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R1 A356 FAERA M 20%Mg,Si/A356-1.3%Fe 54k
AL R 7y
Table 1 Chemical compositions of A356 recycled aluminum

alloy and 20%Mg,Si/A356-1.3%Fe aluminum matrix composites

Mass fraction/%

Material
si Mg Fe | Oher
impurity

A356-1.3%Fe 7.04 039 1.3 About0.1 Bal.

20%Mg,Si/A356-1.3%Fe 14.3 13.0 1.3 About0.1 Bal.

Bl R 1 s, R Al-3%B Al Al-10%Cr
HE G S0 2 SR T AR AL, S 0.2%B.
0.8%Cr BAJHAS I A H: 0.2%B-0.8%Cr H 548 i

1.2 WHMFERERD D

PEIAFEIGHT 20 mm ACHORE, HIZKRDARIE 4T BE
e Rl e B A 4 T W UBE(SEM) R X S ERATT
SR ASCCXRD) WL I 0 43 #7525 4 ) 2H 20K AiE A0 40 A 21
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Bl 1 20%Mg,Si/A356-1.3%Fe FAEFIEE SATRIK SEM-
BSD 14 & XRD #%

Fig. 1 SEM-BSD image(a) and XRD pattern(b) of
20%Mg,Si/A356-1.3%Fe matrix

recycled  aluminum

composites
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2.2 h{REEEFROMT M
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PERERIER S . 4 A356-1.3%Fe fH/ER &4, Hhufd
PERERI BE PR 22, 14 20%Mg,Si B5s 5, P
FRPZ H 80.6 MPa #2753 89.2 MPa, 5 T 10%, Wi
ZANAE TG AR, BB AR 1/3, BER P RE
P21 3 % & B-Cr 2 a A MR hr i i S AR
Bfg et s, brhiamEisE] 114.3 MPa, WigdwAr
PEEE] 3.8%, B ST 27%H1 73%, 1 R ST
AR TR AR A

Kl 3(a)~(c) BT WAL BT I (1) SEM 5. 3 Fil
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2 B. Cr Ml B-Cr £ 5748 it 20%Mg,Si/A356-1.3%Fe H 5+ kH SEM-BSD 4 % B-Cr 84722 A i ) XRD 1%
Fig. 2 SEM-BSD images of 20%Mg,Si/A356-1.3%Fe recycled aluminum matrix composites modified by B(a), Cr(b) and B-Cr(c),
and XRD pattern(d) of composites modified by B-Cr

£2 BFHTE 20%Mg,Si/A356-1.3%Fe AR E Fe MR Mg,Si AR
Table 2  Average sizes of primary Mg,Si and Fe-rich phases in 20%Mg,Si/A356-1.3%Fe recycled aluminum matrix composites

. Length of Fe-rich Width of Fe-rich Aspect ratio of Fe-rich Length of Mg,Si
Material
phase/um phase/pm phase phase/pum
Unmodified 36.8+17.2 1.8+0.1 20.4 70.2+£21.3
Modified by B 43.5+14.9 1.8+0.1 24.2 28.9+11.5
Modified by Cr 45.3+17.6 14.9+4.2 3.1 49.9+17.5
Modified by B and Cr 37.2+£10.5 11.4+2.9 33 36.4+6.3
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£ 3  A356-1.3%Fe A48 & Mg,Si/A356-1.3%Fe A WHRVAS SR AT 5 Iz 7 27 M B R BE i
Table 3 Tensile properties and wear loss of A356-1.3%Fe recycled aluminum and 20%Mg,Si/A356-1.3%Fe recycled aluminum

matrix composites before and after modification

Material Tensile strength/MPa Elongation to fracture/% Wear loss/mg
A356-1.3%Fe recycled aluminum alloy 80.6+11.4 2.1+0.1 13.840.6
Unmodified 20%Mg,Si/A356-1.3%Fe 89.242.1 2.2+0.1 43£0.3
20%Mg,Si/A356-1.3%Fe modified by B-Cr 114.3+8.5 3.8+0.4 4.1+0.1

Fig. 3 SEM images of tensile fracture((a), (b), (¢)) and worn surface((a’), (b"), (c")): (a), (a") A356-1.3%Fe recycled aluminum; (b),
(b") 20%Mg,Si/A356-1.3%Fe recycled aluminum matrix composites; (c), (c) 20%Mg,Si/A356-1.3%Fe recycled aluminum matrix

composites modified by combination of B and Cr
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PR SAEIOLIE 3(07) UG LN IR R
%, FER—EmIIAN, BRI, S64
HBE BRI BRI R A B 1R S R i . 42 B-Cr
APt e HAMEHOLIE 3(c) MBS I 1 2 LA ALy
T, BeEERIEE R .
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Fig. 4 EPMA-WDS mapping of 20%Mg,Si/

