
Conclusions. I. In superrapid hardening in the layer remelted in laser irradiation of 
originally nonhomogeneous Fes~B17 alloy three areas are formed, inclusions of a-iron cry- 
stals, an amorphous zone, and an intermediate boron-enriched layer. 

2. Crystallization of the amorphous areas obtained in laser treatment occurs in more 
than one stage in a broad temperature range. With an increase in the number of laser irradi- 
ations the thermal stability of the amorphous areas decreases. 
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The authors of [1-5] presented experimental data on the improvement of the anticorrosive 
and mechanical properties of the alloy MA21 of the system Mg--Li attained by laser treatment. 
However, these publications do not contain reports on detailed investigations of the regimes 
of laser heat treatment (LIIT) that would make it possible to establish a correlation between 
the parameters of the treatment, the structure and properties of the material, which would 
be important to industry. 

Moreover, there is no metal science "analysis of the different structural states obtained 
in continuous (CLHT) and pulsed (PLHT) laser heat treatment. 

On the basis of an analysis of the diffusion processes occurring during crystallization, 
the conclusion was reached that pure metal and alloys of eutectic type are most sensitive to 
the cooling rate [6]. 

In superrapid quenching by the method of pouring molten copper alloys of eutectic compo- 
sition on a drum, the authors of [7] found five types of microstructures: from coarsely 
lamellar eutectic to single-phase metastable solid solution, and in the extreme case with a 
cooling rate of approximately 107 °K/sec, to a radiographically amorphous structure of solid 
solution. 
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Fig. i. Diagram of the zones treated by continuous laser: 
a, b) without overlapping of the laser tracks; c, d) with 
overlapping of the laser tracks; i) fused zone; 2) initial 
metal; 3) sections of initial structure after machining of 
the surface; 4) zone of overlapping laser tracks. 

Fig. 2. Dependence of depth H and width B of the laser 
track on the speed with which the continuous beam is shifted, 

with q = 0.4"10 ~ W/m 2. 

We therefore attempt in the present work to shed light on the regularities of the for- 
mation of some type of microstructure in the alloy MA21 under conditions of cooling after 
LHT; to reveal the effect of the principal parameters of irradiation on its properties, and 
to examine problems of optimization of the technological process of CLHT. 

The investigations were carried out with rectangular specimens, i0 x i0 × I0, 20 x 20 × 
30, 30 x 20 x 30, and i0 x 30 × i00 mm in size, of alloy MA21 in the hot-pressed state, 
obtained under industrial conditions in the form of formed semiproducts. Before the speci- 
mens were irradiated, their surface was provided with a light-absorbing coating in the form 
of an oxide film~ this was done by a chemical method (in a solution consisting of 70 g/liter 
potassium chromate, 40 g/liter magnesium sulfate, and 50 g/liter ammonium sulfate). 

The CLHT was carried out with the aid of a gas C02 laser with a power of up to 1 kW with 
wavelength of the radiation 10.6 ~m. The diameter of the focused beam was measured on speci- 
mens of alloy MA21 coated with lubricant MTsS-10, with the radiation acting for 1 to 5 sec. 
The principal controlled parameters were the power density of the radiation (q) and the speed 
with which the surface of the alloy moved under the beam (v). The power density was changed 
within the limits 12.107~q~16.108 W/m 2, the speed of the shifting 5.10-3<v<4.3×10 -2 m/sec. 

As a result we obtained a molten layer with different geometry, i.e.~ a laser 'Vtrack" 
with a certain width B and depth H, ensuring different cooling rates of the melt. 

To obtain a fused layer on the surface of the specimen that was uniform across its 
thickness, we carried out the treatment with overlapping of the laser tracks as shown in 
Fig. i. 

