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Abstract

In order to change the size, quantity and distribution of the second phase of Al-Si alloy and improve
the electrical and mechanical properties of the alloy, Al-4Si, Al-4Si-0.5Er and Al-4Si-1Er alloy were
prepared by using rare earth element Er as alloying element. The influence of rare earth Er and T6
heat treatment on the microstructure, phase composition, electrical and mechanical properties of
extruded Al-4Si, Al-4Si-0.5Er and Al-4Si-1Er alloys was studied by means of optical metallographic
microscope (OM), field emission scanning electron microscope (SEM), four-electrode method for
measuring resistance, universal tensile testing machine, micro-hardness tester and other methods
and equipment. The results show that the rare earth element Er is beneficial to the conversion of Si
from the solid solution state to the precipitation state, increasing the type and quantity of the second
phase, reducing the size of the second phase, improving the mechanical properties of the alloy, and
maintaining the conductivity. The phase composition of the alloy is: a-Al, eutectic silicon, ErSiz, AlzEr.
After T6 heat treatment, the second phase of the alloy structure precipitates more fully. The overall
performance of the Al-4Si-1Er alloy is the highest, the conductivity increases from 52.92% IACS to
54.96% IACS, increased by 4%, tensile strength is 103.5 MPa, elongation is 34.5%, and hardness is
40.5 HV.
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NEFAISIEENEMRT. $E. o, HEAESNHEZEN 2, ACEAH L TREMERNE
&7tE, #%& T Al-4Si. Al-4Si-0.5Er. Al-4Si- 1Er& & . @i b ¥ &40 B8R (0M) 35 R 53 # 85 (SEM) -
DY B AR B B 75 B R AR RIS AL . R TS A, A T M LEr R Te R BN 5 A AL-4Si.
Al-4Si-0.5Er. Al-4Si-1Er& &M MAL . HAR. BEMNHEEEKEH. SR2RY: BELTERErS
FIFSitHEAESHEZRITHE, HNTE_AMEREE, B TEZMARST, R T EE&0 1%,
HEBERFEHRE, 8&0HERN: a-Al. LR, ErSiz. ABEr; T6RUGHE)E, 44HRTE M
PrEMFS, Al-4Si-1Er8 &G EHRERIRE, FHEH52.92% IACS EFAZE 54.96% IACS, 12
BT 4%, PIPREN103.5MPa, HKFEN34.5%, EEHN40.5HV.
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1. 5|8

BERBEEEAESIG. BEA S, SRR LS I T8R s, #) ZRHTFRE. s
iR MEARCL R HURAETE 1] [2]. AL-Si REEHEEEME. v, SR SRR, FEHHERT
FTHLZR[3] [4] [5]. HEEESHALTILREMTEE ER AR, XHESmERIRAL, X641k
MR, AR, SR L] DRI e, I O RSO RRDIR 21
Pem G A rkree].

T6 FAKb I Fi [ 7 AR B J5 AT N TR o A & 0 38 AR ORI R ik 72 v 70 23 VA A T o ]
AR, NI RUGE ARSI, XEER T &8RS E R nit & . ML B MR 1451,
e 5 R ZHOCEE AR E L&Y, AR LR, B ESMER7]. RER LRFEERFEE, H1E
60 FACHE FLEATHITLE 7 XM LA &SN H O, &ENH T ERES SRR E & T4 Tgkyd
AT s A8 T BT Uk R, TSR AWEFT 1 M £ 3 Er XF Al-Mg. Al-Zn R5E 4 1 VERER
S, I R DU G L NEOIR A R Sl s, A ) s A b, B8 AT b, iR
B AU s X FRE[915F AR AL-Er-Cu A 47 200°C 2518 K 3 5L 5 1R /K 200°C~300°C Y,
G R BT AR B R, ot ALCu AT AR TR & & RN TR ZIR[1015 AR AT 1
Al-Er fll Al-Zr A4 E KAV PERERIARL, KB Er. Zr JR T B ER SR E A4 S HR, {H2 Al-Er
G T A S SR E R . A EER Er ER S SuRIMA RIS ALSi &4, Hil%
T Al-4Si. Al-4Si-0.5Er. Al-4Si-1Er =Fi&4x, FHARIT Te #ULE TN &4 R RSN MAmR. 1%
S HEEPERE IR, AT R R R ALST A SRR .
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2. SSIMNREE
2.1. SEIGAAR

LA SR I 1 Fin. JEFEER 4I5S 99.99% (R &%, FE), Al-20% Si. Al-11% Er
()G 4x, (EI IR B RH Y v B A SRR AR R . MR AT Sl RN JFORME 200°C FTIAA, A RIS S I N 4l
A A1-20% Si A &4, 2558 etk JE 7E 720°C~730°CA#IR 10 min, #EATPGE, FIIA Al-11% Er HhiE &
&, BMLEIT ZRYGE, SEve A, AESRAERE, 5RO © 100 mm x 200 mm. KRS
SERRIIEEE, AT R, HPEATH ESEAE 400°C FRIE 1.5 h, BN 139, HEHZE | m/min, $E
WEAZN 8.46 mm [FFF,

