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Effect of Nitrogen on Recrystallization Kinetics of Extra-
Low-Carbon Steel Sheet

Masashi TAKAHASHI and Atsuki OKAMOTO

Synopsis: g

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 adjusted to <2 ppm and 160 ppm by atmospheric reaction to the
steel at 350°C. These two stecls have been annealed at various temperatures at a constant heating rate,
and their recrystallization behaviors have been investigated by X-ray diffraction analysis and electron
microscopic observations.

In the low nitrogén steel, recrystallization starts at low temperature, initially withont any change in texture,
and at the later stage of recrystallization {111} components increase. While in the high nitrogen steel,
recrystallization starts at higher temperature accompanied by slight decrease in {111} components and
rapid increase in {110} components. According to the electron transmission studies of the steels in the
early stage of recrystallization, rotation angles between recrystallized grain and adjacent recovered matrix
are relatively small for the low nitrogen steel and large for the high nitrogen steel. These observations
imply that in situ recrystallization which takes place with small-angle boundary migration or annihilation
is preferred in the former steel and the growth of recrystallized grain by large-angle boundary migration
from heavily curved regions in deformed matrix is predominant in the latter steel.

These differences in recrystallization behavior by nitrogen content are believed to be caused by the strong
interaction between dislocations and nitrogen atoms.
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Table 1. Chemical compositions of extra-low-

carbon and extra-low-nitrogen steel

in NH; mix,

in H;
350°C, 23 hr

Nitrogenizing
or not

(Wt2p).
C Mn P l S N | o
0.001 | 0.30 0.014f 0.010 ;;o.oooz’ 0.032
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Fig. 2. Effect of nitrogen content before recrystal-
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Photo. 1. Representative electron transmission micrograph, diffraction patterns and rotation
angles for the steel containing=<2ppm of nitrogen and annealed at 510°C.
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Photo. 2. Representative electron transmission micrograph, diffraction patterns and rotation
angles for the steel containing 160ppm of nitrogen and annealed at 580°C.

— 79

T IR T . - . N .




WA R R OB EEBILs L ETZ2RRFORE 2171

Eizf%2 & >CHELTWAEITHS. = OFE& T
CEBEE X AW IE FeN 33X 8 FeyN, Th 5
T & PHPREE BRI X O SRR DR SN2, T
oot FESFFCOIESB LTkb, SHEICEH

LR 2 R 2 R CiF R Lzdb o 2 Bbh %,
ZOBA, Y v o AOERMEEIIEL, »OiRAHR
FdgBolrimnigsng. ohb ke
BEbh 5.

Bl X 5 /s BEAEE A 510°C & TRl Lo REER
Ak X Ot 580°C F CHIS L-meERmMcx Lehth
14~16 HOFEFRICBE L T2tk 7ok, 2
ERRLODHT, BT 5 RTRS SR & N. DKL)
wH T BB 1/3~1/5 T s> o7 E

O N <2 ppm ; Annealed at 510°C
@ N =160 ppm ; Annealed at 580°C
0T Cee z
5 3 X ]
£ :6} 25 ® . 8 ° g
sZ 20t ®
52 ., o o
o — r [ ]
sy ° ® e
53 10} °
= (o]
< = o Q 8 ° o
< 5
A 8
o]
0 1 ' 1 n 4 1 R 1
1 2 3 4 5 26
Diameter of recrystallized grain ()
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AEETH N7 in situ FESEIC X 5 TS SR AL
DB IRDOZ> D BFET DT b d. H—
i, 7704 R SIERE LRERS T LA U B
5HVIE TSN 2R T RS C, X, ThHKRE
< BE U7cTaRE Sbr 25t 5 R /NS T 2 UL Linp3 B
BET R TH 5. EAHEMIE-BBCcIdbEE
b9, FHoEETRE AT 5. ‘

