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Tab. 1 Chemical composition of the specimen W /%
Si Mg Ti Sr Fe Cu Mn zn Al
6.500~7.000 0.200~0.300 0.100~0.160 0.035~0.045 <0.150 <0.100 <0.100 =<0.100 S
SN EIRDRAR, JFhEEE, Al-STi-BALH] TR KA O RET oM . D0 Dl EH AL

FINENEPERSENL%, SEETIAFS BN
DNEEE, RIIEAEFIRSE090.02%7F00.04% .

IR R AR A G B B B A e L R
STIZXNEaERHTEEOE. BMRIBRIER: B
BIFRAGFBIAI-STi-BALF3Z 1% AILL GINIARI B EA
9SSR, (RIBBRS3 min, ATEISBUIPFRE
1A, T2SIBWPFIIN0.02% EETi4RK
F, FRKFIRNFRERSE, BRSBUFFE
SRR EE; E3SIAWPFINN0.04%; E I TIZR
Fl, FHACFIRNHRERSE, BRBSBHr+aeE
FE3EEE ., REdESES, RBETERER
380~450 C, ®FIIEFEMFRBEMRIBE, BRES
PHNRIERF, FdERAEERRRED, H#HiT
TeMAL BT, TZ2# 7535 C =5 CIRETER
120 min, f51E40~80 CIKAE N, FB/ETEL80 C £5 C
BE NEIR7100 min, BRiFRSFINE TS IERIRT R
KREMFE2,

F2 REFRSTIREFENNEXRE
Tab. 2 Correspondence table between specimen number
and test method

R 320 A G
1-1
14 1-2
1-3
2-1
24 2-2
2-3
31
34 3-2 FREE+1%AI-5Ti-B+0.04%15 1 Ti
3-3

T PIR7S

FEE+1%AI-5Ti-B

FEEE+1%AI-5Ti-B+0.02% 5 14 Ti
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Fig. 1 Schematic diagram of tensile specimen.
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Fig. 2 XRD results of active Ti
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Tab. 3 Chemical composition of test bars W /%
Frim T4 e e Si Mg Fe Cu Zn Ti Sn Pb Sr Al
1-1 6.890 0.270 0.120 0.020 0.022 0.190 <0.001 <0.002 0.067 At
14 1-2 6.880 0.290 0.100 0.018 0.022 0.200 <0.001 <0.002 0.066 Rt
1-3 6.850 0.280 0.110 0.021 0.021 0.210 <0.001 <0.002 0.055 At
2-1 6.690 0.310 0.110 0.018 0.020 0.190 <0.001 <0.002 0.043 Ny
24 2-2 6.700 0.320 0.120 0.019 0.021 0.200 <0.001 <0.002 0.048 At
2-3 6.750 0.290 0.100 0.020 0.022 0.180 <0.001 <0.002 0.040 Fes
3-1 6.740 0.350 0.100 0.019 0.019 0.200 <0.001 <0.002 0.046 PN
34 3-2 6.720 0.320 0.110 0.018 0.020 0.190 <0.001 <0.002 0.045 Fs
3-3 6.780 0.330 0.100 0.021 0.021 0.200 <0.001 <0.002 0.044 N
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Fig. 3 Metallographic pictures of A356 aluminium alloy under different raw material conditions
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Fig. 4 SEM images of A356 aluminium alloy under different raw material conditions
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Fig. 5 SEM and energy spectrum analysis of 3-3
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Fig. 6 SEM and energy spectrum analysis of bar 3-3 eutectic microstructure
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Fig. 7 Mechanical properties of test bars
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Tab. 4 Brinell hardness of test bars

FEAIPAL BRGNS Si T HBW P

1-1 6.890 88 95 85 93 85 89

14 1-2 6.880 86 o7 88 90 86 85 89
1-3 6.850 89 95 90 85 88 86
2-1 6.690 95 95 07 92 97 99

241 2-2 6.700 o7 98 95 93 97 100 9%
2-3 6.750 99 9% o7 93 92 104
31 6.740 108 102 104 92 94 99

34 32 6.720 110 113 98 9% 99 94 100
3-3 6.780 99 115 99 94 95 92

2.4 WBrOSH LAERRIBRTZ A EE S, B8 (d) 730.040%; 5

E89 IR II1%AI-5Ti-BH (L FIFN A E 2 2 E T4
WHIERIAIL6ERE I FEAIRT O HIZSR . RERE
HEOLH A, EEERNRFERBIEAE I, A356
BESENIEENR TR —RLILEB ST
2 RRAEMEEFE=MA R AE, E8 (a)
1 (b) A1%AI-5TI-Bil BRI OISR, Wi Lo
EWEE. LENHENRAFIENERER, Hik
FLUAEENE IR REINEEME RN &
£, HfONHRBRESER O, B8 (c) 790.020%
TEMETiI+1%AI-5Ti-Bil OB OFR, MOXEI =
HEEIN, SEBEEIEZEEHIMERE BRI F,
B OFXEFERANFIBHERER, FILEKS

Ti+1%AIl-5Ti-Bif =Rk /28R, MOl =s=EEna
R4/, oHBSIEME, TSR ENKRIR
SRR E —HREBEITAY, ZE, FIEMET
BEEA3SGIR AN, NMiRSEILREF
KEREHFMHEE

3 #Hie

(1) FIMEETIERCRIBEB AN E o -AIBRITZ
SRR, E40E o -AREBREANR R
THFHRENRIZES, HRSIHKIPRERAR
R IIREERFIEOR o



2025 SE6HAIET4AE

%}j“ L5

(¢) 1%AI-5Ti-B+0.02%i% 4 Ti

BE48% rounory

..‘:/:g‘ . ’-& .»'.-
.&la!hln*:}
(d) 1%AI-5Ti-B+0.04%75 M4 Ti

A P

E8 Hi{RkrOZaR
Fig. 8 Tensile fracture morphology
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Effect of the Composite Application of Two Refining Agents on the
Microstructure and Properties of A356 Aluminium Alloy

SUN Zhen-zhao', LI Xing-hua?, LIU Chun-wei? JIANG Yong-hao’, ZHOU Shi-yong? LI Ze-zhi', ZHAO Ping"
(1. School of Materials Science and Engineering, Qingdao University of Science and Technology, Qingdao 266042, Shandong, China; 2. Shandong
Hongyuan New Materials Co., Ltd., Zibo 256102, Shandong, China)

Abstract:

A new type of active Ti refining agent and Al-5Ti-B refining agent composite treatment of A356 aluminium
alloy melt were used to study the two refining agent composite application of A356 aluminium alloy
microstructure and properties of the impact. The results showed that adding active Ti refining agent on the
basis of adding Al-5Ti-B refining agent could obviously improve the nucleation rate, refine a-Al grains and
change the eutectic Si morphology. When adding 1% Al-5Ti-B and 0.04% active Ti refining agent, the a-Al
phase was transformed from coarse dendritic to rosaceous and near-spherical, and eutectic Si morphology
was changed from long-needle and plate sheet to sphere and short rod. The mechanical properties of A356
aluminium alloy were enhanced. The tensile strength, yield strength and elongation of A356 aluminium alloy
with 1% Al-5Ti-B and 0.04% active Ti refiner were increased to 313 MPa, 263 MPa and 12%, respectively.

Key words:
activated Ti refiner; Al-5Ti-B refiner; A356 aluminium alloy; mechanical properties
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