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Pearlitic steels containing from some 0.8 to 0.95%elong to the group of unalloyed steels of thaliuclass
destined for cold drawing or rolling. At the sanmd, the steels are characterised with particullny share
of non-metallic inclusions and limited contentscbfomium and nickel, which extend the pearlite tieactime.
The pearlitic steel in the annealed state hasitfteekt strength in relation to other unalloyed Isieberefore she
have found application mainly as wire rods for 8gs, wires for car tire reinforcement and cableswelver one
of the issues widely discussed in literature ickirzg of pearlitic steel subjected to plastic waki caused by
high brittleness of the lamellar precipitationshafrd cementite. This issue is extremely importatalse it
affects significantly reduce fatigue strength. Pla@er presents proposals to modify the processtefaperation
annealing in order to eliminate this problem.

1. INTRODUCTION

Pearlite is an eutectoid mixture composed of femitd cementite plates, created as the
result of pearlite reaction taking place after angé cooling down slightly below the
Al temperature [1],[5]. The driving force of a péar reaction is the difference in free
energy between austenite and the ferrite and caémmanixture. Diffuse pearlite character
of is related to the rearrangement of carbon atamméch occurs through nucleation and
nucleus growth. Pearlite nucleation runs heterogesig, i.e. in the privileged way, at the
cementite particles, ferrite plates, and in the bgemeous austenite, at grain boundaries
of that phase [2],[3],[5]. The created pearlitectés are spherical in shape, as the rate
of new plates outbuilding and frontal growth amaitar. As a result of carbon diffusion into
the cementite plates, a diversification of the enis¢ chemical composition is taking place
before the change front.
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The thickness of the cementite plates is sevenstismaller than the ferrite plates.
At constant temperature, thicknesses of each pegliiase are almost constant and do not
depend on grain size and austenite homogeneitywloth they are created [2],[3].
At relatively low degree of austenite overcoolingg. slightly below the eutectoid
temperature, the transformation lasts very longl earbon is able to diffuse for greater
distances, thus the coarse-grain pearlite is bemegted. Lowering the transformation
temperature shortens its time, carbon diffusioesgilace at shorter distances, more thinner
plates are created, and that is the fine-grainlipedi4],[15]. Increasing the pearlite plate
dispersion enhances its strength properties argksaise in hardness.

Pearlitic steels containing from some 0.8 to 0.95%elong to the group of unalloyed
steels of the quality class destined for cold dnawor rolling [5],[8],[9]. At the same time,
the steels are characterised with particularly Isiware of non-metallic inclusions and
limited contents of chromium and nickel, which exethe pearlite reaction time.
The pearlitic steel in the annealed state has igbebkt strength in relation to other
unalloyed steels, therefore she have found apitamainly as wire rods for springs, wires
for car tire reinforcement and cables [13],[19].

However one of the issues widely discussed inditee is cracking of pearlitic steel
subjected to plastic working [6],[11],[13],[16]. iBhissue is extremely important because it
affects significantly reduce fatigue strength. Tgegper presents proposals to modify the
process of interoperation annealing in order tmiglate this problem.

Modification of the interoperation annealing proeesll involve the hardening and
tempering treatment, as the first stage of theraperation heat treatment. The idea
of modification was based at possibility of obtamia steel of the sorbite or tempering
troostite structure, which are a mixture of ferrigmd dispersive cementite of high
coagulation degree [1],[5],[17]. Structures obtdimath such method as spherical in shape
are to be featured by better plastic propertiea thenellar structures, being created during
the standard austenite diffusion transitions, anlll @iminate the cracking problem in
pearlitic steel subjected to cold working.

2. EXPERIMENTAL PROCEDURES

Subject of the researches was pearlitic steel efmotal composition (see Table 1) and
mechanical properties according the PN-EN 1032%200) Standard. Samples for tests
were prepared in the form of steel wires of diamsefeom 3.15mm to 0.8mm, obtained in
the subsequent stages of standard cold workingsamaltaneously after the heat treatment
involving hardening (in oil) and tempering withinet 400°C to 500°C temperature range as
the first stage of the cold drawing (see Table13)18]. Microsections of the subsequent
samples were prepared in the direction compatibté whe plastic working, using the
mechanical processes of grinding and polishingyel$ as the chemical etching with 3%
MilFe.

For evaluation of the modification heat treatmericess results in the plastically
strained steel wires, the DM4000 Leica, light msoope was used. Observations of the
pearlitic steel microstructures in the subsequesdearch stages and was conduct



Microstructure Evaluations in Pearlitic Steels WiResulting from Modification of the Interoperatidnnealing... 55

at magnifications within the 100x to 1000x rangeage recording will be performed by the
DP71 Olympus digital camera coupled with the micop®, using the Spot Advanced and
System Stream Enterprise software.

