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The Effect of Nitrogen and Carbon on the High-Temperature

Strength of 25Cr-20Ni Heat-Resisting Steel
Ryohei TANAKA and Isao SUZUKI

Synopsis:

The effect of addition of nitrogen up to 0.669%,, of carbon up to 0.20%, and of nitrogen plus carbon on
the creep rupture strength of 25Cr-20N1i heat-resisting steel was studied, and some strengthening mechanisms
in this kind._of steel due to the addition of nitrogen and carbon were discussed. The stress rupture strength
of the steels at 700°C was improved remarkably with increasing amount of nitrogen up to 0:36%,, above
which the strength decreased due probably to a discontinuous precipitation of CryN. Further improvement
of the strength was obtained by combinated addition of carbon and nitrogen, while the improvement with
addition of carbon only was very small relative to that of nitrogen. It was deduced from the results that
strengthening with addition of nitrogen may be attributed mainly to an action similar to the I-S effect
(chemical interaction between interstitial atoms and substitutional atoms), which had been proposed for
low alloy heat-resisting steels, and to the Suzukr’s effect, and in the case of addition of nitrogen plus
carbon, dispersion hardening with carbide My;Cg, in addition to above two mechanisms, may become also
to effective, since coagulation of the carbide retard by the coexisting nitrogen.
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Table 1. Chemical composition of steels used. (%)

Mark ¢ | s Mn P S Cr | Ni N
ONOC 0002 048 1-35 0°006 0-008 2520 l 20°19 0-001
07NOC 0-002 0-87 1-47 0-006 0-006 25-56 20-15 0'072
17N0C 0-002 090 1-38 0-006 0-009 25-56 20°19 0-169
36NOC 0-002 0-98 246 0-001 0-010 2524 19-50 0-363
66NOC 0-001 0-88 2-28 0-001 0-009 25-52 19-98 0663
ONO5C 0-051 0-86 1-50 0-007 0009 25-38 20-15 0-010
ON20C 0-195 0-85 1-44 0-008 0007 2556 20-10 0-008
-12N06C 0-058 0-89 1-42 0-007 0-007 25-84 20'00 0-115
18N0O6C 0-061 0-86 150 0-008 0-009 2556 20-00 0-182
20N06C 0-057 0-82 150 0-007 0-009 2560 20-00 0195
27N06C 0-053 0-88 148 0-006 0-009 2556 2019 0-269
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Fig. 2. Stress rupture curves of the 25Cr-20Ni
steels at 700°C. (Solution treatment : 1200
°C thr W. Q)

32 Y -—-JHBRARER

FATEHER 6 mm ORBA & AT 700°C B XU
800°C T§y 3000hr FREF T2 ) — FHHEBRETT/S
D7z
3:2-1 700°C 2 Y — FiklfiaABa iR
700°C COMERFEFR % Fig. 2 wRd. FE(a)dN
FHNOFERTIE, 0°07%REDDEDONIIIT & A LT
BE A RET AR ARSI\, 0179 N Tlanix b
DHLY ) — FYEOREINAEED S, 03696 N THE Dé
EAX52%5. Larl, 066N XS ITNERHENS
LIS EPZDTHRERETL, 00179%N &L RIRE & 74
5.

Fig. 2 (b)x CHRINOFER T, 0°05%EED C 2=
L72f, ERRMA O S 3 elmd 2 X511
Bz HH3, 1000hr FHETHE ONOC L& A ER—0R
Eaml, MUREFELLELTS. 002% OCEEHmL
#= ON20C Ty 1000hr gh#¥fzaEs <, ONOC o 6'2kg/
mm? 75 7°3kg/ mm? ~r§ 1 kg/mm? HEhnL T
VB, R0 ) BREFEIAIC DU b AE L v

Fig. 2 (¢)DN + CHRFITIEN OBEhNCHE S wlrag
O LrFIFEETH D, 1000hr wHEEE X 12N06C T
86 kg/ mm?, 18N0O6C < 10°5kg/ mm?, % 7:27N06C
< 12°2kg/ mm? i0ET 5. EoEREEoMmUORmD

o C+N series

(kg /mm?)
~
o
\
\\> N

AN

10
[’
[+
.5- O/ N 1 \D
2 series
2 / /|
. 8
S
8 ® C series

6t
0 Q2 04 06
wit % ( C +N )

~ Fig. 3. Effect of carbon and nitrogen contents on
1000hr rupture stress of 25Cr-20Ni steels
at 700°C.

B HHI D T

P o&REOERE RS 1000hr FREHE S 25K
T (C+N) %icxtLCERELADR Fig. 3 TH5.
C@E#%%%#Kiﬁm,KHJU<Q%@@%@T
BNIZ 0°069% RRE®DCEEabe it oL bk
&, DWTNBREIM 2 itk E, CoLOIInNT
X BBRILVERIE N T LRTEL /DS Ebd
5.

