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Effects of Serpentine Channel Composite Sr Modification on Microstructure

of AI-28Si Alloy
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(School of Materials Science and Engineering, University of Science and Technology Beijing)

Abstract: According to the problems in coarse primary silicon and acicular eutectic silicon in traditional hypereu-
tectic Al-Si alloy, the semi-solid slurry of Al-28Si alloy was prepared by serpentine channel composite Sr modifi-
cation process. The microstructure of the semi-solid slurry and the precipitation temperature of primary silicon
were investigated. The results reveal that the composite process can fully refine the primary silicon and effectively
modify the eutectic silicon. The primary silicon is refined from 165.26 pm to 45.68 pm, and the structure of eutec-
tic silicon is transformed from acicular to punctate and worm-like. With the increase of the Sr addition, the pre-
cipitation temperature of primary silicon is increased at first and then decreased, and the grain size shows an in-
creasing trend. The growth of eutectic silicon with a large number of fibrous branches is limited by aluminum
phase.
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Schematic diagram of semi-solid Al-Si alloy slurry
prepared by serpentine channel
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Fig.2 Microstructure of Al-28Si alloy prepared under different technological conditions
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Fig.3 DSC curves of Al-28Si alloy with different Sr addition
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Fig.4 Effect of Sr addition on average equivalent circle diameter
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and average shape factor of primary silicon in Al-28Si alloy
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Fig.5 SEM of Al-28Si alloy slurry samples with different Sr
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contents prepared by serpentine channel after deep corrosion
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Fig.6 Microstructure of Al-28Si alloy slurry prepared by serpentine channel compounding with different Sr addition

A 0.03% (1) Sr i}, Al-28Si 4 4 v 4t i Si 14 725 5 3050
AR U S FRAR SR AN N Sr AR T S i ST TE 5 R
25 . LA B fER Sro AR 40.02% ~0.03%
AL-Si A 4 v iy 3 i 21 202 — i i 7 1 R D) e
Af o A 3 il B [ Ik A AR SR SSE AR B TR A KR, Si
AR AR /N TH AR JLR KRB T ) M A e 4 K 5 1)
(111} B <<211>M<<110> AL G ¥ 38 400 F 3k 4 Si
A A PR KRG I AR k. 8 AR i
Je A3k i ST ZUAE 4 AR B R T T R Oy sk (R
SIS L BR Sy B K AT AR A A A
Bl 7 e A A 0.03% ¥ Sr il & 1 HORHARE
JE S SEM B, RTLLE W, St A RS, &4

29

%
Ui SR IE Y SioSEbr bR g R A — R 1 H =40
s LAY KA 27 AR SRR 20 S A9 36 AR 4T

(a) HFeREH Si (b) 3K 24 Si
B 7 $fYiliE 54 0.03%Sr ) 449 Al-28Si
ARG R B 4% SEM B
Fig.7 SEM of deep corrosion Al-28Si sample prepared

by serpentine channel compounding with 0.03% Sr

KT Sr BBt Ay St R HLEE, Mo B 2 i ) 2w AL AR
fim [T A1 LA R 4% B 75 5 78 o BIL AR 5 T A L o A 3R
FBAE Sr X3t St AR KRB I B BARRIRERO J
SN N 12 B Al b 2 PR TSR (St Nad JRF (1
SR 38 V%75 TR B AR W] RE 2 L TR 45 2 8 U Ak &
YIRS . A At Sr 8 B £E [ AL K AT L nm 1
T N2 T B SrAL Sio & 4 A i L X Ff AT e 2 i e
FEAH B 2R RN T2 Ak & St pIE S, e oh . w14 Si fil

