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Effect of Precipitates on Recrystallization Behaviors of
Aluminum-Killed Steel Sheets

Satoshi HANAL, Nagayasu TAKEMOTO, Yaichiro MizuvyaMa, and Yasunori SAZIKI

Synopsis:

The recrystallization behaviors of two aluminum-killed steels were investigated in isothermal annealing
and continuous heating, starting with either as hot-rolled (as taken from productional hot strip coils) or
as cold-rolled (ca. 709%,).

Careful electron microscopy (carbon extraction replica), run along with the measurement of solute nitro-
gen by internal friction method, revealed that, even when no evidence of AIN precipitation is apparent,
there is definitely some precipitation of AIN of almost sub-electron microscopic sizes. The electron diffrac—
tion pattern of those minute AIN precipitates did not conform to that of hexagonal AIN, but fit very well
with that of a hypothetical cubic AIN of NaCl type structure with a,=4047 A.

It was seen that the recrystallized textures were closely related to the state of the cubic AIN precipitation;
(1) when the recrystallization began after the precipitation of cubic AIN had progressed to certain extent,
in the unrecrystallized region, strong texture with {554} <225> and {111} <011> as its major compo—
nents resulted, (2) when the precipitation of cubic AIN proceeded concurrently with recrystallization, very
strong texture with {111} <011 as its major component resulted, and (3) when the recrystallization had
been completed before the precipitation of cubic AIN, the texture was weak, being similar to that of rimmed

steel sheets.
(Received June 23, 1970)
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Table 1. Chemical composition of samples (wt25).

Steel C Si Mn | P S |SoL Al | SoL. N |NasAIN| O
LA 0045 | 0019 | 032 | 0004 | 0017 | 0038 | 00065 | 0-0003 | 0-0048
HA 0058 | 0018 | 035 | 0008 | 0018 0060 | 0005 | 0-0002 | 0-0032
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a Cubic precipitates at grain boundaries
¢ Fine hexagonal precipitates
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b Cubic precipitates in grains
d Coarse hexagonal precipitates

Photo. 1. Change of precipitates by extraction replica methods in hot strips (steel HA)

during isothermal treatment.
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(a) Cubic precipitates at deformed grain boundaries or deformation bands
(b) Cubic precipitates in recrystallized grains

(c) Tine hexagonal precipitates
(d) Coarsec hexagonal precipitates
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Photo. 2. Change of precipitates by extraction replica methods in cold-rolled strips
(steel HA) during isothermal treatment.
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Table 2. Analysis of .electron diffraction pattern of precipitates in hot strips
(Steel HA), as annealed isothermally.

AIN(ASTM 8- | Gubic AIN | 55000 600°C 650°C
269 -3 (assumed)
) Go=3 14 N, 4047

Co=4"986 2°=0.037 ’ 1340 min| 20min | 320 min | 1 340 min| 10min | 40min | 160 min | 320 min
dA |5 | mkt| dA |yn | mkild A (yn|dA |y |dA \yn |dA /L (dA 1y | d A Iy dAIUA dA |I/1,
2:70 |100 | 100 2:715/ S 2-693(Spot|2* 704|Spot(2* 706| M
2:49 | 60 | 002 2506 W 2-506| # [2:499( 7 [2-497| W
2:372 | 70 | 101 2:378) W 2-361 # |2:373| # [2:370| W

2-336| 14 | 111 2:340| W [2:327| W 2-327] W [2-323| W

2-023 100 20012-029|VW|2:024 VW|2-024| S [2°011] W [2-004|VW|2-011| S [2:024] S
1829 | 21 | 102 1-820|VW 1:824|[VW
1557 | 30 | 110 1552 M 1-552Spot|1556] W [1-546| S

: , 1-431| 42 | 220[1°430|VW]|1-435 VW|1-428) M 1:437|VWI[1-423| M |1-434 M

1414 | 21 | 103 ] 1-417|VW , |1-412| w
1-348 | 5| 200 1342/ VW
1°320 | 17 | 112 1-335(VW 1-336|VWI|1-320] W
1-301 | 7| 201 1309/ VW

1-2200 1| 311
1-186 | 4 | 202

1-168| 11 | 222 1-178 W 1:168/Spot|1-178] W {1194 VW
1-047 | 6| 203 1-041) VW
1-019 | 3210 1-012| 4 | 400 1:012) W 1-006|VW|1:012(VW :
0-9984 5 | 211 0-984VW
0-9345/ 5 | 105 0-928| 0-4| 331

0-905| 10 | 420 0:909, M 0:903| W 10-904| M
0-8684 6 | 213 ‘ |

0-826| 6 | 422 0-829| W 0-825V'WI0-827| W

Table 3. Analysis of electren diffraction pattern of precipitates in cold-rolled

strips (Steel HA), as annealed isothermally.