Table 1. Nominal composition of alloys/%

= 1. BENBXERS/%

Alloy Si Er Al

Al-4Si 4 0 96
Al-4Si-0.5Er 4 0.5 95.5
Al-4Si-1Er 4 1.0 95

2.2. MR E

PARFEEERR S, 2 BIFE 240#. 600#. 1000#. 1200#. 15004, 20004R04% EFTEE, SRJE F MgO i)t 7
BT, P06 KA Axio Scope. Al %8] SAH WA . FEI Quanta250 B4 4 LR (SEM) S LB g i A%
(EDS)/r M6 & AU LA S pe sy, FH DY F A FaBR =, i v A5 H S %, ] Instron5969 /5 RE R
IEMLIRL R T . R, FRFEN 25 mm, #EK 2 mm/min, W 3 KEIE. )5 FH HVS-50 &R0
THINESRERE, #ifi 300 g, PREFITE] 15s, W 3 REUAME . HRAESCRRIFAF[11], T6 FAALHR KA NXT Al-Si
G tERe AL E, TS H LY, SEERERURLIN 20 AT . BRIkt 7R L2 [EVE 500°C x 1 h JE/K¥E,
ANTLH%220°C x1hy 3h. 8h, 12h. 24 h,

3. BR5118
3.1. BERER

1 2 T6 P 5 & &SAMHAL . B 1 RS Al4ST B E AN, SRS, itk
AFEBR FHIR, TR 2RER . BROIR B R T, AN RS L. B 1), B 1e)al
PR Al-4Si-0.5Er. Al-4Si-1Er G & M@ HH 2, MHRrTCUEH, BEdE Er &R, &84
S ARG IZETG N, RSFIREEN, HaomEmEE ., FEFEFER T BEr 5880 Siv Al TERGH
A, TGN 758 AR R, Hoh M Er SEMAZS ST S AR O SL T A5, 8 5 ERATE itk
Frif, PR EEESITUEAR, A ok

1(d) N Al-4Si a4 id B 500 C R 1 h JE/K%EE, N T2 220°CHRIER 24 h f5 @A 5=
FEE Z, R AMER AT RS K R RUS, BVATESR T St i, Fxt&4
TR P A R 20 1e)s & 1D/ HIE T6 & Al-4Si-0.5Er. Al-4Si-1Er &4 & HAHN, EHE
Er SR, &AL RS ARBETEEEm, BRI, REFEEA .
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Figure 1. Metallographic structure of alloy before and after T6 heat treatment. (a) As-extruded Al-4Si; (b) As-extruded
Al-4Si-0.5Er; (c) As-extruded Al-4Si-1Er; (d) T6 state Al-4Si; (e) T6 state Al-4Si-0.5Er; (f) T6 state Al-4Si-1Er

1. To AALERTEEEEHALR. (a) FES Al-4Si; (b) FER Al-4Si-0.5Er; (c) $HFER Al-4Si-1Er; (d) T6 &5
Al-4Si; (e) T6 75 Al-4Si-0.5Er; (f) T6 7% Al-4Si-1Er

2 N T6 & Al-4Si-0.5Er. Al-4Si-1Er G4 RN BB, 5 FER, HHor ks, o
DAL HIWT ] 2 Hh 3 R4y A& & Br 55 A, KEHUIRYIN L S EER, AN o-AL M. 3£ 2 2
2 &4 Ay By C. D & AU EDS 0485 &R FE A, 1ext A AT 55500, J@id EDS
RETE RN 2), %AE Er. SiJRFHHaR 1:2, ATRUARIERLT ErSi, —JoH, BRI o )E it
BB TEAR[12], MRS &. %608 Al. Er RTHLEE AT 3:1, 2FH Er (ENERE, 2
Ak Al IRZIECR , T RETE /D &Y ALEr, K402 Er 76 Al R B EA A . B A ZICER 2 Al
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Si, AAMEREAPIILEEE, EAMNMYCR B RSEAS. X C 44T EDS 40#, A&l REAA7ER
N ALEr. JLikE. BRTEH Al Er. Si4MNEH/DE Fe iz, WEEEHM L Er ML IER, fiaaHh
F IR IC R AR ONNT A, BT 7 Ras, SEmiARiR s SHERNAR . D £ Al TR HERE,
WA /DER Si, ZA R ER S FERE AL IR WE 2(b) BB ISR R SFE B>, B 1% Er Xt
G &I AR BT

(a) Al-4Si-0.5Er

(b) Al-4Si-1Er

Figure 2. Backscattered electron diagrams of T6 state Al-4Si-0.5 Er and Al-4Si-1 Er alloys
[ 2. T6 5 Al-4S8i-0.5Er\ Al-4Si-1Er & &HIE #GT B T &

Table 2. EDS analysis results of alloy A, B, C and D and the percentage of atoms in Figure 2
F2. El2hE&€ A, By C. D BERXRM EDS HTERRERFESLL

Atomic Composition/at%

Area
Al Si Er Fe
A 86.80 8.27 4.93 0
B 64.03 35.97 0 0
C 79.94 10.90 7.33 1.83
D 99.54 0.46 0 0

