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Effect of Nb or/and V Addition and the Amounts of Extracted

Carbides on the Strengthening of Hot Rolled Steels

Synopsis:

i +
Hiroshi SEKINE, Tadakatsu MARUYAMA,

Shoichi SEKIGUCHI, and Takamasa OHNO

An investigation was made on the strengthening of as-rolled steels by Nb or/and V addition in terms

of the amounts of precipitates of NbC and V,Cs.

The steels are of. two levels of carbon content, 005

% and 0°189, and contain 0~0°109; Nb or/and 0~0°209; V. The steels were vacuum melted and
hot-rolled to 7mm in thickness through 8 passes and partly 2 passes.
The observations by electron microscope were also carried out on the thin foil specimens and the

NbC particles extracted from the steels.

The features of the. precipitates which had an effect on

strengthening of steels were discussed and the new method was adopted to fractionate the NbC preci-
pitated in ferrite matrix from the total extracted NbC. The main results were as follows:
(1) The strengthening per unit addition of Nb, 4¢/%Nb, was nearly the same in the 0-059,C-

and 0°189,C-steels, but that of V, 44/%V increased with C content.

%NDb was greater than 4/9%,V

Regardless of C content, 4o/

When compared with the 0-189C-steels, the features of carbide precipitation in the 0°059%C-steels

were as follows:

In the Nb-steels, much amounts of NbC were extracted as the precipitates in ferrite
matrix and NbC lined up in rows became observable.
thc‘chaqce to find out the lined-up V,C; decreased.

In the V-steels, both the amounts of V,C3 and

(2) The strengthening by simultaneous addition of Nb and V was over the sum of thke individual

strengthening in the 0°052,C-steels and below the sum in the 0°1894,C-steels.

The addition of Nb to

the 0°059,C-V-steels resulted in the increase of the extracted amounts of V,C; and raised tke proba-

bility to find out the fine carbides in row.

All these results can be explained consistently each other in terms of the thermodynamical data on
the carbides in steels, the observed transformation temperature of the steels and the precipitation mech-
anism of the carbides effective to strengthening of ferrite matrix. '

) (Received Aug. 16, 1969)
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Table 1. Chemical compositions of steels (wt%).

Steel C Si. Mn Nb Vv NSO] Nlnso] O
18C-Base 0-18 0-23 1-24 <0-010 | <0-010 0°0009 | <0°0003 | <0-0010
18C-5V 0-19 0-25 1-15 <0-010 0-059 00009 0:0003 | <0-0010
18C-10V 0-21 0-24 1-23 <0-010 0097 0-0009 | <0-0003 0-0011
18C-20V 0-18 0-24 1-16 <0-010 0'20 0:0013 0-0006 0-0018
18C-5Nb 0-18 0-24 1-24 0-054 | <0010 0:0008 | <0°0003 | <0-0010
18C-5Nb5V 0-19 0-24 1-22 0-049 0047 0-0011 <0-0003 | <0-0010
18C.5Nbl1OV 0-20 0-24 1-20 0-054 0°087 0-0011 <0-0003 | <0-0010
18C-5Nb20V 0-21 0-24 1-23 0-058 0184 0-0009 | <0-0003 | <0-0010
18C.10Nb 0-18 0-25 1-20 0106 | <0-010 0-0008 | <0-0003 0-0013
18C-10Nb10OV 0-19 0-23 1-22 0-095 0-092 0-0010 0-0004 | <0-0010
18C- 10Nb20V 0-18 0-21 1-21 0-099 0-179 0-0011 0-0004 [ <0-0010
5C-Base 0-065 0-23 1-18 <0-010 | <0-010 0-0007 0-0005 0-0029
5C-10V 0-049 022 1-17 <0-010 0-092 0-0008 0-0017 0-0008
5C-20V 0-073 025 1-18 <0-010 0-189 0-0009 0-0014 0-0028
5C-3Nb 0-050 0-21 1-16 0-027 | <0-010 0-0006 0-0005 0-0022
5C:5Nb 0-048 0-22 1-16 0-041 <0-010 0-0006 0-0007 0-0038
5C.5NbIOV 0-056 0-24 1-13 0-049 0-100 0-0006 0-0010 0-0016
5C.5Nb20V 0062 0-23 1-18 0-055 0190 0-0009 0-0022 0-0013
5C-10Nb 0-072 0-24 1-20 0-113 | <0-010 0-0007 0-0014 0-0017

