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Abstract A comparative microstructural analyse of cold-

drawn pearlitic steel wires in as-drawn and after an addi-

tional torsion deformation states is presented in this paper.

During torsion the temperature of the wire increases to

attain 90 �C. Then the microstructure of wires is the result

of different events effects, as initial drawing, temperature

increase and torsion deformation. Individually or in asso-

ciation, both events influence the stress level and nature in

ferrite and cementite lamellae, modify the kinetic of

cementite decomposition and change the dislocation

mobility in cementite and ferrite. Carbon atoms migration

from cementite to ferrite is affected by these thermome-

chanical treatments inducing a modification of dislocation

pinning by carbon atoms and lamellae interfaces. The

phases’ determination and quantification, associated with

the carbon content variation in each phase was investigated

by Mössbauer spectroscopy. The evolution of the pearlitic

steel wires microstructure will be discussed point-by-point,

as a function of applied deformation nature.

Introduction

Drawn pearlitic steels wires are widely used in automotive

industry, engineering bridges building for theirs unusual

strain-hardening behaviour, as well as for the high strength

with acceptable level of ductility.

The large amount of potential applications of drawn

wires induce that, the last 10 years, lot of authors have

studied mechanical properties and microstructure of drawn

pearlitic steel wires. Mechanical investigations were per-

formed by ductility or hardness measurements and

thermomagnetic studies in using highly sensitive differen-

tial magnetometer [1]. Microstructural observations were

obtained by transmission electron microscopy (TEM),

atom probe field ion microscopy (APFIM), three dimen-

sional atom probe (3DAP), internal friction [2] and

Mössbauer spectroscopy [1]. It has been revealed that the

drawing of pearlitic steel wires leads to a microstructure

evolution associated to mechanical properties modifica-

tions [3]. The local increase of carbon content in lamellar

ferrite is shown to be the main reason for loss of steel

ductility [3]. The hardening of the drawn pearlitic steels is

observed when the lamellar spacing of pearlite is

decreasing and the dislocation density is increasing [3].

The typical chemical composition of pearlitic steels

wires is nearly eutectoid and the microstructure is con-

sisting of ferrite and cementite. Prior drawing deformation,

eutectoid steels microstructure is constituted of fine

lamellar ferrite and lamellar cementite. In cold-drawn

pearlitic steel wires, the initial interlamellar spacing was

due to the low transformation temperature [4]. Successive

drawing passes are responsible of increasing strain by

severe plastic deformation, pearlite lamellar spacing

decrease [5, 6], cementite decomposition [2, 4], dissolution

of cementite plates in lamellae into ferrite matrix [6], and a
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local increased of carbon concentration in lamellar ferrite

[4, 7]. The dissolution of cementite in association with an

increasing of the carbon content in ferrite, at room tem-

perature, during the drawing process, are interesting

phenomena because at this temperature cementite is sup-

posed to be thermodynamically stable and the carbon

solubility in ferrite small.

Studies of drawn steel wires were devoted to measure-

ments, by neutron diffraction technique, of texture and

residual stress states in ferrite and cementite phases and to

stress nature characterisation [8–10]. In the same time,

other authors proposed some modelling of stress and

texture [11–13].

Both studies demonstrate a change of lamellae spacing

with the level of tensile plastic deformation and with the

pearlitic or ferritic steel nature [8]. So, lamellae spacing

increases with increasing of tensile stress close to the

tensile strength and then decreases up to be equal to the

initial value [8]. Lamellar ferrite–cementite structure was

found to hold residual thermal stress caused by different

thermal expansion coefficient. The level of residual ther-

mal stress depends on the stress relaxation ability [9]. The

drawing mechanical treatment induces a plastic anisotropy

and stresses develop inside individual bcc crystallites [12].

Yu et al. proposed a model allowing estimation of the

macrostresses acting on the scale of the wire as well as of

the mesostresses acting on the scale of the individual

crystallites [12]. In assumption of the anisotropic model

and in using a finite-element method simulation, He et al.

[11]calculated axial residual stress in cold drawn steel

wires and obtained a good agreement with the X-ray

diffraction measured results.

The main purpose of this study is to characterise some

microstructural modification associated with additional

torsion deformation of drawn wires. The cementite disso-

lution induced by additional torsion deformation has never

been investigated in cold-drawn pearlitic steel wires before.

