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chanical properties were researched to evaluate the thermal stability of the 61.5% IACS high-conductivity heat-resistant Al alloy
conductor wire. After aging at temperature range from 150 C to 230 'C for 630 h, the composition, morphology and distribu-
tion of the secondary phases was detected, and its effect on the conductivity and tensile mechanical properties of the aging Al
alloy conductor wire were revealed. As for aging Al alloy conductor wire, granular and needle-like secondary phases of
A1;Zr(Y, Er) and A1;3(Zr(Y),Er_,) are distributed in the Al grains and along the Al grain boundaries, and also the Al;Fe particles
are distributed dispersively along the Al grain boundaries. During aging, the tensile strength and elongation of the wire initially
increase, and then gradually decrease. Meanwhile, the conductivity of the wire initially increases, and then remains stable. Such
trends become more obvious as increasing the aging temperature. The evolution of the mechanical properties and conductivity of
the aging wire mainly results from the precipitation and growth of the secondary phases. After aging at 230 ‘C for 1 h, the
strength retention rate of the Al alloy conductor wire is as high as 94%, meeting the requirement of GB/T 30551-2014. The
conductivity of the wire in all aging conditions is superior to the initial value of the wire. Therefore, it is indicated that the
high-conductivity heat-resistant Al alloy conductor wire has a high thermal stability.
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Tab.1 Aging scheme of the Al alloy conductor wires

A R/ °C B %4 R[] /h
150 150, 210, 350, 630
180 8,36, 72, 120, 240, 480
200 4,8, 16,24, 48
230 1

HFIZM#E A & T A 20K F kD, B
Mo A AR, MELIARIN . PR, B 80U G
A4 FYATE 10% (FTR45341 ) NaOH /KW H st 4
WM, LIRS RIS T ARPURI AR, SR IKTEVE, Mt
TJ5 , 7 DIMAX2500V £ X5 2 A7 A 55 —
AR LH A o X547 5 ( XRD )R 214 . Cu #2( Ko,
P 2=0.154 nm ) , 48 H A L2030 20 KV ORI
200 mA, IR 10°~90°, F14E 3 BE 4 6 (°)/min.
T I8 GB/T 4909.3—2009 { #RHLZE A7 S 28 =3
g3 PRI ) BEK, FE MX-0580 AUGHLEE i L
FOTREI I ML - 50 A & TR PP 2= R, B
BN RSN 0.3 mm/min, K JISM-6490 AU F1 4 e,



- 122 - KEKRKRE TR 2022 4 6 H
TS (SEM ) WLEE S 2 ir 7 10 W 50 2 He 3 v v 182
BT MBS 5434, F Oxford INCA RURE(E 180 [ SE——
I (EDS) M+ IX 55 . EDS MR S40. fns e & /
15 kV, HEZEH 3 500~4 000 cps. K PO HL L B < 178 F
I QI36 & AEAVE F IR S AR A & A 1 FLFH, % 176 |
4 TIACS MR S, Ll S &S L nhi i ae
FH T, AR RCIRAS T I S AR, 25 SR HL 174 1
FHI B B
0 100 200 300 400 500 600 700
2 #R5iHR b

21 NEUREERSE

2 2 Al W, 7F 150, 180, 200 ‘C 3 FhAtZk ik
AT, A4S REMPTHRRE (R, 5K RE(4)
27 I 5 TR R e ] 4 A 5 B ST 488 i R ) R A, i HL R
PR (Z2) A—Emiksh, ZBUAHE, ik,
& 1a AW, 7E 150 CHZHIM (<150 h), 4
& TN Ry FEANAE, b5 PR T 7ERTRL 350 h
i, H Ry NHAERFK BRI AYFRE ; #F 180, 200 CHIZK
W, ZER A A TN R, BRI 1] 52 £k i 28 3
FEAKHE] , #E B PR RN | J5 32888 B
(WE 1b, ¢) o 1E 200 CHEA, 5434 Ry
(788 Ak R RE B R, Bk 8 h Bk s {E, 17 180 ‘CHyt
U A A LR Ry WE(E W BRAE 72 h 2247 o VT AL
AL LN Ry X R EBA — MRURM, BEER

x2 TEARBRETREESENAMERERERSE
Tab.2 Tensile mechanical properties and conductivities of the
Al alloy conductor wires under different aging conditions

