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Creep Rupture Strength of 18Cr-12Ni-3Mo Austenitic Heat Resisting

Steel Containing Nitrogen
Yoshikuni KAWABE, Ryuichi NAKAGAwWA and Tamotsu MUKOYAMA

Synopsis:

In order to develop the high strength heat resisting steel served at temperatures above 600°C, the effects
of C and Nb contents and heat treatment on creep rupture strength of 18Cr-12Ni-3Mo austenitic steel
containing 0-15%N were investigated.

Creep rupture strength was given as a function of Nb/(C+N) (atomic per cent ratio) irrespective of C
and Nb contents and reached maximum at Nb/(C+N)=0'3~0-5. Moreover, creep rupture strength
increased with increasing solution treatment temperature, which was due to the solid solution hardening
of Nb(C, N) and the grain growth of austenite.

As results, the steel with nominal composition of C 0-1, Si 0-8, Mn 15, Cr 18, Ni 12, Mo 3, Nb 0-7, N 0-15,
B 0-029%, was developed. 10000 hr creep rupture strength of this steel was 20 kg/mm? at 650°C, 135 kg/
mm? at 700°C and 9-8 kg/mm? at 750°C. It was concluded that this favourable creep rupture strength for
long time up to 750°C is mainly due to the excellent structural stability.

(Received May 22, 1968)
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Table 1. Chemical composition of steels tested (%).

C Si Mn Cr Ni Mo Nb B ‘N sol. N insol.
B53 0-11 061 1:51 17°6 12-3 306 — 0-014 0-115 i 0:025
B 54 0-12 064 1-50 17-5 12-5 3:09 0-32 0-013 0-116 0°041
B55 0-11 0-62 153 17°5 12-5 308 063 0:018 0-105 0055
B56 0-12 057 1-47 17°5 125 3:09 0-93 0-018 0093 0-066
B57 0-11 062 . 1-49 177 124 3-08 1-11 0'018 0°062 0-072
B 58 0-20 0-58 1-46 17°6 12°5 308 — 0-017 | 0-141 0-021
B59 0-21 0-56 1-46 175 125 3-01 0-52 0-015 0-136 0-020
B60 0-22 0-61 1-51 17°7 12:5 3-09 1-01 0-017 0-097 0-061
Be6l 0-21 0°60 149 17:6 12-6 3-07 1-40 0-020 0-075 0-081
B62 0-23 060 1:49 17-7 125 3-08 1-91 0-020 | 0-062 | 0-099
BO09 014 0-75 1'44 178 12'4 3-08 0'69 4 10-020 0-11t 0:042

;',\.
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Fig. 12. Aging hardness curves at 700°C ot B 09 steel solution treated at various temperatures.
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Photo. 3. Microstructures of B 09 steel aged for 2000 hr at 700°C.
(Effect of solution treatment temperatures)
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Table 2. Effect of Nb content on flow stress
calculated form particle spacing in the
steel ruptured at 700°C.

Applied
Rupt 2Gb|2 :
Steel kstress 2 l:gnlge A (kg/mﬁnz) bRatlo
( g(/I:l)'n ) (hr) (F‘) (b) (b)/(a)

B58 17:0 540 | 1-01 29-9 1-76

B 59 170 550 | 1-03 29-4 1-73

B60 170 1600 | 2-45 12-4 0°73

B61 170 1475 | 1-82 167 0-98

B62 17-0 1389 | 1-84 16-4 0-97

2= f)/Np

[ T ofkfgx
N FEOES TN SN BRE X Y h O T
ﬁ
2 B3RDI. O FRIZ RS EBICEBET 5
DTN, 2FDOEHIBULETHS.

