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We investigated the age-induced precipitation behavior of Cu—4.0 wt.% Ni-1.1 wt.% Si alloy with 0.7 wt.%
Mn addition, in comparison to that of the non-Mn added Cu-4.7 wt.% Ni-1.1 wt.% Si alloy. In the Cu-Ni-Si
alloy without Mn addition, fine orthorhombic 6-Ni2Si precipitates were dispersed within the matrix grains,
and simultaneously the lamellar structures of 6-Ni2Si and Cu laminates were coarsely developed at the
grain boundaries. On the other hand, in the Cu-Ni-Si alloy with Mn addition, a small amount of MngNiSi7
particles (commonly called as the G phase, cubic structure) with a size of less than 100 nm was formed at
the grain boundaries, although the lamellar structures containing coarse 6-Ni2Si laminates were significantly
disappeared. As a result, the decrease in hardness after over-aging (peak-hardening aging) conditions was
suppressed. DFT analysis showed that adding Mn to the Cu-Ni-Si alloy reduces the interfacial energy
between the G phase and the Cu matrix. This supports the experimental fact that Mn addition to Cu-Ni-Si

alloys promotes the formation of G phase at grain boundaries.
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Table 1 Nominal composition of alloys prepared in this study.

wt% Cu Ni Si Mn

CuNi-Sialloy Bal. 475 113 -

Cu-Ni-Si-Mnalloy Bal. 404 113 071
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)8 B & WA (MneNiweSiz A, @R [GAH L) A3h I
ERENLEZERMONTWEID, FrDTV—FT
3. BN Siz &L Cu-Ni-SiA4<ThMniRind 5 &,
A & BRI GRS TSRS AR L, £ ofk
By PERD T A FIRAHHHT HAHPH] S 5 W REEA D
blEzl, OF ) EEARIANVF-ORAENS D,
Mn &M & ) Cu-Ni-Si& & i G ER T % & P41
ENb. GHIZV I THEFIREeH1.106 nmTH ).
CuttMl (@=0361 nm) & I1FHEA MDA, K Sk R
% EOME R A — BT 5 LRSS BLG
2SS SR AR FACAER T, HLRS-NiSiEd I 2 5
HMAROBKICHEL RIZTETTH 5.

AWFZETIE. BN Sig A =D Cu-47 Ni-1.1 Sid &
(Wt.%) 12k LTy Niod>—#6% Mn Tilhife L7z 35l8 % 15
B 7. RBF ORI B X O L8 % 530 L. Mn
WM F % Meid U7z, 2 O E Mol L 7244 Tl
Mn RN 7Z L O G4 & RS SR O il 6-NigSi A3 5L
BT L 72, &SRR TUE. B K DMK §-NigSi 0 A i
BeAT A 2 T GHDRARISAR Y — A L 72,

WER LT, ¥— 7 kaitk GEFER)) T oM
PO TIZIH TE 2. S50, A —BAEROMEE
P % %% B UL Y B B S AT A (DFT) MEQUE R PRAYN
Mn 00 L 72 Cu-Ni-Si & 4 0 55 b AL FL ¢ i §-NioSi A &
DY GCHOBBARE—BER LR T W LR

2. EBF&E
FEH (FEE 99.99%). #hSi (99.9%). #iNi (999%) B
X i Mn (999%) % Table 1 OF KIS 5 & 9 FEE L
T WREAERBR -FEBECTAEL YTy PRfER L.
980C T1 hiAMRILALHE L 72 B I KB L7z, 1K
LA 20 &/ REBRR 2 B0 L 72 38 & 450, 500,
550C T 1~24 h & mkFsp it L 7.

BRI OBREERE 2 FRI 3 5 72012, ¥y B — AT S
Bairoiz. €y h— A s (HM210. Mitutoyo)
\2C, AFE 100 gf. W EARTRER 10 O 5 cillE L 7-.
BEFGIERWER (HHHY 7 VT Y v ¥2769,
Yokokawa) 1 & A AFEIKPLE 2 WV CTHI L7, FER)
O HLRR BLEE 3 X OHT H W o0 Rl 38 ST (3O 2 S A g5
B X OEEAE - HMSE (TEM) (JEOL-2100F. JEOL.
METEE 200 keV) 2 L7z BERDAT AR (R17 5
8-Ni2Si B & U3 F7 i G-MngNiieSiz ) @ # % 52 1 %

a0, BEIEEMG (DFT) 2 w728 — 5
HEtRZ T o7, 70y =7 % —HiiEdk (PAW) HAR T

YIYAMINIE, Ay P FTIALF—F40eVELT

— 77—

350 ",
Cu-4.7Ni-1.1Si
300 |
250 |
% 200 |
150
—m—450C
1008 —e—500T
(a) —A—550C
50 ___’/ 1 1 1 L 1 1 1
0 0.5 1 2 3 4 6 12 24
Aging time (hour)
350 ' At T
Cu-4.0Ni-1.1Si-0.7Mn
300 |
A
250 |
% 200 |
150 |
100.
(b)
5[' _._...}/ 1 1 1 1
0 "05 1 2 3 456 12 24

Aging time (hour)

Fig. 1 Hardening behavior of (a) Cu- 4.7 Ni-1.1 Si and (b) Cu-4.0 Ni-1.1
Si-0.7 Mn alloys isothermally aged at 450, 500, and 550C.
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Fig. 2 Optical micrographs of the Cu-4.7 Ni-1.1 Si alloy aged for (a) 3
and (b) 24 hours, and the Cu-4.0 Ni-1.1 Si-0.7 Mn alloy aged for
(c) 3 and (d) 24 hours. The arrows in (a) and (b) indicate
discontinuous precipitates.
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Fig. 3 Micrograph near a grain boundary of Cu-4.7Ni-1.1Si alloy aged at
500C for 3 hours (a) and (b) 24 hours, and (c¢) and (d) enlarged
images of (b) , respectively.

Fig. 4 Micrographs near a grain boundary of Cu-4.0Ni-1.1Si-0.7Mn alloy
aged at 500C for 3 hours (a) and (b) for 24 hours, and (c¢) and
(d) enlarged images of (b), respectively.
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Table 2 Local compositions of the regions in Fig. 4 (b), which are
obtained by TEM-EDS analysis.

Atomic% Si Mn Ni Cu
Matrix 809 065 1804 7321
Particle 1323 1479 3423 3774
Particle 1123 11.66 2548 5163

Particle fiee zone 035 0.74 061 983
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Fig. 5 Atomic structures of (a) 8-Ni2Si and G-MngNi6Siz, and (b) the
cohesive energy for 8—(Ni,Mn)2Si as a function of Mn/(Mn + Ni)
ratio, together with that for G-MngNiieSi7, without and with
lattice strain from surround Cu matrix.
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Fig. 6 (a) The surface energies for 8-NizSi and G-MngNiiSiz and (b)
the various interfacial energies between Cu//6-Ni2Si and Cu//G-
MngNii6Siz.
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Fig. 7 The cohesive, interfacial (or surface) and total energies of 8-NizSi
or G-MngNiieSiz as a function of the precipitate’s major axis
length (a) in the matrix and (b) at the grain boundary.
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