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Aging of 1%Cu-3%Ni-1% Al Steel

Synopsis:

Toshiyuki WATANABE

Microscopic observations have been made on a 19,Cu-39Ni-195Al steel in the solution-treated and
aged state in order to make clear the mechanism of aging induced by simultaneous addition of Cu, Ni,

and Al

The extraction replica, transmission electon microscopic and electron diffraction studies have shown
that precipitation of ¢ phase occurs in the initial stage of aging, and subsequently, B2 type super
lattice intermetallic compound a' phase (NiAl) precipitates preferentially at grain boundaries and with

the progress of aging it precipitates in matrix.

Identification and analysis of dispersed precipitates by

EPMA have shown that Ni is enriched into dispersed precipitates with progress of aging.
On the basis of these results, aging mechanism of the steel has been discussed.
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Table 1. Chemical composition of the steels.
Steel C Si Mn P S Cu Ni Cr Al
No 1 0.14 0.25 0 0.015 0.012 1.02 3.02 0.03 0.98
2 0.14 0.25 0.41 0.011 0.015 0.10 2.95 0.04 0.95
3 0.13 0.30 0.48 0.0l6 0.011 0.98 0.12 0.05 0.01
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Fig. 1. Comparison among age hardness of the
steels indicated in Table .
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Table 2. Electron diffraction patterns of the particles extracted steel No 1 heat treated

at the indicated condition.

Heat treatment Diffraction pattern of = phase
As solution Aged at T Aged at [ Notes
treated 525°C for 3hr ' 52g5°C for 10hr ' d-A : h (hkl)
2.45 | 2.45 Cu,0O
2.08 2.09 1 2.09 2.08 100 (11D
1.81 1.81 1.81 1.81 53 (200)
1.50 1.50 Cu,O
1.27 | 1.27 1.277 | 33 (220)
i 1.09 l 1.09 1.089 33 (311)
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Photo. 2. Extraction replica images of steel No 1.
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Fig. 2. Relation between the extracted particle
size and the aging time.
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Photo. 3. Extraction replica image of steel No 1

aged at 525°C for 50hr.
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195Cu-39,Ni-19%Al B R 2459

Photo. 4. Extraction replica image and electron
diffraction pattern of steel No 1 aged
at 525°C for 100hr.
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Photo. 5. Extraction replica image and electron
diffraction pattern of steel No 1 aged
at 525°C for 500hr.
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Note : arrow shows average size of extracted particles
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Photo. 8. Transmission electron micrograph of
stee] No 1 as solution treated.
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Photo. 9. Transmission electron micrograph of steel No | aged at 525°C for 5hr,
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Photo. 10. Transmission electron micrograph of
stee] No | aged at 525°C for 100hr.
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Transmission electron micrograph of steel No 1 aged at 525°C for 1 000°hr.
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Table 3. Details of the extracted residue of steel No 1 heat treated at the indicated condition.

As solution Aged at Aged at Aged at Aded at
treated 525°C for 3hr 525°C for 5hr | 525°C for 10hr | 525°C for 100hr Note
20 d, A 20 d, A 20 d, A 29 d, A 260 d, A
34.7 3.839 | 34.7 3.839 NiAly K3
38.5 3.472 | 38.5 3.472 NiAly Ka
39.2 3.412 CuFeS, KB
43.3 3.103 CuFeS, Ka
50.3 2.683 | 50.3 2.693 NiAl, K3
55.4 2.468 | 55.4 2.468 NiAl, Ka
58.5 2.340 58.9 2.338 NiAlg KB
60.1 2.286 | 60.1 2.286 | 60.1 2,286 | 60.1 2.286 Cu K3
64.9 2.133 NiAl, Ka
66.3 2.093 CuFeS, KB
66.8 2.079 | 66.7 2.082 ) 66.7 2.082 | 66.7 2.082 | 66.8 2.079 Cu Ka
70.7 1.978 | 70.7 1.978 | 70.7 1:978 | 70.7 1.978 Cu KB
73.7 1.908 CuFeS, Ka
77.8 1.823 | 77.8 1.823 .8 1,823 NiAl; Ka
78.7 1.805| 78.7 1.805 | 78.7 1.805 | 78.7 1.805 Cu Ka
79.5 1.790
89.3 1.629 _ CuFeS, Ka
98.7 1.508 | 98.7 1.508 | 98.7 1.508 NiAl, Kea
109.4 1.402 | 109.4 1.403 | 109.4 1.402 | 109.7 1.400 Cu KB
111.4 1.385 | 111.4 1.385 NiAl, Ka
114.5 1.361
115.8 1.351 CuFeS, Ka
127.7 1.275 | 127.6 1.275 | 127.6 1.275 .6 1.275 | 127.7 1.275 Cu Ka
134.5 1.240 CuFeS; Ka
| T s T
As solution treated 3 |%= Aged at 525°C for | 000y =
= < Accelerate voltage 20KV = %
¥ 3_1| | | Absorbed current 0.30uA § _| Y-
v Spot size 504 c
| | R Quartz 2 A
3 Quartz Wo“& u o
3 © — A i
Accelerate voltage 20kV 3 i o S5
M Absorbed current O304A p—— O ‘é ™ g
8 S%JT snzeBSO,a - 8 % 1] 3 o o B ;2; é
S S5 P 9| 3 G o2y =20
7 £ T3 3 | =3 cc% e
KX =3 1 { xx:, [ =18}
\ c3 3 s}
i
T ; T
! S so MCa 4s 40 35 30
55 g0 Mol 40 35 30 25

i L 1 L 2

Tig. 3. Result of electron probe microanalysis
of particles extracted from steel No |
as solution treated.
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Fig. 4. Result of electron probe microanalysis of
particles extracted from steel No 1 aged
at 525°C for 1000hr.
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Fig. 5. Relation between relative intensity of Ni,
Cu in particles extracted from steel No 1
after aging.
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Fig. 6. Microphotometer curves of the image of & particle.
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Cu 23gk= hY v 2 2CBBETHE, b v 7R
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Concentration of Ni or Al
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|

r—— Cu cluster ——

A : Concentration distribution of Ni and Al in matrix which
conjugated with precipitated a’ phase (NiAl)
B : Concentration distribution of Ni and Al disolved in
matrix.
Hatched area : Amount of Ni and Al which contribute to the
precipitation of a’ phase (NiAl) upon aging

Fig. 7. Schematic diagrams of concentration dis-
tribution of Cu, Ni and Al around Cu
cluster in steel No 1 after solution treat-
ment.
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7 NI

at 550°C fo} 5hr

P/

Steel No2 aged

Steel No3 aged at 500°C for 5hr

Photo. 12. Extraction replica images of overaged
steel No 2 and No 3.
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