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INTRODUCTION

Superconductivity in homogeneous PdyCuj.x(H) has been observed by
Stritzker! and by Baranowski and Skoskiewicz.2 The two experiments differ in
their method of hydrogen (H) insertion into the alloy and lead to results for
the transition temperature (T.) which are at variance with each other. In
Stritzker'sl experiment, H is implanted at liquid helium (He) temperatures
into the alloy. T, for the optimum H concentration first increases with
increasing Cu concentration from the value of ~9 ¥ for Pd-H3 and reaches a
maximum, Tc mgx = 16.6 K, for an alloy with the composition Pd s55Cu,45(H).
Further addition of Cu lowers T.. Baranowski and SkoskiewiczZ use high-

pressure charging at 13 kbar with subsequent cooling to He temperatures

‘without releasing pressure. Except for the lowest Cu concentrations their

results show a monotonic decrease of T, with increasing Cu content. T, =

0.6 K for Pd_g4Cu, 36(H), the alloy with the maximum Cu concentration
investigated. The discrepancy between the two experiments has been
interpreted as being due to a decrease in H solubility in Pd-Cu alloys.2 This
is in line with the observation that the high H concentrations and the
attendant high T.'s produced by implantation of H at liquid He temperatures

are not stable in these alloys even at and below 77 K.l

lgeritzker, B., "High Superconducting Transition Temperatures in the
Palladium-Noble Metal-Hydrogen System,” Z. Physik, 268 (1974), p. 261.
2Baranowski, B. and Skoskiewicz, T., High-Pressure and Low-Temperature
Physics, (Chu, C. W. and Wollan, J. A,,

Pe 43,

3Por a recent review, see Stritzker, B. and Hhhl H., Hydrogen in Metals,
(Alefeld, G, and Vblkl J., Eds.), Springer, Berlin, 1978, p. 243.

Eds.), Plenum Press, New York, 1978,
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In a recent experiment, Leiberich et al% have observed substantially
increased T, values as compared with pure Pd-H for an inhomogeneous Pd-Cu
alloy formed by ion implantation of Cu into a Pd substrate and subsequent
electrolytic charging at dry ice temperature. Superconductivity in such
samples can be maintained for extended periods by keeping them at LN
temperature. Warming the samples above 77 K produces changes in T, and the
transition curves which can be correlated with changes in the H concentration
in the Cu~implanted layer.s

In this report, we describe T. measurements on an inhomogeneous Pd-Cu
alloy formed by ion-beam mixing of alternating layers of Cu and Pd on a Pd
substrate. Th2 sample was charged with H by electrolysis at dry ice as well
‘as at room temperature. The effects of annealing above 77 K and of high

current densities have been studied.

EXPERIMENTAL METHOD

A multi-layered sample was prepared by sputtering of four alternate
layers of Cu and Pd, each approximately 125 A thick, onto a 38 um thick Pd
foil. Mixing of the layers was achieved by bombarding with 125 KeV Xet ions
to a dose of 1.6 x 1016 at./cm?. The sanple was analyzed before and after

mixing by Rutherford backscattering (RBS) (Figure 1). The two spectra are

ALeiberich, A., Scholz, W., Standish, W. J., and Homan, C. G.,
"Superconductivity in H-Charged Cu-Implanted Pd,” Phys. Lett. 87A, 1981, p.
57.

5Standish, W. J., Leiberich, A., Scholz, W., and Homan, C. G.,
“Superconductivity and Hydrogen Depth Profiles in Electrolytically Charged
Cu-Implanted Pd,” International Symposium on the Electronic Structure and
Properties of Hydrogen in Metals, 4-6 March 1982, Richmond, VA, in press.
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RN lined up at the Pd edge. The detector resolution is insufficient to separate

the two unmixed layers of Pd (channel 780-810) and Cu (channel 690-720) in

<. curve a. The break near channel 835 in curve b is taken as the signature of

g

\

- the mixed layer. The RBS analysis indicated the formation of a Pd ¢Cu_ 4 alloy

region of approximately 38 ug/cm2 thickness on top of the Pd substrate. The

reduced thickness of the mixed alloy layer, compared with the total thickness

d

i; .0f the alternating Cu and Pd layers as deposited, i{s due to sputtering by the
® Xet ions. The sample was mounted with epoxy on a hollow plexiglas tube

25 containing the thermocoupla and the necessary electrical connections, and

.E electrolytically charged with H at dry ice temperature as described

;: previously.‘ The mixed region was facing away from the electrolyte. After

5 completion of the T. measurements, H was expelled from the sample by warming
:g it up to 80°C. The identical sample was reelectrolyzed at room temperature in
. an aqueous solution of H3S04 following which T. measurements were performed

:; again.

