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On the Mechanical Properties and Fracture Characteristics of

Steels Containing Small Amount of Niobium and Vanadium

Toru ARAKI, Akihiko NANBA, Takao AOKI, and Masao Kanao

Synopsis:

A study was made on the strengthening phenomena and fracture behaviours in alminium or Ca-Si
killed low carbon manganese steels with small amounts of Nb, V or Nb-V addittion. It was found that
the addition of Nb, V, or in combination of these elements produced an additional strengthening due to
the fine carbonitride precipitation above the strength level presumed from the refined grain size, and this
was controlled by the various heat treatments. The yield strength increment in the Nb-V, -and Nb-V-steels
can be divided into the two terms, i. e. grain refinement and friction stress increment, the contribu-
tion of these two depends on the kinds of the steels and heat treatment. In Al-killed steels the impact
transition temperature was generally lower than that of corresponding Ca-Si killed steels. The impact
transition characteristics seem to be classified into four groups by the yield strength against the streng-
thening mechanism, and a linear dependence of the transition temperature on the friction stress in-
crement has been found. A good combination of strength and toughness was obtained in the steels
strengthened by the balanced effect of both the grain refinement and the friction stress factor. Finally,

the fracture appearance of impact specimens was examined by microfractography.
(Received Feb. 21, 1970)
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Table 1. Chemical composition of steels (wt 95).

Mark . G Si Mn | Cr Cu-| P s Nb v Al | N | O
B 0'19-| 0-30 1-23 0-04 0-05 0:01 0-02 — — — | 001|002
A 018 0-26 1-20 0-04 0-06 00l 0-02 — — 0-06 | 001 (00l
N 0-19 0-27 1-21 0-04 0-06 0-01 002 004 - — | 001 [ 0-02

NA 0-18 0-24 1-20 0-04 0-06 0-01 0-02 004 — 0-07 | 001|001
A\ 0-21 0-33 1-36 0-04 0-06 0-01 0-02 — 005 — [ 001 [ 001
VA 0-21 0-30 1-33 0:04 0:06 0-01 0:02 — 005 0-07 | 001|001

NV 0-18 0-27 1-22 004 0:06 0-01 0-02 0-04 0-05 — (001 | 0-02

NVA 0-18 0-26 1-22 0-04 0:06 0-01 0-02 0:04 0:05 0-06 [ 001|001

Table 2. ASTM grain size number of ferrite.
Steel B BA N NA A% VA NV NVA
As rolled 8:6 9-0 11-0 10-4 9'9 98 9-9 10-4
930°C AC 72 8-6 98 9:7 9:0 — 9-8 —
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(a) Nb steel 1250°C AC
(d) Nb-V steel 930°C AC

(b) V steel 930°C AC
(e) V steel 550°C AC  (f) Nb steel 670°C AC

(¢) Nb steel 930°C AC

Photo. 1. Transmission electron micrographs of steels.
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Fig. 1. Hardness changes of ferrite during isothermal
transformation at 600°C.
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Photo. 2. Precipitation in ferrite of Nb-V steel at
600°C for 1min (a) 5min (b) 20hr
(c). Extraction replicas.
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Table 3. Tensile properties of normalized specimens.

930°C 1 hr AC 1250°C 1 hr AC

029,
LYS TS o TS
Steel YS/TS El ¢ Steel PS : YS/TS EL ¢
kg/mm? | kg/mm? / % tee kg/mm? kg/mm? /1 7o
9B 31.5 50-0 0-63 41-7 12B 277 49-2 0-56 42-1
9A 319 48-1 0-66 43-2 12A 255 48-1 0-53 42:0
9N 362 51'3 071 411 12N 40'0 59-7 0-67 29-4
9 NA 36-9 49-6 0-73 41-7 12 NA 418 61-1 0-68 28-6
9V 36-8 526 0-70 36-8 12v 36-1 54-4 066 34-4
9NV 387 508 0-74 41-1 12NV 515 667 077 25-2
Table 4. Tensile properties of tempered specimens.
550°C 2 hr AC 670°C 2 hr AC
LYS TS LYS TS
Steel kg/mm? | kg/mm? YS/TS El 9 Steel kg /mm? kg/mm? YS/TS El 25,
5B 34-5 49-3 0-70 354 6B 311 445 0-70 42-0
5A 339 48-2 070 370 6A 317 457 0-69 416
5N 43-9 53-4 0-82 36-8 6N 40-3 48-7 0-83 400
5 NA 42-8 53:9 0-79 36-2 6 NA 39-1 50-2 0-78 38:0
5V 446 571 0-78 32-0 6V 41-3 51-6 0-80 32°6
5VA 4]1'8 556 0-75 33-0 6 VA 38-0 507 0-75 35-4
5NV 453 573 0-79 32-2 6NV 44-0 549 0-80 31-2
5NVA 45-3 572 0-79 338 6 NVA 433 540 0-80 32-2
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Fig. 2. Influence of grain size on lower yield strength
of normalized specimens.
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Fig. 3. Influence of grain size on lower yield
strength of tempered specimens.

