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During ITER and DEMO reactor operation Li-Pb blanket flow channel inserts made from SiC will be ex-
posed to both radiation and tritium. Absorption, desorption, and tritium diffusion are expected to occur
and will strongly depend on the irradiation conditions; temperature, and neutron and gamma fluxes.
Reaction bonded (RB) SiC samples were deuterium implanted at both room temperature and 450 °C at
different implantation energies and the corresponding TSD spectrum was obtained for each implantation
energy. After implantation the samples were subjected to SIMS analysis. The TSD spectra obtained for
all the samples implanted at different energies are very similar and characterized by a prominent deu-
terium desorption occurring at temperatures between 450 and 1000 °C with a maximum that exhibits a
clear trend to shift toward higher temperature as either implantation energy or implantation tempera-
ture increase. SIMS analysis before heating the deuterium implanted samples indicates that the implanted
deuterium has a tendency to become bonded to Si rather than to C. The SIMS analysis shows that once
heated up to 1000°C only part of the implanted deuterium was thermally released. The temperature
shift observed when increasing the deuterium implantation energy and, hence, penetration, implies a

deuterium diffusivity value at 700 °C of about 8.5 x 10~17 m?/s.

© 2016 The Authors. Published by Elsevier Ltd.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

SiC materials are primary candidates for flow channel inserts
in blankets due to their excellent thermo-mechanical and corro-
sion properties [1,2]. For this application hydrogen isotope absorp-
tion is of fundamental importance. During reactor operation the
SiC material will be exposed to tritium in a hostile radiation envi-
ronment. Absorption, diffusion, and desorption are expected to oc-
cur, depending strongly on the radiation conditions, neutron flux,
and ionizing radiation. The operation temperature for this material
in a future fusion reactor could be from about 500 up to 1000 °C
depending on the type of blanket concept [3]. The main aim of this
work is to study the behaviour of energetic deuterium implanted
into SiC in terms of trapping, detrapping, and diffusion within the
temperature range of between 400 and 1000 °C.

Reaction bonded (RB) SiC samples were deuterium implanted
at both room temperature and 450 °C at different implantation en-
ergies. The implantation energies used for this work ranged from
20keV up to 50keV. After deuterium implantation, the samples
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were heated up to 1000°C at a rate of 0.16C/s and the deu-
terium released was measured as a function of temperature obtain-
ing in this way the corresponding Thermo Stimulated Desorption
(TSD) spectrum for each implantation energy. After implantation
the samples were subjected to secondary ion mass spectrometry
(SIMS) analysis both before and after being heated up to 1000 °C.

The TSD spectra obtained for all the samples implanted at dif-
ferent energies are very similar and characterized by a prominent
deuterium desorption occurring at temperatures between 450 and
1000 °C with a maximum that exhibits a clear trend to shift toward
higher temperature as either implantation energy or implantation
temperature increase. The temperature shift observed when in-
creasing both the deuterium implantation energy and, hence, pen-
etration, implies a deuterium diffusivity value near 700 °C of about
8.5 x 10~17 m2/s within the range of the value expected from the
diffusivity parameters found in the literature [4].

Experimental procedure

1 mm thick RB SiC samples (o = 3.10 g/cm?), were cut and opti-
cally polished from the same 15 mm diameter bar (Goodfellow) to
ensure uniformity. This commercially available RB material has low
apparent porosity (0%), fine grained, and highly crystalline (90%

2352-1791/© 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

and Energy (2016), http://dx.doi.org/10.1016/j.nme.2016.03.007

Please cite this article as: EJ. Sanchez et al., Trapping and thermal diffusion for energetic deuterium implanted into SiC, Nuclear Materials



http://dx.doi.org/10.1016/j.nme.2016.03.007
http://www.ScienceDirect.com
http://www.elsevier.com/locate/nme
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:morono@ciemat.es
http://dx.doi.org/10.1016/j.nme.2016.03.007
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.1016/j.nme.2016.03.007

[m5G;May 3, 2016;10:5]

JID: NME
2 FJ. Sdnchez et al./Nuclear Materials and Energy 000 (2016) 1-5
35107 14107
I o, N = i
[ | Implanted at25 C | - 0 ‘
3 a o - .
310 i 1,2107 \ ; "3 Pl ]
P S ™. [
@ @ 4 - 4 s
-~ = . v -
= 2510" : 5 1107 © oW
= [ = . (3
= i g Implanted . H
g 2107 o £ 810" ar4s0 C\
= ° — F S i
"] @ . %
w2 [77) .
] S . i
S 15107 S 610° | : }
D [ . %
P St K K
g g N H
= 8 = N 4
= 110 3‘ o K
et D .
- [ *5 :
2 y g :
S 5100 N
r t
r 2
I {
0 L1 i L L L 1
700 800 (1} 200 400 600 800 1000

Fig. 1. TSD spectra for D* implanted RB-SiC samples at 25 °C at different energies
up to 1x 10 D/cm?.

hexagonal phase and 10% free crystalline silicon, typical impurities;
B, Al, N, Fe, Mo). Further microstructural characterization is given
in a previous work [5]. Before being deuterium implanted all the
samples were heated up to 1000 °C in vacuum (2 x 10~ mbar) for
2 h in order to clean the sample of vapours, gases, and humidity.

