Lawrence Berkeley National Laboratory
Recent Work

Title
MULTIFILAMENTARY Nb-Nb~ (Al ,Ge) SUPERCONDUCTORS

Permalink
https://escholarship.org/uc/item/1h6598x§

Author
Pickus, M.R.

Publication Date
1976-08-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/1h6598x8
https://escholarship.org
http://www.cdlib.org/

OJd +ddowu /3|

Submitted to Applied Physics Letters LLBL.-5420
' : Preprint °: ,

MULTIFILAMEN'I‘ARY Nb-Nb3.(A1, Ge) SUPERCONDUCTORS

M. R. Pickus, M. P. Dariel, J. T. Holthuis,
J. Ling-Fai Wang, and J. Granda

August 1976 SEE R 1976

ARV AEOY A

DOCLUMENTS SECTION

' 'Prépared for the U. S. Energy Research and
Development Administration under Contract W-7405-ENG-48

o ' )
For Reference

Not to be taken from this room

\_ - _/

02%S-T1d"T

*D

\




DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



00 uvod6u27872

LBL-5420.

MULTIFILAMENTARY Nb—NbB(Al,Ge)"SUPERCONDUCTORS»

M. R. Pickus, M. P. Dariel,* J. T Holthuls,.

J. Llng Fai Wang and J. Granda

Materlals and Molecular Research D1v1510n"
' "Lawrence Berkeley Laboratory
Unlver51ty of California
‘Berkeley, California 94720 -

ABSTRACT

Multlfllamentary Nb- Nb (Al Ge) superconductors,werefpre—

pared us1ng an 1nflltratlon process. The Critical témpera—

ture of samples dlffu51on reacted in the 1250- l700 C tempera—‘f

ture 1nterval ranged from 16 to 19.0°K. A-crltlcal current

den51ty»of 1O-A/cm2 at 50 kOe was observed for samples re-—-

'acted ‘at the lower temperatures._

*

On leave from the Nuclear Research Center-NEGEV
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Extensive réséarch has beén conducted in reéent years
toward the_developmént-df multifilamentary-superconductors
based on‘AlS—tYpe compounas. Somé.of thesevcompounds have
the highest kndwn values of criticéi'températufe (TC) aﬁd
..critical field (HC). .They are, therefore; prime Canaidates
for a variety of technological‘abplicétiOns; A méthod com-
monly known  as the "ernze.prOceSS“'has been-éucéessfully

-.employed for the preparation of Nb3Sn and V,Ga compositec:

3
superconductors.l This process which has rcached the stage
of commercial development is, however, adaptable to a

limited number of $ystems. In particular, it is not appli-

cable to the_fabrication.of multifilaméntary shperconductors.

of Nb;Ga orANb3(Al,Ge).2 The latter.compoundeith é:cri—

3 4

,ticél temperature of 21°K aﬂd a cfitical field of’400'k0e
.appears eSpeciaily attractive for high.field applicétions
such as contrOlled theimonuclear reactors, if suitable
"methods of fabrication could be developed.

Several hethods for_preparing Nb3(A;;Gé) superconductbrs

have indeed been.reported.5—8

None of them, howéver, re- -
late to the fabrication of multifilamentary éonductofs, It
is well known that; as a résult‘df>stability—consideratiohs,
the multifilamentary-configuratibn is eésential for optimal..
utiiization_of the Al5 compounds.

In addition to the above'menpioned bronzé pchesé,'an
alternafivé,method’of.fabricating NbBSn multifilahentgry

superconductors, based on an infiltrationftechnique, hés‘
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'recentlyvbeen re'porte'd.g-vl-O 'The resulting'material posses—

R ses a hlgh fleld current carrylng capac1ty wnlch is as good'

or - even sllghtly superlor to that shown by samples prepared.
vby-the:bronze method. The maln.51gn1f1cance“of-the‘1nfll—‘
vtration'process; hoWever, lies in its versatility and'lts
fpotential-applicability‘to-Systems for whieh the bronze
method cannot be nsed. The present communicationvsummarizes
our prellmlnary results in applying the 1nf11tratlon method
to the Nb-Al-Ge system.

The!preparation of Nb rods with a.oontrolled'porOSity:
has been‘preViously-described ll Brlefly, 1t con51sted of
'-1sostat1cally pre551ng flne Nb powder and 51nter1ng at
‘,2250 C for 15_m1n in a vacuumiof'the order of lOv mm Hg.
AftervfurnacefcoolingvandAwithout_exposing.the'sinteredl
compact to room-atmosphere,-the porous_rod nas'immersed'in«
a.liquid Al;Ge alloy.bath of eutectio eOmpositlon;.maintainedl‘
iat'700bC."After immersion, the chamber was back-filledeith
'helium at 1 atml pressure.

