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UTS  ~2.5 GPa
Ductilities  5-30%
Toughness  30-40 MPa m1/2

Hardness  700 HV

Low Temperature Baini
te

 Fe-0.98C-1.46Si-1.89Mn-0.26Mo-1.26Cr-0.09V wt%, transformed at 200 ℃
 Very fine microstructure, mixture of bainitic plates separated by retained austenite film,
 The lower transformation temperatures, the thinner bainitic plates
 Simple process route avoids rapid cooling so that residual stresses are avoided, even in larg
e pieces

“Good combination of strength and toughness”

“Demerit”

Aim of the Work

Designing the low-carbon, low-temperature bainite which can in principle be weldable

Low Carbon High Nickel Bain
ite

 Bainite can be obtained at below bainite start temperatures (BS) and above martensite start temperatures (MS). Therefore, MS should
be depressed for low transformation temperatures.

  Carbon is very effective to depress MS. That’s
why original low temperature bainite used high
carbon alloy.

  High nickel alloy could accomplish the low
transformation temperatures.

Bhadeshia, 2006

Isothermal Transformations

Isothermal transformations in
various temperatures

Summary
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High carbon                 Possibility of brittle martensite formation in HAZ                  poor weldability

Yang and Bhadeshia, 2008
Fe - 0.13C - 2.3Mn - 4.0Ni wt %
Bainite transformation at 460 ℃

Bainite Transformati
on

Alloys (wt %) MS Determination (Off-set method)

Yang and Bhadeshia, 2007

Alloy A 280 ℃

360 ℃

300 ℃

340 ℃

400 ℃

A, Transformed at 300 ℃ A, Transformed at 340 ℃ A, Transformed at 360 ℃

 Bainite fraction decreases as temperature increases, which is well known as
incomplete reaction phenomenon.

 Residual austenite transformed to martensite.

 Therefore, hardness increases as transformation temperature increases because of
martensite fraction.

Alloy B, transformed at 320 ℃ Alloy B, transformed at 380 ℃Alloy B, transformed at 340 ℃

Alloy B, transformed at 600 ℃
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 Bainite fraction decreases as temperature increases just like the alloy A.

 Transformation behavior of the alloy B and C were different with the alloy A in sense that:
         - The temperature where the  fraction becomes zero was not seen because allotriomorphic ferrite starts to form as temperature increases.
         - Residual austenite didn’t transform to martensite, they just retained.
         - Therefore, hardness decreases as temperature increases because of bainite fraction.

Off-set method detects the temperature where martensite fraction
becomes 1 vol. %.

Transformation Acceleration by Cobalt
 Alloy C has more carbon, which makes the transformation slow comparing with the
alloy B.

 Alloy C contains cobalt which accelerates the bainite transformation.

 As a result, alloy C shows similar kinetics with alloy B. Cobalt is accelerating the
bainite transformation.

Microstructure

Alloy A, transformed at 280 ℃ Alloy B, transformed at 320 ℃ Alloy C, transformed at 320 ℃

Mechanical Properties

 Fine bainite plates separated by austenite films

 Alloy A avoided coalescence with help of silicon which stabilized the residual austenite.

 Silicon suppressed carbide formation, which results in austenite stabilization.

A, 280 ℃ A, 320 ℃ B, 320 ℃ B, 360 ℃ C, 320 ℃ C, 360 ℃

Ultimate Tensile Strength / MPa 1270 1320 1300 1110 1360 1150

Total Elongation / % 14.9 *4.0  ~ 16.0 14.7 17.6 13.3 14.7

* Sample contains much martensite, sheet tensile test results show large variation in elongation.

 Three alloys were produced and investigated for low carbon, low temperature bainite.
 It was possible to depress the transformation temperatures using substitutional alloying.
 Low temperature transformation caused higher bainite fraction and made the alloys stronger.
 Acceleration of transformation by cobalt has been observed.
 Coalesced bainite, one of the problems in low temperature bainite, could be avoided by stabilizing the residual austenite.

C Si Mn Ni Co MS / ℃

Alloy A 0.18 1.4 1.9 5.4 - 259 ± 3

Alloy B 0.23 1.4 0.5 5.6 - 324 ± 3

Alloy C 0.28 1.4 0.5 5.5 0.9 295 ± 4
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Alloy A

Coalesced bainite, same composition with the alloy A without silicon
Yang and Bhadeshia, 2008
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Alloy B
Alloy C

Full martensite hardness

High carbon, low temperature bainite has excellent combination of strength and toughness. A weldable low carbon, low temperature bainite alloy has been examined. Bainite transformation
has been investigated for steel containing 6 wt % Ni to decrease martensite start temperatures as an alternative of using high carbon. Bainite transformation temperature can be decreased
as low as 280 ℃ resulting refinement of the microstructure, which showed a possibility of producing low carbon, low temperature bainite. One of the problems which revealed in the previous
study, formation of coalesced bainite, can be depressed with silicon addition by stabilising residual austenite. Other problem was slow transformation kinetics, so the effects of prior austenite
grain size and cobalt addition on kinetics of bainite transformation will be also presented.
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