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Effect of Nitrogen Content on Recrystallization Textures of

Extra-Low-Carbon Steel Sheet

Synopsis:

Masashi TaxkaaasHr and Aisuki ORAMOTO

Fully decarburized, fully denitrogenized and grain refined rimmed steel (extra—low—carbon and extra—
low—-nitrogen steel) has been cold rolled to 75%, in reduction, and subsequently nitrogen contents of the steel
have been changed to various amounts up to 200 ppm. Nitriding has been made using a reaction between

stecl and atmosphere, NH,+H,, at 350°C, without forming any recrystallized grain.

Finally these steels

have been annealed at 650°C or 800°C for recrystallization.
Recrystallization texture is markedly affected by the nitrogen content in steel at the stage of recrystallization

annealing.

{100} components of recrystallization texture decrease abruptly with increasing nitrogen

content up to about 20 ppm, while {111} components decrease and {110} components increase with in-
creasing nitrogen content up to about 100 ppm. Pole figures of the annealed steels show strong {111}
{112} texture with minor {100} <011} texture for the extra-low-nitrogen steel, and strong {111} <011}
texture with minor {110} <001) texture for the steels containing nitrogen of more than 20 ppm. Since
{111} (112} and {100} <011} orientations are the major components of the cold rolling textures of the
steel, it is suggested that in situ recrystallization occurs when nitrogen content is extremely low at recrystal-

lization stage.
nitrogen.
recrystallization stage.
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Table 1. Chemical compositions of extra-low-
carbon and extra-low-nitrogen steel

(Wt%).

Photo. 1. Microstructure of extra-low-carbon © { o - - l ; j
and extr?.—low—mtrogen steel before 0.001 ’ 0.30 0.014 | 0.010 l§0.0002 0-052
cold rolling (x100).
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Fig. 1.
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Experimental procedure.
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Fig. 2. {200} pole figure of steel before recry-
stallization annealing (cold rolled by 75
%, and pre-annealed at 460°C).
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Photo. 2. Microstructures of steels annealed at
650°C or 800°C (x100). Nitrogen
content : (a) (d)=2ppm, (b) (e)
39 ppm, (c¢)(f) 134 ppm. Annealing
temperature : (a) (b) (c¢) 650°C,
(d)(e)(f) 800°C.
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Fig. 3. Effect of nitrogen content before recry-

stallization annealing on integrated diff-

raction intensity ratio of steels annealed
at 650°C or 800°C.
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Fig. 4. {200} pole figures of steels, annealed at 650°C or 800°C. Nitrogen content before
annealing and annealing temperature are shown in the right of each figure.
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Fig. 5. Effect of nitrogen content before an-
nealing on mean r-value of steel,
annealed at 650°C.
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Fig. 6. Effect of nitrogen content before
annealing on planar anisotropy of
r~value of steel, annealed at 650°C.
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Table 2. Relation between deformation textures and recrystallization textures for low-carbon

steel and extra-low-carbon steels.

Extra-low-carbon steel

Low-carbon-steel?)

Nitrogen=t 2 ppm Nitrogen>20ppm

Deformed matrix|{ Recrystallized grain

Deformed matrix

Recrystallized grain

(21130115 (a) {554}¢225) (1113¢112) o {111}<112) gg; %}}éiég&{g
{100}¢011) (b) {111}¢011) {100} 0115 o {100}<011} (b) {111}¢011>

(a) R.D.-60°//<110) axes, 35° rotation?>20>

(b) R.D.//K110)> axes, 55° rotation18>23)

(c¢) N.D.//K111) axes, 30° rotationl9>20>

(d) T.D.//110) axes, 35° rotation12)19>21
°  In situ recrystallization??>
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20X 3 CEELDTHI.
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{O11) HArod in situ T2 EIETTHHET 51T
FRAEEEN 0ppm THEHZ EEZRLTVWD EED
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5. {110} pEs3f 100 ppm % T ZEREOHEMIC X
DEERT %25, chix {1103<001) P % & kr o {111}
U2) BIiE< b Y v 7 ARA~ORE LT EINERED
EICX DTz 2R LTWS EEBbhE. 20k
BHREOEBEH NI~ MY v 7 AFOEZ A VX —Th5
2By W IEEE, {110} RS o2k, {1113{112)
FHLD in situ B K B EOMAEREOHKNIC
XOEEEL D, £ 100 ppm TIF & A ERALEC L D
TERRLTWE EEDNS. i, {111} fS0Ek
Bz X 528k N.D.JKI11) 5 AL @ in situ Fos 5L,
N.D. K111y BRroXKEARABEIC L 5 5E, SO
fh HREA~DEEER EREEN TRV BRSO & Bbh
%.

ZDX 5T, in situ Fi5GHEZ WHT 5 0 LERE
REIX A Xy By, {100}<011) HATlE,
{13112 FAREX 0 DI WEERET, in situ LS
WHEIEh?d 3o LRSS, 20X 5 RERIFZRET
WARB XS, BEEZ MY v I ADGERBEDER L ¢
NVORE LT IER LTWwsS EEbh5.

5. &

) A RERERMC L, ToBKB X OREREEL, 2
OEFTHER & U7 R RN EMRE 75% DOET
BTHIE L, \WoricA 460°C F THIEESIES 350°C 12T
FHEKEORIGEZMAHE LThZE L, khoREeSHE
% < 2~200ppm TZ %, KIT650°C &%\ ik 800°C
TGS LA s OGRS L O r itk
LIETEEREMSEEREORERR OV THEL, KD
X5 hER &2/,

(1) JETHE 75% ORrOWHTEESHMOEFA
ik {1113<112) 5 A7 3 X O {100}011Y HHrTH b,
{211}K011) HRE~DEFEITIEL 7o\,

(2) FEEGESErOMPERENE LLBEWEAD
HiELESEBoEAAx {1113A12) FETHD, 5
OB ORRE I i LT {111} gy kot {100}
3% < {110} a3,

(3) TSSO MPERENK 20 ppm PLESF
5 BA OB REAMBoR AT {11130 7
ReThH D, o, FRERERMROGETE LT {110}
C001) Ay 3% < {100}(011) 4y p3din <, F7 {111}
B ORE DS

(4) THEESESUR OB BHTRECH 5 &, S
BegfiFr 022 R & 23 100 ppm DIT O HiE T, BREOH
fmic X 0 MRS VSR & i L, {110}tk 2 i
PEINT 5. Tt L {100} piriiEER &5 20 ppm

o

DT o#ip T EE 0BT X 0 AiciEid L, +hll
EFoRFRECRIEL L.

(5) THRRBESR D 7 VI KR, TisSBistross
FERLHEVIEEBWER TR T, 2EEHE 10 ppm
DR E &Y, TN TORERDOFEITIE» 22T
5. ZhIERENY 20 ppm DUFIT/ % & Ffs
SRS O {100} S PEAHT 5 2 ICER LT
L EEZ LRI,

(6) FREBRTELNIOSEEANG L FHLESH
R B SR DB R S W RA I A S I 54T
s 05 KEAR RSB X 2 TR, Eomshn
BREPE LIDBVWEAREARE L FEEEZ DT
W oin situ TSRS, ThInERESESHBOTRIC
HERRHZRTIOLEEZ LN

(7) %/, ZBRECIH>EEAEAGMEMOERTY
{100} Hhrcix {111} FHfrk v i wge#E & T in situ
PRI SRS D EZZ BN

Bb ) WA ORI TICEBG WA wWikiEkEE T
P I EARTITAERR O & MR Js X OVREMES) IO 834
LET.
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