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Transformation Behavior and Mechanical Properties in Véry Low
Carbon Transformation-strengthened Steels

Masakazu NUKURA, Sadahiro YAMAMOTO, Chiaki OUCHI and Isao KozAsu

Synopsis :

The a—>y transformation behavior and its correlation with mechanical properties were systematically
investigated in two types of transformation—strengthened steel under a range of very low carbon content
from 0.005% to 0.05%. Those are C-high Mn-Nb-B bainite steels and C-high Mn-Mo-Nb acicular
ferrite steels. The effects of C content and controlled rolling on the microstructures and mechanical
properties were studied, by focusing on the difference between these two steels. The microstructure of
bainite steels was recognized as type I upper bainite which was characterized by lath structure of 0.5-1ym
width with a retention of austenite grain boundaries in pan—cake shape. Acicular ferrite steels showed a
mixed microstructure consisting of polygonal ferrite and upper bainite.

Transformation behavior and mechanical properties in bainite steels did not change markedly with both
C content and the degree of controlled rolling, while they changed remarkably in acicular ferrite steels with
those variables. Metallurgical factors controlling the strength and toughness in both steels were discussed

in detail.
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Table 1. Chemical compositions of steels (wt%;).

Steel C Si Mn P s Nb B Ti sol. Al T.N
1 0.007 0.17 1.97 0.003 0.001 0.04 0.0013 0.019 0.025 0.0021
2 0.012 0.17 1.94 0.004 0.001 0.4 0.0012 0.018 0.025 0.0023
3 0.017 0.17 1.95 0.004 0.001 0.05 0.0011 0.020 0.036 0.0026
4 0.029 0.16 2.05 0.008 0.003 0.05 0.0015 0.014 0.025 0.0043
5 0.051 0.18 1.98 0.005 0.001 0.04 0.0013 0.016 0.032 0.0026
6 0.004 0.13 2.00 0.007 0.003 0.26 0.04 — 0.012 0.019 0.0048
7 0.017 0.14 2.01 0.007 0.003 0.25 0.04 — 0.012 0.020 0.0051
8 0.027 0.15 1.98 0.006 0.003 0.25 0.04 — 0.012 0.020 0.0050
9 0.046 0.15 1.96 0.007 0.003 0.26 0.04 — 0.013 0.026 0.0042
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Photo. 1.

Optical microstructures of controlled rolled 0.0250—2M1£—N

steel) »

-B stee

(
(a) and 0.025C-2Mn-Mo-Nb steel (AF steel) (b). (Total reduction below 900°C : 70%)
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Photo. 2. Transmission electron micrographs observed in controlled rolled 0.025C-2Mn-Nb-B
steel (B steel) (a) and 0.025C-2Mn-Mo-Nb steel (AF steel) (b). (Total reduction below
900°C : 709%)

o open o (111)

° solid r(110)

Photo. 3. Transmission electron micrograph
of M-A constituent in 0.025C-2Mn-Nb-B
steel (B steel) (a) and its dark field image
(b) by using a ¢200), reflection (solid
mark) on (100);, plane in selected area
electron diffraction (c)(d).
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Fig. 1. Maéssbauer spectrum of 0.025C-2Mn-
g pec

Nb-B steel (B steel) and 0.025C-2Mn-Mo-Nb
steel (AF steel).
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Fig. 2. Deformation CCT diagram in 0.025C-
2Mn-Nb-B steel (B steel) and 0.025C-2Mn-Mo-
Nb steel (AF steel) compared with 0.10C-1.5Mn-
Nb-V steel (FP steel).
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Fig. 3. Effect of C content on mechanical prop-
erties of B steels and AF steels.

Table 2. Bainite volume fraction Vg and
transformation temperature 7T 4.5.

