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 
ABSTRACT 
 
The article deals with the mechanism of laser alloying of 
P6M5 steel and the character of its change. The results of 
studies of laser doping and a change in the results with 
varying parameters of laser radiation are proposed. Tungsten 
boride (W2B5) was used as a legrant. The authors spent an 
analytical assessment of the mixing mechanism in laser 
doping. It is noted that the research of this sphere do not have 
a systemic nature.   Many authors who explore this problem, 
think that it is one of the main and most controversial in laser 
doping. Therefore, the results are got by different scientists 
cannot be systematized due to significant differences in the 
schemes and conditions of research. It is investigated the 
processes occurring during the formation of the structure of 
surface layers during laser doping. It is obtained optimum 
laser processing conditions. It is proved experimentally that 
the processing speed during laser alloying effects on the 
nature of the distribution of the legrant in the alloy bath and 
regulates the mixing mechanism, including both diffusion 
and convection. 
 
Key words: Laser alloying, convective mixing, molecular 
diffusion, alloying materials, process.  
 
1. INTRODUCTION 
 
It is known that alloying elements penetrate into the inner 
layers from the metal surface during laser doping. In this case, 
it is necessary to mix the alloying substance with the base 
metal. 
Many researchers consider that the question of the 
mechanism of mixing during laser doping is one of the most 
controversial questions [1]. 
Grigoryants A.G., Safonov A.N.  point to two possible 
mechanisms of mixing in their research: convective mixing 
and molecular diffusion. 
According to A.A. Vedenov and G.T. Gladushʼs opinions, 
there are three models of the mechanism of mixing of a 
substance with a material, that is stirring. In some studies, the 
researchers assign the main role to convective mixing [4]. 

 
 

They think that convective flows  in a bath with liquid can be 
described as a one-dimensional model of thermo capillary 
convectioned, which allows to estimate the characteristic 
velocity of the moving and its level of mixing (number of 
convective cycles - melt turns during the lifetime of the bath) 
and the level of distortion of the surface profile of the doped 
zone. 
Further development of the mechanism of convective mixing 
is reflected in  M.P. Matrosov  and V.S. Mayorovaʼs  research 
results. Analytical forms are given for a two-dimensional 
problem, and also results are got on determining the shape for 
a liquid bath and the distribution of fluid velocities in their 
research works  [2]. 
Besides, in their papers you can learn what the shape of the 
bath surface of the melt  (concave or convex) depends on, the 
direction of convective flows on the surface (to the edges or to 
the center of the liquid bath), the ratio of the depth to the 
cross-sectional width of the alloy track and so on. 
However, not all researchers think that the mechanism of 
convective mixing is prevailing. In the research works of 
Yu.A. Bykovsky , V.N. Nevolin  , V.Yu. Fominsky  the 
alloying mechanism is considered as diffusion. There is a 
conclusion about the possibility of development of diffusion 
processes occurring in the melt in the research work [3]. Also 
there is a detailed comparison of experimental data about the 
dynamics of changes in the distribution profile of atoms after 
laser irradiation. The energy of laser radiation is absorbed in 
the skin layer of the irradiated substance and transferred 
almost instantly (10-11 s) to the lattice. [5].The material 
which absorbs radiation in about 1 ns is heated to the melting 
temperature and according to the mechanism of thermal 
conductivity  the deeper layers of the matrix material are 
heated. It is possible the simultaneous existence of a melt of 
the material of the legrant and matrix with the corresponding 
thickness of the alloying material (legrant) and a certain 
(threshold) energy density of laser radiation. They mix 
mutually in the liquid phase during the lifetime of the melt. A 
certain distribution of atoms is formed in the surface layer of 
the matrix as a result of diffusion [7].The cooling of the 
material is accompanied by the movement of the solidification 
front with characteristic speed of 10 m / sot of the liquid-solid 
interface to the surface. This movement “freezes” the 
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concentration distribution of doping atoms in the surface 
layer of the metal matrix [6]. 
So, now, there is no both common approach to the solution of 
problem of the mechanism of laser doping, and there is no a 
research of the ratio between the possible mechanisms of laser 
doping. 
 
2. RESULT AND DISCUSSION 
Further, we consider the laser alloying of steel P6M5  and 
trace the change of the results when the processing speed 
changes. We use tungsten boride (W2B5) as a legrant. We 
spent research at a constant power density (q = 0.25 • 10 W / 
cm2) and the thickness of the legrant (h≈0.2-0.25 mm), 
which consists of powder W2B5  and a binding agent taken in 
a ratio of 1: 4. [8], [9]. 
Before testing, the microstructure of steel P6M5 is 
characteristic for steels of the ledeburite class, pre-processed: 
hardening+ tempering. The basic structure is martensite, the 
crystals of which are small and hardly distinguishable 
because of weak etchability. Along with martensite, there are 
carbides of eutectic origin [12]. 
The alloying bath is formed as a result of laser doping with 
tungsten boride (Fig. 1), the size of which are determined by 
the laser processing parameters. The depth of the bath 
decreases with increasing processing speed V, since a higher 
processing speed implies a shorter exposure time for the 
material (Table 1). 
 
Table 1: Processing speed implies a shorter exposure time for 

the material 
Laser processing speed V. mm / 
s 

4 6 8 
Depth of alloy bath, mm 1,63 1,50 1,3 

 
 
 

 
Figure 1: The macrostructure of steel P6M5 after laser 
alloying W2B5: 
 
a - the appearance of the bath at V = 0.4 cm / s;  
b - the appearance of the bath at V = 1.2 cm / s (x50) 

 
Figure 2: The microstructure of steel P6M5 after laser 
alloying W2B5: 
 
a - upper transition zone in the alloy bath; 
 b - lower transition zone (alloying-hardening) (x 400) 
Since laser alloying was conducted in the melting the surface 
layer mode, under the effect of laser radiation, steel in the bath 
volume turned into a liquid, mixed with an alloying coating 
and hardened quickly  due to the mass of the base metal, 
which was as a heat sink. 
The structure learned from laser doping by tungsten boride is 
presented in Fig. 2. The formed grains had various sizes and 
shapes: from small polyhedral to larger stretched ones. Such 
inhomogeneity of the structure can be caused by both 
peritectic and eutectic transformations, which did not manage 
to occur completely in such a short time, and by the influence 
of the mixing mechanism or mechanisms. The alloying bath 
consists of a number of concentrically located zones at a low 
processing speed (V = 0.4 m / s), with different level of 
etchability [10], [11]. 
You can see in fig. 1a, that the used legrant (W2B5) is located 
unevenly in the alloying bath, forming zones of different 
concentrations. Besides there are visible fractions of the 
legrant  in the center of  alloying bath, which have moved for 
short distances. This situation is characteristic of the diffusion 
mixing mechanism. Eddy flows of the legrant are fixed in the 
peripheral place of the bath on both sides. They were formed 
as a result of the convection mechanism. 

3. CONCLUSION 
So, we could see the effect of two mixing mechanisms at the 
same time at a low processing speed. The mixing mechanism 
can be complex and consist of several processes but it is 
impossible to say what mechanism is priority in this case. The 
size of the alloying bath decrease with increasing speed of 
laser alloying to V = 1.0 ÷ 1.2 cm / s and the structure 
becomes more homogeneous (Fig. 1, b). The greater 
uniformity of the structure is explained by more intense 
mixing, but in such a short time it is unlikely for the diffusion 
mechanism, although it is real for the convective one. 
In conclusion, we would like to say that the processing speed 
during laser alloying influence on  the distribution of the 
legrant in the alloy bath and regulates the mixing mechanism, 
including both diffusion and convection.. 
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