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Precipitation characteristics of Cu-Mn-P alloy

JOON HWAN CHOI, JUNG-SOO BYUN,DONG NYUNG LEE*
School of Materials Science and Engineering, Seoul National University,
Seoul 151-742, South Korea

The precipitates responsible for the age-hardening effect in Cu-1.11%Mn-0.28%P alloy have
been studied using transmission electron microscopy (TEM). The precipitates in the aged
alloy have a rod shape and a composition of Mn,P having a hexagonal structure. Their
axial direction is [0001], and is parallel to (001), of copper matrix, where subscripts ‘m’
and ‘p’ signify matrix and precipitate, respectively. Orientation relationships between the
precipitates and the matrix are as follows:

[001]m //[0001],//rod axis and (010),//(1340),
[001],, //[0001], //rod axis and (010),//(1230),
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1. Introduction alloy have been studied using TEM. The aging tem-
Materials for electronic and electrical applications suchperature employed was 723 K which is an appropriate
as lead frames and connectors are required to havetamperature for good combination of strength and con-
high strength as well as a good electrical conductiv-ductivity.
ity. Therefore, copper-base alloys are widely used for
the applications due to their high electrical conductiv-
ity. Most of the alloys are usually of the precipitation— 2. Materials and experimental procedure
strengthened types and are dilutely alloyed with ele-The Cu-Mn-P alloy was prepared in a high frequency
ments of very low solubility to preserve high levels of induction furnace. The chemical composition of the al-
conductivity. loy was Cu-1.11%Mn-0.28%P. The billet was homoge-
The representative precipitation-hardenable coppemized at 1173 K for 12 h and hot-rolled to a thickness of
base alloys for the applications are Cu-Be [1-5], Cu-Crl1 mm. The plate was solution-treated at 1173 Kfor 3 h
[6-8], Cu-Zr [9, 10], Cu-Ni-Si [11-14], Cu-Fe-P [15- and then water-quenched. After machining to remove
18], Cu-Ni-P [19, 20], etc. The alloys are required tosurface oxide, the plate was cold-rolled to a thickness
have very low solid solubility at the precipitation tem- of 1 mm, annealed at 1173 K for 3 h, and then water-
perature to increase the strength with minimum degradquenched.
ing of the conductivity. Recently, Miyaket al. [21] A set of static aging experiments of the 1 mm thick
have reported that addition of phosphorus to Cu-Ni al-annealed specimens was carried outat 723 K. The Vick-
loys forms nickel phosphide precipitates, resulting iners microhardness measurements were carried out un-
an decrease in the residual solubility to very low lev-der an indenting load of 200 g on the mechanically
els. They also reported that the addition of iron to Cu-Ppolished longitudinal sections of the specimens.
alloys reduced the solubility of P in Cu and the equilib- Thin foils for TEM examination were thinned at
rium solubility of nickel phosphide compound in cop- 25-30 V in a twin jet electropolisher using 30% ni-
per was much lower than that of M8i, Be,and Tiin Cu.  tric acid in methanol maintained at about 243 K. The
Mn also reacts with P to form an intermetallic com- TEM examinations were carried out using a Philips
pound. We have reported that Cu-1.11%Mn-0.28%P alCM20/STEM electron microscope operating at 200 kV.
loy with the atomic concentration ratio of Mn to P being
about 2 to 1 exhibits high strength (a tensile strength
of 662MPa), good electrical conductivity (51%IACS), 3. Results and discussion
and good elongation (8%) and that the alloy is strength3.1. Age-hardening behavior and
ened by hexagonal MP precipitates [22]. precipitate morphology
In the present work, the shape and the growth direcThe effect of aging at 723 K on the hardness of the mate-
tion of the precipitate and the orientation relationshipsrial is shown in Fig. 1. The hardness of the alloy reached
between the precipitate and the copper matrix of thea peak after aging fo4 h and continuously decreased
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240 —/ f——rrrr——r e Precipitate images were also obtained from a beam

