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ABSTRACT  

The phenomenon of electrochemical phase formation in metals and alloys via a supercooled liquid state-stage was discussed. 

Assuming the electrodeposited metal to be a product of formation and ultrarapid solidification of supercooled metallic liquid, a 

possibility of metastable phase formation during electrodeposition of polymorphous metals was suggested. It was anticipated that 

the polymorphic transition of the metal’s metastable form to the stable one occurs by shear, as does the martensitic transformation. 

To enable revealing an orientation relationship between grains of the two phases, a method for X-ray texture analysis of metals was 

developed using a combination of direct pole figures. It was established that the phase formation during electrodeposition of poly-

morphous metals produces metastable modifications typical of entities that crystallized from a liquid state at extremely high rates. 

In regards to polymorphic transitions in metal electrodeposition, certain orientation relationships were observed between grains of 

the stable and the metastable phase, which is typical of phase transformations proceeding at extremely high rates. The results 

obtained provided additional arguments in favour of the phenomenon under discussion. 
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INTRODUCTION 
 

It is well-known that data on the phase composition, structure, 

texture and structural defects of the applied layers is extremely 

necessary to develop advanced technologies for producing 

electrodeposited coatings having improved physical [1-3], 

mechanical [4-6] or chemical [7-9] properties. These data can 

be predictably controlled using the recently established phe-

nomenon of electrochemical phase formation in metals and 

alloys via a supercooled liquid state-stage [10-14]. The discov-

ered phenomenon occurs during the electrochemical deposition 

of metals or alloys in an aqueous medium onto a solid cathode 

when a deeply supercooled metal liquid evolves in the form of 

a multitude of liquid atomic clusters that appear in an ava-

lanche-like manner at various places near the cathode or the 

growing deposit and then solidifies ultra-rapidly at the deposi-

tion temperature. 

This phenomenon is due to an extremely rapid, burst-like 

liberation of the metal or alloy, resulting from a chain reaction 

of electrochemical formation of atoms and transition of the 

atomic clusters or their associations from a liquid to a more 

stable solid-state [11]. 

Developing views are fundamentally different from the current 

concepts, according to which electrochemical phase formation 

in metals occurs by "incorporation" or "embedding" of ions 

from the water solution or of atoms (adatoms or adions) 

evolved at deposit surface into the deposit crystal lattice [15-

17]. Despite the lack of satisfactory experimental evidence for 

the validity of these concepts, they remain the main ones for 

theoretical discussion of the issues of electrochemical phase 

formation [18-22]. Furthermore, these concepts have received 

theoretical development in recent publications on the electro-

chemical phase formation in metals and alloys [23-27]. 

The last two years were marked by new experimental results 

proving the existence of the phenomenon of the electrochemi-

cal phase formation in metals and alloys via a supercooled 

liquid state stage. Relying on the data obtained, it was found 

that the discussed phenomenon is proved by the following 

experimental facts: 

- (1) electrochemical phase formation in metals resulting in 

phases with amorphous structure typical of a solidified metallic 

liquid when crystallization is hindered in the course of deposi-

tion [28]; 

- (2) the formation enhancement of intermetallic compounds 

involving metallic cathode elements and the electrodepositing 

metal plus evolvement of additional intermetallics enriched in 

cathode elements, on replacing a solid cathode with a chemi-

cally identical liquid one [29]; 

- (3) the formation of intermetallics between solid metallic 

cathode elements and the solvent in the alloy electrodepositing 

as substitution solid solution, as well as enhancement of these 

processes accompanied by the development of additional 

intermetallics enriched in cathode elements on replacing a solid 

cathode with a chemically identical liquid one [30]; 

- (4) with alloys electrodepositing as substitution solid solution 

at a solid metallic cathode, the formation of intermetallics 

including cathode elements and the alloy solute element 

building no distinct phase [30]; 

- (5) on replacing a solid cathode with a chemically identical 

liquid one, intermetallics formation is enhanced involving 

metallic cathode elements and the electrodepositing alloy 

solute, building no distinct phase, plus additional intermetallics 

enriched in cathode elements emerge [30]; 

- (6) with alloys electrodepositing as intermetallic compounds 

at a solid metallic cathode, formation of intermetallics involv-
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ing components of the depositing alloy and, in parallel, cathode 

elements and alloy components is observed [31]; 

- (7) on replacing a solid cathode with a chemically identical 

liquid one for alloys electrodepositing as intermetallic com-

pounds, additional intermetallics enriched in the major alloy 

component and cathode elements are formed [31]. 