3.2. FHITERE

K3 T6 PALFHRT G & & FHE, LD Al4Si-1Er 848 S HEREEN 52.92%, 5 Al4Si 545
HLZ LT AHTE, 1T Al-4Si-0.5Er A 4115 R BE A FRAKN 51.39%, JEBELZIAN Er TR EM &4, BT
WA ErSiy ALEr, XANEFETRZIHAE Si, BRAC 7k Si EEE, JF H ALEr 207 dsls, ]
SR R IR T, PR AR AR, (EEF L Er (INN, BIANT RBRIET, #2 Er BEVAR A,
FERAE AN, BT LSRRI T R R E

AU T 2K M T6 HAbFE(500°CREYE 1 h JG/KE + 220 CHERL) . &4 S00°CHEE 1 h a7k
W DRIRE R A 6 A AE TRV R B A A, T RS S A, PR YA R B A RO
0 s o N NG N 5 | ol RN Yo o ety TS T 3 e 1 5 PR~ N I P S AV i T (1 7
R a1 BEEERE[13]. SIS R, A E PR A e T R, (HARIT R A e S R
MEUN. NN UE, & BRI MR trt, FBACT i as, FHEETE. Al4Si-0.5Er &
S BERT BT IR0, JePEARIE BT, BERR T . Al-4Si-1Er A SRR 0 N, 5 e 18 Tt
& JEURFFARE - BT AL 24 h )5 Al-4Si-1Er A4 T AL B i 5 54.96% TACS, FHEC T ARE 2RI 52.92%
IACS FFT 4% (HUZBAARAK T Al-4Si A& T RS, &R G 58 —AHECE RN, 7 A B nsREL,
BERT RN RN RE G, &4 ALEr BRI IFKOR, X BT IBRASIE IG5, 254 RN 3 (K.
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Figure 3. Conductivity of alloy before and after T6 heat treatment
3.T6 AALIEBRIE A EFHRE

3.3. 1F 4R

K 4 52 To #MALFERT G & &M 1R, BES Al4Si A &MIPihis g2 116 MPa, Al-4Si-0.5Er
HEMPTRiREN 122 MPa, 125 1 5%, H2FKERAFIK. Er TRESG &P RAER ) NFF,
— i DLEA S I R IS RS R rp, R 3 A SR AR s 59— R DA% Br 55 MM b i, A
AR . WA BB, & Er 28 A DURTRCIR 9 £ BIREUAG, X0 G E&a G F, sk
59 7 XTEARIFIZAER, ATHALES, WINARTEH ), RIAPTRRE T m . I B35 & 40 1 RE
HRTFBE, B RUGHE AT T, K 58 AR B EA ST A, SRR, SR SR RS -
T6 HAbH G, Al-4Si BRI SR N 96.8 MPa, Al-4Si-1Er fI4Hi 582 103.5 MPa, 25 1 7%.

140 60
Il Tensile strength
122 - Elongation
120 - 116 113 455
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n(? 100 + 96.8 97.5 - 50
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Figure 4. Mechanical properties of alloy before and after T6 heat treatment
& 4. To RAERIF & SR NFMHRE

K 5 2 T6 HAHFT G A& SN EE, FFIESEEHNEr ti)h, WERARE. FIES Al4Si &
SIS N 42.6 HY, Al-4Si-0.5Er A& MR N 39.3 HV, Al-4Si-1Er A& MHEE N 38.8 HV, [#IK
T 1% A T6 b 5, Al-4Si &4 T Z i k& 32.87 HV, Al-4Si-0.5Er &4 HI4# FE i = N 40.5 HV,
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EFHT 23%, Al-4Si-1Er A& W2 N 35.3 HV. T6 #AbH 5 Al-4Si-0.5Er &4 WA 4UE s, 5
FRBURLR B AT, SRR RCR B3, RIAMERZE SHFESM A EJ . MERGEERET,

Al-48i-0.5Er [E S & 40.5 HV, L Al-4Si-1Er m i 15%, 1X& KN Al-4Si-0.5Er (&4 BMAH, 2
THBEEZ, URECRCANE ARG IEFEERT, i R R
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Figure 5. Hardness diagram of alloy before and afterT6 heat treatment

& 5. To AAIERTE & SRR EE

4. g

1) ¥+t Er AR T Si i EES RN B, &8 EEAARECH: a-Al L& EE . BrSiys ALEr.
BN T8 AR SRR, 55 R SFIRN, AL-4Si-0.5Er A4 (0 S M e ik B B, BB SR 122 MPa,
KRN 41.74%, TN 39.3 HV.

2) T6 HAbE G, & &440h 5 M EIN7E 4y, Al-4Si-1Er A& A AR E, SHEH
52.92% IACS EF+ 2 54.96% IACS, $&15 1 4%, Prhiss N 103.5 MPa, K385 34.5%, i 4 40.5 HV .

E&WE

5% SRR 5L 42051 H (51804189),  LLAR 4G AR5 £ 18+ 3£ £ 75 H (ZR2017BEMO04) .
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