B The 1nf11trated Nb rod was doubly’ sheathed firétain
"Ta and then in monel tubing. This assembly was form—rolled,
and'after'removal,of the monel, was_further reduced by flat
rolling to 0. 64-0 015cm thiCk”tape. Sections,.approximately
2cm’ long, were subjtcted to a serJes of reactlon and pos
_reactlon,heat treatments. While only the rcsults for flat—
rolled ribbons are reported here, 0.025cmod1ameter_multltlf

lamentary wires were also fabricated.



The mlcrostructurebof the samples at varlousrstages of
vthelr preparatlon was examlned by optlcal and scannlng elec-
_tron mlcroscopy.j-An EDAX attachment on the.SEM and an elec—
tron mlcroprobe were used for phase 1dcnt1f1catlon and for.
the determlnatlon of the comp051tlonal relatlonshlps in the
varlous phases. Prlor to the measurement of the supercon?
ductive propertles, the Ta sheath was strlpped off. the
‘samples' The crltlcal temperature T was measured by a-
standard 1nduct1ve method u51ng a Ge thermlstor for the tcm—v
”perature determlnatlon with an estlmated uncertalnty of
'0.l°K,_ The reported-Values correspond to_the points shOwlné
therhighest rate of_change offthe'inductance.in the transi— o
tionhregion.y Spot welding'was;usedlto'attachvcurrent:and -
potential leads.to ‘the samples': The”critical current density =
HJC at’ 4 2°K was determlned by a pulse fleld technlque in-
fields up to. 150 kOe.‘ The_uncertalnty ofathe reported
values is 15%, mainly as a reSult of the'difficulty'inhde—h.
termining-accurately the volumevfraction of the current
hcarrylng AlS phase. - |

The metallographlc examlnatlon of the Nb compacts fol—
lowing thelr immersion in the llquld Al -Ge alloy showcd that
the samples had been fully 1nf1ltrated (Flg..l).-_Follow1ng
thehdeformationhstage, the Al-Ge inflltrate.appeared inbthe,.
form'of filaments made up of indlvidual‘Al-and.Gepparticlesp
allgned in the rolllng dlrectlon. In‘efforts madevto Carry;"

out the deformatlon at elevated temperatures, it was



D0 w0460 %784

,OhserVed that the'oompound Nb(Al;Ge)ﬂ'nueleates'and‘groms'at
:rather low temperatures, In fact, a treatment of 12 hours
at 400°C, resulted in the v1rtually complete conver51on of
the eutectlc to thlS compound.; |

We havc investigated samples reacted in the 1250 1700° C,“
'temperature range.‘ In samples reacted at.the hlgher temper-
atures, the AlS‘phasebappeared.in‘the form of bandsloccUpf-
:ing up to 50% of the’total volume. In'the'samples reacted
at the'lower‘temperatures,'the_AlS phase appeared ln the:‘
‘form of thin layers (l-2um thick) interfaced.betWeen‘the Nb o
"matrlx‘and the'phasesirioh in'Al.and.Ge INb‘(Al Ge) andz
Nb (Al Ge)3] - (Fig. 2). Pores ‘were also apparent in. the‘
‘center of the AlS phase due to a large negatlve volume
change assoclated wlth its formatlon from the constltuent
elements. _The.microprobe data showed that fortarsample:ree.
vacted.at.l700°C forvlS min,vthe Al/Ge ratio was'constant'
throughout the Al5 bands and also through the A2 Nb(Al Ge)
SOlld solutlon. The results also 1nd1cate that the AlS5 phase'
after thlS treatment contains 79 at.% Nb.. This concentra—e
_tlon is sllghtly hlgher than reported by’ Mullerl'-2 for'the,
Al5 monophase reglon 1n the 1sothermal sectlon of the ter—'
nary diagram at 1840°C. The result rs oon31stent wlth the‘uv’
general trend apparent in the Nb-A1l diagramle'aCCOrding to
.'Which»the_Nb content'of_the Al5 phase increases with decreas—

ing temperature.
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The;multifilamentary’superéonductdr_is férmedvés”é re-
sult of a diffﬁsioﬁ reaction. Its micfostruéture and super-
céﬁductivé prbpeftiesvare determined'by thé temperatﬁrevaud
duration'of ﬁﬁe diffusion anneél; and aiso,'by the local
ﬁdundafy COnditioné prevailing at the beginhing ofjthe rer,':
actioﬁ.viThé‘initial'boundary conditions depend on the mor§ 
phology aﬁd aistributionfof.thé phasés,vi.e., Nb and the
Al-Ge eutectic, taking pért.inrthé reactioﬁ;"These are QQQ
terﬁined-by the-lo¢al spatiél cohfiguration following the
infiltration‘staée and by the naturé and amOunt of déforma—_.
tiOn'undergéhe:by.the sémple. ;Considering the compiexity:of
the system-ahd.the large numbef of‘papameters, only general
conclusioné can-be‘drawn at this time;v.Theéé'cqnclusiéns'
refieCt tﬁe majot trends concerning the\dependen¢evof_théf
supercohductive'propérties on the'pchéésing.parametérs{

.The measufedvcrifical témpéraﬁures ofvsampies having
uhdergone'various treatments'are'listed'in.Téble I;A Th§ 
data.indicatevan increase of;TC with increasing‘réaqﬁioh
temperature. Howe?er, even f@r.a-giveh reaction temperatufé,
 there is a rapge for the observed Tc's.  Shorter durations
and lafger.amounts of.deformation tend .to increase the TC'S.A
A post;reaction'anneal-at 750°C increases TC, in‘égreemcnt
- with published information.