';3 Superconducting transitions were measured using the four-probe dc

S resistance technique. Temperature control to about 0.5 K was achieved by

)ﬁ means of a thermal link to the liquid He bath. The thermocouple mounted on

73 the sample was calibrated at the superconducting transitions of Nb, Pb, and V.
.; To for complete and partial superconducting transition is defined by the |
ﬁ;z midpoint of the transition.

¥

2 “Leiberich, A., Scholz, W., Standish, W, J., and Homan, C. G.,

3 ;guperconducttvity in H-Charged Cu-Implanted Pd,” Phys. Lett. 874, 1981, p.
:::- 3
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3 RESULTS
§: Electrolysis at Dry Ice Temperature
'2, Figure 2 shows transition temperature curves obtained following
é electrolysis at dry ice temperature. In curve 1 of Figure 2(a) the square and
3 round symbols represent, respectively, measurements taken immediately after
B electrolysis and after overnight storage at 77 K. The measured T, is 1l1.4 K
:% with an onset of 14 K. Since in pure Pd(H) the maximum observed T, is about 9
;1 K, the elevated transition temperatures above 9 K musp be due to the fon—beam
¥ mixed region. Thus, these data show that, as distinct from bulk alloys,l the
"
_é elevated T.'s can be maintained at LN temperatures for PdyCuj-x(H) layers
? formed on top of Pd(H).
:% Figure 2(a) shows the effect of increasing the sample current on the
E; trangition curves. Curves 1, 2, and 3 have been measured, respectively, with

R~
fac !

currents of 0.2, 0,5, and 1,0 A. There 1is a significant lowering of T. with

increasing current with an even more substantial change in onset temperature

'% leading to a sharpening of the transition curves. The data imply considerable
;i sample inhomogeneities. The highest T. components appear to sustain the

fg lowest total critical currents. The sharpening of the curves with increasing

7§ current wuld seem to indicate that the regions corresponding to the high T,

- components are embedded in regions with lower T. and occupy only a small

X region of the actual sample volume. Thus, critical current densities carried
4

ﬁi by these high T. regions may be substantially higher than can be estimated

b

a

lStritzker, B., "High Supercounducting Transition Temperatures in the
Palladium~Noble Metal-Hydrogen System,” Z. Physik, 268 (1974), p. 261.
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using the cross—section of the actual sample region that can be super- ]

08, OOENERS

Y

2

conducting above 9 K, i.e., approximately 1 cm wide by 350 A thick.

Figure 2(b) shows transition curves measured after letting the sample
warm up to Increasingly higher temperatures. The warm-up procedure involves
removing the sample from contact with the liquid He bath until it reaches a
specifled temperature and quickly quenching it again to the He temperature
range. Curves 4, 5, and 6 have been measured following warm-up to 113 K, 203
K, and room temperature, respectively. There is a decrease in T, with each
warm-up step but, as distinct from our previous experiment with a Cu-implanted
Pd sample, this sample remains partially superconducting after warm—up to room
temperature.

