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Development of Low Carbon Equivalent and Normalized HT50 Steel
with High N-V Addition

Kouichi UcHINO, Yasuhide OHNO, Seinosuke YANO,
Toshiei HASEGAWA and Hirofumi MORIKAWA

Synopsis :

For the decrease of C,, of normalized HT50 through the grain refining effect, the effect of reheating,
rolling conditions and contents of V, N, Al on the mechanical properties of high N-V added steel has

been investigated.
The results obtained are as follows,

1) The decrease of strength and the deterioration of toughness occur with higher content of Al in low
temperature reheating. And the strength of as-rolled increases with higher V, N content within a limits

of relation, V= 3.64 N (wt%).
0.03 ~0.09%, 150 ~ 200 ppm respectively.

On the other hand, in normalized steel the adequate contents of V, N are
The toughness is improved with higher content of V and N,

however the excess addition of V, N deteriorates the toughness in as-rolled steel.
2) The mechanical properties of high V-N added steel are influenced by VN precipitates and austenite

grain size is subject to VN through Gladman’s relation.

And the amount of VN precipitates is decided due

to the precipitation in equilibrium with residual N after precipitation of AIN.
Key words : grain refinement; strength ; toughness; vanadium nitrogen; normalizing; ¥-grain size; a-grain

size ; low carbon equivalent ; HT50.
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BHLD ASTM A633E M4 D BELR & L1, HIRMS 60
kef/mm? O THSH. 0B, C, Dix VNATHITH
KIFT Al BOEB LRI T HLDICHV: Al # 0~
0.04 wt% DEZEMRIFH TH 5. #l E~R 1Z5[5RME S
50 kgf/mm?® #& D50 O BEREE & BB XIET V, N
BOREYRATTL20IHW-BRIPGERMTHA. V,
N OWRFHBIZEFARITELZIEEERLTN=
100~200 ppm, V=0~0.1wt% & L7-. % S ix5|5R
& 50 kgf/mm? O N-V &M & L TEFBRL -
RFEUE 0.35% DI TH 5.
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Table 1 ®% A ® 150 mm EFAH % 1250~1000°C
D50°C TEDBETIhMBALZDL, 8/8ZAT 50
mm FIEE L 72, AL BREEE 900°C Tdh o 72 HEHE
Mo—iFid 900°C X 30 min DEELZ S LEB I 2V, [l

Table 1. Chemical composition of steels (wt%).
Steel| C [ Si |Mn| P 8 |v | ra| N Ca (gveﬁlé) Remarks
A |0.19]0.471.46|0.016] 0008(0.08]0.027[0.0210{0.0045] 0.46 [A633 E
B ]0.19|0.49[1.51]0.003| 0.001]0.10] — Jo.0140[ — | 0.47 |Effect
¢ lo.20]0.49 {151 [0.002 [<C0.001[0.10[0.019|0.0150| — | 0.48 of
p |0.19]0.49]1.49[0.002] 0.001|0.10[0.043]0.0150| — | 047 [Al add.

E |0.08(0.35|1.40(0.010| 0.008(0.09|0.020{0.0000 — | 0.33

F [0.08[0.35]1.40{0.000] 0.003|0.09[0.020/0.0130{ — | 0.38

o [0.08]0.36{1.42(0.010] 0.008|0.09(0.021/0.0045| — | 0.33

H |0.08]0.34|1.41]0.009| 0.003]0.09{0.021{0.0170| — | 0.83

1 [0.08]0.36|1.42]0.010| 0.008(0.090.021[0.0200( — | 0.38 |Effect
7 lo.08]0.34[141]0.011| o0.008| — |0.020]0.0145| — | o0.38 of
K |0.08l0.34|1.41}0.011| 0.003]0.08{0.020|0.00145] — | 0.338 |V and
L [0.08]0.85(1.42/0.011| 0.003|0.06[0.021|0.0147| — | 0.83 |N add
M |o008|0.35|1.42]0.011| o.003[0.09[0.021[0.0147| — | 0.83

N |0.08|0.35|1.40]0.010| 0.008] — |0.019]0.0195| — | 0.33

o |o0.08|085|140[0:010| 0.003]0.08/0.019{0.0195| — | 033

P [0.08]0.36(1.410.012] 0.008[0.06[0.020{0.0196| — | 0.33

q |[0.08]0.34[1.40[0.013| 0.003}0.07|0.020(0.0195| — | 0.3

R |0.08]0.36/140/0.011] 0.003]0.09/0.020/0.0196] — | 0.83

s [0.09{0.89(1.43(0.014| 0.005]|0.09|0.014{0.0173 {0.0040| 0.35 g?r“go
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Fig. 4. Effect of process and Al content on N,
in steel B, C, D.
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Fig. 7. Effect of V, N content on vT7s.

