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A Study on the Wear Resistant Property in Hyper-eutectic Al-Si Alloy

Heon-Joo Kim* and Woon-Jae Jung**

Abstract

The wear resistance of Hyper-eutectic Al-Si alloy, have recently been noticed as a new automobile
material, was investigated. For the purpose of developing wear resistant Al-Si alloy, some factors

which attribute to wear resistance are examined as follows; refinement of primary Si particle during

solidification, and effect of refinement on wear resistance and other mechanical properties. The most
effective refinement was accomplished by adding both NaF and S, and this improve wear-resistance 1n
abrasive wear type. The wear losses of specimens cast in metal mold were ruduced to 80% of those in

sand mold. T6 heat treatment increases hardness, which resulted in reduction of wear loss about 3~18
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Table 1. Chemical composition of specimens.

Si | Cu Mg | V | Ni
17.60 046 | — —
22.11 0.83 10.004 | 2.33

Fe
0.43
1.30 | —

Al
Rem.
Rem.

A390
393

HEES AUl o A7)
2 Table 29} #ob,

Table 2. Description of refining agents.

Amount
t
Agen (Wt. % ) Shape Role
Granular type .
P 0.045 Cu15%P RﬁfmeTeg of
S 0.4 |Powder primary Si
NaF+S NaF:0.8 | Powder type Re.flnementc;f
S:0.5 |NaF and S Dl‘lmali-y a:n
eutectic Si
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Fig. 1. Summary of the average grain size of primary
Si crystals(metal mold temp.:150C).
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Photo 1. Micrographs of Primary Si refined in metal mold(mold temp. . 150C). x50
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Table 3. Summary of adding conditions.

Element and Adding |[Pouring | Element
amount of addition | Temp. | Temp. | remained
(wt. %) (C) (C) (wWt.%)
Cu-15%P 03% | 800 750 P:0.043
S 0.4% | 800 750 0.003
NaF 0.8% ' Na:0.18
E 0.5% 800 750 5:0.005

(Refining agent addition+5min. holding +Pouring)
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Photo 6. Micrograph of micro—shrinkage in
specimens cast in sand mold. X 50
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Fig. 2. Change of mechanical property according
"to addition agents(cast in sand mold).
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Table 4. Wear loss of various alloys(sliding distance . 6km).

wear loss:mg, surface roughnesses are written in the bracket . um

Speed 1.6m/sec 3.2m/sec 4.0m/sec
Specimen Load | 15kg | 30kg | 40kg | 15kg | 30kg | 40kg | 15kg | 30kg | 40kg
Metal ~ ~ _ 147 | 303 | 449 - ~ ~
mold (3.2) (3.9) (4.1)
A3  Sand | 248 | 409 | 570 | 202 | 354 | 452 B B B
mold | (2.2) | (2.8) | (3.3) | (24) | (2.7) | (3.0)

A390 Metal | 236 | 358 | 495 | 129 | 320 | 411 9.5 254 | 2738
Cu-150,p |mold | (23) | (29) | (36) | 31) | (29) | (38) | (36) | (39) | (4.0)

0.3% Sand | 224 | 426 | 528 | 191 | 314 | 460 | 13.0 | 332 | 494

' mold | (2.1) | (24) | (3.7) | (2.8) | (3.0) | (33) | (39) | (44) | (5.1)

A390 Metal | 199 | 393 | 454 | 141 | 297 | 410 ~ - _

o mold | (24) | (27) | (3.3) | (28) | (2.9) | (35)
0.4% Sand | 217 | 482 | 553 [ 17.9 | 373 [ 39.0 _ - B
mold | (1.8) | (2.0) | (2.2) | (24) | (2.9 | (3.4)

A390 Metal | 121 | 364 | 424 | 136 | 306 | 365 | 108 | 270 | 310
NaF 0.89 |mod | (29) | (33) | (46) | (3.0) | (44) | (58) | (5.1) | (5.3) | (5.5)
1S 0.5% Sand | 203 | 41.9 | 585 | 152 | 312 | 499 | 161 | 36.1 | 382

mold | (3.2) | (36) | (6.2) | (25) | (3.3) | (6.3) | (65) | (6.1) | (7.0)

A390 Metal | 229 | 364 | 528 | 125 | 309 | 443 | 146 | 217 | 358
Cu-159p |_mod | (23) | G371 | 42 | 24) | 3D | (40) | 33) | 3D | (63)

0.3% Sand | 224 | 362 | 588 | 150 | 349 | 380 ~ B B

mold | (2.4) | (2.9) | (3.4) | (2.7) | (34) | (3.9)
203 Metal | 258 | 524 | 575 | 122 | 279 | 334 ~ - -
5 mold | (23) | (28) | (2.3) | (26) | (3.7 | (4.3)
0.4% Sand | 281 | 546 | 727 | 144 | 329 | 444 - ~ B
mold | (2.0) | (3.0) | (3.2) | 27 | (33) | (3.8)
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Speci Wear Loss (mg) = Size of Primary Si (pm)
pecimen
10 20 30 40 5 2 40 80
Metal ——-
Mold —m—m—m—_———eeee e e— | e e
A390
Sand e e e reaeeaa e,
1Y 70} 77 A N e
A390 Meta] —
Mold
cu-1 S%P Sa"d ...............................
0.3% Mold o e
A390 Metal —
s Mold
Sand .........................
0.4% Mold |\
A390 Metal —
Mold
NaF 0.8% — — | — —
+ S 0.5% Mold e
393 Metal —
Mold
Cu-15%P | —-————
0.3% P R O
393 Metal
s Mold
Stmd ..................
0.4% Mold |

* Load is 1.5, 3.0 and 4.0kg respectively from the upper row.

Fig. 3. Relation between primary Si size and wear loss at 3.2m/sec sliding speed, 6km sliding distance.
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Speci Wear Loss (mg) » Hardness (HRg)
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* Load Is 1.5, 3.0 and 4.0kg respectively from the upper row.

Fig. 7. Relation between wear loss and hardness.
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