B-steel AF-steel
C(wt%) Tg 0.3(°C) V(%) C(wt%) T 0.8(°C) Vp(%)
0.007 645 100 0.004 750 0
0.017 640 100 0.017 725 35
0.029 630 100 0.027 720 52
0.051 620 100 0.046 645 67
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Fig. 4. Effect of rolling reduction below 900°C
on mechanical properties in 0.025C-2Mn-Nb-B
steel (B steel) and 0.025C-2Mn-Mo-Nb steel (AF
steel) .
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Fig. 5. Deformation CCT diagram n i0.025C-
2Mn-Nb-B steel (B steel) and 0.025C-2Mn-Mo-
Nb steel (AF steel) for several deformation con-
ditions.
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Fig. 6. Relation between hardness, microstructure
and transformation start temperature in 0.025C-
2Mn-Nb-B steel (B steel) and 0.025C-2Mn-Mo-
Nb steel (AF steel).
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Fig. 7. Relation between strength YS, TS and
bainite volume fraction Vp in AF steels.
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Fig. 8. Relation between transition temperature
and prior austenite grain size dz in 0.025C-2Mn-
Nb-B steel (B steel).
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dy, dgz, do OHEBEBGEEEE L. TORKR, B,
d; CHEEEL, du, do RIZBEAEFEIhIT
LaVHBA LY. F0iEE%Y Fig. 8 i, vIs &
dz-1? r OcREERBERAEETS. 2T, R
Ui S J R O B 2 SR T 5 AR, )
EHERE dz wXoTELbhBeELDbhS. i
PEREZ A 4 b AR ShBHERENEZRTZ
LA—BHEEbRTE R, 2 TrRIhitii
HBIE C{L & Aok SRait e Xy vIs=—-100°C ©
EOEAE LIRS EXERESIRS.

—F, ToFaF—7 =4 FROPEECOWTIL,
THET7 =941 VAR EFONE L OBETRF S h
C x4, KRBT AF O 7 =54 b KE
de, <4 F4 PHE Vs WO BFRY Fig. 9 © R
3. dp MHBHIR WA (dpm/2=12~14mm~ V) Vg
pigie s AF SizF— de © FP Sl B UCE vTs
¥R L, Ve dVNes AF i FP 8 & FEF O vTs
*d. LiL, dp VNS WEE (dp=14~16mm-172,
2 CR &M i), Ve ik ThH 2T bRE—dr O FP
MR BRI vTs BELTWS. #0T AF o]
Mk de & Ve B Ciz+o7ssBAsn c& iy, Fig. 8
CRLELIEEE <174+ LB ELAYRE dz
WAt X b Bt ShaoThb, Fig. 9 OBEE
LA E=nERE LT +41 MEoHHt X 5%
REETHLLENDS. O LT AFEFERNTAA
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Fig. 9. Relation between transition temperature
and polygonal ferrite grain size in AF steels.

FAMGEREETIRDBE L7 1 F4 FEDOELR
BEBHMLTs L X v+ B s T ThH B =
EHERLT 5.

5. &

HIBIERE X 17 #B 4K C 1% (0.005~0.05%) ©» Mn-Nb-
B Z~X49541 48 & Mn-Mo-Nb RO T7TVF L5 —7
= 74 FROBERBAR & WA 2 B L, DT
DRERHM’E B,

(1) =Aoo + o BREEBIE 0.5~1 pm Ol
BFTH5 AMEEEALL, sABRE:-Er AL
%> M-A constituent %35 1 o FE-~<1
1 PEBEEBCTH O BM LA r RRMREEI LS.
T¥FaF=7274 r8RI1X I~5pm OFY) 5517
=74 &, TAMBEERE Lz LE~<1 51 DR
A THB.

(2) CE 0.025% DEd, <131 Mo e
BAAIREEIL 630°C T, 7vFu5—7-54 MRDF
N720°C X H 90°CHEN. 7oF a0 5—7 254 I
EREREFEBROEREM (720~650°C) THY 517 »
74 AR UERM (650~500°C) TR~ F1 b
THEET 5.

il

(3) =474 1 BCRBECLPRELER rRco
Lo RICHE 5> BRERE R EERAGO TV V0
CRHLT, 7¥%25—-7=251 MATRETBEED L
FENA T P EOETHETS.

(4) A4 +SROMEEEE CIL R & 7 1%
OMIWC LY RKELE L. —F, B RESS
TEOMT X Y EECKEIh, EEBAFFD vTs
IR E DI 7 RIER dz-12 L BRSNS 5.

(3) 7¥¥295-7=51 1L, BECIRKE
Hdhy RO MLk b EEL BEET - ISR
T. BEXRBEEGTOS 71 1 DEROBET L 5%
BKEG. —F, B, <A 59 V1 HROET, 7
= 714 PRBEOEA, <1 74 FHEDNEOKM
XoTHEIIS.
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