To optimize the parameters of CLHT it is necessary to determine the permissible temper- 
ature ATp to which the alloy may be heated (the difference between the temperature of the 
heating and the normal one) at which light absorption of the surface increases and the sta- 
bility of the technological process of irradiation is impaired. With the object of deter- 
mining ATp, we simulated the heating entailed in CLHT by preliminarily heating the specimens 
in a crucible. The temperature was continuously checked with the aid of a thermocouple and 
a portable potentiometer PP-63. The final temperature was changed between 25 and 320°C in 
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Fig. 3. Dependence of depth H and width B of the 
laser track on the power density of the radiation with 
different speeds of shifting: i) v = 5.10 -3 m/sec; 2) 
v = 6.6-10 -3 m/sec; 3) v = 1.2-10 -2 m/sec. 

Fig. 4. Effect of the power density of the radiation 
q on the corrosion rate C k and the volume fraction of 
the o-phase N~ of the alloy MA21 (v = 1.2.10 -2 m/sec). 

steps of 5-I0°C. After the specified temperature had been reached, the specimens were irra- 
diated in the same optimal regime. Then we made metallographic sections and measured the 
width B and the depth H of the laser track, investigated the microstructure, and determined 
the corrosion rate for each temperature. From the jumplike change of the above-mentioned 
parameters we determined ATp. 

The energy parameters of CLHT do not suffice for obtaining an amorphous structure in 
the alloy MA21, we therefore used a solid-state pulsed glass laser with neodymium "Kvant- 
16." The generator operates in multimode regime: pulse energy up to 30 J, pulse width 3-6 
msec, wavelength of the radiation 1.06 ~m, beam diameter 2 mm. The pulse energy was changed 
within the limits Z3~E~I5 J. The power density was varied within the limits 2~3..I09~q~[.5× 
i0 z° W/m 2. Moreover, to increase the temperature gradient, we applied PLHT of the alloy 
MA21 in a medium of liquid nitrogen. Irradiation was carried out in a special device 
designed to prevent nitrogen vapors from reaching the irradiated surface. 

After CLHT and PLHT the specimens were heated to 90°C with holding for 12 h, to 160°C 

with holding for 16 h, and to 100°C with holding for i00 h. 

The methods of corrosion and microstructural investigations are described in [1-5]. 
However, it should be noted that in quantitative analysis of the microstructure on an analy- 
zer Quantimet-720 we determined the mean volume fraction of the a-phase (%), viz. N a. The 
microstructure and properties of the alloy were investigated in a separate spot or laser 
track as well as in a section irradiated with overlapping of the spots and tracks. 

In dependence on the treatment regimes, CLHT of the surface of specimens of alloy MA21 
leads to different results. 

When the beam is shifted with increased speed, with q = const, H and B of the laser track 
decrease proportionately (Fig. 2). A similar dependence was obtained by many authors, e.g., 
[8]. Of greatest interest were the dependences H = f(q) and B = f(q) (Fig. 3). With 

mm B, mm 
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1, I J,  
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Fig. 5. Effect of the tem- 
perature AT to which the 
alloy MA21 is preliminarily 
heated in continuous laser 
treatment on the depth H 
and the width B of the laser 

track. 
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Fig. 6. Microstructure of alloy MA21 after continuous laser 
irradiation with speed of shifting v = 10 -2 m/sec and dif- 
ferent power density of the radiation (x300): a) q = 0.2" 
108 W/m2; b) 0.4"i0 s W/m2; c) 0.6.10 s W/m2; d) 0.8"108 W/m2; 
e) 1.6"108 W/m 2. 

q = 0.3"108 W/m 2 the curves have a maximum. This is obviously connected with various mecha- 
nisms of interaction of the continuous beam with the surface. 

The values of q up to 0.3.108 W/m 2 lie below the threshold of developed evaporation and 
the threshold of plasma formation, part of the radiation is therefore expended on heating 
and melting the material, and part is reflected by the surface. With q > 0.3.108 W/m 2 there 
is developed evaporation, and the energy contribution apparently suffices for the formation 
of a plasma flare. In our case the products of evaporation and the plasma defocus the radi- 
ation substantially. It is obvious that an increase of q entails an increased degree of 
defocusing, and this also causes a decrease of H. 

