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Effect of Niobium Carbonitride on the Deep Drawability of Low

Carbon Niobium Steel Sheets

Synopsis:

Taisuke AKAMATSU, Shigeo TAKANO,

Kunio WATANABE, and Mikio TauvMmr

This report deals with the effect of Nb carbonitride precipitation on deep drawability of cold rolled-

annealed sheets.

The maximum Lankford value was obtained when Nb/C was 8~12 for the vacuum melted- steel

sheet.

The solution and precipitation of Nb carbonitride were examined by chemical analysis; it was found
that the carbonitride dissolved in austenite at 1200~1 300°C in only a few minutes in the case of
extrmely low-C Nb-steel (C 0-006%, Nb 0-189), but some part of it remained in the case of low

-G Nb- steel (C 0-039, Nb 0-329,).

Lankford values after cold rolling and annealing were examined for the both types of specimens. The
extremely low-C Nb-steels were not affected by hot rolling conditions but low-C Nb-steel shewed a
lower Lankford value when soaking and fiinishing temperatures were high. This was attributed to

the precipitation of fine carbonitride.

(Receined March 18, 1974)
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Table 1. Chemical composition of specimens (wt%).
i
Specimen c Si Mn P S Nb N _Nb
C+N
H1 0-006 0-19 0-32 0-017 0-018 0-180 0-0062 14-7
H2 0-008 0-19 0-28 0-015 | 0-014 0-072 0°0067 4-9
H3 0-037 0-10 0-04 0006 0°006 0-32 0-0017 8-2
\‘C_“) @vr rgc:s oultler
1= ater coolant
20+ . -~ ==— Water coolant
.\\-
[0 B . [ 3
. [ Furnace for
vo b «§v precipitation
1 1 1 I ! 1l
0 5 10 20 30 | 40 3 Furnace for
Nb /¢ § solution treatment
Fig. 1. Relation between ¥ value and Nb/C of
cold rolled-annealed sheets (melted in il Water coolant
vacuum, C~0-019%;). —-— Ar gas inlet
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Fig. 2. Apparatus for solution treatment and
precipitation.
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Table 2. Flow chart of chemical analysis of Nb

precipitate.
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| [Filtrate] —={Fe-Nb mersllic compound Nb-8
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Fig. 3. Change of sol. and insol. Nb%, with solutien treatment time of specimen HI.
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Fig. 4. X-ray reflection chart of residue of
specimen H1+H2 dissolved in 6 N HCI
(Specimens were solution treated at 1200
~1300°C and quenched in oil).
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Fig. 5. Relation between Nb%; and quenching
temperature (Specimens were solution
treated at 1300°C for 30min and
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Fig. 6. Temperature and time diagram of Nb
carbonitride precipitation.
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Fig. 7. Solubility products of Nb carbide in
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Fig. 8. Solubility products of Nb carbonitride
In austenite and log[Nb2]1[(C+N) %]
of specimens.
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Table 3. Solubility products of Nb carbide in austenite.

1) F. De Kazinczy, et al.: log [Nb][C]=—2 500/ T —0-6318

2) Narrra, et al.: log [Nb] [C]=—7900/ T + 3421

3) P. MaNDRY, €t al: log [Nb] [C]o87= —9600/T +4- 5420
4) R. P. SMITH: log [Nb] [C]=—9100/T +3-720

5) IMar, et al: log [Nb]1[C]= —14000/T +7-58%2

6) L. MEYER: log [Nb][C]=—7290/T -+3-041

7) T. H. JoHaNsEN, et al.: log [Nb][C]=—9290/T +4-372®

8) Mori, et al.: log [Nb][C]087=—7 700/ T +3-181 .

Table 4. Solubility products of Nb carbonitride in austenite.

1) Mori, et al.: log [Nb] [N]o-65[ G]0-24= — 10400/ T +4- 0929
2) P. MANDRY, et al.: log [Nb][G]0-83[N]0 4= 9800/ T +4-4620
3) L. MEYER: log [Nb][C +N]=—5860/T +1-5410

4) K. J. IRVINE, et al. log [Nb][C +12/14 X N] = —6770/ T +2- 262
5) OcIno, et al: log [Nb][C +12/14X N1=—6 700/ T +2- 3226

Table 5. Chemical composition of specimens for hot rolling experiment (wt %).

g

log [Nb%;]
Specimen| G | Si |[Ma| P | s |cu |[Nb|3%F 1 N | O CT’N 1[°§£/1‘§b%3 X
‘ ° [(C+N)%]
A 0-020! 0-20| 0-36| 0-003| 0-006| 0-10| 0-17/<0-003/0-0087/0-0098] 59 —2:47 —2-32
B 0-011| 0-15| 0-38| 0-008| 0006/ 0-10 0-19<0-0030-0071,0:0106] 11-1 —2-68 —2-46
C 0-0090| 0-19| 0-28| 0-017 0-018] 0-09| 0-16/<0°006/0°-0050/0-0267| 114 —2-84 —2°65
D 0-0096| 0-19] 0-28| 0-018] 0-018} 0-08| 0-25| 0-0060-0056{0-0373| 16-4 —2-62 —2-47
E 0-030| 0-22| 0-28| 0-015, 0-013| 0*10; 0-32 0-041/0-0090/0-0113 8-2 —2-02 —1-90
Table 6. Schedule of hot rolling experiment.
Forging Soaking~1200°C, Slab size 20x 130X 120mm
Soaking Passes Finishing temperature Thickness Heat treatment
1300°C 2 e
Hot rolling X 1hr 3 850°C 750°C x 30 min
3-0mm 550°C X 30 min
1 150°C 2 850°C Slowly cooled
% 30 min 3 800°C

Pickling

Cold rolling 3:0——0'8mm

Annealing 780°C X 5hr (Heating rate 500°C/hr, Cooling rate furnace cooled.)

5. RFTHFEEC R VDD 2 ERELP L DRDT, &

3, o = B Eﬁi%@ﬁiﬁ-‘l bx‘i 7‘72@@:&01%!41‘&_1,, é@@_
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3.1 RBBLCRBAE YA OISR S % Table 5 i, BUEEE Hk% Table

LEOEROER, B X Nb RE(bhoE 6 WRY. %%k Fig. 7, Fig. 8 1zl HI, H2 ©
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Soaking termperature

1150°C, |300°C
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Fig. 9. Relations between tensile strength, yield point of cold rolled-annealed sheets and
finishing temperature.

Socking temperature
1150°C, | 300°C
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Fig. 10. Relations between total elongation, n value of cold «r(;I‘led-annealed sheets : and
finishing temperature.
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Soaking temperature
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Photo. 1. Electron microscopic photograph of specimen E.
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