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A Study on the Change of Properties of Al-bronze Due to Alloy Elements and Cooling Rate.

Woon-Jae Jung®, Heon-Joo Kim,K Dong-Ok Kim*, Eui-Pak Yoon™

ABSTRACT

Al-bronze has a good mechanical property, corrosion resistance and castability, so being highlighted for the new

copper alloy,
So, effects of alloy composition and cooling rate in the mechaincal properties and solidification behavior have been
investigated.
The results obtained are as follows;
1) Change in volume on solidification is larger in metal mold casting than in sand mold casting. And it decreases
by the addition of Al
2) The mechanical property in metal mold casting is superior to the one in sand mold casting, and the inclination
is obvious up to 9% Al, after heat-treatment {885, 1.5hrs — W + Q — 540, 3hrs)
3) By adding Al, the mechanical property is slightly increased up to 9% Al Above 9% Al, it is increased rapidly,
and is accelerated by adding Fe.
4) Cooling rate and hardness, and grain size and cooling rate are related as follows in the range of 1100 to
1200°C pouring temperature,
Grain size(#m)=929.6422 X cooling rate(C / sec)™0-*¥
Hardness(BHN )=765.45713 X grain size(pm)™°-31%8
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Fig. 2. Test mold for measuring cooling rate,
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Table 1. Chemical composition of the specimens.

unit ; wt %

Sample
No.[ 1 2 3 4 5 6
Comp,
Al 538 | 741 | 938 | 924 | 981 | 1162
Fe 184 | 177 | 192 | 447 - 1.85
Cu Bal, | Bal. | Bal. | Bal | Bal | Bal
Table. 2. Test results of solidification shrinkage.
unit ; vol %
Sample
No.[ 1 2 3 4 ) b
Mold
Metal 72 | 546 | 452 - 371 | 4292
Sand 47 | 378 | 33 33 | 330 | 28
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Photo. 4. Microstructures of Cu-Al 9.3 wt %-Fe 1 81 wt % alloy at various pouring temperatures,
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Fig. 6. Effects of mold material and Fe content on the
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Cond., Al -Bronze in Metal Mold Al -Bronze in Sand Mold
No.
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ment ment ment ment
5.38% Al
1
1.84% Fe
7.41% Al
2
1.77% Fe
9.38% Al
3
1.92% Fe
9.24% Al
4
4.47% Fe
9.81% Al
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Photo_ 2. Microstructures of Al-Bronze,
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Table, 3. Solidification parameters at each pouring temperature,

Pouring temperature : 1100C

(X, Y, Z2) ts(sec) tf(sec) At{sec) V(T / sec) AT(TC)
A-1 1(26,244) 0.4 0.87 0.47 71.0 12.9
A-2 | (4646]135) 1.5 2.21 0.62 40.5 11.6
A-3 | (8.35,8.9,30.7) 2.6 8.1 2.9 9.67 10.5
A-4 | (13,13.2,48.65) 7.05 17.1 10.05 7.05 9.8
A-5 | (18.2,19.5,74.9) 11.1 22.3 11.2 .36 4.3
A-6 | (24,2599.7) 144 34.5 20.1 2.97 2.9
A-7 | (28,28.1,116.8) 19.2 51.6 324 1.14 1
Pouring temperature : 1150C
(X,Y, 2) ts(sec) tf(sec) At{sec) V(T / sec) AT(TC)
B-1 | (2.75,2.6,4.0) 0.73 1.23 0.5 54.76 - 172
B-2 | (555.1,15.5) 2.9 3.9 1 38.46 16.4
B-3 [ (8.65,8.2,30.6) 6.35 9.0 2.65 9.6 15.3
B-4 | (12,3,12.1,44.6) 7.2 18 10.8 6.08 10.6
B-5 | (20.8,7.5,69.6) 12.1 24.1 12 4.85 5
B-6 | (23.71,25.2,98.95) 159 423 26.4 277 4
B-7 | (28.8,28.5,110.2) 20.4 53.7 33.3 1.06 2.3
Pouring temperature . 1200C
(X,Y, Z) ts(sec) tf(sec) At(sec) V(T / sec) AT(TC)
C-1 ] (2.35,2.35,2.9) 0.8 1.35 0.55 46.86 22
C-2 | (5554,14.35) 3.1 4.5 14 30.3 18.2
C-3 | (8.2,85,31.25) 6.45 9.2 2.73 7.02 17.2
C-4 | (12,124,46.4) 8.1 10.92 11.1 5.93 15 .
C-5 | (18.1,17.371.2) 13.2 45.9 285 2.56 4.3
C-6 | (23.1,23,90.5) 174 45.9 28.5 2.56 4.3
C-7 | (27,9,275,119.3) 22.5 59.4 36.9 1.04 2.5

(39)
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Table. 4. Relation between grain size and BHN of Al-Bronze at various pouring temperatures.

Pour. Temp. 1100C 1150 1200°C
Test] Grain Grain Grain
: , Hardness , Hardness _ Hardness
Location Size Size Size
1 90 - 9 - 154
2 143 171 172 158 191 1475
3 209 148.2 231 142.1 243 132.8
4 333 127.2 336 119.7 346 116.4
o 453 115.7 027 111.2 558 107.7
6 576 1104 030 105.1 696 100.3
7 795 104.9 800 358 907 86.8
- Grain size . gm
- Hardness . BHN
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Table_ 5 Relation between solidification modulus and solidification time of Al-Bronze at various pouring temperatures,

%W 1100°C 1150°C 1200C
Test| So. Sol. Sol. Sol. Sol, Sol,
Location modulus time modulus time modulus time
1 145 0.87 1.45 1.23 1.33 1.35
2 2.52 2.21 2.75 3.9 2.62 45
3 4.47 8.1 4.45 9.0 4,53 9.2
4 6.49 17.1 6.04 18 5.24 10.92
5} 9.46 22.3 8.86 24.1 9.04 - 27
) 12.26 34.5 12.17 42.3 11.22 459
7 14.19 51.6 13.44 53.7 14.47 59.4

- Sol. modulus ; mm

- Sol, time . sec

(40)
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