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Effect of Vanadium, Wolfram, and Boronon High-Temperature Strength
of 252 Cr-282Ni-29Mo Heat Resisting Steels with High Nitrogen

Ryohei TANAKA and Yoichiro TOBE

Synopsis:

On the 25%Cr—28%N1—2%M0 austenitic heat-resisting steel containing up to 0°679% nitrogen, 2%
vanadium, 57% wolfram, and 0:05% boron, the high temperature strengths were investigated by tensile
creep rupture testing and short time tensile testing, and the correspondence of these properties with the
microstructure of the steel was discussed.

Addition of nitrogen to the steel containing vanadium and boron increases not only the short time tensile
strength at the temperature up to 700°C, but also remarkably the 1000 hr rupture strength at 700°C.

The 25% Cr-28%Ni-2% Mo steel, added with nitrogen, wolfram, and boron, has showed the most ex—
cellent creep rupture strength in the range of the present work that was carried out at both the temperature
of 700°C and 800°C; for example, the steel containing 5'7% wolfram, 0°05% boron, and 0°'679%, nitrogen
has showed 265 kg/mm? of 1000 hr rupture strength at 700°C. Further, in the lower range of nitrogen con—
tent, the 700°C—1000 hr rupture strength of the steel was increased by about 9 kg/mm? due to the addition
of 5% wolfram and 0-05% boron, and this value corresponds to about 100% increase of the strength com—
paring to that of wolfram-boron free steel.

With addition of boron to this type of steel, the high temperature ductxhtles have been improved re—
markably, but the creep rupture strength has not so much.

(Received June 26, l970)
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Table 1. Chemical composition of steels used (wt2).

Series Mark c | si Mn Ni Cr Mo ! B v E W | total N

48N 10V 0-005 | 0°28 1-22 27-65 2445 | 1-55 — 0-95 — | 0483

42N03 B 0005 012 1-22 ; 2778 2416 | 1-80 0-027 — — 0-420

31N 22w 0028 | 028 1-22 26:46 | 23°53 | 1-55 — — 2-19 0307

04N 55W 0'0ll| 016 1-32 27-97 | 2457 | 2-12 0:038 — 552 0042

08N57W 0012 | 047 1-52 28-64 | 2500 | 1-91 0:'048 | 007 5-74 0-078

WBN 1IN5IW 0:012| 0-26 1-52 27-84 | 2481 2:05 0040 — 5-10 0-105

) 50N 52W 0012} 0-23 1-57 26-72 | 2499 | 2-11 0-049 — 5-23 0-500

series 67 N57W 0:020 | 0-41 1-85 27°12 1 24-62 | 1:90 0-050 — 5-70 0-668

46N 37W 0014 | 0-30 1-55 27-59 | 24-73 | 2-06 0-046 3-67 0-462

47N 16W 0012 | 0-2 1-60 27°49 | 2473 | 2:20 | 0-048 1-57 0470

VBN 11N18V 0-013 | 038 1-47 26°27 | 2401 | 1-86 0045 | 1-81 — 0111

: 2IN21V 0-013 | 030 1-58 27-80 | 25'80| 1-96 0:'045| 205 — 0:208

series | 37N20V 0:013 | 0-32 1-54 27-65 | 2544 | 2-03 0048 | 2:01 — 0-367
— No addition
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Microstructures of the 25Cr-28Ni-2Mo austenitic heat-resisting steels after
solution treatment at 1 200°C for lhr.

Etched with aqua regia.
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Fig. 1. Relation between hardness and nitrogen
content of the 25Cr-28Ni-2Mo steels con-
taining vanadium or wolfram solution
treated at 1200°C. Solid symbols indi-
cate boron free steels.

Table 2. Chemical composition of the steels free
from vanadium and wolfram used for
tensile test showed in Table 3 (wt2).