AIN (ASTM Cubic AIN o o Q o
8-262) (assamed) 500°C, 550°C, 600°C. 650°C
OheE | oosy’ | 1340min| 40min | 1340 min| 80min | 320 min | 1340 min| 10 min | 80min
dA |\yn | mt| dA {1/11 /zlcl[dA |I/11 {dA |1/11 ‘dA ’1/11 |dA ‘1/11 |dA II/I1 4dA |1/11 dA ‘I/I, dA /L
2.70 |100 | 100 2-702| M 2-704 M [2:697| M [2:695|VWI|2:697| M
2:49 | 60 | 002 2-499 W 2-499 W [2-490| W 2:490| M
2-372 | 70 | 101 2:374 W 2:373| W [2-362] W 2:362| M

2-336/ 14/ 111 2:340| VW 2-340|VW 2-346| VW

2-023 100] 2002340/ VW|2:350| VW|2:026] S [2:022 S [2-036] S 2-038] S
1:829 | 21 | 102 2-036/VW[2:041| VW]|1-826|VW 1-833|VW|1-829|VW 1-818) VW
1557 | 30 | 110 1'553 M 1-540| M |1-541| S [1-560| W |1-541] S

1431 42 220 1-432| M [1-436] W [1-434| M 1-424] M
1-414 | 21 | 103 1-439)VW 1-407| W 1-407| W
1-348 | 5 | 200
1°320 | 17 | 112 1324 W 1-325| M [1-316| W 1316 W
1301 | 7| 201

1:220, 1] 311
1-186 | 4 | 202

1-168 11| 222 1:174) W
1-047 | 6| 203 -
1-019 | 3| 210/ 1:012] 4| 400 1:018)VW
0-9984/ 5 | 211
0-9345 5 | 105/ 0:928) 0-4| 331

0-905| 10| 420 0-909| W
0-8684| 6 | 213

0-826| 6| 422 0-835 W
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Fig. 1. Change in the state of precipitations in hot

strips and cold-rolled strips, both as anneal-
ed isothermally, steel HA.
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Flg 2 Electron dnﬁ‘ractton pattern and its micro-
photometer curve of cubic precipitates in a
hot strip, steel HA.
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Fig. 3. Change of solute nitrogen, revealed either
by internal friction measurements or by
chemical analysis, and states of precipita-
tion determined by extraction replica me-
thods during isothermal annealing of a hot
strip, steel LA,
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DETMFITHMOR S 2 X THB. S MTTH
WMPBRDEND XS5 & T A THREREEEIIC X 5 EE
ZEZIIRAS L, $7- NasAIN F L C{b24547THRED
IOWRDENBZL EEHELD L, ZOHEMINEREF
FENDDEEZDL LN TED. XbWERY & FIl
WTRED LN, T = U6+l REETERDS
hisrd Al B X TR LT 2 £ L A2FRET
NFAIRFOHFEESTFREINS. CoX5KLT, BF
=k 0 =4-047A 24> NaGl Bop AIN %%z (1)
R L7302 CHRE DR HEZ T o7 iR p3 Table 2,
3 OMFE AIN THE. o4 2=0037A (%
BHELIOOKV) &L, fa1, fn & J. A IsErs L¥WO{EZ
v, EREE B I —FHL T35,

FRRETFEEOEN» S D, NaCl B AIN 3Ixiz s
BIBOLNZ EHHEINS. NaCl BloHE#HmEL T
vt TiC, TiN, ZrC, ZrN, VC, VN, NbC, NbN 7
ERFET M, ZhoDbamit Ti, Zr s X 0&E
RF-DIRIFES A B iR LAE AR E R Eo/NE N
HEVIERCETFHPEETS. £ LT Al 3LIUNRFOD
SEEREEEAF G AIN 5T ThIE Al 13 1-21A,
Nz 0°70A 17z, F7bbib & AN T3 Al &
FHREAFWMCEALL, NEREFAEIELLEICFEL
EARFESSOEVEREL, EHENEFEFOEER
0-70A30 L 301z, HFEs a=3"114A, c=4-986A
(ASTM # — K No 8-262) X v Al FRTOfEskER
tiEtofEsins. Lics>T NaCl #o AIN Of%TFE
¥ix a=3"82A LiauapmrniaEils a=4047A x b
RL/NE V. ChiiE PAULINGS®D T X B BT HFE O
MBHEC LB o>TELS E, Al KX N EFOBER
SHEES LT D DA X 85T 500 Al BT
DO—BRFEEGEFELDNPELFHUIL TWBH Z &, (n)'(np)?
WEFFEE > S Al, N FHFORELHMRFI~LEb>
KL XDEBREEON B X HHMEEEL T
W EREZLND. Al FTO—BESGYEEE ra1=

1-248A, BLKIEMEE xa1=1"5, NEFDEHE rn=0"70
A, =3 NS, 4 ALEEOREEExT AN
BEoRkeE
7a1-N=7a1+7n—0°08-|xa1— x| =1-828(A)
EinBE Al FFOEh D ITix 6 {E0NRFAEE
RBEML TS, L2 T Al BFOBREFMH% 3
ETHIESEE I 2 =3/6 LI, SRESEER LS
AR '
Rai-n=ra1-n—0°06 log n' =2:008(A)
L, BIERIT a=4-02A 705, CHITEREI
EVETH D, EEEEoA» 5% NaCl #o AIN 13
FYie L EBHEEZI RS, o
T DEPSLH ISR T Al REtE & L TR B
AIN r xDfESEESELIL TWB Z &8 TF b5,
AFfn AN REFEAFEIC Al [FTFEAL UM AL
BENEFHEFEL Al FFOREARFHENRETFOK
BAREBEBTN TG EFEX LT ENTED. M5
NaCl B CREBT R Al SXONEFHEOED
BAELTWwS. ZOXISRELLIRELEB CHD
THrREMTE—F 2 S LB RETHS.
D X5 3 aaNaCl Bl is X ONK 5 54 wurtzite B O
DELETHH)E L TMoS MBIFEET 5 T & VTEBRIEV . 72
#NaClIDAIN T (3d)2(4s)1(4 p)® BOAHEEEE
BRAEPEELEWEDARTRETHY, LEBRO2TE&
BiEgw XY Al EFXEENFR (feo) wlLL, A
EHRMEB NS NRFAEFET 5 LF X ShaBritt
BOWWMEEMTHD Z EBHEEENS. ThICRHLA
i AIN 1X (2s)1(2p)° AW IS A /EOHE
LDTH5 EEbNS. Al i fec (Fhiks 660°C) Th
BT EEEZD LKETIE fec B Al [RFO /AT ARAL
BICNEFBEETS NaCl # o AIN THh, Al @
S LA ECiE Al FBFO fec BFIBAKEC L D E&EH
Mg & 0 P E A BOER D3R W E 1S da AINIT
B EEXHT ELTES. AN HAH G AIN
b 5IREED Al QRS THS 660°C BETHSB Z
LR EROZ LR TFREIRS.
kLY ) AETERER L8R Al, N &
DG EXPIA 207 F 54 —~THEI2BINDS
DITHEIN v 475 0 R EZIERBEDHRE TH D IED
9 BIFEEDE SO ElfH V7Y b T E ST
Hi¥ 23 % 50580 BV B2 © Beeghly BT L 7258
EOXEH & T70D 7033 H D EIFHRETER T & 7
ot TREXEETC M EERES D0 T
LE, BFHERCEIFESRDS 5BEOLD LE 2
bho.
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57 & (1971) 2 %