In the investigation of the effect of the regimes of CLHT on the corrosion resistance 
it was established that it depends to a considerable extent on the specific energy contribu- 
tion (Fig. 4). The lowest corrosion rate was found with 107 < q < l0 s W/m 2. 

Preliminary heating of the alloy in CLHT causes a change of the structure and proper- 
ties of the fused layer. The results of the investigation showed that in the investigated 
temperature range of preliminary heating there is a jumplike increase of H and B (Fig. 5). 

The dependences H = f(AT) and B = f(AT) are well correlated with the results of [9] 
where it was shown that the absorption coefficient increases periodically jumplike when the 
copper target in continuous irradiation is heated to higher temperatures. It is obvious 
that the pulsations of light absorption are due primarily to the jumplike growth of the 
oxide film on the surface of the alloy [i0]. 

To describe the structural changes occurring in the alloy MA21 in CLHT in different 
regimes, we used A. A. Bochvar's classification of eutectic structures which was presented 
sufficiently completely in [ii]. 

The general nature of the microstructures revealed by the methods of optical metallo- 
graphy corresponds fully to those observed by the authors of [7]. In the initial state the 
alloy has a conglomerate structure consisting of s-phase and 8-phase [1-5]. 
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Fig. 7. Modifications of the quasieutectic structure after 
continuous laser irradiation of rectangular platelets (i0 x 
20 x 30 mm, i0 x 20 x i00 mm) of alloy MA21 (×300): a) 
acicular; b) acicular--globular; c) acicular structure + 
primary crystals. 

The microstructure obtained in different regimes of CLHT is fine-grained quasieutectic 
with different micromorphology, i.e., phase composition in the form of needles, lamellas, 
globules (Fig. 6). The phase composition of the alloy remains practically unchanged. How- 
ever, x-ray diffraction analysis showed that the ratio of the lattice parameters of the irra- 
diated alloy is larger (c/a~1,8317), than of the initial one (c/a~1,5535). The micromorphology 
of the alloy in the zone affected by the continuous laser beam depends to a considerable 
extent on the energy contribution. Thus, a quantitative analysis showed that with different 
q in the zone of crystallization of the melt there occurs a regular change of the ratio of 
volume fractions of the a- and B-phases (see Fig. 4). The nature of the change of the volume 
fraction of a-phase is analogous to the change of C k in dependence on q. The authors of 
[ii] ascribed the change of the quantitative ratio of a- and B-phases in the process of cry- 
stallization to uncompensated opposed diffusion flows as a result of which one of the phases 
suffers constantly from lack of building material, and the surface of its crystallization 
front decreases. If we bear in mind that the diffusion coefficient of lithium in the melt 
is larger than the diffusion coefficient of magnesium and other elements, it is obvious that 
ahead of the B-front there is oversaturation with lithium atoms which causes an increase of 
the volume fraction of the ~-phase. 

In metallographic investigations it was established that the formation of some quasi- 
eutectic structure in the zone of irradiation is affected by the geometric shape of the 
specimen. Thus, in the zone of irradiation of the end face of the specimen 30 x 30 × 40 mm 
in size, with H = 5.10 -4 m, the microstructure of the fused layer is globular quasieutectic 
only. With H > 5"10 -4 m the fused layer consists of two or three zones with different micro- 
morphology, as was shown in [4]. With H > 1.5"10 -3 m the microstructure of the layer across 
the section consists of acicular quasieutectic. 

