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AIN Precipitation of Al-killed Steel for Cold-rolled Sheets
in Continuous Casting and Direct Rolling Process

Kichi NAKAZAWA, Osamu AKISUE, Kazuhiko FUDABA and Masahiko ODA

Synopsis :

A continuous casting and direct rolling process for Al-killed cold-rolled steel sheets was examined. AIN
precipitation in steels which were melted before precipitation treatment was studied in the laboratory and
AIN precipitation diagrams (TTP) were obtained. AIN precipitation in melting-treated steels is delayed and
a larger amount of aluminum and nitrogen are kept in solution in comparison with that in AIN solution-tre-
ated steels. When the temperature of steels after casting and solidification is kept above Ar; transformation
temperature, AIN hardly precipitates. Production-scale tests of the process were performed by using the
continuous casting machine and the hot strip mill. AIN precipitation in hot-rolled steel sheets was also
observed. Enough amount of solute aluminum and nitrogen for obtaining high r-value after cold-rolling and
box-annealing were maintained in hot-rolled steel sheets. Even in case of high content of aluminum and nit-
rogen, most of them are in solution in hot-rolled sheets and cold-rolled steel sheets which have high r-value

are obtained by using the process.

Key words : continuous casting ; hot-rolling ; continuous casting and direct rolling; aluminum nitride ;
solution ; precipitation ; box annealing ; aluminum killed steel ; cold-rolled steel sheet ; r-value,
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Table 1. Chemical composition of steels.
(wt%)
C Si Mn P S Sol. Al T.N
Steel-A  0.047  0.027 0.33 0.012 0.013 0.046 0.0045
Steel-B 0.043  0.017 0.24 0.013 0.014 0.059 0.0040
Steel-C  0.043  0.029 0.30 0.012 0,014 0.086 0.0045
Steel-D  0.051  0.030 0.29 0.012 0.012 0.058 0.0052
Steel-E  0.050  0.021 0.27 0.015 0.014 0.047 0.0041
Steel-F  0.044  0.019 0.25 0.013 0.018 0.082 0.0039
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Fig. 1. Heat treatment cycles for (A) precipitation
of AIN after its solution treatment or melting steel,
(B) precipitation and solution of AIN after melting
steel.
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Fig. 2. Precipition of aluminum nitride after
melting treatment of Steel-A, B and C.
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Fig. 3. 20 percent precipitation diagrams of alu-
minum nitride and 30 percent ones in Steel-A, B
and C.
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Fig. 4. Effects of melting steel and solution
treatment on 30 percent aluminum nitride precipita-
tion. A number in a parenthesis represents N as
AIN in ppm just before precipitation treatment.
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Fig. 5. Effects of solution treatment temperature
and time on residual aluminum nitride after pre-
cipitation treatment of 800°C X 10 min (solid marks)
and 800°C X120 min (open marks).
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Fig. 6. Effect of solution treatment temperature
on residual aluminum nitride.
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Table 2. Chemical composition of steels.
(wt%)
C Si Mn P S Sol. Al T.N
Steel-G  0.050  0.020 0.28 0.013 0.014 0.047 0.0040
Steel-H 0.054 0.032 0.28 0.013 0.014 0.075 0.0110
Steel-1 0.057  0.016 0.24 0.013 0.015 0.053 0.0038
;6 1400
: Center of top surface
21297 0N 1050
2 AN 1010 1050
5 S .f\./\
° 1000} S ;\.\ 950
- ~w0-”" 935 |
g soo} 870 860
‘El Side surface
2 600p L600~540
@®
o
£ 400}
2
(7] 1 e, I i " i I 1 i 1 PR SR
0 30 60 90 120 (min)
. " " BN
cC Insulator Box Hot strip mill

Fig. 7. Measured surface temperatures and calcu-
lated ones of Steel-G in HDR process.
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Fig. 8. Measured surface temperatures and calcu-
lated ones of Steel-I in HCR process.
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Fig. 9. Aluminum nitride in hot bands of Steel-G
processed by HDR and CCR.
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Fig. 10. Aluminum nitride in hot bands of Steel-H
processed by HDR and CCR.
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Fig. 11. Aluminum nitride in hot band of Steel-I
processed by HCR.
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Fig. 12. Nitrogen in solution in hot bands proces-

sed by HDR, HCR and CCR.
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Table 3. Mechanical properties of cold-rolled
steel sheets of Steel-G and H processed by HDR
and CCR.