A356-1.3%Fe recycled aluminum matrix

composites modified by combination of B and

Cr
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EPMA-WDS 4K, Hrh4dh Al. Mg, Si. Fe.
Cr F1 B JCE 5040, B A FIEUER NG KIC R
A . WLAE AN, Cr iRZaAAtNE Fe K
L, BRI Cr e & FEA7AET Fe M2 . 1 B JGR E 2
BEAEAEHIE Mg, Si A1 & Fl, BUE W] B JC Z 04 2E Mg,Si
FHI S AL W B 554k, B WL AER] A Mg,Si AH
I, 7k MgSi AHAEK G, 94 Mg,Si AHAEK
BSR4 otk o TR Cr 75 B-Fe(AlsFeSi)AH H
MR R RN, TR S BENF] Fe AH 3 v B 1R
A, IR K, T EPMA-WDS 20145 Bt Bk Cr
JCHE ALY Fe JuaAHEL, [, Cr i 17 p-Fe
AHN B HPHAS T Fe Jo 7104 HL,  MIMikgz p-Fe AH
AEK, Af45 Fe AHANFRAY B —J7 [a) AR B ARURERIR,
SR )3 ) AN T Tl AR R IR B IR 1) o-Fe
Mo H—J5M, Cr JuHELE Fe JURIATFR/MHELT, Cr
el tAT T 55 Fey Si B Alys(FeCr),Sig )& AL
AN, WK Fe MY Fe o &, HBE Cr
TrEBEIN, Fe AR T e AR AR BN 1 B2
AR, HETHDEIER Fe AP L

A356-1.3%Fe fAE40 A RS EHIR Fe A AL
WHRAA T ERREM, BT Fe SN b=
ANIF, E1IR Fe #H 0 v it S 2B K A, AEEFORAL B e
N &g, SHRE SRR EAR N, SR
PERE. TR BEVERERR 22, 4 Mg,Si B9 i b th B0 K &
Mg,Si A4, K HEARIIPIAR AL A 22 77 A 18 3 5
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SR R B RIAE R, (R MgoSi A 5 AR K BOkLK
MIREE deetR, ANReAE ROR LA T s Al AR, A
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DAY /D 2 AR S AR 1R ik, HUHT B2 T AR ) PR
kDR SRS, DR AR A MR I T B AT T 4
e 4 B-Cr LIS, HI2E Mg,Si AH & A0 241
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FARBCEHOR o A1, DAR TS 52644 ) o 5 R0 9 1
WA — e o, P i 5 R N AR Ry iR 27% R
73%. KA B-Cr AZ 44k TR FAHKI A Mg,Si AHAT
Fe M, BEBIEFE b 9% (0 RE T ok B e n, o %
BT S, BT LA B A W R, B PER B
E G

1) 20%Mg,Si/A356-1.3%Fe MRS AR

i AlL Siv Mg,Si. S-Fe(AlgFe,Si)Z AL Ak,
Mg,Si A ERF AR, 17 p-Fe BRKEPR. B Al H 248
S Mg,Si M, HANGEAR 5T B-Fe #H, 1M Cr "I AT 2L
A5 i p-Fe A1, FHXHIE Mg, Si At HA — 2 4 tE A .

2) B-Cr EA e LI LE Mg,Si AHFI B-Fe A [H]
AR, EHIR B-Fe MR AL BB IR B #OIR a-Fe A1,
KARLI/NT 90%, #1142 MgySi AH T3 T2 R %
50%. B WLFHAERIAE Mg,Si A JE Bl # b L AE K S B,
i Cr #EAF] Fe MITh k5 Fe RO A S, M3
Fe JSUF4 8 /DK EAR Fe AHAE R

3) Mg,Si 41 W 3% A356-1.3%Fe /L4311
M BEE, T S Ik 3 i 3 % o 14 B-Cr A8 i b AP A
B, PUb s AR N AR 23 G H = 27% A 73%.
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Effects of B-Cr on microstructure and mechanical properties of
20%Mg,Si/A356-1.3%Fe recycled aluminum matrix composites

GUAN Yu-qin', DU Jun', WU Tao-quan', CAO Dong?, LI Wen-fang', XU De-ying®

(1. School of Materials Science and Engineering, South China University of Technology, Guangzhou 510640, China;
2. Guangzhou Jinbang Non-ferrous Alloy Limited Company, Guangzhou 510340, China)

Abstract: A356-1.3%Fe recycled aluminum alloy was chosen as raw material to prepare 20%Mg,Si/A356-1.3%Fe
composites by direct melt reaction between Mg and Si. Modification behaviors of B and Cr elements on primary Mg,Si
and Fe-rich phases in the composites and its influence on tensile properties and wear resistance were mainly investigated.
The results show that the elements of B and Cr can effectively modify primary Mg,Si and Fe-rich phases, respectively.
Simultaneous modification of primary Mg,Si and Fe-rich phases can be effectively achieved by the combination of B and
Cr. All of the needle-like S-Fe phases are changed into a-Fe phase like Chinese-script characters or skeleton. The aspect
ratio of Fe-rich phase is reduced by 90%. Morphologies of primary Mg,Si phase are changed from coarse dendrite to
small granular. Its average size is reduced by about 50% from 70.2 pm to 36.4 um. Compared with A356-1.3%Fe¢
recycled aluminum, the wear resistance of the composites is improved by 3 times, and the tensile strength and elongation
to failure of the composites modified by B and Cr are increased by 27% and 73%.

Key words: recycled aluminum alloy; composites; primary Mg,Si phase; Fe-rich phase; modification
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