FOUNDRY ﬁ @,‘S%

Vol.73 No.5 2024

Sc #0 Si tHE{EAXFIE Al-Si-Sc

TEEEN:

BZerE (1982-) , B, &
Hig, B, FEBENEF
KYHRIRE. REEEHE
eIt = Wk, E-mail:
zhouronghu2008@126.com
BIREE:
[EmE%(1988-), 8, I,
E-mail: zpfjsyc@126.com

hEDES: TG146.21
NEtRRag: A

N ESHS : 1001-4977 (2024)
05-0612-09

A=k

2022 FEERIEERIN
B (G2022014146L ) ;
WNFEIRESRE
MEZ(EAREZE L
I B (22KJD430011) ;
022 F T REFZME
£ I B (BY20221011,
2023hx-63) ; 2023 &
RESRANTEFIME
(ygy6070014007 ) ;
2023 FREFLEEEIE
(ygy2201) . WisHER:
2023-07-25 R #FS,
2023-09-14 WEETFS

SEHAIERERISCND

RRE, BT

(& TAVBRAIAR AR B IS ESRIBF e, I T7ak 224005 )

HE: BETHSEASIEEINASCREES MRS, ERSIFISCHIEEERI A SHRF
HEEINHFEH—LRANR . AXHR T ARIEESIFISCI & B LRMMEEENF M,

EEEIR, SclEdEMEMIEALSCER o -AISRFAZER S ML o -AlERE; TEREET
ferh, HRERMNAR T RBIRAISLSCHE, SRR T HRIRAISLSCHE; FFPAISI,Sc,/EE4B
SIEREAEPSCRET, NMEE TALSCHIRIR; SoAZRIEESINERFILTHE FIRE
13, EHAISISScAILL AT LU R AISI,SC,HIE R ; Al-6SiFRScE = MO0.3%IENNE1%AT, iR
EFEREE EF, BETAISISCIBENEE, BEfKETR,; HScAEN1%. SIiZEMN
6%[EZE3%AT, TiEE. EREBEFEREDS EF2%. 12%FN021%, FTE2EHEIIEF
Hr 7 ALScmIFAISI,Sc, B .. &xfF, 11918 T Si-ScaRX EEAXTLALREZAINLH -

X488 Al-Si-ScaE; BIR; BEFML; TR

Al-SIREEEERIFNFHFEMRE. MENNZMRELARINM BT RS S
WIT TR EMMESRSEW™ T, INAScE, ARERML, HaeH—EEHY,
Al-Si-ScE R EEEIHLN SSIFISCEEEX, BEES o-AlL #1EAlLSc. HESi. =
TTAISI,Sc,E, ¥FEALSCS o -AINSREEER", BIFEERMUT, FF
B REF Y, #MEr9Sc (0.4wt.%, LU TFTAEERRER, WABRSESE ) e
BIFETFMUERR, NMRSEEWNZMEEESY, (BEScESHEIZINRIAI-SI
BEHESEAMR RN NEERE— RN

FEERHERSIHERITHEAHBETERABEREEESHNZMEE, SchATHE
RAI-SIE ST I T EERSIYY, HITRYIBA R SERIBB R ERE K N RS
SRZESEEER, MNMEHERESIHER?, B4, EHSAI-SIGEFINAI-
Ti-BZ XM, SIiSEBIT2%AT, SIEEEMUTIAIMULIER, XERASISTI
MBARERN, FBETALTIFITIB,SEMAZESTES . Ritt, SHrsiFiScziEnd
EEERLR I SIS S SHELTIMENEmIFEE N E.,

Sk, &M FAI-SI-ScA 2 HAI=TTAISI,SC,AE (V-48) M7, HHE
FESH—RERIESReEaE, i, FE=ItAICu,ScHERIZEAI-Cu-
ScEEHIREY, FAI-TSI-ScA L AMAK R EHIAISI,SC,FHI, TIiESaEN
FHRE, {BScEEILR0.65%AT, FZAMERAIAISISc,BA, N EE TR
2, FZ X TFAISI,SCAIAFE RN ET M sER S INE R EA~—E, XBJaES
SIFISCHIEEIERBEX, FEH—THR.