P <0-0039% § <0°008%
Table 2. Characteristics of as-rolled plates (7 mm thick).
Steel FRT Ar; N, YP TS YP/TS El

°C) °G) ASTM No | (kg/mm?) | (kg/mm?) (%) (%)
18C - Base — — 78 31-4 51-9 60'9 29'6
18C-5V — — 9-2 374 54+3 689 28'5
18C-10V — — 8:7 46-1 64-1 719 24-3
18C-20V 880 710 9-8 537 70-3 76° 4 26-8
18C-5Nb — — 10-5 512 62-8 81'5 27-4
18C-5Nb5V — — 10-5 50°2 66-3 758 22-6
18C-5NbI1OV — —_ 9-7 53-0 71-4 742 21-5
18C.5Nb20V — — 10-4 626 81-6 76°8 20-5
18C-10Nb — — 10-4 507 66-7 76-1 25-5
18C-10Nb1OV — — 10-5 553 71°5 77-3 23-9
18C- 10Nb20V — — 10-8 638 80-1 79-6 16-7
5C-.Base (900) — 7-0 252 38-3 65-8 43-7
5C. 10V (870) — 78 265 37-6 70°5 41-4
5C-20v (890) — 8-4 34-9 45-8 76-2 35-5
5C-3Nb 860 760 99 414 46-7 88-7 36-2
5C-5Nb 900 755 10-7 47-1 51-8 90-9 33-1
5C-5NblOV (800) — 10-5 48-8 54-8 89-1 26'7
5C-5Nb20V (890) — 9-9 57-2 649 88-1 23'5
5C-10Nb (890) — 11-2 50-5 54°6 925 29:3
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a:18C-Base b:18C+5Nb c:18C-10V d: 18C-5NbIOV
Photo. 1. Structures of as-rolled 0-182, C-Nb/V-steels.
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Fig. 1. Effect of Nb or/and V addition on strength
of as-rolled 0°189, C-steels.
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Photo. 2. Lines of ﬁne carbxdes in as-rolled 18C.
5Nb20V.

Photo. 3. Coarse NbC in as-rolled 18C.5Nb.
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Fig. 2. Fe-C phase diagram!? and solubility curves of NbC1®> and V,Cy!®2® in steel.
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BERSIT AD T Eb D, £ TH HC iz ko
THEtE 2B EXdh o HNO; 7[# Nb 28 05E{k
RS T D a o R Nb 282 5 Lic L7z,
THhbLbLOGWHEREL T 52515 Nb insol in HCl,
2 Nbinsol in HNO; & ®# % ANbpy, & LT, T OfE

e NEHICkY 2 BELER & KT D LTl
W VicowTid, Fig. 25bbrs X5, V.G
DE 7 ROERREE Y 5F X TR R OGS T 7
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Table: 3. Amounts of carbides in the residue extracted
from as-rolled steels (wt% in steel).

Nb as carbide M as
Steel ' carbide
Insol |Insol in

in HCl | HNO, | 4NPppe | 4Vppt

18C.5V — — — 0-001
18C-10V — — — 0-002
18C-20V — — — 0-055
18C-5Nb 0-034 | 0:024 | 0-010 —
18C-5Nb5V 0-024 | 0017 | 0-007 0-002
18C-5NbI10OV 0-025 | 0018 | 0-007 0004
18C . 5Nb20V 0-038 | 0:025| 0-007 0-042
18C-10Nb 0-080 | 0:069 | 0-011 —
18C-10Nb10OV 0-063 | 0-055 | 0-008 0°003
18C.10NDb20V 0071 0-050 0-021 0030
5C- 10V — — — 0004
5C. 20V — — — 0-023
5C-3Nb 0-016 | 0-007 | 0-009 —
5C-5Nb 0:024| 0009 | 0-0l5 —_
5C-5Nbl10V 0°025 0-010 0-015 0-014
5C-5Nb20V 0031 0012 | 0-016 0-039
5C-10Nb 0-072 | 0-051 0-021 —
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Table 3 & Fig. 3 25T XS5 bbb,
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BIEEICHRIC oA L e ifbind R e o7 &
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&b Nb ks XTUVOBEMBIMROMICIEENE b, %
NICESVWTETOERMBARECH D LE 2Tz L
PLERT ERBVEDTELDE, ThED3HRT
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Photo. 4. Structures of as-rolled 0-059,C-steels.
x 100 (4/7)
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Fig. 4. Effect of Nb or/and V addition on strength
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Table 4. Amounts of NbC at soaking temperatures
and amounts of NbC precipitates in 7
accelerated by hot rolling.

