1962 B X 8 45 67 48 (1981) wllg

BN TR LTI TEHITN

m X

s DG 669.14.018.262 1 669.141.241.2 : 669.15'293-194

Nb WINFRERE 7 L 2 U RS X 21 88E Y
S EESIR O B

5N &* . HE* - HA ERT
Development of Low Carbon-Niobium Steel with Ultra-deep Drawability

Osamu HASHIMOTO, Susumu SATOH, and Tome TaANaKA

Synopsis :

A study has been made to develop deep-drawing sheet steel which can be prcduced by continuous an—
nealing as well as box annealing, giving clean surface free from inclusions and orange peel—free surface
in deeply drawn condition. To develop this type of steel, the following matters have been taken into con—
sideration : (i) To obtain high ductility as well as favorable texture, ultra low cdrbon steel is adopted.
(ii) Carbide—forming elements are added to fix interstitial carbon and nitrogen and whereby to obtain non—
ageing properties. (iii) To achieve clean sheet surface and avoid hardening the amount of alloying ele-
ment is reduced as small as possible. (iv) Not all interstitial C and N do not precipitate by the addition
of carbide—forming element. N is fixed as AIN by adding Al, which, in turn, together with carbides pro-
vide for the nucleation sites for the precipitation of remained free C. Ultra low carbon, niobium steel
with Nb to C ratio of ~1 in atomic weight is found to possess excellent properties. It shows high Lank-
ford value, low yield, but relatively high tensile strength. The excellent properties are obtained in con—

tinuously annealed condition as well as box-annealed one.
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Table 1. Chemical composition of steels used (wt%).
: T X X(at%)
Steel c Si Mn P o N s0f. Al T V) {(uh%)

L1| 0005|0010 | 015[ 0.002| 0.001| 00023} 00047| 0019 | T 0
. L2| 00060011 " v 00021| 000450015 | 55, 0.6
: L3| 0005|0019 v {0008| 0005| 00032] 00043| 0031 Nb, 1.0
?E L4| 0005]0013 » | 0002| 0001| 00031| 00048|0.017| NP, 1.4
2 L5| 0003[0019 | 014 0037] 0005| 00028 00040|0.024 | Nb 1.0
=z L6| 0005]| v : , 00016| 00042[0.023| (NP 1.0
= L7| 0008|0031 | 015/ 0038 00031| 00072{ 0.035 | NP 1.0
" L8| 0005|0011 s | 0.002] 0.001| 00025| 00048|0.018| 4011 0.5
Lo| 0005(0012 + | 0001 00021| 00051[0.016| o456 1.3
& F1| 0004|0007 | 015 0.017| 0.004| 00027| 00062[0.011| oNB, 0.8
w | &| F2| 0004|0008 | =+ | 0012|0006 00020 00020[0.037 | (NP, 1.0
T2 F3| 0003[0013 | 016 0.011] 0.005| 00022| 00024} 0042 Db, 1.7
: B F4| 0004[0007 | 015 0013| 0.004| 00025 00027|0.008 | N5, 0.8
1 =| Fs|o0004f0022 | 013/ 0011|0005/ 00038 00048|0.047| (Nb, 0.8
Z F6| 00030013 | 016 0.013 00019| 00026 0.044| (NP, 1.7

Ag—killed| 0038[0032 | 032 0.011] 0.018| 00034| 00052| 0.032 -
decarburized] 945020003 | 029| 0012 0.020| 00498( 00012| Tr. -
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Fig. 1. Hot rolling condition in laboratory (a),
and simulated coiling and subsequeut cooling
condition (b).
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Fig. 2. Anncaling conditions for continuous type
(a), and box type (b) T, is annealing tem-
perature.
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Fig. 3. Effect of micro-alloying elements Nb, Ti
and V on mechanical properties of very low car-
bon Al-killed steel: (a) continuously annealed
(830°C, 40s), and (b) box annealed (730°C,
40h).

