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Repetition numbers of bending of Cu-0.81 wt% Cr, Cu-0.81 wt% Cr-0.14 wt% Sn and 
Cu-0.26 wt% Cr-0.10 wt% Sn alloys were investigated. After solution treatment, the first two 
types of copper alloys have a primary chromium phase; this is not so in the last alloy. The 
primary chromium phase does not influence the repetition numbers of bending of cold-rolled 
specimens; the repetition numbers of bending of specimens aged at 723 K for 1.8 x 103sec 
after cold rolling are higher than those of cold-rolled specimens. The cause of this is con- 
sidered to be a recovery of work-hardening during ageing. 

1. Introduct ion 
Cu-Cr  alloys exhibit properties of high tensile 
strength, high electric conductivity [1] and age harden- 
ing [2]. Recently, Ishida et al. [3] have reported that the 
addition of tin to Cu-Cr  alloys makes the diffusion of 
chromium slow, and delays the high-temperature pre- 
cipitation of chromium from a supersaturated solid 
solution [4]. The Cu-Cr -Sn  alloys are used as lead- 
frame materials for integrated circuit (IC) packages 
[4]. The high strength of the C u - C r - S n  alloys can be 
obtained by work hardening and precipitation hard- 
ening. An important repetition number of bending is 
estimated by the test method mentioned in MIL-STD 
[5]. The repetition number of bending is expected to be 
more than 3 [6, 7]. 

The purpose of this work was to investigate the 
relationship between repetition numbers of bending 
and cold rolling or cold rolling plus ageing on the 
Cu-Cr  and Cu Cr-Sn alloys. 

2. Exper imenta l  de ta i l s  
Three types of copper alloys were prepared from 
copper, chromium and tin of 99.99% purity in a high- 
frequency induction-melting furnace. Ingots (about 
5 kg) of the alloys were hot rolled to 12.5 mm thick- 
ness. Then, these alloy plates were rolled at room 
temperature to various thicknesses, 0.3 to 12.5mm. 
All plates of various thicknesses were heated at 
1223 K, then quenched in water (solution treatment), 
and rolled to 0.3 mm thickness at room temperature. 
The chemical compositions of the copper alloy plates 
were Cu-0.81 wt % Cr, Cu-0.81 wt % Cr-0.14wt % 
Sn, and Cu-0 .26wt% Cr 0.10wt% Sn. After sol- 
ution treatment, the first two alloys had primary 
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chromium phase particles in the matrix, but this was 
not observed in the last alloy. 

Tensile and bending test specimens were punched 
using a blanking tool die from the 0.3 mm thick plates. 
The shape and dimensions of the punched tensile and 
bending test specimens are shown in Fig. 1, and the 
relationship between the longitudinal axis of the speci- 
mens and the rolling direction is shown in Fig. 2. The 
alloy plates were rolled in the same rolling direction, 
but only one Cu-0 .81wt% Cr-0 .14wt% Sn alloy 
plate, 12.5ram thick, was cross rolled pass-by-pass. 

Repetition bending test specimens were fastened by 
upper and lower chucks as shown in Fig. 1. A total 
hanging load of 479 g including the lower chuck 
weight, was applied by the lower chuck. The repetition 
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Figure 1 Shape and dimensions of repetition bending test and tensile 
test specimens. 
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Figure 2 Relationship between rolling direction and longitudinal 
axis of  specimen. Parallel direction: rolling direction is parallel to 
longitudinal axis of  specimen. Vertical direction: rolling direction is 
vertical to longitudinal axis of  specimen. 

bending specimens were initially vertical and the 
upper chuck was rotated to 90 ° at a bending speed of 
45 °sec- ~ and turned back to the initial position. This 
bending was repeated until the specimens were 
broken. A repetition number of bending was obtained 
as an average value of 12 time repetition bending tests. 

Tensile tests were performed at the engineering 
strain rate of 2 x 10 -4 sec ~. 

Transmission electron microscope observation was 
performed using Hitachi HU-11B. Specimens for 
transmission observation were electropolished at the 
voltage of 40V, and an electric current of 10mA 
mm -2 in a solution ofHNO3 + 10 CuNO3 10 weight + 
30 CH4OH parts by weight. 
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Figure 3 Repetition number  of  bending as a function of cold rolling 
strain s - In (he/h), where h 0 initial plate thickness, h plate thick- 
ness after cold rolling. Reduction [(h 0 - h)/h] x 100; solution 
treated (1223K) before cold rolling; ageing at 723K for 1.8 x 
103see; alloy, Cu-0 .81  w t % C r .  Open symbols, roll only; solid 
symbols, roll and age. (o,  e )  Parallel direction; (zx, A) vertical 
direction. 
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Figure 4 Repetition number  of  bending as a function of  cold-rolling 
strain (see Fig. 3 caption). Alloy: Cu 0.8l wt % C r - 0 . 1 4 w t  % Sn. 

