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Synopsis:

The influences of titanium, niobium and vanadium on the creep rupture sirength have been studied
using 0-19%,C-18%, Cr-10%Ni stainless steels. The correlation of the strength to the microstructural change

during creep has also been discussed.

The highest value of 700°C~10* hr rupture strength in a titanium and niobium series (steels containing
various amounts of titanium and niobium, respectively) is obtained at Ti/C and Nb/C atomic ratios of 0-8

and 0-2~0-4, respectivcly.

On the other hand, in a vanadium series, the creep rupture strength of the

steel shows its maximum at V/C atomic ratio of about unity at test temperature of 700°C and 800°C, but
at 600°C, the strength increases monotonicaly with vanadium content up to 1-539%,.
The high strengths of the steels containing proper amounts of titanium, niobium, or vanadium can mainly

be attributed to the fine distribution of M,;C; precipitates which is caused by the acceleration of nucleation

due to the foregoing precipitation of an MC type carbide within austenite grains.

It is deduced that the

solid solution strengthening effect of vanadium contributes also to the remarkable increase in the rupture

strength of the vanadium steel at 600°C.

(Received Dec. 27, 1971)
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Table 1. Chemical composition and austenite grain size of steels used (wt 25).
N Austenite
Steel | C Si Mn Cr Ni - Ti Nb \Y rain size
sol. N | insol- | total Ti/C|Nb/G| V/C [mumber*
S1|008|0'54|1-54| 1831 9-86 — — 10°0195 tr. | 0-016] — — — — 5
Til { 0°08 | 0:55 | 1°49 | 18-14] 9°-86/0-0157|0-0061|0°0218) 0-04 { 0003 — | 0°13 — 7~8
Ti2 | 008 | 0°52 | 1-43 | 17-73| 10-090-0021j0°0175|0-0196| 0-098 0-006| — | 031 — — 9
Ti3 [ 008 | 0°52 | 1-47 | 17-81] 10°09/0°-00220-0176/0°0198| 0-14 | 0-007] — | 0-44 | — — 6~7
Ti4 | 0-08 | 052 | 1-48 | 17-64| 10°09/0°0017/0-0157/0-0174; 0245 0006 — | 0-77 | — — 5
Ti5 | 0-08 | 0-55 | 1-46 | 17-64| 10-09/0-01720-00750°0247| 0-392| 0-008) — 1-23 — 8
Ti6 [ 0-08 | 0°63 | 1-60 | 1822 9-800- 00250 0228‘0'0253 0-64 | 0-004f — | 2-01 — 8
Ti7 [ 008 | 0°62 | 1:65 | 18-27| 9-74/0-00200-0113/0-0133| 1-13 | 0-004] — | 3-54¢ | — — 8
Nbl | 0-09 | 059 | 156 | 17-97| 10-00/0-0265/0-0003/0 0268( tr 007 | — — 1010 — 6
Nb2 | 0-09 | 0-59 | 1-54 | 19:31] 9°-68(0-0153/0-0025[0'0178 — | 022 | — — 1032 — 8
Nb3 | 0-10 | 060 | 1-57 | 17-73| 10-00{0-0160/0-0032|0-0192| tr. | 0°29  — — 1038 — 7~8
Nb4 | 0-09 | 0-61 | 1-57 | 17-81| 10°00,0-0102/0-0057/0-0159| tr 0-20| — — 1042 | — 8~9
Nb5 | 0-09 | 0-60 | 1-50 | 19-06] 9°66/0-0150/0°00150-0165 — | 0-41 — — 059 — 7
Nb6 | 0-10 | 056 | 1:56 | 17-64{ 9-98/0-0182/0- 0042‘ -0224) tr 057 | — — | 074 — 8
Nb7 | 0°10 | 0°62 | 1-56 | 19-10 9'60|O 00800-00920-01724 — | 0°70 | — — | 091 — 8~9
Nb8 | 009 | 0°60 | 1:47 ) 1914 9-510- 00600 012500185 — 1-20| — — 1-72 | — 7~8
V01012065 ]1-40 | 18:36] 9-57 — 0021 — — |1 001 — — 1002 5
V110121061 | 1-41 ) 16°20, 11-77] — — 0053 — — 1039 — — | 077 7~8
V2 |011 062|145 ]| 16:20] 11-66] — — 0°053 | — — 1075 — — 1-61 7~8
V3012|063 | 1-41 | 16-39| 11:54 — — 10-053 | — — 1'15| — — | 226 7~8
V4 |012 064 | 1-41 | 16-11| 11-48 — — {00054 | — —_ 1'53 | — — 1301 8~9
*  Solution treatment: 1100°C-l1hr WQ
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Fig. 1. Creep rupture curves of the steels Ti 2

