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Effect of Hot Rolling on Mechanical Properties of Extra Low
Carbon Cold Rolled Steel Sheet Containing Niobium
Susumu SATOH, Toshio IRIE, and Osamu HasHmMOTO
Synopsis :

Effects of hot rolling conditions on the mechanical properties of extra low carbon cold rolled steel
sheets containing niobium have been investigated. The mechanical properties of this steel depend on
the hot working conditions and heat history after hot rolling, and the former effect is stronger than
the latter. Hot rolling with high reductions, high speeds or low finishing temperatures (=Ar,;) improves
the Lankford-value and the ductility of cold rolled and continuously annealed steel sheets. The reason
can be explained as follows. When carbo-nitride precipitation is accelerated through the hot rolling
with the above conditions, the grain size of the hot rolled sheets becomes amaller and the density of

fine carbo-nitrides precipitating after hot rolling decreases extremely.
rolled sheets contributes to the improvement of Lankford-value.

The smaller grain size of hot
The low density of fine carbo-nitrides

in hot rolled sheets increases the ductility of cold rolled and rapidly heated steel sheets.
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Table 1. Chemical composition of steel used (wt%).
C Si Mn P S O N sol. Al Nb Nb(at%)./C(at%)
0005 001 015 003 0005 0002 00042 0027 0039 10

FCRES LD 700°0C ofFIC#EAL, b 30

°C/h T#H&. (3)BHEETUORAZEL, 700°C-
5h oFm#aBEs, 30°C/h oy, (4)BEEER

900°C(y {REE) m bl bic kAN (Fig. 1 BR).
7eds FAR O BB R #IC I\ TR A EBNLRD
High 27,

AESESE LIROBBANE Y NS DI By
SREEEC X b #E 0.7 mm (BYEHKRE 3.0mm, EF
K 77%) & 0.8mm (BYEHIKEE 3.8mm, FTK 79
%) OBERE L. BREMALELIE N FABXTT
A M EEY B RBBMEY TT ok, Z0EED
In#GEEEzF 35°C/s, ¥H#uy 830°C-40s, AHNIZEH
(500°C % ToOEHAHEE 10°C/s) THofe. HIESE
7o ¥ LHUTT~T 0.7~0.9% oFE TR THEEEY K
L7z, JIS 555 5Bl in TU TEEMI I E
AR, BIEEFEL r O XFEIES AWK L 0°,45°,
90° HETHbH, FOERIOHECOVTREESR &
L7z, ZmA~, FEEE 10mm/min ThHoro. FBIR
B (YS) 2 ERERS, HH5V BRSO X 5T
fovsd ot 0.2% it E Ui, E75lEMS (TS) &
XU efhe (ED) %Rt PEERIE CBRHIEEEe 5
ppm LT S WED BBERFEL LT BHFEREY
HEET 5o BiEg (AD g L. AL 12 7.5
% BIEBfTME L L% 100°C-30min DOZME L
fo ZoEHETELE. bishic Al=1kgf/mm? (&
Ew R 2 ppm BRECHYT Y. BERD FHER
b LRSI LIROBE L RO T TRDI.
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2 B BIrERTRL H-700, MEEFI: 200kV THD
to. EfHiiMpE 7 e AT e b v RERBEC X D ER
M LTERSH 5 IO X EREECIARAEY T2
fo. (3)HEAHE « BERC OV THRIERLE TXHRK
S X b (2000 ERARNE RDI.

3. R B B R

3.1 PENMIMMEIERS
grRsM A N RIFEESGC X b BREE (JE TXK 629,
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TS R IO 7 fHICHTA AN RS BN, FHBORE
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1250TC—20am

Reduction 62%, FTO00OT
Hot rolling \ Speed S5 ain, Pass 2

700T -5h

700TC
-2 ——.

Air cooling \\\ \-3C/h
( 530C/am) ‘\‘ ~.
N .
\s ‘
Treatment —> AC SC RC

Fig. 1. Treatments after hot rolling.
Table 2. Effect of heat treatment after hot roll-
ing on aging indices of hot rolled sheets and
mechanical properties of cold rolled and annealed
sheets. Treatments (AC, SC, RC) and hot rolling
conditions are shown in Fig. 1. Mechanical pro-
perties produced by hot strip mill in factory are
also reffered®.