The results of irradiation of platelets i0 × 20 × 30 mm and i0 x 20 x i00 mm showed that 
there is no regularity governing the formation of the microstructure of some micromorphology. 
In the fused layer we found different sections with acicular or globular, often with mixed 
globular and acicular structure (Fig. 7). In addition to that, in some cases we also found 
segregation of primary crystals. It is probable that the formation of such different struc- 
tures in the zone of fusion is connected with the nonsteady distribution of heat fluxes. In 

TABLE i 

H, pm 

0 
50 

110 
160 
400 

a'-Mg 

1,6045 
1,6072 
1,6061 
1,6110 

c/a 
a-Mg 

1,6083 
1,6093 
1,6048 
1,6059 
1,6051 
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Fig. 8. Microstructure of alloy MA21 after preliminary 
heating to different temperatures under continuous irra- 
diation (x300): a) AT = 5°C; b) 35°C~ c) 65°C; d) 95°C~ 
e) 200°C; f) 2500C. 

irradiation the secondary heat fluxes, being reflected by different sides of the specimen, 
determine the process of formation of quasieutectic. However, when specimens 30 mm thick or 
thicker are irradiated, the heat fluxes apparently do not have sufficient time to affect the 
process of eutectic crystallization, and the structure in the fused zone is therefore stable. 

Of interest are the phase transformations occurring in the structure of the fused layer 
at different temperatures to which the material is preliminarily heated. With rising tem- 
perature we find a noticeable increase of the dimensions of the phase components. At ATp = 
60-70°C primary a-crystals segregated~ their dimensions were considerably larger than those 
of particles of a- and B-phases. This indicates that when the cooling rate is reduced, pre- 
liminary heating of the alloy entails its hypoeutectic crystallization in the zone of fusion 
(Fig. 8). 

A quantitative analysis of the structure with different AT showed that when the mate- 
rial is heated to higher temperatures, the volume fraction of a-phase increases and is maxi- 
mal (N a = 36.8%) with AT = 200°C. It can be seen from Fig. 9 that N a increases when AT~60°C 

On the whole, the nature of the dependence Na = f(AT) is analogous to C k = f(AT). 

The results of a quantitative analysis make it possible to explain the change of cor- 
rosion resistance of the alloy with different q and AT. The sections of a-phase in the alloy 
MA21 are cathodic in relation to D-phase. In consequence and in accordance with the laws of 
electrochemical kinetics, an increase of their amount causes an increase of the rate of 
anodic dissolution of ~-phase, and conversely, a decrease of a-phase slows down the anodic 
process. 

Processing of the experimental results, which was done on a computer, consisted in the 
numerical determination of the functions H = f(v, q), B = f(v, q), C k = f(q), Na = f(q) for 
correlation with the experimental data. In the analysis of the obtained results we 
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TABLE 2 

Regime of subsequent ck .03 m S / ( m  z .days) Treatment heat ing 

Ini t ia l  s tate  Without heat ing 
100 °C 100 h 2,4 . 3,0 
160 °C 16 h 

CLHT (qz-- 0 . 4 . 1 0  s W / m  z, Withot~t heat ing 0,65.0,85/0,36...0,45 
v = 10" m / s e e )  IOO °C loon 0,7 ..0,95/0,4...0,5 

16o oc 16 h o,8...1,0/0,4. 0,5 

PLHT (E = 15 J,  d = 3 ram) Without heat ing 
lOO°C tooh 
160 °C 16 h 

1,5. 1,8/0,12...0,16 
6,0.. 7,5/0,18...0,23 
5,8...7,2/-- 

Note. The numerator gives the corrosion rate after irradiation 
with overlapping, the denominator without overlapping. 

approximated the descending branch of the curve in Fig. 3 and the ascending one in Fig. 4. 
As a result we obtained dependences of logarithmic type, i.e., the system of equations: 

Ho=4109--2.9321gv; 
H a=O 839--1,6181gq; 
B ~= 9451 --5  3661 gv; 
B q= 3.371 --4,5681 gq; 
Ck=0.431 +0.7791gq; 

Na= 12,~1 + 12,2301gq 

In the zone affected by the pulsed laser the phase structure was not revealed by 
etching. We found the microstructure of solid solution with the characteristic network of 
grain boundaries. The grain size was 1-15 vm (Fig. i0). The coarsest grains were situated 
at the center of the spot, toward the periphery the grain became smaller. In the zone of 
pulsed irradiation microhardness was H 820-850* compared with H 300-350 in the initial state 
and H 720-740 after CLHT. When we investigated the transverse layer, we discovered an 
extremely finely disperse mixture of a- and 8-phases at the place of contact of the fused 
layer with the substrate. With all regimes of PLHT we found quenching cracks. After irra- 
diation in liquid nitrogen we did not find any signs of crystalline structure. Microhard- 
hess of the layer is ~H 980. 