3-2:2 L7V = 9 LDBREDZE LS X CHTH
R

hE »@@%ﬁtg3)4)5)11)21)24)26)31)32)»5- = W NE
W REENE D BT Fe-Al-N &4 Tl AIN HiHEA
Fiu AIN OLZ»3ERD LR, ANhf AIN BiITHT5E
Z DYkfEIX Al 2 N @ pre-precipitation cluster 7>,
AIN FH#IS HEL T FRIIEbDTHMTH B 72
B, LS54, MLV Y 255 WIEEERE0EGE
FRRIZ X HEEHETCHIED LN WDID EE L ShT
&/, TDX5Ts cluster A \WIXEERRTELVY
FRZ AT OFETES FAR S Ao DI NERERIE T X 5 EiE
WEOFLD, BB IO MY » 2 20EE (EEEHZR
[El#7#%D line broadening Mif5E) LILEESHT/R LT X
HEZAER O hsid s o 200, kx
VLIRS D WITHESIEMT X VAR F B 2 k&L
WEINLHZLTHT 2FBE»L TH5H. 31 0 £
BEBIW 3-2-1 OREIr 5, XEHE AIN O HGE
HOERE TR S 1Lb & X WCSL S 25 5ET
BEwxb. EHI, LY A ETRDSN S
st 4 % T E THRE S T & 72 cluster 3% Wik
BT EFEL (ENBRETHD) ThXv. &
fuix Fig. 3 OREEERI X 5 EIERTE OB L il v
7Y H ETOWHIRGL, Fig. 1 Oy 4 oS X
SR OZE L, 4iRT X 5% Al mikfFEs XU
T oI L BRAFEBOBME,» LI SN D,
DD XSwchivy Y 1 ETEDLRBITHITT
LF TOD pre-precipitation cluster & % \WIXERHTHE
MG T 5 EF 2 5 5shs, NaCl #lomiif. 2~
MRIEDOED LT 5 ORH/HARATSHEITH L EHET
b, HEER, EERRED S5\ deformation band
AT U 7o B IRBETIE L 77 ) 5 L CHF 3R
HoENBE L b L FX2OE FHRIITH v X 5Th
5. KRR CVIAT HAS 7 D T L 22 dREE T [T
RUETHEY X5 ThH D Ex DEFFEZEOE VIERTE
Hizwiebisvs. LA LAY X5 ERRBOEIHRETH
5 d=2"027A ORIBOBLENRLEWCKERD, B
BRENTITHEMBSEHEET S L IATRDTPIE
FTh— 0 d=2"027A ORBICH ObhD T Lo b,
WO E# S NaCl B AIN THHEEXLTX
V. RIIFEESATRIAD X 57 oW Ko E»nA i vwZ
L, ELDTHMTHD L L, BICELELEDSLNE
EREZ NG, IR KEERITCONEmBELS Y 5
TP DS THEF/ L - VERAY XS5 THS
Z X, KEE & TOEE RS 5% deformation
band _FiZEE® LNATHORRSEESETHAE TS

% T L DRAEHER TR IEES R 2TV 5 DT
R 2 S BERTRER S .

2 E TSR PITHTHY U 7223275 Sudt Hid 13 Photo. 2
(BYTTFRT XS WWAHEIR, T v oiseb ok,
HBEWIET ¥ LTHHT B . 2D L iEBER (Photo.
1(b)) THRUTH%S. DX 57kt Bk H.
BorcHERs SOD#IH, H5\Wik NbC 2EHIEHC 4 —
ZFFAMIPET =54 Fa)~ZEHET 5 L EFK
KT 2 L S REOEHD S, FBEGHISRERE
v MY v 2 ZARICEET 5 & E X O/E T Al L N33
P LEEREICET 5 & AIN 2L, XS5uERS
ALY AL R7 & N2l U7eds HRTE L — EIREIET
% & AIN ZH T 58828 0 E U CHERT 25T
BEn5 EEX ST EHTE, BRI 4
FELTHEMAEZEIZEZOLNS. Ll afflg cER
SOER % U 7o BMERR C RS S N & RIIR ORI TH
5Z & (Photo. 1 (b)), FEEWRISE & EFITHL Mo & 255F
fITHBHT EVIPWZ 3L ED H. BoRCHER 50
B CRFPETER Y. BUEROEIRNIERT TR
B LUK ERZLEERD i \Wwicd, {EiRAHE
IR R OB IS O A AT Tl Ik Tl fetErE Ak
V. BAEAR T OFE SR T OHT AR & 8K T OHR
LN T O HIRIRITE D72 XL ATV TE ORI
HETH B &2 HE—OI IS LT T L 2 L8 T
5. —oOfBNATREFIIROFMIZIZE—ETH
5. ERERRRANTONHRESRT TERORAIT
WAL, LIESGLEHMARBL 20b S I 1T
5. B LWy e ZiERO V.G O SFRITH IO
FREERZE RS TIA SNCIRAIANER T 2 SV TR E
N BRI OESEIT b v — S kY 4 b & L CER
FT5ELTVSEN, ZEROLIHEH{BEMITHENILD
ZEMNTES. L LEMLIRAS, & RBIERT
OEIRNE TIPSR T 2 E CRELHFET S
2 ESPIEMERD D, S~EHE~OWHEZE LD
DHEEHTHAS.