EEHEDH T LA OREEECE L, Hud X
zhig,
F T A CRR R LT SRR H LT D
ORRICABDZ LTI, T4 URARZERSE
L — TR L OB EERE L, KEARNRZERT
LLEWHEFVTHD, ZOEFE Al OFETER
B ETIAMSE CHEEES LAY O R T 5%
2%, Hu BB $3BD TS X 51w, g H 7m0 55
B R DlRRr & SRS T ISR IO HREE TS ©
L D KMEARRZEERET, L5 in situ P
Tz,

{111} <112} FHhp<e {100} <O11) F5Amidm i HEAE D42
EHRTHY, ThSDOHNOBEEGZWHTET S &
2 5P EOTRYFRAMEE, WRHELEHRD ch b DhAL
DR XD T & AN D FUT B 10122930 WARR I IE X
hi-giERgkhicd, OB EEELMNOY Y v 2
VIS RBICHEIEL, o, ThB Ao BN, R
B E R R TNS M2 H T 58 %< 0y
T4 URTRICE D SEIERT WA Fi, Zhbh
I WTiE, L O3 T T L4 RO GO
wHLT= b Y v 7 28RO FNELT NS WO T, [
RDYTT LA RFREBEORMSOIEAX DK S
NTWT D, EEMBRAERITTISIERE OS5 OiRAL
REE LT WS EBbRS. 20X 574, subgrain
coalescence OF %2 FHThH, ARLISLELTWEY T
5 u4 LRk R Sk H LI ERA 2B EERL L O¥EhL
ARSI L, BR OB T B REM 58 7 5
LRbhE. 7223, BEDWIE, BERIENR LS
Lk O RS R EFENCE LR LR, BRI
il —fE YT v A VBT TS v A oA
ick v BRIh-E Bbhd N.D.KIIL) AL =
{100} <011 HALOFREGRIR < MY v 7 RE/NEIRT
R 3O THE LT EEREL, BHH»D 0K
e TR HED OO Ero/zE L, Hu o
subgrain coalescence & FIVIT X % Tk fiohy O F84: ek
B LoD bh, THITX DR O BRI S ER
BREE LTWwD.

ZD X5 in situ FHEROBBEIEIIFT D

subgrain coalescence € FIIWEIRE LTV 5.

Hiva. Li® iz X % L, subgrain coalescence € 5Lz
X977 14 L ORERERREZHET 5 LERD 5.
S0 (Oum/0) -dfa<0
2T 0o 3 aBTEHOKRDOMBE, Oan WIRF 30X
— R EFARELD a FEDOEZA TORRO BAETH .
Oam VX, —REIT 25~30° LH 2 HNTKD®, —F O,
v {111} <112) Fhrin EWUED SR8 A D EE AR T
10° AT L2 555, In fan/ls) WEITEA
CFRCOBRTIELNS. Ld>T, V7714w
RRDBE O 3722 TWATH LS TI 4 ikE
BT B &b, ZDXdiT, BRABEGRTFERE
UL Dl B OBEIC /A IRBRSA S LHE I, W
WERELFROT MY v 7 2108 WThE, KMESNRELZE
T 5 X0 insitu FEGSED LT kb5 EFELLR
%.
ZDOXOSRLTHRINIKERYT I LL v HEH 0
EFEERRER—< N v 2 2O/NIEY T LA ok
WA LA E < 7m5®. chas Fig. 2 oREEMO 510
°C~540°C RfimER L&z bh, BAMHBIIHE DL
fLLTwinw. HEEEMSOBIECX 2 L, {111} W
e b Y v 7 RV € VSR S S B3, {100}
BIE2 Y o 2 2 iE Ui RE Lic v, Lzas
DOTHEMEFOY TS A voRESIX {1} Y v s
ZTEHAEL, {100} = bV v # ZTEKRE VS E 2T
BRI VDT, RSN RERY TT 1A 5
INK T LA v RRR o A v F -2 ERB I LTl
W URET 5 58iE, YRans {1} =Y v 7%
el 77 v 4 CoRERESTHD, {100} = Y
v 7 2R CREREEbh s, 2hps, U in situ T
EEafTRoTd, {111} RKHoRBEEEHEED vV
B L85 OHt Ly, {100} RAVRSIERIER DT
THHEGpEEPNS. FIEHRY T, EHREIC X DTS
SLEE AR O XERAE S BRI IE 02 b~ 5 {100} Hhro
in situ FEEE {111} HALX D AR WERER T
INBEEZLNY, Thvh BiED X O FIERED
EREFERLTWS EEBbh 5. ‘
REZMOFRHESEMIIM Lo in situ TREHRA
JCRBES . RS OKRIITHY § B T
VE, TCICERS LR R TEVWAE LRI D, K
X 7x {111} HALOFEAESLRI/N X 2 fth 5 A OF-FE ARk &
WIS 5. OB KEAR R OBEI RS OTES
MEIZbT 5. ohps Fig. 2 oRZEEMD 540°C ~
580°C To {111} gyotimerss s s Bbhs.
DLED X 5 iR R FEMRE R TX, RO
B Hlnic in situ TSRS DT, Zhick?
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RSk & 7 {111} TS SR es, RIRIC & 0 fthh
RO FEER 2 TN T 5 2 i X b {111} {112) FHhr~
DEBOB VTS ESHBE KT 52 E2 b1 5.
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) A RElE R E U IR R MR RME 75%
DETRCHWILE, iYW U S B CERE S < 2ppm
L 160ppm WZEz, hbOFFEHEEE #E L.
DX 5 kR a5k,

