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Abstract  Alloying elements such as Al, Ti, Nb and B in the extra low carbon Al-killed steel precipitate
as nitrides or carbides and change the recrystallization texture structure of the steel during
heattreatment with the result of strong effects on the deep drawability of the steel sheet. In this study
the effects of fine precipitates such as nitrides and carbides on the texture of extra low carbon steels
into which Ti, Nb, B, P, Si and Mn were added as alloying elements were investigated by means of TEM,
SEM and optical microscopic analyses. Fine Nb,C and Ti;AIN precipitates are mainly observed in the
steel containing both Nb and Ti, while fine AIN and coarse BN precipitates are observed in the Nb-con-
taining steel and coarse Ti,N; and BN, Tig precipitates are observed in the Ti-containing steel. The
grain size of the Ti containing steel is larger than that of the Nb containing steel and that of the one
containing both Nb and Ti.
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Fig. 1. Transmission electron micrograph of precip-
itate Nb,C(hexagonal) for NT steel(Nb,C:hexago-
nal (a=3.117, ¢=4.961), SG=P6;/mmc, BD=[22
01]). (a) morphology of the precipitate

(b) diffraction pattern of the precipitate

(¢) index of diffraction pattern
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Fig. 2. Transmission electron micrograph of precip-
itate Ti;AIN (hexagonal) for NT steel (T AIN thex-
agonal (a=2.98, c= 13.57), ‘SG=P6;/mme, BD=
[1210]). (a) morphology of the precipitate

(b) diffraction pattern of the precipitate

(c) index of diffraction pattern
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Fig. 3. Transmission electron micrograph of precip-
itate BN(orthorhombic) for NT steel (BN :ortho-
rhombic (a—8.6, b=7.74, c=6.35), BD=[440]).

(a) morphology of the precipitate
(b) diffraction pattern of the precipitate
(c) index of diffraction pattern
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Fig. 4. Transmission electron micrograph of precip-
itate AIN(hexagonal) for N steel(AIN:hexagonal
(a=3.11, ¢=4.98), SG=P6,;mc(186), BD=|[2111
1. (a) morphology of the precipitate
(b) diffraction pattern of the precipitate
(¢) Index of diffraction pattern
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Fig. 5. Transmission electron micrograph of precip-
itate Ti,Nji(trigonal) for T steel(Ti,N;:trigonal
(hexa) (a=2.98, ¢=28.94), SG=R-3m(166), BD
=[251]).
(b) diffraction pattern of the precipitate

(a) morphology of the precipitate

(¢) index of diffraction pattern
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Fig. 6. Transmission electron micrograph of precip-

itate BioNx:Tig(hexagonal) for T steel(BioNayTies:

hexagonal (a=3.03, ¢=5.06), SG=P, BD=[12

10]). (a) morphology of the precipitate
(b) diffraction pattern of the precipitate
(¢) index of diffraction pattern
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Fig. 7. Optical micrograph of cold rolled NT steel(x 200).

(a) plan view (b) cross-sectional view

(a)

Fig. 8. Optical micrograph of annealed NT steel(x 200).

(a) plan view (b) cross-sectional view

(b)
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Fig. 9. Optical micrograph of annealed N steel(x 200).

(a) plan view (b) cross-sectional view

(a) (b)

Fig. 10. Optical micrograph of annealed T steel(x 200).

(a) plan view (b) cross—sectional view
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