Pigure 2(c) shows the transition temperature curve measured after
overnight annealing of the sample at room temperature (curve 7). The partial
superconduct ing transition temperature is still present. In fact, a slight
increase in the onset temperature of the transition, from 8.3 to 9.5 K has
taken place during the overnight annealing. Further warming the sample to
80°C to expel the H finally destroys superconductivity completely (curve 8).
The loss of H is also reflected in the drop of normal state resistance between
curves 7 and 8, The partial nature of the transition in curves 6 and 7 is
believed to be caused by relatively large scale inhomogeneities of the sample.
A nearly complete superconduction transition could be observed by selecting

another pair of contacts, located at a different position on the sample, to

perform the voltage reading.
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Blectrolysis at Room Temperature

After some additional experimentation and prior to this experiment, the
sanple was warmed up to 85°C. Figure 3(a) shows the resulting resistance
curve indicating an initially non-superconducting sample. Following
electrolysis at room temperature as described above, the transition curves
shown in Figures 3(b) and (c) were measured using, respectively, currents of
70 mA and 500 mA, A partial superconducting transition is observed with an
onset at about 15 K, Similarly, as shown in Figure 2(a), the onset
temperature decreases with increasing current, aga’n indicating sample
inhomogeneities, Further electrolysis at room temperature actually leads to a
decrease in the transition-temperature onset (Figure 3(d)). Finally, after
overnight annealing at room temperature, a partial superconducting transition
with an onset at about 17 K is observed.

Measurements of the sample resistance at room temperature during
elec;tolysis indicate no change in bulk H concentration between Figures 3(c)
and (d). The changes in normal state resistance observed at liquid He
temperature for Figures 3(b) through (e) are believed to be due to H gradually
reaching portions of the sample which are covered by epoxy and not in direct
communication with the electrolyte. H-free portions of the sample can,
because of their comparatively low resistivity at liquid He temperatures,
effectively short the sample and thus substantially affect the measured normal
state resistance. The resistance measurements also indicate that bulk H
concentrations in the Pd substrate may not be useful in correlating and

predicting the superconducting properties of such compound layered samples as

b7 N, N R AR T R i s Rt T 6. FEb P R SR AT TN e e L . tLot., R
YN T S T T O T N SRR A A S AR T L CR R T e e e e e




-
o -
.
~
“e
v

e SR R -
NN

RN Sl Wk Tl Bt et -0 £ e O e B e 4SS e AN LA ot I A Bl el A I I A NI L A B A A
PR e e e S B e e RN « P

the one .2scribed herein. More microscopic methods such as Y-depth profiling

may be required to arrive at a better understandiag of such systems., ”

DISCUSSION OF RESILTS AND CONCLUSTONS

The results presented here iIndicate that high T, superconductivity in
PdyCu)_4(H) can also be achieved by electrolytic charging of samples prepared
by ion-beam mixing of alternating Pd and Cu layers on a Pd substrate. Unlike
the case of 1ion tmplantacion,4 where the maximum Cu conceatration obtainable
i{s restricted due to sputtering, the full range of Cu concentrations is
accessible by ion-beam mixing. The compound samples described here and in a
previous letter,4 wherein a Pd-Cu alloy layer 1is in coatact with a
stabilizing, H-bearing pure Pd region, exhinit high T, superconductivity which
can be maintained for extended periods at 77 K. In addition, in the present
experiment, portions of the sample have been found to remain superconducting
even after having been annealed at room temperature for several hours.
Neither would be possible with the high T. superconductors prepared by H
implantation at liquid He temperatures into bulk Pd-Cu alloys. H will diffuse
out from the narrow implant profile at 77 K and even below,l resulting in H

concentrations which are too low for superconductivity.

P
e
=y ¢

lStritzker, B., "High Superconducting Transition Temperatures in the
Palladium-Noble Metal-Hydrogen System,” Z. Physik, 268 (1974), p. 26l.

“Leiberich, A., Scholz, W., Standish, W. J., and Homan, C. G.,
"Superconductivity in H~Charged Cu-Implanted Pd,” Phys. Lett. 874, 1981, p.
57.

3Standish, W. J., Leiberich, A., Scholz, W., and Homan, C. G.,
“Superconductivity and Hydrogen Depth Profiles in Electrolytically Charged
Cu-Implanted Pd,"” International Symposium on the Electronic Structure and
Properties of Hydrogen in Metals, 4-6 March 1982, Richmond, VA, in press.




