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[Abstract] In this paper, GO/Cu-Nb multi-core (19%-cores) composite wires reinforced with Graphene oxide and
Cu-Nb multi-core (19*-cores) composite wires undoped with Graphene oxide were successfully prepared by powder
in tube method. The filament microstructure, interface topography and the characteristics peaks of the two
composite wires under different sizes were analyzed by metallography, SEM and Raman spectroscopy, respectively.
The results showed that the deformation of the core wires and the matrix was coordinated owing to the good self-
lubricating property of graphene oxide. The dispersed distribution of graphene oxide effectively blocked the
agglomeration of Nb particles and the generation of large-sized grains, consequently the deformation of the core
wires was more uniform and the shape was more regular. The mechanical and electrical properties of the Cu-Nb
composite wires are significantly improved by graphene oxide doping. The analysis indicates that the size, dispersion
uniformity of graphene oxide and heat treatment temperature of wires are the main reasons for improving the

comprehensive performance of the wires.
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Fig. 1 Process flow chart of powder in tube method

LEMBOIFEE & AR RE G LM AE 300 K By fH

3 #RE5iTiR

3.1 BRI

XFER AL 7 Y B I 4 A A AU itE AT R AE, th B 2
() Al LA & B Cu-Nb £ Fe1m o 9 4 B &, 1
GO/Cu-Nb Z#t K 10 8 0 Vi A R, 71
Brik R ik & i T Nb B R gk 25, 008 22 5 Rk 2
[E] £ A8 JB N — S0 77 A= g SR < i g Ak s B4R i
GO HA R i 8 R i gl A=A LM A 3L
PR T 22 5 AR 22 [ AR T L Y B G B G
Xof 2 A N I 25 K 32E — 2B 3 Bt ke BRE B 2 UBR Y 3
JnL 2z RSFA AL 8, GO/Cu-Nb 28 #1 v its 22 fiE
GV EE LI 23 A g 3450 L AT LR 3 O b 3 B S 22 8k
HHE L, H Co-Nb &M b2 &/ E R IE Ik, L
HA T MRE GG, C IRk HE s 280 H 5454,
ST ARASFRIN . 43 BTN A B IE X U B AT BTk Y A A
WAL L RS Oy ) (8 43 VI g 2 43 U0 g3k )
Il SAE B A G IF Uf 1, 26 Sl i) b g fr F 4R
T Cu.Nb @l 5 53 VIR I35 53 5124 0. 98 MPa,
33.8 MPa, At , Cu AHE T Nb Jr s (9 il 5 3 U1 i
TIN5y R R S AR Y BE T B A, TS5 B
W ZEER R 4] T GO/Cu-Nb &2 A 4 b 1t 22 45
FA R H0 A JEE 2 1l GO B3 T Nb B e 3L iAo
B S E , AR L AT GO R R, WM 1
Nb i 22 5 Cu BARZ I YA TE , $2 5 Tk 22453
A1 (R 3 5
3.2 MR

FESBVE N TR B, S b 23 % A 7 S i A Ak
FECRA SR, H W R R L, T
HEAT H ] 2R b 3 DL B e b P9 0 B A iz L 4
B M. K 3 S §5. 08 mm Y GO/Cu-Nb £k #f
ZARFERE FAE 2.5 h J5 10 XRD E . 6 &

0428 -

2 (a) GO/Cu-Nb,Cu-Nb £ # % W I 5 (S = 2. 04
mm), (b) GO/Cu-Nb (19 #), (¢) GO/Cu-Nb (192
), () Cu-Nb (19 35, (e) Cu-Nb (192 i)

Fig. 2 (a) Macroscopic morphology of GO/Cu-Nb and
Cu-Nb wires (S = 2. 04 mm), (b) GO/Cu-Nb (19
cores), (c¢) GO/Cu-Nb (19% cores), (d) Cu-Nb (19
cores), (e) Cu-Nb (19% cores)

B M R P IRAEBE S . Cu  Nb 5 RL 9 777 5 06
SRR B AR, o Cu 111 17 5 6 5 58 L 17 Nb
B A 1S i (11O A g 0%, 4 HriA . 7E Cu-Nb &
AR, Cu TS &R BB R L, T LG
T HE U RS S AR B R S B E AR T AR HL R AR B
B, 52 07 7 A 8 9 8 O 1) % 1) P A T T ARl O
I T B R T 5 W RS 1 X B A L R B
SEAT TR T A Cu(111) &4 B 5 i /1 T Nb
SRS T AR O B L B B A TR R AR
T 7.7 4 B AR A B DRI B o T o R o gl
BN W7 b A LA B R BB AR B B AT TR IR
D518 89 Nb(110) B . i Nb(110) AR X} Cu(111)
W A 55 1) D PR T AR A R A R Cu SRR 5 i
ZF g Nb & & WL, 28K ZE 5. Cu,
Nb Z ¥ P17 THidk Jrmay Cu(111) 5 Nb
Q1O ffRIm , Hif TE A ZMMH Cu HRKE,
(R I, Cu 437 5 6 A X T Nb AT 55 16 35 38 X L A [+H]
U B A R ) Cu  Nb 7 e & 30, 28 400 “C b3 )5
Y AE e Cu(200) 177 59 06 58 B 458 ey o (HL I A T 388
o TH v 0 SR T T R T Cu (11 1) A7 S e o I
TR R X B TR M AE 400 °C #Ah BES &
WA A KL Cu(111) ,Cu(200) 37 5 e 4 5

XT3 (h) H Cu Nb fi 55 06 19 24 w55 58 2 47 70 #r
BILLND B2F & G AE 700 CAMES Nb 192k & 5% &
K% 750 °C A B /N F AR 2 3R A i e
Nb Bk ;e /. i CuCL11) 5 1] 2 755 56 W %5 16



Low. Temp. Phys. Lett. 44, 0425 (2022)

T3 K AE 700 CZ 5 B W/, i Cu(200) 5
FEMTE 600 “CZ 5 ZE Wik /N, 53 H1IA K, Nb(110) .
Cu111) i) 2 & v 9 /D B9 I X o GO A 90kE 5 T
A S B BT FLA A L 7S 2 BELAR S LB 1 L AT 4
il T ORL Y P A R TR L R KT 700 °C
B GO 2t AL B A 3R L LS Cu Nb kL & A gk
st B K ORE R SH B, e R 2 i B/

(@) = aNb
5 + & Cu
s s d=®5.08 mm
=) )
= oy § L:;
g 750 °C a *
>
2 1700 °C
Q
E
600 °C
400 °C

10 20 30 40 50 60 70 80

26/deg
033 (b) d=®5.08 mm 774 Nb(110)
0.30F Cu(111)
72 cu200)
0.25F & %Y
0Bre 7
g 0.20F % %
/ .
% 0.15- %§
0.10F /\
% N
0.05F Z %%
0.00 % %§
700 °C
T/°C

K3 (a) GO/Nb-Cu L 15 A [l i B £ i
2.5 h B XRD B, (b) 5 50 42 L4
Fig. 3 (a) XRD patterns of GO/Nb-Cu wires held for
2.5 h at different temperatures, (b) FWHM variation
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