ANHIE THEAI-SI-ScES, —HIESIEE6%, ScEE0.3%. 0.6%. 1%; 3
—HScEE1%, SIBE6%. 3%. XFFMEAI-SIEETNERRY, ScEERS1%ZE
E BRI AR AR TR . EEHITSIFISCIEE/ERITE SBLEMIMERERIST,
B SHTEXMEENAFEE., HREREEITEFMIERESI-SCBEER, i
ESIFNSCAYEERIN,, LIKEAI-SIESRIEDF RS,




2024 $E5H/5E73%

1 ABRERSEZE
11 B=FIE

RIS FERIE TA4aEAL (>99.9% ) . Al-20SiF1AI-
2SchigaE, REFEMAEMKDIIAI-SI-SCEE .
B AAIFNAI-20SIE N AEIHIRH, £SG-G24123EY
FCHIREB AN TIAWL, AR IESIFAIAI-2Sc
NIBR; 2IEE, E730 CHMFEER30 min, A5
DOINO0.5%C.Clfr=, Y\iE; EFE10 min, FRELFH
730 CHY, BIOINO0.5%C.ClitiT58 RS, YUE;
FE10 min, FEEREZE690 CHETIEKSHHES
(200 mmx 100 mmx 20 mm ) , ELEMRIAIFENTH
SEFRIONERGZ, SRAISPECTROLAB M123¢iE (Mt i5EE
WERD, kL,

xRl AEUERS

Table 1 Chemical compositions of the alloys W /%
B4 A Si Sc Fe Al

A AI-6Si-0.3Sc 584 029 0012 A

B Al-6Si-0.6Sc 612  0.62 0016 Ak

C AI-6Si-1.0Sc 623 101 0014 A

D AI-3Si-1.0Sc  2.98 1.03 0013 &
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Fig. 1 The size of tensile testing
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Fig. 2 XRD patterns of the alloys and the phase diagram of Al-Si-Sc alloy
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Fig. 3 Microstructure evolution of the as-casted ( the insert is EDS data of SEM image )
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Fig. 4 SEM 3-D images showing the microstructures of representative alloy samples
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Fig. 5 SEM image and EDS mappings ( Al, Si, Sc) of the network AlSi,Sc, phase in a representative sample of B alloy
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Fig. 6 SEM images of the eutectic Si in the alloys as casted
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Fig. 7 The polarized light microstructure of alloys as cast
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Fig. 8 Mechanical properties of the alloys as cast

R2 BEBESNFMRE
Table 2 Mechanical properties of the as cast alloys

B4 PURE/MPa JEIEREZ/MPa IR AIRAR/%
A 146.6+5.6 68.9+1.8 113+11
B 1655+ 35 786+2.9 58+0.6
C 186.6 2.7 83.3+26 54+04
D 189.1+7.2 92.6+4.3 6.5+0.8
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Fig. 9 Fracture morphologies of as casted Al-Si-Sc alloys

ERRIEEBE" ., Axt, AURMREBEHTRMN
TR T HI4EALSC, FEXXEARY, ScRIMULIEIEES
Fofh: —FPRRFIERKIEIS, XEABEEHRHT
BE; S—MESEFZIEIL, BiX5ScaELINEA
RIRFREBHES 2, KRR ERER, RN
IR EALSCES AR AZ AT 8EE o -AIHRERINL
&), =L, 7000.6%~1.0%H9ScA] LARBIR B2 20T
ALSCHZRAM . 2AT, HIXILAISI,SC,HIFZ R FT T
B, BRREMAAE (ANE3e) .

SCHIMMA T UE R RE, EEERENF
FHERIBER RGN, DEEPFSIFIAENTFHEES
HEFCEE. UEEPTSCEBRIFINAT, BSIZEM
600BR(KEI3%, HERSIHIELEITRE, 8% T AlSI,Sc,AIf
B, 1587 AL ScTERRMUTHNESIER. BEEE
M2, o- AI*DSI!ZE AME RN EZ RS RER,
SCHININIES THRAEEM™ 9, BET AIKEK
B, Mﬁ'ﬁéﬁ%i&%m@%“ﬂo BHRELY, FAI-S
REASRINALSCERL, BAARFHFFREI, Hihss
LI tBAR AT ¥, XEATRES 2 FRIBE SR
HIAREXET, REScEBIBIT0.24%R, SRR
SHIFE" ¥, BEATIEF, 1%SciaBEMUR.