D ETVESLH a4 0> BT Satr i~ o k>
WTEXTHS. LT oot hEimt v Y &
TEIZET B L LELERN R EB3iE T T& T—HiER
U7 U 5 s FliRITH 0455 > £ a{bL T3
L, Fig. 321 5hd5 X5 LEBEEDHLT M Ictihnss
BHOLNBLLEEXDE, MHAEFTHEIBBERLAE
TS ET T 5 2825223 TE5. MILSE
7 X5 Fe-Al-N4&4 7019 Al O4650°C THHD
BAMERD LN T LRBERFETHERFRL T35, fl
5, v H ETHhTREREBBRS LicivoTh
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XD ThbTrOI ETHY, ke L TiIHIkEEC
KREBLBILIT L ATEREL» BARAFE~OELETERT S
DETeTH L LBl % — L DL 6 F DL 2D
5BDHRTHD. T UL TIFHME LR HETIDT D
R THERERTRETH B Z &, o XWH LW
P A b R T 5 TS R ERIT i D
EBET LT LLFRBENDEHELD X S AEAITRD S
NignWZ &, T TILHEET B3I Y »iT i & i
FUERK & 752 7230 0h SRV A MR HT H o0 s B TR 0F R
6T 52 L2 LNV T &0 LIEIREREOBE
ANBTEBLSERELIEEZXDLEATES. ERFR
> BRIERG VAT 7 LIt L RBic
FaallELT 5. oo viee by » 7 ZITEL
7o TAT, BILL2ARAL T imamIk, Bae, &
T78 Em T 00 S BT ES S < kol b
DEEZLND.

4. WEPOEEOELLBEREDH

41 & B

WA WA L T AT I AER 2 U 7045 TR & B 2o o Cailife
INEMEES R BIRBE L D Y T Lok A AT EE X A7 E
BHOD EWTHY E BRI GZBORMREZ P LT L 2.

(i) Steel LA, F{i#aslrs L, HiEGERE 30°C/hr

Fig. 4 \Z7R 7 X 5 W AR HImIEER R 5 ik
deformation band iz 500°C &7 b » SHFH L, RE
DEFEEDICEDOERPDTHTHINT 5. BRELOH
& (570°C) & & LTt &AL (Photo. 3 (a)),
FEROET & & DR NICS < WEFERC i
$% (Photo. 3(b)). ZOBECHIH Rigicv 725 &
FEHHREEA D X 51T/ D, HHmEKIoOA oRksx 2
5. BT TR B TR AER NI EmIC T T
HEXO5Wed. MIEER, BEMOETE & %1 {222},
{332} 3t hnL, {200}, {110}vdis L, {211} b2
WA T 5. TGS TR Tk {222} BBV % 7
L, ZTOREAT D035 RITHmBRREs b5 25 X
DIRAOEMITIEIET B, SEHR» DA E~OZE{LE

L RO S EA SIERI Lic < < (Photo. 3 (¢)), [ElF

BIVEHLSS. KHE AIN 12 660°C Hibh b
S DI R D L2 Witk b3 % (Photo. 3 (d)).
HEAEAMNT Fig. 19 ITRTX5 £ DT {554)
{225+ {111}<011) %#xHfi:+5LDTH%. Fig. 19
TRINDEEMEEZ Z S TIXARE L TE L.

(i) Steel LA, F{iShsfis L, gL pEE560°CE ©
720°C/hr L% 30°C/hr(720°C—30°C/hr)

Fig. 51CRT X 5 Wiftinh s b s & 2 IC R 5

X DIEFaRd BN

] \ End of recrystollization -
100 ek deee —jio0 £
N e A 8
g O Non-precipitation ““’ o
'_—‘_5 —| @ Cubic : tittle 80 T
% O0e : much ! ~
A g i \|__Hordness »
g Cubic - Hexagonal & o a4 b
@ I~ & Hexagonal i i = 60 §
o 1 T 3 | <]
& OF O0—O0—0—0—0—0- T
% Recrystallized Start of recrystalization
. f T T T I
Sample : LA _ 'f"',“"‘\,_ 8
Pre~treatment : no Gll'am SIZ.E
Heating rate Elongomin ratio e 7F3
= 8}— 30%/hr S -2
S A
g /o \0'9""2’0/ >
* 6 re >—C. 2
- (222) o ol &
‘; — —é-——-’ d =4 e
8 4 o | o ol g
c ; (332) 1= w5
8 _____(.2_09_)___-9 s—(m,—?kt cl &
g S gl 5
2 2 | pe—emamy e ‘l%i)v‘-o—vy"" G ow
° \ ‘
< ‘<~o-o-o‘¢&..o_04__<
_é‘ < a
£ o2t oy e
£ o 1o R
(]
l [
Before400 500 550 600 650 700
heati
eating Heating temperature (°C)
Fig. 4. Change of precipitates, diffracted pole in-
tensity, 9 recrystallized, hardness, grain

size, and its elongation ratio during con-
tinuous heating (steel LA, no pretreatment

30°C/hr).