2hr 2hr

2hr 1 250°C | 2s0C
5 ggg:g (2passes) 880°C
180 ‘ 18 b
b Time 2 3 4
Treatment |\ o 0o HCl wt2, in steel

Steel ., i i !
. . 0-004 | 0-004
_ _ 0-013 | 0-007

* Figures in parentheses are Nb insol in HNOj.

W, & <iz 5C-10NDb it 1 200°C i~ 3513 5[ Nb 1
0°18%C 3% Nb#lo# 3 fSIiEL TV 3DT, TOH
TOr PO HEEREYERD LN BT THS. i
EMERFIZ IS VTR, BRI X0 C y RIClIA XN KT
RIGVRIEERFOPRE 23D, £ 7-FEsic NbC off !
YA PELTHEES B %2E 25, DO NbCOy
PHTHEIE E S IR E SN B FEMEDS K E V. F 2T
LR 5C-5Nb 3 X ¢ 5C-10Nb D456 21 mm
oAk F&E) DL, NbC 23T 52407 5+ 5
1250°C ¢ 2hr MDD L, JOBREE LR U < fikE
TIREE 900°C#RE 7mm [T/ 5 X 5 7 2 FE FORE %
I8V, P BIKEIEKICE AR ¢, HCl FiE Nb &
kx> HNO; iF Nb OERAFTi D7, kD
ToDIT T D2 /RABERS &R Uk & XD E % F U s
G CBERE L R UIREBE 2725 X5 TSR LF

CIBE»BEAN, WTH NbDERYTL2Hk. Zhb
0)%%% Table 4 0)2’ 3’ 4@:77:'9‘- :o)ﬁf))a,
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LVh, BWERRIC S RO Nb 255 LiAAY 5C-10Nb
TVEFiElm D BEIX NbC oL TWB 2z &
BB, O EIEHAINE 237 8 E Tt
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Fig. 5. Effect of amount of Nb and V precipitates

In g-matrix (at%) on strengthening in as-

rolled 0-059C-steels.



& Nb/V BIEH D& & R{CY o B o 37

577

|lsc
15 = o~ 15 -
T e T E
t [e——18C to— o £
£ / 5
o 5C =z
o
= 10} B o 10 _
4 °
3 I £
5 : <
g: 5 ,: 5 <
q ]
I
i
!
OO 005 010 OI'O | o002
Nb content (wt%) (l)ametm%) §
o z
005 ) 005 _
\ £
@
5C g
18C 1 ©
010 | o0 2
° |
! Q

Fig. 6. Effect of Nb addition and amcunt of Nb
precipitates on strengthening of as-rolled
steels.
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Photo. 7. Fmely dlspersed V403 precipitates in as-
rolled 18C-20V.

Photo. 8. Contrasts on dislocations seem due to
precipitates, as-rolled 5C-10V.

Photo. 9. Lined-up and coarse dispersed V,C;
precipitates in as-rolled 5C-10V.
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Fig. 10. Effect of V addition and amount of V
precipitates on strengthening of as-rolled
0-189,C-steels with/without 0°059,Nb.
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Photo. 2 [Z5R3T X 5 /et B FET & HEIE
a AR U Lokt ER &L DM TH S
LEZHENEHDITHL, WTEEEE L TERERCE ric
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18C-5Nb Byt k17 2% HCl RARSI B XX 0O
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(a) Coarse and fine NbC
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Photo. !2. Precipitates extracted from as-rolled 18C.5Nb.

(b) Coarse NbC insol in HNOj3;
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Ho 0°189%,C F#bkx 2 50, Tk 1200°C K &
G 1050°C T (b L DB WA WAILGEE TEIRT T
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Fig. 13. Amounts of precipitates extracted from 0-189,C-Nb-

(b) NbBC insol in HNO; )
Photo. 13. Precipitates extracted from 18C-5Nb cooled at
80 deg C/ min from 10350°C.
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NbC insol in HCI
Photo. 14. Precipitates extracted freom as-rolled 5C-10Nb.

NbC insol in HNOg
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