F5 O BRCRA R/MPa A% ZI% HSE/%IACS

1 ENIES e 173 3.1 87.1 61.55
2 150°C,150h 173  2.96 88.9 61.05
3 150°C,210h 178 3.01 88.6 62.2
4 150°C,350h 180 2.8 86.2 62.23
5 150°C,630h 180 2.88 86.7 62.16
6 180 C, 8 h 173 3.07 88.4 62.1
7 180°C,36h 178 3.18 882 62.21
8 180°C,72h 180 2.97 87.9 62.55
9 180°C,120h 178 2.89 88.6 61.9
10 180°C,240h 177 2.99 88.6 62.6
11 180°C,480h 164 3.05 87.5 62.95
12 200°C,4h 182 3.15 87.7 62.66
13 200°C,8h 186 32 86.4 61.66
14 200°C,16h 168 2.69 86.5 61.84
15 200°C,24h 161 2.84 88.1 63.04
16 200°C,48h 158 3.11 88.3 63.1
17 230°C,1h 160 3.17 87.3 62.9

176

180 /\
/

[+
E 172
=}
RS
168 |-
164 -
1 1 1 1
0 100 200 300 400 500
t/h
b 180 C
188
184 | /
180
176
&
S mt
< 168 |-
164 \
160 —
L |
156 1 1 1 1
0 10 20 30 40 50
t/h
€200 C

BT AR R R0 5 4 2R Ry, 5 RO 1] 195G 5
Fig.1 R, of the Al alloy conductor wire varied with the aging
times at different temperatures
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Fig.2 XRD pattern of the extracts dissolved from the
Al alloy conductor wire aging at 230 ‘C for 1 h

AR e P QTR RE ot o2 o A Ll T B o S <5 2 1)
(ULE 3) 2 Je# 3 B — AR o-n] LA

AR A4 SL P H AlZr. ALEr il ALY A LIBAHIE
W ot e B LA YA AlLZe(YEr), L LB AR
AL[ZI(Y)En, ] Z 6 & & & 8wk & At
ALZe(Y, EnyfHIE A R BUREIR , 18] 3a " 2 Frdg Ao Bk
TR R SR, HE3E 2 pm, W 9WIAEAE, i AERT L
R TRET . B 3b. ¢ TS 5. 6 FrESINAEE — A
[ A B0 Ze Y I Er 8043, R Als[ Zr(Y)xErl 4
ZIAEEREILEYH, BEREPRIZD, X
TAREURL R A E A A TR AN, KRE AT
PIE i 2 I, RUIRZH00 5 A BURLAT) fig
Al%w — R RAIBYEARTE , DMRERAS, XA
R%%Eﬁ%mfﬁ LA RS AT

Alm%% JEREAL, ARTERE L, A2
WmE é@%mﬂﬁhmo%% ZERA & L e
JEIGE Fe fERRGE R, 5 AUEBUBRCIR Y AlsFe,
A3 AE TR B, B m X B R A 4 AR I B AT —
FEMAFIFZM , X2 AlFe BURAREL 2 800 1 & FH
Er (/4. 7), 8 Er X Al PAYZ IR ICE Fe AR 1%
AW R, PR ILAE AL SRR RIS 47
B 4655 —AHBURIAY AL, Fe M4 HT434538 AlsFe,
ULHHHN AlFe £ HLAY), 5K 2 1 XRD 4553
—F, Al fh A AL Fe MM H, BROEDT Al KA
BRI, A TIREEA S SR ML,

al80°C. 36h

© b180°C. 120h
K3 mRha e b

c180°C. 240h

THBIES

Fig.3 Morphologies of the secondary phases in the aging Al alloy conductor wire at different temperatures and time
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Tab.3 Chemical compositions of the points in fig.3

wt.%
& Zr Y Er Fe Al
1 — — 5.48 — 94.52
2 3.16 1.61 — — 95.23
3 1.14 2.28 — — 96.58
4 — — 0.65 37.65 61.7
5 2.41 1.61 5.15 — 90.84
6 3.59 223 1 — 93.18
7 — — 2.12 31.7 66.18
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Fig.4 SEM fractographies of the Al alloy conductor wire aging at 180 ‘C under different times
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