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Abstract: Electrolyte plasma processing is environment-friendly and high-effective method to treat surfaces of metals and alloys and can be 

used for heat or thermochemical treatment as well as for cleaning or polishing of metal surfaces. Modes of processes in the electrolytic cell 

for different metals can partially overlap. So it is possible to perform the same or different processing for different metals (including 

components of bimetal) simultaneously. This article describes modes to be established at the active electrode during the anodic process, and 

application of these modes to various types of treatment of bimetals. It is shown that there exists an option of separate or simultaneous heat 

or thermochemical treatment, as well as polishing of one or both surfaces of bimetals.  
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1. Introduction.
Bimetals are modern composite material, including several

(usually two) metallic layers jointed by adhesion or chemical 

bonding. Practically all industries use bimetals due to their unique 

complex of functional characteristics, which are not inherent to 

components. For example, bimetals can have high corrosion 

resistance combined with high strength and manufacturability or 

with high heat strength, electrical and heat conductivity.  

Usually the jointing is the final procedure of the bimetals 

manufacturing. However, there are cases, in which it is necessary to 

produce heat or thermochemical treatment of one component 

without changing of properties of another. In other cases, it is 

required to polish both the surfaces of the bimetal. 

There exist a lot of methods for heat or thermochemical 

treatment of metals, in which the entire material is subject to 

heating. In these cases, a localization of the thermochemical action 

is carried out by protecting the non-machined areas of the part 

surface by galvanic tinning, coppering, nickeling or by applying 

various pastes and coatings (e.g. [1]). However, these methods are 

not usually applicable for bimetals due to undesirable changes of 

mechanical or other functional properties of the second component, 

which are resulted from the heating due to the heat conductivity. 

Similar phenomena are observed during heating of separated areas 

of large-sized products by gas burners or by high-frequency 

currents [2]. In addition, it is not possible to process surface areas 

having a complex configuration by these methods. 

Other problems arise during polishing of the surface of 

bimetallic products, since there are differences in the 

physicochemical and mechanical properties of each of the bimetal 

surfaces. The most popular methods of the metal polishing are [3]: 

mechanical or abrasive polishing; chemical polishing; 

electrochemical or galvanic polishing. Unfortunately, these 

methods have such drawbacks that do not allow (or significantly 

complicate) the polishing of the bimetals surface. 

Mechanical properties of the bimetal components are 

usually strongly different and thus their simultaneous abrasive 

polishing is impossible. For example, the polishing of non-ferrous 

metals is usually much simpler (and thus quicker) operation than 

the polishing of steels. Chemical and galvanic polishing differs by 

the reagent or electrolyte compositions for various metals and 

alloys. For example, the electrolyte for Al polishing usually 

includes H3PO4 and H2SO4, for Cu and carbon steel – H3PO4 and 

CrO3; for stainless steel – H3PO4 with a little addition of H2SO4. 

Besides that, electrolytes may include other additions. It is also 

important that the used reagents are ecologically hazardous and 

difficultly recycled. 

These problems can be solved by the electrolyte plasma 

processing (EPP) of bimetals at anodic process (AP) [4-6]. 

Processes in the electrolytic cell at the active anode can be 

divided onto five modes depending on electric parameters [7]. 

These modes are: 1 – low voltage electrolysis (classical 

electrochemistry) (LVE) – 0…(15÷25) V; 2 – switch mode 

(Wehnelt’s breaker) (SM) – (15÷25) …(70÷100) V; heating mode 

(HM) – (70÷100)…(180÷290) V; electro-hydro-dynamic mode 

(EHDM) – (180÷290)…(300÷360) V; contact electric discharges 

mode (CEDM) – higher (300÷360) V. Real values of the modes 

voltage boundaries depend on the metal and composition of the 

electrolyte. 

Each of these modes can be used to treat surface of metals. 

The LVE results to anodic dissolution of the metal surface 

according to Faraday’s law. A current output during this mode is 

depending on the metal type and varies from 15÷20 % for W to 

95÷98 % for Cu [3]. This mode is used in various industries for 

polishing, deburring, etc. 

The SM stimulates rapid dissolution of the active electrode 

both by pulse discharges and by intensive chemical reactions in a 

gas-vapor shell [8]. This mode can be used to produce needle-like 

tips from hard-to-process materials such as W, Mo, Ir, etc. or 

chemical compounds.  

The anode specific erosion during the HM or EHDM of the 

AP can be significant [4, 6]. In these modes there are narrow ranges 

of the voltages with the maximal dissolution rate. And the current 

output is much higher than that during the LVE. Besides that, the 

classical electrochemistry distinguishes insoluble (inert) electrodes 

(Pt, Ir, graphite) and soluble ones, but after the plasma shell 

formation this difference is not actual. Particularities of the 

electrolyte plasma influence on the active electrode surface provide 

ability to treat metals in such electrolytes where they don’t dissolve 

during LVE or where the current output is very little. These 

processes are used to polish metals in the electrolyte plasma [4, 5, 

9]. 

