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Characteristics and Microstructure Evolution of Sb Modified A356.2 Alloy
TAO Xiukun, FANG Wei, LIU Lulu, LU Yifan, YIN Zhenxing
(School of Metallurgical Engineering, Anhui University of Technology, Ma’anshan 243000)
Abstract: 1.5%, 2.5%, 5% and 8% Al-4Sb master alloys were added to A356.2 alloy to investigate the effect of Sh
element on the microstructure of A356.2. The influence of different Sb concentrations on the morphology of A356.2
alloy was analyzed by combining OM, SEM, XRD, DSC, ICP. The quantitative relationship between the concentra-
tion of modification elements and the morphology or size of primary a-Al phase and eutectic Si phase was obtained
using Image Pro Plus software. The results reveal that as the Sh content increases, a-Al is gradually transformed from
coarse dendritic crystals to spherical equiaxed crystals, while eutectic Si is gradually converted from sheet-like or block-
like to dendritic or fibrous, and further transformed into point-like or short-rod shape after heat treatment. With the Al-
4Sb content reaching 5% , Sb concentration in the aluminum alloy is 810 mg/L, and the modification effect is desir-
able, while superdeterioration occurs when Sb concentration exceeds 810 mg/L.. After remelting, Sb concentration in
the alloy remains stable with little change in microstructure, indicating desirable long-term modification effect.
Key Words: A356.2 Alloy, Sb Modification, T6 Heat Treatment, Solidification Structure
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Tab.1 Heat treatment process parameters for specimens

Ak 1 I 2 b B
InPGE PRI R B R mEGR pRER R A R
JE/C O TAl/h Ji£/°C JE/C O TAl/h J£/C
540 3 Ki%,60~70 170 3 Z=%,25

R O A 2153 Mk 4 GB/T 3246.1-2024 #E 47,
K Leica DMI3000M 2% & i 5% . JSM-6490LV = Ik
L5 B LS A 4 B0 U - A LR A AL 40 B 3t i S
B4 SIS . W T a- ALK, 355 VR R A S L
B RS R TR X L HEAT R SR . a- AL LG A
VLI o5 i 1 B A B on  BAR Ge it i o 5015 T
B BIL 356 4 AH IR 5 AR R 3, FH 4 4 S 1B 410 45 4
AHEH 2L, BB e 5 D38l ol J5 T, T a- A LA 6 AR
A5 o FEF Image Pro Plus 44, iR 48 a-A15 3 5 X 3k 1%
B 22 5, Gt a- AUBLTR I T B 8. 5 2250,
5045 T AS [ 40 55 P9 55 o B I B UK AR R IR 2R
% IF 454 Image Pro Plus X A A i [ #E (SDAS) i
Frimia: o X F 3 5 Si, DU & ST T2 KR i B R
AR AR, 4R R LAY S B S i Y Si i B S
RS, B 7R R JES it SEM £ R #E 47 Si R 958 B 58
o XS AT 5 A (XRDOIRE KI5 GB/T 1.1-2009
AT, K H DS Advanced B X S AT B0 A4 . & A
i P(DSCOIR IR HE GB/T 13464-2008 #0147 , % M
DSC 204 F1 8 2 /R FA 4 A o ARG 55 B 1A &
63 43 B (ICP) A6 I 56 AR 48 GB/'T 30903-2014 i
1, R H Avio 200 Y Hy S A 55 55 7K & S ik AL, mT
Kl mg/L AR e W E . RO g B &M
A, A 3 mLHF .1 mL H,O,, 7541 4 3 b i $47 f
BB T E AR 100 mL BURER I

2 RKIELER SN

2.1 ZTRF AL-4Sb K TR BT A356.2 B9 4 1B 4 X

K 1% Al-4Sb H 8] & 4 F1 A356.2 7% Ji /i /5 /Y
XRD Zrfras o nf DLAE M, Al-4Sh & 4 FEAFAE

