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Effects of the Conditions of Direct Hot Rolling after Continuous Casting
upon the Mechanical Properties of Hot Rolled C-Mn-Nb Steel Sheets

Yoskio HAsHIMOTO

Synopsis:

A study has been made of the effects of the conditions of direct hot rolling after continuous casting on
the mechanical properties of hot rolled C-Mn-Nb steel sheets.

The following results are obtained.

(1) Austenite (y) grain size after casting is very large compared with that after reheating at 1250°C for
th. Ferrite grain sizes after hot rolling are almost equal in both processes. This is probably because y
grain boundaries before hot rolling do not contribute to the ferrite refinement because of their very low
densities.

(2) Tensile test results of steel sheets produced by both processes are almost the same if niobium is
almost completely soluted before hot rolling.

(3) . In case, total hot rolling reduction after casting is higher than 40%, total elongation becomes very
large. ,

(4) Under the experimental condition of total hot-rolling reduction being 88%, the strengthening effect
of niobium is saturated when niobium content is more than about.0.035%.

(5) The effects of the cooling rate in solidification (about 18 and 235°C/min at 1 500-1 300°C) and the
heat history difference in the slab width on tensile properties are small in this direct hot rolling simulation
test.
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Table 1. Chemical compositions of testing steels (Check analysis, wt%).

* Time after casting

*x Salt bath quench from 800°C

Table 3. Hot rolling condition.
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Steel c si Mn P s Soluble | Insoluble N 0 Nb | REM
0%Nb (base) 0.10 0.02 0.43 0. 004 0.007 0.049 0.011 0. 0066 0.0114 — 0.017 -
0.009% Nb 0.10 0.02 0.37 0. 005 0.007 0.009 0. 005 0.0059 0.0169 0.009 0.009
0.012%Nb 0.10 0.02 0.38 0. 003 0.003 0.005 0.016 0.0077 0.0181 0.012 0. 005
0.024%Nb 0.09 0.02 0. 40; 0. 004 0. 006 0.046 0.011 0.0063 0.0118 0.024 0.015
0.027%Nb 0.10 0.02 0.47 0.008 0. 008 0.050 0.012 0. 0059 0.0125 0.027 0.009
0.035%Nb 0.11 0.02 0.45 0.007 0.007 0.071 0.012 0. 0066 0. 0100 0.035 0.010
0.039%Nb 0.10 0.02 0.42 0. 006 0. 006 0.032 0.014 0. 0057 0.0131 0.039 0.011
0.045% Nb 0.09 0.02 0.45 0.004 0. 006 0.026 0.014 0.0055 0.0134 0.045 0. 005
e
0.028% Nb 0.10 0.01 0.36 0. 001 0.001 0.043 0.0094 0. 0085 0.028 0.001
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Table 2. Processing conditions of direct rolling and reheating after continuos casting in
laboratory experiments. _ *
Simulated Cooling rate H i
Lo : L . . t rolling Heat treatment
Process position in mol Stripping time* Heating ot 1 .
D width (15001 300°C) time* after rolling**
b Kept at
Center ey 10min 1200°C 40~50min 500°C, 30min
/min in the furnace
Direct F heat
rolling about Fast heat-
Edge 235°C / min 2min g om0 40min 500°C, 30min
Reheating Center Ellg"(():u/tmin 60min ?glgg%n’n% ﬁt ‘ L — 500°C, 30min

Pass number 1 2 3 4 5 6
Roll. temp.(C)| - 1000 970 930 900 850
1 | 40 (As gast)
2 |40— 32
Pass .
sched;(:le , 3 40— 32 24 4
m  Teo—> 32 — 24 — 16 — 10 ]
5 40— 32 — 24 — 16 — 10 — 1.5 —5. 3
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Fig. 3. Time-temperature diagram of direct
rolling after continuous casting in laboratory
experiments.
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Table 4. Solution of niobium before hot rolling
(Electrolytically extracted, 0.2 ym filter).

