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On the Two-Stage Annealing of Aluminium-Killed Steel Sheet™

Synopsis:

Hideo ABE and 7Takeshi SUZUKI

Recrystallizaticn textures of Al-killed steel sheets cold-rolled to 60, 70 and 809, reductions in thick-
ness and finally heat-treated by various combinations of Ist-stage and 2nd-stage annealings were.
examined by X-ray diffraction method and optical microscopy. )

The time of the Ist-stage annealing was kept to 40 min, and the pole densities of (222), (110) and
(200) parallel to the sheet plane after the 2nd-stage annealing were measured as functions of the 1st-sta-
ge annealing temperature. The maximum densities of (222) after the 2nd-stage annealing-at 650°C for 1
hr could be obtained in the 70% rolled sheet by the 1lst-stage annealing at about 480° and 575°C. These
two maxima were termed as lst-peak and 2nd-peak respectively. The lst-peak temperature (480°C)
was independent on the cold-rolling reduction in the range between 60 and 80%, but shifted to a
higher temperature when a higher 2nd-stage annealing temperature was adopted.

The maximum elongation ratio of the recrystallized grains after final annealing could be related to
the maximum density of (222), whereas the maximum size of the recrystallized grains was found to
correspond to .the minimum in the (222) pole density.

-7 These results were discussed by relating the recrystallization process with the process of clustering
of Al”and N which inhibits the nucleation of recrystallized grains with some ranges of orientation.
(Received Dec. 23, 1969)
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Table 1. Chemical composition of the steels (in wt %) .

 Steel - o Mn P S Si sol. Al sol. N | insol. N
"Al-killed 0038 | 032 . o003 | o009 | oo 0-057 00055 ir.
Rimmed 0-05 031 o-o10 | o015 | — | — — [
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Fig. 2. Pole densities of (222), (200) and (110) par-
allel to the sheet plane in the 60% rolled
Al-killed steel sheets directly heated to the
indicated temperatures with heating rates
shown in Fig. 1.
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cold-rolled

Al-killed steel sheet after Ist-stage annealing at 560°C for 40 min.
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rolled 709, directly heated to 660°C with a heating
rate as shown in Fig.l and kept for 1 hr.
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The symbols & ond «-are the same os in Fig.6.

Fig. 7. (200) pcle fgure of the Al-killed steel sheet cold-rolled
709, and finally annealed at 66G°C to: 1 hr after Ist-
stage annealing at 435°C for 40 min.
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Photo. 2. Microstructures of longitudiral section in the 609 cold-rolled Al-killed steel sheet after
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The symbols 4,¢,9, oand o are the same os in Fig. 6.

Fig. 8. (200) pole figure of the Al-killed steel sheet cold-rolled
709 and finally annealed at 660°C for 1 hr after lst—
staze annealing at 535°C for 40.min. :

l
{RO.

The symbols & ,« and 0 are the same os in Fig.6.

Fig. 9. (200) pole figure of the Al-killed steel sheet cold-rolled
709 and finally annealed at 660°C for 1 hr after Ist-stage
annealing at 5806°C for 40 min.

— 59 —



B x 48 3 56 4 (1970) TS

Mean size of recrystallized grains )

« .
P A

- o e

(a) Directly heated to 650°C ~($) Ist-stage anneal at 467°C
Photo. 3. Microstructures of longitudinal section
2nd-stage annealing at 650°C for 1 hr.

54 36
50 o o 34 ,E
46 Fdn LN 32 ';_o'
[ s
L ° ] o
42 Elongation raticy / 30 58
38 A 28 53
7 =E
g e 88
34 ] +—eié 26 §§
30 ‘f 24 W2
26 bt L _Jo—<o 22 §
/" Grain size 3
22 —A* 20 3
18 H——— 8 £
4 A 16
RT. 200 250 300 350400 450 500 550 600

10.

Ist-stage annealing temperature (°C)

Effect of the Ist-stage annealing temperature
on the mean size and the mean elongation
ratio (measured on the longitudinal section)
of the recrystallized grains after 2nd-stage
annealing at €60°C for lhr. Data cbserved
on 607, rolled Al-killed steel.

— 6

. T
X 2o g
A~y A

N SO S V.