PlEoiEss, R0y Y — FHEETERER b O O
U'% 1/100mm @& A4 7 % — 2% v pullrod fi
THIEL, ®/hy ) — 7 EEOHN a2k THREL
fo. RWEBARR S DA L 2R R, 07NOC, ONOSCo X
5%ALBON, CEREMLAFT TS, ONOCIZ < b
THhih o) — FPEERNS 85, #LTFig 5D
B L r Qs L, 27N06C VXER L 7T X TOE P

BoE by ) — FEEINI V. 2L O DS
HERFEHE T iIsa{ L ORREE A 2R/ N & 7L B R A EED
shic.

2, 3 ozpElo s ) — FHEEIFEOMRAE Photo. 1 IR
+. 17NOC TR FRIC o # & B B3 K/ s
20 BN SIS, FH e B CeN L¥E 2 by
DR FH AL, ON20C TR R CraGs & Bbh b
BALmAZE L < HACH L TVvwS. 12N06C Tk
ROFH 2N S <, RNOR TS ST
&0, 27NO6C T LT M EEA 7 VIl TVv 5%
L T C + NRFIOH HIKEEZ Cds X 0NN o BRI InA
WL BRTELL TS %

3.2.2 800°C » Y — 7kl brss ik

— 231 —



492 % & % 54 £ (1968) ¥4 =

17NOC ¥3 1000hr 38R A9 F A1 2°5 kg /
mm? T ON20C X 9 355<, F7- 36NO
Ci¥ 4'4kg/ mm2 ¢ ON20C X b bTH
Kﬁwﬁﬁf%a.tnawﬁ%m%mﬁ
) —FPHEOBERBRE D XRISL T
5.
Table 2 j33609 5 $HEE IS\~ T700°C
& 800°C > 1000hr FHfiahEE% L 7
DT, 800°C 1000hr 5&pE(B) & 700°C
1000hr S&E(A) s Dk Z &5 L, C B
ks Xt C+N HELERMTIEZO
Ty, EBVThB 05550, NE
A SRRIMTEAS VEWEL LY, BRTO
: BEETHCORT VT ENbrD. L
L C+N #HEDLREMTRL OBRERT
AL, BIRETHT<Ns ) — 7
L ERELTWS.
A 33 mEmpIcLEeT
MR~ die, NeCralabh
HIRAIL 728Ai3 700°C T3 800°C T % A
, DT hiedEe BT 50iIxl, NE
CENPREN BIEITHS 700°C TEE N4C Mg
B IO E 58 E 2R A3, 800°C TiX
FEIHFY . (a) 17NOC ruptured after 936hr under 8-Okg/mm? of stress MR T RO RENWT L 2D £ T
(o) TONGEC: raptured sfier 159260 wnder 8-Ghe/mom of e CERBEI AT 5 C END LD X 5 ik
(d) 27NO6C ruptured after 2987hr under 10°0Okg/mm?2 of stress %%ﬁ@&ﬁg X ,@_‘»C%—g_g T 57 BT,
Photo. 1. Microstructures of 25Cr-20Ni steels stress-ruptured at  700~.900°C ¢ BifiFsShic & HIAG: & 1F
700°C. (electrolytically etched by 10% oxalic acid) SOBET~D L &b, BRMLEE

h ~¥- T - N
* NI
o
EW] Y . oY
. e B © S o
. s L0 e
PR T A

4
&4 ‘.‘fr;;fw,

T
P

w
A E
N 1
N
£ ]

,'\;w"}
FRr P

s @
N

. ¢ . = o
B C 5
A P e
. . .
. . '
N . .;’ e ¢ *
E ‘g{ * L
’ e e, wa s ¥ v o
4w o
3 B
. W

b #
Q; PR

5 DOXIFEFIC X HRE, FhA— 2771 b OBTEH
‘ \Hr-\Jm) BlsEic X 5EEN B X OCROHEE L & &7,
10 TS o= 2705 700°C & 800°C TORShIC X 2 = DZ&fb% Fig. 5
=== %Mm\\\\\\\v T, ¥ REMLMME Photo. 2 BLU3 IR,
S |- N@“R BB T, BN 36NOC & 66NOC AT &
S s[> “3%\/2“’%_ SRS L BIEL, ZO®IEHE 1 ZbbT,
g \\lfé) Mlq N5 o 66N06C T3l AL < #K{kL OEMIPR HHILS.
a3 | I7NOE s T ORDOHEHI VT B Y 2200br E TOREHIC X 2T
() Rupture elongation (%) J ®)
‘:250 100 200 500 1000 Table 2. 1000hr creep rupture strength (kg/mm?)
Rupture time  (hr) ; of the 25 Cr-20 Ni steels.
Fig. 4. Stress rupture curves of the 25Cr-20Ni
steels at 800°C. (Solution treatment : 1200 Mark 700°G (A) | 800°C (B) B/A
°C 1hr W. Q) I7NOC | 79 25 032
ERFRO B0°CHROHRY Fs ¢ nd. 27 oNote | '3 38 o
NOGC 13 800°C TH 0L b3 < 1000k EE3 65 IZNOGC 80 i3 02
kg/ mm?T&H 5. N BUTHH O&EI» 7 DKL, i

