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The Effect of Nitrogen Content on Creep Rupture Strength of Low
Carbon Type 316 Austenitic Stainless Steel

Hivoyuki Ucama and Masayuki Fusiwara

Synopsis : The influence of nitrogen addition on creep rupture strength of low carbon Type 316 austenitic stainless steel has been

investigated.

The creep rupture strength of this steel remarkedly increased with increasing nitrogen content and in the steels with
more than about 0.085mass%N, the rupture strengths were almost equivalent to or higher than those of comercial Type
316 austenitic stainless steels. It is thought that its beneficial effect is due to the solid solution hardening controlled by
Mo-N atomic pairs in the matrix. Increasing the nitrogen content from 0.085 to 0.12mass9 suppressed the precipitation
of intermetallic phases such as sigma(FeCr) and Laves(Fe,Mo), but accelerated the precipitation of the Cr,N.

From the result of analysis of creep deformation behavior using the modified @ projection concept for the steel with
0.085%N, the strengthening effect made into miolybdenum and nitrogen solutes can give the highest creep resistance,
but in a longer term condition, the lowering in strength was occurred by the precipitation of Laves phase, which was
related to the removal of molybdenum in solution and to the precipitation behavior of Laves phases.

Key words : Type 316 austenitic stainless steel ; N addition; creep ; prediction of creep rupture life ; microstructure.
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Table 1. The chemical compositions of tested
steels. (mass%)

Steelf C Si Mn P S Ni Cr Mo Al N C+N

A 0.016 0.41 1.77 0.008 0.001 12.53 17.49 2.31  0.030 0.0854 0.1014
B ]0.015 0.45 1.75 0.009 0.002 13.03 17.51 2.32  0.020 0.0855 0.1005
C 0012 0.64 1.55 0.0110.006 12.43 16.83 2.43 <0.005 0.11700.1290
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Fig. 1. Creep rupture strength of N added Type
316L austenitic steels.
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Fig. 2. Comparison of creep rupture strength of N
and C added Type 316L austenitic steels.
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Fig. 3. TEM micrographs of the steel containing 0.
085mass%N after creep testing at tempera-
tures ranging from 823 to 973K.

a) Crept at 823K for 1720h. b) Crept at 873K
for 4800h. c) Crept at 923K for 6890h. d)
Crept at 973K for 3050h.
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Fig. 4. TEM micrographs of steels containing 0.085,
and 0.12mass%N after creep testing at 973K.
a)b) 0.085mass%N, crept for 3050h. c)d) 0.
12mass%N, crept for 3250h.

Fig. 5. Chemical analysis of grain boundary precipi-
tates observed after creep testing at 973K
for 3250h in the steel with 0.12mass%N.
a)b) grain boundary precipitates. ¢) EDX
spectram of precipitate.
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Table 2. Precipitates observed after creep testing
at temperatures ranging from 823K to
973K for about 2000~7000h.
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Location 823K 873K 923K 973K
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Fig. 6. Calculated equilibrium phase diagram.
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TEM micrographs of 2.25Cr-10Mo steel
after aging and creep testing.

a) Aged at 823K for 1000h. b) Crept at 823K
and 343MPa for 1000h.
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Fig. 12. Schematic stress rupture curves depicting
the proposed creep deformation mecha-
nism.

Fig.12120.085% NS Ot EDHER 3 S UNZHE L
PR eERRT, BEH 5 ©IXEIE - EREEAITI
BEMo t NORHMERIC L YEw 2 ) =7 mE B o n s
%, Fe, MoD#F i 4 U 5 1B, Bef&Mi % 5 L, Fe,Mo
DO HE S ZEARROET & #H 2 Fe,MoD#T iR L L
DT RIZE Y, BREVHEHOBEL L HIETT %,
361, BROBEESRNET, WhPWHLU TR L,
Fe,MoD 3Bk BEDSZAL L, ML 7t 5 1o, HrHssbE 5
FHRA L, 3O IBEIKT T 5. NOHRIINOREEH
it & Fe,MoD AT HHNHIZhERA & b, &R, REEREME T,
HELTEHCEE BLNS,

5. &5

CE#10.015%, NE ##70.085% 3 & UF0.12% @m0 L 724K
RE - HERI6RT Vv AMOD 2 ) — T RE #823~973K

61

(EREI6R T v v AFD 2 Y — FBRETEE I R TNEORE 519 Il

T2V —mEr#E~s L L bz, FiE, EEEMEAIOMEE
BETFFEB LT, BELEGOBECD-THRETL, LT
DIER X/,

(1) 27V —"EWrsaEE s, NEOB ML Ly it EHT 5%,
WET L BB N TI316HEH & JEFETH 5 25, N&ES0.12
%D b DIF3GHE L b ENIEREERT,

(2)823~973KZ VY —7H DM £ L T, F1ZM,sCo,
Fe,Mo, ¢Fe-Cr¥ & \Cr,N»'@® 6 vz, NOBEIL, KL
5, BIR O H, ¥ 2Fe,Mo, cfOERBMILAMDIT T %
HET 5, Crasbosritiz, NE0.12%D b DT, kF
ChTricild 6z,

(3IMEF LT TR EE, RERMICIE N —8%
Wrisp g o »s Y PR oz, Ly L, Ty
DHDOMBEOME S INEYZL DR ENI ST, )

(4)384LC 1, BIEL TV A2 Mot NOREAERIZ L 2%
ERks e EE Lo nle, Gk, BREEMOEERTIZ
Fe,MoD#H iz £k 5 BIEMoR DWW IZL 5 b DTH Y, N
OWBREENBEOHMUUN, MoDEE Y HE-T S
LitdoTh, BN ERERBECFSLTC5LELL
nitz,

(5)NE0.085% DD 27 YV — X EHZEENIKIE, HrEH
T Mo E NORZRHAEMA I & 2BlIFEM#EMALCL Y, SR, &
KR CIdFe,MoD - & 2 BEIEMoBEDIK T L 2 D4
REBCRITO%K, Ks3)XE3ns LEL LN,

X 73
EgEk, TE—FI, MEMME, ARER, S6-%, EBRIR
82 KNEFHRE, 31 (1980), 1110.
AR, HNIME, FREES | IR 123865, 24 (1980),
261.
A .Pineau : Japan-France Seminor on Fundamental Aspects
of Mechanical Properties and Microst-ructure Evolution of
Stainless Steel at High Temperature, ed.by N.Igata and J.de
Fouquet, Tokyo, (1984), 87.
T.M.Cullen and M.W.Davis: Elevated Temperature Prop-
erties as Influenced by Nitrogen Additions to Types 304 and
316 Austenitic Stainless Steels, ASTM STP 522, ASTM,
(1973), 60.
FILA—, R #t gk L8R, 73 (1987), 26.
NRIM CREEP DATA SHEET No. 6A, (1978).
B.Weiss and R.Stickler : Met.Trans., 3 (1972), 851.
B.Sundman, B.Jansson and J-O.Andersson : Calphad., 9 (1985),
153.
HAh R, FiE—HF 2R 123807758k, 8 (1967), 615.
M B2, 35 £, BEZ=ER R 12380 RHE, 13 (1972),
55.
TS, PIBE— © 8% LW, 53 (1967), 46.
RS, AlEEh, BRSHE D gk L, 65 (1979), 227.
Lz —, Bl 3t BAREREE¥SEE, 50 (1986), 701.
K.J.Irvine, J.D.Murray and F.B.Pickering: JISI, 194 (1960),
166.

1)
2)

3)

4)

5)
6)
7)
8)

9)
10)

11)
12)
13)
14)



