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Influence of Carbo-Nitride and Proeutectoid Ferrite on
Hot Ductility of Nb, V Containing Steel
Hitoshi NAKATA and Hiroyuki YASUNAKA
Synopsis :

Surface crack which occurs in-unbending process during continuous casting, was investigated by hot ten-
sile test mainly at 750°C in relation to Nb, V carbo-nitride and proeutectoid ferrite in Nb, V containing
steels.

Amount of dynamically precipitating carbo-nitride has close relation to the value of load integration
which was newly introduced parameter.

Surface crack sensitivity grows higher as the parameter becomes larger because more Nb, V carbo-nit-

rides precipitate at grain boundary and intercrystalline, which leads to the increase of total amount of pre-
cipitates.

Thin Proeutectoid Ferrite around austenite grain boundaries was observed when deformation was intro-
duced at 750°C, and the ferrite also increased crack sensitivity.

To avoid surface cracks in continuous casting, reducing the number and zone length of unbending points is
effective because load integration value decreases. Furthermore, surface crack sensitivity can also be im-
proved when the temperature at unbending is higher than 950°C because the amount of Nb, V carbo-nitride
becomes less and ferrite precipitation does not occur.

Key words : continuous casting ; unbending ; surface crack ; carbo-nitride ; proeutectoid ferrite ; hot tensile
test.
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Table 1. Chemical composition of steel investi-

gated (wt% ).

C Si Mn P S Al \Y% Nb N

0.10 0.27 1.56 0.002 0.002 0.027 0.06 0.035 40ppm

HEFI 62 4 4 AARRMWHRARSICTHE  WEM 62 4£ 10 A 23 HZ4d (Received Oct. 23, 1987)
* (BR)MIE ST MEFZERT (Materials Research Laboratories, Kobe Steel, Ltd., 1-3-18 Wakinohama-cho

Chuo-ku Kobe 651)
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Table 2. Test conditions.

Number of
deformation A(s) B(s) C(mm)
1~100 50 3
50 5~300
50~150 150~250 3
5
o |8 C
o
) l
. Time

% 50s &—EIC L CIREEER B & 5~300s 124k ®
KB EFE L LTITW A BlE 2 FERICE b7
REE S —ETo 7.

HBhORBERE IR hREHRTEO 25 F05HR
YL, TOHBOERE S [CHFET LIS OMm
& SH5 §/SX100(%) CEHEL, ZOHENOEER
Tl 217272,

I cH % Nb(CN), VI(CN) BLUF 72914
MzowTid, FROBRBERE BXUTMLESATHT
TA—VAY =%V TRER L 721&, KB KE DT
BIEICEOTESL, M e sk s ¢ RE
THRELTO/R. 2L, ML7 +—< 25 —OHER
B AR DT RN L LR TRL2 D, FINELAEEL—
FWTHEOEEOMLEIR 2.7mm ICLTWA. Th
B — VESWFIRABH O%HE 15mm THSH DT
LIML7 4+ —< A% —ORBHOBFER 13.5mm TH
B2 THAH. N7 274 MoV T AFIRMEEIC
I HEE, KEMAWEZDOTWES Nb, VORIZONT
IR A BRI A 2 L X D vE L, WHIRER
HMLFYFIZXDBIEL 2.
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3-1 EMRREITHDRORER

Photo. 1 iC 3EXBI5R Y & 9 B&EIE D OFIERAEBRAF A
HoBNFEAEREOEY/RT. WE I 1 MOMIK
Bl 50s, AEREFRIIZ 900s, FIRE 2 3mm TH 5.
Photo. 1 75 9 EZFI13R 0 D& 13 SEBDFEICHEL
THNRERENKEL ADOTWLI b b, $72
CoOENEF—2F A PRFR B TS, OGS
Mg L DFEHOEREEIL 2.2X10 4s™ TH B,
1EOERCESLAEAEK L, IEFIRVDOEE
1.33%X1073, 9BBIRY DFE 13 4.4X107*s™ THI
HBOEAQERBEIBBEOERAEED 3B DTV,

a ; Number of deformation : 3, 4 : 50s, B: 250s

Photo. 1.
pattern shown in Table 2 at 750°C.

b ; Number of deformation : 9, A : 50s, B: 50s:

Influence of condition of deformation on state of crack growth tested in the
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Fig. 1. Relation between strain rate and amounts
of niobium precipitates.
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Fig. 2. Relation between deformation time (A) and
amounts of niobium precipitates.

MEIECMIBMOBMMEF L2 E2%bhD, #
FREMPCOBNITHEZREILTWREEEI SRS,
Fig. 3 IZ5RABTOMEMMR DO —H %2 R¥. Fig 3
VRS X ISR A IC D E RS, ZOME
TEWITH AT 52, - RBBESEC T, T
BEAWNS VG RBNITEHER D 2w, DLEoZE L
BT E I IO A IEKFEL W L 5bh
5.
—RICEAEAMT TR TORB I RNV F— 25
%70 BAEBBEES R AL, BRI Nb(CN), V
(CN) BABERER LT 25, T ERRNICE
WMAEASHR, ZOEFTICOITHIEL, - OBAERE
BRAMEAR, TobLMEIWRINIERE(RS
LEZOLNDY, N R IAL A R (R %
BRI A LEZSN DT, BINTHELYH
ETHNT A= —L LT, BIRARBRICBITHEME L
WEEAOM CH E WS OEE, TR LERRY
WO ELEA L. WMERMESELS RES—EDE
B, BABENRE (ERMOBE L EAEFEI/S L
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Fig. 3. Example of value of load integration.
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Value of load integration; a : W= 1.75 X 10%(kg-s)
b: W= 3.0 X 105kg-s)
a ; Number of deformation : 9, A: 5s, B: 50s
b ; Number of deformation : 9, A : 50s, B : 50s