and Ti 6 at 700°C.
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Fig. 3. Morphological diagram of precipitated car-

bide TiC in 18Cr-10Ni austenitic steels

creep-ruptured at 650°C and 700°C.

a) and b) Thread-like TiC and its diffraction pattern,

respectively.

Photo. 2. Precipitated thread-like carbide TiC in
Ti6 steel aged at 700°C for 1000hr.
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carbide observed in Nb8 steel solution
treated at 1 200°C for lhr,
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Fig. 4. Relationship between 10%hr rupture strength
and Nb/C atomic ratio of the 16Cr-10Ni
steels containing various amount of niobium,
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Fig. 6. Relationship between 10%hr rupture strength
and V/C atomic ratio of the 16Cr-12Ni
steels containing various amount of vanadium.
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f) V2 l4kg/mm? 416 hr
i) V4 1llkg/mm? 1508 hr

Photo. 5. Electron micrographs of vanadium added steels creep-ruptured at 700°C

(extraction replica).
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Fig. 7.

Aging or rupture time

Carbide precipitation diagram for the 16Cr-12Ni
austenitic steels containing various amount of vana-

dium at 700°C.
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V:C 3B SR hok. Rk VC oif iV
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a) V1 aged for 10hr, M;3Csg

b) V1 aged for 300hr, M;3C5+V,C

c) V3 aged for 30hr, M3Cs+V,C+VC
d) V3 aged for 1000hr, M;3C;+VC

Photo. 6. Electron micrographs of vanadium added steels
aged at 700°C (extraction replica).
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BrETRithrELTE (T,

1641

a) Image

b) Dark image

(O Austenite

© MpCe

¢ ) Diffraction pattern

Photo. 7. Transmission electron micrographs and diffraction pattern of the carbide MjCq
precipitated in V2 steel aged for 100hr at 650°C.

IEED bRt 5.

BEDX ST 5RO REET, VEIS IO
BRI X oL T 555, 700°C Iz 5 25 0BR
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BAS S HSRHa RV O CHENT 5. b) o
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1 5 R{bofEEr: 700°C R U, 275 hHOE
fIH58<, V/C=226 0V 3 g% 650°C 1= 1000 hr
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R L Think VoC sk LixwvwZ LD b,
3:3-3 WIEC X 2IWHMOBHEME L FORE
Photo. 5 & XU Photo. 6 I EREE S - RFE=MSHTH

WZOWTEHC X3 Z085E L BFREHC X 5RE
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DEHFZAFR v bBERAMENC X Z LD THS Z L%T

a) Image b) Dark image

Photo. 8.
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BifrE o THH L TWwb. FHoOKFERE XEEH
bk 3:53¢ A X LT, Zoit o TFERE
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BE) REOTEEPALIK MGy THDEEZD
ha.

Photo. 8 a) IZRIPNITHEW T, Z O HZEED SRIN
LT Photo. 6 d) Dl Y # T RX N7 RO

Ti13 (M)

113 (M)
()

- -
13 (M) 13 (M)
(o)
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* V(C,N)

c ) Diffraction pattern

Transmission electron micrographs and diffraction pattern of thread-like carbide VC

precipitated in V2 steel aged for 100hr at 650°C.
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