|n situ Accelerator-Based Char acterization
of CaO/Sr/Pd Samples

under Deuterium Permeation

A. Kitamura, H. Iwal, R. Nishio, R. Satoh,
A. Taniike and Y. Furuyama

Department of Environmental Energy Science,
Graduate School of Science and Technology, Kobe University
5-1-1 Fukaeminami-machi, Higashinada-ku, Kobe 658-0022, Japan
E-mail : kitamura@maritime.kobe-u.ac.jp



*Deuterium permeation through Pd/(CaO+Pd)/Pd sample
Induced nuclear transmutations;

133CS_)141P|', 888r _)96M O, 1388a_)l508m and 137Ba_)1498m.

1. Y. lwamura, M. Sakano and T. Itoh; Jpn. J. Appl. Phys. 41 (2002) 4642-4650.
2. Y. lwamura T. Itoh, M. Sakano, S. Kuribayashi, Y. Terada, T. Ishikawa and J. Kasagi;
Proc. ICCF11, 2004, Marseilles, France.

| n the present work;
® Theobjectiveis
 to investigate the dependence of the transformation rate
on material, D flux, flow direction, temperature, ec.
* to find the optimum sample structure.
= from a point of view of enhancing the transfor mation yield.

@® Diagnostic methods,
In situ and simultaneous measur ements of compositional change

during D permeation by accelerator analyses,
PIXE (Particle induced X-ray emission analysis)
RBS (Rutherford backscattering spectr oscopy)
NRA (Nuclear reaction analysis)
ERDA (Elastic recoil detection analysis)

aswell as conventional XPS and Desor ption measur ements.



EXxperimental procedure; in the present work, X =Sr, Y=CaO

(1) Depositing X on Pd
(A; the 1% stage); electroplating,
(B; the 2" stage); ion-beam sputtering deposition
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cf.; the sample used by Iwamura et al.
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Nuclear transmutation

Deuterium per meates through the CaO(~10nm)/Sr/Pd sample

from therear surface out to vacuum.




(1) Depositing Sr on Pd ; (A) electrochemical method
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Sr atoms are deposited on one side of a 0.1-mm-thick Pd foil as
contamination with an areal density of the order of 10 cm-.




(1) Depositing Sr on Pd ; (B) ion beam sputtering

Pd substrate

Srotar get
Sr deposition rate;
\ ~1E13 atoms/cm?/s

‘ Ar*ion beam

Energy; S keV
Current; ~2 uA
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(2) Forming a layer of CaO on Sr/Pd ; RF sputtering deposition

RF sputtering condition

o Cathode (sputter target); CaO

e Anode (sample); Sr/Pd

e Arpressure; 0.1 Torr

 RF power; 100 W

* Plasmaexposuretime; 5- 30 min.

o Sampletemperature; 450 K

» CaO deposition rate; 0.1 - 0.5 nm/min




(2D) XPS characterization after forming the layer of CaO on Sr/Pd
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Changein the sample structureisreflected in
XPS spectra after repetitive etching of the CaO/Sr/Pd surface.
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- The CaO layer thickness x is calculated from the intensity ratio of
these peaks, Yc, o/ Ypo-aar

Noy Oy * Apg.pa 'Ya_ 3
exp( X j o(l— exp[— X D = o, :
Acao-po Aczo-ca Nea " Oca  Acsoca 'Ypd_3d5/2

where
dog, AQ-J exp(— t jdt
dQ 0 /ICaO-Ca ’

X jj exp[—t jdt_
/lCaO—Pd 0 ﬂ‘Pd-Pd
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(2D) XPS char acterization after forming the layer of CaO on Sr/Pd
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Thethickness of the CaO layer has been calculated
from the XPSyield of the Pd-3d peak relativeto that of Ca-2p
L to be about 10 nm for the sample #4.




(3) Permeation of D through CaO/Sr/Pd (the sample B)

D flux (flow rate) ~ 2.7x10* cm~?s*
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During D permeation, pressurein thereservoir has been monitored
to calculate the number of absorbed/transmitted D atoms.




(3D) NRA during permeation of D through CaO/Sr/Pd (the sample B)

NRA using the D(3He, “He)p reaction
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The NRA revealed the almost uniform composition of PdD, 4 over
the depth region of 0-1.8 um.