The aim of the work was the further experimental verification 

of the existence of the phenomenon in point.  

 

PRINCIPAL HYPOTHESIS 
 

It was shown in paper [28] that it is possible to deliberately 

produce deposits in the amorphous state by targeted action on 

the liquid phase of the metal as it solidifies in electrodeposi-

tion. The amorphous entities synthesized by electrochemical 

deposition are all metastable and will sooner or later change to 

stable crystalline structures; it will happen sooner on exposure 

to external factors. 

If the phenomenon in question exists, one can logically assume 

it possible also to synthesize electrodeposits in some metasta-

ble crystalline state that would display phase- and structure-

related features typical for metal ultrarapid crystallization from 

the liquid state. 

Among the most frequent types of metastable crystalline 

structures are polymorphs that are only stable in the higher 

sections of the metal’s crystallization temperature range. Such 

metastable polymorphs are intermediate products of conversion 

from metallic liquid to stable crystalline packing and maybe 

frozen at room temperature by extremely rapid solidification, e. 

g. by liquid quenching [32, 33]. 

Targeted synthesis of electrodeposited polymorphous metals in 

the shape of metastable polymorphs surviving at room tem-

perature may provide another argument for the phenomenon in 

point. 

 

IDEA OF EXPERIMENT 
 

It is well-known that the metallurgical polymorphous metal if it 

solidifies slowly, will sequentially form different crystalline 

polymorphs that are stable in their respective temperature 

ranges. However, if the solidification is very rapid, one or other 

of the metal’s high-temperature modifications may be 

quenched and then remain in a metastable state at room tem-

perature for a while, converting to a stable phase with time [32, 

33]. 

Recently it was shown that under slowing down the polymor-

phic transformation process in the metal being electrodeposit-

ed, the texture formation is intensified in the metastable 

modification, but suppressed in the stable modification [34]. 

Accordingly, the weighty argument for the phenomenon in 

point will be electrochemical phase formation in polymorphous 

metals leading to solely metastable polymorphs typical of 

metal crystallization from a liquid state at extremely high rates. 

Another argument is based on the following considerations. If 

the phenomenon in point exists, then conversion of the frozen 

metastable polymorph to some other form stable at given 

thermodynamic conditions may be possible because due to 

some decrease of solidification rate in electrodeposition. Such 

diffusionless shear transitions of the martensitic type have 

extremely rapid rates and do not necessarily lead to the com-

plete disappearance of the initial phase. 
For such phase transformation in an electrodeposited metal, 
one should expect that a two-phase crystalline structure will 
arise that includes both metastable and stable modification. A 
specific feature of such transformation will be obedience to a 
distinct orientation relationship between the two-grain lattices 
in the initial and the newly formed phase. In other words, the 
stable modification’s grain lattice will be regularly oriented 
with respect to the grain lattice in the metastable polymorph. 

It has been known that the solidification of pyrometallurgical 

cobalt at very high rates involves a diffusionless polymorphic 

transformation → occurring by shear (as does martensitic 

transition) [35]. Further, it was established [36] that the → 

transformation in cobalt single crystals subjected to quenching 

from 1000 °С leads to martensitic -grains’ orientations 

consistent with the Nishiyama-Wassermann relationship: 

 

If the phenomenon in question exists, then the above orienta-

tion relationship between the stable and the metastable poly-

morph must hold for electrodeposited cobalt as well. 

 

MATERIAL AND METHODS 

 
To implement the above idea, a study was carried out into the 

structure of samples of the polymorphous metal manganese 

obtained by electrodeposition in ammonium chloride solution 

at room temperature and current densities ranging from 5.0 to 

25.0 A dm-2 (at every 5.0 A dm-2). Also studied were electro-

deposits of the polymorphous metal cobalt obtained at room 

temperature and current densities from 5.0 to 20.0 A dm-2 (at 

every 5.0 A dm-2). 

X-ray diffraction analysis was carried out using a modified 

DRON-3 X-ray diffractometer with Cu-K irradiation. To 

measure the orientation distribution of grains of the stable and 

the metastable polymorphs, Cr-K data from a modified 

DRON-2 X-ray diffractometer were used. 