] direction of (110,. Fig. 3b of which the zone axis
220 g is the [L10], direction can be obtained by a rotation
; ] through 45 about the [001} direction in Fig. 3a. The
200 4 . rod-shaped precipitates parallel to the [QQd]rection
; ] in Fig. 3aare nottilted by the rotation, butthose parallel
< 180 . to the [010}, and [100}, directions in Fig. 3a appear as
== . 1 rods parallel to the [11Q]direction in Fig. 3b. From the
o 1604 . trace analysis, therefore, the growth direction of the rod-
3 . ] shaped precipitate is parallel to tk@01),, directions
C 140+ . of the matrix. B
g 1 1 This is confirmed by thel[11},, zone axis in Fig. 3c.
T 120 é . The rods parallel to théd01),, directions appear to be
1 1 parallel to thg 112, directions orthogonal to thd. 11)
100 . beam direction. The precipitates in Fig. 3¢ having the
L 1 [111],, zone axis were obtained by a rotation through
80 - . 35.3 about the [11Q} direction in Fig. 3b. They appear
1 1 to be aligned parallel to thre&12 , directions orthog-
60 L/ f——rrrrer——r T onal to the beam direction. Specifically, the precipitates

10?2 10" 10° 10" 10° 10°  along the [12], directions in Fig. 3c are equivalent to
Aging time (h) those parallel to the [004]direction in Fig. 3b while
the precipitates parallel to the [1]3, and [211}, direc-
Figure 1 Microhardness (load: 200 g) of the specimen as function oftions in Fig. 3c are equivalent to those parallel to the
aging time at 723 K. [110]y, direction in Fig. 3b.
The shape and the growth direction of the precipi-
tates in Fig. 2 which was obtained from the peak-aged

) o o i specimen are the same as those in Fig. 3 which was
afterwards. Bright field images of precipitates in the gpiained from the specimen aged for 500 h.
alloy aged for 4 and 500 h are shown in Figs 2 and 3,

respectively. The precipitates in Figs 2 and 3 appeared
asrods in all of the beam directions and were elongated
in the same directions. 3.2. Orientation relationships between

Three sets of rod-shaped images of the precipitates  the matrix and the precipitate
can be seen at right-angles to one another in Figs 2&he precipitates in the aged alloy were identified as
and 3a which were obtained from a foil oriented so thathexagonal MgP by X-ray diffraction and TEM [22].
the incident beam could be parallel to the [1Q@]rec-  Fig. 4a and b show selected-area diffraction patterns
tion. The precipitates parallel to the tWb00, direc-  (SADPSs) obtained from a precipitate in Fig. 3a such as
tions orthogonal to the beam direction of [1R@ppear the precipitate ‘A’ in Fig. 3d. The incident beam is par-
as rods and those parallel to the beam direction appeailel to the [100}, direction in the both cases. Fig. 4c
as dots. and d show the analyses of the diffraction patterns in

(b) & \&

Figure 2 Bright field TEM micrographs of specimen aged at 723 K4d taken with zone axes parallel to (a) [1L@Gnd (b) [Tll}n directions.
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Figure 3 Bright field TEM micrographs of specimen aged at 723 K for 500 h taken with zone axes parallel to (&), [@QilO}n, and (c) [Tll]
directions. (d) Magnified image of Fig. (b).

Fig. 4a and b, respectively. The two patterns are notelationships represents one of the variants of the ori-
identical and show that the two different orientation re-entation relationships between the matrix and the pre-
lationships exist between the matrix and the precipitatecipitate.
The precipitate spots in Fig. 4a and b contain double The SADPs for a precipitate were also obtained from
diffraction spots, which were represented by gray cir-the beam direction parallel to thig10, and(111), di-
cles. In the both diffraction patterns, the (000flane  rections to confirm the orientation relationships. Figs 6
is parallel to the (003}) plane and orthogonal to the ax- and 7 show the SADPs obtained from the beam di-
ial direction of the rod-shaped precipitate as shown irrections of just or nearl[L0}, and [L11}, directions,
Fig. 3d. However, the (02@)plane in Fig. 4c and d was respectively. In Fig. 3b for thelfl0], zone axis, the
found to be parallel to the (¥®), and (1380), planes, precipitates appear parallel to the [0Qignd [110},
respectively. Thus, two kinds of orientation relation- directions. The diffraction patterns in Fig. 6 were ob-
ships between matrix and precipitate were obtained agined from precipitates aligned parallel to the [Q@1]
follows. direction in Fig. 3b. Fig. 6a and b are obtained from a
precipitate having the orientation relationships (1) and
[001],,//[0001}, and (010} // (1340), (1)  (2) with the matrix, respectively. The both patterns are
_ indexed in Fig. 6c¢.
[001],//[0001}, and (010%//(1230)  (2) In _case of the relation (1), the angle between
the [110}, and [L210], directions about the axis of
The relationships are represented by the stereographj6001},// [001], is 1.1°. In hexagonal crystal sys-
projections of Fig. 5a and b, respectively. Each of thetem, [uv-0] direction is orthogonal toup-0) plane.
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Figure 4 SADPs of precipitate in specimen aged at 723 K for 500 h taken with [1806he axis parallel to (a) @0]0 and (b) [a_lOl). Fig. (c) and
(d) are analyses of diffraction patterns of (a) and (b), respectively.