.o Tl g » 2
= z ,:‘, 3 “, ey »V A"”“‘-‘ Ve, ~

o i VRO S g

(c) lst-stage anneal at 542°C  (d) Ist-stage anneal at 576°C
in the 709 cold-iolled Al-killed steel sheet after

=150 (1)

PRSI I NE, 9 260°C DEDEECET S
LIRBESGIC X 2T, b & D 2 RBEM T O B IRICR
BEE X BILALIDOMBENEL PRI >TwE I &
ZRLTVS. 360°C LW S ERWEETREZ D 5 5%t
ELTHE, TNIX DR ITERWIEE TR 5 KT
SEEOH L, NBLUCRETOEEEZBRVTHELD L
Al FEF itz B L TDre A FHEEL SRR D
B FOBRENEE L Twb EHfEEENS. LaL,
GEEDTEBERIEHRII XS L, 70T =9 A FV FHHIX
360°C fHE T3 BRI EE H 5 Vi3 LD SAAKEEDL
LT EAERI G WEWDRTEY, Al BFoDss
4 FHEIDR RS TSNS, Fna Al R+ O4k
£ 1 7- embryo 4K L, D & D pre-precipitation
cluster AR IIEELFEX, ITNIXDHII25-0O
SROREDZ LS S WA RE CREREE Y525
LDTHAS.

%7 Fig.3 I, WIEP-—2BEsirsly
— 20 (222) MEB DA, 2 SUEEIRE T 1> T4
HEEZ, 9T AH—HRD embryo FEpEa LT



-

T d =y oak e VRO RSO HR 879

62 22
*
58 / 21
54 — =7 20 .
Grain size

—~ 50 "9
X / .

46 /Q‘\ — '8 %
£ '/ \ ' o
°© a2 »jfe—t { 7 23
o o &

,, A 25
T 38 § T, 6 § o
= 7 f | Q‘? b
o . 14 v § -
w34 K ~oh, " iS5 5
E‘ ’ r’ w3
e 30 7 - Elongation ratio 4 é
N ’ 1
1) S 2
8 26— i3 2
@ o ) ,
4 B

s 22 , 12
b3 '/
2 z

18 1

¢
14

10
RT. j\ﬁ4oo 450 500 550 600 €50

Ist-stoge ognnealing
temperature (°C)

Fig. 11. Effect of the 1st-stage annealing temper-
ature on the mean size and the mean elon-
gation ratio (measured on the skeet plane)
of the recrystallized grains after 2nd-stage
annealing at 650°C for | hr. Data observed
on 709 rolled Al-killed steel.

BB RTIEST L, 2 KRB FRTRIC ISy T Ak —
REVPHREMNGET TS 200 TWwW b, o,
73 A8 —DHGEHRIEC IR EOKIEE VWO L DM H D
T, FNHBRTHTLHEVIEITETETDH, FEES~
ORI LT {705, LW OTHEFREILLD 2T 2
#— D HEOREEDZA & BESMETTO HERGRD sih
By 1 URBESIREE - REfE & 2 YOHESIREE - RN IRl
DY (3o nid D, Fig.3 OB 1i3, T 485°C
x40 min } 660°C x1lhr 2/ ->Tuw %

DEZ Fig. 4 1051805 (12—, [
MRS T2 =2 1 OB LI HRIC o T, JeiER
gAY PSSR O T E R D X OV EE OFNNES 9
EMILTHEET L. T OFE TR DI, £
EOLH>REELZEATD

(1) IR NI T, ZEH A (deform-
ed matrix) OI{CEET, ZZEESEILO iz Lo
TELED. BABEEOL D ELEWEHEH, Fhilo
WTEL SR E OB WM K, S AR o [Ty E

ET L. BHIRTRI I AL~ _i@./ihﬁdﬂﬂ hHE A
MR EG, BRELEARE H TRE T, KixEh
K E, L3k iciud :#5.

(2) 29248 —4£0& 5 WIETEEOERGEE 3,
EREREOS A GEHEEREVLD T 5.