-microstructures of 2stage replicas from B 09
steel creep ruptured at 700°C, 17 kg/mma?.
(Effect of solution treatment temperatures)
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1 XpdkEL, WHKFHEMLD
BEC L TRELFEE LTS
Lo EBbNS. Thitkl, HBENY
hoEd <N Tvs B60 & 61
AT, 2o ratio b3 1 XY HAX
{/s. Lrl, ZOHECHVFE
HRFRRE S ) — TR oR B
T2WT, ThabbitHdm»ric 0
B OBEL TV 5IRETHRIEL Tw
Hicdd, o ratio 1 XL I
ERFTRLT L AT/ (LD F S 2
EoRK W ERTETE LV & Eb

789hr n5. UL, STONE® T X iEHiH

1865hr C BT EN LD EBBEBETHLELD

s N s 0 :

23324y X, I\b/(C-&—N)d)}}{%kt‘ﬁ ?75, S
7t Nby(C,N)s OILEERAVAE

S511hr DL EBENRERCHLBIEITTHD &

7224nr HRTWE. FRITHL, RNERBEE
< 4500-(3/5) TVE, Nb/(C+N) 3 0°3~0'5 &

EEENFARTEY, T OEDY
J — Frh O i MgsCs & CrMoNx
TH5H. Tz, AT VT, N%
_ L TV v T (Ti+
Nb)/C 73 0°4~0'8 0 L EREEEIEL, ZOED
WHRAEIC MpCg THEHZ EEFELPITULAE. FL
T, TN EOFTIEFFRC Mo BFEMENTW5 -,
Ti, Nb 2 Ti(C,N), Nb(C,N) &L THHLZW\T
Ei MuCe @B T B THET 5428, TiC, NbC
DILEERAVLE L D D HBEAEN L 25 TREREN
Bohb50THs EHB L. —F, Mo & ATV
W 18-8 St BV Th (Ti+Nb)/C 23 0°2~0'25 0
ERERESBOND L LA FH SWRHE LTS,
Z DA VE, Ti, Nb %3 TiC, NbC & LTHHL, %
DRI A Moy Co DITHIZIEL L, X LI AT —
TS ERT2DTHD LFAL TS, oz
ZEIEELDEL ERETFELDP, VT HTIC, NbC
BEC X HITHALBAEEL IO TRV ET S A Cl3dt
BLTWD. ZDXHIE, TOFRMOMESRI S\ i
&, ELWERTTEORBIMERAZETNLDR, &=k
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FHERLIT RT3 T35 2 3» R ) OSEMOH 5 &
IAETHD, THRLOTERMCs, HELWL EOW
HEEHZZ e L5, TAREBCI L Tw5
DEED ST T A Z LD RETHSS.
PEDER, EEER,D, ZOMICKTH Nb OfF
Btz hET 5 2 LTEET 5 0TIV &

EzbNh5. —F, TTRE~X 5, Nb idn»ixd

DEEELEHEHT 5. :
—fFic, EETEDOs ) ~FEECSIETHREILL

CUL, 7t & 213 MCLEANIOIZ T, DX D3 o0Bs

MNEZ LNTWS. Tivbb, ()ETEREOEKE
T5%E, (2)FEERMBET AT —FEXDH T LITIKFE
T55HR, 3EBENRSVIEERIEEEYZEZAS T
LEHET AR, O3 OORETHS. TOMWTH,

Elis Nb Biadbin <, 0 (3) ORFRERTH

EMTES. E72, Nb BHERMGE= A VX —2&HTE
WLILETH D EWEDINTWS. Lnl, FOBE
TOWVWTHFSFHLACERTWSE TR L, (2)
OEFHEREDEL S CEEEELELTVWEHIIFHETH
5. Fniestl, (1D)ORFRYUREZLONDE T EMHE
TH5H.

X5, Nb DX 5IENEIUC L LM
KELBHBRBCERT 5TERE, NSIXCCLHFETS
=, b b I-S FHRO IS BLERPE 2 S
5. ZOWBEREERART =5 4 MEDELER L L
TR TELLDTH BN, F—RA7F 4 MKk
WTHBEL L AEEMER L TVw5Y EELTHTRER
TREWVWESS. ki, REROER»OEXD L, F
— 25 4 MECHWTIEIC%k XN o FiEE
ME D, Cr BXWYK Mo Xk h C, N 208
FOESIRAEWTLE, & xiE Ti,Nb /i EBRM
MBS, DT OBER»E ) DESERT 0L
HEINS.