Y. P. T. S. ElL
Process (kgt/mm?) (kggf/mm?) (%) r-value
Steel-G  HDR 14.8 30.1 47.5 1.78
Steel-G  CCR 15.0 29.9 48.5 1.75
Steel-H  HDR 15.3 32.5 47.5 1.72
Steel-H CCR 21.8 35.0 46.5 1.22

Table 4. X-ray reflection intensities of annealed

stee] sheets. (X random)
Process (110) (200) (211) (222)
Steel-G HDR 0.16 0.27 2.37 7.79
Steel-G CCR 0.18 0.33 2.17 6.95
Steel-H HDR 0.16 0.26 2.05 9.02
Steel-H CCR 0.37 1.02 1.89 5.35

—7%, HCR T L A D REAMKC CHEEN
BREAMRAHI LN TES.

Table 3 {2 Steel-G, H DFBESH% O G EMW DMK
¥t % HDR & CCR TRt oI B W TRT.
Steel-G D412 HDR # & CCR # @ r - #EHRO %
HizpnwTxznEEPL%zwv. L L Sol. A, NEN%
V» Steel-H ®341213 Fig. 10 T/RL 7 X 92 HDR &
CCR T# & THIEHR D D AIN OB EIKELSRLR
%. B TO AIN OHFfHEDN A % v HDR TEM T
i3 Al, NEFZWICHrrboTEY rEx A LK
A, BRSO CBREIC B, S AIRFEBESI G AT I
T 58 % AIN 2B RESHBEHIMLOOoOKRER
RERPBONLLDTHS.

Table 4 |2 Steel-G, H DBESEAR DM 12 FAT 2 K55
B2 oD X-BSEE*/RT. Steel-G O5& 1k HDR
MDFH CCR M & b b %= (222) 558 < (110) & (200)
A&V, HDR #ic B W TS o 72 AIN O
HASESHBOFIEIC L DA BT E D EER
bhbh, L LELSOEEGESHEE (100) B
MTaLLEH - 27MBICBIA2EREICRIELDE
EHLrLbOOEEHESHBOEARNLBILDLOL S
vy, Sol. Al, NE D%\ Steel-H #0354 121& HDR #
¥ CCR M EDMBICIZHBE2ELSH Y, CCRMIZH~
< HDR #cit (222) »53E®cm < (110) #® (200)4F
B 2D TCWwWah, Steel-H DX )2 Sol. Al, NED%
ViE4ATH HDR TR S O %2 AIN OTH
RERTAZEDNTEROTHATSHAS.

4. % =
EERE TR - ARLEE O AIN OZRNT HEEE)I,

TERBRICLLZEITIANHO AIN OFHEEE & X —
HLTWABEWRZA, FABSIH TV I F N FEOEEY
% Sol. A, NEDOH, Bz id Steelr-A DT hZH
0.046 %, 0.0045 % DA XA — AT+ A4 MREE
THNIEENED 30% Llbd AIN & LTHET 2D
(249 300 min A LA 5. EREEABEES O AIN O
HULFERER I A = & &, EIRTOBMY B %D
7HIIIZEALETLEWVEEZONL., 0T, i
BEEERO R T 7D AIN OFFBOREEIC LD TE
Geghs - HERBEETREIR V22 22 HET
nidXwv, LaL, KBTI AIN OFTHZEEICE X
FTEREMTOTAOEEIZOVWTIISAR TRV,
XHIZZnTLRICBITA AINWHEOHEHRELH O
B EFORBOREIIOVT ORI 2T ALEH
H5b.