Table 1. Chemical composition of pearlitic steedading to the PN-EN 10323:2005 (U)

CHEMICALELEMENT | C Mn C Ni S S/P
[%)] 0.83 0.4-0.6 <0.1 <0.15 <0.3 <0.025

Table 2. The sequence of samples investigated aruhtented within this article

NUMBER OF SAMPLE PROCEDURE OF REALIZATION
No. 1 material in the state of delivering
No. 2 sample No. 1 after cold working
No. 3 sample No.1 after hardening and tempering treatmef@0°C temperature
No. 4 sample No. 3 after cold working
No. 5 sample No.1 after hardening and tempering treatmes@0°C temperature
No. 6 sample No. 5 after cold working

Observations of the pearlitic steel microstructureshe subsequent research stages
was conduct also with the use of Scanning Electvboroscope Phenom G2 Pro, at
magnifications from 2000x to 20000x. During thetdemn accelerating voltage of 20 and
25kV will be applied. The observations are to bdgrened with the material contrast, using
the SE detector.

Measurements of Vickers hardness were executedaosvierse section of samples,
about five imprints on one sample, according to RN EN 1ISO 6507-1 Standard. Zwick
321 hardness tester was used, with the load 0.5kiGvarking in the time of 15s.

3. RESULTS AND DISCUSSION

The observation of the sample No. 1, consideredbéo of an origin diameter
of 3.15mm, shown that this specimen is a typicpbgrlitic steel for drawing applications
with 0.8% of carbon. Pearlite observed under thedaliographic microscope at low
magnifications is etching into grey colour (see.Rijy and at greater magnifications a clear
lamellar structure appears, in which a hard, andlh@&tching cementite lamellae protrudes
over the soft ferrite (see Fig. 2). The rectangslaape of pearlite colonies indicates that
colonies’ growth took place at a stress statelithalsurrounding volume.

Pearlitic steels belong to the group of unalloyesels of the quality class destined for
cold drawing or rolling, this steel has the highssength in relation to other unalloyed
steels, therefore she have found application maaslyvire rods for springs, wires for car
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tire reinforcement and cables [5],[9]. However arfi¢he important technological problem
is cracking of the finished products during the saduent stages of cold working or even
during the use them [6],[10],[20],[21].

Fig. 1.Microstructure of perlite observed in a typicaltged for drawing applications with 0.8% of carbon.
Light microscopy, etching with 3% MilFe

Fig. 2. Microstructure of the sample No. 1 obserg@&EM, visible austenite grain boundaries
and cementite lamellae protrudes over the sofitéerr

The microscopic observation of the sample No. Zwshthat this specimen was
deformed about 60% compared to the base sampleFigee3.). A highly deformation
of structure observed in Fig. 4 leads to visiblealty cracking of hard cementite lamellar
(see Fig. 5.). This observation indicate that araglof pearlitic steel subjected to plastic
working, caused by high brittleness of the lamgdliacipitations of hard cementite.

If the cracking of pearlitic steel caused by higiitleness of the lamellar cementite
it means that the best way to eliminating this nogr@d problem is changing of cementite
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morphology. Within this article, is shown the prepoof modification the interoperation

annealing process which involve the hardening &ntpering treatment, as the first stage
of the interoperation heat treatment. The idea ofifitation was based at possibility

of obtaining a steel of the sorbite or temperingopstite structure, which are a mixture
of ferrite and dispersive cementite of high coatiotadegree [1],[5],[7],[13].

Fig. 3. Microstructure of sample No. 2, visiblegila deformation about 60%. Light microscopy,
etching with 3% MilFe

Fig. 4. Microstructure of the sample No. 2 obsergd Fig. 5. Increase area of Fig. 4, visible broken
SEM, visible highly deformed pearlite colony cementite lamellae

Microscopic observation shown that the result ompering with the 400°C
temperature range a precipitation of carbon fronrtenaite is taking place, creation
of spherical disengagemeunit cementite, as well as decomposition of residwetenite into
the carbon oversaturated ferrite and cementiteKgees and 7). Specific volume drops and
the created structure, which is a mixture of ferand cementite of very high dispersivity
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and certain degree of coagulation, is called titeosAs the heating progresses about 500°C,
further cementite coagulation in the ferritic matiakes place, consisting in dissolving fine
particles and growth of big ones, which begin teuase the shape close to a sphere (see
Fig. 8 and 9). After such tempering the structsrealled sorbite.
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Fig. 6. Microstructure of troostite with small néeslof bright martensite. Light microscopy,
etching with 3% MilFe

