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Fig. 6. Microstructure of material after modification at 500°C, visible 
numerous spherical disengagement of cementite in the ferritic matrix. 
SEM

Fig. 7. Microstructure of unmodified material subjected to cold working 
treatments, visible distinct plastic deformation in order to 70%. SEM

Fig. 8. Microstructure of sample No. 4, previously modified at 300°C, 
after cold drawing, visible 70% material reduction. SEM

Fig. 9. Material tempered at the temperature 400°C, subjected to cold 
working treatments, visible 40% material reduction. SEM

Pearlitic steels, containing from about 0.8 to 0.95% of C, 
belong to the group of unalloyed steels of the quality class 
destined for cold drawing or rolling, this steel has the highest 
strength in relation to other unalloyed steels, therefore she have 
found application mainly as wire rods for hoses, wires for car 
tire reinforcement and cables [1-5]. In range of presented experi-
ment plastic working process was carried out, samples for tests 

were prepared in the form of steel wires of diameters ranging 
from 3.15 mm to 0.8 mm, obtained in the subsequent stages of 
standard cold working.

The results of microscopic observations show that applied 
interventions had made possible obtainment structures with the 
diverse degree of plastic deformation. The highest degree of 
plastic deformation, amounting to 70%, characterized specimens 
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No. 2 and 4 in which structure of lamellar precipitations of ce-
mentite had been previously observed (Figs 10 and 11). After 
cold drawing, the microstructure of pearlitic steel tempered at 
400°C and 500°C is characterized by a much lower degree of 
deformation of about 40% (Figs 12 and 13). This is due to the 
fact that the globular structures, which formed under the modified 
heat treatment configuration, are characterized by better plastic 
properties than the classic lamellar structures. Thus one can 
expect that the wires manufactured using this technology will 
be many times less susceptible to cracking during plastic work-
ing and it will be possible to use larger differences in diameters 
between the consecutive stages of drawing and the necessary 
interoperation annealing, which ultimately can result in a shorter 
overall process time.

Fig. 10. Microstructure of sample No.8, after cold drawing, visible 
plastic deformation in order to 40%. SEM

The consequence of the plastic treatment strain, is a change 
in almost all metal properties [1-5, 21]. The changes manifest 
themselves, first of all, by consolidation of the metal, i.e. increase 
in its strength, yield point and hardness and, at the same time, by 
lowering the elongation and impact resistance. The modification 
of the heat treatment of cold drawn wires was aimed at obtaining 
steel characterized by better plastic properties. The confirma-
tion of this can be clearly found in the results of microhardness 
measurements.

The microhardness of pearlitic steel with the classic lamellar 
structure, subjected to plastic working, amounts to about 416 HV 
while microhardness of the steel tempered at 500°C, characterized 
by distinctly spheroidal structure, was about 379 HV (see Table 3).

At the same time the measurement results indicate that there 
is no reason to carry out the modification at lower temperatures. 
The modification at the temperature of 300°C not only did not 
lead to the coagulation of cementite, but additionally increase 

the material hardness even to 629 HV. At this stage of the in-
vestigations it can be stated that the only temperature bringing 
considerable benefits as regards both material microstructure 
and properties is the temperature of 500°C.

Hardness measurements usually do not provide conclusive 
evidence about the ductility and strength of a material. Therefore 
the other properties of the material of the modified and unmodi-
fied cold drawn wires were determined in the tensile test. The test 
results showed the validity of the tempering at 500°C, process 
this leads to obtainment the steel about comparably high strength: 
Rm = 1420 MPa and 1202 MPa respectively before and after 
the modification and much higher ductility, area reduction for 
basic specimen amount Z = 13.9% and for modified specimen 
32.9% (see Table 4).

TABLE 4

The results of static tensile test of tested samples

Specimen Rm [MPa] E [MPa] Z [%]
No. 2 1420 1.04·105 13.9
No. 4 1202 1.08·105 31.6

Therefore we can expect that the material after preliminary 
modification with regard to heat treatment will be characterized 
by much lower susceptibility to cracking during product shaping 
processes and also during exploitation of finished products. In 
the case of the modification including steel tempering at lower 
temperatures of 300°C and 400°C, higher ductility Z, amount-
ing to 25-31%, was observed, but the strength of the material 
was considerably lower: Rm – 930-936 MPa, which ultimately 
disqualifies this range of the modification of the cold drawing 
wires made of pearlitic steel.

4. Conclusions

Pearlitic steels, containing from about 0.8 to 0.95% of C, 
belong to the group of unalloyed steels of the quality class 
destined for cold drawing or rolling, this steel has the highest 
strength in relation to other unalloyed steels, therefore she have 
found application mainly as wire rods for hoses, wires for car tire 
reinforcement and cables [1-5]. One of the problems discussed in 
literature is cracking of pearlitic steel subjected to plastic work-
ing, caused by high brittleness of the lamellar precipitations of 
hard cementite [6-16]. This issue is extremely important because 
it affects significantly reduce fatigue strength.

TABLE 3

The results of Vickers hardness measurements

No. Hardness hV Average Hardness
Nr 1 212.5 235.1 220.6 218.6 238.4 225.1
Nr 2 399.5 413.2 435.7 427.2 408.7 416.9
Nr 3 300.5 305.9 314.1 322.7 310.7 310.8
Nr 4 369.2 363.2 383.7 382.1 400.8 379.8




