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Mechanical and Electrical Properties of Heavily Drawn Cu-Nb
Nanocomposites with Various Nb contents
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= B opiA YA Qi THoZ AZE Cu-Nb LehdE nAEHAEY 7AY  A7)H BA st d7Egic
Nbel gako] Z71gtel) wje} Fre= Mz Frbstdod AL Nbe) #edel Sk, 203K 9} 76K o4 8] #8) 5 o v]g &
Cu-Nb oM B¢ 52 Young ] A4 v1&3 8|54 FEEH U, o)3% AFAL F2 Ay 9] whs)E (athermal obstacles) &
°] Cu-Nb u|AZ¢A8.2] 7t 2ol G v)Ache ¢ uidtc}, d 2ABF A3 Cu-Nb v)AIBgA8+E Nbel 3 @
Aglel S5zl e) B4 vrhllglen], 2144 (subelematal wires) Abo]] AlWE- ule} whAysli= 23439 (secondary crack)
9] k& Nb ko] F71gel gt Zoslsict. A7) A= 9} v B] (owa/0s) & Nb $30] 371855 3hastgc). oj9 e
Nb¥tedo) mE A7) Ax s e} vjN gy Fae AHAARe] Jlder) F718tg 7] bEoln),

Abstract The mechanical and electrical properties of Cu-Nb filamentary nanocomposite fabricated by the bundling
and drawing process were examined. The strength increased gradually with increasing Nb content while the ductility
was insensitive to Nb content. The ratio of yield stresses at 293K and 75K are found to be close to that of Young's
moduli in various Cu-Nb nanocomposites, suggesting that athermal obstacles primarily control the strength. The frac-
ture morphologies show ductile fractures irrespective of Nb contents. Secondary cracking along the interfaces between
subelemental wires was occasionally observed and the frequency of secondary cracking increased with increasing Nb
content. The conductivity and the resistivity ratio decreased with increasing Nb content. The decrease of the conduc-

tivity and the resistivity ratio g/ 05 can be explained by the increasing contribution of interface scattering.

Key words : strength, conductivity, interface, fracture, resistivity ratio

1.4 £

HEFHE 73 B.CC A& Z= Cu 71A YB3
2 T ANARE, dAxse} §4 wig- E BEE
AUZ kP Nb, Ta, Fe, Cr 52 BCCAL Aol
Cu 71xuel %3 44} (primary dendrite) 2.2 &%
c}, &8 E9, Cu-Nb Y EBgA g Ag 7|A7 &
AR Nb x4 F2 <110>wfo g WIYEy)
ojZefl =4l Nb 8|2 Hef= H3lA] ok o2dt o)A
FZ2 3t Cu-Nb Y EdARE ¢ & A=E 7}
A 4 e AsA 7138 Cu-Nb JeBiiae] 7=
= EHA ROM) o 93 ASEHE F=F 23480
T7rE o] AAg Y] sl A% drawing #49&
Aok 517) wjFol Hile] AFL el HAAo R
Al88t7)oll = B-AgEe] kot ")l sig H
F =R Z A HAE Axstoiol A7) S4Hel
ARE-E g Q) o2 EAAE AT 7 U Yo =
£ A7o] 2L HAe R cpAlE e A FAHE A

Lo ®

H A Aol e AAEFS AP A oEA & A HAS
A zd= o] slch.™'? Spitizig'? = Cu-Nb &g
NEE opiA] BT QUTHE o83t < 44% 9 7
T37HE d¢ 4 dokx Eusgle). 2y, Spitizig' ¥+
o Yo R Az AAES FE3) Yz die g
A%, A5 A A (sub-elemental wire) & g4 W7k
itele Afrc) el Fopstgle e = 4
e e BAS A £, ohiA Yo Az HA
€ 0.156mm7bA] 23] W2t 7FEE A, Hd AR A=
E 543 AAY 9% Yile) o8 Axg ¥R (sub
elemental wire) & ) Q1% =¥} w2 10% o 2
I ¥aEgn. 22 ohis) ¥R Axd A9
735 aF 7L 32X G AL 760°CHA A ¥ o
£33 % Nb ZHEs} 34 4507 el Al
Algtedch. wtek, FAo] HAo] 2o AYHA Yk
S ohiA ¥4 TA 2 A E (subelement) Eo] £
A 7)A A B4 L d3E 7)A]A Het
ko 2 Nb §eko) Frlofl wle} A7) A= A

- 312 —



AEW - AAY - F2 I Nb $Fel @& Cu-Nb B84 a9 7144 - 74 54 313

e e 7R JEe] F7be Nb deles)
e e Ee Ry Ego] Fvlsie A Bo) gk
A"}, Cu-Nb Y EHAEE TR A4 59 A
o2 44317 ¢isiAE Nb §571) o FeFs) o
AEE 7t BAE o)sfista HL-Fobo Ut HHY e
o} AT & AFshe Nbire 2 Astoiok g}, Spitizig
592 Nb @e] 10% w|wal Cu-Nb Y Eiias
75t AT SHeA 3 BAS YehdS i B
13}gde}. Sptzing F'P& Cu-5vol.% Nbe] Fd7tei=
FS NDb gk 330l oigh o) d ) AT o4 YJag o) %
o] 4L A&r ) A4ds] acdz Radgch’ ¥
AT A= A3HA 72 Cu-Nb e Bga182) Nb ¢
ol o2 Ea)y EA¢ A7t

