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Table 1  Chemical composition of A356.1 alloy(mass
fraction, %)

Si Mg Ti Fe Al

7.17 0.34 0.14 0.12 Bal.
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1 LT A356.1 4404
a( AV 5
Fig. 1

Effect of refining and
modification on primary a(Al) phase
of A356.1 alloys: (a) Without
addition; (b) Al-Ti-B; (c¢) Sr; (d) La;
(e) Ce
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Without AI-Ti-B Sr La Ce
addition

B2 AT A356.1 &4 a(ADAH SDAS HISEIH
Fig. 2 Effect of refining and modification on SDAS of
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primary a(Al) phase of A356.1 alloys

3 UG A356.1 & &L R
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Fig. 3

Effect of refining and
modification on eutectic silicon of A356.1
alloys: (a) Without addition; (b) Al-Ti-B;

(c) Sr; (d) La; (e) Ce
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I Average size of eutectic silicon
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Average size of eutectic silicon/um
=
Aspect ratio

Without AI-Ti-B  Sr La Ce
addition

Bl 4 4L A356.1 &t SRR T K BRI 5 HL
A
Fig. 4 Effect of refining and modification on average size and

aspect radio of eutectic silicon of A356.1 alloys

B5 4ifeAe it A356.1 &4 Al
AR IR
Fig. 5
modification on secondary phase of
A356.1 alloys: (a) Without addition;
(b) Al-Ti-B; (c) Sr; (d) La;  (e) Ce

Effect of refining and
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Table 2 Chemical composition of secondary phase

Mass fraction/%

Position
Mg Al Si Fe Ti La Ce
A 033 79.8 8.14 0 0 1174 0
B 0 73.87 15.16 1097 0 0 0
C 037 69.22 4.07 0 953 0 16381
D 593 5492 3245 473 0 0 0

BRI H 2K ORI A3, A
S AN E YA AR A1 Bt EDS B2 23 i
N, HURBUEURLIR 5% A A A T, R ek
MR ESRM. B 5 s, £ AL-Ti-B
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S5)F(e)FT7R: MIIA RE JGERJE, &M%
BIFGRRD . 2 Ce AT S HL FH L
A& B EZ T4 La BRI &4, Wk 5(d)
Fie) i, HrLa 5 Al Si JGRETEE Al-La-Si
Ak &Y, W Ce 2F1 AlL Siv Ti £/ Al-Ce-Ti-Si
it B

2.2 LTERIT A356.1 & SIFERERIE M
221 XPREASTLAHE: RE RS20

Kl 6 Bt AN RIS i AL B 5 A356.1 A & i o
B JERBREE AR, R 3 FTAN S R, B
7 B NS R R 2 . BB TR R0, 4 Fhaifl
RIS RE— AR LR = A S PURL R L JE R
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L5 A0 P s P O B o 2%, iR E) 203 MPa, %
RATRA SRS T 11.5%; JERGEEIAS] 142 MPa,
BARBRAEIRE T 5.2%, AN, KR T 18%;
MEId Sr 4478 i A 4, FEIRVESR sl B2 K, A
KHILF] 6.9%, BARLREG &R T 56.8%, [N,
PrisaEWIR S T 9.3%, 1A% 199 MPa, 454G 15
Re . RE JLEX G &M SR 8, HEMEH
KBRS, 0 La. Ce JUERJG, KRS
PEm T 20.4%H01 29.5%, LA, Ce XKk
HRRI La AW &
222 XPhAd T S 0

Pl 8 Fas AN R AR i AL B 5 A356.1 4 & IrI bz i
PSR, 3 H EDS Ml 1 RHE s 22 e (R 4).
SNSRI T 51 P N7 a4 R s P T I i o
A REAHUI B FFRFEF T, AHAT A 3 T 3

R, e MR AR BN A356.1 G AR AR R 1495
250 I Tensile strength 10
B Yield strength

200 E Elongation 8
& =
=150 6 &
k= g
0 =)
8 100 4 5
A m

50 2

0

Without Al-Ti-B ~ Sr La Ce
addition

B 6 AMLAEFA A3S6.1 4o PRimiE. BRI A K
KM

Fig. 6 Effect of refining and modification on tensile strength

and yield strength and elongation of A356.1 alloys

R3 A356.1 A EIIPUHIEE . AR RS A
Table 3 Tensile strength and yield strength and elongation of

A356.1 alloys processed by different modification treatments

Position o,/MPa 09,/MPa n/%
Without addition 182 135 4.4
Al-Ti-B 203 142 5.2
Sr 199 122 6.9
La 191 136 53
Ce 183 136 5.7
250
= Without addition
- Al-5Ti-1B
200 | e Sr
— La
E1sof —
2
s
2 100 -
50+
0 3 6 9 12 15
Strain/%