The transition curves observed in the preseant PdyCuj_,(H) on Pd(H)

compound samples are typlcally rather broad, presumably reflecting
uncontrolled inhomogeneities in the Cu as well as in the H-distribution. The
superconducting properties are strongly affected by H mobility and cannot be
easily correlated with bulk H concentrations in the Pd substrate as determined

by methods such as resistivity measurements, More microscopic characteriza-

tions of these samples are desirable for the high T. regions found here.




y
g REFERENCES
l. Stritzker, B., "High Superconducting Transition Temperatures in the
3 Palladium-Noble Metal-Hydrogen System,” Z. Phy ‘k, 268 (1974), p. 26l.

2. Baranowski, B. and Skoskiewicz, T., High-Pressure and Low-Temperature

Physics, (Chu, C. W. and Wollan, J. A., Eds.), Plenum Press, New York,

1978, p. 43.

3. For a recent review, see Stritzker, B. and Wuhl, H,, Hydrogen in Metals,
(Alefeld, G. and Volkl, J., Eds.), Springer, Berlin, 1978, p. 243.

'i 4, Leiberich, A., Scholz, W., Standish, W. J., and Homan, C. G.,
‘ “Superconductivity in H-Charged Cu-Implanted Pd,” Phys. Lett. 87A, 1981,7

. p. 57.
5. Standish, W, J., Leiberich, A., Scholz, and Homan, C. G.,
“Superconductivity and Hydrogen Depth Profiles in Electrolytically Charged
Cu-Implanted Pd,” International Symposium on the Electronic 'Structure and

Properties of Hydrogen in Metals, 4-6 March 1982, Richmond, VA, in press.

B Yol maa e as bal

A

A T AT

--------




A i A At et S Alupe Jiaie s At T

Ty L i T
DY RN A A

hE A
wt %

AR

R '-- .-' *. .~‘

v

LS

N

A ML AN A

08

*SUOT ,3X YImm Bulxmu weaq
uoy (q) 193je pue (e) 21032q I3IBIISQNS pq e uUoO ajdwes ny pue pd
pPe212iAB] B UO JUIPIOUT SUOT L3H A ¢ 3O viljdads 3uyasjjedsioeg 1 *814

4IBWAN TINNVHI -
028 008 08, 03, Ob. 02  00. 089 099  Ob9

00S—

SINNOJ

0001

006!

000¢—

006¢

—_ v, — 000!

T 0
] T | T | _ I
“

[} lOOm

)
(X ..}

0“‘. -,

. L
s, (D) —joost g
: ~. =
“ O TV . @
LY o 0. ol.o’\\ ™) Oooooo oo’o % 000¢
000 o\ooo S e °° %‘ P
(@ 5, LN
Y - —oosz ”

® ) o o‘ P oo '

*e K ".. ..~ ..".’. . ... " .“.

[ ] 4 0. ”
~ ... ‘ ® .

| _ | _ _ _ | W

088

098 ov8 0¢8 008 08! 094 )7} 0¢l 004 089

Y3IBNNN T3INNVHD



L . 24 (N A AT S BT A DA e AR S i DRSS S O R AL

o A

(a)

— ()] W
o o o (@)

] 1 |
E ;u

| | ]

REATAEAR R 4

FALEL

S

o

RESISTANCE (ARBITRARY UNITS)
n W >
© O o
l
(o]
S
| |

e

(c) ]

w
(=)
[

20— -

SO S
MELPL PSP

0 | l ] |
10 15 20

TEMPERATURE (K)

-

Lata TataTatal
n

¥,

X

a

y Fig. 2 Superconducting transition curves measured on a Pd_gCu,4 ion

- beam mixed sample after electrolysis at dry ice tenperature.

. 11

TR R G .




9~ ~ R Tt - Le SR PR RCROL PR OISR S KRN LA T N o N R A T T LT R T AT e T AT AT AT IR AT A .'7."]
~
A

! :
-

f

o I I r [ i
5

. (
X4
®

“

S |70t — |
8 165 -
160 —

(e)
155 . _

5 a i Sd ot P

85— ——————

80 (d) _

LSS %% i IJ«",“.{“’.&’

60/~ (c)

Gy

RESISTANCE (ARBITRARY UNITS)

; 551~ ~
% * o

§ %0 (o) -
3 S S

o

AR L
N ety e Aedte. Yl

1) o - ;

| 1 _
A ‘5 20 (
TEMPERATURE (K)

E54Y
(8,1
o

N Fig, 3 Resistance curve (a) indicates an initial non-superconducting
R sample and superconducting transition curves (b) through (e)
measured following room temperature electrolysis for the

» sanple in Figure 2.

