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Abstract. The features of recrystallization of steels with different chemical composition and type of crystal lattice under laser action were 

investigated. These processes are of great importance in high-speed laser heating and cooling, as well as in the formation of the 

microstructure of steels under the influence of residual heat. 
It was found that recrystallization under laser action has signs of a dynamic process due to an increase in the dislocation density. In 

addition, the dislocation substructure of steel is inherited from the initial hot-deformed state. It is shown that the mechanism of laser 

recrystallization depends on the type of steel, chemical composition, and crystal lattice. 
In different steels, the development of primary, collective, and secondary recrystallization was observed. In this case, the change in the grain 

structure of steels took place against the background of an increased density of dislocations and the formation of a cellular dislocation 

substructure. 
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1.Introduction.  

Laser processing is widely used to strengthen various steel 

products. During this treatment, structural and phase 

transformations in steel proceed at a very high rate. In this case, the 

critical points of transformations are shifted upward on the 

temperature scale relative to their equilibrium value by 50...100 °C 

[1-3]. Numerous studies have established that the effect of 

strengthening steels under laser irradiation is achieved by high-

temperature strengthening, martensitic transformation, obtaining an 

ultrafine structure, dissolution of carbides and non-metallic 

inclusions, saturation of the matrix with their components, 

microchemical inhomogeneity, an increase in the number of defects 

in the crystal structure and plastic shears [1-11] . All these factors 

act simultaneously and it is not always possible to separate their 

influence in the study of steels traditionally subjected to laser 

processing, especially in steels with a complex structure. The goal 

of the work was to study the features of high-speed recrystallization 

in steels with different chemical composition and type of crystal 

lattice under laser action. 

2. Materials and Procedures.  

Specimens made of hot-deformed steels 08Yu, 08Kp, 

08H18N10T, E3 were irradiated by laser in GOS-30M and 

Quantum-16  installations with an excitation voltage of 2,5kV and 

pulse energy of 18 J at heating rate of 105 oC/s and cooling rate of 

106 oC/s with action time of 3,6 .10-3 s. These steels can be 

considered model alloys because they have a single-phase structure 

or a structure with a small amount of a second phase and contain 

little carbon (see tabl. 1). Such a set of research objects made it 

possible to obtain relatively simple types of matrix with different 

impurities and crystal lattices. The microstructure of steels in the 

laser impact zone was studied using a Neophot-31 light microscope 

and a Tesla electron microscope. The dislocation density, block 

sizes, and texture in a thin surface layer were evaluated on a 

DRON-2.0 X-ray diffractometer. 

 

 

Table 1.  Chemical composition of the steels 

Steel Element content, % 

C Mn Si Cu Cr Al Ti Ni S P 

08Kp 0,09 0,32 0,01 0,22 0,05 0,01 - 0,05 0,025 0,009 

08Yu 0,07 0,29 0,01 0,07 0,03 0,04 - 0,05 0,022 0,007 

E3 0,035 0,10 3,1 0,09 0,05 0,013 - 0,09 0,005 0,005 

08H18N10T 0,08 1,2 0,80 0,07 18,0 - 0,6 10,1 0,021 0,006 

 
3. Results and discussion.  

In [2, 5], the features of phase transformations, in 

particular, the austenitization of steels during laser heating, were 

studied. It has been established that phase transformations are 

accompanied by polygonization [12] and recrystallization [5] due to 

internal strengthening and having a static character. It was shown in 

[13] that the kinetic regularities of recrystallization upon 

conventional and laser annealing are similar. However, it was 

established in [2, 14, 15] that, during laser treatment, the dislocation 

density increases by several orders of magnitude, and the level of 

microdistortions of the crystal lattice increases by several times, 

which indicates plastic shears and is directly stated by the authors of 

[15]. 

Structural changes in the zone of laser impact in low-

carbon steels took place under conditions of high temperature and a 

powerful shock pulse. The short duration of such a powerful impact 

inevitably generates shock microwaves. The impact of a laser beam 

is similar to a microexplosion (thermal shock), shock waves 

develop huge pressures [2], leading to plastic deformation, which 

manifests itself in a very short time of shock compression. Under 

these conditions, the stresses in the thin surface layer of steel exceed 

the yield strength and the material is able to flow. As a result, 

dislocations and vacancies multiply, dislocation reactions occur, 

and a significant concentration of nonequilibrium vacancies is 

created. 

An analysis of the microstructure of hot-rolled steels showed 

that in the zone of laser irradiation, the grains become larger by 1 ... 

3 points (from 8 to 5 ... 6 points, GOST 5639) compared with the 

initial state, i.e., collective recrystallization occurs. Steels 08Yu and 

08kp differ in the chemical composition by the presence of 

aluminum in the former. After laser treatment in steel 08Yu, the 

grain size increased by 1...2 points (from 8...10 to 6...7 points), in 

steel 08kp - by 2...3 points (from 8 to 5...6 points) (Fig. 1, a, b). 

Such a difference in the degree of grain size increase is associated 

with the barrier effect of aluminum nitride particles AIN (Fig. 1c). 

At the moment of laser exposure, inclusions of aluminum nitrides 

partially dissolve: in these places, the grain boundaries are capable 

of migration and the grains grow. The laser exposure zone is 

characterized by the presence of wavy grain boundaries, which in 

the surface layers are perpendicular to the sample surface. This is 

due to the direction of exposure and heat removal and causes the 

appearance of signs of a columnar structure.
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Figure 1. Microstructure of hot-rolled steels 08Yu (a, c, g), 08kp (b, h), E3 (d), 08Kh18N10T (e, f) in the laser impact zone: a, b, d, e, h, 

x600, c - x20000, f - x50000, g - x1000. 

