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Table 1 Nominal and actual composition of 4 kinds of test alloys
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Fig. 1 Microhardness and electric conductivity of as-cast

alloys 1-4
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G4 3 RN 1 /& RR WA

B3 FaR G4 |3 RH400 SEM 14, 4
SR A B 22 e R B I P A & A AE B 8 B R A
Mt TE b AR SRR A A, W Si LR A&

Alloy Nominal mass fraction/% Actual mass fraction/%

No. Zr Sc Er Si Zr Sc Er Si
1 0.15 0.10 0.20 - 0.152 0.108 0.211 -
2 0.15 0.10 0.20 0.05 0.157 0.113 0.220 0.063
3 0.15 0.10 0.20 0.10 0.154 0.104 0.217 0.117
4 0.15 0.10 0.20 0.15 0.152 0.107 0.224 0.146
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Fig.2 Metallurgraphs of as-cast alloys: (a) Alloy 1; (b) Alloy 3

B3 e BaHsn SEM &
Fig. 3 SEM images of as-cast alloys: (a) Alloy 1; (b) Alloy 3
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Table 2 Quantitative analysis results of selected areas in Fig. 3

Point Mass fraction/%

No. Al Zr Sc Er Fe Si

1 73933 0.012 7.022 8338 7916 2.779
2 77692 0.010 0.028 14.365 7.882  0.023
3 99715 0.102  0.146 - 0.018  0.019
4 99.738 0214  0.022 - 0.015  0.011
5 77.650 0.010 0.021 14.551 7.743  0.025
6 72997 0.013 7.145 8460 7.819 3.566

7 75176 0.015 5422 8.607 5332 5448
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i, A AR I Se B R T A IRl Y Se A sl
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Fig. 4 Hardness(a) and electric conductivity(b) of test alloys
aging at 400 °C for different time
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Fig.5 Hardness(a) and electric conductivity(b) of test alloys
aging at 400 ‘C for different time after aging of 300 'C for 24 h
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Fig. 6 TEM images and SADP with [100],; direction of alloys 1 and 3 aged at 400 ‘C for 24 h (DF): (a) Alloy 1; (b) Alloy 3
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Fig. 7 TEM images and SADP with [100],, direction of alloys 1 and 3 at different stage with two-stage aging (DF): (a) Alloy 1
aged at 300 C for 24 h; (b) Alloy 3 aged at 300 C for 24 h; (c) Alloy 1 with (300 ‘C, 24 h)+(400 ‘C, 24 h) aging; (d) Alloy 3 with

(300 C, 24 h)+(400 C, 24 h) aging
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Fig. 8 STEM-HAADF images and EDS of alloy 3 after
(400 C, 24 h) aging treatment: (a) HAADF images and SAED
with [100]4; direction; (b) HAADF image of red box; (c) Line

scanning
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Fig. 9 Curves of tensile strength versus annealing temperature

of test alloys
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Table 3 Recrystallization temperature of test alloys

Alloy No.  Start temperature/'C ~ Ending temperature/C
1 375 575
2 360 575
3 350 550
4 335 525
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b e PRI, AR PR 45 i AR SR 2 4R 2H 2307 1)
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25 S RE IR 58 -

K11 iR NE4 1 4(475 °C, 1 h)iB k)5 TEM
%, BIR7T AlL(Er,Sc.Znki ¥ 504, AL AR
. BHE 1)) LA, Aly(Er,Sc,Zr)fi T-AEf%
BRGETILAS, AL D) siseit 55 A4 B
SeEy) Lt M il P V= peawy | SE Ayl I RN R WS BN S
TR A R AR, M IEZR & & I f2.
B 11(c)nT LAE Y, A MR A ST L, Refsia
TGV di R (R SR A AR, AT P45 4, 2y P45
p T AR . FHE 11(d) AT LU B8 AR S dn
M AR, SIS R BRI, $0H 2 i doRs
KK, MRS T & &ML T iRER,
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Fig. 10 Metallurgraphs of alloys 1 and 3 after annealing at different temperature for 1 h: (a) Alloy 1, 475 C; (b) Alloy 3, 475 C;
(c) Alloy 1, 525 °C; (d) Alloy 3, 525 °C; (e) Alloy 1, 575 °C; (f) Alloy 3, 575 'C
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B 11 Aly(Er,Sc,Zr)Ri -5 FR 5 S AT 1 R

Fig. 11  Effect of Al;(Er,Sc,Zr) particles on recrystallization behavior: (a), (b) Pinning dislocation; (c) Pinning sub grain boundary;

(d) Pinning grain boundary
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Effect of trace Si on microstructure and properties of
dilute Al-Zr-Sc-Zr alloys

ZHAO Hui"*?, LI Hong-ying"*?, ZHAO Fei" >, YANG Chang-long*, JIN Dong" *?

(1. School of Materials Science and Engineering, Central South University, Changsha 410083, China;
2. Key Laboratory of Nonferrous Metal Materials Science and Engineering, Ministry of Education,
Central South University, Changsha 410083, China;
3. Key Laboratory of Nonferrous and Rare Metal Materials Science and Engineering, Changsha 410083, China;
4., State Grid Liaoning Electric Power Supply Co., Ltd., Shenyang 110042, China)

Abstract: The effects of trace Si on microstructure and properties of dilute Al-Zr-Sc-Er alloys were investigated by OM,
SEM, EPMA, TEM, STEM, hardness tests, electrical conductivity tests and tensile tests systematically. The results show
that the addition of Si promotes to form more Er-rich primary phases in as-cast alloys, which enhances hardness but
obviously decreases electrical conductivity of as-cast alloys. Core-double shell structureAl;(Er,Sc,Zr) precipitated with
proper heat treatment in Al-Zr-Sc-Er alloys. Si increases the ageing response speed of the alloy, promotes the
precipitation of Zr, Sc, Er elements. Si can participate in the nucleation of the (Al,Si);(Er,Sc,Er) phase. After a two-stage
aging treatment (300 ‘C, 24 h+400 °C, 48 h), the hardness and electrical conductivity of alloys with 0.05% Si addition is
higher than with no Si addition alloys. However, the addition of Si causes coarsening of the precipitated phase, thereby
reducing the recrystallization temperature of the alloy.
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