 
Methodological backing for the idea of the experiment 

Since the hcp structure of -Co is less symmetrical than a 

cubic arrangement, the X-ray texture analysis of this phase 

presents some difficulties. With cubic metals having a perfect 

axial texture, it is sufficient to consider just the central part of 

the direct pole figure. This is due to the high repeatability of 

poles for identical lattice planes both in the centre and at the 

periphery of the stereographic projections. With hexagonal 

metals that are less symmetrical than cubic ones, any thorough 

analysis into preferred orientations must involve peripheral 

areas in addition to the central part of the direct pole figure. In 

such a case, supplementary X-ray techniques of texture analy-

sis must be employed.  

To implement the idea of the experiment, it is thus desirable to 

develop a simple, reliable and unambiguous technique for the 

analysis of texture in hexagonal metals. The method offered to 

identify preferred orientations of grains corresponding to the 

peripheral part of a direct pole figure involved examination of 

the central part of a complementary direct pole figure whose 

indices meet the following condition: 

 

ℎ1ℎ2 + 𝑘1𝑘2 + 𝑙1𝑙2 = 1,                 (1.) 

 

where:  h1k1l1 - indices of the main direct pole figure 

             h2k2l2 - indices of the complementary direct pole figure 

The necessity to generate the central part of the complementary 

direct pole figure that satisfies condition (1) is dictated by the 

following. In an examination into hcp metal texture using the 

central part of a direct pole figure, e. g. with indices (00.1), the 

peripheral part of the figure from 60° to 90° will remain 

unsolved. The reason is that the lower angular limit of the 

peripheral part corresponds to the maximum specimen inclina-

tion angle in diffractometer around an axis lying in the goni-

ometer equatorial plane. 
If an axial texture with an axis perpendicular to plane {10.1}, 
{20.1}, {10.0}, {11.1}, {11.0} or {21.1} whose poles belong 
to the above angular range is present in the specimen, it will 
not be detected by way of analysis of the central part of the 
direct pole figure (00.1). This is illustrated by the stereographic 
projection (00.1) for the hexagonal system in Fig. 1a. Its 
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central part extending from 0° to 60° displays no poles for the 
above planes. Note that the stereographic projections (00.1) 
and (10.1) for the hexagonal system with c/a = 1.623 (for -
Co) were not taken from literature but calculated and con-
structed especially, see Fig. 1. 
 

       a)    b) 

  
 
Fig. 1 Stereographic projections (00.1) (a) and (10.1) (b) for 

the hexagonal system (c/a = 1.623) 

 

To reveal possible grain orientations corresponding to the 

peripheral part of the direct pole figure (00.1), it is necessary to 

build up the central part of its complementary direct pole figure 

whose projection axis coincides with the normal to one of the 

above planes. It was experimentally found that the choice of 

the complementary direct pole figure is defined by ratio (1). 

Accordingly, in the event the central part of the direct pole 

figure (00.1) is constructed, it is necessary to construct the 

central part of one or other of the following direct pole figures: 

(10.1), (20.1), (21.1) or (11.1) so that the preferred orientations 

of grains corresponding to the peripheral part of the figure can 

be found. An analysis of the central part of any of such direct 

pole figures will give a full picture of the texture of the periph-

eral part of the direct pole figure (00.1). 

The reason is that the central parts of the stereographic projec-

tion (11.1), (21.1), (20.1) or (10.1) (Fig. 1b) include the poles 

for the planes corresponding to the periphery of the stereo-

graphic projection (00.1). However, if the central part of any of 

the direct pole figures (10.1), (20.1), (21.1) or (11.1) was 

constructed first, then further analysis of the texture calls for 

the central part of the direct pole figure (00.1) to be plotted, as 

required by (1). 

Similarly, if the central part of the direct pole figure (10.0) was 

constructed, there is a need additionally to build the central part 

of one of the direct pole figures (10.5), (10.4), (10.3) or (10.2) 

whose indices comply with condition (1). After that, conclu-

sions can be made on the metal texture and degree of its 

perfection based on a combination of the central parts of the 

main and the complementary direct pole figure. 

If h1h2 + k1k2 + l1l2 = 0 or 2, then the accuracy of X-ray texture 

analysis is impaired owing to duplication of stereographic 

projections for the same poles of the planes over the angular 

range from 30° to 60°. The accuracy of orientation identifica-

tion gets worse with growing distance from the centre of the 

direct pole figure because of X-ray beam spreading, defocusing 

arising from specimen inclination etc. Consequently, poorer 

accuracy for any of the two direct pole figures is to be expected 

for the grain orientations with axes coinciding with the normals 

to the planes whose poles belong to the above angular range. 

