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The Effect of Mo, N, and C on High Temperature Properties
of 25%Cr-282Ni Heat Resisting Steels

Ryohei TANAKA, Takayuki SHINODA, and Yoickiro ToBE

Synopsis:

Creep rupture strength has been measured at 700°C and microstructure has been examined during
aging at 700, 800, and 900°C in 25Cr-28Ni steels containing up to 6%M, 0-549,N, and 0-359,C.

Sigma phase is formed both at grain boundaries and within grains in the steels with low nitrogen
and high molybdenum content. Precipitation of chromium nitride (CreN) in addition to sigma phase
takes place in the steels containing low nitrogen and low molybdenum content. Only chromium nit-
ride (CryN) is precipitated by grain boundary reaction, then grains become in being covered with that
in the steels containing low molybdenum and high nitrogen content. A large amount of CryCs is
precipitated within all over the grain in the steels with high carbon content.

Addition of up to 29 Mo increases remarkably the creep rupture strength, but further addition of
molybdenum more than 2% does not increase so much the strength. Nitrogen without molybdenum
improves on it slightly, but the molybdenum-bearing steels containing more than 0°29%N gives the
highest strength, Carbon up to 0°22 with 22,Mo improves on high temperature strength, but further
addition of carbon does not improve on it. Creep rupture strength of nitrogen-bearing steels with low
carbon content is higher than that of steels with high carbon content,

The steels with a higher recrystallization temperature give a higher creep rupture strength at 700°C.
(Received Jan. 27, 1970)
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Table 1. Chemical composition of the steels used (wt 25).
Melting Chemical composition
condition
Mark N, Holding N
pressure | time C Si Mn Cr Ni Mo Sol. N |Insol. N| Total N
(atm) | ( min) ’ )
0-05N 0-8 3 0-005 | 0-21 142 24°25, 27-38 — 0-05 tr 0:05
0-54N 10 30 0-02 0-20 1-41 2443 27-70 — 0-540 tr 0-540
2Mo-0" 10N 0-8 3 0-011 0-19 1-38 2365 28-98 163 0-098 | 0-007 0-105
2Mo-0-41N 10 30 0-008 | 0-20 1-40 23-11 27-81 1:90 0-403 0-007 0410
4Mo-0-07N 0-8 3 0-004 | 010 1-36 24-10 2919 3-67 0-062 { 0-007 0-069
4Mo-0-15N 10 30 0-009 | 0-16 1-33 23-69 28:06 4-22 0-146 tr 0-146
6Mo-0'04N 0-8 3 0-008 | 0-16 1-37 24-28 27-78 5-78 0-037 0-003 | 0-040
6Mo-0'54N 10 30 0°004| 0-12 134 23:69 28-30 5-95 0-533 | 0°010 0-543
2Mo-0-17N 0-8 10 0:006 | 0-25 1-36 24-19 27-68 2-00 0-165 | 0-003 0-168
4Mo-0'17N 08 10 0:006 | 0-23 1-34 24-48 2772 3-84 0-171 0-001 0-172
6Mo-0-17N 10 10 0-012 | 0-25 1-49 23-90 27-80 5-85 0-164 0-001 0-165
P:tr.~0-005, S:0°004~0-012
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Fig. 1. Hardness changes with solution temperature
of the 25Cr-28Ni austenitic steels.
(Holding time at each temperature : lhr)
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Fig. 2. Hardness changes due to tempering of the
25Cr-28Ni austenitic steels cold rolled by
3024.
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Etched electrolytically with 109 oxalic acid.