It is the reason, while the aim of this investigation is to

prove and discuss the cementite decomposition induced by

torsion deformation of cold-drawn pearlitic steel wires and

to propose an explanation to this cementite decomposition.

Phase determination, quantification and carbon content

variation in both phases is investigated by Mössbauer

spectroscopy. This technique is very interesting to perform

iron-based phase quantification and is very helpful to dis-

criminate carbon repartition in samples and to quantify

carbon concentration in individual phases. In the past,

many studies of drawn pearlitic steel wires were performed

in which different cementite dissolution mechanisms were

proposed [1, 2, 4, 5, 7, 14–16]. Both mechanisms will be

recalled in discussion. The comparison with Mössbauer

phase quantification and carbon content determination

would indicate their most probable occurrence induced by

torsion deformation of initial cold-drawn eutectoid pearlitic

steel wires.

Experimental procedure

The chemical composition of eutectoid pearlitic steel used

in this investigation is listed in Table 1. Other elements

such as Cu, Ni, Cr, Mo, P and S, are observed as trace

(some ppm). Both wires were submitted to a cold drawing

strain of e = 1.8 which is the state of the reference sample.

The size diameters of steel wires after drawing were

1.2 mm. During drawing, lubricant allows a warm elimi-

nation and the increase of temperature of draw dies as the

system stays negligible. The steel wires average tempera-

ture was checked during deformation by means of an

infrared camera (IR SnapShot 525). After drawing, using a

free end torsion machine, the second specimen was sub-

mitted to a torsion deformation of c = 0.8 in the first

direction which was followed by a torsion deformation of

c = 1.2 in the reverse direction. The twist frequency is

2 Hz.

The nature and the microstructure of drawn pearlitic

steel wires were characterised by Scanning Electron

Microscopy, X-ray diffractometry and Mössbauer spec-

troscopy. Scanning electron microscopy (SEM) micro-

structural observations were performed on a 6500F JEOL

FEG-SEM.

Specimens analysed by Mössbauer spectroscopy and

X-ray diffraction are prepared as following. The drawn

steel wires were cut in transverse axis to obtain from 30 to

50 of small pieces with the same length. The wire pieces

were tied up in a compact faggot, which is embedded in a

cold temperature epoxy matrix. Both planar faces of the

as-cast specimen were mechanically polished with dia-

mond paste up to 1 lm and then one of face was coated

with conductive carbon film to make specimen conductor

and avoid charge accumulation in the CXMS counter.

Mössbauer spectra was recorded at room temperature, in

the conventional constant-acceleration mode, with a
57Co(Rh) source, using a gas flow proportional counters. In

Conversion X emission Mössbauer Spectroscopy (CXMS),

the gas mixture in the counter is 5 vol.% CH4/Ar.

Mössbauer information come at 90 ± 5% from layers

extending 2 lm, respectively, below the surface of the

specimens [17]. The experimental Mössbauer spectra were

analysed using a least square computer fit assuming

Table 1 Steel composition (in weight percent) of drawn wires

Chemical element C Mn Si Fe

Concentration (wt.%) 0.77 0.91 0.24 Balance
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Lorentzian peak shapes, a-Fe as reference [18] and Möss-

bauer hyperfine parameters, characteristic of each iron

environment were obtained. X-ray diffraction measure-

ments were carried out with a Philips-Panalytical X’Pert

Pro diffractometer, using a cobalt tube ðkCoKa ¼
0; 1789 nmÞ; ðkCoKb ¼ 0; 162 nmÞ operating at 40 kV and

20 mA, and in a conventional goniometer mode (h–2h).

Results

Mössbauer spectra shown in Fig. 1 were recorded, at room

temperature, in CXMS mode, on drawn wires specimen in

as received state (reference) (a) and with additional

mechanical deformation in torsion (b). Both specimen

microstructures are ferrite and cementite with perhaps a

very low amount of austenite (\0.9%) but this value is

close to the limit of detection to be considered as been

exact. Both spectra were separated in sextets and a single

peak from which hyperfine parameters of each iron envi-

ronment were determined by comparison with iron

reference. These hyperfine parameters, summarised in

Table 2, are the signature of iron without carbon in first

neighbour position (noted O), iron with one or two carbon

in first neighbourhood (noted I or II, respectively) in ferrite

and cementite phases (noted a and Fe3C, respectively). The

cementite and ferrite quantifications with the carbon con-

centration determination in both phases were obtained and

presented in Table 3.

