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Role of lattice defects on superconducting phase in PdD, system
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Abstract

The interactions of hydrogen with the lattice defects in palladium have attracted much
attention because macroscopic properties such as hydrogen storage and metal embrittlement
are markedly affected by H (D)-defect interactions. In this paper we report the inhomogeneous
superconducting state in PdD, and the hydrogen absorption/desorption processes on annealed
and unannealed Pd wires. Deuterium was loaded simultaneously with unannealed Pd wire in
the “as received” condition and annealed Pd wire by electrolysis in 0.IM LiOD in D,O at room
temperature. A superconducting (SC) state, however, is induced only for the unannealed Pd
wire and is robust against time. Since the easier insertion and stronger trapping of D atoms is
realized at the vacancies and dislocation cores, an SC region (relatively D-rich region) may be
formed around the lattice defects and a nonSC region may be formed around the regions away
from the dislocation cores and vacancies. In addition, we find that the reduction of x estimated
from T is much smaller than reduction of x estimated from T, indicating the slower escape of D
atoms in the SC region than in the nonSC region. This result suggests occurrence of the SC state
is associated with the formation of a dense Cottrell cloud of D atoms at around lattice defects.

Key Words: palladium, hydrogen, lattice defect, Cottrell cloud, spinodal decomposition

Bl [HRE] 7 CERECYIBE S i an T
&7z [1, 2], BIEEIZET AH5EICoVWTIiX, PAZFD

1. FUBHIC

SR OKRFIE S HAF7813 T 4V F —ZHFRL KFE
W E DBITE & o 72 TR - BESER) 5 R O
LNTE/ETTh L EBERZEDOR D 5 b IFH (2B
HoMEZRMEL TS0 S 7T 7 4 (Pd) T
KRN B9 B JEBERF IR IR SISty <o TR SR WA 1
[KFEDREAIHEL [RFEORE T2 X 27 - Ak s

-

DIFREEZ IR S R WA, v = H/Pd ~ 0.80 THB{mEA 8]
WS NHED . ORI & & IBEEERBRE T3 EA L.
r~1TET.~10KIZHETS [3]o £/ HZ DITE
ZAHTEITEY, TFER L, SRASEERT 4],
WA RO L LT, 057 + 7 v OB
INTwb,

CIRE TR REBRIR S 2 7 L T8
TR LR LR LR R AR g v 5 —



TR

Mackliet 5 1% 084 < x < 087 ® PdH, I2B W T, Bf=
BRI Z2IEFICTo— FRRARE 2 HE LT
% [5]lo COWwWHENEFIHAT S0, M5 ITKERRE
DAY —PE % 5E LT BCS Bl Tl L 728 1 L8R i
BEWOTF—F LIFFIZIL—BHTIHI 2R L7 £
72 D Yasuzuka 512 X 2 EHRBFEFEOHED S,
PdD, 2BV TAY — LB IREOAEEATVRIZE E LT W
5 [6]o— MBI OKRENALZ ETHMHNT VS X9 (2,
KFEWEEEIRA L72KRFR IR T RGO L 25
W A LTSN D 2 PSR TV AR, #Bis
BB K6 REGORENI T 5 #1340 % v K
W7e ik, BEOARY oL LT, TR0k
FZOWTHRARAZ L2 HIE L7z,

2. BE&

Wik e LTPdiZ. =7 395 ¢50um DT £ ¥ —
ZHEA L7z, MBI 999% TH Do T RIGOFEL N
%728, as received D PAAELE AT A ¥y 712X D 40 V
FEOETE T 10 BRET = — U L7 Pd ik % 8 L 72,

PdD, O iBHMER L, 0IM LiOD 2 /- &\l F v —
BEICE VAT o720 BMIZIE, ¢50um D Pd 74 ¥ —% K
Elem BEWCH v L2 0Z v, BEICIZE S lem,
& 05mm. JE X 0.1lmm DV K Y BIRD Pt # iz, 7=—
WL72Pd &7 ==V LT\ Pd % WIGICERT ¥ —
TVEET, Btk & BEROBIZEIM L - EEORE XX 80V
THbo KEWEROERIIFEICHRILTO in-situ BEIK
PLIEIZ &V A7 % o 72, AL L Stanford Research
Systems fL# DT v 7 4 Y HIEE SRI30 Lo — 7 f X
i FEIE SRR SRS60 2 T, R H f = 27 Hz T
P9 F20 S & D A Lo ARFWK R O @R ITEIRTO
in-situ BERILPLIE, 50 K T OIRBIRE, B L OHERE
R IR DWW X D 17572

T AAHPUI B E, ARRTSE % BE R @ Gifford-McMahon
(GM) bz IV C, SSMMEGFEIC X ) 27<T<300K
THE Z 4T - 720 T HIHIC 1 LakeShore #1 % o> 325 %I
mEI > ba—5BLPY— 7 v 7 2 CX-1050 i B 7t
(LakeShore #H#) % H\v 7z,

3. BIEHRER

31. 7=Z—ILmhR

7 == LTWwZWilk (unannealed wire) B X U7
— )V L7z#%} (annealed wire) oS ILPLO i BEKLF
PEZR1IRT, 72720, BRESLIE T = 300 K TOH
PUETHBIL SN TV, ’I2SHL2L L), T=—
VLT WEE ORI (RRR) 1338 Lokdo
720 L. 72—V L7ZBTIERRR = 171 1I2H# T

- LRI

10 f———————r
. Palladium
~ 10°F
4
A aE
§ 10" F cnsanedlcd wire
e F (RRR =38)
% .
107 .
annealed wire
(RRR = 169)
-3 L M TLT] " T i
10 N R
1 10 100
T (K)

FIG. 1: Temperature dependence of normalized resistivity at
T = 300 K for unannealed (as received) and annealed Pd wires.
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FIG. 2: Temperature dependence of calculated phonon resistivity
for unannealed and annealed Pd wires.
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FIG. 3: Variation of resistance as a function of temperature in
PdD:s for () unannealed and (b) annealed cases against time.
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FIG. 4: Variation of the peak temperature associated with the 50
K anomaly 7, and the superconducting transition temperature
T, against time.
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Table 1. Properties of pure Pd samples (before charging of D).

sample o0 (Q-cm) | 7 (ps] / (um)
unannealed wire 2.8x107 14 20
annealed wire 8.7x107"° 45 63

Table 2. Properties of PdD: samples (after charging of D).

sample 00 [Q-cm]) | 7 (ps] 1 [A)
unannealed wire 2.5%x10 1.1x10™* 2.0
annealed wire 2.3x107° 1.2x107 21
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