150~200 ppm &+ 5 & #7265 L1, FBIRA 36 kgf/mm?
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(Co. = 0.345%) DM S % AV, HIEEBRZEAT - 7.
Table 2 (22 5 7IN#LRAE, 1100°C, 1250°C Zh %
NOFEET $#, BLOBEL S LEOBMHEE L RT.
JEEE $ M D55 8 1% 50 kgf/mm? UL EOfEATR 5
TINZERE 1100, 1250°C MHE L LB LN TWVAS,
—F, BIC oW TIiE 1100°C D P RIF L E%RT 5,

1250°C hoghtt < b vTrs= —22°C & BIF 2% 7R 7.
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WHEICEZEHHLDD Fig. 1 ® Fig. 3ICRLER
CEoBImERLTCYAS, $/:, Fig 7 @RLE
0.08%C & T DJEMEMZLIRAE 1250°C D&EFR L Table 2
WR L7 1250°C o # iz iz LWL RL, EF
BRI ERZETCORIBR LI (BB LTVS. 7,
e & LR OBMAITEE > 1100°C, 1250°C hnZktt &
b IC5 3R & 50 kegf/mm® Ll EOEERYT. MEICow
THOMEBL BIZ vTrs= —85°C LIFEFIENIELR
7.

Photo. 1 12 1100°C MEADBEDEET £, Bk b
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Fig. 8 12 31 @iT/RL 7= X 7 7R L Bt
B, BLXU aHEOEZEDS, o, 3343 SRR,
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o,= o, + 03+ 0,,+ kyd_lfz ......................... ( 1 )
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Table 2. Mechanical properties of newly developed steel S.

Tensile properties V-Charpy impact properties
hPIkate rehselaatl;ng Heat (JIS No. 4,1/4+ L) (JIS No. 4,1/4+-L)
thickness
(mm) ‘e'“*(’?{f‘)‘““ treatment Y.P T.S El RA vTrs vE- vE_4
(kgf/mm?) | (ket/mm?) (%) (%) (°C) (kgf+m) (kgf+m)
1250 As rolled 38.8 65.6 35 72 —22 16.7 2.6
- Normalized 3.6 51.3 41 80 —85 26.9 21.6
1100 As rolled 36.3 53.0 35 74 —53 21.7 18.7
Normalized 39.9 51.7 40 79 —85 28.7 28.6

TR MR A
As Rolled (Ng=9.0)

Photo. 1.

25 um

Normalized (Ng=118)

1100°C slab reheating t=175 1/2t-L section
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Fig. 8. Contribution of a-grain (d,) refining and
precipitation hardening to yield strength in steel A.
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Fig. 9. Effect of a-grain (d,) refining and pre-
cipitation hardening on the toughness in steel A.
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Fig. 10. Relationship between Al content and con-
tribution  of  a-grain  size, precipitation
hardening to yield strength in steel B, C, D.

K&, Fig TIRL7EI91 Al B S WIHEOHE
DETEITHBEEFBY T s LT ENE. —F,
B2 b LMD o ICMAAILOFS AR E <, KiRnsk

L7z & Al EOBINCHES o, D#EIE o KoM KA
CERT 5.

B HEIEEIC DWW TR~ IZFHEL» LR 12
o, PO EMT— & THRIEL 7. HHaLICHER
“ZVNE 7274 PRTHBLAZREZEZ TRV
5, 32H®O Fig 5 L BII5QLOQ0E, BLUVDE
@0 #E (A%V as ppts & &) A4 H5RILICH < VN
Chb. TORE ALRNE L OBKEE Fig 11(a) i
7Y, Fig. 11(b) BEIETR® 7 0, LMRILIZEHC VN
BORBERYT. ChODOBRELrLEVNELXEART
B VIRM#MoOMHEIL: VNICX-Thash, 0
L& Al EDREE S, 12 1100°C MBAEET F
DS Al EOEMTHBBILENKE (KT
Lisbhrn.