Mark C Si | Mn| Ni | Cr | Mo | total N

COINO3 |0-009| 0-19| 1-54(28-1024:27 1-96( 0-031
COIN39|0-006{ 0-19} 1-39|28-4023:64| 1-96/ 0-386

Table 3. Tensile strength at various temperature
of the steels showed in Table 2 (kg/mm?2),

Testing temp. | Room temp. | 700°C .800°C
CO1NO3 52 . 27 23
COIN39 88 47 28
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(AR XOMED) 1 2%V 25480 L IBISRARE DS
Eihs. ZOXS5ENOEEVEDE VTS 5o x
DUHIRBEI SRV OREE BB TEE L Eh i
DINF U AB(EMHBE DI, NBIXUVitks
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Fig. 2. Effect of nitrogen or wolfram content on tensile strength and rupture elongation of
the 25Cr-28Ni-2Mo austenitic heat resisting steels. Semi-solid symbol indicate tensile
strength of the steels free from wolfram, vanadium, and boron showed in table 2 and 3.
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Fig. 3. Stress-rupture curves at 700°C of the 25Cr-28Ni-2ZMo austenitic heat resisting steels

solution treated at 1200°C.
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Fig. 5. Stress-rupture curves at 700°C of the 25Cr-28Ni-2Mo steels, containing wolfram,
born, and nitrogen, solution treated at ! 200°C.

25 I .
20 I~ {433)
D (37'5)

1S (450) ="y (61'2)
E ©42NO38B (s2'5) | =200 T T——___(267)
£ o \x 6
~ e 47NIBW T
o (26'0) o -
3 A 46N3TW (340)
. 5L_x50NS2wW '
8 25 T T
® 20 ©04NS55W  —
2 ~o{443) e 1INSIW
‘§'5 T, [980) (51°3) o Ianzsw

O’ [~A
o (Gsarkx* (217) X3|N22WI
D s S

: (543 (sez)---t:::::::f(325) ’
. :
‘ ( ) Rupture elongation (%) %o\

s (490]

10 20 30 50 100 200 300 500 ! 000 2000 3000

Rupture life (hr) ‘

Fig. 6. Stress-rupture curves at 800°C of the 25Cr-28Ni-2Mo austenitic heat resisting

steels solution treated at 1 200°C.
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Fig. 7. Effect of nitrogen and wolfram contents on
1 000hr creep rupture strength at 700°C and
800°C of the 25Cr-28Ni-2Mo-0'05B steels
solution treated at 1 200°C.
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Fig. 9. Relation between rupture life and rupture elongation of the 25Cr-28Ni-2Mo steels.
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Fig. 10. Hardness changes of the 25Cr-28Ni-2Mo steels"due to aging at 650°C and 700°C.
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Fig. 11. Effect of vanadium and nitrogen on age

hardening of the 25Cr-28Ni-2Mo-steels.
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Photo. 2. ’sMicrostructures of the 25Cr-28Ni-2Mo-V steels.
Solution quenched from 1200°C and aged at 700°C.
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Photo. 3. Microstructures and an electron diffraction pattern of the 25Cr-28Ni-2Mo-V

steels aged at 700°C for 1 000hr.
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Fig. 12, Hardness changes of the 25Cr-28Ni-2Mo steels due to aging at 700°C and 800°C.
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Photo. 4. Microstructures of the steels 3IN22W and 42N03B aged at 700°C and 800°C.
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Photo. 5. Microstructures of the steels 04N55W and 50N52W aged at 700°C and 800°C.
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Fig. 14. Relation between solution hardness and
tensile strength at 700°C of the 25Cr-
28Ni-2Mo-0°05B steels. . .

Solid symbols indicate boron free steels.
EHOMMEELTT L 51Kk 5. Fig. 14 »BEL i
X5, ERNEBECET»EY, VEITCWoOWLT
NHFRFICHFET D NBH D Wik Mo & & icEigaa{bic

Tensile strength (X3 /mm?)

— 98 —



&% 259Cr-28%Ni-29%Mo HAMOBHBEREL S X ET V, WKL UBoEE 561

28 T T
© (Containing walfram
& Containing vanadium
24 _fo

[5]

@]

\.
o 0,

\"

/A

\

4

700°C -1 O0Ohr creep rupture stress ( Kg/mm?2)

2
140 180 220 260
Vickers hardness (Loaod 10kg)

Fig. 15. Relation between solution hardness and
creep rupture strength of the 25Cr-28Ni-
2Mo-0°05B steels. -

