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Effects of Cooling Rates after Hot Rolling on the Planar Anisotropy
of Extremely Low Carbon Niobium Cold Rolled Steel Sheets

Taisuke ARAMATSU, Tetsu SAKAMOTO,

Mikio TaumI, and Kunio WATANABE

Synopsis:

The effects of the cooling rates after hot rolling on the planar anisotropy of cold—rolled Nb steel sheets
with extremely low C (C~0°:004%, Nb~0-12%) were examined. The specimens were hot—rolled to 3-2
mm and cooled with various cooling rates; quenchirig in water, rapid cooling with water spray, air cooling
and furnace cooling. ®

The sheets were cold-rolled to 0-8 mm and annealed at 780°C for 5 hr. The direction of earing at conical
cup test varied from diagonal to rolling-transverse according to the decrease of cooling rate after hot-rolling.

To clarify this phenomenon, specimens were exposed in air for several kinds of interval after hot-rolling
and quenched in water.

Specimens quenched from y state showed the earing of diogonal direction and those quenched from «
state showed the earing of rolling—transverse direction.

At conical cup test after cold—rolling and anncaling, the textures of the sheets of diagonal earing were
(5654)[225] and those of rolling-transverse directional earing were (111) [110} and (111) [112].

The difference of earing direction can be attributed to the difference of texture formation which is af-
fected by the particle size of precipitated Nb carbonitride in hot-rolled sheets.

(Received Mar. 1974)
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Table 1. Chemical compositions of specimens (wt%).

mon” | deorbSason sova | 2ols | R LR TR Y| R
1 Al 0-0059 -/ 0-003| 0-41 {0°003{0-005| 0+12 0-065 |<0-002 | 0-003 | 0-0036 {<0-001
2 Al-Si 0-0041 {0-020{ 0-13 |0°009|0°007 | O-11 0-051 0-003 | 0-003 | 0-0049 |<0-00i
3 Si_. 0-0037 |0-140| 0-22 |0:010|0°007| O-14 0-096 — —_ 0-0028 | 0-001
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Fig. 1.

Typical cobling curves after hot rolling.

Table 2. Changes in r value of cold rolled-annealed sheets with cooling rates after hot rolling.

Finishing T
Specimen :
temperature Water quenched | Rapid cooled Air cooled Furnace cooled
900°C 168 1-82 1-92 1-94
1 850 1:75 1-89 2:08 1-93
800 1-75 2-44 1-95 2-24
900°C 1-45 2:14 2-36 1-96
2 850 1-76 2:34 2-58 1-94
800 2-58 2+29 2-35 2-36
900°C 2:27 2-28 2-14 2:16
3 850 2-01 . 2-37 2-11 2:09 |
800 2-36 2-40 2-2] 2:05
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Fig. 2. Changes in r value and eariug at conical cup test of cold rolled-annealed sheets
with cooling rates after hot rolling (Specimens were annealed 780°C x5 hr).
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F.C.: Furnace cooled.

Fig. 3. Changes in insoluble Nb with the cooling rates after hot rolling.
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Fig. 4. Changes in X ray reflection intensities of
cold rolled-annealed sheets with cooling
rates after hot rolling (Specimen 2).
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Photo. 1. Electron microscopic photographs of Nb carbonitride in hot rolled sheets
(Specimen 2, carbon replica, X 60 000)
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900°C
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5. —HHEEIRE 800°C oSN RT LS

L £ 4 L N R 5 7 ,
Photo. 2. Transmission electron microscopic photographs of Nb carbonitride in cold rolled
annealed sheets (Specimen 2. X 15000).

Furnace cooled
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Fig. 5. Changes in recrystallization (hardncss.rcduction) curves at annealing with finishing
temperature and cooling rates after hot rolling (Heating rate, 25°C/hr).

