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According to Worldsteel.org w 2006 in the world was produced 1 244 milions
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Diffusion of all atoms during 

nucleation and growth. 

Sluggish below about 850 K.

Invariant-plane strain shape 

deformation with large shear 

component. 

No iron or substitutional 

solute diffusion. 

Thin plate shape.

Cooperative growth of 

ferrite & cementite.

No change in bulk 

composition.

Diffusionless 

nucleation & growth.

Carbon diffusion during 

paraequilibrium nucleation. No 

diffusion during growth.

Carbon diffusion during 

paraequilibrium nucleation & 

growth.
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Mechanical properties of steels in normalized 

state

Re i Rm – grow linearly with carbon contentC,

Plasticity decreases rapidly with carbon content–



Heat treatment of carbon steels

Hardness of martensite groews due to growth of stresses.

CTP curves for carbon steels: (a) eutektoid, (b) 

subdeutektoidalnej, (c) hipereutektoid. When carbon content 

grows, the Ms and Mf. drop



Constructional nonalloyed steels



The effect of alloying additions on the pahse 

composition in steels



TRIP steels (Transformation Induced Plasticity)

\



TRIP steels



TRIP steels



Ultra-low carbon bainitic steels –

ULCB

Carbon content limited to 0,01-0,03%C

Steels ULCB very good combination of strength and ductitlity,. 

Nr C Si Mn Ni Mo Cr Nb Ti B Al N

8 0,020 0,20 2,00 0,30 0,30 - 0,050 0,020 0,0010 - 0,0025

9 0,028 0,25 1,75 0,20 - 0,30 0,100 0,015 - 0,030 0,0035



1 µm

Cementite 

suppressed 

using silicon



Bhadeshia, 
1981

Each point 
represents a 
different 

steel

Nucleation 
function G

N



The nucleation of bainite must involve the partitioning of carbon

Why does the required free energy vary 
linearly with T?
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Low transformation temperature

Bainitic hardenability

Reasonable transformation time

Elimination of cementite

Austenite grain size control

Avoidance of temper embrittlement

C Si Mn Mo Cr V P

0.98 1.46 1.89 0.26 1.26 0.09 < 0.002

wt%
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X-ray diffraction results
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ballistic mass efficiency 

consider unit area of armour
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Bainit low-temperature

Chemical composition in % wt

Steels C Si Mn Cr Mo V

A 0,79 1,59 1,94 1,33 0,30 0,10

B 0,98 1,46 1,89 1,26 0,26 0,09

Stal A. Przemiana w 200 ºC:

HV  650 R0,2  2000 MPa Rm  2500 MPa
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Steel B. transformation at  200 ºC
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Bainite in rail steels

The effect of hardness on the wear of pearlitic bainitic and martensitic steels



Bainite in rail steels