Solid symbols indicate boron free steels.
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tensile and creep rupture strength in the
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Fig. 16. Relation between age hardening ratio and
1 000hr creep rupture strength at 700°C.
Solid symbols indicate boron free steels,
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Photo. 6. Microstructures of the steel 31 N22W creep ruptured at 700°C.
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Photo. 7 ¢ B &#41r 42NO03B ¥k X OF S0NS2WHRD &
Y — PR OB E R LSS, TE &b IR FEEFIT
denuded zone HBIEH LS. Lal, 42N03B o 700
°C % 300hr EHEEAIM CRRFICEAD LR OWHES
AU, LD XS zone XD LI 27c. (Photo.
4). Photo. 7 BN TORShThBDITZ, Rk
RSV LESLLEVZ LD H D, COXILEHOE
VWHRERTHBROE & LTHEbRAELDTHHS. 7Y
— PIEED R & 7o b SR R OMAR R MY, iR

Microstructures of the steels 42N03 B and 50N52W

WO 1 %RERE (LS 2o THMEDHRE 2 Y —
SO KON Ob TR TIRET 519
7o, 300hr FREE DRERHO W BRE TR LRI
denuded zone P{FEELILWVZ &VE, D 2 Y
— A B D LT RERDESHLLD
EBEbLIS.

Bit s ) — FHEEX ZED LV L vbhT
W5 L, AEBROEE 0003% BEOBZ
FhnLU7: 42N03B 4o 700°C - 1000hr i34
X1, BERFEmLawbo LREECTCHD, BD
BT 2 A ERDLNEP DM, TORAIS
LR ZETAMEELE 2L C\V5. LiLFig.
61ch R LI L5 ic, BIXB00°C Tixs ) — Pk
Wiih X 2 FIHmMIE55R%d b, TOERE
LTBDF — 27 F4 MRRAORITEIEIRIC
HAIEELL LB EMBTFEN LS. BiXE
N(BHWIECO) TR LETERERKEL, HRHD
WK E OB F RGBT Lo WD DI, #T
HoOBRAE RS XUOREZIHT 2P0 L vbh Ty b.
COIN39§f® »42NO03B FHOREFHT(LEALIRT S &,
700°C DIBAETE T 25%, $E T 9%, 800°C iz
L, FRFEN 17% & 129 fe>Tk v, BEmAOE
5 M ERIT . T OBFEITFERS S 55 18Cr-12Ni
MITHVWT, Bickd 7 ) —FRHES MM BIT X
59 — PO H O RO RTEMERICLS D
DTHY, ZOERAIMoBSHFTH LI KRELLS
LIEERLTWB T EEFALTVS. LrL, Fig I3
HFELI XD, WIRIHZs W T BERm Lo
12525 SECEVERIE(LEERL Tk D, FREET
F1F 5 B OFENT DV T O —HI 72 BRI BREX RS TR
HTH5. _ :

%z Table 5 {3k Fe FABREAM & ARFEERT
zbhie 2, 3 OO 700°C -1 000hr FEEFTREL % L
L. Zhitdb ek, 3IN2ZW gk LU 67N57TW
M7 ik Incoloy T 3 X8 N-155 47 Kicktb#@ L,
FXHLLELRVEELRTS. &<, 3IN2ZWEH
VIERRIC B BENE R ENS A SR T L, EiRE:
LD IV EREELDEZADED L, EbDTT
Skt z X 5.

5. & =

EBESEFTHAANIBEBECHER LS 25%Cr-28
9, Ni-29%Mo THESRIZ 2\ T, FRRREHIT X % EMBE L

e LU SRR S XITT 2% ETOV, 5%%E
TOWE XU 0°05% O BOFERZL L7, TOR
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Table 5.

Comparison of composition and rupture strength of the stecls obtained by the

present work with that of the past works,

. . o 700°C-108 hr s
Stecl Chemical compesition (wt%) creep-rupture °
C Cr Ni Mo C w Other elements Strength
(kg/mm?)
A -286 0-05 155 26 1-25 — — 1-95Ti, 0°2Al, 0-30v 21°5
Incoloy T 0-04 20 - 33 — — — 1:0Ti 20
16-25-6 0-08 16 25-5 6 — — 015N " 155
Discaloy 004 135 26 2-75 — — 1:75Ti, 0-07Al 20
N-155 015 21 20 3 20 2'5 1-0Cb, 0*15N : 21-5
31N22wW* 003 23-5 265 1-6 — 2:2 0-3IN 23-0
67N57W* 0-02 24-6 27 1-9 — 57 0:67N, 0-05B 26-5

* Present work

REBHTHIE2EDER D THS.