The results of metallographic analysis were not confirmed by x-ray diffraction analysis. 
Pulsed irradiation in air does not bring about any qualitative change of the phase composi- 
tion of the alloy, i.e., we find a-, ~-phases, the phase CdLi, and a small amount of LiMgAI2. 
In addition to that we discovered two solid solutions on the basis of magnesium: a-Mg and 
a'-Mg (Table i), which is a result of decomposition of supersaturated solid solution. Here 
we find stable and metastable solid solutions. Stable solid solution forms when a third 
phase segregates, but this phase was not revealed radiographically because of its small 
amount. 

¢k ~lO{ m s/(m 2-days) 

3O 

Z 20 

 fJ0 
70 750 250 T, oC 

Jr.,,% 
40 

Fig. 9. Effect of the tem- 
perature to which alloy 
MA21 is preliminarily 
heated in continuous irra- 
diation on the corrosion 
rate C k and on the volume 
fraction of the a-phase N~. 

*Here and henceforth in the text hardness is given in MPa. 
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Fig. i0. Microstructure of alloy MA21 after pulsed irradiation 
(E = 15 J, d = 3 mm): a) in the transition zone; b) at the 
periphery of the pulse spot: c) in the zone of microcracks 
(center of the spot); a) ×I00; b, c) x300. 

An analysis of the diffractograms of the alloy irradiated in liquid nitrogen showed 
that there is no biphase decomposition. Together with the lines of a- and B-phases we some- 
times found a weak halo which indicates that there is an amorphous phase present. The lines 
of 5- and B-phases on the diffractograms are due to the fact that x-rays penetrate to a 
greater depth than the thickness of single-phase solid solution or of the amorphous layer. 

It was shown by x-ray spectroscopic analysis that the regularity of the change of con- 
centration of the principal alloying elements after laser treatment is analogous to its 
change in the initial alloy. On account of the small size of the grains it is difficult to 
determine the composition of the phases in the fused zone. It was established that compared 
with the B-phase, the s-phase contained less cadmium (5.8 and 3.0%, respectively) and some- 
what more zinc (0.7 and 1.4%, respectively). The B-phase contains finely disperse inclu- 
sions 1-2 ~m in size, enriched with aluminum (up to 45%) and zinc (up to 11%). It is very 
difficult to determine the exact composition of the inclusions because of their small size 
and because it is impossible to analyze the content and establish the presence of lithium in 
them. After fusion by laser the distribution of elements is more uniform (within the limits 
of sensitivity of the method). After continuous and pulsed irradition the inclusions detec- 
ted in the initial alloy were not found [3]. 

The results of corrosion tests of the alloy after CLHT and PLHT and subsequent heating 
are presented in Table 2. It can be seen that after continuous treatment the corrosion rate 
is 5-8 times lower, and after pulsed treatment 15-20 times lower than with the alloy in the 
initial state. However, irradiation with overlapping entails a corrosion rate of the alloy 
after PLHT approximately three times higher than after CLHT [5]. This is obviously due to 
the high concentrational nonuniformity in the zone of overlapping of the pulse spots caused 
by the difference in the phase composition of these zones and the compressive or tensile 
stresses in them which lead to the destruction of the protective oxide film. In connection 
with that the zones of overlapping become sections of intense anodic breakdown. With the 
methods of x-ray spectroscopic and metallographic analyses we did not reveal any qualitative 
difference in the structure of the track or in the zone of overlapping, and the application 
of transmission microscopy is difficult because alloy MA21 cannot be worked into foil. 