(3) —o0hfOERE LB, 53, T s
SR DA R 2 B TS Sk 08 B IS 5 E 5
B & DDIRLDOLIE MR B 5K
JEEIZE V& =13 oriented growth, 14 fEEAMEKV &
%3 oriented nucleation D7 7 7 ¥ ANEWLE LS
VERHDHH, TOMEII ST TIRIELBERL

/g. Uy

TERgUY =

(4) {110} CO01) HRrifssdabnig, dxfrEE iEE
OEFFE S H IS TARRISET S

(5) {IH}<H0>7ﬂjﬁ#m%1 i,ittuﬁﬁﬁnu%
TiE7ew s, M EE OBV AR A ARE K
WTARFEET D

(6) {554} (225) FHfiffsidnkiid, K XD 10K
REFEE DM ER M K ICB WTHEREET D

(7) wikotERiCL7oa>T, MEmARcdL2s
IR B A LIET Y 7 22 —OFEUREEIZIE, H5
FOE DI B S .

o TIHEOEEIZNE, SEABBELATNIELS
WML EENTITV 50, (LR RBOBELT
mﬁiU&ﬁﬁWEOVT@ﬂ<@M%%%ZWﬂLT
FEDPETSH O, FLVERODIT EEN TV ARV
LEZLID :nawﬁ%mﬁowf,%lf—a,
Huhd, 28— 23 2EF0 XS5 CHHEINS.

Bl -2 2 kpistid, T@fﬂtﬂﬂﬁfl“ﬂukn\/‘
7728 —DEE, BBNEE KB DZE EﬁHTm
FTTI DT L, £ To {10300 F i F S S
FOFEXIEIL, BAEENS TN OV TEHEWIE K
5o (N30 BRSSO FEE S EE T 5.

—7, BBV L T, 2522 — 04K
L% D ETET, T TOFESEEREITY 4 NI
O E L FRECRAEN RO EEZLND

CHvhE] 2 B OMEEV BT 2 HE VT, 7
5 22 —O5HkEE T, MBHIELBAA, HE D LiE
REFEREEAY 2220 fHI H 12k L T L ERFRIRAEICT < 72
D, TEHUSE A bz D EANEN KA D

L7opioT 2o, KL {11110) 5
RIAEE SR (22, FARLX D RN EIEO R ZERAR
K', L7500 {554}225) Jififishfbi & D1z 0k
L OFFES LRI O3, E LI HIC BT 5 —%2 2
24— SRR OO T IR BAEFN) 1T X % 5L {1101<001)
FREES RO RED YORREMA B D
TN E D EO LS OD

\
s
)
Y
|
>
/
(1
s

M
bl



880 & &

5 56 4 (1970) 72

(1) FEOTEI -2 LRICEBHICLS. Tib
H1IRBEMD F2 €— 27 i0EL BHEREERALT H5
3, WL 75 FREE TR T I b A F D TR S HS 1A
EHWMDY T AL —GHURIER, 1 -2 D40 2
REEBAT I T 5, FREAMBEROSHORIEE THEY
5.

COGEEBHICIT B0 I R & —5ERaEE, 1
E— 0 CHECH LARFHTHDA, BSBEN K7
DR H b OB OFEE L FHIRL > 5. Lic
MOTY T AL - RAETIUE EEAL T WIS K 2
5o {111}110) HRIF GG OFRENELL, TOBE
BV 2 RS A ITRDI I DI B ITEEINS.

(2) HENEBEEOBVHS XUCKOLHETIIY 5
AL —DEENSIHZFGETLIICDS. FOREICLD
THREGEERSESHIC X P EER, BNEERS XU
AL -BERBOHDAM LIV IELAEN XY biE
SIEEE, 77 22 —BEMMEWCK O EEL, £2
CTHO {110 BRSSO FGEMSBIET 5 X S
G2l B, .

CDEHAEE2 €~ 20 YT 5 RIS Tid Photo.
VTR L 72 & 5 W ER BN e S T L T B EEA
BBM, T2 T (L) T (222) BBEOHKIT T
LIEDHIRE 76T HFEEX, (2)TRTLAED
hRELIOTHRFEEZ 25,

ZDIEPTCEINEC— 2o 5 AZ 4K, H2E¥—»
% AIN #TH, fUh o DIRESE EXTBE AR5 %
DELT, ThENFESTFTHI & LEELLDN, T0O
X TRHAEANORESOT(LEBET B LEMNTSE
7ous.

ERDOFEIC L 72p3 5 &, 1 RESIOIEE LR O™
FHBEETH DEHITE 5T 1 WEEM DR 2 T LR F
ELTHREED B ENBLETHS.

