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Effects of Silicon, Molybdenum, and Nitrogen on Elevated Temperature Properties of
Low Carbon Austenitic Stainless Steels

Takanori NAKAZAWA, Shingo DATE, Masayuki TENDO and Masayoshi Y AMAZAKI

Synopsis :

: To improve the high temperature mechanical properties of low carbon medium nitrogen type 316 stainless steels (316FR) the effect of Si ad-

dition on high temperature properties was investigated in relation to Mo and N which are the strengthening elements of 316FR. Tensile and
creep rupture tests at 550°C and aging tests at 550, 600, and 650°C were conducted. The microstructures of ruptured specimens and aged
ones were examined with an electron microscope and extracted residues analysis. The addition of 3 mass% Si, 2% Mo, and 0.08% N in-
creased both tensile strength and elongation. Creep rupture strength was slightly increased by the addition of Si with or without Mo and N,
while the addition of Mo or N remarkably increased rupture strength. Although rupture elongation increased by the addition of Si to a base
alloy and a Mo containing one, it did not changed with Si in case of a Mo and N containing alloy. The addition of Si to base alloy caused pre-
cipitation of G phase on grain boundaries, while in case of a Mo containing alloys Si remarkably accelerated precipitation of G phase on

grain boundaries and Laves phase in matrix.
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Table 1. Chemical composition of steels studied. (mass%)

Steel C Si Mn P S Ni Cr Mo N

Base 0.001 0.03 0.03 0024 0.001 161 180 - 0.002
Mo 0.001 0.03 0.03 0023 0.001 159 18.0 212 0.002
Mo-N 0.003 05 0.1 0.025 0.004 119 168 223 0.080
Si 0.003 30 0.1 0.024 0.004 166 155 - 0.002
Si-Mo 0.003 3.0 0.1 0.022 0004 166 154 215 0.002
Si-Mo-N | 0.004 29 0.1 0.023 0.004 139 168 222 0.069

FR17THE4A S B2 ER 1795 A 16 B (Received on Apr., 2005; Accepted on May 16, 2005)
* BB AP THEB (Department of Mechanical Engineering, Gunma University, 1-5-1 Tenjin-cho Kiryu 376-8575)
*2 ZFHETHE () BRIFZEAT (Takasago Research Laboratories, Mitsubishi Heavy Industry Ltd.)

%3 FAARHE () MR (B HHEESE X7 L 2 (H)) (Steel Research Laboratories, Nippon Steel Corp.

Corp.)
* 4 B'E - POEHFZEHME (National Institute for Material Science)

48

, now Nippon Steel & Sumikin Stainless Steel



TEHTH KCEDSAMICKOREIEL 72, 7=, EREE
IZE DML EFET 5728, 550, 600, 650°C—3000 h B
DN T G AROMBBIR E EEL 7=, k¥, 29—
TR ERER M d &K OREhRRBR A O — RIS D W T E A
BEMIC K O TRE L KD 7=,

3. HRERBILVER

3.1 ERICHIMRIME

550°CIS BT B 5|9RME & BEWr O RIZTHRMIcED
HE % Fig. LIORT . 51RME I3 Si° Mo D HIHREM 5 %
WIENZEDHARMZ& Y L7435, siom{biEmiz
HMRMOBANREKE L, MoRMZ LT Mo-NTIM
REEBEMTIICLELVEITSE, &b, ZD&5 %
NI T2 BV T FRRIZERD S 47, BRI S Bk
s L OCEARMOFRIZE LT EMT 52, 2058
FEILE R Mt N DBAIZ AN X 0y,

550°CIZH11 % 7 ) — THWREBRER % Fig. 212487,
Si& Mold & & IZHMURII TR # M X ¥ 528, Mo
DHLEADHHEL K KE W, MoR D SIFHMIZE 3
WS OBMEIZ/NE <, Mo-NRADSiFMIZH T
R ZEIZERD 5, MoRAD NIRINC & 0 B
SRR ST 5, BT O SiO BRIz & b
MEL, REEVEET T, —F, Moiild 5\ i3 Mo-
NHEARNMIZ & OB ONIE T 3 % 41, Mo BEMD
T MK FHEAK Z Wy, Mo TRINTA O BEMT i ONZ SiiRMINC &
DL %%, HERRIOMME & ICE T+ 5 -0 B
B TIZ 2 DEINE L KB, Mo-NEA TR OB i
CESIRMIZ LD ERL &0,
3.2 BRICHIIZHEET

