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Abstract: Hypereutectic Al - Si alloys, as the most representative spray-formed materials, are widely used in low density,
heat- and wear-resistant structural parts, especially the industrial production and application in engine cylinder liners. The
thermal stability and high-temperature properties of present commercial hypereutectic Al — Si alloys, however, become a lim-
iting factor for developing high-performance engines and it is the main research interests of many institutions. Based on this
interest, the idea that using Fe, Mn and Cr as the main alloying elements to substitute traditional alloying elements Cu and
Mg promotes the replacement of strengthening phase such as Al,Cu, Al,CuMg, etc., by a — Al(Fe, TM) Si phase with
high thermal stability to realize the double optimization of microstructures and room-/high-temperature properties. The pres-
ent AS-series hypereutectic Al - Si alloys can be used for the cylinder liners of high-performance engines after the similar al-

loys developed by PEAK and OSPREY companies.
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Fig. 1  Microstructures of Al —25Si —5Fe —3Cu alloy: (a) as —cast, (b) as — deposited, and (c) isothermal — treated at 700 K for 5h
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Fig. 2 Microstructures of the cast (a, d) and spray — formed (b, c, e, f) alloys with single Mn or Cr addition; (a) Al -25Si -3Fe
—-2.5Mn, (b, ¢) Al-25Si-5Fe -2Mn -3Cu, and(d-f) Al -25Si-5Fe -2Cr
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Fig. 3  (a) Microstructure of cast alloy with (2Mn + 1Cr) addition, (b) Morphology of skeletal or dendritic Fe containing phase, (¢ -j) Mi-
crostructures of the as — deposited alloys with (1Mn +1Cr) (¢, d), (1Mn+1.5Cr) (e, f), (I1Mn+2Cr) (g, h) and (2Mn + 1Cr)
(1, j) addition
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Fig. 5 Microstructures of the spray — formed alloys after different isothermal treatments, (a) adding 2Cr, treated at 803 K for 50 h, (b)
adding (1Mn +2Cr) , treated at 803 K for 120 h, (c¢) adding (2Mn + 1Cr) , treated at 813 K for 10 h, (d) adding 2Mn, treated
at 888 K for 2 h, (e) adding 2Cr, treated at 888 K for 2 h, and(f) adding (1Mn +2Cr) , treated at 890 K for 2 h
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Fig. 6 DSC cooling curves of different spray — formed alloys
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Table 1  The room/high - temperature mechanical properties of spray — formed + hot — extruded hypereutectic Al - Si alloys

Alloys Processes Room temperature (300 K) High temperature
YS/MPa UTS/MPa EL/ % YS/MPa UTS/MPa EL/ %

AS -0 SF+HE + Té6 308 382 1.05 120 146 4.7(573 K)
AS -F5 SF +HE + Té6 363 446 0. 69 226 274 1.9(573 K)
AS -M30 SF+HE + Té6 374 456 0. 84 289 324 2.8(573 K)
AS -1 SF + HE 168. 1 229.3 1.0 - - -
AS -C10 SF + HE 228.7 323.6 ~1.0 - - -
AS -C20 SF + HE 335.8 367.2 0.8 - 192. 4 2.1(573 K)
AS -MC115 SF + HE 294.0 0.48 - 231.7 2.3(573 K)
5260 SF + HE 170 255 2.7 133 188 6.1(473 K)
5263 SF + HE 251 367 1.2 198 277 2.4(473 K)
4019 SF + HE 240 360 2.0 155 220 6.5(523 K)
T-1 SF + HE 235.3 366.0 -
T-11 SF + HE 221.0 262.0 -

Note: AS-0: Al - 20Si - 3Cu - 1 Mg; AS-1: Al -25Si -5Fe -3Cu; AS-F5;: Al - 20Si - 5Fe-3Cu - 1 Mg
AS -C10: Al -25Si -5Fe —=3Cu - 1Cr; AS-M30: Al - 20Si - 5Fe -3Cu - 1 Mg -3Mn; AS - C20: Al -25Si -5Fe -3Cu -2Cr
AS -MC115; Al -25Si =5Fe =3Cu —1Mn - 1. 5Cr; S260: Al —=25Si —4Cu — 1Mg; S263: Al -25Si - (Cu, Mg) — (Ni, Fe, Co) — (Ti, Zr)
4019: Al-(18.5-21.5)Si - (4.6 -5.4)Fe - (1.8 =2.2)Ni; T -1 Al -25Si —0.89Cu — 1. ONi —0. 84Mg; T —1II: Al - 18Si —-5Fe —1.5Cu
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