B 7 4iARBTR A356.1 8L g AR 4G ) 5 R
Fig. 7 Effect of refining and modification on stress strain

curves of A356.1 alloys

PRAHIE, (RIS HI 1 SR80 116 HDIR A 3 &5 B ST i
1ERE, W 8(a)fizR; 4 EDS ik, FRELE& K
TERERL A A SRR . Dbk, Wi B8 RSHREK T
TREEHGR, W7 DR DUIGE R IR 1 9 32 1 e iR &
Mo 2 Al-5Ti-1B. La 8¢ Ce )i J5, A& Mhifibr
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TS5 R AR 2 AR AR — 5, E T IO AR b R
SHA RTINS DA R 3 TR A
M, ikl 8(b). (dFI(e)fin: MR4E EDS 4554, #i
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Mo & St AR R, A4 h i oK &g/ 5 4
o AR IR ST (T TR e, (B2 3
e S A R BN, Rk, Wk
RN UL 28 E R AW, Wk 8(c)Fin;
% EDS T, ¥15 b1 B R AL AT . 25 T
®, EAFRARFAIE, &4 miRsRaE L R
MIRA, HOIWERY BT L A .
2.2.3  SOFRAR T RS A T 2 2 B

P9 B AR AR i AR EE i A356.1 A 4 W R A
M) SEM 14. I 9 Zbral s, REHIAR 5 Ab 3
B, BT S A i 8] PR3k b e, FE T I 247
TERG 2R T AR IR A S e T I S BT 1 S R R
DL TFRE, eI K Ty 1) 5 R A 5 ) 2 (3

(a)

T4 LI CURFAE DI 27 )

Table 4 Chemical composition of feature areas of tensile

fracture
Mass fraction/%
Position

Mg Al Si La Ce
A 0 33.49  66.51 0 0
B’ 0 45.63 5437 0 0
C' 0 2399  76.01 0 0
D' 0.85 3829  23.15 3771 0
E 0 71.57 2843 0 0
F 1.97 4731 2539 0 25.33

mnfi, FNETE G rr AR A, WK 9@, &
AL-5Ti-1B 4i1L 5 , & & W DA S ) 1 St ek 4E
ity AR BEAA SRR ST B98N RIS e AT IR 2, A
TASZE BT 1L R 38 7 3 e R A T R AR BE )
Ry RAMBRRAR, W% T &8 RMMEE, RI

(b)

B 8 LA FEAT A356.1 &4 OEIRA
A

Fig. 8 Effect of refining and modification on

fractographs of A356.1 alloys: (a) Without
addition; (b) Al-Ti-B; (c) Sr; (d) La; (e) Ce
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NP R, W o) TR, & St AR, &
S W LG R KB/ NRRCR S iRt SE)
W 1A 3L e A R I T RGO AELE s (H R T L At
MRS/, 28 e sz 20 8 AR AR R BRAS, i 44
MAGBA RSB T1, WK S T4
S, W 9c)fir. & RE BfiE, &4kD
TR RAR SR AR — 55 5 BT AR AR b A sk
RV, RO R A BT . RN, A
AR AR A R I B R R ZR AL, X U AR AR A A
AEMER G215 R, W 9(dFI(e)Fin.
PHltE, REHESL SR, JHE LR
TR Y8 240N a A SRR ST, S
W%, Xkl 7 3k SRR R B e K T ey
JRIIERAT, BRI, M/t R,
LA (1 B B TR s L — ), RSB AR A

9 ZNLARJTIXT A356.1 A <5 AT
TES IR
Fig. 9 Effect of refining and modification

on longitudinal section near fraction surface
of A356.1 alloys: (a) Without addition;
(b) Al-Ti-B; (c) Sr; (d) La; (e) Ce

JEIEFEHR S22 a( ADZERIIBEES, MTTAEES 7> a(ADXE
WRABLARRL, fm T aefikR, 576
(K152 RE o

2.3 DSC E#NHh

X A356.1 & 4 HEEE S FEE T DSC o #r, W
10 Azs. BB 10 Zbrelsn, Rac &I H AR
TSRS, T 7 PRI AR AR SSE 43 T3 N o ALY RI 3 ik P
A5 o NoF U RV AL AR J5 b B i 74 A 4D e [ AR A UL 5
EAZIRE R, 4 Al-STi-1B 40bab G & 4, ¥
A a( ARG E H 619.1 “CRKE] 6152 C;
KEWRE a(AD)MZEER K, FFTHEN aAl)R)
TEAZIIE % B, ARBETEAZ, [FIR PRI T a(ADK K2
(AFIESS[],  $0 fARR, BRZIR1F 4N M5 4E
Hidh . 4 St AR AL G4, R G TR R
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1 — Without addition

2— Al-5Ti-1B
3—Sr
4—1La

E
< |5—~Ce
=
g |s
z |4
= [ 3
3 |2
1
450 500 550 600 650
Temperature/'C

B 10 diARITUR A356.1 & 4 AR 1 52
Fig. 10 Effect of refining and modification on solidification

temperature of A356.1 alloy
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R A 3L SRR TEAZ, LR ORI W B TR
AR, ARIT IR/ R {2 Sr BEsn
BRT a(ADEEZRIEEER, aA)SRA K.
M4 La. Ce 4L BB E &4, HAIAE a(A)A
SRR A A% IR B Y 5 W B 281k

