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Fig. 1 Schematic diagram of tensile bar
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Fig. 2 Microstructure and energy spectrum of ASN master alloy



[y = ‘Et
20214F EOHI/ET0E ILICHAST Founore

2.3 ASN EMEE3 Al-Si-Mg &SR MRS

—fems, @WEeEFRNEETERE, HF T
EEAS I ENREBETBISB TR, FEENS
EBMRE TR . E5NRINASNSEMESRIEAI-SI-MgE
S SBEMNL, BEERANEMEE D BIEHTHRMN
FECFSERBIINER . RANSEMEE, 6%
SHEMH41.2%IACS, @HIFRIAI-SI-MgEE RN
ASNBFEEE, AENSB4EEEEIEM, H41.8%
IACS, F8B LM TEMMNS ., BTFASNEMHEEH
BAREAINPHLF, AINpHIF—ERE LREBRTHRESE - _ _ O
SIOESIE, BRRSTEIS, KU, BHF [T MSWRASeasau
/N F izl FR P E K &R SIS EAIEB 7845, [EIRT AL-Si-Mg-ASN alloys

(a) Al-Si-Mg (b) Al-Si-Mg-ASN

(a) (c) Al-Si-Mg; (b) (d) Al-Si-Mg-ASN
E4  Al-Si-MgRAl-Si-Mg-ASNE SR
Fig. 4 Microstructure of Al-Si-Mg and Al-Si-Mg-ASN aluminum alloys

AERERTRLIER, MHISIRFEEERTE, & 45

IR, MTSMmEEE. 412 5t
40+
2.4 ASN BHAR Al-Si-Mg &2 H%HAHY £,
oL H
PR RBRASH N FENENTE. 0t

Al-Si-Mg Al-Si-Mg-ASNE £ Te MRS, MHE

70 ECRE R R R AE . El6a0AI-Si-Mg R Al-Si- 31 | | it
Mg-ASNE &I EEETHE . NEFFTLIEH, OT ALSi-Mg Al-Si-Mg-ASN T
Al-Si-Mg& £ ECIE EENBEHBW107.8; M@Al- FANR/%

i A{} :ﬁ = PaN =S , E = %

St :If]_':' = EP o ADASNE=FH E'E_E olid EEEEE\{EL E5  Al-Si-MgRAI-Si-Mg-ASNE & SEIHAERILL
E1E5, AIAEIHBWI27.4, 125 718.2% . E6bIIAI- Fig. 5 Comparison of electrical conductivity of Al-Si-Mg and Al-Si-
Si-MgM&Al-Si-Mg-ASNE =R J-M A, 7 Mg-ASN alloys



684

Vol.70 No.6 2021

} ‘i ., i3
{EE Founorw JIUIS ISR

MASNZHASRE, Al-Si-Mg& SRR ZIR
5. H=BRiH@E 325 MPaiZF 2390 MPa, 25
1120.0 %; =REREEH240 MPai2F+ZE345 MPa,
125 743.8%., AL, 7EAI-SI-MgAa LR INASNEF
a%hE, asNEERNIRENERZESEIBEX
=, MANASNRIEEE, HEEH12.8%EEN
12.0%, pHEEEA: fFREXRERS, =5
HESBM T, MATHIASNEMEEERERHA
1, FEEEARREREN2.8 %E(E912.0 %,

B [AL-SI-MgE & IR INASNEMEE5|ANAIN
RS, MHEERF R ERM G EZ MR . S
BezsE5R M LUK Orowans& AL .

BT EAI-SI-MgEEFIRIMASNEMHEE, Al-Si-
Mg&aEF o AR R T5ET —E2EML .. M
A o-AIRR ML, AEFHNRRHNEIES, [UEs
BZE RANESIERTE. AT ERERERN
2200 AJ LR A Hall-Petch AT T2 1

o= tkD? (1)
U k9Hall-PetchRE, o OB, dHFIORMN
RY, o AEeEBNEREE. HLHRINASNREMEE
&, BT a-Al@RHAL, FSAI-SI-MgaEN=IRE
RIEESEIKBERA . FAITASNRITEGEFHIHN
KERODAABAEHRRSINR ISR, BTN DE
b, EEEERITFALSI-MgESAELUEF .