— 176 —



BEZE-NFIYLARMCEAIRREELEREL S LEIGRER S 50 kgf/mm? S EHEOBR

177

@ [ As Rolled | Normalized | ® -
__005 20 y:
Q -y /
S o0} ® )/ As
2 008 w—g N / // rolled
2T e Lo ¥
C'g 002+ -~ M N
> -, bn' //
<001 ©“Normalized
0 1 l 1 1 0 ] 1 | !
0 002004 0 002004 0 001002003 0.04 005
(%) aV as ppts (%)
900C 700C
finishing finishing
1260C reheatmg —— o
1100C reheating —-@—  —de-
Fig. 11. Effective VN content for strengthen and
precipitation hardening in steel B, C, D.
004+ O slab reheated (1000T)
® normalized
8 H
~ 008+
°
)
N
= 002f
&
2
(e}
> 001
0 A | i 1
0 001 002 003 004

V as VN(cal) (%)

Fig. 12. Relationship between V as VN (cal.) af-
ter AIN precipitation in an equilibrium condition
and V as ppts (ob.) in steel A.

4-3 7@ VN O

7D VN OFHIZ2WT, MEGEES LAl &#7F
HYOBFRED SETEES 5.

9, Fig 2 IR LAMBRREE LT OBFR LD
AIN it V OFLE L IZERBCITIBLTVWS 2 25,
YHIZBIT A VN o#FiHi AIN & LTHE L7 N LS
DNEVEDBOBEMPIIBTATFHERTHEEELZLR
5, T4 bbb, Fig 12 12737 £ 512 Fe-V-(&N-N
as AIN) Ri2B VT VN W EHTB T2 LIKEL TE
HL7:HTH VEE Fig. 2 O X7 718, Bk s LN
Bl yhod VHHBICERWHE D, LORBEH
3636 hs. 22T, VN OFETHER, &S
2% Si-Mn-EN-V 2> W TRD - BHER (4)RY
R/

log (%V]) (%N) = — 10660/ T + 5.52++-+++--- (4)
X512 YHE~DITEYOEEIZ>\T Fig. 2 OFH
W, YHEOHBR,»OHEELTAHS.

" Fig. 13 yHIZBWT VAT0.01% Bk VN & LT

rc

401 .dr =§( 2 7)
80~ (Gladman’s equatlon) o

20
0
~
< 10
8 .
6 O slab reheated( 1000'C)
@ normalized
4l (r=001pm)
5 2.0 6|0 L1
40 80 100
r/f (/lm) )

Fig. 13. Relationship between mean free path
(r/f) and 7-grain size (d,) in steel A.

£ 8

1000C reheating,as rolled

m
2u

Photo. 2. Example of extraction replica micro-
graphs showing VN precipitates in steel A as
rolled after reheated to 1 000°C.

FHLTWBE LD (1000°C X5 7B X UL S
LmEEs) oo T yRZEE VN R FRIBEE (¢/f:r
i VN R 4%, 0.0 um &lGE, fid VN OEESEK)
DEBRERLELDOTH S, %B, VN OHHHY 1 X
i3 Photo. 2 IC/R L7-fHL 7Y A BEHE X WHEEL /2.
AIN OFLFHIPESEE 1000°C N THB L % 100 pm B
LR IR, RERTHZEAL VNOZR LD K
EnIk, BXU yHEE VN OB FRIEMEDBIC
GLapMaN DRIO PSR LD Z & H 6, BN-V-AIFD v
A VN 4% 0.01% LLEHTHI LTV AR D VN ok
B L > THEREA TR LEEILNS,

RIZ Al BEHFEACL 258 0BELR S LMD v H o
VN O HAIC KB E R TWELEER THD,
FEHHB O HICEEIR LA (VIIN) o ERE
FE(4)5 & Lesue & DR L7 (A (N) ﬂrﬁﬁiﬁtfa
(5)R" w7

log (%A1} (%N]) = — 6 770/ T+ 1.033:-++++++++- (5)

— 177 —



178 Bk o @ BT E 09 B E
o e tonn AMEOBA % ZOWET UL 2, V, N, AlFENED
oot [PUPEHEE FBOBEN SR L, WFOMR %%,
8 002 m | O L)AL SEMEA L I3 ERIENZR (1100°C) B LE
T $EIHOBELET S, %5 LHORMME SILs
= . EHET IHOBEE V, NALERHRIICSEL
% ool o BIER, Thbb, wi%V=3.64 (wt%N) % iR % HiP
> - CHIMY AL ERL, Bk o LHOZ 0 V=0.03
ot - ~0.09%, N=150~200 ppm O #FTEILL Z . 8
A WWREEE %, B0 LAte b V, N RoRNcHE
0 001 002 003 004 0.05

Vas VN (cal,) (%)

Fig. 14. Relationship between V as VN (cal.) and
V as VN (ob.) at normalized temperature in steel

B, C, D.