42 BEREICHLEITRBNEORE

AEE T, M EAENRE A ED S LT X DS
WAL TWD. 0k, oKt &1
WWERP OBETTRIRESEML, BEAEORE LK
BHEFDTIEVbG BT R IRERRLNS. L2
BAHRLEEO LR & & 3T Nb(C, N) OEB{LOEE
TL, 700 & X0t 750°C TD 2 ) — FREHIEE S VI EM
B BT 5. Zoii{kst Nb(C, N) oEiEEb Bk
CRETDHIDOTHE0ERRLFDY ) — FBEF O
HELCRBET 2D TH B eEET S0, FIER
7z & RERIS B T i o SEE R TR 2 ok, it
B L BRIE D EOBRESE L. T oR%

Table 3. Effect of solution treatment temperature
on flow stress calculated from particle
spacing in B09 steel ruptured at 700°C.

Solution | Applied — ; .
tem-, stress Rliﬁ:ll;rc A ] _(szﬂélg), Ratio

perature | (kg/mm?) | (p) g( (b)/(a)
0 | (a) Do e
1100 -17-0. 789 | 2-50 12-1 . 071
1150 17-0 1865 | 2:52 12-0 0-71
1200 170 2332 | 2-20| -13-8 | 081
1250 17-0 5510 | 2-05 14+7 0-87
1300 17-0 7724 | 2-85 10-6 062

Table 3 TR L7z BHILIBECH»H LT, Z0 ra-
tio FNT 1 LD B, LEsoT, HR{LRE
BELLEVSED, BREECSIETtEto
FLERIEDLDTIIVEDEELTINVTHSS.

ERIREE 650°C TiE, WMLIRER 1200°C LBLlkic
BB EITD 7 Y — THETESIRE LA L T
V. COBRSIT T L S X 5 IR U L
QNI B7cdThHD. Tishb, iRy,
AR D, 2 ) — THETEERE RS LD S
D THS. RBEE 700 I IR 750°C DFEAITD,
BHRALIRESE VI EBEHR I L Ty 5. i
bbb, 7Y~ FTHiRSSEECHEINT 50
—FEBU LOWHBECSTERIN TS DTHS. T
DX S, WEHTBASVZ XD ) — TR
RCER R Z B XIETIHAE, WHB A 10% LIT
RO LB EaR»rEohs. Lah2T, 2010%E
VS IR O E O BRI 2 T S i EmE LA
I BIRFETH 5.

S ¥R, BETROBEBELICES 2 0 hRES
L, RERMEDCHE DL Z RDOBTEERIMIZD
WTOEBRKERTHS. REEE 650°C T, HEkf
(ZEBRILAD) 013 5 OBERiE %% 10% LDITFTH D7
», BB OIES OWERE I Bk hEWEEZR L TY
. COXSI, COMTIIHNOBEEL D S
DRENT & EES EEROCCE ZEEZS X EL T
5. ZHACH L, 700 3 ko8 750°C Ti3MERA TS
R OE 109 DA EfR7zh, MR 0 S BREH OB
Wi X1z k& Lo TL . ZoOMmEVE 7000C X v b
750°C TWo X SHLPTH S

cm;im,cm%mﬁmfm,ﬁ®ﬂﬁmmibm
B ORs 10% DIFICET LAAVWEE T TSV TiE, i
SR OEKRD DI EBIR, ERERO 7 ) — SRS
SVEHENNT 5.
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Fig. 13. Creep rupture strength of 18 Cr-12 Ni-3 Mo

austenitic heat resisting steels developed by

authors.