Fig. 19. {200} pole figure at 700°C after complete
recrystallization, steel LA, no pretreatment,
30°C/hr.

BT ED, 1NVBEBRERI ET LA T—HH

HEBELET 5. COMICKERGESERAD 5 VT de-

formation band T3 FSiFHas¥Emt 5 »HES

BN A~DHF HVZ A 75 > (Photo. 4 (a), (b)). 620°C H7z
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Photo.

3.

(a) CubicTprecipitates in the unrecrystallized region immediately after the beginning
of recrystallization (at 570°C)
(b) Cubic precipitates in recrystallized grains during recrystallization

(c) Fine hexagonal precipitates immediately when cubic precipitates have changed
(d) Coarse hexagonal precipitates

Change of precipitates by extraction replica methods during continuous heating,
steel LA, no pretreatment, 30°C/hr.
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|End of recrystallization ) DX ORNA~DITH D% 7D, 640°C CHEFSLWE T
T e T 7 P8 a0z BB IHACLIT M A SRS
8 | m».«{ 1l T (Photo. 4 (c)). 650°C b7z b X AT AT HI & BB
g sor T - w  BNMBIOIT D WML 0A BEK 55 A5
g: % Recrystallized \T_&i l : &0 ;5 AIN ‘(i%@%*ﬂj(“: LT Egﬁrgbﬁﬁ%a%*ﬂgﬁfvi
T Tk ot rerysataonen T (220 L (10} B 2RI 1 (222) (332)
o a i s olg  OHMPRDLNGD. (200) BRERHSECHE LES
Pre-treormentiro | yew 8 L3 SR U, B & T BRI bR e < FRE D
E 8 — 720 = 30°C/hr —t:‘l::ngaﬁ;; ratio ] 7T E2 SETCRAT 3. WSRO ESEME Fig. 20 !(a) s
E e (B), (© AT &5 CELL, AE DB ERESD
28 w2 % | o **gg DLOLED. ZOXDEHEGESHBEBRELLT
S R ) B I . *
5 $2000 | of” [z £l 2 (iii) Steel LA, TR : SRIEAR 600°Cx 2 hr,
g I @f_“f‘”“ 8| ANy 720—30°C/hr '
3 1;;‘;!9 | BT HUALIRIC X B AT TS & A E e ST Fig. 61T
N N N 7 S T X5 () WML AFR A 5.
£ 0 (o) [ _ (iv) Steel LA, T{§BILER | BAIEAR 650°C x 20 min,
hnEGEE 720—30°C/hr

Before heating 550 600 650 700
Heating temperature (°C)

BMEAR O HT HUALBIT & D NI % < DXL futf i 53

Fig. 5. Change of precipitates, diffracted pole in- RoHND: Fig. 7 RY &5 IR ahl3 s iR

tensity, % recrystallized, hardness, grain (550°C) 5L E D, BEMST 95~999% L"Lf"
size, and its elongation ratio during con- Lz BT (575°C) —RHELL, 630°C &7-b TETT
tinuous heating (steel LA, no prctrcatment

720—30°C/hr). R 5. ¥§%ﬁ E?Gu{222}, {332}, {200} p3gb L {110} %358

(2) In the unrecrystallized region at the initial stage
. " af ‘shelf’ during recrystallization
(b)- In the unrecrystallized region at the final stage of
‘shelf” during recrystallization
(¢) In recrystallized grains xmmedxately after completc
recrystallizafion

Photo. 4. Change of precipitates by extraction replica methods during continuous heating,
steel LA, no pretreatment, 720—30°C/hr.

*
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# 57 £ (1971) ¢ =

a 575°C (739% recrystallized)

[

660°C (1009 recrystallized)

d 700°C (100% rccrystallized)

Fig. 20. Change of {200} pole figure during recrystallization and after complete recrystallization,
steel LA, no pretreatment, 720—30°C/hr.

5. {200} WHEHRT TRCI LIRS T 5. 30h
SMTHITIIL D55 EREOKE S (50~100A) T
»Y, 575°C H7c D X Y AREHBICELL, BEETTIE
EroLEVIEBXRILTS. BEELER 3E» < (RE
No 10~10"5) 7 =Y 4 v FEIREZFESTLH
LEEEIHZ O, BREGEAHEIBAITHS.

(v) Steel LA, F{E#hjasf : HitH 500°Cx 2 hr,
TNk s 720—30°C /hr

WEEROFT A X EERN R H 5\ 3 deforma-
tion band (T35 5 TSRS LNENRETOEIIIS <
¥i7e\v~. Fig. 8 5 L ¢F Photo. 5 (a), (b) wRT X5k

BESNBELLNEIAHX Y LEVKZTOEBENL
M CEELSHEATHL Sl 5. BREMETRC
{2223, {332)}Hst¥pnl, {200}, {211}23WA¥ 5. T
S5 TiERE T {222} BEWEZTT. BRESRE»K
DKLU, Fig.21(a), (b) © X 57 {111}{011)35%:%
L aREaMEgE T Y.