The combined direct pole figures method of metal texture 

analysis, if used to implement the idea of the experiment, will 

yield exact and reliable information on interrelations between 

the grain orientations of - and -form in electrodeposited 

cobalt. 

 

RESULTS AND DISCUSSION 

 
Identification of metastable modifications 

At room temperature, manganese should exist in a stable bcc 

form -Mn as given in reference literature [37]. A unit cell in 

its complex lattice has 58 atoms compared to just 2 atoms in 

the case of an ordinary bcc lattice. 

The X-ray diffraction studies revealed that manganese electro-

deposited at room temperature appears as -Mn, a face-centred 

tetragonal form. Fig. 2 shows clearly that the diffraction peaks 

for manganese obtained at room temperature and current 

density 10.0 A dm-2 correspond to -Mn. A comparison be-

tween the experimental and handbook data on this metastable 

form indicates a fairly good correlation which substantiates that 

the manganese electrodeposited as -Mn, see Table 1. 

 

 
Fig. 2 Diffraction pattern for manganese electrodeposit illus-

trating occurrence of metastable γ-Mn form due to ultrarapid 

solidification of a liquid phase of manganese during electro-

deposition 

 

Table 1 Experimental and handbook values of diffraction 

characteristics for the metastable -Mn form in electrodeposit-

ed manganese 

HKL 
Experimental values Handbook values 

d/n, nm I, pps d/n, nm I, rel. units 

111 0.2130 216 0.2130 1.00 

200 0.1895 11 0.1895 0.07 

002 0.1761 24 0.1763 0.50 

202 0.1289 15 0.1290 0.15 

311 0.1133 6 0.1133 0.10 

222 0.1064 8 0.1066 0.10 

 
According to [37], the metastable -form of manganese is 

stable in the temperature range from 1358 to 1408 K. The 

observation of this high-temperature modification in electrode-

posits prepared at room temperature testifies to an extremely 

rapid solidification of the metal liquid phase in electrodeposi-

tion. 

This finding agrees well with literature data [38, 39] that cite 

the metastable -form as typical of electrodeposited manga-

nese. Also, it is noted in [38] that transition of the metastable -
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Mn to a stable -Mn form sets on very soon after the comple-

tion of electrodeposition. It can thus be concluded that the 

occurrence of manganese as the metastable -modification in 

electrodeposition is another proof of the phenomenon in point. 

In another embodiment of the above idea, structural characteri-

zation of the next polymorphous metal was carried out, name-

ly, cobalt obtained by electrodeposition at room temperature. 

As stated in the literature [37], cobalt should exist in the hcp 

form -Co at room temperature. 

The diffraction studies revealed electrodeposited cobalt in a 

metastable fcc form -Co in the specimens. As is seen in Fig. 

3, the diffraction pattern for the cobalt obtained at room 

temperature and current density 15.0 A dm-2 point to precisely 

that metastable modification. Table 2 confirms that the elec-

trodeposited cobalt appears in the -form. 

 

 
Fig. 3 Diffraction pattern for cobalt deposit indicating occur-

rence of metastable polymorph β-Co due to ultrarapid solidifi-

cation of some liquid phase during electrodeposition 

 

The stability range for this metastable modification stretches 

between 700 and 1768 K [37]. That cobalt forms the metasta-

ble -phase in electrodeposition at room temperature is an 

indication of an extremely rapid crystallization rate. The 

occurrence of this -form in cobalt deposits prepared electro-

chemically is confirmed by the literature [40-44]. 

 

Table 2 Experimental and handbook values of diffraction 

characteristics for the metastable modification β-Co in electro-

deposited cobalt 

HKL 
Experimental values Handbook values 

d/n, nm I, pps d/n, nm I, rel. units 

111 0.2040 50 0.2040 1.00 

200 0.1770 45 0.1770 0.44 

220 0.1251 196 0.1253 0.22 

311 0.1065 53 0.1066 0.22 

 
Consequently, the existence of the metastable -form (typical 

of extremely rapid crystallization from a liquid state) in the 

cobalt prepared by electrodeposition is another proof of the 

phenomenon in point. 