Lesuie 519 O TIALEITICHhH 5 &) 2KiE
HALIKEED AIN AFEET T ADoK E 2 DT
Ho#E22FHBOLI LAFEHmEL TS, LirL, Fig
4 IR L2 &) AT ERT O AIN O &I ED
v, O TREROFEEICB I BITHOES DEL
SEOMITIE DA S B WE M % AIN OELE, HDHV
Al ENBBEBREL T THZERSH B —IIHL T
WEWIEIZEBBDEEZLNS., BHMMLIREEZ®E
LT+ DORERM R THLIERMLEOEELIZEA
E—HTHDIIIDDTHAH ).

F 72 Lesue & D3RO 2B ML O AIN ORI
A — A7+ A4 MREBR, LA AT FA A PETx
SAFOZARBERES5IC7 294 MEEBICDIDT
—oDIFBCHBTERER TS, ZhicxfLTHK
R oERIE Fig 3WCRLAXIEH—RATFA 2
LA —RAFF+A b7 274 bOHBREIIHTTIX
—oOWHCHBTEHRENL LD TiEB V. Ary BHE
HOETFTT AIN OFEESBBHICEDLS, —H, &
Mo ymnE, BEEROMBTH—27F L
T4 VRERIZZoD AIN OB/ X255
EEHELTWAS, AEOHEGTRZ>DHith/ —
ZAHHBE LB CTROORABRIZL LD TRV,

WP LT ORI R THE, A REAET OR
FEHTIE 72914 bFRIEL R BIT2oN0T AIN O
HAEL D2 TCWA., F—RAFFA e 72914 FOR
EHTONBOERSDEIZTT7 254 MNEEBTO Al &
N & OBRERI A — 2T F 4 MREBRTOZIZH~
T 1/10 £ /h& Y F72, N& Al OILERK 2
B—HRREREVZDOTHILEEZOND,

KB LTIE AIN OFFHEEICB XIFTTREZOR
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KOV THOREEHE L. REES0.0010 % FEIC
K< %2 72356 ORI H O AIN O HEBICBW
T—ODRKE LM R L3, KREILISHES An
EREL O FRIC L 2T AIN OHH2E VIR AR
BEBIZECIRAEAI L THAH, HlziE, 875°C DIRAEEIC
BWTiE 1 min OFTHLERHCTHENED 80 % Ll L
AN ELTHHLTLEIZETHAS. CHOZ LD
g - APEEERE TR COBRERET VI FNEF
MR OBERMFRFT A ECHBIZEE L b g
LRWIETHD.

5 #& B8

RS - AEEERE LTV I 30 FSESK
FREBELTWSDICE, BRS L -#ELHHIELT
AIN OFE#AL, AT, BEALSEoRxevLEL 21
hEzbwv., ZOLDIMREBIVCISETCOERS
BIWUTOMEZEL.

1) BRUBEIN-TVIFLFROL—ZAFF A b
M T AIN OFTHIE Sol. Al BN W IE & H L 72
5. FENE Al L NEDHETIRENED 30 % Lk
2% AIN & LTHHT 5 DI2# 300 min L ED»2 5.

2) A BRESLUTORESICZ S & AIN O HO
WEIA — AT F A MREEETOZ T A~ 153 <
%A, HEOT, BRME IS, S D AIN OFFHIZ
— 2 ONTH CHER Tz RAE 2.

3) BHRLALEE O AIN O I ERILE < h7- 8
DENRLD LHELHEITT S, Lo LH5%SRcEmt
WA B %) LHEBULE SN EMOYED AIN O
WS ARIZRICIC 2 5.

4) BRLBINEFHOBETHOTH, WOlzA
AN 24T 845 X 20H%OBMEEE & AIN OHE
LR & OBRIE Lesue 50 % & 72 “Apparent solu-
bility product” O & L —FK T 5.

5) HDR T#&fHEko CCR L% H~% &, HDR
TRCBILSFN Al ENOBEBRESHBEI LT
W, FFIC AL BYLEVE ZICRZFOENKEL L. it
2T, HDR LRIC X 2 50 5B Ec L2 o fE
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