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Development of Cu Bearing Ferritic Stainless Steel, NSSEM-C
Takeo Tomita, Manabu Oku
Synopsis :

Mo less, Cu contained ferritic stainless steel NSSEM-C, having excellent thermal fatigue properties as well as Type444, is developed by
means of investigating the effect of Cu on high-temperature strength of ferritic stainless steel. The main results are as follows.

(1) The addition of 1.0mass% and the higher Cu to ferritic stainless steel is effective for increasing the high-temperature strength
between 600 and 800C.

(2) In the thermal fatigue test of Cu bearing ferritic stainless steel, the increment of the high-temperature strength between 600C and
800C leads to reduction of the inelastic strain range and increment of the number of cycles to failure. It is suggested that Cu contributes
to precipitation hardening between 600 and 700C after soluted in the matrix between 800 and 900C.

(3) Though the precipitates of Cu are coarsened by aging at 700C for 10h, the number of cycles to failure of NSSEM-C in thermal
fatigue test heated between 200 and 700C is similar to that of type444. It is confirmed that precipitation hardening of Cu is maintained
during thermal fatigue test.

(4) Tt is confirmed that the newly developed Cu bearing ferritic stainless steel, NSSEM-C (17Cr-1.4Cu-0.55Nb-0.15Ti) exhibits thermal
fatigue properties as well as Type444.
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Schematic diagrams of stress-strain curve in thermal
fatigue test.
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NSSHR-1 | 001 | 09| 1.1 |140| — | — [040| 01 | 0.01
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Fig. 2 Heat pattern of thermal fatigue test.

4. EBRERBIVEE

41 600~800C ND0.2%MAICKIFTEETRDEE

31217Cr-0.30Nb-0.15Tidi »600C, 700C B L ¥
800C THO2%IMH TN K AT T CulmDFEBEEZIRT, WIND
T IZ B WD CullsiE2%0.5mass% F TIEIT—E DIt
% 7R3A%, 05mass%lh HiRN§ & E5A-LTHD, Cuidsin
12600C ~800C DHREEI FICHRNTH %o T2, ZOK KD,
0.5mass% Bl LD #PH T, 1mass% Cu4729, 600C TH
95Mpa, 700C TH45MPa, 800TC THI20MPa, 0.2%Iif 1A%
LHLTBY, 600C TOME LADVKENZED DD 5,

4 1217Cr-1.5Cu-0.30Nb-0.15Tif ¢ 1050 C BESLI I
X OB IRABRE AT ©600C, 15mind X U8700C, 15min

300 T T T
17Cr-0.30Nb-0.15Ti

250

s00l. ABRIRIE600T

150 -
HBRIREE700T
100 1

. M
A BRI EE800T
1

0 1 1
0 0.5 1 15 2

Cu (mass%)

0.2%T5 77 (MPa)

3 17Cr-0.30Nb-0.15Tis ®600C, 7007 3 & U800 0.2%]iit
TN T Cuk D3
Fig. 3 Effect of Cu content on 0.2% proof stress of 17Cr-0.30Nb-
0.15Ti ferritic stainless steel at 600C, 700Cand 800C.
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Fig. 4 Transmission electron micrographs of 17Cr-1.5Cu-0.30Nb-0.15Ti steel.
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0.30Nb steel heated at 600Cfor 15min.
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Fig. 6 Effect of Nb content on 0.2% proof stress of 17Cr-0.3Nb-0.15Ti
ferritic stainless steel at 600°C, 700C and 800C.
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Fig. 7 Effect of aging time on 02% proof stress at 600C and 700C
of 17Cr-14Cu-055Nb-0.15Ti ferritic stainless steel.
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Fig. 8 Effect of aging time on Vickers hardness at room tempera-
ture of 17Cr-14Cu-055Nb-0.15T' ferritic stainless steel.
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Fig.12 Properties of thermal fatigue of 17Cr-1.5Cu-0.55Nb-0.15T1
steel, NSSEM-3 and NSSHR-1.
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Fig.13 Temperature-stress curves at tenth cycle of thermal fatigue
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Table3 Example of mechanical properties of NSSEM-C,

NSSEM-3 and NSSHR-1 (thickness : 2.0mm)
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NSSHR-1 320 490 36 158

R 4 |INSSEM-CO i YRS (ME381mm, HUE
20mm) DOBESLTT R OMMEE O—Pl 2R, EE
T TIE, BESEANICHARTERTOO02M ), FIRES B
KOS5 <, O, 45 O BEST L 5 JE BB 2 2
T1000CITTHERL T 5, BEFIE D0.2%I T, Tl
RSB & O SIS IEREIIR & AR TH Y, EET I
& D b02%IM I, HIEE,

15 (ZHUE 2.0mm O 5 HELESEA O w51 5 | 35 Gl BRs A
%Yo NSSEM-CiZW 3N ik TdHNSSHR-1L D) b
0.2%IK 77, GRS 3\ —75, NSSEM-3 & i
% £800C F TIENSSEM-3 & [MSFED0.2%M /it % A L T
W5 A%, 900TCLL ETIENSSEM-3 & b & v,

%4 NSSEM-CH#E OBMITEE D —B6 ($38.1mm X 2.0mm?)
Table 4 Example of mechanical properties of NSSEM-C steel
pipes as piped end annealed (¢ 38.1 X 2.0mm?)
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Fig.15 Tensile properties at elevated temperatures of NSSEM-C, NSSEM-3 and NSSHR-1.
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Fig.16 Properties of thermal fatigue of NSSEM-C, NSSEM-3 and
NSSHR-1.
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Fig.18 High-temperature oxidation properties of NSSEM-C, NSSEM-

3 and NSSHR-1.
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Fig.17 Properties of high cycle fatigue of NSSEM-C and NSSEM-3.
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