 

Metastable modification features 

The major features of the metastable phases -Mn and -Co 

formed in electrodeposition are their fine-grained structure [34] 

and, more importantly, grain orientation. Among other things, 

differences in the distribution of diffraction peak intensities 

between the experimental specimens and the handbook data 

may be an indication of texture formation in the metastable -

modification of the electrodeposited cobalt, see Table 2. 

According to the handbook data on non-textured specimens, 

the peak intensity should be at its highest level with (111) -Co 

while (220) -Co peak intensity should be only 0.22 of that 

value (Table 2). As for the experimental specimens, the relative 

intensity of (111) -Co attained a mere 0.26 of the (220) -Co 

value taken to be unity. This information suggests that an axial 

texture with an axis [110] possibly arose in the cobalt specimen 

at hand. 

To check this suggestion, X-ray texture analysis was carried 

out for the -Co synthesized. It was found that its texture 

included an axial orientation with an axis [110] and a random 

component, see Fig. 4. 

 

a)                                                                           b) 

        
Fig. 4 Texture-relevant curve of interference by {111} (a) and direct pole figure (111) (b) for electrodeposited cobalt: 1 and 2 – 

respective texture recordings for the experimental and the reference specimen, 3 – background line, 4 to 8 – iso intensity levels for 

diffracted X-rays 

 

This result made a basis for further experiments to prove the 

existence of the phenomenon in point. Indeed, if the metastable 

form in the electrodeposited metal has a preferred orientation, 

the stable modification in the metal likewise will have one, 

owing to the very high phase transformation rates. Moreover, 

there must be a clearly defined orientation relationship between 

the grains of the metastable and the stable form in the electro-

deposited polymorphous metal. 
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Obedience to distinct orientation relationship between the 

grains of stable and metastable form in electrodeposited 

polymorphous metal. 
In order to clarify the interrelationship between the lattices of 
the - and -forms in electrodeposited cobalt, an X-ray texture 
examination was carried out on two-phase cobalt deposits. The 
specimens were obtained by electrodeposition in a sulphate 
solution at room temperature and a current density of 5.0 
A/dm2. 

The texture examination of the hcp -Co involved the suggest-

ed method that combined direct pole figures (10.1) and (10.0) 

while the fcc -Co was examined by the use of a direct pole 

figure (111). To do this, texture curves for interference on 

{10.1} and {10.0} of the -Co were recorded and subsequently 

used to construct direct pole figures (10.1) and (10.0) for the -

modification, see Fig. 5. 

a)                                                                              b) 

        
c)                                                                                   d) 

        
Fig. 5 Texture-relevant curves of interference by {10.1} (a) and {10.0} (c) for -modification in two-phase cobalt electrodeposit 

and their respective direct pole figures (10.1) (b) and (10.0) (d): 1 and 2 – texture curve records for specimen and reference piece 

respectively; 3 – background line; 4 to 12 – iso intensity levels for diffracted X-rays 

 

The direct pole figure (111) for the -modification of cobalt in 

Fig. 6 was constructed from the experimental texture curve of 

interference by {111} in -Co. These experiments showed that 

the -phase texture in a two-phase specimen of electrodeposit-

ed cobalt is represented by an axial orientation with an axis 

[11.0] normal to the specimen surface. This conclusion was 

made based on the presence of a texture peak for the axial 

orientation [11.0] at an angle of 40.1° in the pole figure (10.1) 

for the -modification (Fig. 5c), in combination with the 

texture peak of the same orientation of grains at 30.0° in the 

pole figure (10.0) for this phase, see Fig. 5d. 

a)                                                                                  b) 

        
Fig. 6 Texture-relevant curve of interference by {111} (a) and direct pole figure (111) (b) for -modification in two-phase cobalt 

electrodeposit: 1 and 2 – texture curve records for specimen and reference piece respectively; 3 – background line; 4 to 7 – iso 

intensity levels for diffracted X-rays 
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For the -modification in the same specimen, the X-ray texture 

analysis revealed that its axial texture is represented by an axis 

[110] normal to its surface. This conclusion was made consid-

ering the texture peak of axial orientation with the axis [110] at 

an angle of 35.3° in the pole figure (111) for the -phase in the 

two-phase cobalt specimen (Fig. 6b). 

In all, it was found that the texture of a two-phase electrode-

posited cobalt specimen included the axial orientations with the 

axes 11.0 in the -Co and 110 in the -Co, both normal to 

the specimen surface and combined with a random component. 