Hot rolled
Cold rolled and annealed sheet
Heat sheet
treatment Al Ys TS El T Al
(kgf/mm®) [kgf/mm?Xkgf/mm?) (%) (kgf/mm’)
AC 08 22 35 42 1.5 0.4
5C 0 22 35 42 1.6 0
RC 0 21 34 42 17 0
in factory 0 16 33 49 21 0
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Fig. 2. Mechanical properties of cold rolled and
annealed sheets plotted againts reduction, finishing
temperature (FT), and speed in hot rolling.

* 10004

Optical and transmission ClC(tzon mlcroqrapln showing the effect of hot rolling

%) on grain size and morphology of

precipitates in cold rolled and annealed sheets (hot rolling speed : 40m/ min, finishing

temperature : 950°C).
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Photo. 2. Optical and transmission electron micrographs showing the effect of hot rolling

reduction ((a) and (b) : 62%,

(¢) and (d) : 879) on grain size and morphology of pre-

cipitates in hot rolled sheets (hot rolling speed : 40m/ min, finishing temperature : 950°C).
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Fig. 3. Grain size number of hot rolled sheets
plotted against hot rolling conditions.
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Table 3. Analysis of precipitates on the specimens
Reduction  62% 57 treated in the way shown in Fig. 5.
10 “‘,”‘ ~ \
\];((d 4“2’;1:/ Treatment Nb N N as AlN
L X <0.001  0.00C5 0.0003
¥ <0.001  0.0006 0.0002
: l W 0.004  0.0006 0.0004
“| ) o HW 0.014  0.0018 0.0016
i " LA 0.037  0.0037 0.0017
:; — f 28:,:”\/ (LA-LW) {0.033) (0.0031)  (0.0013)
. ar - HA 0.036  0.0039 0.0027
B j (HA-1iW) (0.022) (0.0021)  (0.0011)
£ _
a . i - |
Speed S R T +

/

rReduction T0° i

w7 850°C |
/ i

0 - j:l—| I'—I_IA——:’—M— .,,l

Toar 200 Sin o [T TR

Precipitate diametert A

Fig. 4. Effect of hot rolling condition on
particle size distribution of hot rolled sheets.
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Fig. 5. Treatments for studying the effect of hot
rolling on behavior of carbo-nitride precipitation
in 7 phase and « phase.

3-4 SMEEERSIY BBEELRICHITS RELEY
DT HED

JEA 10mm r 50mm Ol Fig. 5 iR %
TR 7o LR BARRERE A B U7 & & O FiHi 4% B AF R
HCERN LA Table 3 127533, 1250°C-20
min O¥EEKFEAR AR L7-4L 0 (X)) X000 900
°C FCeEAAEE (Y) otz =4 FbEmirE o
Y R e R o% s N S R 0 S ORI~ Jooh g 57 i
WAER iz 900°C 7 HKEEAR Licdh o (LW Low
reduction and speed-Water quenching, HW : High
reduction and speed-Water quenching) (Z(z#7{li4p
Iz = F MRk, FIRGC X, Y A X D B
DEF, Nas AIN 2500 55, BIEH I 7o Tl

(a)

- 1000A

Photo. 3. Carbon extraction rephcas illustrating
the effect of hot rolling condition((a) : LW, (b):
HW) on carbo-nitride precipitation prior to y—a
transformation. Hot rolling conditions of LW and
HW are shown in Fig. 5.
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Photo. 4. Transmission electron micrographs showing the morphology of precipitates after hot
rolling and air cooling to room temperature (treatment LA shown in Fig. 5).
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4-3 PARIERELIRE DR LW H ¥R

3-4 MIOFEBRFER T, BEXEETE, EHETTS

Table 4. Content of nitrogen as AIN calculated
on solubility products at 900°C26)27,

Sulubilily produclts of ALN Noas Al {with)

26) !
log[AZ][X] = ~7400/T + 1.95 | 0.0023
i

27)

log{AR)[N] = -7750/T + 1.80 0.0034

Table 5. Content of niobium as NbC calculated
on solubility products at 900°(Cé)10)12)13),

Solubilitv products of NbC | Nb as Nhe (wr2)

log[Nblic) = -7900/T + 3.42'0) ’ 0
r
lop[¥b](C] = -6770/T + 2.26% } 0
oy |
Log{Nbl[C) = =7290/T + 3.04%°70 | 0
L 13)
Log[Nb][C] = ~9100/T + 3.7 0.016
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