() w(Sr)=0.02%

(d) w(Sr)=0.03% (e) w(Sr)=0.06%

I Si S SR AR LR AR TR Y SioAH, St & HOXF 3R g S
TR A B E W, e A SR L S B AR KR
Be, BRI SRS U o — A1 A Kb
S 37 B 5 P A A K 2 0 o AL R B RZ L T R A S
A K IR A B R A 5 e A K R O I S i AR
JO AL 3L B 7 ] B 2% R R 1 5 T

Sr A2 JiJa W Sio2 7 AR R A RO 5 T A DR
K. 855 LG5S AT I SRS TG A K,
HR A 4 I8 -IE 4 )8 i AR KO A R R B AL, ST Al
VE /NP THTAR A B w] DU B 25 8 B &7 R oA, HE
UAE AR N St 28 [ )5 » Sr 578 Sr ik & W A AR
JEM M AE ST A AER G B b dE i S AR D 1) R AR
A5 Bh St & 2R f AT DL AR KR S ST AL
N Sr A8 BRI  Hdl Si7E F A ARy 1) A Bl 2R S
B ALH CTPRE) P A= 4, B A0 #E 3L i STCL1L ) il 1
{110} FiR &4 o~ ALARBTE 5L L 3k 25360 36 & Si i
T T BB B R,  BELAS G i St e {111l i o 1) b AR
K. BEE o AR AER B W 2L 5 SR i il 18 58
EY FHIL R SR RRUT BT 1 A K R AP
TEE RS St R, TR R AR BT B RS A
{110} {100} 0 B ILAE SC R ABI ., (110} NREVE N
a-Al A BIERIE . 15 o AL MR BESHBIIL ) Si 4
Ko, S B8Ok g SR SRR, A Sr B BRI S
W T {110} A {100} A Y HE 48 56 & Ll o- AL A] DL
{110} s EMFH B T o~ AL M A BR 1B B T 2F 44k
Mg St Ark . FIRALE LR G VR A A AR 5 S 1y 3
mi S5 ZF AR 70 B R A IE S

3% ®

(DRASEIL W2 & Sr 42 AL BT 2] % Al-

28Si G g [ A HORL . T SRy AL A ST A Rk ik

A Sis 2 Sr AR 0.01% I, 41 4= SifF £ 55 A 5

HAR AL L H5 iE RE Y 165,26 pm AL 3] 45.68 pm;
623



Fefp i oA (05 &

2021 4F4E 41 B4 5

2 Sr A 0.02% ~0.03% I}, Hdy Si C 23284
RO BT I 3 i S A A A Dy R i BUIR

(2) 2 G ALy Sroin A X 9) A4 Si iy BT TR EE A
W52 . Sr A BETE 0.01% ~0.03 % I 3 B3 i
A2 5L 1 68 Ok 42 = w0 4= St Fr iR R, Sroin AR 7E
0.06 % ik it it M B A 400 4 JE2 422 B AR T 0 2R Si BT i

B RMIZE G T LM % Al-28Si 4 4 8 25
ORI BT S AR 0.01% ~0.06%) . % Sr
VB BB A SRR

(D)2 7 B [ 4G 28 b A S 77 0% B AE SiAE A2 KT
WP K28 i A SCE AR L A ST AR I = AR T R
BN E o ALFERY B BT B 2B LT B K&
AR Ay I A Sis

2 % X W

(1] IMER A7 8545 3 ALLSE & 4 810/ 18 TAF 0 T4
AR BN ALT ] e e iR L2 5 T, 2013,36(5) : 120-124.
BRI AR R T IE G ALSE & S BRI RO ]38R % T
258k 2001(10) :21-24,
ER S ALSE & & 2 AR T2 R TI5E[ D] LR L . 1T
TR R 2010,
HUEL AL X, 45 ALSTi-B Xk 3 iy AL-18ST A 43 1728 AR
LI B ARG A RA 2 5 TR, 2016,21(1) :59-64.
EHRKE AR S8 kA S8 AL B 5 IR LT ] o 1
T.¥.2016,45(11):9-10,13.
SHABESTARI S G, MIRESMAEILI S M, BOUTORABI S M A,