Thévvalﬁes of_Tc obserVed,-thus fé:; are lower thén 

‘the best values reported'for the'Nb—Al-Ge'syStém. The lower
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'Té values of.our present samples are probably due to the Alg
phase hav1ng a comp051tlon off st01ch10metry | |
The,results of some of our current carrylng capaclty
measurements,:as well as somevof the previoUSIyipubllshedf
hdataeare~shown.in Fig 3. It clearly appears that the trltl—
,cal current den81ty is markedly 1mproved by decreaslng the
temperature_of the reaction anneal and 1tS’durat10n. ThlS-.
.effect, however, 1s counﬁerbalanced to a certaln extent, by
“the reduced volume fraction of the AlS phasc formtd unde
l‘these condltlons, resultlng in a decreased overall current
carrying capacity. We can expect that by usrng an 1n1t1ally
Jflner dlsper51on of the 1nflltrated phase followed by a more
2drast1c deformatlon, the 1nterphase area between the compon—'
v‘ents taklng part in the dlffu51on reactlon w1ll be 1ncreased
’.Thls, in pr1nc1pler should result in an 1ncreased'volume
-vfractlon of the -‘Al5- phase ‘without hav1ng used lenqthy
: anneals or elevated temperatures. The large volume fractlon.‘
of Al5 formed at temperatures 1n excess Of le00°cC has a_
:poor current carrylng capac1ty as a result of 1ts relatlvely
coarse graln 51zer Graln boundarles are known to be effec— v
tive plnnlng ‘centers in AlS superconductors.j ln_our,samplesv
reacted at low temperatures, the graln_51ze 1s.of;thelorder
of the filament diameter, i.e., 1-2um.
| . The presentfresults are slgnlficant;in‘two respects,
Theumethod of preparation employed‘yields:ahtruly'multiflla-

mentary morphology. Our measured critical current densities
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. are appreciebly:higher than any of Lhose prev1ously reported
fcr buik'supercondhctors in the Nb Al-Ge system, At present,
it appears that the»highest currenthdensities_are esscCiated
;with the lower criticel temperatures. We cenlexpect'that
further optlmlzatlon of the process1ng parametcrs wrll leadb
to 1mproved propertles w1th respect to both thc curlcnt.
carrylng capac1ty and the crltlcal temperatures. Thls will
allow a closer-approach to the.realrzatlon of the full pcf
tential of this.system. ' &

'This.work was done under the auspices of.thetU;hS;
Eneréy Research and Development Admlnlstratlon. VWe:wishlto
thank.Mr. J Jacobsen for his able a551stance in preparlng
»the.metailographlcrsamples, and’ Dr. K. Hemachalam.for hlS
valuable.heip inbcarryihg_out thevcurrent.aensityhmeashreQ

‘ments..
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Tabie I. Critical temperature of Nb—Nb3(Al,Gé) multifila-
‘ ' - mentary -superconductors.

a

" Reaction Anneal , Post-Reaction Annecal | T
Temp. (°C) Time (Sec). | Temp. (°C) Time (h) - |. - (K)
1700 - | 60 - - 17.4
11700 | e0 | 750 48 - 18.7
1300 ' 900 - - | 15.4
1300 : 60 = _ - : 15.6
1300 - 60 - 750 48 16.3
1700 : 60 - 750 ' 96 - 16.8
1250 60 750 96 7.2
1300 ' - 30 ' 750 I 96 17.2
1300 . - 30 750 - ..250 17.4
1400 - |- 30 - 750 96 1 18.2°
1500 .30 750 e 96 .18.5
1600 ' 15. . 750 .96 . 19.1
. 1700 I 15 . - 750 : - 96 18.7
- 1300* | 30 . 750 | 96 17.5

* Sample thickness 0.015cm: for -all others 0.04cm.



Figure g

Figure 2

Figure 3
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FIGURE CAPTIONS

Sintered Nb compact infiltrated with an Al—Gg
eutectic alloy.

Scanning electron micrograph of Nb3 (Al,Ge)
filaments in a Nb matrix. Tracecs of Al and Ge
rich phases surrounded by the Al5 filaments
are also visible.

Magnetic field dependence of the gritical
current density for Nb3(Al,Ge) bulk Supefcon—

ductors.
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Fig. 3 Magnetic field dependence of the
critical current density for
Nb3 (Al,Ge) bulk superconductors.
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