— 98 —

o+



Y

Nb B ERE7 LI A FRICL 5HER Y B ERIROESE 1965

fEHH 0.5 TREE% R L, Nb/CERZR X b Ainl
Th, HLTh r EIMETT 5. P LETR
Nb o X v r iz LR+ 55, Nb/CENRHEML
ThHF oLV, YS, TS 3l LEC I B3
Nb/CfEofnE &b LA L, El 3#E T35
OEMTEGEE T LH DR SA L vEETHS. L
LoRERND, B BMAKRE LTh oL bERCHME
BREXEBOKED Nb/CfEix, # 1.0 BETH
B Ebnb,

= Nb/C {Er# 1.0 BED Nb HingHicous
T, BEnE L CeEREOMKRY Fig. 4 ©rRt. &

~ |(a) (b)

% o) o

& 30} o—0—°
:'\ﬁ\ 30

L

45
o— O\o‘—'o
a0l 0\

3s o
20

E2(%)

O\O
\O

|= 16

T T T T TTT

o0
\o

1 1 il 1 1 ]
0.003 0.005 0.0080.003 0.005 0.008

O (wi%)
Fig. 4. Effect of carbon content on mechanical
properties of steels L5, L6 and L7: (a) continu-
ously annealed (830°C, 40s), and (b) box
annealed (730°C, 40h).
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Photo. 1. Microstructures of steels 1.2, L3 and 1L4:
(a) continuously annealed (830°C, 40s) and (b)
box annealed (730°C, 40h).
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Fig. 5. Effects of Nb/C value and coiling tempe-
rature on mechanical properties of steels F1 to F6
annealed continuously (800°C, 40s).
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F2 and F5.
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Fig. 7. Effects of Nb/C value and coiling tem-
perature on mechanical properties of steels F2 to
F6 box-annealed (730°C, 40s).
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Photo. 2. Effects of Nb/C value and coiling temperature on microstructure:

annealed (800°C, 40s) and (b’) box-annealed (730°C, 40h).

BT ABERCH B T LoD
THFEH (F2~TF6) REELE L XOBK SESERVBEOFENIT LA LWD,

HOMEEIC 3 JIETRGES X EU D RS L O Nb/C fED

Table 2. Mechanical properties of sheet steels annealed in production line.

mmy Fig. 7 @it

(a) continuously

7 {HLASA D DOV T

r {1t Nb

/C B bPEBExmodoiEsiEh s &

Annealing Works | Annealing c e CT Y S TS E ¢ — Al
Process OFRS 1 ondition omposition CC) |(kef/nd)|(kef/nd) | (%) T (kef /n)
Mizu- . C=0004% N=0003%
Box hima 730°C, 30h Nb/C=10, Ad=0.03 7% 520 152 [ 317 49 21 0
C=0003% N=0002% :
hib 850°C, 10 2 . . .
CAL Chiba C, 100mpm Nb/C=1.7, Al=0.037% 520 19.0 32.8 47 2.0 0
(é) 0004%, N=0002%
=Vu. 7@, =u. 0
hib 80°C, : . . .
CGL Chiba (8 30mpm Nb/C=14, AL=0024% 680 14.4 29.0 53 2.3 0
decarburized rvimmed steel 17 28 52 1.9 2
AL —killed steel 18 32 46 1.9 0

(%) Mn=0.06%, in others Mn=0.13~0.16%
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Photo. 3. Microstructures of hot rolled sheet steels,
which are hot rolled by laboratory mill or hot
strip mill.
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Photo. 4. Transmission electron micrographs showing
Nb (C, N) precipitates hot rolled by laboratory mill
or hot strip mill.
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Photo. 5. Element analysis of precipitate in hot
rolled sheet steels F6 and L4 (Si and Cu origi-
nate from carbon film and Cu mesh, respectively).
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Fig. 8. Effect of Nb/C value on ageing index of
sheet steels, which are hot rolled by laboratory
mill or hot strip mill.
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Fig. 9. (200) pole figures showing recrystallization textures in steel F6 (2) and steel L2 (b).
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