Therefore, the precipitate pattern for th&2]0], The SADPs obtained from the precipitates in Fig. 2a
zone axis was tilted by about® Jabout the axis of and b are shown in Fig. 8a and b, respectively. Several
[0001},//[001]in Fig. 6aobtained for thelfLO},, zone  precipitates were contained in an objective aperture.
axis. B Streaks in the figures can arise because of modifications
In case of the relation (2), the angle betwegh(], to the shape of reciprocal lattice points arising from
and [1210], about the axis of [0003}/[001]. is 4.1°.  either the shape of crystal defects or the lattice strain
Therefore, the matrix pattern fot 10}, zone was tilted associated with them [23]. Discs of intensity orthogonal
by about 4 about the [001)} direction in Fig. 6b to the rod axis can arise from rod-shaped precipitate
obtained for the 1210], zone axis. The tilting an- with small dimension.
gle was obtained from the Kikuchi pattern of the The streaks in Fig. 8a are orthogonal to the rod axis
matrix. along the [0001] direction. This can be understood
The diffraction patterns in Fig. 7a and b were ob-indirectly from the diffraction patterns in Fig. 4. The
tained from the precipitates along thelPl, and patternsin Fig. 4 do not show streaks, because the pre-
[121]m or[211]}, directions in Fig. 3c, respectively. The cipitates in Fig. 3 from which the patterns in Fig. 4
beam directions are nedr] 1}, direction. Fig. 7candd were obtained are thought to be too big to give rise to
showthe analyses ofthe SADPsin Fig. 7aand b, respestreaks. The streaks run through spots forming a cross-
tively. Any simple orientation relationships between thegrid because of the high density and small dimension
diffraction patterns from the matrix and the precipitateof precipitates and the dynamical diffraction effects.
could not be observed from these patterns as expectestreaking in Fig. 8b obtained from the incident beam
from the orientation relationships of (1) and (2). parallel to{111),, can also be similarly explained.
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Figure 5 Superimposed stereographic projections showing orientation relations of (a) (1) and (b) (2) between matrix and precipitate.

g1:(0001)e g2:(1070)p

Cu matrix spot with [T10]m zone
® Precipitate spot with [1210]p zong

Figure 6 SADPs of precipitate in specimen aged at 723 K for 500 h taken from (a) just and (b)fﬂém gone axes and (c) analysis of diffraction
patterns.
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Figure 7 SADPs of precipitate in specimen aged at 723 K for 500 h taken from Eea}T[ zone axis with (a)fz:fS]p and (b) []_.012]0 zone axes.
Fig. (c) and (d) are analyses of diffraction patterns of (a) and (b), respectively.

(a) (b)

Figure 8 SADPs of specimen aged at 723 K fbh obtained from (a) [10@] and (b) Ell}n Zone axes.

4. Conclusions trix. Two different orientation relationships between the
The precipitates in the aged Cu-1.11Mn-0.28P alloy arenatrix and the precipitate exist as follows:
arod-shaped compound i of a hexagonal structure. —

The axial orientation of the precipitates is the [0Q01] [001], //[0001}, and (010 // (13i0)p
direction and is parallel to th@01),, directions of ma- [001], //[0001}, and (010} //(1230),
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