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Effect of Combined Additions of Ti and Nb on r-value of High-purity Ferritic Stainless Steel

Synopsis :

Yasutoshi Hideshima, Kouki Tomimura, Naoto Hiramatsu

The effect of combined additions of Ti and Nb on r-value, microstructure and texture of high-purity ferritic stainless steel was investiga-

ted. The main results obtained were as follows :

(1) The ferritic stainless steels containing both Ti and Nb exhibited a higher r-value as compared to the ferritic stainless steels simply

containing Ti or Nb.

(2) It was confirmed that precipitates in intermediate annealed sheets were (T, Nb) C around TiN whose size were 3~5um and Laves

phase (Fe,Nb), Nb (C, N) whose size were smaller than 0.5um. As the particle stimulated nucleation of recrystallization by (Ti, Nb) C

around TiN and the growth of grain boundary pinning by fine precipitates, texture was randomized after intermediate annealing. Fine

precipitates seemed to develop strong {111} component in the recrystallized texture, resulting in annealing sheets with superior r-value.
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Table1 Chemical compositions of steels used (mass%)

Steel C Si | Mn | Cr N Ti | Nb
0.2%Ti 0.009 | 0.39 | 025 | 164 | 0011 | 0.22 | —
0.2%Ti-0.2%Nb | 0.007 | 0.36 | 0.25 | 16.4 | 0.010 | 0.18 | 0.20
0.2%Ti-04%Nb | 0.007 | 0.38 | 0.25 | 165 | 0.011 | 0.19 | 0.38
0.4%Nb 0.008 | 0.39 | 0.26 | 165 | 0.012 | 0.01 | 0.39
0.08%7Ti-0.4%Nb | 0.008 | 0.36 | 0.24 | 165 | 0.011 | 0.08 | 0.39
0.13%Ti-0.4%Nb | 0.007 | 0.36 | 0.25 | 165 | 0.011 | 0.13 | 0.38
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F CHIEHS3% MW MHELZ i L, 1000T TH#60sD
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Table2 Intermediate annealing temperature

inermedat sneaing

0.2%Ti 930
02%Ti-0.2%Nb 950
0.2%Ti-0.4%Nb 980

0.4%Nb 1000
0.08%Ti-0.4%Nb 950
0.13%Ti-0.4%Nb 950
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BRREIEAS, vhRBESIA 35 X OV HCBESTM 2 & S BRI &
PRIL, A#kBlgE, pIkalR, W oRES X e
AR DM E ML L 720

Finally annealing

Intermediate annealing é
1000C-60s

(Temperature:Table 2)-60s

Hot rolled
sheet

Cold rolling Cold rolling
Reduction 47%  Reduction 83%
(4.3mmt/2.3mmt) (2.3mmt/0.4mmt)

Fig.1 Schematic diagram of annealing and cold rolling condi-
tion.
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Fig.2 Effect of Ti content on r-value for finally annealed sheets in
16.5%Cr-04%Nb steels.
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Fig. 3 Effect of Nb content on r-value for finally annealed sheets
in 165%Cr-02%Ti steels.
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Steel

Hot rolled sheets

0.2%Ti 0.4%Nb 0.13%Ti-0.4%Nb

S it

Cold rolled and intermediate
annealed sheets

Center

Over-all section

Cold rolled and finally
annealed sheets

Fig. 4 Optical microstructures.
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Fig. 5 ND-IPF map of intermediate annealed sheets.
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Fig. 6 Integrated intensity ratio of each sheet at 1/4ND.

(a)Hot rolled sheets, (b)Intermediate annealed sheets, (c)Finally
annealed sheets
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Fig. 7 {222}/{200} ratio of finally annealed sheets at 1/4ND.
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Fig. 8 ND-IPF map and KAM map of cold rolled sheets at 1/4TD after intermediate annealing.
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Fig.11 X-ray diffraction pattern of the precipitations in inter-
mediate annealed sheets.
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Fig.12 EPMA analysis of the precipitation after intermediate annealing in 0.13%Ti-04%Nb steel.
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Fig.14 Change in mole fraction of phases calculated by Thermo-
Calc.
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