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Recrystallization Behaviour and Textures in Extra-low Carbon Steel Sheets
with Ununiform Distribution of Nitrogen Levels to the Plane Normal Direction

Kohsuke TAGASHIRA, Yasuhide KURODA and Kazuyuki KikucHi

Synopsis :

Effects of nitrogen content and their diffusion on the recrystallization were investigated for extra-low
carbon steel sheets (0.139, Mn). Decarburized sheets with three kinds of nitrogen level distribution to
the plane normal direction(PN) were adjusted by atmosphere reaction ; (i) higher nitrogen level in surface
layer than neutral layer (series A), (ii) uniform distribution (Series B) and (iii) inverse distribution to Series
A (Series C). Each Series was classified into several average nitrogen contents(2-94 ppm). These were
heavily cold-rolled and then annealed up to 750°C. Nucleation temperature was increased with average
nitrogen content for each Series, while the 509 -recrystallization temperature was decreased with average
nitrogen content for Series A and C. In the case of higher nitrogen content in average, the augmentation
of (111) component by annealing process was large on both the neutral layer of Series A and the surface layer
of Series C, where the grain growth to PN was frequently observed. It was inferred that the enhancement
of (111) recrystallization textures was affected by the diffusion of nitrogen atoms dissolved from nitride on

annealing stage.
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Table 1. Chemical composition of hot-rolled
specimens. (wt%)
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Fig. 1. Relation between nitrogen level and the

distance from surface on the Series A specimens.
Numerals meaning the average nitrogen content
(ppm) are hyphenated by Series symbol [A].
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Fig. 2. Relation between nitrogen level and the
distance from surface on the Series C specimens.
Numerals meaning the average nitrogen content
(ppm) are hyphenated by Series symbol [C].
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Fig. 3. Relation between the intensity of (111),
(100), (211), (110) components on the surface
layer of the cold-rolled specimens and nitrogen
level which are estimated from Fig. 1 and Fig. 2.
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Fig. 4. Relation between the intensity of some
components on the neutral layer and the nitro-
gen level.
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Fig. 6. (100) pole figures of the Series A specimens annealed up to 700°C.
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(a) Surface layer of specimen C-30, (b) Surface layer of specimen C-60
(c) Neutral layer of specimen C-30, (d) Neutral layer of specimen C-60

Fig. 7. (100) pole figures of the Series C specimens annealed up to 700°C.
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Fig. 8. Relation between the intensity of (111),
(100), (211), (110) components on the surface
layer of recrystallized specimens (700°C) and the
nitrogen level corresponding to Fig. 3.
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Fig. 9. Relation between the intensity of several
components on the neutral layer of recrystallized
specimens (700°C) and the nitrogen level corre-
sponding to Fig. 4.
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Fig. 10. Pole intensity ratio, I (hkl)annealed/I
(hkl) cold-rolled, on the surface layer and the
neutral layer.

Ez2 A, CORKCRLSEELGORRRBCET 52y
BHEIES I REEL O, ThbEHDE
b ) AR BT X D BA ORI HAMNE
WA &, BEABRE TS v & A MO/ EEN
RAETHEF LD D EEL RS, L L—H T
X, S HEFET D & ERTO M D TR A A
FESMET 20 MR YL 2EEL RS, &
DRI B, SRR BESRIR G IE - Tk Ak
s\t {110} BEE&AZEOBENF I {111} oL h X
DETFT B LIRS & R L7z Matsuo 59 @
ERIERN D, {111} O FELOBHK {110t D
FhIDIETTHITCHS. UL Fig. 10 b,
BERTEHORELE LAY Y - ADOKA BRI %
{111} pidr OFESiIC X A ARIILT LI E ke

W LTHYRFERE I X AHE T, BE - 5
BOFCITEER MBI N EtWrn&kEL, £
DI bR BEVRBES T ET5 & &R EicfEREL
O TWAZ ERFEERTHS. LIEEERU sy
DEEELIL LD D L &R0 ERMEPE L2 EONE
FoaHCEE L baEE DEFEBIACHTHE L
Y BHHVIENREDOEWES, ZoHFIPLE, ©
TEET 5. 2ok TRIEHCIRE Ui {111} BHs SRR E
ETFANROILDEW/ETH b, HERCECYOF
LIS Do OB IR B4 Uic {111} BG4
KA EL RO ENRLEO {100} 25 v & A1
EIRIL LI b 23 ETS - &k o £1 bh
5., ALE5k Cvy — X KEBAEET EHEES
{111} HREEB LN E2HHATELS. —F, A
V) = AOFEHPNFHEEO DT W CIRESE
oo T {111} FEESR OREH A~ DBEREZ R S
BHLERR S 22, BEGTTI {100} @mEHALA

: linvg directioﬁ, PN : plane normal direction
Photo. 1. Optical microstructure of specimen A-82
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Photo. 2. Optical microstructure of specimen C-
60 annealed up to 475°C in dry nitrogen gas.
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