According to the binary Fe–Fe3C phase diagram, a

carbon concentration in the range 0.8–0.9 wt.% C, after

slow cooling, gives rise to a lamellae pearlitic structure

corresponding to alternate lamellae of cementite and fer-

rite.1 Then, the relative amount of cementite is in the range

0.8–0.9 wt.% C, which can be resumed, in theory, by a

mean value of 12.75 ± 0.75%. As shown in Table 3, the

cementite amount is always smaller than the theoretical

value: with 8.5% in as-drawn wires and 4.8% after torsion

deformation. In the same time, the carbon concentration in

ferrite increases from 2.28 to 3.29 at.%. From the phase

quantification and the carbon determination in individual

phases, performed from Mössbauer measurements, it has

been checked that the carbon content says content in

specimen, even if locally this carbon concentration is

changing by torsion deformation. Whenever the mechani-

cal deformation state of wires, Mössbauer analysis gives

rise to a global carbon content of 0.9 wt.% C, which is

closed to the nominal value of pearlitic steel (0.8 wt.% C).

Phase characterisation performed by X-Ray diffraction

is shown in Fig. 2. The microstructure of wires in as-

received state (reference—drawn wires) (Fig. 2a) is

characterised by ferrite and cementite diffraction peaks (the

first peak located at 47� (2h) corresponds to the Kb (110)

peak). The crystallographic texture of the drawn pearlitic

steel wires exhibit a strong [110] fibre along the axis of the

wire induced by the drawing process [13]. After deforma-

tion, the texture evolves to a limit fibre texture [13]. This

leads according to the used X-Ray experimental setup to

some decrease of (110)a peak intensity compared to the

(200) a and (211) a peaks intensities. The comparison

between Fig. 2a and b shows diffraction peaks of ferrite,

which are a little shifted to the left side after torsion

deformation. This shift corresponds to an increase of lattice

parameter, which could be attributed to the residual stresses

introduced during the drawing and torsion processes or to

an increase with the amount of interstitial carbon atoms in

the bcc structure. Furthermore, the increase in carbon

content in ferrite is checked by Mössbauer spectroscopy

with average carbon content from 2 at.% to 3 at.%. The

decrease or disappearance of Fe3C diffraction peaks
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Fig. 1 Mössbauer spectra, recorded at room temperature in CXMS

mode, on drawn wires specimen in as received state (reference) (a)

and with additional mechanical deformation in torsion (b). The Co57

source velocity is in the range 8 mm/s–8 mm/s allowing simultaneous

detection of magnetic and non-magnetic iron environments

1 Fe-Fe3C phase diagram.
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(Fig. 2b) after the torsion can be explained by different

ways: dissolution or reorientation of the cementite, or

fragmentation of the cementite associated to a large

broadening of the peaks. The Fig. 3a shows the familiar

microstructure obtained in drawn pearlitic wires observed

by SEM: the lamellar structure forms lines oriented in the

drawn direction. The Fig. 3b presents the same area of the

wire after a direct and inverse torsion. We can observe a

swirled and curled microstructure associated to large

deformation of the microstructure.

As-observed during experiment, deformation in torsion

in the opposite direction gives rise to a increase of the

surface temperature up to a value estimated by Infra-red

Camera to 90 �C. This temperature can be seen as a mean

temperature, locally higher temperature will be expected.

Discussion

The initial chemical composition of wires, summarised in

Table 1, shows a low amount of alloying element

(0.91 wt.% Mn, 0.24 wt.% Si) with 0.8 wt.% of carbon

atoms. So the influence of alloying element will be only

limited to carbon atoms. Then, in the discussion, only the

influence of carbon element, deformation strain and cool-

ing rate will be responsible of the initial lamellar

microstructure of steel and of its evolution with the

drawing process.

From Mössbauer spectroscopy and X-ray diffraction

measurements, a microstructure comparison of the drawn

pearlitic steel with lamellae structure of pearlitic steel is

allowed. Then, by those techniques, it was found that

drawing is responsible of:

– A lower amount of cementite (8.5%) than in pearlitic

steel at the same chemical composition (12.75%);

– A higher level of carbon concentration in bcc ferrite,

2.3 at.%, compared to the 0.1 at.% as shown in binary

phase diagram steel (see footnote 1);

– Diffraction peak broadening, which is the sign of the

nanostructured phase, internal stress or disordered

structure.