2 A 8HYd

2 A7 A% Cu-Nb AL Ames labd}
Supercon?] FEFATE AMZEUeH FAHY AZHY &
HE e 2tk Cu-7.8vol.%Nb, Cu-10.4 vol.%Nb,
Cu-12.9vol. %¥Nb, Cu-15.6vol. ¥Nb& ZTE o}f=2F ¥
7)) 4 double consumable arc melting ¥, & 7.6cm,
Zo] 34.3me] F =& wrETt Cu-7.8vol.%Nb, Cu-10.
4vol.%Nb, Cu-12.9vol.%Nb 2] F3+& A& 6.4mZE Cu
-15.6vol.%Nbe A& 7.0m= Zt2 3718 ¥, 44 A
a}r] $)5ted 7o) 7.6mal T (can) ol Abgistsd
o}, 72|78 (can) &2 QJ5ted A=<l Nb g3-& Cu-T.
8vol.%Nb, Cu-10.4 vol.%Nb, Cu-12.9vol.%Nb, Cu-
15.6vol. % Nbell ©}sle] 5.5vol.%, 7.4vol.%, 9.2vol.%,
125vol % = Ztzt itk 28 ¥, 750°C oA 2§
257X $4EsFE 1.6mn7kA] @7l skt ol
Zrehitel] 2lgt WY S () 578 T & HYL () 2
780l #sFgct. (47]4l4 2= In(Ao/A) ¥ Aoxe %
7l FHH, AE HF dHYolc)) 1.5m7kA] U Cu-
Nbiz F8|Q<d A k2 F3 750°Coll 4] 100MPa< &
Ho 2 A7HE A Fo A7 T6cnrtA] XS
% 24 2cn7bA) &5k A 1.5m7kR]) HarbE 9
AL thirs] o4 BA) 2 (sub-elements) 7} E3 2zt
o] tprE Fql AL BAAA (sub-elemental wire) 7}
S}, ¢hE= oA AL Ao A okt g E8) 4
2mn X 3m 2] HF dHHE AT F sFEAc). opiA A
¥ 3 HYE (92 Y7 7 HYE 3.968 EF3 6.
63019 A7t 7 AL TPE= F 7MF WYL 1L
760]c}. L }EL vlAFEE v F s YAt O
B} gFAe|x] orh. wpebA, WYEE o} 979 A
o} Ay vy & gof.2>?

A AlPL 1.67X107%ec™' 9 HYLEERE MTS 800
QAR Y7 E o]-43led ASTM ES8-933 Tds}A) 83}
der, JAAY ¥ stH-e SEM (Scanning Electron Mi-
croscope) &2 sl TEMAHE E8a) o]
HE E3 SulEFon AHE 283 W77 94
Al HE o] Aof AT Tt YA AL Lo DI} F

Fig. 1. Optical micrographs showing the transverse and longitu-
dinal sections of the as-drawn bundled Cu-125 vol. % Nb
wires,
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Fig. 2. SEM micrograph showing the transverse (a, b) and longi-
tudinal (c) sections. Note the hexagonal packing of subelemen-
tal wires in (a): See the text for details.
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Fig. 3. TEM micrographs showing the transverse and longitudi-
nal sections of Cu-12.5 vol. % Nb microcomposites.
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Fig. 4. The strength and ductility of various bundled Cu-Nb fil-
amentary microcomposite wires are plotted as a function of Nb
content. (a) 295K; (b) 75K.

{b) &= 208K ¢} 75K 94 Cu-12.5v0l.% Nb<] mig A
H 27} dobA] & A4S TuEE FAZ ol
23 62 298K ¢} 75K A dAd=tw]o 28] Cu-12.5vol.
% Nbe] =77} AP =gk e Boded, w48 T
7] dE (dimple) 2717} B4 A1) (subelemental wire)
5ol oE (dimple) Bo} IchE AMLE Cu-Nb #8344
(subelemental wire) &} v HZajo] Hxl viAslti= Ze
Bo3Fa gl A (subelemental wire) 9 A&
wa} W Aste 2339 (secondary crack) 9 AN EE
Nb §=de] 271845 F7kskach. 23 78 Cu-12.5v0l.
%Nb2] ZtHe 8 RAAA (subelemental wire) &} AlH&
a}2} Gy st 23329 (secondary crack) & XHF 2 ¢}
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Fig. 5. Fracture surfaces of Cu-12.5 vol. % Nb at 298K (a) and
77K (b) at a lower magnification.
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Table 1. The ratios of yield strengths (Y.S.), ultimate tensile strengths (U.T.S.) and Young’s moduli at 295K and 75K for

as-drawn Cu-Nb wires,

295K 75K Ratio(295K/75K)

Y.S. 584MPa 666MPa 0.88

Cu-5.5Nb UT.S 822MPa 990MPa 0.83
Young’s modulus 103GPa 112GPa 0.92

Y.S. 706MPa 725MPa 0.97

Cu-75Nb UT.S 938MPa 1129MPa 0.83
Young’s modulus 108GPa 118GPa 0.92

YS. 799MPa 803MPa 0.99

Cu-9.2Nb UTS 1067MPa 1282MPa 0.83
Young's modulus 110GPa 125GPa 0.88

Y.S. 867MPa 911MPa 0.95

Cu-12.5Nb U.T.S 121MPa 1480MPa 0.82
Young's modulus 124GPa 134GPa 0.93

15%Nb #3

Fig. 6. Fracture surfaces of Cu-12.5 vol. % Nb at 298K (a) and
77K (b) taken at a higher magnification in the region where no
interfacial debonding was observed.
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E= Nb ko) 8% o)A ol A48} 7H4sAw Nb &

Fig. 7. Feacture surfaces of Cu~12.5 vol. % Nb showing the sec-
ondary cracks along the interface between subelemental wires.
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Fig. 8. Variation in electrical conductivity and the resistivity ra-
tios at 295 and 75K of Cu~ Nb wires as a function of Nb content.
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