OEMER, RSk, Wk, BECHAPD, boLb
TN EBEAFE T b0 EELZTWS. C0°1,510°8
Mn1-5, Cr18, Nil2, Mo3, Nb0:7, N 015, B 0-02
%, By Fe. SMOERP T ORSICHLYT BT
B55 & BO09 (1150°C #k{k) @ 28%5%. ch
LOMDEBED NIV X EHETT 5720 L, BIRIOTHE
217 18Cr-12Ni-3Mo-0'1~0-2C-0-4~0"7Ti-0"05B
A (RTE!OD B36 & B41) L D& T 5720, Th
LD 4B s Y — SRR X% Fig. 13 R L TH
72, Tho oM ERRIOBEIZ T hIZET <hvizd
DTRIZLH, [CH-RRREHR CORERIII/NES L&
EElOMBEST h w5, %74, Nb, N, B %R

BWEDBHD L b TwS. T LT, HfH
UHBRESTBAL, RHEEATEHELIRLT S
BAMNEICES. Eio, BHLAEEED -
HEEDIHEEHREBK ELBL T5 B4
i, BESRETEROBILZEET D L bbbl
TwW5b 28)~28),

Frest L, AEOHH TR, Fig. 3 wRLAEZE
<, WEEMHROVIIERICRE L, EAHMRER & & DR
ST H5EM D HEBERNE L, ERREllcsTHT<h
HEZRTIOEELLND. E5IT, BAR(LAEE
EOLA & &b iCiBo o3 5 HEm b Epsh X
W. DED XS, THWSOEMBEEHIEEE S I
T <hTtnwa.

D E, 600°C BLEOHIBETHV SN 5T HE LR
AR~ Ok L 7 Y — FHERTE X% Table 4 i
AL THE. ThASOMILRRAKLBECEVWLRS
WMETHD. i, 18-8FA—2F7F+ 4 MEDOBRERZ D

Table 4. Chemical composition and creep rupture strength of austenitic heat resisting steel.
' Chemical composition (%) 650°C 700°G 750°C
Steel :
; . T000]10000|T000] 10000, T000]T0000
c Mn Cr Ni Co Mo| W Nb N hr hr hr hr hr hr
15-15N <0°15/<2-0 [16-0/15-0| — | 15/ 1-51-0 |<0-15 18-50 . | 12-1 82
17-14CuMo 0-12 0-75/16-0[14-0] — | 25| — [0-45] — {%‘gjg 195 10-3 7:0
G18B 0-4 | 0-8 [13-013-010°0 2-0] 2'5(3-0 | — 18-6] | 132 9-9
N155 0-15/ 1-5 |21-020-0/20-0] 3-0 2'5/1'0 | 0-15 24-0] 16-8/19-0| 13-0/13-0] 9-4
Esshete 1250 0-10, 60 |15°0110°0| — | 1-0] — |10 | — {}; 2&§id 236/ 19-7120°5| 118
Sandvik . i alys. . : Ti 0°5 . .
(3 0-100 18 [15-0015-0] — | 12 — | — | — {B 0-008 15°0 11°5
Author’s steel (1| 0-1 | 15 [18-0012:0| — | 3-0 — |o-7 | o0-15| B 0-02 26-5/ 20-018°5) 13-5/12-8| 9-8
v oG] rssdize — 30 — | — | — {FE~07 17-0 12-7|11-5] 87
18-8 13-3| 10-0 54
18-8Ti 19-0 12°8 64
18-8Nb 19-9 144 64
18-8Mo 16-5| 12-4 65
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= 3BA% Lo iREEIE N-155, G18B, 17-14Cu
Mo 7z Szt L CE M Ni, Mo, W, Cu L Xog
BEND L, HEHRENLMETHS. —HRSH
ok LIRENIIRE TH S Esshete 125020y 700°
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N & Mo-#E58{tuE & T 58 AN M@ 2RRT 57
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BEWETS. chllbkic Nb 23 5 R ICEE
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2) WED Nb ORMMEHMBEEL {KEL, £D
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3) BR(LAERED LR E DTy Y — THEEHEES
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ETFLABETELD.

4) TnbD&ERMS, C 01, Si 08, Mn 1-5,
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BEE e LT SChiaBEeam T s L 2BL» T L.
Z D> 10000hr fEM#T5H V3 650°C T 20 kg / mm?,
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