In the zone of overlapping we found bad deterioration in the form of pitting after 
pulsed treatment. After CLHT there were no great differences between the microstructure in 
the tracks and zones of overlapping, nevertheless, some nonuniformity of etching does exist 
in these parts. However, after repeated additional heating the surface becomes more uni- 
formly etched. Regardless of the fact that the corrosion rate is somewhat higher after 
repeated heating, the general state of the surface is more favorable. On the other hand, 
when alloy previously subjected to pulsed irradiation is heated, pitting at the places of 
overlapping is even more pronounced. 

The results of microhardness measurement presented below showed that, as a rule, micro- 
hardness in the zone of overlapping is lower than directly in the spot or track: 
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Treatment 
CLHT 
Without heating ........ 
160°C, 16 h ........... 
PLHT 
Without heating ........ 
160°C, 16 h ............ 

H 

710-760/720-780 
700-750/700-740 

800-890/900-940 
750-860/760-860 

Note. The numerator contains microhardness 
in the zone of overlapping of spots or 
tracks, the denominator directly in the 
spot or track. 

After heating, microhardness becomes more uniform over the surface. However, whereas 
heating after CLHT has a favorable effect, after PLHT it apparently increases concentrational 
nonuniformity and impairs corrosion resistance. This requires further detailed investigation. 

The effect of laser treatment on the mechanical properties of the alloy MA21 was repor- 
ted on in [4]. It should be noted that it is difficult to give a realistic evaluation of 
the strength of the alloy from standard specimens after CLHT and PLIIT because in continuous 
treatment the tracks were made without overlapping, whereas the pulse spots had to be made 
with overlapping, i.e., in the latter case the effect of the overlapping zones of irradiation 
is considerable. In addition, as mentioned before, in the zone affected by the pulses micro- 
cracks originate, and they act as stress raisers. 

The results of our investigation show that for industrial use the most favorable is the 
finely disperse quasieutectic structure obtained after CLHT. When solids are heated by laser, 
it becomes necessary to take into account the thermophysical and optical properties of the 
substances in dependence on the temperature, i.e., it is necessary to solve a thermal prob- 
lem with nonlinearities of the first and second kind, which presents considerable difficul- 
ties [12]. The known methods, e.g., [8, 13], do not take into account the temperature to 
which a part may be heated in CLHT. Yet when parts are treated in air, taking ATp into 
account makes it possible to determine the technological parameters of the process and to 
estimate its productivity. 

Taking the experimentally obtained value of ATp into account, we calculate the critical 
mass of the part at which the specified surface can be irradiated for a specified time with 
certain parameters of treatment without the structure and properties deviating from the 
specified ones. We adopt some assumptions: i) the absorption coefficient before irradi- 
ation is constant; 2) the beam is shifted with sufficient speed over the surface and the 
thermal conductivity suffices for equalizing the temperature gradients in the bulk and on 
the surface. 

The amount of heat which has to be supplied to the part of mass M and specific heat c 
so as to raise its temperature to AT can be determined by the equation 

P=McAX (2) 

On the other hand, the amount of heat supplied to a part during CLHT in unit time is 

P=WAz, (3) 

where W is the radiation intensity (W), A is the absorption coefficient, T is the time dur- 
ing which the radiation acts (sec). 

When we equate Eqs. (2) and (3), we obtain: 

WA~ (4) 
cAT" 

The time required for laser treatment of a part with surface S is determined by the 
width of the hardened "track" B, the speed with which the beam is shifted over the surface, 
and the coefficient of overlapping of the tracks m. In that case the productivity of the 
process is 

Q=S/t=Bv/m (5) 
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and the time is 

t=Sm/Bv. (6) 

Hence, Eq. (4) can be presented in its final form: 

WASm 
Mcr= c a ~ v '  (7) 

where Mcr is the sought critical mass of the part. 