TPEFRESRO RE 2V Tid, RER SE»503
LT HLVWIREX TE\ S, Photo. 1 OEN»DL
MICHALAKY DR +5TH Y, EHELEAI T2 42—
DV RFTCHMEESBADOF M X DOTRL S OMRERA
ERDOTWB EEZ TS, (222) FEE L FésSks
BELPIVHIGEBRERL TWVWAHEENL S, HER
DN 7 T A # —EFNC X LR RS BRILSH R D A

XD LEEXLOBRBEYTHLLES.

BB IR0 HOZEREEY (111K112), K' oZ%F
FET {112)K110) tfEFEE N DD, K3 {1113K112)
THDAUENDH D, L L5 THNIRICERES
S OENBEDINET TR, 25325 —4KkdbD
WIENTHOSERFNRTF (ot 2IERE) KX>TES

BRI OFEINBINEN TV S WREHRE D H Y,
SBERTRE—DORME LS.
5. # 5]

TN T =9 A F 0 FIEEEER I L, 60, 70,
80% ORI ZfTc27=Db, 560°~730°C DEEE
ToES fhEEgl, 220°~625°C TR —%E (40min) @ 1 ¥
Beft &, 610°~730°C @ 2 Bt DM A G bEic £ 5 2
ERBES 21T 0vy, (222), (110), (20)) DAEEE, B
MR OKXE S LMEEY, EIER, 1 REMEE, 2
KBEPHRE OB E LTHBIL72. ZOFE>EDLS
nREmrE L.

(1) #9 360°C fHFICFT 5 KIBD 1 kigEsdic X o
T, WHRFOI 7 24 —A£RITREMEE 2 543
ZD2TED, £2Ux AI[EF 004 FHRHNC X 5 embryo
R LR BB LHEEL .

(2) | REESREOEE & LT (222) REEOLE
fbic, 1 -2, THNE] [8B2¥-2) OFE
%‘E‘L\/‘Hj‘/f:‘ :%’Lf:;@ (222) @%onﬁjc: F‘E/J\'fi,
L REGRRIRAN OB EEOIMRE, LAk >Ts I R4
—AEFOEEOENH D L E R EETEHBINS.

(3) BAMNoOXEXE, LISV TRR
THH, HERMOMBEE R, LEFElIE—-2, B2
— I TENFNMRERT. HRE L (222) HEEZ X
CHGEL TS,

(4) (222) @EE s RE, (110) 3 XU (200) MR
EEA R & 75 2 7od T, BEMARICENT T 5D
77 A —GRUREES L BRI LI D LHEEX .

BEAMEZIEOZ LI =9 L3V FEFITOWT,

1 Y egtimefy] 40 min —5E & LT EHix {7270 1D
T, BB DOLER S & <iz Sol. Al, Sol. N o f, High
ZRIoAVE, REDOIMEMIIZALL, EABAIKX
DT, BEREZC—-INERLLVZELHD S
HEEZLNG.

Wb, FHECHERL 2Rt/ cE LR
AR SHINEREFTICHEEZRT B L LB IT, AR
DEFICEVL, ZROTEE, TBHharwiciiwics
FRIBRERAT, WA FHEK, MEARERIC A Ui <M
Wiz LET.

x [:13

1) ;{!\33{:}(’:#, fiE: BEReBELSEHm, 7 (1968), p.

2) R. H Goobenow: Trans. Amer. Soc. Metals,
59 (1986), p. 804

3) J. T. MicuarLak and R. D. ScHooNE: Trans,
Met. Soc. AIME, 242 (1968), p. 1149

4) W. JoLLEy: ]. Iron Steel Inst.,, 205
(1967), p. 321

5) I. L, DiLLamore and S. F. H. FLETCHER:
Recrystallization, Grain Growth and Texture,
(1965), [ASM]

6) e, BEK: BEE&BE¥4SE, 32 (1968), p.345

7) W. C. Lestig, R. L. Rickert, C. L. DaTsON,
and C. W. WaLton: Trans. Amer. Soc. Metals,
46 (1954), p. 1470

8) C. A. Stickers: Trans. Met. Soc. AIME, 236
(1966), p. 1295

9) FM#: &5, 52 (1965), p. 882

— 62 —

A