600°C-3000 h 4 0D i - B T BRI B % Fig. 312

Yo N=ZRIZEWTUINAMKIZIIELIIZD s h T,

KRB AR b TP ICBRINEDATH S, Si
R TR —HOKR LIZBD o B2, KA
NOMHIE VD, MoRIZBEWTEHMHIEIR AN A TS B
», NROWEY R ZEBER I h 5, Mo-Si R TIIRRIC
MAKAZ S EIABIR S h 22, KEEIZIEES
RFIZED O, MoRIZHAME & DA%, Mo-N
RTEBMM S IZIEERFIC, 72, KAICELE
Bgmahd, ZORICSIERML 72 Si-Mo-NRTiZ, K
RIC1ua@A SHALHEBF IS L, RARES R
W%, sk, KROMKLBIZ a, BIROHTHEMIIG
MEZNZThEE STz, KREOHEHIZ>NT,
L7 ik E FHOSRAR O ERE L 72, Fig. 412
—BilE LT Mo-SiROBERETRT, (ZITRRFISHEET S
W2 #7003 Laves M, RER O —EBIZHFH 4 2 Bk DK
TIIGH, WD 0.1 uFEE DK T3 Laves H & 7 M2 hd]
EIhz, BRBIZOVTORIESE % Table 212777,

49

BRFEA — AT+ 4 PRAT VL RO SRS RIET Si, Mo, NDESE

500

& 400
=
®
. 300
< ?
o
c
o 200
s
[
2
» 100
c
o
'_
Mo-N
60
I Si<0.5%
50} | EZAsi=3%
8
s
®
g’ 30+ 7
o
S 20 4
® L
3
a
2 10}
x
Mo, N free Mo Mo-N

Fig. 1. Effects of Si, Mo, and N on tensile properties at

550°C.
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Fig. 2. Effects of Si, Mo, and N on creep rupture proper-
ties at 550°C.
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Fig. 3. TEM image of specimens aged at 600°C for 3000h. (a) [Base], (b) [Si], (c) [Mo], (d) [Si-Mo], (e) [Mo-N], (f)

[Si-Mo-N1.

Fig. 4. Analysis of precipitates in [Si-Mo] specimen aged at 600°C for 3000 h.

Table 2. Precipitates in specimens aged at 600°C for

3000 h.

Steel Grain boundary Matrix
Base Cr:P —
Mo o, Laves -
Mo-N Laves Laves
Si G, Cr:P -
Si-Mo G, Laves Laves
Si-Mo-N G, Laves, «a Laves
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Fig. 5. TEM image of specimens creep ruptured at 550°C. (a) [Base], £,=1668 h, (b) [Si], 7,=1951h, (c) [Mo], +,=2246h, (d)
[Si-Mo], ,=3703 h, (¢) [Mo-N}, £,=2186 h, (f) [Si-Mo-N], ,=1806 h.

Table 3. Precipitates in specimens crept at 550°C.

Steel () Grain boundary Matrix

Base (1668h) CruCs, CrsP -
Mo (2246h) CrsCs, o, Laves -

Mo-N  (2186h) CrN, o, Laves Laves, CrN
Si (1951h) G, Cr:P -
Si-Mo  (3703h) Laves, G Laves
Si-Mo-N (1806h) Laves, G, a Laves

* : (Time to rupture)
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Fig. 6. Effect of aging temperature on precipitated
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Fig. 7. Effect of time to rupture on precipitated Mo of
[Mo-N] and [Si-Mo—N] specimens crept at 550°C.
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Fig. 8. Effects of Si, Mo, and N on 10000 creep rupture
properties at 550°C.
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Table 4. Results of multiple regression analysis. (mol%)

Property (MPa) a(Si%) b(Mo%) c(N%) A
Proof stress 8.1 11.4 92.7 89.4
Tensile strength 17.5 36.2 1853 262.9
10°h Rupture strength | 3.1 59.4 2344 170.9
10°h Rupture strength 1.6 61.9 202.8 131.4
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