12




T Satatar CAACIN IR AT A

........................
B e St A A A e A i A SR S A,

TECHNICAL REPORT INTERNAL DISTRIBUTION LIST

n;‘l-lJ-'-‘.l‘.“

NO. OF
COP1ES
CHIEF, DEVELOPMENT ENGINEERING BRANCH
3 ATTN: DRDAR-LCB-D 1
-DP 1
-DR 1
. -DS (SYSTEMS) 1
» -DS (ICAS GROUP) 1
) ' =DC 1
CHIEF, ENGINEERING SUPPORT BRANCH
ATTN: DRDAR—LCB-§" 1
-SE 1
CHIEF, RESEARCH BRANCH
ATTIN: DRDAR-LCB-R 2
=R (ELLEN FOGARTY) 1
=RA 1
=RM 1
-RP 1
=-RT 1
TECHNICAL LIBRARY 5
ATIN: DRDAR-LCB-TL
TECHNICAL PUBLICATIONS & EDITING UNIT 2
ATIN: DRDAR-LCB-TL
DIRECTOR, OPERATIONS DIRECTORATE 1
DIRECTOR, PROCUREMENT DIRECTORATE ' 1
DIRECTOR, PRODUCT ASSURANCE DIRECTORATE 1

NOTE: PLEASE NOTIFY DIRECTOR, BENET WEAPONS LABORATORY, ATTN: DRDAR-LCB-TL,
OF ANY REQUIRED CHANGES.




b by P i i Buhe dh i A S e Tl et A i M B a A Wi M SN Shut el Sagt s as o aate aain- g
filu - R A R AN N, ST ST e . te t s e g NEaNES T — -~ — -~
- Y . e e N [P LS NI sl e B r_.. L e ———,
K - . RN .
-

o

i
ha )

“: -

T

e

X TECHNICAL REPORT EXTERNAL DISTRIBUTION LIST (CONT'D)

N

' NO. OF NO. OF
% COPIES COPIES
L2y —_— —_—
3

X COMMANDER DIRECTOR

i US ARMY RESEARCH OFFICE US NAVAL RESEARCH LAB

b3 ATIN: CHIEF, IPO 1  ATIN: DIR, MECH DIV 1

P.0, BOX 12211 CODE 26-27 (DOC LIB) 1

1 RESEARCH TRIANGLE PARK, NC 27709 WASHINGTON, D.C. 20375

e’
" COMMANDER METALS & CERAMICS INFO CEN

o US ARMY HARRY DIAMOND LAB BATTELLE COLUMBUS LAB
. ATIN: TECH LIB 1 505 KING AVE 1

: 2800 POWDER MILL ROAD COLUMBUS, OH 43201

ADELPHIA, M 20783

y

7 MATERIEL SYSTEMS ANALYSIS ACTV
B COMMANDER ATTN: DRXSY-MP

N NAVAL SURFACE WEAPONS CEN ABERDEEN PROVING GROUND 1
o ATTN: TECHNICAL LIBRARY 1 MARYLAND 21005

- CODE X212

DAHLGREN, VA 22448

AN
atat

-
4
]

> K]
KM Pk
il tad .t

o 7

..

. -
Ja ataad

LA XA

S A At
R LA

LA AR o

" ‘.:ﬂ“iﬁf

NOTE: PLEASE NOTIFY COMMANDER, ARRADCOM, ATTN: BENET WEAPONS LABORATORY,
DRDAR-LCB-TL, WATERVLIET ARSENAL, WATERVLIET, NY 12189, OF ANY
REQUIRED CHANGES,

ey
o Cals’e
ot e ey ey

i S P
“t.l.n.

Ea AL Ly

‘l‘.

-

1]
S
i I

P - .oy .
. T AM At [ ey ey e e N
y _,‘0 L . RO ALY ".\".r BRI P
- o (Vof IR AR R o, . - . - . Lot . e Y
Aabainlodasalsass A2 PP > P R P A e




Yy

IR
2

-

G

'A

Te & ]
{ TRV ARCARSIE R

WU,

ataas !