Photo. 2. Influence of condition of deformation on
state of precipitates at austenite grain boundary
tested in the pattern shown in Table 2.
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Fig. 5 12 Table 2 IZ/R L - RS CHIEAREBR 21T
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Fig. 5. Relation between total amounts of precipi-
tates and ratio of crack area.
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and value of load integration.
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n: Number of
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A: deformation (time
s
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B: keep time (sec)
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+
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i

“ T
1 2 3 4 5 8 7
Value of load integration X10° (kg-sec)

Ratio of crack area (%)

e

Fig. 7. Relation between value of load integration
and ratio of crack area.
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5. CORRLOBESENFE L %513 L WERBES
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X 5IC5RE % —E 2 LT Table 2 {2774 T K
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DFERERECBTCHBEAEPRIL THEY -V E
BEAL L7256, 5 VIIEBIE Y — v K5 U TR
BESTAL LAY LTV 5. Bl IE8EEES X
OBERBHF—ECHEIEY — Y EH 1/2 12521254,
Table 2 IR TINTEER A 3 X OREBEEM BoBOB
D 1/2 2% % LIRELSHE, AL IKIIKRD T A=
50s, B=50s (BAEREEM 900s, FEAEE c=4.4X
107*s™!) OBFEOMEBEFSEIE 3.8X10°kg.s T
HBHDIIK LT, A=25s, B=25s (FREREER 450 s, e=
8.8X107*s™ 1) oA IF 1.95X10°kg-s & % AH. BN
WHMELRRD L, WERBESMMEOE AL LD
WHEMT 570, SIhWBEREXBOBO Fig. 7 IR
TEIIC8% L 0.4% LhLEEENL, LOTH
EV—VERECLT, HEdELHRSELIEHE
HHNOERICKE LRI DDLEZOND.

Fig. 7 KIEMRMBSME L SN EAEREOREFEL
EOTURYT. HPICBRNZ4HI»RLTHD, BIE
EHAENFEEREICS 2 DRBIC>VTREPO, @
O (1EOMLTCOEAREFIELLEZVEELD
ha5E), BLUO, @DHE (1 00EREEHIE

Value of load integration;a: W=0 b: W=1.75X 10°kg.s
Thermal condition : R.T.—10°C/s — 1 300°C (2 min) — —5°C/s — 750°C (2 min) — deformation

Photo. 3. Relation between value of load integration and morphology of ferrite at austenite grain
boundary.

c: W=43X%X10%kg.s
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po——————————m=|

g oot}
- condition of deformation
o
a Fig. 8. Relation between test
c
3 “, temperature and amounts of
& Teo B0 50500 0501060 niobium and vanadium precipi-

tates.

Number of deformation : 9, A : 50s, B: 50s

Thermal condition : R.T.—10°C/s — 1 300°C (2 min) —

—5°C/s—* test temperature (2 min) — deformation

Photo. 4. Relation between test temperature and morphology of proeutectoid ferrite at austenite

grain boundary tested in the pattern in Table 2.



1296 % & & 8 74 £ (1988) £ 7 &

FRICHA» B LT WA, wolF) 880°C TidmL
2HEZTWABIZH»bLOLET 7274 FOHIEEDL
v, TOMED A ZRAETFHREBERIOH
870°C THH, MLzE2HILIZXY 72514 O
HiRE R, FEREMIYRDOONS A3 EBHETE
ATHEEZOLND.

SO THABERORBE % 950°C DL EICThif, Nb
(CN), V(CN) 0Bttt E DL, EHITAr—RAF
F4 FRRBEBEICT x 74 F SBBTHEETE N ISER
WHICESITHBLEEZONRS.

3-4 750°C TMI.E5Z/-BORECHDOITHEE)

L% 5 2 B0 REBAPOHBICEH L CTETOEE
¥MA A, SHEALEE, HAREDS 7 ORED O
EREEY 1245, T 3RBRF KB IERT 55
HNHHVEREARCIDEILL, ThEDEIRES 2R
FIbKRELS 2D, RRBROBGE, WEREESEL
REREFR T - FHWMEBITIT-ETH LD THED
O TE—EFTH5LIRETS. t #AERKH, At
FRBER Y n lICHMINTELbDOEEXD L, A
B C O An BRRTEZHNA.

ATLOC To AL wevereeresenseoreosenimntiatusinionteienenss (1)

MERMESMER(1)RXoAL 2R L EICHST
HEFEZ LMW L IFFICHBRITENZ LDy
5.

W P B O R #EE X Ostwald @ Ripening @
BRickn(2)XTH5 26159

T§,=73+K.t’ ....................................... (2)
I ol 3EER ¢ TORTEE, ro RATHEEORTF
2, KIEHTH 5.

B t— At 25 ¢ $ TIHTIT 2T EIE I At T,
IS OH P ORI T £ CONBERICET S5
iz At TH5 2605, XoTZoEOWHWE AP X

Amounts of precipitates Nb (%) : Nb (CN)

Il 1 1 1 1 1 L
0 200 400 600 800 1000 1200 1400
Testing time (s)

Fig. 9. Relation between amounts of niobium car-
bo-nitride precipitates and testing time.
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Fig. 10. The dependence of amounts of precipi-
tates on time during dynamic coarsening compared
with the expected dependence for static coarsening
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