2024 $E5H/5E73%

3.3 NEMEERYET

fEA. B. C (6%Si) &5&%, EESCR=SHIE
m, BEZ EFABEE, MEHEEERUSHRTE.
RPN T EIT LR TAISI,SC,HNEFE, MERE
AlSi,Sc,HIERT (DEE ) , BRENZE EFHES. D
BEEKEN EFHBARF ARSI, R
TAEERINAHESTT, Fit, DESERERSHE
M, HEERSHHEER, TRUEENESE (Al
7Si-0.4Sc ) h, BESEKRENILXE" ¥, Z LR
R, FREENTEEEZZHTAISILSCHEFE, X2H
FAISi,Sc, A5 24 FHBEEARIES SEEEE
BN (<1.75) U, EERAISLSC, A IOD %, G
Si—HER S5 [ReR HEFRMmS AR,

BT HESSHERARER, BLkZT, D
SEFREERYD, RBPEEHSCHISIBET, K
R ERAIAISI,Sc,, BRI FEEEUNRS. ECE
S, MU THEABIRAISLSe,, TEREXRTE
TRAEHRHEES, 1530 2AISI,SciE, XLETERI{EI
IR 95 SN g R NTER RIS, ERRNR
T2, GNE10, FINSCHZELALSCIEA o -AIS I
BEs, SMEHRMY; SISsN TR, BETHS
SigfE, MUFLEMIRS. XEEHHI0Sc (<0.6%) ,
AT AT, BEBREBIERERKD, BT
—MNEERIFAIAISIFRE . BESIHFISCHEE, FSie
BB ILERSIAR, ScHZRkALSe, MBS AISI,SC,HI
. AL, EHRYSISScHItLR, EREITRPIEE
ALSCHIERL, B RESRMN, BT EEMATREMEFTIER
WIER . RHXIPTSER ] A& ANRITAFIE R
§S, LUABEFIVALRINDF M.

SEWA:

[11 /R, $BxE, FEF, £ SARNEXAI-SIRFEASAL
[21 28288, F13), AE, 2. Al-Si-Mg-SciHiE & S MMALELT

2535.

EBSE Founore

SN

AISi Se,

65i-0.35¢ 65i-0.68¢

HeARAISi Se,

65i-15¢

E10 Al-Si-ScERHRET . WM. HRSIERIEITEE
Fig. 10 Schematic drawing of microstructure evolution, grain
refinement. modification of eutectic Si in Al-Si-Sc alloys
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Effection of the Interaction Between Si and Sc on the Microstructure and
Properties of As Casted Al-Si-Sc Alloys

ZHOU Rong-hu, ZHOU Peng-fei
(School of Automotive and Transportation, Yancheng Polytechnic College, Yancheng 224005, Jiangsu, China)

Abstract:

Scandium (Sc) and silicon (Si) are effective for modifying Al based alloys, while their combined effect may
be limited by some Si-Sc interaction, which still need to be further studied. In this paper, Al alloys with
varying Si and Sc additions were prepared for microstructure characterization and tensile testing. The results
showed that Sc refines the a-Al grain via a heterogeneous nucleation induced by in-situ formed primary
Al,Sc. A network AlSi,Sc, phase was formed via a eutectic reaction and a bulk AlSi,Sc, was generated from
a peritectic reaction. Both AlSi,Sc, competitively consumed the Sc solute in the same alloy, weakening the
refining effectiveness of Al13Sc. The Sc also refined the eutectic Si to more ordered fiber/plate-like structure,
and a proper ratio of Si to Sc could avoid the AlSi,Sc, formation. When increasing Sc from 0.3 to 1.0 wt%
in Al alloys containing 6% Si, the ultimate tensile strength (UTS) and yield strength (YS) increased, but the
EL decreased due to the presence of AlSi,Sc, phase. When the Sc content was 1% and the Si content reduced
from 6% to 3%, the tensile strength, yield strength and elongation increase by 2%, 12% and 21%, with Al,Sc
in a dominant role in solidification reactions without AlSi,Sc, formation. The mechanisms of microstructure
modification with Si-Sc interaction were also discussed.
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