(2]

(3]

[4]

(5]

L6l

Effects of Sr-modification and melt cleanliness on melt hydrogen

absorption of 319 aluminiumalloy[ J]. Journal of Materials Science,

I

R BHIE
I Bt 3 s B 5 R
AR ) ERCEATIM ).

e

g CEFATINE D FE A =75 S 6] T 06 o BTS2 TP 0 5 80 0o e A 7= B T 0 3 2 L P90 e B
bR AR T DT

3 GO A A0 ) B 0 T )l 5 T A 7 0 R 0 S8 5 R T 3 0 30 i L R R T R R
§ KT BRI R A TR R

o R CE T OB T A A R A

{ — R LA IR UG R B 7 R A S T R R A IR ) 5

b Rk e I R AR S R B R T BRI AE ) 5

i LA VL 75 3 7 9 0 R 3 5 A 5 HE A S B (R R L35 e 5

b DR I PT  h TAR  SHEAR R M L L

g AR A T T AR AL 7 i R PR R B R AR A L T

Do SR IR 0 7 2 A A FE AR 0 o MR

i R [ 580 T KA 5 L A 4

Do Ab I S A Ol TS R AR Tl LA KT S A il T R T A R R
%%momﬁﬁﬁﬂmmmﬁm@%%ﬁﬁi%@ﬁ@&%ﬁ%@m¥o

+

624

=

ZEITERAMER
S FLTE G 7 T A 7 O T 3 B AR R A
b2 T RIS BT AT T O H A DR T A T o

[7]

[8]

[9]

[10]

[11]
[12]

[13]

[14]

[15]

[16]

[17]

2003, 38(9): 1 901-1 907.

CHEN C, LIU Z X, REN B, et al. Influences of complex modifica-
tion of P and RE on microstructure and mechanical properties of
hypereutectic Al-20Si alloy[J]. Transactions of Nonferrous Metals
Society of China, 2007, 17(2) . 301-306.
ERR, L& ML E AL R AL-ST & 4 ¥
FiA,2016,37(8):1 690-1 692.

YANP Y, MAO W M, FAN J, et al. Simultaneous refinement of

RE RS ma [, 6%

primary Si and modification of eutectic Si in A390 alloy assisting by
sr-modifier and serpentine pouring channel process[ J]. Materials
(Basel), 2019, 12(19): 3 109-3 121.

BBy, BN B B, 5556 18 58 A 4 20 Ak 728 T3 Ak PR Y AF 5 gk
JE[1].%3% ,2000(9) :512-515.

WIS 0 AR AR A VLA DR e (0] 453 . 1991(2) 1 18-21.
AR WS MR M. Sr AR iR AL28SE & &b St R AT
ST B T T2,2010,39(11) :67-69.

YANPY, MAO W M, FAN J, et al. Microstructural evolution,
segregation and fracture behavior of A390 alloy prepared by com-
bined Rheo-HPDC processing and Sr-modifier[J]. Journal of Al-
loys and Compounds, 2020, 835: 155 297.

EIKEN J, APEL M, LIANG S M, et al. Impact of P and Sr on
solidification sequence and morphology of hypoeutectic Al-Si al-
loys: Combined thermodynamic computation and phase-field sim-
ulation[ J]. Acta Mater., 2015, 98 152-163.

KB %, SO L 3R TR ALST 5 4 SR TR ST BOR LI A0 0 il 3 4%
A ,2006(4) :49-52,58.

BARRIRERO J, L1J, ENGSTLER M, et al. Cluster formation at
the Si/liquid interface in Sr and Na modified Al-Si alloys[]].
Scripta Materialia, 2016,117.16-19.

BADUE. 4 BE R R BEL M. bt LA ol 1 RA . 2000,

(%% X RIE)

.

LI AR HE L 5

(WEESET) |

S S G S S S S U S