Fig. 7. Microstructure of the sample No. 3 obserg®GEM, visible a mixture of martensite and ceriterdf high
dispersivity of coagulation

The observation of samples No. 4 and 6, obtainethensubsequent stages of cold
working preceded of the modification of heat treatmy shown clearly that structures
spherical in shape are to be featured by bettestipl@roperties than lamellar structures,
being created during the standard austenite ddfudransitions (see Fig. 10 and 11).
Spherical disengagement of cementite during plagétormation underwent extension
exclusively, there were no visible cracking or &eottypes of decomposition, which means

that this modification could eliminate the crackipgpblem in pearlitic steel subjected to
cold working.
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Fig. 9. Microstructure of the sample No. 5 observg@&EM, visible numerous spherical disengagement
of cementite in the ferritic matrix

The consequence of the plastic treatment straig hange in almost all metal
properties [4],[9],[12]. The changes manifest thelwess, first of all, by consolidation of the
metal, i.e. increase in its strength, yield poindaardness and, at the same time, by
lowering the elongation and impact resistance.

The results of microhardness measurements confiriingid consequence of plastic
deformation is visible increase of this paramesere(Table 3). The microhardness of base
sample increase from 225HV to 416HV, however miardness of modified sample
increases to 590HV for 400°C and to 379HV for 500T@mpering with the 400°C
temperature proceeded cold working leads to sicamti consolidation of the strained metal
which could leads to the material destruction bycdeesion. Modification of the
technology with using higher temperature leadshtaioment the structure called sorbite
which is characterised with better ductility.



60 D. GRYGIER, M. RUTKOWSKA-GORCZYCA, R. JASINSKI, WDUDZINSKI, G. GERSHTEIN

Fig. 10. Microstructure of the sample No. 4 aftlastic deformation, visible elongated spherical
disengagement of cementite. SEM
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Fig. 11. Microstructure of the sample No. 6 obsérvg SEM, there were no visible cracking or another
types of decomposition of cementite after plaséifodnation

Table 3. The results of Vickers hardness measuresme

AVERAGE
NUMBER HARDNESS HV HARDENSS
OF SAMPLE HV1
No. 1 212.5| 235.1 2206 2186 2384 2251
No. 2 399.5| 413.2 435.f 427|2 408.7 416.9
No. 3 487.1) 483.9 465.0 478|2 483.3 479.7
No. 4 5929 579.6 587. 5988 594.1 590.5
No. 5 300.5| 305.9 314.1 3227 310.7 310.8
No. 6 369.2| 363.2 383.f 382{1 400.8 379.8
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4. CONCLUSION

The main aim of the investigation presented in thisicle was modification
of annealing process parameters applied duringtiplassatment of pearlitic steel for
patented wires. Modification involved the hardenaryd tempering treatment. as the first
stage of the interoperation heat treatment. Tha alanodification was based at possibility
of obtaining a steel of better plastic propertieant conventional structures and the same
eliminate the cracking problem of this materialjeated to cold working.

Results of microscopic observation show that temgewith the 400°C and 500°C
temperature gave a possibility of obtaining a std#fethe sorbite or tempering troostite
structure. which are a mixture of ferrite and drspe& cementite of high coagulation degree.
Structures obtained with these methods as sphencahape had much better plastic
properties than lamellar structures. being crealadng the standard austenite diffusion
transitions. Spherical disengagement of cementiteng plastic deformation underwent
extension exclusively. there were no visible cragkor another types of decomposition.
which means that this modification could elimin#éte cracking problem in pearlitic steel
subjected to cold working.

The results of microhardness measurements confithmdempering with the 400°C
temperature proceeded cold working leads to visiieease of this parameter. Significant
consolidation of the strained metal enables itth&urshaping by cold working. because it
then leads to the material destruction causedshyetcohesion.

The microhardness of sample tempering within th&G06°C temperature range and
cold drawing increase to 379 HV which is visiblever then base sample. obtaining with
standard method. It means that modification of afing process with using higher
temperature leads to obtainment the structure ctearsed with high ductility. and could
eliminate the cracking problem of pearlitic steel.

Peatrlitic steels belong to the group of unalloyesels of the quality class destined for
cold drawing or rolling. At the same time. the Hesre characterised with particularly low
share of non-metallic inclusions and limited cotgesf chromium and nickel. which extend
the pearlite reaction time. They have found appboamainly as wire rods for springs.
wires for tire reinforcement and cables. Explamatiof the cracking mechanism and
elaborating heat treatment procedures for peasigel thus opens new application fields
for those materials and new technologies of theidpction.
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