Even if the mechanical properties investigation is not

the purpose of this study, as reported in the literature [14,

16], mechanical properties and microstructure modifica-

tions are intimately acquainted and the drawing process

modifies the mechanical properties of drawn pearlitic steel

wires with the deformation increase. The evolution of

tensile strength, work hardening rate and ductility, during

Table 2 Mössbauer hyperfine parameters of iron environments in drawn steel wires

Site H (kGauss) IS (mm/s) QS (mm/s) W (mm/s) A % % phase

Reference 0a 333.9 ± 0.1 0.013 ± 0.1 -0,004 ± 0.1 0.24 ± 0.02 78.6 ± 3 aFe-C 91.4 ± 3

(I + I0)a 304.6 ± 0.1 0.009 ± 0.1 0.094 ± 0.1 0.56 ± 0.04 12.8 ± 2

IIFe3C 191.4 ± 0.1 0.237 ± 0.1 0.024 ± 0.1 0.56 ± 0.04 8.6 ± 1.5 Fe3C 8.6 ± 1.5

Torsion Deformation 0a 333.9 ± 0.1 0.005 ± 0.1 0.004 ± 0.1 0.26 ± 0.02 75.8 ± 5 aFe-C 95.2 ± 4

Ia 314.4 ± 0.1 0.010 ± 0.1 0 ± 0.1 0.55 ± 0.04 12.9 ± 3

I0a 318.3 ± 0.1 0.002 ± 0.1 0.039 ± 0.1 0.55 ± 0.04 6.5 ± 2

IIFe3C 212.8 ± 0.1 0.158 ± 0.1 0.196 ± 0.1 0.56 ± 0.04 4.8 ± 1.5 Fe3C 4.8 ± 1.5

Table 3 Iron phase quantification and determination of carbon concentration performed from Mössbauer investigation

Phases As received wires—Reference Wires deformed in torsion

Phase amount (%) Carbon concentration (at.%) Phase amount (%) Carbon concentration (at.%)

aFe-C (ferrite) 91.4 ± 3 2.28 ± 0.2 95.2 ± 4 3.29 ± 0.2

Fe3C 8.6 ± 1.5 25 4.8 ± 1.5 25

Total carbon amount 0.9 ± 0.3 in wt.% 0.95 ± 0.3 in wt.%
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Fig. 2 X ray diffraction spectra, recorded at room temperature with a X

Pert Pro diffractometer and Co tube (kKa = 1.790 Å et kKb = 1.62 Å)

on drawn wires specimen in as received state (reference) (a) and with

additional mechanical deformation in torsion (b)
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wire drawing, separately depend on refinement of interla-

mellae spacing, and on nature of alloying elements [19].

The dissolution of cementite associated with a high

carbon amount in ferrite, detected by Mössbauer spec-

troscopy, is in good agreement with literature [1, 2, 4, 5, 7,

14, 16, 19]. The mechanisms of cementite decomposition,

carbon atoms migration and enrichment in carbon of fer-

rite, which are considered in literature [1, 2, 15, 19], are

associated to a significant dislocations role. Now, in the

following sentence, both of them are summarized. P. Watté

et al. [15], have proposed a mechanism decomposed in two

different stages and have schematised its beneficial

opportunity in the representation of the energy diagram

[15] (Fig. 4). In the first stage, in moving in ferrite phase,

dislocations pin carbon in interstitial sites of the b.c.c.

structure. This induces a decrease of the dislocation

mobility but it is not enough to stop them and ferrite

becomes heterogeneous in carbon composition, its ductility

decreases and hardness increases [15]. In the second stage,

dislocations pump carbon atoms and then transfer carbon

element from cementite to ferrite inducing cementite

decomposition [15]. The ferrite dislocations pinning by

carbon atoms increases, locking the ferrite dislocations

which can be mechanically depicted by an additional

hardness increase and chemically by a carbon sursaturation

in ferritic phase.

As a consensus, Gavriljuk and many other authors [1, 2]

explain cementite decomposition in pearlitic steel and

resulting dissolution of carbon in ferrite, in term of higher

enthalpy of binding between carbon atoms and dislocations

in ferrite than in cementite. It would be the reason while the

cementite decomposition is controlled by the transfer of

carbon atoms from cementite to dislocations accumulated

near the interface during deformation. Furthermore, in

pearlitic steel, this binding enthalpy between carbon atoms

and dislocations in ferrite is influence by alloying elements

and the interatomic bonds in cementite affect the stability

of cementite under cold work. The binding energy affects

the hardness of cementite and its ability to deform rather

than to dissolve [1]. The fraction of the cementite

decomposed increases with the increase of the interfacial

area between ferrite and cementite and the decomposition

becomes less intensive at higher strains.