The water solutions of salts are usually using to polish 

metals by EPP. For example, we have used water solution of 

fluoride and citrate of ammonium at the electrolyte temperature of 

60÷900C to polish Ti or Ag [10]. 

2. Experiments
EPP of bimetals were carried out during AP using 

experimental equipment described in [11]. Water-cooling bath was 

2 l in volume. Second electrode (cathode) was made from lead or 

stainless steel. Cell voltage and current was varied in the ranges of 

0÷450 V and 0÷50 A correspondingly. We used aqueous solutions 

with specific conductivity higher than 5 Ohm−1∙m−1. The oxidation 

duration was varied from tens of seconds to 10 minutes. The 

electrolyte temperature was varied from 15 to 300C for heat and 

thermochemical treatment and from 60 to 900C for polishing. The 

rate of immersion of the anode into the electrolyte in all cases did 

not exceed 10 mm/s. After processing, the samples were washed by 

distilled water. The current density at the active electrode at the HM 

was 6÷10 kA/m2 and at the EHDM 2÷5 kA/m2, the temperature of 

the active electrode at EHDM is 90-1000C. The electrolyte 

temperature was measured by Hg thermometer. The active electrode 
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temperature at the heating mode was measured by “Testo 845” 

optical pyrometer. Morphology of the surface was studied by 

optical microscope Zeiss AxioScope A1. A reflection coefficient 

was measured using red laser light. 

We have studied plated bimetal samples of various types 

produced by rolling with the layer thickness of 0.5…3 mm.  

3. Results and discussion

3.1. Heat treatment of one component of bimetals at 

the heating mode of the anodic process 
The HM of the AP is established when the gas-vapor shell 

completely covers the active electrode and the current density 

decreases to 10 A/m2. This mode is used to heat the metal up to 

400…10000C. Followed EHDM is characterized by an increase of 

the gas-vapor shell thickness, intensive corona discharge, 

decreasing of the current density lower than 5 kA/m2 and absence of 

high-temperature heating (the active electrode temperature is not 

higher than 1000C). 

It is possible to choose the parameters for the AP to provide 

the HM on the surface of one component of bimetal (its temperature 

can be higher than 800oC) and the EHDM on the surface of the 

second component (it’s temperature can be equal or less than 

100oC). Thus, the heating of the bimetal will be selective. It is 

important that erosion will not appear on both the surfaces.  

One example of such treatment is given by the following. 

We have studied the treatment of bimetal plate of steel AISI 321 

and Al-based alloy 6063. Direct voltage electrolytic cell included 

bimetallic anode and lead cathode. The electrolyte was ammonium 

chloride water solution with specific electric conductivity of 

34 Ohm-1∙m-1 and the surface tension coefficient of 76 mN/m at 

temperature of 220C. When the working voltage of 180 V was 

reached, the bimetallic electrode was immersed into the electrolyte. 

On the steel part of the anode, the HM was realized, and it’s 

temperature was equal to 7200C. On the aluminum part of the 

anode, the EHDM was realized, and it’s temperature was equal to 

900C. Cooling of the bimetal after the treatment was carrying out by 

turning off the current. Addition of corresponding reagents to the 

electrolyte [4] can provide nitration, carburization or carbonitration 

of the steel part of the bimetal. 

Other bimetals were treated analogously. Modes and 

achieved temperatures are given in Table 1. 

The use of this method to treat bimetals in electrolyte 

plasma allows the heat or thermochemical treatment of one metal to 

be carried out without heating the second metal above 1000C, and 

thus increases the quality of the processed bimetals and improves 

the manufacturability of the technological processes (the workpiece 

can have any configuration). 

3.2. Polishing of bimetals at the electro-hydro-

dynamic mode of the anodic process 
EPP is the method to finishing conductive materials. This 

processing allows to remove the scale, to prepare the surface before 

covering by thin films and coatings [4, 5], to polish difficult profile 

surfaces of critical parts, to remove burrs, to blunte sharp edges and 

to produce decorative polishing of metal products. The EPP is 

largely devoid of the drawbacks inherent in mechanical and 

electrochemical polishing. Its advantages, in comparison with other 

methods of polishing, are high productivity and efficiency, 

environmental cleanliness, high quality and rate of performed 

operations, as well as comparatively low cost. 

To polish simultaneously surface of all bimetal product, it is 

necessary that EHDM was established at all surface. The voltage for 

EHDM establishing depends on the processed metal type and such 

molecular properties of the electrolyte as the surface tension 

coefficient and the kinematic viscosity: the greater these 

parameters, the lower the voltage, when this mode is set [4, 9]. 

The main characteristics of polishing quality are roughness 

and reflect ability. These characteristics depend from the chemical 

composition of processed material, voltage and duration of the EPP. 

