization of aggregate minerals [1]. Since aggregates are embedded in concrete, the
amorphization process may build up a large internal stress (a few GPa) in concrete, which
would lead to cracking or de-bonding between aggregates and mortar matrix during stress
relaxation process. Quartz is the main minerals constructing aggregates which can expand up
to 18% under irradiation. The purpose of this study is to clarify the integrated dose required
to saturate volumetric expansion for aggregate minerals and the effect of irradiation
parameters on swelling behaviour.

Experimental

The slices of quartz crystal with size of 5 x 10 x 0.5 mm, (0001)-oriented and one-side
surface polished and irradiated with 2MeV He®" and 3MeV Si*" ions using Tandem
accelerators. To measure step height, about half of the polished surfaces were covered by an
aluminium foil during irradiation to create a boundary between irradiated region and virgin
region, as Fig. 1. Step heights were measured using both laser microscopy and profilometer
(Dektak 6M). To characterize the ion range and damage distributions, SRIM2013 package

were used (http://www.srim.org). All calculations were performed in “Detailed Calculation

and full Damage Cascades” mode with the displacement threshold energy, E;= 25 eV for the

all atoms.
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Fig.1 The sample setup for irradiation with 2MeV He ions and a typical step height

measurement result obtained by Laser Microscopy after ion irradiation.
Results and discussion

Combining with [2], [3], the normalized step height versus ion fluences is presented in Fig.2, which
shows the different amount swelling of different ions produce. Except the case of 2 MeV Heions, the
slope of curves (represents the initial swelling rates) is quite similar, suggesting they have the same
defect formation mechanism and the initial swelling rate is independent of ion energy and mass.

In order to clarify the integrated dose for swelling, the ion fluence was converted to the unit of
displacement per atoms (dpa) (Fig. 3), which are calculated from number of displaced atoms per ion
obtained from SRIM simulation. We found that the dose require for amorphization is about 0.04dpa
corresponds to about 2eV/atom, indicating the dose required to form an amorphous region embedded in
crystalline matrix induced by ion irradiation. This value is consistent with other researchers, F.
Harbsmeier et al (1998) and S. Zhang et al (2018). We proposed that the swelling by ion irradiations
occurs by two processes: (1) at first, swelling is induced by the amorphization, (2) after fully
amorphized region formed, the swelling is continued by the viscous flow.
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Fig.2 Normalized step height as a function of
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Fig.3 Normalized step height as a
function of dpa.
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Hién tuong phong rop & tinh thé thach anh (a-SiO,) gy ra boi chum ion ning

lugng cao: Li€u chi€u téi han

Tém tit:

Béo c4o nay nghién ciru hiéu ing phong rop xay ra tinh thé thach anh (a-SiO,) khi bi chiéu xa bang
chim ion, v6i cac ning lugng 1an lugng 1a 2 MeV He? * va 3 MeV Si*' trén may gia toc hat Tandem.
Str dung may do bién dang bé mit va kinh hién vi laser, su phong rop duoc do & duong bién giira
vung chiéu xa va khong bi chiéu xa. Thi nghiém cho théy lidu chiéu ion gay ra hién tugng phéng rop
clia ting ion 13 khac nhau phy thudc vao thong sé chiéu xa. Bang cach chuyén déi don vi lidu chiéu
ion sang s6 1an dich chuyén trén mdi nguyén tir (dpa) dugc tinh toan bang phan mém SRIM, liéu dpa
t6i han dugc xac dinh nim trong khoang 0,04 dpa, twong tmg ning lugng hip thy 14 2eV/nguyén tir.
Day 14 liéu hp thu ning lwong can thiét dé hinh thanh mot viing vo dinh hinh nam trong tinh thé gay
ra bdi chum ion.

Tir khéa: sy xudng cip ciia bé tong, giai phong ing suat, chiéu xa ion, khuyét tat do buc xa