The authors of [14, 15] investigated the effect of CLHT on the corrosion resistance of 
cast iron SCh-24 and of the aluminum alloy AL4. The dependence of the corrosion resistance 
(of the anodic current) of alloy AL4 on the power density of the radiation is analogous to 
the similar dependence applying to alloy MA21 with different energy contributions. This 
obviously makes it possible to apply the results of our investigations to other alloys of 
eutectic type. 

Conclusions. i. For the practical application of the alloy MA21 it is most favorable 
if it has a fine-grained quasieutectic structure obtained in continuous laser treatment. 

2. Between the power density of the radiation, the geometry of the laser track, the 
corrosion rate, and the volume fraction of a-phase in the alloy MA21 there exist empirical 
correlations. 

3. The permissible temperature interval to which the alloy MA21 may be heated in irra- 
diation is ATp = 60-70°C. 

4. To eliminate the effect of nonsteady fluxes on the process of eutectic crystalliza- 
tion in CLHT in air, the wall thickness of parts must not be less than 30 mm. 

5. A method of engineering calculation of the critical mass of the irradiated part was 
worked out; with it the parameters of the technological process of CLHT in air can be evalu- 
ated. 
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SURFACE ALLOYING OF ALLOY AL25 BY LASER 

I. V. Bogolyubova, I. F. Deriglazova, 
and B. F. Mul'chenko 

UDC 621.9.048:669.717 

The literature at present deals fairly extensively with questions of laser alloying of 
iron-carbon alloys. The special features of strengthening aluminum alloys by introducing 
alloying elements into the surface layer with the aid of laser radiation were investigated 
much less. The authors of [i, 2] presented the results of investigations into the possibil- 
ity of alloying aluminum alloys with the aid of pulsed laser radiation. 

The object of the present work is the investigation of the peculiarities of structure 
formation in the surface layer of alloy AL25 when it is alloyed with wear-resistant composi- 
tions with the aid of a continuous CO= laser, and the discovery of the basic possibility of 
carrying out the process of laser alloying of the grooves for the compression rings in pis- 
tons of internal combustion engines made of this alloy. 

Specimens with 90-mm diameter of alloy AL25 (12% Si, 1.1% Mg, 1.3% Cu, 1.0% Ni) [3] 
with initial structure of ~-solid solution and eutectic (Fig. la) were treated by CO= lasers 
with power density 4-10s-10 ~ W/cm~; the specimen was shifted at a speed of 0.1-0.5 m/min. 
The treatment was carried out in an atmosphere of protective gases. The structure of the 
alloy in the initial state and after laser alloying was investigated on microscopes MIM-8 
and "Neophot." The distribution of the alloying elements was determined on a scanning 
electron microscope JSM-35 with an attachment for x-ray spectroscopic analysis. Microhard- 
ness was measured on an instrument PMT-3 with a load of 0.196 N. 

For alloying we used powders on the basis of NiCr, FeCuB, NiCrMo which, in the form of 
coatings, were applied to the surface of the aluminum alloy, and then they were fused with 
the aid of laser radiation. 

In consequence of the high cooling rate in crystallization, the ~-solid solution and 
the eutectic become refined in the fused layer, a finely disperse structure forms (Fig. lb). 
Moreover, the addition of alloying elements to the surface layer leads to the formation of 
metastable solid solution supersaturated with the added elements [4]. As a result the 

F i g .  1. N i c r o s t r u c t u r e  o f  t h e  a l l o y  AL25 in  the  i n i t i a l  
s t a t e  (a) and a f t e r  l a s e r  a l l o y i n g  w i t h  n i c k e l  and chromium 
(b ) .  x200. 

Scientific and Production Association ''NIITavoprom." Translated from Metallovedenie 
i Termicheskaya Obrabotka Metallov, No. 5, pp. 24-25, May, 1988. 
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