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Effects of Heating Rate, N Contents, and Mn Contents on
Recrystallization Texture of Aluminum-Killed Steel Sheets

Masashi TAkaHASHI and Afsuki OKAMOTO

Synopsis:

Low carbon Al-killed steels for deep drawing quality, containing various amount of N and Mn, were
cold rolled 65% and annealed up to 700°C at various heating rates.

Steels annealed at the adequate heating rate (peak heating rate) showed large elongated grain and
strong {111}{011}) oriented recrystallization texture, while those annealed at the other heating rates showed
fine grain with {554}¢225%+4- {111}{011) oriented recrystallization texture.

The peak heating rate was affected not only by sol-Al contents but also by N contents and by Mn con-
tents. Increase of N contents induced the peak heating rate faster and {111} intensity at the peak higher,
on the other hand, increase of Mn contents induced the peak heating rate faster and {111} intensity at
the peak lower.

Discussions were made concerning the difference in recovery and recrystallization behaviour among
the peak heating rate and the other, and the roles of N contents and Mn contents on the peak heating
rate. N contents were thought to have an effect on AIN precipitation rate, while Mn contents were
thought to have effects on recovery and recrystallization rate of cold rolled structures. The change of
the peak heating rate was supposed to be caused by those effects of N and Mn.
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Fig. 8. {200} pole figure of steel C, cold rolled
659, annealed at 700°C for 8ht, heating
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Fig. 13. {200} pole figure of steel F, cold rolled
659, annealed at 700°C for 8hr, hea-
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Fig. 14. {200} pole figure of steel I, cold rolled
65%, annealed at 700°C for 8 hr, heat-
ing rate 20°C/hr.
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o {554} <225>

Fig. 15. {200} pole figure of steel F, cold rolled
659, annealed at 700°C for 8hr, hea-
ting rate 120°C/hr,

R.D

a {1} <o >
o {554} <225>

Fig. 16. {200} pole figure of steel I, cold rolled
659, annealed at 700°C for 8hr, heating
rate 120°C/hr.
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and integrated intensity of steel B, C,
and E during continuous heating at

80°C/hr.
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0, (1) OBEDOX Sk KkE (S <, g
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ETFLTYWSE MBS D. TS, {211} »
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PEDX 5, &HNOEES Y oEbotliz, &
BEMZ X VRN, FBEEISEEIIE EEBHES DO
FAED B WD S DEFERL LN EMIC 5.

Kiz, Fig. 20 i, {110} HEioiEhs v oz b,
{222} Ffioxh ikt 5E, ©—2 X W EETHE
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Fig. 20. Changes in residual line broadening of
steel B, €, and E, during continuous
heating at 80°C/hr.
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Fig. 21. Changes in residual line broadening of

steel I and I during continuous heating
at 20°C/hr and 80°C/hr.
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< Steel 1 ‘\\o\\ Fig. 24. Changes in 9% recrystallized and hard-
0 (nghIMn) P ness during isothermal annealing at
0 8 5 30 60 120 560°C. Hot band J and K were, at
Time at 650°C (min) first, heated to 950°C and then 700°C
. . in order to precipitate all Nitrogen as
Fig, 22. Changes in N as AIN and internal AIN and then cold rolled 65% and
friction of steel F and I (hat band) annealed.
during isothermal annealing at 650°C.
5. % =
40 1 7 R R R s SR C R R SET
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Fig. 23. Changes in N as AIN of steel F and I
during continuous heating at 20°C/hr
after cold rolling.
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D, FBmACIEIEN D BETLTWSDIE AIN ORI
b, EEMHDHESTEE>TWL b EBbhs. L
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b5, ZZTxEERShA AIN - 88 Ca EREEB

€ — 7 SRR S

Al &, Oy BEBNE B ETXTETFIRE) TKE,
BELECIOTEELERTHS. 2 DEBERX
DI ALESI TR TERVWEED, Thbb, K
IO AIN REIE ORI EHIE L HEShTED
Fig. 2IZ7RENT B X 5, ©— o FiREE AL
Z sol.Al% & N% Officd b 5 BEHTELDIR
LD EEZLNS.

7721, AIN O EEECEXITT Al XU N&
DRI PL D RELIDETFHEING. BHEO7 VT
FUFETIE, sol AlEANE X V@RITHY, Fi,
Al T GERTNPERIASEVWD T, Al i3 Al ofES
ottF, Tiobb, ThZho AIN OfEEEDOX S5
HbOETHRTIOILHL, NERERENS AIN
BRCESTSEELLNS. LihiDT, —ErREM#%
A S AIN OfEm R sol. Al 2 NZ D
FRCHBESh T, TOIHEER L1, sol. Al E-N
DN LRI DR LIDEELLNS. Fig. 17¢N
B0 VB CoOBBREE FIEVZ L, i, ©
— 2o {111} @WasE L ~ovE b r EiE, sol. Al &
TRLBECEBENODICH L, NETREWERE
DI, ZDX 5% AIN FFHEEOZECL>TWE LD
LBbh 5.

