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Occurrence of Coarse Grains in Hot-rolled Low Carbon Aluminium
Killed Steel Sheets Coiled at High Temperature

Yoshikuni TOKUNAGA, Yaichiro MizUYAMA, Mineaki INUI and Masato YAMADA

Synopsis :

The occurrence of coarse grains in hot-rolled low carbon aluminium-killed steel sheets coiled at high

temperature was studied.

The relation between microstructures and hot rolling conditions was investigated on the basis of hot rolling

experiments in the laboratory.

Fine grain bands form by finish-rolling below the Ar, temperature, and they change to coarse grain bands
by abnormal grain growth. They form at the surface of sheet when the finishing temperature is close to Ars,
and extend to its center in thickness with lowering the finishing temperature.

Aluminum nitride begins percipitating rapidly at grain boundaries after finish-rolling. This compound
is the main precipitate pinning grain boundary. But the abnormal grain growth proceeds mostly before
the grain boundaries are pinned firmly by the precipitation of AIN.

These results were confirmed in the hot rolling experiments in the shop.
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Table 1. Chemical composition (wt%) of (Heating temp.)
laboratory hot-rolled specimens. 1100C, 1250C
C Si Mn P S Al N (Finishing temp.) )
: 850°C AIN precipitation Anr:-eallng
0.02 0.0l 019 0014 0,004 0.062 65ppm 730CTX |h

Table 2. Laboratory hot-rolling conditions.

Items Experimental condition

Heating temp. of slab
Roll diameter
Rolling pass schedule
Finishing temp.
Cooling methods
Coiling simulation

1250°C, 1100C

400 mm (Single roll)

30 mm——15 mm—8 mm——4, 5 mm
900°C  850°C 800°C 750°C

Air cool (8C/s), Spray cool (25°C/s)
730°C x 3h in furnace
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Fig. 1. Preparation of specimens to test the
formation of coarse grain bands.

Table 3. Chemical composition (wt%) of slabs
used for hot-rolling experiment.

C Si Mn P S Al N

0. 025 0.01 0. 16 0,010 0. 002 0.073 40ppm

Table 4. Results of the laboratory hot-rolling

experiment.
Finishing temp.
Slab heating il P
temp. (°C) 900 850 800 750

1100 Dispersed ACG bands ACG bands Uniform CG*?

1250 Uniform
grains

ACG bands ACG bands Uniform CG

* ACG: Abnormally coarse grains
* CG: Coarse grains
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a) Rapidly cooled after finish-rolling at 900°C
b) Kept at 730°Cx3h after finish-rolling at 900°C
¢) Rapidly cooled after finish-rolling at 850°C
d) Kept at 730°C X 3h after finish-rolling at 850°C

Photo. 1. Microstructure of the laboratory hot-~
rollied specimens. (Slab heating temp. : 1 250°C.
The surface is located just outside the upper edge
of each photograph.)

a) Rapidly cooled after finish-rolling
b) Kept at 730°CX 3h after finish-rolling

Photo. 2. Microstructure near the surface of the
specimens finish-rolled at 900°C in the laboratory.
(Slab heating temp. : 1 100°C)
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Fig. 2. Depth of fine grain bands related to the
finishing temperature.

a) Rapidly cooled aftcrvﬁnish-rolling
b) Kept at 730°Cx3h after finish-rolling

Photo. 3. Microstructure at mid-thickness of the
specimen finish-rolled at 750°C in the laboratory.
(Slab heating temp. : 1 250°C)
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BETS. WEEOHR 1, 730°C K0 WEIL #
8.0 ©, HLEIHE~RS & /MX . LaL, 800~850
°C oft EFBEOHE L, EE»S L ¥ CRiE
T 5% (Photo. 1 d) o#krE) 1% 9.3 okE
Thy, Thithk~5 Lk, 750°C o BT EEDOS ST
BB KERBNEAK LS. 25 7 mEyRE 1100
°C DHEE BRI L>T, 800~850°C i |
T EEDHACREHARAER XN 5548 & 2B 5
CRiLOT V.

Photo. 4 (¥, #Hi V7V Ak X v 730°C i {555
DEJEROWT M H T IcboD—FT 5. 1250°C
DA 7 mEEETT, 900°C f: EFodniz, a) o
BEEO X S5RKNAD AIN Filias o, fEERA
ik AIN 2EEC > TEENHL T3, 1100°C
gt ¢ b RO TH 52, RAROH ML 1250
C° DFRICHRTAIes D7,

850°C f+ B EEDE&H, AN 900°C 4 |
VR L R, kR AIN 2MEEFTH R Sy
RBD. Fi, BERANRGEKRECHYT S -
2 bRBPPIL, ) DEHED X S HFHRCOHsD
720 B R0 AIN 2R Ehic. LanL, oA
MERNAARbREVLZ E0h, AIN Ok FHH 2 b5
LR AT, Photo. 1 d) iR X 5 7 BBk
BECIOT, NABE RIS EELBRS.
900°C fh: EIFEIED A & IBe U TR % ML, —#o

a) FT*1:900°C
¢) FT : 850°C

Photo. 4. Carbon extraction replicas of laboratory

hot-rolled steel sheets kept at 730°C for 3h after

finish-rolling showing the effect of finishing tem-
perature on the morphology of AIN precipitates.
(Slab heating temp. : 1 250°C)

Note : Fringes surrounding the precipitates in some photographs
are supposed to occure due to the unsuitable etching
condition.

*1) Finishing _temp.