Cementite dissolution and a large number of defects were

reported, too, by Languillaume et al. [7], after cold drawing

of pearlitic steel wires (0.7 wt.% C). Both the cementite

dissolution and the large number of defects, which are

manifest as a high density of interfaces, due to the strong

microstructural refinement (interlamellae spacing close to

20 nm containing high internal elastic strains) occurring

during wire drawing [7]. The interpretation of Languillaume

et al. [7] is based on cementite dissolution due to phase

destabilisation by increase of its free energy arising from

thinning of cementite lamellae and creation of slip steps

during wire drawing. A high level of microstrain is present

in the microstructure and is thought to result from a meta-

stable state of the interfaces due to dislocation incorporation.

This interpretation is an alternative to the interpretation

found in the literature based on carbon-dislocation interac-

tions and could be applied to the present study. Hence, the

free energy of the cementite is increased by an interfacial

contribution to such an extent that cementite becomes

unstable and dissolves into a supersaturated solid solution of

carbon in ferrite. From Mössbauer and X-ray diffraction

measurements, it is impossible to determine the best

mechanism of cementite dissolution and carbon enrichment

of ferrite, depicting the microstructure evolution under

drawing. Further analysis of dislocations repartition by

transmission electron microscope will be needed.

The relative peaks intensities and the broadening of

diffraction peaks are in good agreement with a

Fig. 3 SEM observation of the near-surface of wires in a plane

including the wire axis (a) As received drawn wire (b) Microstructure

of wires submitted to a direct and reverse torsion
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fragmentation of cementite lamellae, thinner deformed

ferrite lamellae, and nanocrystalline phase reported by

different authors [4, 7, 14, 16]. The high tensile stress in

alternated cementite and ferrite lamellae, induced by cold-

drawn to e = 1.8, is responsible of X-Ray peaks broaden-

ing [10]. Cementite lamellae are subject to a high tensile

stress and ferrite lamellae to compressive stress [10].

In fact, in these studies, drawing was reported to induce

co-deformation of ferrite and cementite phases, and

cementite fragmentation into planar nanoscale particles

[14, 16].

During the torsion deformation the temperature is

increased. As shown by the microstructural investigation

(Table 3, Figs. 1 and 2), after torsion deformation, wires

are characterised by a lower amount in cementite

(cementite quantification of 4.8% in Mossbauer spectros-

copy), a carbon enrichment of ferrite phase (3.3 at.% C

compared to 2.3 at.% before), a lower texture in ferrite

phase and thicker diffraction peaks compared to as-drawn

material as shown in Fig. 2b. Both modifications are the

result of individual or conjugal temperature increase and

torsion deformation effects.

It is known that the temperature elevation favours car-

bon diffusion in ferrite, cementite and at the interface

between both phases. Stress relaxation is also expected but

for higher temperature [10, 20, 21]. As shown by Möss-

bauer spectroscopy and XRD diffractograms, the cementite

is not regenerated because its amount evolutes in opposi-

tion with smaller values after the wires torsion. The lower

cementite amount is attributed to the effect of torsion

deformation and temperature increase.

Earlier, unidirectional and reverse torsion test were

performed on wires by Goes et al. [16]. Fracturation after

torsion is a complex event dependent on the shear stress

and strain at the primary fracture moment, the surface

density and size distribution of the microcracks in the wire,

and the samples length. Most frequently, in the first step of

torsion deformation test, as a result the high level of elastic

energy stored in the wires, multiple fragmentations of the

samples are observed [16]. The secondary fractures, which

appear after, are the consequence of the meeting of pre-

existing surface micro-defects [16]. Hence, the lower

cementite concentration, observed by CXMS and XRD

analysis, could be explained by fragmentation of cementite

crystallites during torsion test, increase of defects such as

microcracks and dislocations. Carbon could be transferred

from cementite to ferrite by dislocation. Any way, in our

investigation, micro or macrocracking has not been

detected by any microscopic techniques. In the torsion

deformation applied to as-drawn wires, the level of shear

stress and strain are too small to provide some cracking or

fractures. This result seems not to be really in agreement

with Goes study [16]. In fact, the level of torsion defor-

mation applied is smaller than the one used in Goes’s

investigation and we do not have to forget the influence of

the increase of temperature, observed during wires torsion,

on microstructural modification and on rearrangement of

dislocations and interstitials defects.

