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Development of High-strength Heat Resistant Steel for Advanced Coal-fired Power Plant
— Effect of Nitrogen on Creep Rupture Strength and Toughness After Aging —

H A

Atsushi Sho

Synopsis: Creep-rupture tests and Charpy impact test after long-term thermal aging were performed for three austenitic
heat-resistant steels of which compositions were Fe-25%Ni-23.5%Cr-1%Mo-6%W-(0.11 to 0.27)%N-0.05%Ti-
0.2%V-0.25%Nb-0.004%B in wt% to reveal the influence of nitrogen content on the properties required for boiler
tubes. Creep-rupture strengths of all the steels at 700°C for 6000 h were higher than 155MPa. The material
which showed the highest strength at 700°C for 6000 h was the 0.21% nitrogen steel. Nitrogen in the steels
contributes to increasing the strength and the effect of nitrogen became clearer as the load stress was increased.
It is supposed that nitirogen inhibits sigma-phase precipitation strengthening while it increases the effect of solid
solution strengthening. On the other hand, the Charpy impact value of all steels after aging at 700°C for 1000 h
became smaller than 10 J/cm?. Nitrogen in the steels did not have notable influence on the toughness after aging
because precipitates of M23Ce and a tungsten-rich phase formed along grain-boundaries were two causes of
degraded the toughness.

Key words: coal-fired power plant; austenitic heat resistant steel; nitrogen; High temperature strength; creep rupture strength; toughness.

1. &= 100MPall t & %57 — 25 F 1 MR EA B D, Ni

EMRAETIII CICREREEBETE TS EDD,
T, PERA Y KA EOHFRE S ITENSE 2 DEF EBICEMAMTHDDOTHRMBICLDERI BN
DERLBERICELHEST, BRBETENBEENMEAL T, E5ICZOMMEICIIBECEREERLLES
T3, —HTHRINICBILREOHEBEHH RS BIEHMEGE LTSI EPROSNT D, BHN
NTs, BREEDEHDBNETHDERME NS 121300/ cmeA LD+ L E—BREOMBIBEE S

BRMEIIZRIEREZORLRELHLRED—DOTHDIc TLDY,

. HFRBHODOBHEHIANBIKROONT NS, = AEFETIE. INETICHESNLCEBES - T4
BALRBEDHHERIRICIIRIRADEE - SELICED DRMEE & MRS EDERENR " AT, SREE
REMROEENBEMTHY .. BE. TEIFRHZ600T ERMBRAMICKEZRIZIERICEA Uz, —MRAYIC

—25MPan5700C —35MPa&kTalE LT £Z2BE A= T4 bRMEMICS N TERIS, BAFEL - b
ELFERBLABREARANFEE (A-USC) DFEHE BIEEFELTBE, ) —THMEEZSNESESER

HEDHONTIND'?, ZNARRIT NS, RBEDXEBIHN ELTHOENTIND®®, LA L. Mod DU MSWARMEE S
KHRRD42% W oE&E48%EITALTDELDERES ERZAMLICBE. EPEMHSETHENETTD
BNTND, ZDEDERRN D, SEBERICEIFHD EDHRY h'hY) . ZRIIDILE—BNICRIVEEZS
=R BEEIEATPSEDEROND, EOIRREFESE. ZITHRRETIIFEED—SH L

L CRUE-BMERBERIRTD/-HOICEBN-SEEE LTH—RTF A bRMEBD D ) — THRRIEE SR E
=BT OMAMBOREINRDOONTINDY: ZDHD— FMICHIIITERDREZRSET Do

DIC700C - 10RBBICH T2V — THEK EE A

¥ RftESEEE s8%WIIL—7 L (I

32 Sanyo Technical Report Vol.20 (2013) No.1



BRANAEBRSEE y RMHEORREICE Y D7

SEEECHEICEIETERORE

Table 1. Chemical compositions of investigated steels (mass%).

Steel C Si Mn P S Ni C Mo Al T \Y W Nb B N
027N 003 05 18 0003 0003 248 233 1.0 <0001 005 020 59 025 0004 027
02IN 003 05 16 0002 0003 244 238 1.0 <0.001 003 023 60 024 0004 021
0.IIN 002 05 16 0001 0003 248 235 10 <0001 005 019 60 025 0004 0.11
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Fig.1. Effect of nitrogen content on 0.2% proof stress (a) and tensile strength (b) at room temperature, 700 °C and 800 °C.
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Fig.2. Relationship between stress and rupture time of investigated steels at 700 °C (a) and 800 °C (b).
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Fig.3. Effect of nitrogen content on creep rupture strength at 700 °C (a) and 800 °C (b).
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* As ST : As solution-treated at 1250 °C for 0.5 h and then water quenched.

Fig.4. Chronological change of Charpy impact value
by thermal aging at 700 °C.
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Fig.b. Effect of nitrogen content on toughness after
aging at 700 °C.
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Fig.6. Effect of nitrogen content on amount of equilibrium
phases of the investigated steels at 700 °C
calculated by Thermo-Calc with TCFE6 database.
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(a) Grain boundary of 0.27N steel v i (b) Grain interior of 0.27N steel

Fig.7. TEM micrographs of the steels aged at 700 °C for 1000 h.
(a) and (b) : 0.27N steel, (c) and (d) : 0.11N steel

(c) Grain boundary of 0.11N steel :‘" } . il

Fig.8. TEM micrographs of the steels aged at 800 °C for 1000 h.
(@) and (b) : 0.27N steel, (c) and (d) : 0.11N steel
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Fig.9. SEM backscattered electron images of the samples taken from gauge section 10 mm away from
fracture surface after creep rupture tests at 700 °C.
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Fig.10. Optical micrographs of the cracks observed in gauge section after creep rupture tests at 700 °C.
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Fig.11. Hardness in grip section (a) and at gauge section (b) 10 mm away from the fracture surface after

creep rupture tests at 700 °C.
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Fig.12. SEM micrographs of impact fracture surfaces of 0.27N steel as solution-treated (a) and after aging

at 700 °C (b, c and d).
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