3 51T
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i ek S JSUTAZ I e i P S B A, 0 ALP BY ALO;,

X FECL TR FIUAZIRE TR, TR EE
ICAIR AL . BRI A B PR A, BEi 3L &
TEARZH R AN B BRI, KR PR i R
PR, I S 4 AT A, RYE A S DSC HidlE ot
% Sr ARG 4, LAEERRGEZIEEH 570.7 C
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RAEAE Si AR AT AT FIEkIELL, FEWT SiJEF3
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A, MR Si (TR 30RI AR K 7 20 DUk 21728 53 (12
%[23]0
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FIR I EE R, [£/3 RE JUER 2 W IRTE B-AlsFeSi
K, PR ESMMAK, 0L R R,

ZE borHr, IR IR A356.1 5 A a4 4
e 7 . MU RO AMIE . Hodr AL-5Ti-1B
SIHIAE a(ANVAHAIE R 150 3%, WIE a(ADARFL
FH HE K )RS A i 2 7358 S R /I ()RS S o R 48 /) P 55
B, R FEE AN OB R TR R 3 R RN, E X
e AN B AR A B SR A s T St A R
A356.1 GaHRIR . PR BB SRS A i i A8 2 /s
FRIBURLIR AN R 4EIR , (EZ ST WA a ADARBA BHE
AR, X E SR I B AR AR 1 RE U6
WA a(Al) L LS TERT S A A — & gtk
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AN Sre S5 4 PSR 4EAL AR T A A EAR )
EVERE MR 20 MY, 404k a(AD SRR M4 R T
PR A A BRI, B4k a(Al) SRR & &0
it N EE. GRENLKIEY, E&RMEH
JoE R 5 B AN R RS R /N IR O R A B -G A
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o, =0;+k,d "’ (1)

X o Mk 2PN KRR d ikl B
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1) Al-5Ti-1B X} A356.1 &4 FHI4E a(ADAH 41k
TER 3 53, W14 a( AL i AR IR S e A R
/NS SR FD A/ A At A SRR FE AN IR b
() B 38 KR/, ES 3 e T A V8 B S5 A
ER

2) Sr BEA MUK A356.1 G4 HR. K AR
ZOREEAZ AN NV RRDIR RV 2T 404K, AT K B A1
R 1 PR R 3 MO SR R TR R4 (HLI X
WIHE a(AD)AIANE BRAR A B S AL iR

3) La. Ce X} A356.1 &4 a(Al). FhamkER
B YA — MR RAE R, H4E SR E A K
Al-5Ti-1B, AR RCR B B A0 Sro I RE JCE G,
B UM TR S KR AEH R, EKEERERN, X
B YA KR B RHIER .

4) KF Sr BRI, A356.1 A& MLiE 1R
e, HHhisREikE] 199 MPa, BORAS N R E T
9.3%; MK ZHIAEE] 6.9%, BN AI-5Ti-1B. La. Ce
43 T4 5 56.8% 32.7%F1 21.1%.
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Effect of refinement and modification treatment on
microstructrue and mechanical properties of A356 alloy

LI Wen-shu'" %, SONG Dong-fu*?, ZHOU Hai-tao', ZENG Qiang®*, LOU Hua-shan, WANG shun-cheng’

(1. School of Materials Science and Engineering, Central South University, Changsha 410083 China;
2. Guangdong Institute of Materials and Processing, Guangzhou 510650, China;
3. National Engineering Research Centre of Near-net-shape Forming for Metallic Materials,
South China University of Technology, Guangzhou 510641, China;
4. School of Mechanical and Electrical Engineering, Liuzhou Vocational and Technical College, Liuzhou 545005, China)

Abstract: The effects of Al-5Ti-1B, Sr, La and Ce on structures and properties of A356.1 aluminum alloy were
investigated by optical microscopy (OM), scanning electron microscopy(SEM), tensile test and DSC differential thermal
analysis systematically. The results show that Al-5Ti-1B has remarkable effect on the refinement of primary a(Al) grains
in A356.1 alloy, but it has no obvious modification effect on eutectic silicon and iron-rich phase. Sr can effectively
transform the thick and narrow strips into fine grains and short fibers in A356.1 alloy, thus it can greatly reduce the length
of eutectic silicon and significantly improve the shape coefficient of eutectic silicon, but it has no obvious refining and
modification effect on primary a(Al) phase and iron-rich phase. Both La and Ce can refine and modify the primary a(Al),
eutectic silicon and iron-rich phase in A356.1 alloy, but its refinement effect is less than that of Al-5Ti-1B, and its
modification effect is obviously less than that of Sr. After adding RE element, the morphology of iron-rich phase does not
change substantially, but its length decreases significantly which indicates that RE have a remarkable inhibition on the
growth of iron-rich phase. The comprehensive mechanical properties of the alloy that added Sr achieve the best.
Compared with the Al-5Ti-1B, La and Ce, the elongation of the A356.1 alloy that modified by Sr is increased by 56.8%,
32.7% and 21.1%, respectively.

Key words: modification; A356 Al alloy; microstructrue; mechanical property
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