X Vi 2kg/ mm? LZHY, FEEEHHIMLERDE,
CEECN DML TW5Z Lasbirb. Nb-V T
VEROEEE MMy L3 ESE L. 9V D oy B
Petch B{ROERICL D TETEEISES L, Nb-V iR
D oy WIFEFFELLARLS. ThbbLEANBMLOFTS
A Nb X Vb2 Ths. TTEATMOBED
BRhn & FERIC Nb RZE(b & VIRE(LB T LTh
Bl Rt T 5 L{EET S L, Nb RO LT,
VIZESTHIC XSO TERS HoEBmMIE L LTHFSL
TWhHEEXDBILLEMPTES. Photo. 1dIZIRL XS
1T, Nb-V $HCIix 930°C &7 & L 04, B dah iim b
CORFEEL I ALNDIEEENIHME, BEEENK
HET D LHBONDEATEMABIREL Thic. -2
FF+ 4 bPRTHHL ZRECHEFRET 270, Nb, V,

3 X0 Nb-V §f% 930°C lhr # —2F 34 MEL
DHKEANL, TOEMBEEZXB AN L0
2, Nb 3 XUt Nb-V HOWFh bis T a=4 464
OEOSFEZD 2 — o HELNF. i NbC & NbN
OHFERITZN LN anpc=4 4684, angyn—=4'384A ¢
HY'™, NbC L NbN RLBEHETHLEXLNTY
50T, Nb oz N 2b it BiEL 7z Nb
(C, N) ThHor:#EZibhsd. VC OHTERK ave=
ymAv@@,Nulmvubfmbﬁﬁﬁbtwmc

ExFxBE, Nb-V T Nb > a=4468 285
bhtcZ &, #— 27+ 4 b T3 % Nb RE(LW
DL, DWW TEEIRICV R LB HRICHF BT 5
ENIEXFEIEHL TWA. Lr LEERICE Nb {
D RE(L DMIIITHIC X B3EEMLE 2 505 9.
F7z VC dhiid Nb IS RICEE T 5P DTS LI
BRI DLETHA 5. B VLW TIERE
DEFFIC 4 — B SR, 930°C D4 —AF F 4 bk
i, FWCBAREMTIIE T E 2 X 5 it s FE
LignWwZ & &RLTW5.

1250°C ZE&HIT DT, LM OR MR 0ZE{ ks
12E AL L, 38{LiItDwTid Nb-Al Nb-V 04T
st U C—IGFEsRsh R 58 bhd . LA L T DR
OEBFTREAA F 4 PRMEBIREL, TOEDELD
OTHEEIC T E . & OO EFE & B3R i
TH 5D, 12B,12A, 12VEHTH 5~109%, 12N, 12NA,
12NV T 25~302% 4%, Nb 2+ 5 L Emnt 5
EEMARE. —fRICT =54 b - 0= F A MRERIAN
4 74 MRESASRET 5 L BRIESET T 5HM»>H
LH19, 12NA, 12NV #i3 12N #f L i3igFg o~ 4
T4 MK EZ ST 0T, BEARINC X HHEFR{EER
BEELTT7=F4 b= b))y 2 2hDOFBICIBH DD
LEXLNS. ZOREFEIOWTIE, Nb, V. REL
thoCLNOBEBREENREDL D, WHMOBRTEROE
iz b &3 BEVTHO HEMA—HE b HESND
2%, SBERPNMRYEDDLENDS.

D& Fig. 3 OEE—EDL EL MITDOWTHD L,
550°C THED &L IR WFh S EAH OB O Eitdh
D, SHERBGELE &SI BEEIC A ML T 5.
670°C 3 ¥ L Th3, 550°C ithk<X Nb & V Tz B
DOBRRBESDETIIZIFEFELLETLTWSA, Nb-V
PTREINLDOHEST, BEFILEVT 2R Twy
5.

Fig. 413 930°C Bt H UM &, HEIE-550°CHEd &L
A DORERIC I EEIN S FP T &5 5 BRIEIT ) & £ SRbr s b
HROFEZRT- 930°C B S LHIZsVvTid, Nb

,ﬁf



-

#aE Nb, V BB oEBRAEE Lt WEORBICOWT 1507

A0y
44, —

(kg /mm?)
o

Increase of yield strength, friction stress

Nb V  Nb=V| Nb V  Nb-V

930°C Ihr AC 550°C 2hr AC

Fig. 4. Contribution of friction stress in increase of
lower yield stength,
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Fig. 5. Relationship between lower yield strength and
impact transition temperature.
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Fig. 6. Relationship between ferrite grain size and
impact transition temperature of normalized
and tempered specimens.
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