600 — 3000

o oAl pAl  ASi VAISb
500 YAISH 2 500 7 .
v |, BRIG
a0l 2 000 Pl 39 ey
o ol . 21500
& & 1 000F
200
. 500 P A R
100 1 i
N ‘ L
0 e ol Ladd AL ] 1 1 1 1 L 1 1 1 J
10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
20/(%) 20/(°)
(a) Al-4Sb (b) A356 4 &AF R Al 5
F1 Al-4Sb ¥ 18] &4 F= A356.2 & 71 /& 69 XRD 447
Fig.1 XRD patterns of Al-4Sb master alloy and A356.2 alloy

before and after modification
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Tab.2 Quantitative statistical results of Sb concentration and

a-Al characteristic parameters
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Fig.3 Quantitative relationship between actual concentration of

Sb and a-Al characteristic parameters
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Fig.4 2D and 3D morphologies of eutectic Si phase in A356.2 alloy with different Al-Sb amounts
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Fig.6 Eutectic Si morphologies of Sb modified A356.2 alloy after T6 treatment
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Tab.4 Si dimension characteristic parameters of Sb modified
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Fig.7 Size characteristic parameters of eutectic Siin A356.2

alloy after T6 treatment
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Fig.8 Morphologies of a-Al after 5.0% Al-4Sb modification and
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Tab.5 Quantitative statistical results of actual concentration of

Sb and @-Al characteristic parameters after remelting

0 810 71.65 39.18
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Fig.9 3D morphologies of eutectic Si after 5.0% Al-4Sb modifi-

cation and remelting
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Tab.6 Quantitative statistical results of actual concentration of

Sb and characteristic parameters of eutectic Si after remelting
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Fig.10 DSC cooling curves of A356.2 alloy before and after Sh

modification
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Fig.11 Fusing morphologies of eutectic Si during solution

process
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Hh2.05(>1.8) M ATk, A B2 B #K (6.697 g/cm?)
PR ShAER AR B B AR B A o BREEARSD  AE FOT R
TEJE VR R B0 28 A AL T 22000 o R R 2% ST B e ) T Y
ZAREST LR B AN ZE R SR B C R 5
lgP=AX10°T "+ BlgT+ CX 10 °T+D
X, PRI R ZE AR kPa; TR ,°Co Sh o sl
630 °C, PN B AE AR 45 065 R 1l 740 'CF L Sh Oy A, 5K
(DT SEA B.C. D& T8, W& s,
®8 TAOCTSHERTERMMESEHESH
Tab.8 Calculation parameters of saturated vapor pressure of Sb

modified element at 740 ‘C

WARZEE P/

YERE S [ /°C )
TSIl /C A B C D 1Pa

631~1 675 —6.500 — — 5.50 0.121

3 3o 31 A, Sb 7R 740 °C (1 013 KO B 4 1 75 <,
JEAL A 0.121 kPa, i B Sb 7875 14 Y 7% & AR 12, A
I Sh7EIE IR B 7% & HURAR > o T Sb HL B PR K i A
AR/, SOTEIE A i BEAC TO U 5 R0 . DR A 4 21
BRRE ST WS A LR ERA SN &
(T T, 728 o v TG 0, L (AR 2l 2 A R B i
4 Z &

(1) Ffi %5 Sb #e BE 88 hn, A365.2 4 4w a-Al Hy i Y
(4 REL RS A AL s, 0 T Bk Ak A S T it , L S ST B A Ak o
Sb ¥ B S 810 mg/L A , Al &% & b #] B = fx K
(71.65% ), YA & 78 [) 14 - X5 {60 39.18 pm, Si ok
S H KB RN E B 2 B R 2.24 pm F10.49 pm. 24 Sb

FEHE L 810 mg/L i, a- ALFIIL f Sith BUHLAL BL & .

(2)Sbu /T St f TS, e 5t T BE 09 [ I A St
B FE A% 2 188 K, TR sF SR A K 32 203 )

(3) 7E 450 °C [ % 3 h-+70 “C/K ¥ 4150 °C i} %%
Sh+2s ¥l T Sl 4ol A K RE RAE
5T ERCIRIE S

(4) F 4 3o 72 v Sb 78 I8 44 b B AR A7 e vk B2 1)
B -
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