(3D) PIXE analysisduring permeation of D through CaO/Sr/Pd (the sample B)
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The PIXE spectrarevealed existence of avariety of impurities.
TheMo-K, 4 seemsto beinterfered by unidentified broad peaks.




(3D) PIXE analysisduring permeation of D through CaO/Sr/Pd (the sample B)
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Variation of the areal density of Sr during permeation of D for 590
hours. Results of ex-situ XPS are also plotted for comparison.




(4) Desor ption of D,
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( Outgassing of the sample after finishing D permeation was

necessary for introduction into the XPS chamber. Total amount of
. desorbed D atoms measur ed with QM S indicates D/Pd~0.3.
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- The process of deuterium charging is described by a 1-dimensional
solution of the diffusion equation for the sample with athickness
and areaof a and S respectively.

- One side of the sample Is assumed to be opague for deuterium,
while the other facing to hydrogen gas to give a boundary condition
for the deuterium density; n(a) = n,,

- The number of deuterium atoms absorbed in the sample, N(t),

IS given as afunction of time by

B < ( 8 | ([ (@s+ )z i
N, (t) =aS,|1 SZ:(; 251177 EXD[ ( o th)
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- A characteristic timet,,, for the number of deuterium atoms absorbed
to reach a half of the saturation value, i.e.,
N_(t,,,)/aS= N, (00)/2aS= 2.9x10% cm3, is therefore given by

2
tj/z = 0.19%/a = OXx 101 S 17
D




(4D) XPS characterization of the sample A after D, Desor ption
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XPS spectra before and after D permeation. Increasein Mo-3d
peaksin exchange for decreasein Sr-3d peaksis observed.




(4D) XPS characterization of the sample A after D, Desor ption
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( XPS analysisimplies nuclear transmutation near the CaO/Pd R
boundary: Sr atomswith areal density of 1.3x10 cm- appear to
_betransformed to Mo atoms of 6.6x10'3 cm~ by D permeation. |




(4D) XPS characterization of the sample B after D, Desor ption

Sr-3d5/2 Sr-3d3/2 M 0-3d5/2 M o0-3d3/2
25; l . : 5.6 .
—_ i Before : . After |
[72] n .
& 20: D permeatipn & D permeatign
O i ] ‘© 54 M
= 15 =
2 . 2 M WAL
‘D - ‘D
< 10p S
% [ € 521
5¢
i | | | | ] 5 | | | | |
PSO 132 134 136 138 140 226 228 230 232 234
Binding energy [eV] Binding energy [eV]
-

An order of magnitudeincreasein areal density of Sr (~2
monolayer s) wasrealized by RF sputtering method. However,
_huclear transmutation was not recognized for this sample.
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[ Summary of changesin areal densities

PIXE XPS
S Mo Others S Mo
A (electroplating) | ---—- | - | ----- -1.3 +0.66
B(l.B.sputtering) | -25 | <<+19 | <<+1 -15 <<+0.11
areal densitiesin 1E14 cm™

(SampIeA: Transmutation efficiency was~50%.

Sample B: Decreasein areal density of Sr was not followed by
L consistent increase in other elements obser vable.
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([ Summary ]

(1) Implication of nuclear transmutation Sr — Mo has been
obtained in a system [vacuum/CaO/Sr/PdD,/D.,], which is
alittle smpler than that used by Iwamuraet al.

(2) The diagnostic method used to identify the elements was
conventional XPS, giving the areal densities of 1.3 x10*
cm 2 (Sr) and 6.6x10' cm (M o).

(3) Extended analytical methods have been prepar ed,
In Situ and ssimultaneous Pl XE, RBS and NRA/ERDA
for areal densities of transmutation elements and
deuterium distribution.

(4) Increasein the areal density of Sr to 3.3x10* cm by
using ion beam sputtering method resulted in negligible
transmutation yield.

~
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([ Summary ]

(5) Further experimental work isnecessary to confirm the
phenomena;

-Dependence on the density of the atomsto be transmuted,
the areal density of the atoms,
theflux (flow rate) of D,
the sample structure,

-Effect of surface contamination.
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