L TFASNREHE PRI KAINGR SIEERZ
BNARKEHERRK, P EBIRTETEES
1, SHMKBEETRABERDAETIIZEERE,
RN FEREEBENEERFT £ T RKEME, R
FIGEEEE . PEEBCSEXTAI-SI-MgE SRR
IR AN,

A g CTEzl.ZSGb\ pCTE ( 2 )
ATAafp
1Y CTE_]-ZW (3)
140 127.4
I
§120 1017.8
@100
il
= 80
60
40
0 Al-Si-Mg Al-Si-Mg-ASN
WIng/%
(a) f#

[E]6 Al-Si-MgX Al-Si-Mg-ASN

F: GHbD B AEFRBIIREFRETERE,
LHAEETIRRBRUAIRDEL, o e NRECIE(IIERI
BEE, ATHESRIMIITEEINEENEE,
d, IESEENTIIR TR, A o SEASIEEIEEHM
IRRHMNERE. AREB, SEEMEDTATIEE
R AR, EITHAEREEIR, HmiEHg
RIS EDNR ES IR U=

HRIEOrowansB (AL . A BT FRISRMAFR
ShirFEiEptt, RF#z, B/, BUMR
HMEE . RiERAIEIREETA]:

=G (4)
Tk GHERILER, (VKRR \ORTE

5. EMATRRDET, AFH/NBE/N, sRICIERM
52, MAINKFRGPKEFIER, BUEIREZE . A0
ASNBfEERE, RNt asTEgEFRsx
NABRBEEFEBRISIER, tgaini AR AEN
IR, HLTERAGREGRM IR M EE" . o,
KAINEN B EEEMEIBEE, EAI-SI-MgE
EPIRERIEM VRSN . B, WRISFTAR,
ASNSRME & PAVMAKEROA R EIEH ESIHIR T LA
MR, &g T NHER, BRITFASI-MgaEHRERY
=
E7HAI-Si-Mg R Al-Si-Mg-ASNA £ F{# T /Y
SEMEl . MNEFx~, MMESHEBEMONATER,
HE S GTEMEMENES, AN RERR
2, B7a. b BIRIRAI-SI-MgE SRR AZRTH
WrOFsR, mBTEHENESSAIAKES/MEMEELT
gaSitH, fN7b&EkFi~. MRINASNGEMEZRRE, Al-
Si-MgEEMOFNNERIBER/N, HEIEZ.,
H—EMER, BEESAREF TSR . FIEE
3|, ASNRMEEIETTALAL-SI-MgE SRR, IR
SUHBESIEBETRIEA . HRESIRI MRNTHES

—— ZL114-ASN
ZL114 ZL114-ASN
BihEREE/MPa 325 390
JRARGREE/MPa 240 345
KR /% 12.8 12.0
0 2 4 6 8 10 12 14
PiEE/%
(b) Ny
BEERNDFMRELL

Fig. 6 Comparison of room temperature mechanical properties of Al-Si-Mg and Al-Si-Mg-ASN alloys
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Fig. 7 Room temperature tensile fracture morphologies of Al-Si-Mg alloy and Al-Si-Mg-ASN alloys
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Design and Preparation of High Strength and Toughness Al-Si-Mg Alloy
Material

JIANG Kun', ZHAO Kai', LIN Han?, LIU Gui-liang®, YAN Xi-rui', LIU Xiang—fa'

(1. Key Laboratory for Liquid—Solid Structure Evolution and Processing of Materials, Ministry of Education, Shandong University,
Jinan 250061, Shandong, China; 2. Guizhou Aerospace Fenghua Precision Equipment Co., Ltd., Guiyang 550000, Guizhou,
China; 3. Shandong Al&Mg Melt Technology Limited Company, Jinan 250061, Shandong, China)

Abstract:

In order to obtain high strength and toughness Al-Si-Mg alloy, hypoeutectic Al-Si-Mg alloy was used as the
research object, and the influence of ASN master alloy on its structure and room temperature mechanical
properties was explored. The results show that a-Al dendrites are extraordinary coarse and eutectic structure
is unevenly distributed in Al-Si-Mg alloy. However, when 1% ASN seed alloy is added to Al Si Mg alloy,
the a-Al grains are refined, the dendrite growth is inhibited, and the eutectic structure is well distributed. In
addition, the Brinell hardness of Al-Si-Mg alloy is increased from HBW107.8 to HBW127.4, with an increase
of 18.2%; the room temperature tensile strength is increased from 325 MPa to 390 MPa, and the yield strength
from 240 MPa to 345 MPa, by 20.0% and 43.8%, respectively. Conclusively, the addition of ASN master alloy
optimize the microstructure of Al-Si-Mg alloy and improve its mechanical properties. Therefore, high strength
and toughness Al-Si-Mg alloy is obtained.
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Al-Si-Mg alloy; ASN master alloy; microstructure; mechanical properties; high strength and toughness
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