3. E x p e r i m e n t a l  r e s u l t s  
3.1. Repetition bending test results 
Figs 3 to 5 show changes of repetition numbers of 
bending as a function of cold rolling strain. Solution- 
treated specimens, and specimens aged after solution 

Reduction (%) 
0 20 40 60  70 80 90  95 96  97 98  

25 

e- 
:I~ 2 0  
¢ 

e~ 

E 
Z 

c 1 0  
o 

, m  

. D  

o 
D. 
o 
e~ 5 

/~ ,~, . *  

0 I I J I 

0 1.0 2.0 3.0 4.0 

True Rolling Strain 

Figure 5 Repetition number  of  bending as a function of cold-rolling 
strain (see Fig. 3 caption). Alloy: Cu-0 .26  wt % Cr-0 .10  wt % Sn. 
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Figure 6 Stress-strain curves ofCu-0.81 wt % Cr-0.14 wt % Sn alloy. Specimens are rolled in the parallel direction. S.T., as solution treated; 
aged at 723K for 1.7 x 103sec; e = In (ho/h); C.R., cross rolling. 

treatment, have repetition numbers of bending higher 
than 10, but they decrease after cold rolling. Cold- 
rolled specimens have similar values in the parallel 
direction (rolling direction parallel to longitudinal 
axis of specimen) and in the vertical direction (rolling 
direction vertical to longitudinal axis of specimen). 
Aged specimens after cold rolling have higher values 
than the simply cold-rolled specimens, and the repetit- 
ion numbers of bending in the parallel direction are 
lower than those of the vertical direction. This tend- 
ency is seen in all types of specimen. 

3.2. Tensile test  results 
Figs 6 and 7 show stress (load/initial cross-sectional 
area of specimen) strain [(gauge length after tension - 

initial gauge length)/(initial gauge length) x 100] 
curves in the parallel direction and the vertical direction 
of the Cu-0.81 wt % Cr-0.14wt % Sn alloy. Cross- 
rolled specimens have middle tensile strength and frac- 
ture elongation between those rolled in the parallel 
direction and those rolled in the vertical direction. 
From these stress-strain curves, the fracture elonga- 
tion and yield strength (0.2% offset) are plotted in 
Figs 8 to 13). The fracture elongation of cold-rolled 
specimens is higher than that of aged specimens, and 
the fracture elongation of the aged specimens rolled in 
the parallel direction is higher than that rolled in the 
vertical direction. The same tendency is seen in 
yield strength, but the aged specimens rolled in 
the vertical direction have higher yield strength 
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Figure 7 Stress-strain curves of Cu-0.81 wt % Cr-0.14 wt % Sn alloy. Specimens are rolled in the vertical direction. S.T., as solution treated; 
aged at 723K for 1,'7 x 103sec; ~ = In (ho/h); C.R., cross rolling. 
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Figure 8 Relationship between fracture elongation and rolling 
strain on Cu-0.81 wt % Cr alloy cold rolled (open symbols), and 
aged after cold rolling (solid symbols). (o, e)  Parallel direction, 
(zx, A) vertical direction. 

than that of the specimens rolled in the parallel 
direction. 

3.3. Transmission electron microscope 
observation 

Fig. 14 shows transmission electron micrographs 
of the Cu-0.81 wt % Cr-0.14wt % Sn alloy. A pri- 
mary chromium phase particle can be observed in the 
specimen solution treated, but the primary chro- 
mium phase particles are elongated by cold rolling 
(e = 0.288, 1.109) and substructures in the matrix 
where crystallization is not observed. 

4. D i s c u s s i o n  
The repetition numbers of bending decrease with cold 
rolling strain. This is due to work hardening of the 
matrix. The repetition numbers of bending of the aged 
specimens are higher than those of the rolled speci- 

5 0  

25  ~ 

""  2 0  j-  
o 

t -  

O 
m 

ILl 
10 

• • • • • 

1.0 2 .0  3 .0  
T r u e  R o l l i n g  S t r a i n  

4.0 

Figure 9 Relation between fracture elongation and rolling strain on 
Cu 0.81wt% Cr-0 .14wt% Sn alloy cold rolled, and aged after 
cold rolling. For key, see Fig. 8 caption. 

