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Effect of Composition and Processing Variables on Thermomechanically

Processed Niobium-Boron Steel

Hiroshi TAMEHIRO, Masahiko MURATA, Ryuichi HABU and Michihiko NAGUMO

Synopsis :

In the thermomechanical control process (TMCP) with accelerated cooling, the effect of composition
and processing variables on the mechanical properties and microstructure of niobium—boron steel was studied.
It was clarified that in order to achieve a good strength and toughness balance by the combined addition
of niobium and boron ,it is necessary to lower the carbon content, to dissolve niobium during slab-reheating
and to controlled—roll with sufficient reduction in the non-recrystallization region y. With these conditions,
a fine-grained bainitic structure is obtained. The change of the mechanical properties and microstructure
of niobium-boron steel with composition and processing variables can be explained in terms of the behavior
of boron and the amount of niobium in solution. The strength and toughness controlling factors of niobium—

boron steel were also discussed.
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Table 1. Chemical compositions of laboratory steels.

(Wt% )
Steel C Si Mn P S Nb Ti Al B N Ceq.®
C1 0.011 0. 09 1.05 0. 002 0. 001 0. 046 0. 020 0.023 0. 0016 0. 0025 0. 186
C2 0.026 ” ” " " ” ” ” ” ” 0. 201
C3 0. 040 " ” " ” ” ” ” ” ” 0.215
Ca 0. 057 " ” " ” ” ” ” " ” 0.232
C5 0.073 " ” ” ” ” ” ” ” 7” 0. 248
M1 0. 030 0.11 0. 66 0. 002 0. 001 0.044 0. 020 0. 030 0.0014 0. 0019 0. 140
M2 ” ” 0.86 ” ” " " ” ” ” 0.173
M3 ” ” 1. 06 " " ” ”n ” ” ” 0. 207
M4 " " 1.28 ” " " ” ” ” ” 0. 243
M5 ” " 1.45 ” ” " ” ” " ” 0.272
) Ceq.=C+Mn/6+ (Ni+Cu) /15+ (Cr+Mo+V)/5
Table 2. Chemical composition of commercial production CC Slab. (1%)
Steel C Si Mn P S Nb Ti B Al N Ceq.
NB 0. 046 0. 30 1.51 0. 010 0. 0025 0. 041 0.019 0.0012 0,028 0. 0018 0. 298
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of 1.059%Mn steel plate (Steel C1~C5), Sl
indicates the maximum value of separation index.
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Fig. 2. Effect of manganese content on the prop-
erties of 0.03%C steel plate (Steel M1~M35).
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Photo. 1. Microstructural change of
plate with carbon content (Steel C2

-C5).
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(a) 0.026%C, (b) 0.040%C,

(c) 0.057%C, (d) 0.073%C

Photo. 2. Distribution of boron in plate observed by FTE method (Steel C2-C5).

02 100 410
':E Bainite —
I -]
Eoif 50 T 32
x 251 ° s
= £% g
B ol ®--="8-----e _ogﬁ o 22
70 1 L 1 40
TS
cgeo- <30
£ €
= 5
=
Z 50} H20%
5 <
2 i 740
@ > —
% a0} Jio 198
-80 ¢
-A~---‘LTA'L—" ~100">
L 1 L 0 -120

1000 1100 1200
Reheating temp. (°C)

Fig. 3. Effect of slab-reheating temperature on
the properties of plate (Steel NB).
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Slab-reheating temp. : 1200°C
Fig. 4. Effect of total reduction in non-recrystal-
lization region of austenite on the properties of
plate (Steel NB).
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(a) 25%
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(d) 70%
(e) 80%

Photo. 3. Change in distribution of boron with total reduction in the non-
recrystallization region of austenite (Steel NB).

Slab-reheating temp. : 1 000°C
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(a) 50%, (b) 70%, (c) 80%
Photo. 4. Change in distribution of boron with total reduction in the non-recrystallization
region of austenite (Steel NB).

4. *= =

4-1 [EE Nb g

LBy, 7w e AR X B HIREOME, 7 eil
Wids L OB DO LI IZER Nb S B E e & 2 7-
ER

T ORI 3 BB 0L EEE Nb BoORGI>
WTEX X 5. Fig. 6 1w Cic X 28O E % Nb BEOE
L7, CEIAHEMT 51 onEE Nbizmi 5.
COEHIEMRER» DB O, L5 CEAENE X
7 7HEINBARC TS Nb BEESNRA TS 2 sk L O
R RIEME NbC %% & LT Nb 25 Lo < 7
Bl IBEELBRD. CEHNO0.00% %iB2 25 &
E7 Nb X BB Hd35. 0.057% LI LD CE T Fey
(CB)s HHTHI T3 Dit, BWCiciss & Nb cEELY)
NI CHIN LT Fexn(CB)s DI 24 E 7r C
BWEIMXONL{ /e, rRELT o A~ Fey

— 124 —



by

Nb-B HAGRMEMELE-MESHMOBHE TS LETIERD, Tr 2o E 471

0.2 O 100
—'E Bainite 5
Eo1f 450 & §
£ st £k
» 0,_..-:3:--'—*'." Jd0 o«
60 1 L 1 40
O\T;)__()_o\l
~ 50f 30
E vE-40
- Ly =
E 4 ~A\A -E
4 mJ_A’ e " {502
% ¥ 1-40
g y
@ 30} vTrs - 10 ~60 b
‘“~~ -80 E
TA-L 8 -
A, 100 >
20 . L 1 0 -120

20 40 60 80
Reduction (%)
Slab-reheating temp. : 1 000°C
Fig. 5. Effect of total reduction in non-recrystalli-

zation region of austenite on the properties of plate
(Steel NB).
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Fig. 6. Change of acid-soluble niobium in plate
with carbon content (Steel G1~C5).
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Fig. 7. Change of acid-soluble niobium in plate
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80
. Mainly Mainly
NE bainite ferrite
£ 701
E;
]
g
£
Zeof
2 Slab-reheating temp. (°C}
e 0:1200
®:1100 e
©:1000
50 1 1
650 700 750 800

Transformation temp. (°C)

Fig. 8. Effect of y-a transformation temperature
on the tensile strength of plate (Steel NB).
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Photo. 5. Three dimensional view of
brittle fracture surface and microstruc-
ture (Total reduction in non-recrys-
tallization region of austenite : 62.59).
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Fig. 9. Relationship between Charpy V-notch
transition temperature and effective bainitic fer-
rite grain size (Steel NB).
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