~ [simulated| Cooling Nb(wt. %)

Steel Process | Position | ratein A (%)
inwidth | mold [soluble(A)|insolutle(8) A+B
DR center slow 0.009 —_ 100
PR center fast 0.009 - 100
0.009%Nb
DR edge fast 0.009 — 100
Reheating] center slow 0.009 — 100
DR center fast 0.029 0.001 97
0.027%Nb| DR edge fast 0.028 0.001 97
Reheating| center fast 0.028 0.001 97
DR center slow 0.033 0.002 94
0.035%Nb; DR edge fast 0.034 0.002 94
Reheating| center slow 0.033 0.002 94
DR center fast 0.046 0.003 94
0.045%Nb| DR edge fast 0.047 0.002 96
Reheatingl center fast 0.048 0.002 96

sot Reduction below 1000C:84%
&E‘ 0.039%Nb
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‘P 450 o
3
@ . ' 0.009%Nb
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Fig. 4. Relation between strength and processing
variables.
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o | DR(Center)

o | DR(edge)

A | Reheating
/ : Slow Cooling mold

2.2kgf/mm?2
/0.01%Nb

YP. TS(L)(kgf/mm2)

\ 2.8kgf/mm2/0.01%Nb

Heat treatment after hot rolling : 500C, 30min

30 . . . . . X .
0 0.01 0.02 0 0.01 0.02 0.03 .04 .05 . .
Sol.Nb(wi 0 0 Fig. 5. Relation between strength and
ol.Nb(wt%} Total Nb(wt%) Nb content of hot rolled steel sheets.
<—Surface

_Mid-thickness

~— Surface

<~—Mid-thickness

a,d : Fast cooling in mold, center in width
a,b,c :0.035% Nb b,e : Fast cooling in mold, edge in width
d,e,f:0.009% Nb ¢,f : Slow cooling in mold, center in width

Photo. 1. Microstructures of austenite before hot rolling (DR).
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a,b,c,d : Reheating process, slow cooling in mold, center in width
e,f,g,h * DR process, slow cooling in mold, center in width
a,e : 0%Nb, b,f:0.009%Nb, c,g:0.024%Nb, d,h :0.039%Nb

Photo. 2. Optical microstructures of hot rolled steel sheets (Nital etch, mid-thickness).

Table 5. Austenite grain size number before hot
rolling (ASTM GS No.).

Process DR Reheating
Condition| Simulated position |Center|Center Edge Center
Cooling rate in mold | Slow | Fast | Fast | Slow
1/4¢ —7.5|—6
0%Nb
1/2t| —5.5| —5.5(—4.5
: 1/4t| —5.5( —6 |—6 —0.5
0. 009% Nb
1/2t] —5.5| —4.5|~4.5| -1
Steel
1/4t 7 |-78 -1
0.027%Nb
1/2t —5 |—5.5] -1
1/4t| —5.5 -7 -1
0.035%Nb
1/2t| —5.5 —5.5| -1

1r 1250°C, 1h CfFofe. ZIE §j © Sol. Nb &[4
[A/(A+B)] i3 DR, RH BlicEniin, 94% bl
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5%4. DR & RH [, 25 FiEki & S EmsE Ellss
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kgf/mm? PUFT/hI V. BBEANOFET Nb B2

K\ 4 Nb 849 0.035% LI, Sol. Nb B2
0.016% Ll bEicie s LaRERIf 3 5. Nb B2 0.01
% BT a sk b3 % (Fig. 6). BJER] 7 O
K- BEHFSS Photo. 1, Table 5 3. BE &
HIEEEA WY 285°C/min TIREREN S 1/4 B3 @ Ak
r BERL, REFOHEEE v &5, T
BEHOBBELE 2 T (B0 X OTEEE)

7 ROBRIZEL s\ BEFRSHEENRY 18°C/
min TIIEKE» SEEE & ¢ 5. BJERT v knx DR
DFHHh RH I ELLH K TH % (Table 5). L
L, BYESRD o ki (Photo. 2) (IFEREICEL 7
<, BNERT v RERVBIER a MRCTEEL T\iob.
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759 L bcfiFnd s (Fig. 7). YP, TS BZETFTE,
Fhzh 20, 40% LT CXETROHME £ ETF
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< 7% (Fig. 8). FETHA 20~40% THEE H BE
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Fig. 6. Relation between niobium content and
ferrite grain size of hot rolled sheets.
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45 Lo RH 1250 C
Specimen: JISNo.5
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40 32 24 10 5 5
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Fig. 7 Tensile test results of steels rolledy directly
after continuous casting (DR) or after reheating
(RH).
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Fig. 8. Tensile test results of steels rolled directly
(DR) or after reheating (RH).
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Fig. 9. Soluble niobium after rolling and air-
cooling.
wishk, oAl In B, BUERZESHM O Sol. Nb
BIETEN 207 D ETtaBemdd 5. L L,
Nb iz Ehc DR & RH BcE&Es fasof (Fig.
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7t &) MEL (Photo. 3), FEM:AMEV.. LasL, EFXR
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L<@m< 7%, 250 mm BHEHEA 57 (Si-Mn £§f) *»
EEMB L TR 25T 5 b B ETHIT 3 &
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(1) Nb #&HFL, EEBETEEL T\ 5.