Two of the samples were deuterium implanted at 25°C
with 20 and 50KkeV respectively with deuterium ions (D*), at
0.5 microamp/cm?, up to a dose of 1 x 10'® jons/cm?, at the CIEMAT
Danfysik 60kV ion implanter. In order to study both the dose
and the temperature effect another two samples were implanted
up to a higher dose of 1x10"7ions/cm? with 20keV D* at
0.5 microamp/cm?, one of them was implanted at 25°C and the
other at 450 °C.

Once deuterium implanted, each of the samples was consecu-
tively mounted in a special cell provided with an oven which per-
mitted to heat the samples from 25 up to 1000 °C. A helium leak
detector was connected to the cell in order to measure the D, im-
planted into the samples. In this way TSD measurements were car-
ried out. The sensitivity for this TSD measuring system was equiva-
lent to > 5x 10~ 12 (mbar 1)/s or 0.13 x 108 D, /s. For all the samples
the heating rate during TSD measurements was 0.16 °C /s and the
background pressure was 2 x 10~ mbar.

Before and after the TSD measurements, the deuterium im-
planted samples were analysed using SIMS (Hiden Analytical,
5keV O, 150nA) to compare the amount of deuterium remain-
ing as a function of depth, determined using a profilometer to
measure the final sputter crater depth. For the higher implanta-
tion dose (1x 10" ions/cm?) deuterium was clearly detected by
SIMS meanwhile for the samples implanted at the lower dose
(1 x 106 jons/cm?) it was not possible to detect the implanted deu-
terium as it was below the detection limit.

Results

In Fig. 1 one can see the corresponding TSD spectra for two D*
implanted RB-SiC samples at 25°C up to 1x 106 D/cm? one im-
planted with 20 keV D* and the other with 50 keV D*. The spec-
tra are very similar being dominated by a structure formed by
three bands between 450 and 800 °C. One can see that this group
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Fig. 2. TSD spectra for two RB-SiC samples implanted with 20 keV D* one at 25 °C
and the other at 450 °C up to a dose of 1x 10'7 D/cm?.

of bands shift to higher temperature as the implantation energy
is increased. It is expected that there is not an important influ-
ence of HD molecules as the background pressure was better than
2 x 10~ mbar.

The TSD spectra for two RB-SiC samples implanted with 20 keV
Dt one at 25°C and the other at 450°C up to a dose of
1x 107 D/cm? is shown in Fig. 2. In the case of the implantation
at 25 °C the spectrum shows a prominent desorption around 450 °C
together with another band around 600 °C similar to the band ob-
served for the lower implantation dose shown in Fig. 1 In the case
of the implantation at 450°C the spectrum is similar for those
shown in Fig. 1 for the samples implanted at lower dose but in
this case the maximum for desorption is shifted from about 600
to 800 °C.

In Fig. 3 one can see the SIMS D profile for two 20keV D+
implanted RB-SiC samples up to a dose of 1x 107 D/cm?2, one at
25 and the other at 450 °C. Both implantations agree with the ex-
pected implantation range obtained from SRIM [6]. The quantity
of deuterium measured as D is higher for the lower implantation
temperature.

In Fig. 4 the SIMS SiD profile for two 20 keV D* implanted RB-
SiC samples up to a dose of 1 x 107 D/cm?, one at 25 and the other
at 450 °C are shown. For the implantation at 25 °C the SiD profile is
similar to those shown in Fig. 3 however one can clearly see that
for the implantation at 450°C SiD is observed for depths higher
than the expected penetration range.

SIMS D profile for a RB-SiC sample implanted with 20 keV D+
up to a dose of 1x 107 D/cm? at 25 °C both before and after being
heated up to 1000 °C are shown in Fig. 5. One can see in Fig. 5 that
the total integrated D quantity measured by SIMS after heating up
to 1000 °C is about 30% lower than the total integrated D quantity
measured by SIMS before heating.

Fig. 6 shows the SIMS D profile for a RB-SiC sample implanted
with 20 keV D+ at 450°C up to a dose of 1x 107 D/cm? both be-
fore and after being heated up to 1000 °C. Nearly no change is ob-
served after heating the sample up to 1000 °C.

In Fig. 7 it is shown the SIMS SiD profile for a RB-SiC sample
implanted with 20 keV D* at 25°C up to a dose of 1x 1017 D/cm?
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