BHTCb) OFEHED L 51 AIN 23PN 5
DIERORALZETHS. LvL, ZOBEFTBRENTE
D EDERFCHL T B 0T, FETE ieasoife.

750°C oft BIFEEDEH AL, d) O BEEO X S,
Lk AIN ZoiT oMk, KR L SRBT
Bote. ZofEE, 1250°C, 1100°C ot & b
R TH 5.

i, 850°C ot B EERE bic ZR~E% LicH
Bz oW, Fig. 1| oZ@E217>C, AIN offitis
BIER O R AN ORE DT JERIBRTOWT
Y. BREHEAREORER, A T FTIMBMRE L 650
°C, 10 BRI FE LT, Table 5D X 5
wich. EERMIE, EbboA T FIMBREORIER
FEIEEH AR T S h, £ o R A3 B
Table 5. Results of the experiment shown in Fig. 1

regarding the formation of abnormally coarse grain
bands.

i t .
Pre-treatment before Slab hesting temp

annealing at 730°Cx1h

1250°C 1100°C
No pre-heating Formed Formed
Pre-heating at 650°Cx10 h Not formed Formed

a) HT*1:1250°C Pre-heating at 650°C X 10h

b) HT : 1250°C No pre-heating

c¢) HT : 1100°C Pre-heating at 650°C x 10h

d) HT : 1100°C No pre-heating
Photo. 5. Microstructure of the specimens in
correspondence with Table 5 (The surface is
located just outside the upper edge of each
photograph.)

1¥) Slab heating temp.
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a) HT : 1250°C, After 650°C X 10h
b) HT : 1100°C, After 650°C X 10h
c) HT :1250°C, After 730°CX lh (Pre-heating at 650°C
10h)
d) HT :1250°C, After 730°CXx lh (No pre-heating)
Photo. 6. Carbon extraction replicas of the spec-
imens made in the experiment shown in Fig. 1

showing the morphology of AIN precipitates.
SHBRDTB LD THS. 1250°C o insdk B oR K
Tix, 730°C, 1R FERiIC 650°C, 10 B o §i
MBE AT 5 L REHAREIIRE LTy (Photo. 5
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1100°C o jn#4iE EE D3 -A1213, Photo. 5 ¢),d) iR
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%, MBCIXZ IR Z 5723, Photo. 6 a) R
Lo AIN RN, RAE S CE BT LT
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6 d) WRT X 5ic, AN RUEAEIT ORI, 47
HICER S AR HTHREECH v, BEERERR LR
7ol 1100°C opn#iB gD § o, Photo. 6 b) » X
SICAZ 7 MBI R Ch o L EbhaBRhoM
KIS BEWHIESTER Y, BERCHETEEL b
B8 AIN 134 70us.

3-2 THOERTERICK I BEERZBR

T BT % BIESREBRTIL, Photo. 7 1R$ k 5
R B ORI, FTisbb, 898°C it kU E §E 4t

(a) 1.898°C CT*2 ; 760°C
(c) FT:885°C CT: 700°C
Photo. 7. Change of microstructure in the thick-
ness direction near the surface of hot-rolled coils
showing the effect of hot rolling conditions.

*1) Finishing temp. *2) Coiling temp.

(d) FT:857°C CT: 720°C
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#=. Photo. 7 a) oKD AIN o2 HFNIE = 5,
Photo. 4 D#EH L FfEIc AIN 20 RICEBLFH L T
Wb EDFER I NI, 7, Photo. 7 b) oFkloM
KPR, RMACHEL-E:E2b05 Flko AIN
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4. = =
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BRAEFAETETOWL

SBTHEYHFARThEDL, FhETCHIUELRFEL
T EMReh ot 3w I FTENARANT RF = —
NETy Va7 1849 e cE 5 X 5 E
BKONY 7 2 =70 L5 EYRES AT
BRIDOIXESHL 10 FLHETHL. SEOKEIA
DEANTHEERCAY, HEEZ T &rEPLTE
HLl7eThsb o vbwdw bk (dike) (2EE4 & B0t
FTotebh, Borh LTHEADSHTW. &5HFE
DENRL DGR 72T\ B 2 & DDt
FeANAREETH oM. oL b LEEL TR
EAPORFY E L TOEI AN L0 A5
NEBHEIRLRI. BV ELVEEARICEDT
BHBEERERHZDIEL VS B DRETIDZ LB L
TWwb. &, BREACSLCTREVWRKLT I b E
DX STEFEOZ LB VHTL TV

LR EEFRISICALERTE Y, 12X
DX SBFITHD LERLED, oM E>T

HEDRLISbRAWZ ES . WA - MESTH
MR RR I RS R BN 2 e 2, Bl CIIBLR R
e\ LT ERRG 2R ES S L e LRI,
FloM RO - BEYBEOH L2 ED B
B HERERE - FAERFER LD TE VLD
LD T&ETC5D. COXEMERLEICEOWL - &
DRAETHHEEDTEL IV, FZER1IDHAINLE
L3 D2l 4 OBFFEE O 50 L %577 & AT 20
HOTWB T L 49 £0 A 4 (forty-niners) 2[R U
ThHhH5.

HAAKRGHEOH TR A L 2 ZgIUE%E5 & EFo
¥ FEHAN M5 DD DA TOnD EDOTLED
7. &S I (panning) L#ED7cdE AR s/
Wl FAREBELHEE, BFERXAGEOTHE D
T, i X5 &L 2 bTHD. axwi s
CEWKDELTDOHDODEEBZ L e 2 ThbTHOR.
FHEZOWNCZS TLH S oEIVMEO B> T8
LTFFTHhs.
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