1) ZFESET EHMEGOMBRE, TTHEELD
CERT5. chid, BEshnssE RIRT 05088 LI Ry
L, BRALOERIBIREZINZ 67c0 L% % bhiz.

2) TIREAWIEAOMIR OE T HEMBEEIR 2TV,
R DGR & e BT 5 R B RER O AL E D
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RERM T 10° DT BlEREIfR, EERMTIiT 20°
DEomEFEGrELE < HESh, 2hib, {VERWMT
B Y v 7 AR THAZLORELD /NS T fHid o
5O, —HEERMTIEANELOARIDOAZ
TR D DA N R B D EE 2 SR,

3) FHMEROEAMBOELEFHE LLET A,
IRZEF M TSI S0 Tk <,
PR ORI A5 AL 0 MPTRRIEIE DS D H3Hh 78 D KT
Les {11} maystEmt {110} gaaMETF LTw
Teoixt L, BERMCIIERFROBBEER LR L,
OFREMOBEE & bz {110} gkaonaw L, {111}
BB LTR D, E£-F OO RIPTBIEIEND ED
R X 5EDRE L.

DLEOFER I X OBTHRY OFR X kO X 5 RHiE R
EEMBOTBEENE 2 D,

4)  REERA TR OBECIERMB R 5D, &
EESMM O TH S {111} A12) FirowiE< b+
Y v 7 2B WTRI—FRDOS 75 v 4 v OfESE
Y, TOREKRE <ok {111} 112 Ko
FEERRI2Y, BRSSO ERMIT, RO/ S TS SR A
WERERCEXDBINT S Z 2ick b, {111} 112> FHir~
DEMDBWTFEESHBZ R T 5 L H 25N 5.
z T {100} <O11) WiE< kY v & 2T RIFLEIC X
D VIR TR Lic < Wiz, —ERT in situ S
R ULTH R hhpfiic EFEINEAL, Fi
{110} BRI R LT 2D AE IR/ Winwd, R
pERET {111} FArRic B S h s L Bbh 5.

5) EERMTIE, BEOBELHERBSIFISh S
Dy, BEAEY T TV L OREDOBBEAEL L
BHTREARRZK L1525 X 5 L 5RAROK X7

il

FEBR D S OFEERSRR Y, Th b OSSR 2 ke
ERfEE R KMEAR R BENC X 0 KX AR EEE 2 T
BOBEET D EITX D ERSREABEERT 54D
EEBZOND. ZOEEITIE, {110} 001y Hire {111}
O11) HRriffEmic X 32 L, {100} <011y K
o L <A T 5 L Bbhs.

B CAMECEL, FRLHIE 2R RS
JE S BT M AR E i s L £ 3
T, BE < OBFHMBETELHE LT wicil it
K& IErh R BRI ET S 1R K s X O PR 22 I &
A LET.
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