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Effect of Processing Conditions on the Ferrite Grain Size of Low Carbon
Nb-Ti Steel Annealed at High Temperatures

Yoshio HasHIMOTO, Kaname HASUKA, Sigeru MINAMINO and Kazumitsu SHINOHARA

Synopsis :

In order to prevent orange-peel appearing in a surface of stainless clad steel, the effects of various
processing parameters on ferrite grain size have been investigated on a low carbon-niobium-titanium steel

which is suited for a base material to be clad with stainless steel.

Based on the results obtained, three

kinds of processes have been proposed, among which the following two have been selected from practical

stand point.

(1) The steel containing 0.05% niobium is annealed at temperature higher than 1 000°C and cooled with

a rate of 25~40°C/s.

(2)The steel is annealed within the temperature of ferrite range.
In the former case, the annealing at higher temperature than the conventional can be applied resulting in

better ductility of the surface stainless layer.

In the latter case, the steel will be low cost and has good drawability for the small amount of alloying
elements, and has great benifit that the steel is available more easily because of mass production as a

popular high drawable steel.

The proposed processes have successfully been applied to produce the clad

steel sheets of laboratory scale and mill production scale, respectively.
Key words : low carbon; steel ; titanium ; niobium ; stainless clad steel ; ferrite; grain size ; annealing.
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Table 1. Chemical compositions of tested steels (mass% ),
Steel No. C Si Mn P Al N Ti Nb Ti/3. 43N
1 0.0051 0.016 0.15 0.013 0.014 O.v053 0.0035 0.0050 0.025 0.416
2 0.0052 0.016 0.16 0.013 0.015 0.054 0.0033 0.0170 0.025 1.502
3 0.0052 0.016 0.15 0.013 0.014 0.049 0.0096 0.0170 0.025 0.516
4 0.0044 0.016 0.15 0.013 0.014 0.047 0.0083 0.0170 0.051 0.597
5 0.0103 0.017 0.16 0.013 0.015 0.049 0.0030 0.0050 0.024 0.486
6 0.0074 0.017 0.16 0.013 0.014 0.050 0.0030 0.0110 0.024 1.068
7 0.0046 0.017 0.15 0.013 0.014 0.047 0.0096 0.0110 0.048 0.334
@ @ ©) @
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Fig. 1.
method.
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Fig. 2. Effect of chemical equivalent ratio of
titanium to nitrogen on the ferrite grain size
number of cold rolled and annealed steel sheet
(¥ range annealing).

a) Steel 1, Ti/3.43N 0.416 a grain size number 7.0
b) Steel 2, Ti/3.43N 1.50 @ grain size number 6.4
Final annealing 1 023°C  Cooling rate 29~33°C/s

Photo. 1. Optical microstructures of cold rolled
steel sheets.
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Fig. 3. Effect of titanium content on the ferrite

grain size number of cold rolled and annealed steel
sheet.
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Fig. 4. Effect of niobium content and annealing
temperature on the ferrite grain size number of
cold rolled and annealed steel sheet (7 range
annealing).
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Fig. 5. Effect of carbon content on the ferrite
grain sizes of cold rolled and annealed steel sheet
(7 range annealing).

¥ 25~40°C/s DRFFHFIHIC K ABE% T LTk, Nb
DEVIETE, BEL I LBEOEWIZEHEL T o fLid
ML AEBI AR SN D, L <2 0.05% Nb T
1000°C ULt y ez L Ci3HIEE A 10°C/s @
BECHNTHERT TR 1 FEEM» L
Bbhb. \
3-3 CORE

Nb ORMEAS 0.025% @ No. 1, 3, 5 BLU6 DI
% 950°C ULk yiTchEE 2 LzpliconT, &

— 160 —



Nb-Ti ifIMER RMOFIESEL £ LB 7 = 71 MRS B XITTRERGORE 1747

HEEE /NS A—%—E LT CRE oiEHHEOEG
%#kK®, Fig. 5 0RT. WFholist$ LIBETH C
EBOWIMT S & eff@fid/hE< s, ZomEmILE
HEEASHEL THIERIEIFAMKTHED, ZOBEHEH
LA 25~40°C/s DR O F 725, HHEE 10°C/s 12
HARTHERS T 1 HFREEICHMMTH 5.
3-4 REETEOZE
Wik (LHRO®) ETHE o ERHEOEE Y Fig. 6
WKRT. SORICEBE, oI y L 3 LNE
WKBWTHEETENRKEWILE eESRiz/hs
H., WHETEIGS0% 5 75% [ZHEMLE-E XD a
ORI FA 950°C LLETI3fERSC 0.2~0.3 %

11 T T T T 1

Infra-red ray heatin
FA:900,950,975,1000°C
10 H Cooling rate:10°C/s a -

S
z
&
© FA:900°C

9 -
2 s\
2
g Steel
3 8 |- n? =
= D 1 [}
.gz’ FA:950-1000°C
@ 2| o
] A \ ah _
@ r A N 3| =
B | ettt % 4| o
2 ﬁ T

7 X

40 50 60 70 80 90 100

Cold Reduction(%)

Fig. 6. Relation between the reduction of cold
rolling and ferrite grain size of cold rolled and
annealed steel sheet (@ and 7 range annealing).

10 T T
~ Infra-red ray heating FA:900°C(a)
S FA:900,950,975,1000°C
Z 9 L[Cooling rate:10°C/s 4 .
1 a
&} a .,
2 ’:__,/‘i"
2
E 8 d° Do Steel
E FA:950- 1] e
§ L 1000°C(7) 2l o
g & A 3| m
E L. R e 4| O
s 6 & % 5| & |
T 8 6] »
= 7] x
5 ! 1

Hot coil non-annealed Hot coil annealed

Hot rolled steel sheet annealing condition

Fig. 7. Effect of the annealing of hot rolled steel
sheet on the ferrite grain size of cold rolled and
annealed steel sheet.
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Table 2. Chemical composition of stainless clad steel sheet made by rolling (check analysis) (mass% ).
Clad fraction Layer (Steel) C Si Mn P S Al N Cr Ni Ti Nb
1% Surface (SUS 304L) 0.019 0.50 0.88 0.028 0.002 0.003 — 18.59 9.42 -— -
Inner (Nb-Ti steel) 0.01 0.2 0.36 0.014 0.014 0.052 0.0051 — — 0.0013*  0.056

* Ti/(3.43N) : 0.074 — : Not analysed

Table 3. Chemical composition of explosively bonded hot rolled stainless clad steel sheet (check analysis)

(mass% ).
Clad fraction Layer (Steel) C Si Mn P S Al N Cr Ni Ti Nb
% Surface (SUS 304L.) 0.019 0.50 0.88 0.028 0.002 0.003 — 18.59 9.42 — -—
309
0 Inner (Nb-Ti steel) 0.004 0.01 0.15 0.008 0.008 0.056 0.0035 0.01 0.02 0.015%* 0.020

* Ti/(3.43N) : 1.3 — : Not analysed

Table 4. Mechanical properties of cold rolled and annealed stainless clad steel sheet (2.5 mm thickness).

0.2% proof Tensile E]ongation r-value Bending test Grain size number
stress strength o) . (0t, C-direction) (JIS GS No.)
(MPa) (MPa) (JIS No. 5 specimen) L C 45 Average

217 415 46.4 0.95 1.08 1.14 1.08 Good 1.8 %md;'t‘gjee‘)
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Fig. 8. Relation between tensile strength and total
elongation of austenite stainless clad steel sheet.
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