(d) 6Mo-0-34N (1200°C)
Microstructures of the 25C--28Ni austenitic steels
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Fig. 3. Relation between Mo content and recrystal-

lization temperature of the 25Cr-28Ni aus-
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Fig. 4. Hardness changes due to aging at 700°C, 800°C and 900°C of the 25Cr-28Ni

austenitic steels solution treated at 1 200°C.
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Fig. 5. Hardness changes due to aging at 700°C,
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(Electron microstructure)

Microstructures of the 2Mo-0'10N steel

Photo. 2.
solution quenched from 1200°C and
aged. Etched electrolytically with 109
oxalic acid.
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c ) Aged for 1000hr at S00°C X €00

: (2/3)

Ol - - ﬁ

Photo. 3. Microstructures of the 4Mo-0'07N steel solution quenched
from 1200°C and aged. Etched electrolytically with 1095,
oxalic acid.
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DR HETLICES. Photo. S (b
() FIEFPROMEEZEL TVWH T &
5, BEhiBEES 100°C LH4 5% LT HGE
BETH) 10 585 T A bharDh. 900
°C C{x Photo.5(g) XU (h) x>
ITHE & s fr RIS A B b, &S
EHiT &R REGER & i & OBIRAEK
+ % (Photo. 5 (1)).

DX EABEOHTEBREEL LT D
&, Photo. 5 (¢) & X (d)ITHBNDEr
Ho#t i & 2 h 2 T BIh T & DRIk
R RBGE &M BEORRE AT LS
KEZLND. FHO— A EELEH NI18
Cr-7Ni 25 L 2§D PrREGICHET 5
WED itds\T, BRI, @b
CrBXUN AL A—2FF4 b
EHERF/ERE LD T, RS E<

JEE7Y 4
FIAER A 2 W

d) Aged for 1000hr at 700°C x 3000 (electron microstructure)
e ) Aged for ! 000hr 2t 900°C X 3000 (electron micorstructure) (2/3)

a) Aged for 200hr at 800°C  x 800 b) Aged for 30hr at S00°C x830 ¢ ) Aged for 1000hr at 900°C %800

Photo. 4. Microstructures of the 6Mo-00-4N steel solution quenched from 1200°C and aged.

Etched elecirolytically with 109, oxalic acid.
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a) Aged for 100hr at 700°C

d ) Aged for 30hr at 800°C
g ) Aged for lhr at 900°C

b) Aged for 300hr at 700°C
e ) Aged for 100hr at 800°C
h) Aged for 10hr at 900°C

o .
¢ ) Aged for 1000hr at 700°C

f) Aged for 1000hr at 800°C
i) Aged for 100hr at 900°C  x 1000 (2/3)

Photo. 5. Microstructures of the 2Mo-0-41N steel solution quenched from 1 200°C and aged.
Etched electrolytically with 109 oxalic acid.
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Photo. 6 |3 Mo % 6% & CE¥»7: 6Mo-0-54N $HoD
WEhH i C b %A%, AR i~/ 2Mo-0-41N
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7.4>%t Photo. 6 (a) o> 700°C X 300hr mpghkf v N
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3% 56 4 (1970) B8 =

-3Fe R
: 5 T ? W
(a) Aged for 300hr at 700°C X 30
(c) Aged for 300hr at 900°C % 800

from 1 200°C and aged.

Etched electrolytically with 109 oxalic acid.
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Fig. 8. Hardness changes of the 259,Cr-289,Ni
austenitic steels due to aging at 700°C
under tensile stress of 8 kg/ mm?2
(solution treatment : 1 200°C X lhr),

Feh5o T Mo OEFINT X 2 TE{Lin o HasH7x b 1
TNTVWBZ Ehbhrsd. ZOEE XS5 Photo. 6
(e)FBXV(d) & 054N FHOMBED % s iEig S
PTHL. ZDXHT Mo & N% Rpic i@t N
OEEIkIESS B bl o T HFTE 5T L1, $
W HEREE LR CEELPERE D OLOEEILN
5.

