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According to Worldsteel.org w 2006 in the world was produced 1 244 milions
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RECONSTRUCTIVE

Diffusion of all atoms during
nucleation and growth.
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Invariant-plane strain shape
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Allotriomorphic Ferrite

An allotriomorph has a shape which does not reflect its internal crystalline symmetry.
This is because it tends to nucleate at the austenite grain surfaces, forming layers which follow

the grain boundary contours (Fig. 1).

An idiomorph on the other hand, has a shape which reflects the symmetry of the crystal
as embedded in the austenite. Idiomorphs nucleate without contact with the austenite grain

surfaces; they tend to nucleate heterogeneously on non-metallic inclusions present in the steel.

idiomorphic
ferrite

allotriomorphic
ferrite 4

()

N
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Fig. 1: Allotriomorphic & idiomorphic ferrite.

These are both true diffusional transformations, i.e., there is no atomic correspondence
between the parent and product crystals, there is no invariant-plane strain shape change ac-
companying transformation, the growth rate is either diffusion—controlled, interface-controlled
or mixed. Thermal activation is necessary for transformation, which can therefore only occur

at high homologous temperatures.



Carbon steels Fe-C phase diagram Fe-Fe,C
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Mechanical properties of steels in normalized
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Heat treatment of carbon steels
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Constructional nonalloyed steels

Skiad chemiczny i wlasnosci mechaniczne niestopowych stali konstrukcyjnych i maszynowych

Znak stali U

S185

S235JR
S235IRG1
S235JRG2
§235J0
S23512G3
S23512G4

S235IRG2CY

S275JR
S275J0
S275J2G3
S275)2G4

S355IR
S35510
S35512G3
S35512G4
S355K2G3
S355K2G4

$35512G3¢®

c1e®
c15¥
c16®
E295
E335
E360
E295GCY
E335GCY

Maksymalne stezenie pierwiastkow 2, %

0.2
0,2
0,17
0,17
0,17
0,17

0,17

0,21
0,18
0,18
0,18

0,24
0,2
0,2
0,2
0.2
0.2

0,2

0,13
0,18
0,18

Mn

1.4

i

1,6
0.6

0.9

Si

0,55

0,55

0,4

P

0,045
0,045
0,045

0,04
0,035
0,035

0,045

0,045

0.04
0,035
0,035

0,045

0,04
0,035
0,035
0,035
0,035

0,035

0,045

0,045

S

0,045
0,045
0,045
0,04
0,035
0,035

0,045

0,045
0.04
0,035
0,035

0,045
0,04
0,035
0,035
0,035
0,035

0,035

0,045

0,045

0,009

R1:13) i
MPa

290

340

420

410

490

600

430
480
500

470
570
670
600
680

Minimalne wlasnosci mechaniczne

4) 5 6
Re L] Asllmm )’ 4 )’

Temp. >
MPa % % probyc AL
185 14 8 = -
20
20
235 21 2% 200 27
~20
-20
300 > 9 & 2
20
275 18 2 0 27
) - 2
20
20 2
0 2
20 27
355 18 2 = -
220 40
20 40
450 = 7 2 =
300 9
340 - 8 * -
360 g
295 16 20
335 12 6
360 g i - -
420 - 7
480 - 6

! Bez dodatkowego symbolu oraz JR - stale podstawowe; J0, J2 i K2 - stale jakosciowe (poréwnaj przypis na str. 163),
2 Sktad chemiczny wedlug analizy wytopowej produktéw hutniczych o grubosci od 16 do 40 mm (zgodnie z PN-EN
10025:2002); ograniczenie stezenia N nie obowiazuje jesti Al 30,02% lub jest wystarczajace stezenie innych pierwiastkow
wigzacych azot. D probki wzdluzne z produktow o grubosei (w mm): °12,5+3, ¥ 32100, ¥ <16, 3+40, P 10+150.
YW zaleznosci od gatunku stali Ry lub Ry 5. %) Stale wedtug PN-EN 10277-2:2002; wlasnosci produktow o grubosci
10=16 mm w stanie ciggnionym na zimno (+C).



The effect of alloying additions on the pahse
composition in steels
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TRIP steels (Transformation Induced Plasticity)
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Fig. 2. Schematic representation of the thermomechanical treatments
applied to hot or cold rolled TRIP-assisted multiphase steels (v
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Fig. 10. Schematic of the TRIP-aided plasticity mechanim in low alloy TRIP steel. During straining the retained austenite transforms to
martensite. The austenite is replaced by a high strength high C martensite, and the transformation i associated with a volume expansion. Both eflect
suppress plastic instahility and extend the range of uniform elongation. The retained austenite, which is closely associated with the hainite, & present
as small austenite lands, the diameter of which is typically in the range of 0.1-1.0 um. Note that the retained austenite has an elongated shape.
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Fig. 17. Stress—strain curves for the isolated famrite and bainite phase,
both which ae pomally present as matrix and dispesed phase in low
allay TRIP steel, respectively, Mote the relatively large Liders strain
asaociated with the farite, The hainite is associated with the absence ar
a very limited Liders amin, a pronomesd work-hardenming and a very
low yield-to-tensike strength ratio,

Fig. 16. SEM micrograph of the bulk CMnSiAl bainite phase
(039 wt.% C, 1.72 wt.% Mn, 0.53 wt.% Si, 1.02wt.%, Al 0.011 wt.%
P), which contains ~ 15 vol% retained auvstenite with 1.9 wt.% C, The
retained austenite is present both as film between bainite laths and asa
larger blocky phase.



TRIP steels
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Ultra-low carbon bainitic steels —

ULCB

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

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

Steels ULCB very good combination of strength and ductitlity,.
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The nucleation of bainite must involve the partitioning of carbon

Ae3 ---------------------------------------

Why does the required free energy vary
linearly with T?
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ballistic mass efficiency

consider unit area of armour

mass of ordinary armour to defeat given threat

BMEFE = .
mass of test material to defeat same threat
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Bainit low-temperature

Chemical composition in % wt
Steels C Si Mn Cr Mo Vv
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 °C:
HV ~ 650 Ry, ~ 2000 MPa R, ~ 2500 MPa




Steel B. transformation at 200 °C
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Bainite in raill steels
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The effect of hardness on the wear of pearlitic bainitic and martensitic steels



Bainite In rail steels




