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Effect of Cu Addition on Formation of Reversed Austenite and Hardness in 9% Ni Steels

Nobuo NAKADA, Toru Y AMASHITA, Junaidi SYARIF, Toshihiro TSUCHIYAMA and Sefsio TAKAKI

Synopsis

: Copper (Cu) was added to a cryogenic 9% Ni steel as an alloying element for improving strength and controlling microstructure, and then the

softening behavior and microstructural development during tempering were investigated in the 9% Ni steels with various amounts of Cu.

Hardness of the specimens decreased with an increase in tempering time owing to recovery of martensite. However, the addition of Cu more

than 1% significantly retarded the softening. In particular, the steels containing 2% Cu or more exhibited clear age hardening phenomena

after tempering at 873K for 1.8 ks. The retardation of softening by Cu is found to be due to precipitation of fine Cu particles within marten-

site matrix. On the other hand, Cu addition promoted the formation of reversed austenite at tempering temperature, thus the volume fraction

of the reversed austenite became much larger in a 3% Cu bearing steel than in a Cu free 9% Ni steel under a same tempering condition.

Chemical analysis using XEDS revealed that not only Ni but also Cu concentrate into the reversed austeniie and make the austenite more sta-

ble in the Cu bearing steel than in the Cu free steel. As a result, the hardness of Cu bearing 9% Ni steels was found to be estimated by the law

of mixture of each hardness in martensite and reversed austenite.

Key words: 9% Ni steel; microstructure; martensite; £-copper reversed austenite; precipitation hardening; law of mixture.
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Table 1. Chemical compositions (mass%) and Ms temper-
ature (K) of used steels.

Ni Cu C Si Mn Fe Ms
9Ni 9.10 -
9Ni-0.5Cu | 9.06 0.67
9Ni-1Cu | 9.07 119
9Ni-2Cu | 9.18 223
9Ni-3Cu | 899 291

0.110 023 057 bal. 543
0.102 005 033 bal. 568
0.107 005 033 bal. 550

0.095 0.05 0.32 bal. 545

0.110 0.04 0.33 bal. 546

P<0.005, S<0.02, N<0.03

Hv:3.95GPa (b)
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Fig. 1. Optical micrographs of (a) 9Ni, (b) 9INi—1Cu and (c) INi—3Cu steels. Specimens were water-quenched after solution treat-

ment at 1173K for 1.8 ks.

Fig. 2. Transmission electron micrographs showing martensite lath structure in (a) 9Ni, (b) 9Ni~1Cu and (c) 9Ni-3Cu steels.

1051



EEE 1052

$% &80 Tetsuto-Hagané Vol. 89 (2003) No. 10

45

40

35

30 |

Vickers Hardness,
Hv/GPa

25

2.0

[ =O 9Ni

(b) |
i| =@= 9Ni-3Cu

20 r

15

10

o’ transformation

Volume fraction of reversed
austenite, Vy/vol.%

750 800 850 900 950 1000

Tempering temperature, T/K

Fig. 3. Effect of tempering temperature on (a) hardness
and (b) volume fraction of reversed austenite in
9Ni and 9Ni-3Cu steels. Specimens were water-
quenched after the tempering for 3.6ks. Dashed
line indicates volume fraction of reversed austenite
at tempering temperature.
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Fig. 4. Changes in hardness with tempering time in
INi—(0~3) Cu steels.
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Fig. 5. Transmission electron micrographs showing microstructure within matrix structure in (a) 9Ni and (b) 9Ni-3Cu steels tem-
pered at 873K for 3.6 ks. Cu particles are indicated by arrows.

o

Fig. 6. Transmission electron micrographs showing martensitic structure containing reversed austenite in (a) (b) 9Ni, (¢) (d)
ONi—1Cu and (e) (f) INi-3Cu steels tempered at 873K for 3.6 ks.
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Fig. 7. Changes in volume fraction of reversed austenite

with tempering time in 9Ni and 9Ni-3Cu steels.
The data obtained at tempering temperature are
shown by the plots (O, A), while those after cool-
ing to room temperature are shown by the plots (@,
A).

Table 2. Chemical compositions of reversed austenite and
martensite matrix (mass%) in 9Ni and 9Ni-3Cu
steels tempered at 873K for 3.6 ks.
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Table 3. Chemical compositions of model materials made
for obtaining the same microstructure as the ma-
trix structure of 9Ni and INi-3Cu steels. (mass%)

Ni Cu C
8.3Ni 8.43 -
8.4Ni-2.8Cu| 853 275

0.010

0.012

' Hv:2.04GPa (b)

Fig. 8. Transmission electron micrographs showing microstructure of model materials shown in Table 3. Specimens were water-

quenched after tempering at 873K for 3.6 ks.
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(2) MR UIZED 9% NI, 1%L LD Cuilk
Mz k0 BEFCHE N5, 72, 2% Locu®HmmL
BRI RS S RIAT S, 2D LD ECuliil
12 & B ERALA D R St i LT 9 B i A Cu by IS
L BHHERIL THMETE 5,

(3) CuDRIMIWERES — X7+ 4 b DEREERE
REAEMEES,

(4) Cu%&EHLZ9%NISHOMEIL, CuliFiZk o
Hagfb Xz 7 v 4 b Et L AR — 27 F 4 b

52

DEEDRAH TS AN,

(5) STKMEDEE THEKT 2HEEL -7 1 b
2, BRIAHBE VLT VYA P EREEFIIRELRA —
27+ A4 PELTHFELD B, TNHiE, Ni&CuDA — X
F A AR & 3R A REIRZ G TIEE
BT XS, WEREX — 27 F 4 MR Z ISR L
TP e R (ERMERR) SWAREL -2 T
T4 FORENIZKELFEL TSI EHIPL 2,
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