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Effeét of Small Additions of Ti and Nb on the Creep-Rupture
Strength of High-Alloy Austenitic Stainless Steels

Tohru MIMINO, Kazuhisa KINOSHITA, Isao MINEGISHI, and

Takayuki SHINODA

Synopsis: .

Improvement of the creep—rupture strength of 18-8 stainless steel (T'ype 304) by additions of small amounts
of Ti and Nb has previously been reported.

Such effect of additions of Ti and Nb on the creep-rupture strength of high—alloy austenitic stainless steels
such as 22 Cr-12 Ni or 25 Cr-20 Ni has been studied.

As a result, it was found that the combined additions of small amounts of Ti and Nb to high-alloy austenitic
steels are also effective for improving the creep-rupture strength just like as the case of 18-8 austenitic steel.

Further effects of additions of Ti and Nb were found to be as follows: (1) the shape and distribution of
precipitated carbides change, (2) the carbide particles precipitate finely and are evenly dispersed. It is
concluded that the improvement of creep-rupture strength is considered to be due to the improved dispersion
effect of these fine carbide particles.

(Received May 20, 1970)
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Table 1. Chemical compositions of the experimental heats.

Steel C Si Mn P S Ni Cr Ti Nb | (Ti+Nb)/C*
A 0-16 0-67 172 0-023 0-015 13-10 22'63 — — 0
Al 0-13 0-54 177 0-021 0-013 12-62 21-86 0-09 0-08 0:25
A2 0-12 0-54 1:76 0-021 0-013 12-68 21-86 0-08 0-17 0:36
A3 0-14 0-54 172 0-021 0-012 12-68 21-86 0-20 0-13 0-48
A4 0-14 0-53 1-66 0-020 0-013 12-30 21-86 0-10 0-22 038
B 0-12 054 1-76 : 0-021 0-011 19-66 24-79 — — 0
Bl 0-14 0-50 1-73 = 0-019 0-011 19-37 24-80 0-10 0-12 0-29
B2 0-13 0-53 1-76 . 0-018 0-010 19-66 25-38 0-10 026 0-44
B3 0-19 0:55 1-66 ~ 0-020 0-010 19-78 24-57 0-23 0-12 0-39
B4 0-20 0°56 1-65 : 0-017 0-009 19-78 24-45 0-20 0-30 0-44
G 0°06 | 059 1-25 © 0-026 0-017 21-37 2456 — — 0
D 0-12 0°62 1-63 + 0-017 0-014 20-30 25-02 — — 0
DI 0-13 064 1-62 0-016 0-012 20-21 24-89 0-02 0°06 0-13
D2 0-13 0-66 1-63 | 0-015 0013 20-09 24-77 0-03 015 0-22
D3 0-12 0-65 1-63 0-014 0013 20-09 25-53 0-12 0-33 0-56

* Atomic ratio
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Fig. 1. Tensile properties of 22 Cr-12 Ni series.
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Fig. 3. Creep-rupture curves of 22 Cr-12 Ni series.

— 61-



62

g & @ EOSH (YD) ®1S

Dz L XoT 1000 RRARERIAAREHS 2~
6 kg /mm2(40~350%) +HFLTHkbh, ZHii
ElL T 50°C o LHFE W25, Ti LU
Nb {FINC X 5 2 ) — PHEEE O /R 2R
ERIREERIC 7o, TSR & D 650~750°C
DB WT, EEFIGATIIE 40~50% &,
—SEDINER L TW5. LA L 25Cr-20Ni %
@ 650°C i\, Ti & Nb OFEMESD
o2& 3 vy D1 AR EFERE EL L2 T
5. ERERIAEEAHS 800, 900°C 1@<l 5n i,
Fig. 8 @ 25Cr-20Ni %CRLA X5, 100
FERAEE T 1°5~0'5 kg/ mm? OI#HNIC & &
D, THVIEETG I OBEnEA T 5 & 800°C
T 259, 900°C T 189% rich, IBENREL
75 513 EHAINEIE IR B. Ti & Nb off
ROBEERELERTEED Y ) — T HHRE
Wk XIET ST 1000 B RkRTAREE CUXRARE
KH b o,

b ) — PEEEHECC DWW TiE, % Fig.
9~Fig. 1l WWiRL 775, Wi L b EHKBIE
[ Ti, Nb Fhoit & ERmes & ClRERR S
hissoic.

33 oY —-FHETEROBER

OBV, HEECLEEEE A — A

FF+4 PETHOTH, ERBRIBETCEST DS

) — PR R IC RIL R o BT L T B, £
T o) — FEETER R DM LR % B Fo DITEF IR
& L OEFIRBE MBS 2T 0.

40
| 650°C
30 - os \o\
= |
A \Neg a\‘
20 | P 0 @ 00¥z~a
© NN
ST N‘ \l\ "X.
\‘0\ N~
\\‘ I~
e S
D .
C \0:\
\ o~
—~ 20}= Lo
P NNy ST
\E ISt \ \m\
E \19 \QA\.
~ ol -8 o k. \4{‘\\
g feBr o0 | X ™
£ 8r.g2 oD ~
. aB3 eD2 SN
% S sBa oD3 .,
N1 =
SR s 750°C
\n\\\
10+ [ as
9 -
oF ﬁ‘o\.n\f\u
7 F \0 A a.\
S \ a
5 o O~ _ A WA
: \ \
| 1 || 1 | - 111 1 11 131]
10 10? 10° 1c*
Time to rupture (hr)
Fig. 4. Creep-rupture curves of 25 Cr-20 Ni series.
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Photo. 1. Microstructures of 22 Cr-12 Ni series tested at 700°C.

(a) B. ruptured under 8kg/mm? (598 hr)
(b) Bl ruptured under 12kg/mm? (439 hr)
(c) C. ruptured under 10kg/mm? (132 hr)

Photo. 2. Microstructures of 25 Cr-20 Ni series tested at 700°C.
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(a) A. ruptured under 13kg/mm? (1590 hr)
-{b) Al ruptured under 17*7kg/mm2 (1 780 hr)

Photo. 3. Elctron microstructures of 22 Cr-12 Ni series tested at 650°C

(a) (b) A. ruptured under 12kg/mm? (114 hr)
(c) Al ruptured under 16 kg/mm? (261 hr)
(d) Al. ruptured under 10kg/mm? (2620 hr)
Photo. 4. Elctron microstructures of 22 Cr-12 Ni series tested at 700°C.
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Photo. 5. Elctron microstructures of 25 Cr-20 Ni series tested at 650°C.
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(a) C. ruptured under 10kg/mm2 (132 hr)
(b) B. ruptured under 8kg/mm?2 (598 hr)
(c) Bl ruptured under 11 kg/mm2 (664 hr)

Photo. 6. Electron microstructures of 25 Cr-20 Ni series tested at 700°C.

(a) D. ruptured under 5kg/mm2 (176 hr)
(b) D2. ruptured under 7kg/mm?2 (108 hr)

Photo. 7. Electron microstructures of 25 Cr-~20 Ni series tested at 800°C.
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12. Relation between 103 hr rupture stress
and atomic ratio of Ti+Nbv/C of 25Cr

-20 Ni series tested at 650°C.
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