3-1-4 [EHT O

PHELAS 7 ) — Foicie - FHEEZE LB MO %A
Kb RTELILEHMTH L, AEE TR, PEEC

e
(b) Aged for 10hr at 800°Cx800
(d) Aged for 1000hr 900°C X800 (2/3)

Photo. 6. Microstructure of the 6Mo-0'54N steel solution quenched

N& &L Mo mihnL 72# 2 IS AT
TR T 5 2 LI X2 TATHMgE b
BWEIMEM OMEL E LRI L TH . B
ERREEYE 700°C, &A1k 8 kg/ mm? il —
EL 7.

Fig. 8 TG NWEshik o & 271 L.
2Mo-0-17N §f3s k08 4Mo-0-17N i1k
100hr % THFZHL THWXIT & A EE1L
T, Mo TR hbTriitilix
I BDIT, 4Mo-0'15N o 700°C H
WEREhH &SRO R 2T 5. Ly
L, WHOEEWIGH T ClEL TEL s
M H 0, WEHTHERSL XS5, iz
i 4Mo-0-15N §f o B HiFF%h44 T 13 100hr
T oD WP BOONZ DI L, 4
Mo-0'17N $Hors HEhE ©id 30hr T
TR~ o O AR W SN 5.
—75, 6Mo-0"17N §HDIG RSN X 4
XOZLRFIZH L XTEETH D, #
o5 2 THLRNITEZRONEMELETBH, thbit
CroN 3L 0 #HCHBZ EEREINA. £/, T
@ 6Mo-0'17N #fo N/Mo=0-20, 700°C x 1 000hr
Db Hv~100 % Fig. 7 L8342 &, [GHTFT
RS L 7036 OB S B S D&t~ wH U b
LLSWZ Labnrd.

3-1.5 EiREZIERR O IEIC oW T

AWV 7ol O IRFFhAELT X B MLt o
WTIHIEE T L < ab<7ehs, AIE T, Mo k&
ONZ%BICEH L e vinie 2EEOW R MmsH
b B ERE LRI OVTGRN X 5. HWHAHEILE
JRWECIGEE 7 v 2 — VIR AV CERE Sk ChiH X
T, BONERE XEIT LILES T2 TR > TRZE
Xt FDOFERA Table 235 X f Table 3 Z5RL 7=

2Mo-0-10N £Hix 700°C ®5%h¢ 3hr 25 CrN
FHBPRDOLN DD, AR X ST WHER
TLAET, BN E Lo TH CrN Oif i EX
W EA AN 7oV . 700°C X 100hr #inZh T3 CrpN 12
Mz ToOWHLBES. LrL, Mok 4% T
EHDDHE 2Mo-0'10N $HCH B CroN 13E 57 <
Hhh4, 700°C x100hr, 800°C X 3 hr DR S o
MO HBEDLENS. X5IZ 6% T TMoxEdhi:
6Mo-0-04N $3Ti3 4Mo-0-07N £ R o MO
ML, TOBARE HITIEMUETH L, Lol
BRAFHBFHEIILRLAI PRSI S. £
6Mo-0"04N $FHOEEDNSHEIIIEFITE L (Table
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259,Cr-28%Ni MO EBHFEEICH X ET Mo, N X C of#H 1023

Table 2. Results of X-ray analysis for residues electrolytically extracted from 25Cr-28Ni
austenitic steels (solution treatment : 1 200°C x 1hr).

Steel Agi“?ﬂ, ée;np- 1 hr 3 hr 10hr 30hr 100hr | 300hr | 1000hr
2Mo-0-10N 700 — O O O O e O e O @
*2Mo-0-17N 700 - - O O O e | O e | O @
0 700 ~ - S o ° °
4Mo-0'07N 800 _ ° ° P4 4
. 700 — @) - 0 O @ O - O e
4Mo-

Mo-0-15N 800 — e O e|loe|O e| 0 e
*4Mo-0'17N 700 . — — @) Q. O e O e O )
6Mo-0-04N 790 - o . - s < bt
*6Mo-0° 17N 700 — - e Oe|0Oe | Oe|O e