(vi) Steel LA, F{#tinmis L, MEGEE 720°C/br

Fig. 9 1t7§ X 5 s h sttt 560°C Hi- v x
DT 523, Photo. 6(a ) ILiRT & ST iddH & vk
LAV bt EFGSETTS. FERNNTONH
HBLBHEAHETIEL o ThHHTHERDAv (Photo.
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TAi=vaxr FPiROBHES

FH S IETNHpORE 399
) =
) End oj*recrysmf:hzuion 0 p=3 End of recrystallization l -
100 -5 = 100 ke o 100 £
- % o R it a0, I'ed g
N \\:f*o‘n - - R 2
= o g0 = 8 A o %
2 sot SN o = - 80 x
bl \, 2 2 50 =
S J | S < 23 li -
& ) 60 B 5 » ‘A_l-lnrdness 2
3 £ g o’ === 60 g
& or 0—"'“{ ° % Recrystallized / \ l 5
| Start of recrystallization & ot o o T
T 1 Start of recrystallization
Sample : LA Grain Sze 9 A L—-“I
Pre-treatment ' 8 i3 g::?:oitmem T Y‘Elongamn mnﬁ 73
—_ Hot coil : 600°C % 2hr Elongation ratio ~old rolled : 500°Cx2hr 1_5 ! 6 L2
= 8 [Heating rate 2 fi N Grain size
2 720=30°C/ hr g | Heating rote
g = 720 ~30°C/hr 5 \
e (after 560°C) g after 560°C) —~ .
x 6 [o— K- E >4
x - (222) T’( ERE s s . —°%2 e
g o c = (222) "o ol B
o 4 4l o = z it
5 {200 _| i/j 2 AT & . ol 8
8 L 1332). fageg | b /% 5| 5 5 |_t200) _| o _(332) | o 8
g 2 v—== 4 W —S—=% G| W = | %% i §
= (211) s | g ° '_‘_ﬂ%‘v (211 el s
e oo £ S
=3 o '? © \
:'>:.‘ J)D'Lr— ] , s N —-8
»n . i s >
§ 03 ! (110) —:{‘ Z o i //-\ )
5 02 5 (110) ez
z . |
I S 01 |
Before heating 550 600 650 700
Heating temperature (°C) Before heating 550 600 650 700
Fig. 6. Change of precipitates, diffracted pole in- ) Heating temperature. (c) _
tensity, % recrystalhzed hardness, grain size Fig. 8. Gha.nge of precipitates, diffracted pole m-
and its elongation ratio during continuous tensity, 9% recrystallized, hardness, grain

heating (steel LA, 600°C X 2hr in hot strips,

720—30°C/hr).
|End* of recrystallization o
100 u_\”w«,déém&—d 00 3
g ‘f,_g’ ‘ o
5 go I
2 S0 r? Hordnessl -
N e
@ 60
B3 % RecrysicllizedJ | g
°r 4 Start of recrysicllization
i : ]
Sample : LA SR "
Pre- treatment Grgin size
Hot coil : 650°C x 20min Lo 3 ‘ 10
= Heating rate |
E 81— 720>30°%C/tr pe 9r2
2 (after 560°C) Elongation ratio L
2
x 6 e
(222) s
z (e | | B
& o 1 | &
c o] ofe) @w| B
% _t200)_| W"‘T ol ° HH
:_E" 2 (3.§_2) ——-._:%ﬁ;‘% o }a‘q:'—' (5 ]
S (211 p: oi PGSl
K] i °'v'°'3'°',, -°
z z,ﬂ :
g 04 7’ a
& o3 (o) —
Before heating 550 600 650 700

Heating temperature (°C)

Change of precipitates, diffracted pole in-
tensity, % recrystallized, hardness, grain
size, and its elongation ratio during conti-
nuous heating (steel LA, 650°C % 30 min
in hot strips, 720——)30°C/hr)

Fig. 7.

size, and its elongation ratio during conti-
nuous heating (steel LA, 500°CX2hr in
cold-rolled strips, 720—30°C/hr).

6(b)) 700°C FRE TN EWITHMA S T 528
g AIN IR SN THEREMRDET LTy, B

%f‘au?m {222}, {200} vimksL, {110} AL, B
A BRIAIRT .

(vii) Steel LA, F{#Ztni® : BEH 600°Cx 2 hr,
hnEhdEE 720°C /hr

ERFEAR T OHT HIAERIZ X 24T v Gil) LRk E b
CThTHOETHY, Fig.10 wRT L 5 (vi) EEE{EL
O SFEHET 55, THSNENEROE (LA EIRH]
~BfTLTW5S.
Steel LA, F{§Ehinem : ¥IEH 500°X 2 hr,
JnEEE 720°C /hr

BB O IR X IR (v) EFRTH D
11 iR+ X5 610°C Hi- v X W EHEL»EA
L, 650°C T 90% MRETHE mETTS. TOLE
{332} oM Lot {200} DR LI BB {222} VIR
DL LIE V. B ST 90% TR —MEILL, B
= By N CUISL O ST i asEnd 5 4% 700°C THK
iy AINZIEEED sy, BfEGEA ST Fig. 22
DX 5z {112}<011) FRMSED DD TN 5.

(ix) Steel HA, sty L, HnEGEE30°C /hr

(viii)

Fig.
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(a) At the initial stage of recrystallization

o . o
T .y

(b) At the final stage of recrystallization

"Photo. 5. Change of precipitates by extraction replica methods during continuous heating,
steel LA, 500°C/2hr in cold-rolled strips, 720—30°C/hr.

a 610°C

Fig. 12 27R7 X 5 i b fabr i 450°C b7 h &
Y ITH 2 BHMA LS SBRAREM TR E ORI £ <k 5.
560°C b7z 9 X D BREABABNCET L, BRSRNI
HEEITHT 5. B3 {222), (332)588hnL,
{200}, {110}, {211}23%A3 % . 3005 Sdr v 3Udk
B2 UFalbd 5 XS5 IR T 610°C Hv X b
ANHEh AIN ZLL T <. BRSPS
B AESHEITARTHS.