Conicol cup test

Conical ¢cup test

Conicol cup test

Fig. 6. Changes in earing in conical cup test and r value of cold rolled-annealed sheets with the cooling
time (sec) before water quench after hot rolling (Specimen 2).
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(207)
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Fig. 7. Cooling curves after hot rolling (Specimens were hot rolled, air cooled and water quenched).
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Fig. 8. Relation between insoluble Nb in hot

rolled sheets and quenching temperature
after hot rolling.
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Finishing temperature

Photo. 3. Electron microscopic photographs of Nb carbonitride in water quenched hot rolled
sheets after various cooling time before water quench (Specimen 2, carbon replica,

% 60 000) .
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Fig. 9. Changes in X ray reflection intensities of hot rolled, cold rolled and annealed sheets
with quenching temperature after hot rolling (Specimen 2).
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Fig. 10. Relations between average particle size, particle number in hot rolled sheets and

quenching temperature after hot rolling.
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Fig. 11. Relations between the average particle size in hot rolled sheet and the difference in
earing of conical cup test and between 4r of cold rolled-annealed sheets.
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Fig. 12. Relations between X ray reflection intensity and average particle size.
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Cold Rolled

Annealed

Specimen 2 b) ” 918°C
) ” 917°C

d) # 810°C

o

{(a) Finishing temperature 818°C
(
(
(

Specimen 3

Cooling time 0” O  (554) (225)
o 10” A (111) (112)

" 20” O (112) (Mo)

, o ®@ (111) (110)

O (100) (011)

Fig. 13. Changes in (200) pole figures of hot rolled, cold rolled and annealed sheets with

hot rolling conditions.

A LadEBICHEE LTz Nb RebmopiFa, %
PO TS, RE URTFEIE A& < BTE0T i
LTL%. Ll ar BELEBBES T« BIHT
SRS VTR E DR S D, —RRE» T EF
R FEENELRY, Fhiuck LT FEi3EmL,
BENC &b I W A RO, REROBEDELIT X
D, SRR FRIRRE UFERAELS. 2oL
L 13 Photo. 3 i X b EMAiT, Fig. 10 wX bnixh
FEBITHAINS. 72 Photo. 1 R L7{FHFH
DI K & I BT A SLSNC BIR FIR O BT s B2 B
P, chbi HRESE BEE2EXT WitwnZ Eh
B, aRIZEi7cIHT H LA 7R 0T R TV i,
EEEAAE T AL EEES 2T,
IRETORTFEOEVIE XHERES HEOE LD
BAvx Photo. 1 33X O* Fig. 2 R EFFE LIV
Fig. 14 iz 0-011%C, 0°14%Nb ozt >\,
B 7 KRB X W KEEX AN LB & o SRAB X Dok B

AN LB 2SR 25°C/hr OnEEE TS
D H o, 780°C T Shr B Lizb D, (200) £AH
BaETRT. v KEBID KEE Ah Licborx (554)
(225) iFWEFRAREE L TP LT, «RIEXD
KEEX AN Lo (111) (110) ¢ (111) (112) o
FHMBFREL TR LBFRTFHR 5. IFERESERD
ZOEICE L CIE. FIERS o AN B D, Fig. 15
@{nﬂ<H®®<mbm®§bD@EEK;5mm
{111} 110y F7nbb {554} (225) DF:E, Fig. 16 ©
(111} 12y o Q11 f@oFhbho Hixic x5 {111}
110 OFZEOEEIS B bR T W52, 7IKEX DK
X AN Lo b OMRTHEIC, aREBXUKESANLE
HORHEREYTH X5 BEbhER, Zh bR
L EBEOTBCRIROMESLETHS.

5. F & B
(A) 00049 RE®D C, 0°129% RED Nb & &%,

— 93 —



94 & & | W6l (975 B1S

Specimen ’ :
SOIRO O14%Nb  Air Gooled from 700°C A Gooled from 750°C  780°C-5hr Annealed

Cold Rolled-Annealed |
(20°C/hr) R.D. R.D. R;D.

a) Soaking Temperature
1300°C

Finishing Temperature
920°C -
920°C—Water Quench

b) Soaking Temperature
1300°C

Finishing Temperature
920°C

920°C—20sec. A.C.
740°C—W.Q.

i
O (554) (225) a (111) (T10] A (111) (112) 0 (112) (T10)

Fig. 14. Changes in (200) pole figures of cold rolled-annealed sheets with hot rolling conditions.
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Fig. 15. Recrystallization orientation derived
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