The plastic deformation during the torsion of steel wires

can usually be regarded as a simple shear deformation with

a shear plane perpendicular to the wire axis and a shear

direction tangent to the wire surface. Since the strain when

the wire passes through the die is of a more complex nature

including shear and compression strain, the deformation

involved in torsion is highly different. The deformation of

the crystalline material, under applied load, is only possible

if dislocations are able to move across the material. During

the slip and climb of dislocations, cementite is fragmented.

Successively, free carbon atoms are released in the solid

solution. These interstitial atoms act as impurities and pin

up the dislocations. The distance between cementite lam-

ellas mainly determines the strength of the cold-drawn

Fig. 4 Strain ageing of heavily

drawn pearlitic steel wires:

Schematic representation of an

energy diagram which explains

the transfer of carbon atoms

from an interstitial site to a

dislocation during first stage (a)

and the transfer from cementite

to ferrite dislocations during the

decomposition of cementite

during the second stage of strain

ageing (b) [15]
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pearlitic steel wire. Pinning of dislocations by carbon

atoms affects ductility. The material reacts in order to

release local internal stresses and to allow a higher defor-

mation without breaking. Hence, locally, the lattice friction

is responsible of an increase of temperature, which assists

the dislocation in their trips. Then, dislocations are not

blocked in cementite or ferrite phases or at the interface of

both phases (phase or grain boundaries). At this tempera-

ture, the dislocations are, again, able to tract carbon atoms

along their driving and further deformation of steel wire in

torsion is able to be performed. Carbon atoms which move

with mobile dislocations are accumulated in ferrite phase

which becomes super-sursaturated as confirmed by the

value of 3.3 at.% C measured in ferrite by Mössbauer

spectroscopy

The increase of temperature, corresponding to a mean

temperature with certainly more higher local temperature,

allows possible cementite recombination. The final amount

of cementite (4.8%) cannot be seen as negligible: the level

of successive tensile and torsion deformations is not

enough to be responsible of complete cementite decom-

position as referred in literature [4, 5, 7]. The increase in

cementite dissolution is certainly associated to the new

dislocation structure induced by torsion, which offers new

possibilities for taking out the carbon from cementite.

Conclusion

Pearlitic steel wires in as-drawn state (e = 1.8) and after

additional torsion (c = 0.8 following by c = 1.2 in reverse

direction) have been studies by Mössbauer spectroscopy,

X-Ray diffraction and Scanning Electron Microscopy.

Alloying elements such as are in small amount in the

pearlitic steel and will not significantly influence mor-

phology and composition of the pearlitic microstructure or

the displacement speed of dislocations.

The microstructure evolves with the level and the nature

of the deformation. The observed increase of temperature

assists the wire deformation. By comparison with equilib-

rium Fe–Fe3C binary phase diagram, due to drawing

process, the amount of cementite, in as-drawn wires, is

smaller and the carbon concentration in ferrite is much

higher ([0.1 at.%). The torsion deformation induces an

increase of carbon atom concentration in ferrite associated

to a decreased cementite amount compared to as-drawn

wires, nevertheless, without total disappearing of cementite

phase.

The mechanisms of deformation, by drawing, are known

to be the results of cementite fragmentation and dissolution

and to induce an increase of defects such as dislocations.

The mobility of dislocation in the first stage of deformation

by drawing helps carbon atoms diffusion. In a second

stage, these dislocations are pinned by interstitial carbon

atoms (release by cementite dissolution) and blocked in

ferrite near the interface between the lamellae or grains.

The result is the sursaturation in carbon atoms of the ferrite

lattice.

During torsion deformation, the mechanisms of defor-

mation, which regulate steel microstructure are attributed

to the evolution of density and nature of defects (disloca-

tion or free atoms), to lattice friction and to ability of the

lattice to reduce the internal stress create by application of

external stress and by interactions toward defects. As the

wires are deformed in torsion, shear stress and the associ-

ated shear strain induce lattice friction. This friction is

responsible of the global and local temperature increases

and helps the material to over-deform. Then, the carbon

atoms diffusion by dislocation moving is possible and high

enough to allow wires deformation without cracking or

breaking.

In the future, the material, in which wires were fabri-

cated, presents a high ability to be deformed in torsion and

wires must not be cooled, during torsion deformation, if we

want to avoid any break of them.
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