§ A

&y ke‘.’“" ﬁkﬁ

el

L

Ve PR A L R A ettt

TECHNICAL REPORT EXTERNAL DISTRIBUTION LIST

NO.

ASST SEC OF THE ARMY
RESEARCH & DEVELOPMENT
ATTN: DEP POR SCI & TECH
THE PENTAGON

WASHINGTON, D.C. 20315

COMMANDER

DEFENSE TECHNICAL INFO CENTER
CAMERON STATION

ALEXANDRIA, VA 22314

COMMANDER

US ARMY MAT DEV & READ COMD
ATTN: DRCDE-SG

5001 EISENHOWER AVE
ALEXANDRIA, VA 22333

COMMANDER
US ARMY ARRADCOM
ATTN: DRDAR-LC
DRDAR-LCA (PLASTICS TECH
EVAL CEN)
DRDAR-LCE
DRDAR-LCM (BLDG 321)
DRDAR-LCS
DRDAR-LCU
DRDAR-LCW
DRDAR~TSS (STINFO)
DOVER, NJ 07801

DIRECTOR

US ARMY BALLISTIC RESEARCH LABORATORY
ATTN: DRDAR-TSB-S (STINFO)

ABERDEEN PROVING GROUND, MD 21005

COMMANDER

US ARMY ARRCOM

ATTN: DRSAR-LEP-L
ROCK ISLAND ARSENAL
ROCK ISLAND, IL 61299

OF
COPIES

-—

PN bt bt et s et

NO. OF
COPILES

COMMANDER

ROCK ISLAND ARSENAL

ATTN: SARRI-ENM (MAT SCI DIV) 1
ROCK ISLAND, IL 61299

DIRECTOR

US ARMY INDUSTRIAL BASE ENG ACT
ATTN: DRXIB-M 1
ROCK ISLAND, IL 61299

COMMANDER

US ARMY NK-AUTMV R&D COMD

ATTN: TECH LIB - DRSTA-TSL 1
WARREN, MI 48090

COMMANDER

US ARMY TANK-AUTMV COMD

ATTN: DRSTA-RC 1
WARREN, MI 48090

COMMANDER

US MILITARY ACADEMY

ATTN: CHM, MECH ENGR DEPT 1
WEST POINT, NY 10996

US ARMY MISSILE COMD
REDSTONE SCIENTIFIC INFO CEN

ATTN: DOCUMENTS SECT, BLDG 4484 2
REDSTONE ARSENAL, AL 35898

COMMANDER

US ARMY FGN SCIENCE & TECH CEN
ATTN: DRXST-SD 1
220 7TH STREET, N.E.
CHARLOTTESVILLE, VA 22901

COMMANDER

US ARMY MATERIALS & MECHANTCS
RESEARCH CENTER 2

ATIN: TECH LIB - DRXMR-PL

WATERTOWN, MA 02172

NOTE: PLEASE NOTIFY COMMANDER, ARRADCOM, ATTN: BENET WEAPONS LABORATORY,
DRDAR-LCB-TL, WATERVLIET ARSENAL, WATERVLIET, NY 12189, OF ANY
REQUIRED CHANGES.




LS

READER EVALUATION

Please take a few minutes to complete the questionnaire below and return to us
at the following address: Commander, U.S. Army ARRADCOM, ATTN: Technical
Publications, DRDAR-LCB-TL, Watervliet, New York 12189.

1. Benet Weapons Lab. Report Number

2. Please evaluate this publication (check off one or more as applicable).
Yes No
Information Relevant
Information Technically Satisfactory
Format Easy to Use
Overall, Useful to My Work
Other Comments

3. Has the report helped you in your own areas of interest? (i.e. preventing
duplication of effort in the same or related fields, savings of time, or
money).

4. How is the report being used? (Source of ideas for new or improved
designs. Latest information on current state of the art, etc.).

5. How do you think this type of report could be changed or revised to
improve readability, usability?

6. Wuld you like to communicate directly with the author of the report
regarding subject matter or topics not covered in the report? If so
please fill in the following information.

Name:

Telephone Number:

Organization Address:







