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On the H1gh Nxtrogen 250/0C1‘-28”/o Ni and 259%Cr- 20%N1 ”/o’CO
. Heat-Resisting Steels.

(Studies on high-nitrogen 25%Cr austenitic heat-resisting steels—I)

Masazs OKAMOTO, Ryohei TANAKA and Rokurs Funmoro

Synopsis:

The effect of nitrogen addition to 259,Cr-289Ni austenitic heat-resisting steels prepared by
the high-pressure melting process in nitrogen atmosphere on both microstructures and me-—
chanical properties at room- and high-temperatures was studied. The influence of replacing
‘a part of nickel by cobalt in those steels was also examined. Main results obtained were as .

follows:

(1) Tt was necessary to heat for 1h at 1250°C for the ‘solution treatment of the steels

with high nitrogen content.

(2) The recrystallization temperature estimated from the hardness change during
tempering of cold rolled specimens was found to be higher by about 100°C in the 0°549,N steel
than in the 0°05%N steel, and the temperature of the former steel decreased with the

replacement of a part of nickel by cobalt.
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(3) It was observed from microstructural changes during ageing at high temperatures of
the steels with high nitrogen concentration that the precipitation of nitride Cr;N from the
austenite proceeds in the following two different modes: one so-called general precipitation
and the other a grain boundary reaction. The latter mode of reaction, which proceeds rapidly
by consuming the 'nitride particles formerly precipitated by the mode of the ‘general precipi-
taion, was found to be brought to a stop when the reaction covers about a half of the area

~under the microscope of the solution treated steels, whereas it was found to proceed until the
reaction covers almost all of the structure in the cold-rolled steels. _
‘ (4) Proof stress and tensile strength of the steels at room-temperature increased markedly
3 with an increasing concentration of nitrogen without any loss in ductility. At high-temper-
atures, the tensile strength increased with an increasing concentration of nitrogen, the
ductility being deteriorated considerably. : -

(5) It was found from the tensile creep-rupture test at 700°C that the increase in creep-
rupture strength of the steels with an addition of nitrogen only “was not so large as in the
high-nitrogen 316L type steels, and that the creep-rupture properties of such steels were.
somewhat improved by cold-working, hot-cold working or ageing treatment at 800°C of the '
solution treated steels. It is expected that those properties may be improved considerably by

\ a simultaneous addmon of mtrogen and molybdenum, or nitrogen and niobium.
3 : (Received 25 Mar.' 1963)
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Table 1. Chemical composition of the steels used.

Melting condition Chemical composition (%)
Mark I ressure Holding | ¢ ' ' Sol. [Insol. [Total
2 . . . ol. [Insol.|Tota
(atm) ltime (mn) /C Si Mn | Ni Cr Co P S N N N
0*05N 0°8 ' 3 0°005| 0*21 | 1°42 | 27°37| 24°25 O’47> 0°010] 0*013] 0*05 0 0°05
0°54N 10 30 0°02 | 0°20 | 1*41 | 27°70| 24+43| 017 |-0°010} 0*013 0540 0 0°540
8Co-0°65N 10 1 30 - 0°02 | 0°18 |- 1*39 | 20°44| 23*75{ 7°80 | 0°011| 0010| 0652 O | 0°652
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Fig. 2. Harduoess change due to tempering of

the 259, Cr austenitic steels solution- -

treated or/and 30% cold-rolled.

(Tempering time: 1h)
0'54N s X 0° 8Co-0"65N §IE 1200°C “C b FUHE

%m%ﬁmxg$ﬁﬁp,mw%:K§01;6%<&
EA - 277 A b—HLE VEEL S UET 5. &

LT OWEOERIALEE 1250°C -1 b inFoks ic—

ELfe. L& & OREGIER Fig. 1(a) K45 X5
i, 0'54N T No.3, 8Co-0'65N $HTIL No.4 T
&% (Photo.1(b),(¢)). 7%, Fig. 1 (b) WL
PIE RS, ERPOBKRLBEERHANGFEEOS
bOEEBNELZTFL TS T L3316 L MO 3100
18-7 X5 LU 2P OB L RKT, BA BEETE

T&%N@ﬁ%ﬂ@ﬁkki&?%@@w%@%b<ﬁ,
EVCERbD

2. @%mﬂﬂkiaﬁﬁmiﬂﬂwmﬁﬁﬁwm
- AHOBERIC X MBI BEOE(E L SN, [
it E % RO TN LUCo FE LT 5 720,

b DR CIREE L 7o % AR L, (kg0

%D RIFELE % i L 72306 & 125w
T, 200~1100°C DEIRFEIC 1h
SRS I Ik DR % 1575 >
/2. Fig.2 3+ 0BET(LERL -
HDTHD.
#5212, 0°05NHIZAIR IR
Pt DT & K HEDZE{ IR 5
iR, NIREOEWEO 2 s
V3 500~600°C 31 & 0 & i HE( L.
Llgeh, 1000°C FHE THREIBE I

LB O B2




"

"L LT Table 2 RL7-

13 Th TR DEEEEICE

a3 250,Cr280Ni 3 X O 259%Cr-2005Ni-8%Co MBI OVWT 1805

L, 1100°C THiEz A LHILLAAV. LiL, 20

EifXtdt bE Hy 25~30 BETH 5. C OE{LixR
Tél?kzkbfCrgm%®ﬁﬁk%@?é%®a
Fzbhb.

Bt Lis 30% OD(AFaﬁEL%ﬁ’ﬁ@”E:NYFF?@mV‘%OD
VISR I TR bR R L, 0°05N B> Hv 260 B

24 BT 0°54N #vE Hv 360, 8Co-0°65N @I
<400 ETD. TS 30% T RE B BR 7L,

0°05N #i3 500°C il THEAICHEL T %23, 750°C L
ECHB SRR L T 850°C ¢ Hv 160 ETET
T%5. mNO 2 EEE BTy 700°C L o #KILLiA
¥, 1100°C :y\f:of%iﬁmtﬁrﬁbcif@T&ﬁ
N&&HT 5 2 X > TERRIRILIEF D278 b 85
FHC b E. VWE, RN LTRICOVTI0%E
RAFERE B L A ML & 0% x 5 CRHOBEICE T
#L T BiREER Fig. 2 253K, hb e FERIEE
CZOEPLH LM ES
iz, 0°05N #jL 054N §H& Z I35 &5 0°5% @
NI 100°C OHEHEREED LRZ 5L T
\/\575‘3, 8C0-0"65N $HIANRBZ W - DEEEZ L&V

, BRI 0°05N fA L kR, Ni o—z
Co THEMPZBL abiz'&b%ﬁ%i]ﬂimwijk%
x%hé

T l:nfcﬂz‘o X U{%F‘iﬁulﬁﬂO) EREENC XD
ffﬂ%kﬁﬁ‘@?‘r{t

Flg.Bbi%\ﬁl?ﬁ]@iﬁﬁMb%ﬁ*#% 700°C , 800°C & XX

900°C MA{REET 1000h F CHEAHE L Dz ZTOBE
BB L CEELDTRLADDTHS. 0°05NH
13 FEEAEEC 1000h ETERIL THIEE A ERHY
BB, BEDZELLR. —FEND 2 FET
FTHORET LERTEBLEMLERL, D rEJ(mF“FDi E
F OBLERE R VWA, LT 0°54N D55 -8Co-
O65N§|”Jkkth“€’%”?ﬁj§1m‘iﬁﬁ%f‘%é LasLihe
4 SEEESNEKAL B E Rp T, 800°C Tk 10h, 900°C T
EL, TOBKILTET D,
‘Fig. 4 134500 30% WHEEEREZ 800°C TS
Lot X OBEZLE RO L L e b0

Table 2. Recrystallization terﬁperature deter-
mined by the hardness change due
to tempering of 30% cold-rolled steels.
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Fig. 3. Hardness change due to ageing at 700°C
‘ 800°C or 900°C of solution-treated 259,

Cr austenitic steels.
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Table 3. Tensile creep-rupture stress of the
25% Cr austenitic steels at 700°C.

S Rupture stress, kg /mim?
Mark .
v 100h | 1000k
0*05N 86 4 59
0°54N 1047 69
8C0-0°"65N 10°3 59
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