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Effects of Microstructure and Composition of Aluminum Alloys on

Cavitation Erosion
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Abstract

Cavitation erosion of aluminum alloys was microstructure was formed on the surface. The damage

investigated by a magnetostriction vibratory apparatus iof the die-cast aluminum alloys tended to decrease with

which the stationary specimen was fixed beneath the the increase of Si and solid solution strengthening

horn. The effects of the test liquid, the space between elements including Cu and Mg. In the case of the same

the horn and the specimen, and the temperature on the composition, when the Si particles were smaller and

finely dispersed, the damage of the cavitation decreased.
Based on these results, the rapid solidified Al-Si-Fe-

Cu-Mg powders with a large amount of Si were

erosion were clarified. A suitable test condition was
selected from the results obtained, and several
commercial aluminum alloys were studied.

The resistance to the cavitation erosion of die-cast
aluminum alloys was higher than those of the gravity = metallurgy process, were found excellent in mechanical

produced. The aluminum alloys, made by powder

castings and the wrought aluminum alloys with the sam properties, as well as the resistance to cavitation erosion.
hardness, because the hard chilled layer with fine
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Table 1 Chemical compositions and properties

<= of aluminum alloys.
Homn
(Vibratory specimen) Alloy Chemical composition Density] Hardness
/ Test specimen (mass%) (Mg/r) (Hv)
AC4C | Al- 7.2Si-0.35Mg-0.25Fe F 2.63 58
 o— Open beaker
T6 116
= =i —l“—»
Water bath A390 | Al- 15.4Si- 4.2Cu-0.55Mg-0.30Fe 2.71 63
Test liquid T6 159
= -1 Cooling water ADC1 | Al- 12.4Si-0.22Cu-0.17Mg-0.61Fe 2.67 91
I ADC5 | Al- 0.25Si-0.07Cu-5.6Mg-0.50Fe 2.63 79
( ]/ Magnetic stirrer ADC12 | Al- 10.1Si-2.6Cu-0.16Mg-0.58Fe 2.72 118
A2017 | Al- 0.50Si-4.0Cu-0.6Mg-0.7Fe-0.7Mn 2.79 127
Fig. 1  Schematic diagram of vibratory Copper 99.96Cu 8.96 45
cavitation erosion apparatus. Iron 99.74Fe 7.87 86
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Fig.2  Effect of the space between the Fig. 3 Relationship between the cumulative mass loss

specimen and the horn on the
mass loss of A390 alloy.

0000000 R&D OOOOOVoL 31 No.3 (1996.9)

and the temperature of the test liquid.



O0D0O00OFrg. SO00000D0DO0OODOOOODOO
gooooobobO (010 )obooooooooo
gooooo0ooo (020 )ooooooooo
O (030 )00oooooooooooooooo
oooooo (040 )ODODOODOoOOOOOOO
oooOoOoOoOo (Os50)oooooooPooo
gooorOOOOOOODOODOODOODOOOO
O02hDO0O0000C0OO0DO0ODO (O30)oOooOoO
gooboobobooooog

0.6 v T T

61

000000000000 (T6)0004hD 0
00000000000 (030 )0000000
0000000000000000000000
00000000000030000000000
ooooooo

Fig 50000000 FOOOOO (1hr)DO000
(6hr)0000 (1lhr)000O0O0OOODOOO00O
OFig.60000000 (a)0000000000
00000000D00000000 (b)000O

A390 (F) . . i ‘
[HE) 0) ©)
80 p
g’ @ Deionized water (30T)
04T A390
& ’% 60} p
g £
E E °
® P Hardness
% & 40} o Hv63(F) T
£ 02f é °
| #] 2
< 20} 1
Deionized water (30T) Hv 159 (T6)
Spacing : 0.5mm
O 1 L 4 I i C s i i n 1
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Exposure time (hr) Exposure time (hr)
Fig.4  Cumulative mass loss - time curves for A390 alloyFig. 5  Erosion rate - time curves for A390 alloy.

(a) | hr

Fig. 6

Imm

(c) 11 hr

Progress of cavitation damage in A390 alloy after exposure to cavitation

in deionized water (temperature, 30°C).
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Fig. 8 Volume loss of various die-cast aluminum alloys 2.0 mm depth for die-cast alloys after
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Fﬁg & o ' h,,- o e 4 ; Fig. 11 Optical micrographs of cross
ﬁ" o ] e I R el section of A390 alloy for die
" casting (T6) alloy after
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Fig. 10 Optical micrographs of cross section of various aluminum alloys
for die-cast alloys after exposure to cavitation for 5 hrin
deionized water: (a) ADC1, (b) ADC5, (c) ADC12, and (d) A390.
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(‘upper: as cast, bottom: heat treated (T6)).
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Shell mold casting |
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Volume loss (mm? )
=
T

A390 (T6)

L Hardness J
Hv134 ~140

0 X I )
0 5 10
Average particles diameter of Si { zm)

Fi

g. 13 Relatioinship between the volume
loss and average particles
diameter of Si in A390 alloys.

28KV

Fig. 14 Scanning electron micrographs of damaged surface for A390 alloy
(T6) after exposure to cavitation for 5 hr: (a) shell mold casting

(b) die casting.

Table 2 Mechanical properties and cavitation erosion data for P/M aluminum alloys.

Alloy Chemical composition Hardness Tensile strength  Elongation Fatigue strengtbfume loss
(mass%) Hv MPa % MPa mn

P/M-1 Al-3Si-10Fe-3Cu-1Mg T6 176 559 2.7 225 7.5

P/M-2 Al-17Si-5Fe-5Cu-0.5Mg-0.4Mn  F 174 - — - 4.0
T6 206 549 0.4 — 3.8

P/M-3 Al-20Si-5Fe-5Cu-1Mg F 182 — - - 4.6
T6 225 539 0.2 265 2.2

ADC12 | Al-10.1Si-0.58Fe-2.6Cu-0.16Mg 118 319 2.5 1338* 8.0

As die casting

*1 At 10’ cycles; Plane bending type test, 200
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