(x) Steel HA, FiZisfile L, HnEuEE720—-30
°C/hr : : : )

Fig. 13 12573 X 51 560°C &H7c b X 9 35 &M
WAL, 570°C H7-9 X W BRGRMAEDLNS X
ST NEKBEGEI RD S5\t deformation band
DI HPET LEEHEE ST ORENH S,
- 585°C bz b XY ABUCHEERMSETL 600°C TR

b 700°C
Fig. 21. {200} pole figure after complete recrystallization, steel LA, no pretreatment, 720—30°C /hr.

T5. HELNAICETESITHDS S T 5. X
FEa AIN 13 600°C H-) XD EDHNS. HIRER
BrEmmec(222), (332)2388hnL, {200}, {110} 594>
T5. T L HEGRT HEFTEVWERZRTHRLORA
WICEA L Tw5. BREGESHEBT Fig.23 0 X5
A+{I1IKOI) BDLD LD TW5.

(xi) Steel HA, F{5#t/ns : 24iFEH 600°C X 2 hr.
INEGEEE 720—30°C /hr
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(xii) Steel HA, FERALHT : &

“and its elongation ratio during continuous
heating (steel LA, no pretreatment, 720°C/

tensity, 9, recrystallized, hardness, grain size,

hr).

kR 720—30°C /hr
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intensity, %, rercystallized, hardness, grain

size, and its elongation ratio during con-
tinuous heating (steel LA, 600°C x 2hr in
hot strips, 720°C/hr).

PRITVE 4 < DL St HAsERs S 600°C X hRA
AINRRDOND LD/ D, BEiEmc{222), (332}
AL, {200}, {211} 2SR5, BEESSE TRIC
(222} BBEVH T OHLREST S . TGS BT
ABRTHS.

(xiii) Steel HA; Fii#aiEic L, hnbEpE 720°C

/hr
Fig.

16 WRT X S Wtz 500°C 5720
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Fig.' 11. Change of precipitates, diffracted pole

intensity, 9, recrystallized, hardness, grain
size, and its elongation ratio during con-~
tinuous heating (steel LA, 500°Cx2hr

in coldrolled strips, 720°C/hr).

Fig. 22. {200} pole figure at 700°C (92%r ecrystal-
lized), steel LA, 500°Cx2hr in cold-
rolled strips, 720°C/hr.
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Fig. 12. Change of precipitates, diffracted pole
intensity, % recrystallized, hardness, grain
size, and its elongaion ratio during con-
tinuous heating (stecl HA, no pretreat-
ment, 30°C/hr).
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(xiv) Steel HA, F{4E0EE : RIEHK600°C X 2 hr,
fnEEE 720°C /hr
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(xv) Steel HA, FiHZhmmg : 45 500°C/ 2 hr,
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Table 4. Summary on recrystallization behavior during continuous heating.

Heati Pretreat- Recrystallization temperature (°C) I Precipitates
ca lng
Steel r%te ment At 509, ‘Ink;teﬂxal of Cubic Hexagonal
(°C /hr) 1) recrystal- |Beginning | End (,,; ere crvstal
lized li;cd) ¥St4l- |Beginning | End Beginning
30 N 575 570 610 500°C | 660°C | 650°C
N 575 565 640 %;S;VGZO 575 660 650
E 7202139 H 575 565 (650) %?8::?2? (Little) 650 640
(=% ~
gfg H' 565 (550) 630 ?gghv?gg) (Much) 610 575
C
85 c 595 570 610 (Medium) |(610~700)| (610~700)
32z | ' " —
G N 615 600 | >700 ?Sg;“3>700 560 >700 ~700
A 720 625 610 700 ?38::53300 (Little) | >700 700
c 635 610 | >700 ?gg::gg;oo (Medium)| >700 | >700

LB %0 N 565 555 590 450 630 610

€

o,

s N 590 570 600 560 620 610
3 3 72‘2;’2?0 H 575 565 600 (Much) 590 580
=Xl é\ , C 585 570 590 (Much) 620 600

s N 645 615 | >700 | SRTTI0 | s00 | >700 650

~ 720 H 630 590 655 (Much) 700 660

C 645 610 670 (Much) 700 700

*] Pretreatment, N=no pretreatment, H=600°C X 2hr in hot strips, H’=650°CX20min in hot strips, C=500°Cx2hr in cold-rolled strips.

*2 720°C/hr to 560°C, 30°C/hr thereafter.

P EEHITEHEODEDLIRLD.

(1) Al ERWENT5ENFih RNbked AINOD
A REZIND.

(2) ®o< 0 LichnBkeE TS inc o &t it
WS BRI S < H L7234, Fig. 4 & Fig. 12
D 5 Al RO CEEREIAEE SRR AN
715, ZOLEOEEAESRMIZABDOLD LT
TV,

(3) MBS (B 5 VWIGE Y S InELEED)
e, W EERRIEESREL R EEREPT
—EEIET 5. FRESMELEL TV ARG T
HABHETL, HHRENBL-L EEEARARLT
T3, FLTEERS R EELBEE Y
iR 222} 85 < {200} M%< 7 b, {11101 05 01
DELEMFRENRIZ D, B OERILTS.

(4)  HNEREEEEASE G-I VIS ST AT H Y
HLRIH D WIE XD TAH KR WIiCH RS g7
5. o (222} L (110} p3md 5. Tk
EOTEREAHEBIEBRETHS.

