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Effect of Cu Addition on Phase Transformation and Microstructure in 9 mass% Cr Martensitic Steels

Yuichi FUTAMURA, Toshihiro TSUCHIYAMA and Setsuo TAKAKI

Synopsis : Effect of Cu addition on microstructure was investigated in Fe~Cr—Cu martensitic alloys by means of optical and transmission electron mi-

croscopy, and X-ray diffractometry. Lath-martensitic single structure can be obtained in 9mass%—Cu steels water-quenched from the solution

treatment temperature of 1273K. The morphology of martensite-laths is independent of Cu content in the steels with 4 mass% Cu or less.

Dislocation density in martensitic structure, however, is enhanced with increasing Cu content. On the solution treatment, Cu atoms markedly

segregate at austenite grain boundary, and the Cu content increases to about 50 at% (53 mass%) in the case of 9mass%Cr—4mass%Cu steel.

This results in the retardation of grain growth of austenite at the solution treatment temperature probably due to the grain boundary dragging

effect by Cu atoms and/or the decrease in grain boundary energy. The austenite grain refining by Cu addition also causes the refining of sub-

structure within prior austenite grains; martensite-block and -packet structure.

Key words: copper bearing steel; martensite; microstructure; dislocation density; grain size; dragging effect; grain boundary energy; grain boundary seg-

regation.
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Table 1. Chemical compositions of steels mainly used.
(mass%)

Cr Cu Si Mn P S C N Fe
8.93 1.03 0.02 0.17 0.006 0.014 0.006 0.0090 bal.
8.94 2.08 0.02 0.16 0.007 0.013 0.006 0.0102 bal.
8.99 4.19 0.02 0.16 0.008 0.013 0.006 0.0118 bal.
9.08 6.34 0.02 0.16 0.008 0.013 0.006 0.0143 bal.

Fe-9Cr-1Cu
Fe-9Cr-2Cu
Fe-9Cr-4Cu
Fe-9Cr-6Cu
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Fig. 1. Optical micrographs of 9%Cr—4%Cu steel (a), 14%Cr-4%Cu steel (b) and 9%Cr—8%Cu steel (c). Specimens were water-

quenched after the solution treatment of 1273K~3.6 ks.
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Fig. 2. Horizontal phase diagram at 1273K in Fe-Cr—Cu
alloy system.
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Fig. 3. Changes in phase transformation temperatures as a
function of Cu content in 9%Cr-Cu steels; start
(Ms) and finish (Mf) for martensitic transforma-
tion on cooling, and reversion start (Rs) on heating.

yRENITTE TH 5 CuDRMEAMT DI, y#
MRSl TIERT 5, L2L, CuB28RIZX5
&, Fig. IR L72& I 2 e-CudFkfFd 5728, BT
XE5CuDBELH6% X TICHIREE N3, fF, 1273K T
Ny F U e L 7oA Ty B OME SR/ o B,
3-1-2 MHEEEHIRKITTCuOEE

Fig. 313, 1273K Ty HMH & /£ %1 < D5 D Fe-9%Cr-Cu
HEIZOVWTHELNHERESR L CuBDBREZRL T
%, FIEBRETO o>y S ERREN (Rsrl) 32, Cu®
kL TIRIF—F (F1070K) Th B, —MIC o RITEL
Wi, P OMBENIZ L AMEDOHIL A ERT S /-
¥, HREE I DEEATHREL CER I NS, Ni®Mn
BEDyRENMTEELBIZAMTS &, Re A {K T & ¥
TERTOBRR LAKEIC A S LW RESAETE R, %
OERsEAKTEEAVCuld, WMTTEELGELTY
5,

—7, GHMERIZEVY TR, WThOo/RETE yida' N
ERELTBD, v v ¥ 7EESOLBAEERIIRLE STk
Moz, Fe-Cu TCAEIZ OV, RUHHIEE To M
BAEBLDIZNI% U EDO CudBETH 5 99, KAER

61

9mass% Cr 7L 7 4 4 FROMEZEHE & HEICRIZ T CulfmOBE

0.2875 T T T -

0.2870
a=0.2870 + 0.00006996 X (at%Cu)

Lattice parameter , a/ nm

0.2865 - - . L L
0 1 2 3 4 5 6
Cu content (at%)

Fig. 4. Relation between lattice parameter of martensite
and Cu content in 9%Cr—Cu martensitic steels.

Fig. 5. Transmission electron micrographs showing
martensite—laths structures in 9%Cr-1%Cu steel
(a) and 9%Cr—4%Cu steel (b).
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Fig. 6. Relation between dislocation density and Cu con-
tent in 9%Cr—Cu martensitic steels.
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Fig. 7. Optical micrographs showing lath martensitic structures in 9%Cr—2%Cu steel (a) , 9%Cr—4%Cu steel (b) and 9%Cr—6%Cu

steel (c).
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Fig. 8. Relation between prior austenite grain size and Cu

content in 9%Cr—Cu martensitic steels.
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Fig. 9. Changes in austenite grain size with holding time
at 1273K in 9%Cr—1%Cu and 9%Cr—4%Cu steel.

B A AERRICH L 22, 2R TEHEmMO KT 71T E 5
BEA R L T, —HTIHyRARBEH L TS
BRIN-DT, ZTOWHIIODOTRITERAT, &5,
[HyRFRiziZcuShiFeBE I, SFOFTRTOS
NCuSE LTHHLAZEIRELTEZDREI MR
6.6X10 2vol% EMETH D, T CuSKFIEE 2um &M
KTHB7280, yRhomMM{ticizizeATFELEE L,
Fig. 10 DRI EO AR &~ Z BB EOBrRIZH T S
A =T 2BFAHARY P EFiglRT, [HyRH L
DABTIZ, WMNTNEZREIEL 72 BEIZHARTCuiRE
AEEIIEL, NADOCuRE IS A< & E50at% Ll ED
BIZH->TWBEDERME 6N, DD, 1273KDE
FILBETIRIDESIZEZEDO CuRFA y R ICm L,
FAREAB->TWA I EIIA S,

—RI, RIREEE (drdnid, R ThobEIhd k&
5 IZREOMENE M) & R E O BE) 11(AG)D FEIZ HFl$
5,

(dr/dt)y=MX AG
:MX(2 eV/r) ............................................. ( 3 )

Vo BENLEM, - BEREE, e RAITALE —
RRIZCuMBENT 3 &, CuPRRIZEIZT 5N TEI A&

63

9mass% Crv 7 ¥ 4 4+ EROMZERE L MBI RIET CuilRinOBE

1523K-7.2ks
F.C.

1273K-50.4ks

W.Q.

Fig. 10. Scanning electron micrograph of fracture surface
in 9%Cr-4%Cu martensitic steel. The specimen,
which was subjected to the heat treatment shown
above, was fractured at 173K in the chamber of

auger electron spectroscope.
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Fig. 11. Auger electron spectrums obtained from the
cleavage fracture surface (A) and the grain bound-
ary fracture surface (B) of Fig. 10.
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