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Development of Grain Refinement Technique Using Cr Addition in Cu-Ni-Si Alloys
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Relationship between Ni composition and tensile strength
in aged Cu-Ni-Si alloys (at 748 K, for 2 hr aging) .
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TEM #1i#% (a) 2.3 mass% Ni, (b) 3.75 mass% Ni
TEM blight field images of Colson alloys aged at 748 K
for 2 hr. (a) 23 mass% Ni, (b) 3.75 mass% Ni.
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Chemical composition of specimens (mass% ) .
Ni Si 7n Sn Mg Cr Cu
Alloy-1 | 231 | 053 | 049 | 015 | 0.10 - Bal.
Alloy-2 | 372 | 087 | 049 | 016 | 0.10 - Bal.
Alloy-3 | 372 | 087 | 049 | 015 | 010 | 02 Bal.
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Changes in mean grain size of Alloy-1 and Alloy-2,
solution heat treated at various temperatures.
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TEM bright field images of solution heat treated Alloy-2,
(a) at 1138 K and (b) at 1173 K.
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Mechanical properties of Alloy-1 and Alloy-2 aged at
748 K for 2 hr.
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Alloy | Suffix Mean grain size| Tensile strength [0.2% proof stress
um MPa MPa GW | BW
S 9 717 563 0 0
Alloy-1
L 21 723 540 0 0
S 10 823 646 08 | 06
Alloy-2
L 20 852 665 13 | 10
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(a) Alloy-1-S R/t=0, (b) Alloy-1-L R/t=0, (c) Alloy
2-S R/t=0.6 and (d) Alloy 2-L R/t=0.6 (KX >7 T v 7)
Cross sectional images at bended area of alloys after
W bending tests. (BW bending)
(a) Alloy-1-S at R/t=0, (b) Alloy-1-L at R/t=0,
(c) Alloy-2-S at R/t=0.6 and (d) Alloy-2-L at R/
t=0.6. (Arrows show small cracks.)
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(a) Alloy-1-S, (b) Alloy-1-L, (c) Alloy-2-S,
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Cross sectional images at fractured area of alloys after
tensile tests. (a) Alloy-1-S, (b) Alloy-1-L, (c) Alloy-
2-S and (d) Alloy-2-L. (The arrow shows a small crack.)
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TEM bright field image of Alloy-2 solution heat treated at 1173 K, and EDX spectrum of a compound on grain boundary
(allowed as @M and @) . (a) Ni-Si-Cr compound and (b) Cr-Si compound.
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Mechanical properties of Alloy-3 aged at 748 K for 2 hr.

allo Mean grain size | Tensile strength|0.2% proof stress MBR.
v um MPa MPa GW | BW
Alloy-3 10 854 667 0.8 0.6
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