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Fig.1 Schematic diagram of discontinuous precipitate
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Table 1 Nominal composition of the experiment alloy

Element Ni Mn Cu

Content, /% 20 20 Bal.
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2 Cu-20Ni-20Mn & & 25 FIMOM A 21 SEM &
Fig.2 SEM images of Cu-20Ni-20Mn alloy: (a) soluted for 30
min at 1123 K, (b) aged for 4 h at 623 K, (c) aged for 12 h
at 623 K, (d) aged for 48 h at 623 K, (e) local
magnification of area A in Fig.2d, (f) aged for 12 h at 673

K, (g) aged for 36 h at 673 K, and (h) local magnification
of area B in Fig.2g
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Fig.3 Variation of discontinuous precipitation colony width (w)

as a function of ageing time at different temperatures:
(@) 573 K~ 623 K; (b) 673 K and 698 K

TumanfB-5 Gust T $ H 1 B (EAH 75
2.2 WMLBLDH

Kl 5 J& Cu-20Ni-20Mn 4 473 B TE 623 Fl 673 K
28 30 h J5 ) TEM B35 SRt B 138 X HL 7T i 4
FEo bR P AT %% 1) i B 0 B AT HE OV T 32 Hh A
B B F 2R NiMn HRI S 3 52 6 22 A 4 R 12
AT AERE R B T THI 0 32 T7 45 R B AR BE S Ah, IE R
BN PUPE M AT BE 55 o 8 I XS AT S BE A AR E T LAIE
AP NiMn AHEJELE, T H NiMn AR B 4 2 8] £
R RIFMILE LR o, EARBEZMET, A
FESEHT A B 2R NiMn #H T S50 18] 5 4 T (X
Al WAE 623 KNP, E R NiMn A= I B8k )=
[ RE 208 13 nm, W& /N T-7E 673 K N0 Jr J2 1Al

FEI R[], AN FEZAT HH HOIRZAL 2L NiMn A
FEESEERANE 6 . afULEH, FZEN
BRI RO B G, IR L JE TR RO

Kl 7 4& Cu-20Ni-20Mn & 4:7E 673 K Bf 2L 30 h J&
FEAR TEM BRIZG BO BLHE X BFRTHERE. 2 2
Jr v AR E S AE D, HH TP AR T TR R R B 22
S, g 3 FGE S AR AT R, TR R R 4P,
TEM & v o ml W %2 3 SCOR 5640, A fE A& HHUTTE A



- 3802 - WA MRS T % 46 &
9.7 35} ]
£
} § 30}
-9.8+ \ S
© 99l =3
£ 5 20t
-10.1} g 10} /
51 [ ]
-10.2}

560 580 600 620 640 660 680 700
Temperature, T/K

[ 4 ANEEZNT IR 4L 25 T R I B A R S I IR R Y
EA
Fig.4 Variation of the RF migration velocity as a function of

isothermal ageing temperature
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Fig.5 TEM images and SAED patterns of Cu-20Ni-20Mn alloy
aged at 623 K (a, b) and 673 K (c, d) for 30 h
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Fig.6 \Variation of the interlamellar spacing 4 in discontinuous
precipitation colony as a function of isothermal ageing

temperature
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Fig.7 TEM images (a) and SAED patterns (b) of the matrix in
Cu-20Ni-20Mn alloy aged at 673 K for 30 h
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FEUANESETE T JREEZE 673 KR,
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K8 673 K A% 30 h J& Cu-20Ni-20Mn & 4= Kratky £k

Fig.8 Kratky plots (1Q? vs Q) for the alloy aged at 673 K for 30 h
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Table 2 Kinetic and thermodynamic data on discontinuous

precipitation in Cu-20Ni-20Mn alloy

v/ A sdDy/><1072°

TIK %o XX 90m st x10®m m® st

573 0.21 0.018 05 0.670 0.68 0.047
623 0.21 0.024 05 1.37 1.3 0.35
673 0.21 0.037 05 1.62 15 0.58
698 0.21 0.048 0.5 1.42 3.2 2.4
59+ =
_60_
" -61f -
2
2 -62t
-63. ']
0.0014  0.0015 0.0016 0.0017
TYK™

9 5Dy {H 5T E M Arrhenius 55 5 i 2k
Fig.9 Arrhenius plots of soD, values obtained from Aaronson

and Liu model
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16.8 kJ/mol, iz/NF Niv Mn JCELEFEAR R AP EL
B Mg ee. Rk, UUUEAH S T1Em A BT H .
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Interaction between Continuous and Discontinuous Precipitation
in Cu-20Ni-20Mn Alloy

Xie Weibin, Wang Qiangsong, Xie Guoliang, Liu Dongmei, Mi Xujun, Gao Xuecheng
(General Research Institute for Nonferrous Metals, Beijing 100088, China)

Abstract: The discontinuous and continuous precipitation behavior, and the interaction between them during the aging process in a
Cu-20Ni-20Mn alloy have been investigated in the temperature range 573~698 K by scanning electron microscope (SEM), transmission electron
microscopy (TEM) and small-angle X-ray scattering (SAXS). The results show that discontinuous precipitation is the predominant mechanism at
623 K and below, whereas both discontinuous and continuous precipitations occur when the temperature is higher than 673 K. The discontinuous
precipitations with a lamellar mixed structure, consisting of alternate lamellae of matrix and NiMn phase, nucleate and grow preferentially on
grain boundaries during the aging process. Continuous precipitations can either partially or completely inhibit the growth of discontinuous
precipitation colonies. Obvious inhibition action on the migration of reaction front of discontinuous precipitation colonies are found by
experimental results, owing to the continuous precipitates when their diameters reach up to about 5 nm or larger. The grain boundary chemical
diffusion triple product séDy is calculated according to an Aaronson-Liu model. In addition, the activation energy for discontinuous precipitation is
determined to be between 77.3 and 110.9 kJ/mol based on Arrhenius equation, well below the activation energy for volume-bulk diffusion of Ni
and Mn in Cu-rich alloy, indicating that discontinuous precipitation is easy to occur in grain boundaries.

Key words: Cu-Ni-Mn alloy; continuous precipitation; discontinuous precipitation; activation energy for grain boundary chemical diffusion
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