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Effect of Alloy Element addition on Cold Workability and Corrosion Resistance of Ferritic Stainless Steels

Tetsuro Kariya and Nobuhiro Tsujii

Synopsis:

Key words:

17% Cr ferritic stainless steels are widely used because of their good corrosion resistance and oxidation resis-
tance. Recently more excellent cold workability is required in those steels as the minimization and complexitization
of components and the near net shaping proceed. Therefore, low C and low N (C+N=0.03mass%) ferritic stainless
steels are sometimes used in order to reduce deformation resistance. However grain size of these steels tends to
be large after hot rolling even under the low temperature. Consequently, adequate cold workability is difficult to be
obtained in those steels. In addition, corrosion resistance of low C and low N ferritic stainless steels are especially
deteriorated by sensitization after high temperature heating such as welding.

In this paper, effects of niobium, vanadium and titanium additions on grain size of low C and low N
(C+N=0.03mass%,) ferritic stainless steels were investigated. Furthermore, the ductile brittle transition tempera-
tures(DBTT) were investigated. Niobium and titanium additions are very effective to refine grain size, but vanadium
addition is ineffective for the refining. Titanium addition raises DBTT and degrades toughness of steels due to the
formation of TiN. Consequently, niobium addition is the most suitable for low C and low N ferritic stainless steel
bars and wirerods for cold working. Corrosion resistance of the steels containing niobium is also very excellent
after heating above 1273K.

ferritic stainless steel; cold working; grain size; transition temperature: corrosion resistance; niobium; vanadium;

titanium

1g0gd

ooooooooooboboAl DO OOoOoOoOooag
godooooooboobooboobobooooooooo
160 18mass%wl mass% 0 0 0%0000CrO OO
sSus43od 0o gooooog
goooooood

goooooooooooooooooooooooo
goooobooooooooooooobbbboooo
goooooodododdoooooooooooooo
gooobooobooobuooboobobooobooo
OgoooooOoooooooooooooooooboooo
gooooooooogood

Oo0o0oooooooooooooooooooooo
O0O000CONOO.08%00000OOsUsS43o000000O
CONOO.O3%U O OOooDoooooooooooood

pgsus43ob00gpoooooooobooooooooo
gboboooooooboboboooooboboobon
coNOOooOoDooDooooobobooooonoooo
gboboboooooboboboooobobobon
gboboboooboooboboboboooboobobob
gboboboooooboboboooobobobon
gboboboooboooboboboboooboobobob
oo
gbooboooooboboboooooboboboooboo
gbobooooooboboboooobobobon
gbobooboooooboboboboooboboban
gboboooboboobOobOoocONDo.o8%b 0O
pogosus43otjooooooooooooooooo
oboobOooboobooboobOoobooboceo
oooooocfboooboooboooooooboobgoo
gbobooobooobboooboboooobocecoNOoD

*1 0000000C0O000o0o0O0
*2 ODO0O0OOOOOOOOOOOODOODOO

43

Sanyo Technical Report Vol.9 (2002) No.1



000000000000000000000000000000000

goboobboooboobooooboYwboooboon
goooogoobogsus43ongpoooooooon
gocoNOOODbOooooboooboobobboon
gboboboooobooooboon

gob0oo00ooobobOCONDO0.03%0000CHNI
gboboooooboobobobobooboooboobon
0000000000 0DO0ObOO0DbDO0DbOODOONbOVvVEO
TiooooOooOoOoooooooooooooooooo
gbobooooobooboboooobobobonboon
gboboooobobobobooobobobobon
ODOo0OOo0O0OO0OoOONbODOCOOODOODOOODOO
ao

200000

201 OOO0OOOOONbOVOTIODOO
20101 00O
TablelDODOOOOOOOOOOOCONOO.03%00
U0OCONOSUS4300 O Baseld UBasellJ 0.1%0
0.2%0 NbO OO0 O0.1NbO 0.2Nb11 0.1%0 VO O O
00.1vI10.1%0TiD OO0 D00.ATiD O O 100kgD O O O
gboboobooboboboobooobobobobon
gboboboboboooboobobobobooooooon
20102 0000
00380mmOO100kgD 0D OO0O000OOO240mm0O
ggdoddooooooooooooooboooboobooboo
gboboboooooogoo
20103 OJO00O0OO00OO0O0O0OO
0100kg0 0 O0O00O0O1373KOO25mmOO0000O
gooboboobool1i7y3kKbgooozommooooo
gobobogoolo73Kbobooooooboooooboon
gboboooobooboboboooo
20104 000O0O0O0O0ODOO
O0z2o0mmUiO0dOoOoOoO01073KO 0000 10mmO
goossmmbdz2nmOUubd0oooooooooooon
gboboooooobogn

202 00O0O0O0OO0OOOOOOONDOOO
Fig. 10O OOODOOODDOODOBase D 0.2%Nb0 0O
oooooobooobooooDbD14mmb 0O 28mmO

[ 50% Cold working J

l

Heating at 1273K and 1373K for 5s

l

Cooling 10K/s

l

[ Salt-spray tests J

Fig.1. The experimental procedure of corrosion tests
of Base and 0.2Nb heated at 1273K and
1373K after cold working.
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Tablel. Chemical compositionsd mass%]

Grade C Si Mn Cr Nb \% Ti N

Base 0.010 0.23 0.24 16.27 0 0 a 0.018
0.1Nb 0.011 0.23 0.24 16.27 0.10 g g 0.019
0.2Nb 0.012 0.23 0.25 16.24 0.20 O O 0.020
0.1v 0.012 0.24 0.29 16.26 O 0.10 O 0.015
0.1Ti 0.017 0.21 0.24 16.32 O O 0.10 0.020
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Fig.2. Macrostructures of ingots.
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Fig.3. Microstructures of materials annealed at 1073K after forging.
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TEM bright-field image of NbC observed in

0.1Nb.
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Fig.5.

TEM bright-field image ofC] CrO Fe VO ,O CO

N[O observed in 0.1V.

46

&
-

1@m

Fig.6.

300

280

260

240

Transition temperatured KO

220

200

TEM bright-field image of 0 Fel Cr0 ,5Cq
observed in 0.1V.

_ v 0.1Ti
r 0.1V
/A
. / °
| Base L4 0.2Nb
0.1Nb

1 2 3 4 5 6 7 8
NbO vO Ti/O CONO

Fig.7. The effects of niobium, vanadium and titanium
on DBTT of steels.
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Fig.8. TiN observed in 0.1V.
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Fig.9. The results of salt-spray tests of Base and
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Fig.10. The results of salt-spray tests of Base and
0.2Nb heated at 1273K and 1373K after
cold working.
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Fig.11. SEM of Base and 0.2Nb heated at 1273K
for 5s and cooled to room temperature after
cold working.
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Fig.13. The results of oxidation tests of Base and
0.2Nb.
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Fig.12. Microstructures of Base and 0.2Nb heated at 1273K and 1373K for 5s after cold working.
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