1)AI-V-N3 T RO FHHEAR D L ER S L
900°C IZBWTHHTAH Vas VN (4 )(5)RKEH
T, 0%Al #f T 0.036%, 0.019%Al # T 0.017%,
0.043%Al ¥ T 0% %7 %. Fig. 5 P OBELR S LNELE:
D Vasppt L CNODFIHEMEEETHEXT T
BRFE, FEEA EREICL - T, MBIZARNEND A,
ZITROBENFEZONS.

2 )AIN O HAELEL, #OWHEERATILETON
MR TEY) (KEO), FISB~ARE & [
{2 VN o#rHiid V-(N-N as AIN) 2553 O FH# 47 H ¢
BCHLELDEATHA. Fig MEIDkd %
ZZHTEHLL VN BESHEOBEBERLALD
T, MEICRVHESESATHS.

LB, 2)LEMiC VN BRI ALV IEZIE
Fig. 5 7@ —+ @~ VN BOZ{LOBT» 6 EZ X TH
EENA.

ko Al # &4 & N-V &M o 2 Fi%E o hnskE E-
BULIREER LD, AESHRO yHEE VN O HEIC
THENS, LA Lads, VN O HEE Al 27 AIN
ELTHHLAKEYO NEE VEHOFEIHICL -
THRES NS =B, ALRMES AIN OFHEOLE L
MZIAIEDHEEEERSL. Th65D VN HTHA~AD
Al DFB 3 Table 2 IZ/R L72& 512, Al &% 0.014%
K L EFEEM OB SE, BICEES Mo
BREE & BEZ% O L OB (vTrs) MEEMBGERE D%
FREALERITOARVEVIERE,IS L TIF SN LK
ETH5H.

5 #& B

BE% b LB HT50 DfKRFHEIL & B AR -8
DEEICFHRDOKE W e ROMRALZ A 70" N-V

T525, FEZ IMCIAEORMIBMEZHEETS.

2)8M i VNATHEBICKESBEsh, & Tk
Y R DOMIAALE VN Ok FHEERE & B W % &
b, VNICXBE EhB. £/, VN OWHER Al 25E
SR L7BOBYO N L OFEHBICL > Tk D,
W-T, ALIFMECEDMWA2HAILEE L,

3VNEED VEMMICEDERICEVERVWREE
L& (0.35%) DBEL S LA HTS0 # 84 5 = & 70
REE 2 1), EEEOBN BRI T A EH A~ @ A
Fahs,

X 73

1) HLWEEEIC LMK (TMCP ) 0REEED~O
BWRICHTS D BRIy A (HREMFESE) (1983)

2) INkEESK, TR, oA, LR, & EE,
= gk L, 67 (1981), S1336

3) IKEFES, A MK, JLIERL, By 8 gk W,
57 (1971), p. 533

4) NEH—, KEEFE, RE)IEK, RN, £EiEZ:
£k L4, 76 (1990), p. 1380

5) L. A. Erasmus and G. I MEcH: J. Iron Steel Inst.,
202 (1964), p. 128

6 ) G. E. KAMPSCHAEFER, Jr. and R. J. JESSEMAN: Micro
Alloying 75 (1975)

7 ) T. N. BAKER: J. Iron Steel Inst., 211 (1973), p. 502

8 ) E. T. STEPHENSON, G. H. KARCHNER and P. STARK: Trans.
Am. Soc. Met., 57 (1964), p. 208

9) E. A. ALMOND, R. S. Irani, C. C. EARLEY and B. SELTON:
NPL Report, No. DMA 225 (1976)

10) A. J LaproINTE and T. N. BAKER: Met. Technol., 6 (1979),
p. 374

11) A. M. Sack, D. M. Haves, C. C. EARLEY and F. A.
ALMOND: Met. Technol., 3 (1976), p. 293

12) A. M. SAGE: Met. Technol., 3 (1976), p. 65

13) P. KoNig, E. SchoLz and H. ULMER: Arch. Eisenhiit-
tenwes., 32 (1961), p. 541

14) F. B. PicKERING: Proc. IV Int. Conf. Flect. Mier., Berlin
(1958) 1, p. 628

15) T. GLADMAN and F. B. PICKERING: J. Iron Steel Inst.,
205 (1967), p. 653

16) T. GLADMAN: Proc. R. Soc., 297 (1966), p. 298

17) W. C. LEsLIE, R. L. RickerT, C. L. DoTSoN and C. S.
WALTON: Trans. Am. Soc. Met., 46 (1954), p. 1470

—178 —