Figure 10 Relation between fracture elongation and rolling strain 
on Cu-0.26 wt % Cr-0.10wt % Sn alloy cold rolled, and aged after 
cold rolling. For key, see Fig. 8 caption. 

mens. This might be due to annealing recovery of 
work hardening, and because these specimens are not 
recrystallized during ageing at 723 K. The solution- 
treated C-0.26 wt % Cr-0.10 wt % Sn specimens have 
no primary chromium phase as known from the Cu-  
Cr-Sn phase diagram [8]. As seen in Figs 3 to 5, the 
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Figure 11 Relation between yield stress (0.2% offset) and rolling 
strain on Cu 0.81 wt % Cr alloy. For key, see Fig. 8 caption. 
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Figure 12 Relation between yield stress (0.2% offset) and rolling 
strain on Cu 0.81 wt % Cr-0.14wt % Sn alloy. For key, see Fig. 8 
caption. 
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Figure 13 Relation between yield stress (0.2% offset) and 
rolling strain on Cu-0 .26  wt %-0 .  i0 wt % Sn alloy. For key, 
see Fig. 8 caption. 

repetition numbers of bending are virtually uninfluen- 
ced by the existence of the primary chromium phase 
and texture of cold rolling, but they are influenced by 
the precipitation of chromium from the solid solution, 
because the repetition numbers of bending of the 
specimens after ageing in the parallel direction are 
smaller than those in the vertical direction. The Cu-  
0.26 wt % Cr-0.1 wt % Sn alloy aged after cold rolling, 
which has no primary chromium phase, has higher 
repetition numbers of bending than those of the cold- 
rolled specimens at the same rolling strain, so that it 
can be concluded that the primary chromium phase 
has only a small influence on the repetition numbers of 
bending. [2 1 0] (1 1 0) is the rolling texture of the 

copper alloys as shown in Fig. 15. The repetition 
numbers of the Cu-0.26wt % Cr 1.10wt % Sn alloy 
aged in the vertical direction are higher than those 
aged in the parallel direction. This might correspond 
to the rolling texture. 

4. C o n c l u s i o n s  
1. Repetition numbers of bending of Cu-0.81 wt % 

Cr, Cu-0.81 wt % Cr 0.14wt % Sn and Cu 0.26wt % 
Cr 0.10wt%Sn alloys cold rolled after solution 
treatment are 4 to 5 and independent of rolling strain 
over 20%. 

2. Repetition numbers of bending of the specimens 
aged at 723 K after cold rolling are higher than those 
of the cold-rolled specimens, and those rolled in the 
vertical direction are higher than those in the parallel 
direction. 

3. The primary chromium phase does not influence 
repetition numbers of bending. 

Figure 14 Transmission electron micrographs of Cu 0.81 wt % C r -  
0 . 1 4 w t % S n  alloy. (a) Solution treatment + ageing, e = 0. (b) 
25% roll + ageing, e = 0.288. (c) 67% roll + ageing, e = 1.109. 
e = ln(h0/h ). 
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Figure 15 Textures o fCu-0 .81  wt 
% C r - 0 . 1 4 w t % S n  alloy cold 
rolled 50%, and aged at 723 K for 
1.8 x 103sec after cold rolling 
50%. 

R e f e r e n c e s  
1. K. M U R A K A W A  and K. IC HIKAW A,  J. Jpn Copper 

Brass Res. Assoc. 21 (1982) 77. 
2. W. KOESTER and W. KNOR R ,  Z. Metallkde 45 (1954) 

350. 
3. M. ISHIDA, Y. KATOH and M. HANADA,  J. Jpn Copper 

Brass Res. Assoc. 22 (1983) 216. 
4. T. SHIMIZU,  S. YAMASAKI ,  S. HIGUC HI  and T. 

KAMIJO,  ibid. 24 (1985) 225. 
5. MIL-STD-883B (31 August ,  1977) p. 2004.2. 

6. K. AKASAKA,  H. IWAI and K. K U W A H A R A ,  J. Jpn 
Copper Brass Res. Assoc. 24 (1985) 69. 

7. M. MIYAFUJI ,  T. MATSUI  and H. HARADA,  ibid. 21 
(1982) 80. 

8. T. YAMANE,  K. WADA, H. HIRAO,  Y. MINAMIN O,  
S. YAMASAKI ,  K. YOSHIDA and R. TAKEDA,  
J. Mater. Sci, Lett. 6 (1987) 748. 

Received 17 March 
and accepted 15 May 1987 

310 