(1) 1200°C x1hr EA{LAAEBXIINEE & i
L, TOHEERWERMM X VIR OE 5 28k s
V.

(2) 700°CE3h TV, BRIUWAEFHEANL
E DML 728, REFHERFIC X 033512 CreN &
Bboh 2 iTHMBRERbN, TORRVEN OIS 5%
s FRXOERBHEXRELRDR2TV. W, Bl LN
2RI U2 AT, ESWIEN O B4 1 000hr 5055
cHOWHIC LD SWHL LB LVWELETRTS, NE
ZHT LD ZONBERRDONL RS,

(3) 800°CHezhTiE, W, BRIUNZETrWwFh
DB W THITHE» R D IRE Xh, BHWENM T
100hr AHEA> 55L& V3 U % 300hr T4 C iz @S0 E 5
ZETDH. ERBWENAM T 300hr 100 S LA
L%, 700°C F X Of 800°C WHFNDEEICR VT 3
RN X HHE{LRILTERIBE TH 55, ZoE{bRiX
N/W FFesd UCBRE %2 b b, RF SR E
7% LE{LRIIRAT 5. VHIX 800°C ThR&
T % LEBERILAET L L, Zo#ko 700°C i
Z HIRECOERMERIITAETDH 5.

(4) VEIUCBEMHOSPE#®EXE, HiEH IO
BEVWTNOBETH, NES 0:2~0'39% £ CiINg
LrdhiapnctEmL, LLRFROSRDMEE 1%
V40482 N i % 108 kg/ mm? L 751, 18-8x
vV AAEE{LAEM O 60 kg/ mm? i { 55 & 2 1%
FEW. L LBTREZRE L LD RARIERDT 5. %
7=z k¥ 700°C-1000hr 7 Y — PRERfAE X3, N

BE2DTHAYERTBH, TOEMEINOLYESR

CIRIMLES LT EALEFRUTH D, VIRMT X 5%
LBV steia | kg/ mm? §ijiETh 5.

(5) WXRXUBHEMMOGIEEYEXDH, NBIUW
Eot¥me b ERT 525, WX 3#%{b/ERIENI
‘LA, RUBRNEREIZIOTIEEATZ(EL I

Vs, RRIBESHL LD L ARICRAT S, o
FPEED 700°C - 1000br 2 Y — pgias x 1, e
BIRWHLDLLHAL, 067% O N 2iFmT 5 &
X DEE 26°5 kg/ mm? L 54 CREED 4 o5
"oz, L QENANCH TS 5%W+0°05% B i
X DRI Ykeg/ mm2 itk X O, ZOfEIEIW %
FERVIDIEE DK 100% iTHIY T 5K X it
5. BNMTRWIERINC X 3 2 Y — PREEHRE O ikash
KL, 700°C 3 X OF 800°C & % ML T, W2 5
%ETHENMT 5 2 LIC X B38{LE1E, 700°C - | 000hr »
)~ THETRE OYETH 2kg/ mm? 12 L ¥ 5.

(6) WHIUN, X5iTidBailadbaiRing s
CEREY, WRZ )~ PHHRIIILUBLLED
N5, Fisdbb, 700°C-1000hr » ) — PEElf ta X
EEBE, 57%W+0'05%B+0'67%N  #CHido
26'5kg/ mm2, £iz 2:29W+0°319% N ##C 23:0 ke
fmm? 2R, Thbiz N-155 &%\t Incoloy T
e ESEDBMERIC < 5_RFE%H B\ T FhicE X 5
LDTH5.

(7) W, Mo 5 X UNDORFICLVE VS Y — 75k
Bia S sBon3FEL LT, EHMEITRIAL 84
TERDEEMALAS, REERIEICIEW, Mo E N4 5
2%~ DRI B\NE Cr(Mo, W)Nx 75 & RSN 1
LERDTOND. ERBOMBRMCYS 2 ) — PR
RO DIV HT 5L <, BRIOEOHMEOS
B 2R T 5 ECEERESITH 5.
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