— 232 —



25Cr-20Ni fESH O BEBEC S L ETEE L REORE 493

3 & A SOOI SRRV, H DV ixRERR Table 3% 700°C TEEHL 7oE7askBlo 10% 1RER

ToOTrRBELERTOLETHS.

X 87— VIBHIC X D EREC OV T T 0 XiREl
T R X BRIERS R TH H. 17TNOCII Photo.
‘ 2 (2)D X5 TEEHNT X BT R
M5 <, BERRERA TIX 1000br THID T
CrsN %3037-75, 2187hr O TIE o
LB TWws. 66NOC 13 1200°C 1
hrDBEHIL TREFE D CreN BERFL, S
5ICEEEHAERIT X D CroN AR RIGHI7E
& RT3, ERR#% TldPhoto. 2 (b)
DX ICHEELTHKXLT 5. BNET
DX S i OER»IETTICX D, BE
KEHE 5T R ERHARONBEECHILT
») — PEELREDDHEEDHIT, BARG
By & RIS ERS & DERICEILHBERL
YL, BREFEZRELTEIRS Y~
FAOBFTR B, WHFMPEN LD
o LHRENS. LrL, PEEONZ
4-%; 36NOC Ty Photo. 3iH %X 51T
AR LIE T, HR ICEE D
CrN 3320 B & RS RIS D 275
D SE DM RO A B, T
. ¢ ORI A — 2T F A4 b RICERET

¥ 480 (0/0) THEBNE L bicy ) — FTHEOWEIC
(a) 17NOC (b) 66NOC (c) ON20C (d) 20NC6C EELTWDHEBEbiLS.
Photo. 2. Microstructures of 25Cr-20Ni steels aged for 2187hr ON20C % 20N06C (Photo. 2 (c)(d))
at 700°C. (electrolytica}ly etched by 109 oxalic acid) o1t BBNOC 17.< B3 T T i DU 3
Sp - <, rLIEN+ CHADLRERMOBFRIT
: 2 £ OERAEL -

Photo. 4 it EMSHHIL 7Y AFEE
RL7dDOT, FIRHEEFECED,
ON20C KM HE CreGs, 7o 17
NOC Tix CreN &[E Sh, BREDXHR
EHRESR & —F L 7. 20N06C T R7s
FHE CrsCe & [RlE Eh7chs, TDIT
ISR O &, & D TR HTH
W5 L E S ORFRHFICERD b BiE
VIS 18-8 Ti T CrsCe Z#WEL
TV Bk & X OEASEITE D, T
#HBEE CreN TRy eEZLLNDH,
VRS B BT S 8 — L3R D TRE
T EL,DOR.

AL : EEPR N e £ C+ N A b b B 2§t
Photo. 3. Microstructure of 36NOC aged for 670hr at 700°C. Hdic SusT i, Table 3127k L 7218N06

(electrolytically etched by 109 oxalic acid) . .
CoOBREDORERHRY» L LNPIE I DIT,

oot KX 39y

— 233 —



494 g & 0

7 94 £ (1968) HE 4

(a) ON20C

" (b) -20N06C  (¢y NOC
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Fig. 5. Hardness changes of 25Cr-20Ni steels due
to aging at 700°C and 800°C.
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Observations on the Load-Time and Load-Deflection

Curves in Charpy Impact Test

Shigeru Mi1vosH1, Kaichi TAKAI and Toshiro KoBAavasHI

Synopsis:

Relationships between load-time and load-deflection curves during impact in Charpy impact test have been.
simultaneously observed on a reactor pressure vessel steel plate, a low carbon Al-killed grain-refined steel.
A precision wire wound variable resistance is used for deflection detecting element, and satisfactory result

on the resolution of deflection is obtained.

Observed load-deflection curves are similar to load-time curves at each testing temperature.

Absorved

energy from area under the load-deflection curve is rather smaller than the one from indicator of tester.
The result that the time axis of the load-time curves can convert linearly to the deflection axis is obtained

from analysis of deflection-time curves which are composed of both curves.
(Received 12 Dec. 1967)
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