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Effects of Ti and Nb Additions on Structures and
Properties of Cr-Ni Stainless Steels.

'

Yasuo OToguro, Yoshikuni KaAwABE and Ryuichi NAKAGAWA

Synops1s
Investigations” were made on the effects of Ti and Nb addltlons on structures of Cr-Ni

stainless steels and on the effects of the structures on mechanical properties and corrosion
resistance.

Experimental results obtained were as follows

1) The specimens containing Ti were hardened by the formation of o phase from ¢ ferrite
and the precipitation of NizTi. Those containing Nb were hardened only by the formation
of ¢ phase from o0 ferrite. :

Two peaks were observed in as-aged hardness versus time curves for the specimens con-
taining Ti when they were solution treated at lower temperature.

2) The chromium equivalences of Ti and Nb as a ferrite former were about 3°5 and 3°1 .

respectively. In the specimens contaning the largest amounts of Ti and Nb; Laves phase
existed in the neighbourhood of ¢ ferrite. The chromium content of ¢ phase became low in
specimens containing Nb as in specimens containing Ti and Mo.

3) The degree of the solution hardening by Ti and Nb was considerably great. The effect
of the solution hardening by Ti on tensile strength was larger than that by Nb. In speci-
mens containing Ti, tensile strength increased with increasing Ti content at test temperatures
below 700°C. ‘

4) Creep rupture strength reached minimum at certain contents of Ti and Nb. This was
due to the combined effects of the solution hardening and the increment of the amount of ¢
ferrite with increasing contents of the alloyihg elements.

-5)-- The corrosion resistance to-H:SO; also reached minimum at certain contents of Ti and
Nb, which was similar to the relationship between creep rupture strength and alloying con-

tent, as described above: (Received 18 Sept. 1963)
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Table ‘1. Chemical compositions of steels tested. (%)
Steels c Si Mn Ni Cr Ti Nb Fe
T 1 0°017 "1°00 1+68 12°09 17°58 1480 Bal.
T 2 0°033 1+13 1459 - 11°83 17°64 2°30 7
T3 0°026 113 1456 12°21 1771 2472 ”
T 4 0°038 112 1+50 11017 17°68 3+01 ”
T 5 0°015 0°96 1+84 7+85 1782 0°32 ”
T 6 0°013 0%% 1°82 7458 1784 0°58 ”
T 7 0°010 0°99. 1°86 7°55 1785 1°13 ”
T s 0°013 102 1+89 7°58 . 17°94 1+41 ”
Y1 0°019 1+23 1°92 8°00 1877 o 038 ”
Y2 0°022 130 1+85 7°82 18°45 098 »
Y 3 0°020 120 1+84 7+75 18°68 1440 y
Y 4 0°021 0°91 1+93 781 1840 - 2+01 . ”
BERBR LY T o7, , ]
) _ & Sol. temp. £
I = £ S /4 /
o ~50f a——=a /200 7/
[=—d = P N o e\\°_ w—-—u /250°C /
AREBICH B O(LEMKZ Table 1 RS~ y
40.
mm,&,Cruz,g1%@&~%&L,Nin%:§ 7 X
FIDRIHC O CRENE TORREAEDIDIZ% 0 - Vo
L, o Ti % 2°0, 2°5, 30, 3°5% HMLE & e
N . . ’NZO o — /} ," 0
%, TRAUCKE S ) ~7 - 57F v ~HGfE L0 3 e
Nb g% 72 Y RIIOMECIBEMEO S5 Ni & <0f 0
& 8% L, Ti, Nbiigx 0°5, 1°0, 1'5, 2°0%iK '
. 2 3 g . / 2
ﬁpbﬁ:. Y7L content (%) Nb  content (%)
VAR 10kg SREIAT 6kg AL, 80mm § X FRig. 1. Relation between the amount of § ferrite

and Ti and Nb content.
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Table 2. Analysis of ¢ phase and 7 phase in specimens T4 and Y4
as solution treated. (by E.P.M.A.).

' Specimens Sol. Temp. | Phase Fe Ni Cr Ti Nb
1100 7 61°5 1320 18446 - 2°99
é 508 8°31 2406 334
T 4
1250 7 62°5 13°92 18°13 2497
b 60°9 11°04 20°59 3°56
7 579 19+04 056
1100 p 369 2344 124
Y 4 ‘ i
r 6°09 1940 | 0°78
1250 b 439 22°40 | 091
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Fig. 3. As-aged hardness versus time curves

with specimens T3, T4 and Y4.
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