(5) BERTOHEIN S Vi EBRHE MR {222}
DA, {110} o¥Em»dH b FEERNI/ NS < BRIOSKE
Mfke7es. Ll ) 0XSEBEYEONE Lk
FHOGECIAROEESMER LS.

(6) HEHOFHLEE X ERE&EE{222Y 080,
{110} oA L, ABOEEMRE LR 505, INEGE
EORCIGE X OMRMIZFEL 5.

(7) WEEGHTTERET {222) ML T OBBAT
5500855, TOELLIF &S HARB M~ DEIT
G LTV 5 H D HERD Hivfz.

ZOR>EEGEGROEENE 2EEHE T &
Photo. 7 iR § Z &L EERF &5 [ deformation
band CBH{R L B RRAES LA DO, Tikbb
deformation band 7> 5L 5i#EA F4E L (Photo.7(a))
FEERF O & 25 THESNORESIRHSN TS &
Z % (Photo. 7 (b)) BLIELIFRED L.
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W OB AR UL &L RS REE) L IR E L BERic D B
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Table 4. Summary on recrystallization behavior during continuous heating.

Intensity of diffraction peak (Xrandom) Recrystal- l Grain size
‘ i lizati | N El ti
Steel | Before recrystallization 1 After recrystallization h *3) t:;ftt\;?: i (XSTM t?;%g ron
YT BT S B T B No
{222} {200} {110} * {222} {200) {110} {222} ] )
4-8 28 | 0024 | 66 1 030 | 013 [ Max. A C 85 2-5
i 1
58 | 29| 020 | 53| 025 | 025 | Min : B 83 2-7
;En%: 5-6 3-0 0-25 4:6 0-63 | 0-39 Min. B 8-9 2-3
Q_‘ i
§§ 4-8 25 0-20 3-3 0-63 0-53 ; B 10-2 1'8
jt|°|_|l 56 3-0 0-21 77 0-13 0-14 Max. l {111}<011>» 6°1 3-2
Z <
i 50 29 0-27 4'4) | (1'25) | (0-47) B — —
nw
56 3-1 0-24 (3:8) | (1:20) | (0-47) B — —
5'5 3-1 021 G D | (1119) | (0-26) B — —
5-6 30 0-25 6-3 0-46 0-19 ‘ A 8-8 26
g"rEi 5-5 2-7 0-22 5-2 0-25 0-18 llt/[/_[?x):. A+ {111}<011) 7-3 26
&é‘ 5-5 3-0 0-23 70 0-16 0-24 M;x' A 7-8 3-1
<?|?“IT 5-0 3'Q 0-20 6-2 0-44 0-22 Max. A 8'5 2-6
Tz | .. . . . : .
T 56 2°9 0-25 (5:5) | (0-74) | (0-25) A — —
AR 5-4 3-1 0-24 4-8 0-91 0-36 Min. B 9-3 2-4
~ 5-4 3-0 0-22 5-4 0-50 0-21 A 7°9 3-0

¥3 Max.,=When a maximum (or peak value) is shown in the {222} intensities throuéli the recrystallization, during or after.
Min.=When a minimum (or valley value) is shown in the {222} intensities through the recrystallization, during and after.

U T ial _ 19 ]

(a) Deformation band and a recrystallized grain with {111}{011) orientation
(b) Grain boundary and a recrystallized grain

Photo. 7. A recrystallized grain originated in the deformed matrix at the early stage
v of recrystallization, steel LA, no treatment, 30°C/hr.

OWHIRIRIT X D FHESERIRELRZELS Y, B
A MR {554)<2255+ {111}<011) 2R Lzdb
O (AR, ABMOERENSTH e b {(AI}K001) AR
X2l L THCERHREDCDD (BAE)

B XU {111}011) WRWERMEZX D O2DDTKEIT S
TEHBTED.

(1) ABRLEBEITOWT

L DEAHBATEE S N 555 O IR TEES Sl
CERBE SRR RS 5\ ix deformation band (Zi7H\4D
MBELWTHL 56 IS L, BEHRT O FRAERD
EWHE (BBVIEEDLDT L VWITHE) T, inEt
BREDE W E & H 5 VIR EERES G~ O R
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Fig. 13. Change of precipitates, diffracted pole in-
tensity, 9 recrystallized, hardness, grain
size, and its elongation ratio during con-
tinuous heating (steel HA, no pretreat-
ment, 720—30°C/hr).

Fig. 23. {200} pole figure at 600°C immediately
after complete recrystallization, steel HA,
no pretreatment, 720—30°C/hr.
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Fig. 14. Change of precipitates, diffracted pole in-
tensity, % rpcryéta_llized, hardness, grain
size, and its elongation ratio during con-
tinuous heating_‘(steell HA, 600°C X 2hr in
hot strips, 720—30°C /hr).
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Fig. 16. Change of precipitates, diffracted pole in-
tensity, % recrystrallized, hardness, grain
size, and its elongation ratio during conti-
nuous heating (steel HA, no pretreatment

720°C/hr).
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Fig. 17. Change of precipitates, diffracted pole in-

tensity, 9 recrystallized, hardness, grain

size, and its elongation ratio during con-
tinuous heating (steel HA, 600°Cx 2hr in
hot strips, 720°C/hr).
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Fig. 18. Change of precipitates, diffracted pole in-

tensity, % recrystallized, hardness, grain
size, and its elongation ratio during
continuous heating (steel HA, 500°C X
2hr in cold-rolled strips, 720°C/hr).
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