: 70D o) o) O o | © -0 O
Mo- : - N
— Not analized, @ o, O Cr;N, * Aged under tensile stress of 8 kg/mm? ) L
Table 3. Chemical analysis for residues electrolytically extracted from 25Cr-28Ni steels (wt%).
(solution treatment : 1 200°Cx lhr)

Steel Aging céndition  Fe Ni Cr Mn Mo N Total
4Mo-0-07N 700°C x 1 000hr 29-24 11-84 36-85 2-26 11-58 91-77
4Mo-0"15N 700°C >;1000hr 30-66 11-17 37-96 1-32 14:42 94-67

700°C x 300hr 30-40 13-80 34-86 1-67 14-11 9486
| 700°C x 100hr L 0020
6Mo-0'04N 700°C x 1 000hr 0:030
800°C x 100hr 0-020
800°C x 300hr 0-080
6Mo-0" 15N 700°C x 10hr ‘ 39-12 27-90 23:85 0-96 5-84 97-67
700°C x 300hr 4-10 0-86 71-88 0-93 5-33 83-15°
; . 700°C x 100hr 5-80
6Mo-0-54N 700°C X 1000hr 8-73
800°C x 100hr 5-42 3-20 70-96 0-71 713 87-42

3), D ICMED CrN pEETHEL
T4 XEBHT CRERTER VLD EEX
BAVE . L7Aio T, ZOMoEEs SN
Waduz N CrN 2 L TONTEHAR L,
L7 RN & b7 S HEERERET B
D, A REOFEA —2AF F A4 b L
BALZ Lo 2FE 2 5ivs. Table 3 o) °
(LT RERA 5 4Mo-0"07N  §lts X T

a

. JURRE R , a) g phase b) Cr;N %10 000 (2/3)
6Mo-0-04N #iihiiiL 72 o flz Fe, Cr, Photo. 7. Morphology of residues electrolytically extracted from
Mo B XU NI L bDEFERL
Wigh - LETLEONRITE-FTD. T

L, the 25Cr-28N1i austenitic steel.
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Fig. 9. Stress-rupture curves of the 25Cr-28Ni austenitic

steels at 700°C.

( ) rupture elongation.
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g. 10. Effect of Mo and N contents on 700°C-10 00hr rupture

stress of the 25Cr-28Ni austenitic steels solution treat-
ed at 1200°C.
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Fig. 11. Relation between 700°C-1 000hr creep rupture

stress and recrystallization temperature of the
25Cr-28Ni austenitic steels.
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3-2 25%Cr-289%Ni-2%Mo ROEMRICHKET
CHLIUNDEE

HIHT T 25%Cr-289,Ni $ADFEMHICEk XI1ET Mo &
LFUNOEFZOWTRFT L. TO/RR, oMo
EREONEZEL&LL 121, 2% RE D Mo 2l

Table 4. Chemical composition of the steelsfused (wt2).’

N

Mark C Si Mn Ni Cr Mo :
Sol. N Insol. N | Total N
COINO3 0-009 0-19 1-54 28-10 24-27 196 0030 | 0001 0031
CI6N03 0-160 0-18 1-49 2801 24-54 1:83 0:025 ' 0-00l 0-026
CI9NO06 0-185 0-21 1-46 27-90 24-50 ; 1-95 0-063 | tr. ., 0-063
C35N05 0-349 025 1:50 2770 2513 . 1:70 0-048 | 0-001 " 0049
7 CO1NO02 0-006 0-07 1:31 28°50 25-64 2:10 O'Oiﬁ tr. 0-016
COIN15 0-006 018 149 2782 24-74 2-00 0-148 0-001 0-149
COIN39 0-006 0-19 139 2840 23-64 1-96 0-383 0-003 0-386
C17N26 0-173 028 1-15 2755 24-31 1-78 0'25:1 0-008 0-259
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Fig. 12. Effect of solution temperature on hardness
and austenitic grain size of the 25Cr-28Ni-
2Mo austenitic steels.
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