 

In E3 steel, ferrite grains increased by one point (from 4 

to 3 points). It is known that this steel is practically not prone to 

collective recrystallization, since the grain boundaries in the alloyed 
ferrite are inactive due to their fixation by particles of dispersed 

precipitates and the resulting recrystallization texture [15]. 

Secondary recrystallization or anomalous grain growth was 

observed in the zone of laser impact of E3 steel in places with 

favorably oriented grains (Fig. 1d). In austenitic steel 08H18N10T, 

the grains also became coarser by 1...2 points (from 9...10 to 7...8 

points) in comparison with the initial sizes (Fig. 1, e). In the zone of 

laser impact, a lot of so-called "dangling" boundaries are visible, 

which is typical for this steel [16]. In steel 08Yu, fragments of grain 

boundaries and subboundaries are also visible. Recrystallization 

under laser action of 08H18N10T and 08Yu steels was 

accompanied by spliting of the grain boundaries and formation of 

the special boundaries in their structure. Thus, in the case of laser 

action, as in conventional annealing, collective recrystallization is 

suppressed in alloyed ferrite and austenite, but secondary 

recrystallization develops. 

Non-metallic inclusions were the centers of nucleation of 

recrystallized grains in the steel, as in conventional annealing or any 

type of high-speed heating [16, 17], while the short time allotted for 

the relaxation of deformation and thermal stresses creates 

conditions for the nucleation of several recrystallization nucleus 

near one inclusion, where recrystallized grains of a specific petal 

character appear (Fig. 1g). 

In the zone of laser impact in all hot-worked steels, the 

slip lines and microcracks were observed, indicating significant 

plastic deformation (Fig. 1h). In the grains of E3 steel, a large 

number of twins of the several systems were found that intersect 

each other (see Fig. 1, d). In addition, traces of the sliding along 

several systems were revealed. In some places, the deformation had 

a clearly vortex (rotational) character, the sliding “torches” were 

observed at the intersections of twins with each other and with the 

grain boundaries, as well as zones of deformation by the dumping. 

During laser processing, plastic-plastic relaxation in hot-worked 

steels proceeds by the shear and rotational mechanisms. 

Observations testify to the high-speed nature of the deformation, 

which has a number of features: the number of dislocation sources 

and slip systems increases, and the velocity of dislocations in slip 

planes increases too [1–4, 15]. The short duration and locality of the 

laser impact contributes to the constraint of plastic deformation 

when local plastic rotations of microregions are carried out. The 

fields of elastic stresses can relax due to plastic rotations of the 

lattice of conjugated grains. The constraint of plastic stress 

relaxation under laser irradiation is also due to the specifics of high-

speed mass transfer [18, 19], which is realized, in contrast to 

diffusion processes occurring during conventional heating. 

The study of fine structure of steel 08Yu using an electron 

microscope showed that in the zone of laser action there are areas 

with dislocation clusters and a developed cellular substructure (Fig. 

1f), which occupy 40 and 60% of the area of the studied samples, 

respectively. The dislocation substructure of steel after laser 

exposure differs from the initial hot deformation substructure by the 

presence of small dislocation coils and thin mid-angle 

subboundaries. The formation of a cellular substructure in the 08Yu 

steel during laser exposure indicates a significant plastic 

deformation that has taken place in the grains. In austenitic steel 

08H18N10T, the areas of interlacing and flat accumulations of 

dislocations are also observed, there are zones with a cellular 

substructure. Table 2 shows the dislocation density in the steels in 

the hot-rolled state and after laser processing. It can be seen that the 

density of dislocations in the zone of laser action in all steels 

increased by two orders of magnitude compared to the hot-rolled 

state. In addition, laser processing resulted in almost 3-fold 

refinement of the blocks (from 61.10-5 to 19.5.10-5 cm), which 

indicates the presence of microdistortions in the crystal lattice of the 

solid solution. 

 
Table 2. Dislocation density ρ before (1) and after laser exposure (2) 

Steel Dislocation density ρ, cm-2  

1 2 

08Yu 1,3 × 108 3,54 × 1010 

08Kp 2,0 × 109 1,4 × 1011 

08H18N10T 4,6 × 108 8,2 × 1010 
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X-ray studies showed that a weakly developed 

crystallographic texture (110)α arose in the laser impact zone; part 

of the grains is oriented by this plane parallel to the sample surface. 

The mode of laser irradiation used in the present studies 

was selected empirically in order to exclude heating of the steel 

above the structure change induced by phase transformation 

α ↔ γ start point. The proof that no polymorphic transformation 

occurred under the studied irradiation conditions is evidenced by 

the following facts:  

- steel grains have grown, not crushed. If a polymorphic 

transformation occurred, and even a double one (during heating and 

cooling), at such high heating and cooling rates, the many phase 

transformation centers would arise and the structure would form 

fine-grained; - the same results were obtained both for steels in 

which polymorphic transformation is possible (08kp, 08Yu), and for 

steels where it is excluded (E3, 08KH18N10T), moreover, having a 

different crystal lattice; 

 - sulfide inclusions did not melt during heating, but they melt at 

temperatures above 950 oC [11, 20, 21]. 

 

4. Conclusions.  

In the zone of laser action of hot-worked steels, structural signs of 

two processes are observed - collective or secondary 

recrystallization and high-speed shear or rotational plastic 

deformation. These processes run in parallel, so it should be 

considered that at the moment of pulsed laser irradiation, dynamic 

collective or secondary recrystallization develops in steels. The 

specific conditions of laser exposure, mainly its short duration and 

localized powerful energy, ensured the processes of restoring the 

structure of a dynamic nature. 
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