Since both the axis [11.0] of -Co and the [110] of -Co is 

normal to the specimen surface, they must be parallel to one 

another. Hence, a distinct orientation relationship exists 

between the lattices of the two phases  and  in electrodepos-

ited cobalt, namely 11.0 || 110. 

An identical orientation relationship was found for pyrometal-

lurgical cobalt in which the polymorphic transition → 

occurred by shear, i. e. was of martensitic type [36]. It may be 

therefore concluded that the phase transition from metastable to 

a stable form of a polymorphous metal in electrodeposition 

involves a shear mechanism, which is due to extremely high 

rates of crystallization. 

 
Mechanism of metastable-to-stable phase transition in the 

electrodeposition of a polymorphous metal 

In what follows, a concept is offered for the transition of the 

metastable -Co to the stable -Co in the course of ultrarapid 

solidification in the electrodeposition of cobalt. The fcc and 

hcp lattices of the respective modifications are similar in 

packing index (0.74), coordination number (12) and ordering of 

the closely packed planes {111} and {00.1} along which the 

atoms move. For this reason, an fcc to hcp transition with 

retention of the orientation relationship as established here is 

possible by a cooperative directed displacement of atoms to 

less-than-interatomic distances not involving atomic position 

exchange. 

Since the lattices of the stable and the metastable polymorph 

are coherent, the continuous change of the metastable to the 

stable lattice as grains of the stable phase grow is extremely 

rapid even at room temperature. The reason is that such transi-

tion does not require diffusion involving atoms travelling to 

greater-than-interatomic distances. 

As grains of the stable modification grows, elastic stresses 

build up in the coherent interface region due to the specific 

volume difference between the stable and the metastable phase. 

When the proportionality limit is exceeded, the coherence of 

the lattices is broken, so the stresses are reduced and an inter-

face with a disordered atomic arrangement arises between the 

two phases. 

The lattice conjugation is also disrupted when grain or subgrain 

boundaries or other lattice defects in the metastable phase are 

reached by a growing grain. A disruption of lattice coherence 

makes cooperative displacement of atoms no longer possible 

and a two-phase structure gets frozen in the deposit. 

The proposed shear mechanism of metastable to stable transi-

tion in metal electrodeposition is confirmed by experimental 

data [45]. That study dealt with phase change features as the 

epitaxial cobalt film thickness grows in the course of electro-

chemical deposition. An fcc to hcp transition was observed in 

the thin cobalt films having a 110 orientation as they reached 

a certain thickness. The transition was quite prompt and was 

accompanied by a reduction in stresses that had built up in the 

film [45]. 

Even though the metastable to stable transition in the electro-

deposition of a polymorphous metal occurs by shear, one 

should bear in mind that phase and/or structure change by 

diffusion may take place after the electrolysis completion. 

In all, one more argument for the phenomenon in point has 

been obtained, namely a distinct orientation relationship 

between grains of stable and metastable modification in 

electrodeposited polymorphous metal, a typical feature of 

extremely rapid phase transitions. 

 

CONCLUSION 
 
Assuming the electrodeposited metal to be a product of for-

mation and ultrarapid solidification of supercooled metallic 

liquid, a possibility of metastable phase formation during 

electrodeposition of polymorphous metals was suggested. This 

suggestion was based on the knowledge that metastable phase 

freezing may occur in the course of extremely rapid crystalliza-

tion involved in casting a polymorphous metal, e.g. by liquid 

quenching. 

Furthermore, it was anticipated that the polymorphic transition 

of the metal’s metastable form to the stable one occurs by 

shear, as does the martensitic transformation. A marker of this 

transformation type is adherence to a distinct orientation 

relationship between grains of the stable and the metastable 

form. 

To enable revealing an orientation relationship between grains 

of the two phases, a method for X-ray texture analysis of 

metals was developed using a combination of direct pole 

figures. 

It was established that the phase formation during electrodepo-

sition of polymorphous metals produces metastable modifica-

tions typical of entities that crystallized from a liquid state at 

extremely high rates. In regards to polymorphic transitions in 

metal electrodeposition, certain orientation relationships were 

observed between grains of the stable and the metastable phase, 

which is typical of phase transformations proceeding at ex-

tremely high rates. 

The results obtained provided additional arguments in favour 

of the phenomenon under discussion. 
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