Mn BIIEINT 53 & ©— 2 FIEER, SREEE
MBBEL, F/—2To {111} mIEERE, Mn 823
DI WEBED D Mn X, Cr L NE LR H
b, TNELDOILED agkh~DREBIREZZE 2 5 LIRE S
NTIPNO, Fi, EIFCHITN LD AIN b
HECEELBIETTECTHLDOTY, Mn Rtk Y
AIN DT RESBZILT 2D LFRBEN/:. £ 2T,
BT AIN o #7 HIEE % NI 5 X UL
WiTX 2T, F7o, HEHRPTO AIN O HIEE AL
FANICE DA L, Mn itk % AN 7 HHEE
DEWEE, BRI TEL» oM. L L, BUER
e AIN 23 THIS S0, BE LT OFES
FEIE LB RTE, Mn 8% 04, BHAIK
Z OHESISERT W, Mn Sof#mc & 5 EEFES
ROBENIE, Si ZEHLAECHPY 3 X UHig® T
BobLNTxY, T MngilX58— 7 FREED
BEgo—FHEExObNh5. ik AIN Ok XY
Mn BoOEEBIZ W, BEBRTHE2X 57k
SPTTIE, BEMHCED L AIN offE#HE+5 &
SEANBVEORAELH Y, ik, FALRAEET L
ERHSS.

F7, E©—2To {111} @iEE v oviE, Mo gH8
DIV E BB H DT Y A FE® XU Si %

— 12—
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SHULAECHEYTH Mn B2 WIEE r{H 413
{111} WBRE EL LD LHEINTVS. Ho 51330
ZFoMibw, Mn B0 wE, {111} HFRoBEEGEE
BEENCER S, RETB »LELEEZEZTWS. 7
NEFV MO —ZickiT 5 {11} maE0EED
Al #IRINERIC 1T 5 Mn BEORHRICELTEL LR D
LD rEEbNS.

5. & £

oy PR MY P DEEES R, NEX
XU Mn BORK BB 7 VT F 0 FERE, 65%
WIETAEE, B4 OFERE I TERIMEBESZ T8\
BEgtf O S S L UEAHBIC S IETNE, Mn B
FIOVREFEFEOXEZRAE LIz

WD X SR E LRI

(1) ESREI ALY, 2o, {11101 HfL
~DOEB OB VRSB R SN 58 Y R AREE
(C— 2 FEERE) by, Zhlisto FillEE ThEst
T5 &, FRIB/NEL sy, F-BEGEGHBMOES
FHEIVE {554} (2255 + {111} {011y ris 5.

(2) N&EFHEIEMT L, ©—7FEREE, &
R HEEANCEE L, $£7, ©—2To {111} maE v
NI FELIL B,

(3) Mn HGFEIMEMT B L, ©— 0 FHEEED,
EREEEANCEEL, 7, ©—oTo {111} m5EE
LAWK 7R D,

E—2 L - DN OFREHICTEMLABEED,
B8, FEAFEHOXEEZFAELLLTAH, KOX SE
RErE LR

(4) ©—27X0EETCHFELSHA, {110} Ak
LU {111} HhroEEE T AT L, {100} HAL
DORIEDHRZFE L L TOETHIDH I Tz, &I
EXBERNCHETT L, & @R T {100} pldy A3 L7zas,
{111} RS OEMIXNIZEXRE L Lr 27,

(5) Y©—JHBERETHEBLLEES, &£AMOHEE
WZELEEL, &L &b i {111} Rbhoantr
{110} g% & X O° {100} oy DA Z Sh .

(6) ©—2 X {RETHELES, BEDEMT
BlEMHE» SRR D, TOHROIRE LRI hikscE
EHAERT 2EMSEZ S, BEMRICX 5 {111} ko
oW Y — 2 I THIR LB E X b Dl odz.

(7) RiB&HZXHEEOERNHAOEZRLY, B
R ©— 2 TRIR LA, BENHIIRO
K EToifAs AIN 25, ¥/, ¥— 2 X D{EETHIIEL
FEA, HEYRE LA AIN BFELTWE LD L

#z b

(8) {111} HFfre {110} Hhio @YEL D D E{bz
g Liceh, -2k EERTHIBLEESLD
Z, {110} BRLDIEIEDS D DR D FHET L T

(9) Zhbozihn, EEOHBEMERIIE AIN
AT L, {110} HromEEFEROETE RS < 1l
L, 20, FHEHRIEC, Bl AIN BSEEL, B
B XD RETHHADEVCLVWRIREZTRS> X 5 R
REHP - RIBEREEE X O

F7. NEB XU Mn Bit ©— 2 BIREESLTENT
LIREE B L.

(10) N Xsve—2FEREOLBIE, NEODHE
X b AIN OFFHEBRL B -DEEFE LRI

(11) Mn Bit X % -2 FIB#EEOCZLEHE, Mn g
O X 0 BEBESOETHENS Z EA—H L%
btz

Bhio, REBROETIIHZD, AHELEMEE VW
X, ¥, EBRFOFEHEZREP2CTE2AFIHEAE
et AR AR DR 3 o
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