(2) $EE NEL, MUETH oM EEIFHEL-.
WoTC, HMETROEIES FERHECIT 2 5 edFEEF D
MIEAOEBEIPNEL, KR 7 BMTOMT O 2R
KEW.

7 E OB TR EEC HE I ETRIMEL I 0T
2B D, WEORIECHERE TR 6 &, FIiER
B, 128y ETR, KELLCEAIRSTHA
5. WCETROBME~DFECONTHNS. ETR
MEWE ¢ R KREL, BHUHBELECCDBEAM
NEL, ERERBERDYH AT S. Fiz, Sol. Nb &3
%\ (Fig. 9). Zoico@Rmlb, Hilibc X v
Ermv. —HETE 40% LLETE < 7t % & Nb

a,b,c,d, e : surface
Finishing thickness : a,f 40 mm, b,g 32mm, c,h 24mm, d,i 10mm, e,j 5mm

f,g,h,1,j : mid-thickness

Photo, 3. Optical microstructures of steels hot-rolled directly after continuous casting (DR)

(Air-cooled, nital etched).
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OPFTHBALERIL AT 55, a Dfikiik (Photo. 3)
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A CBGESM T 1k DR %, 1250°C RH Mo a $r
RizFEEE 5 (Photo. 2). #£2C, Nb ot Hs1E
TERDRE Ul S5 EREME S, IF% L5, 500°C
BERY AYNE iz Nb BA4Y 0.035% Ll kicic s
LR LfERD IR 5. i Nb % 0.035% [E%
THIcHLELEMEEE (1160°C) ") k¥ 70z Nb
#2% 0.035% LLIFCik Nb oBEFC HhE T InSEE
M EThhEFRERCEXE TRV EHEIZRS. /i
RHEERBEENBIFCEAT S TR T Nb o #f a3
Eh Dl 1050°C, 30 min RETLHREIMET L 7
WL RERRO A 5 FIEREERE T 1000°C, % 30 min
TREL T 5%, Sol. Nb 0l BRMBzOLA LR
FBEE (Table 1) CTHBEIETF LWL, 20 E CTHRA
B DFRIAKRBRER L, 1E—%T 5.
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(1) SEBERT r BRI EHESH —4.5~
—7.5 Zchy, 1250°C Hip#EoL & o —0.5~—1
Bl LELIHKRTHS. T, BRERGHEE
(1500-1300°C ) 2%y 235°C/min CizE B 2> b
10mm (1/4 &) ¥CR v 28R T3. Larl, &
OEFEEEN K 18°C/min TIRIEE) LEH ¢ VAR
T%.

(2) SEHEBEELEN & FmMEFEEMN X FNE: Nb
T EET B & TR ERE TR, &
hix a MRk L, BJIERT ¢ RLoXKE X OBELN VN
X, BENNTORBE TR THSHC &, Nb O
ZENC S EE ST L BINBEIER O ZE RN ST X
A.

(3) SEHBOETEN 0% (5EE 40mm, FTF
e 1.67) DI ECclESSEBEEL kb, 75% Lkt
4%, ETRN 0% Pl ECERBEREBZI HEEL,
a-R— 4 KL

(4) BGERETE2 88%, &L H2MM E A 500
°C &1t Nb 138 0.035% LIk, Sol. Nb &
134y 0.016% Ll EciEfbfEA A A3 5. 4, Nb
B2 0.01% Ll ET a 23k 3.

(5) BEEFRASHEE (1500-1300°C fHcfy 18 &
235°C/min), 25 FEAZBEREZE (FhOk X0 )
DE[EHFEENDBFEBIAEERIEY {2 L—va VT A
P TR E T
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