The composition of processed material also determines composition 

and concentration of the electrolyte. Besides that, in some cases 

addition of such matters as glycerin, acetone, thrietanolamin, trilon-

B, etc., which significantly influence on both coefficient of surface 

tension and kinematic viscosity of the electrolyte, can be used. 

These additions change conditions of gas-vapor shell formation and 

shift volt-ampere range of the EHDM [4]. 

The most important parameter which determines the 

polishing quality is working voltage. It was experimentally shown 

that when the voltage value decreases below a certain limit, the 

polishing quality significantly decreases. These minimal limits are: 

220 V for stainless steels, 260 V for copper and copper-based 

alloys, 270…290 V for aluminum and its alloys, 280…290 V for 

argentum [4, 6]. However, an increase of the voltage over 360 V is 

unacceptable not only through economic reasons but through 

technologic ones. This increase can result in transition to CEDM of 

AP when the gas-vapor shell breaks down and the quality of the 

polished surface deteriorates [7]. 

The electrolyte temperature is one of the most important 

factors of the polishing quality. High quality of the polished surface 

can be achieved only if the electrolyte temperature is in 50…900C 

range. When the latter is outside this interval, the surface quality is 

lower. Besides that, it should be borne in mind that electrolytes 

included ammonium salts, hydrochloric acid, some other 

components which can dissolute higher 850C with formation of 

volatiles, and thus frequent adjustment of the solution composition 

will be necessary. 

Electrolyte plasma polishing is usually carried out using 

water solutions of salts. For example, to polish Al or Al-based 

alloys, the water solution either of ammonium chloride or sodium 

chloride [5], or of potassium chloride, oxalic acid and glycerin [12] 

can be used, but, in order to polish stainless steels, the water 

solution of ammonium sulfate [13] can be used. So, processing 

schedules and electrolyte should be determined experimentally for 

each metal, alloy and especially bimetal or composite. 

In this work we used to type of the steel/Al-based alloy 

bimetals. The first type consists of austenitic stainless steel AISI 

321 and aluminum-based alloy 6063, the second type was made 

with austenitic stainless steel AISI 304 and aluminum-based alloy 

A92017. To polish above mentioned bimetals we used water 

solution including 2…6 mass % of potassium chloride, 

1…4 mass % of oxalic acid and 1…2 mass % of glycerin. The 

voltage on the electrolytic cell was 320 V. We saw that in initial 

rolled state the both surfaces were frosted (Fig. 1) and the reflection 

coefficient was very small (0.5…2 %) (Fig. 2). The polishing 

during 2 min results in significant decrease of roughness (see Fig. 1) 

and the reflection coefficient increases up to 28 % for stainless steel 

and up to 21 % for aluminum alloy (see Fig. 2). Rapid decrease of 

the roughness is highly likely resulted from an active local 

Table 1. Parameters of the EPP of bimetals. 

Bimetal Heated 

metal 

Temperature in 

area of HM, 0C 

Temperature in 

area of EHDM, 0C 

Voltage between 

electrodes, V 

Composition of the water-

based electrolyte, mass % 

Titanium / steel Steel 620 80 300 10% NH4Cl 

Molibdenum / steel Steel 630 90 300 15% NH4Cl 

Aluminum / steel Steel 720 90 180 15% NH4Cl 

Aluminum / steel Steel 850 90 220 15% NH4Cl 

Aluminum / brass Brass 850 90 210 10%Na2WO4·2H2O 
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smoothing of the micro-relief in the places of the largest 

protrusions. Subsequent increase of the polishing duration results in 

a slower decrease in the roughness and an increase in the specular 

luster up to 41…42 % (see Fig. 2). 

Obviously, it is easier to choose the electrolyte composition 

and technological parameters for polishing of metals than of 

bimetals. In this regard, for bimetals it is possible to achieve a 

greater reflection coefficient. For example, for parts made of 

aluminum alloy only, the reflection coefficient reaches 0.8 [4]. 

Thus, new additional studies are needed. 

4. Conclusions
1. This work shows possibility to carry out heat or thermochemical

treatment of one component of a bimetal without heating of the

second component over 1000C using electrolyte plasma processing.

Treated bimetallic product may be of any configuration.

2. This work shows possibility of simultaneous electrolyte plasma

polishing of both components of the bimetals, in particular bimetal

of stainless steel and aluminum-based alloy. For this bimetal,

polishing with 2 min duration significantly decreases the roughness

and increases the reflection coefficient from less 2 % to more 20 %

for both components. Subsequent increase of the polishing duration

results to a slower decrease in the roughness and an increase in the

specular luster over 40 %.
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Figure 1. The surfaces of bimetal stainless steel AISI 321 (1, 3) 

/ aluminum-based alloy 6063 (2, 4) before (1, 2) and after (3, 4) 

the polishing, respectively. 

Figure 2. An influence of duration of the polishing on the 

reflection coefficient for bimetal stainless steel AISI 304 (1) / 

aluminum-based alloy A92017 (2)

Duration of polishing, min 
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