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Pulse current 
electric rhodium plating
Th e paper covers the study of the structure and properties of 

rhodium coatings obtained by pulse current from an aqueous 

electrolyte solution containing no surfactants. Th e authors 

determined the optimal parameters of the pulse current that 

forms fi ner-crystalline, dense and hard coatings. Th e use of 

pulse unipolar current made it possible to obtain high-quali-

ty rhodium coatings without the use of surfactants.

1. Introduction
Th e development of more economical and technologically 

simple methods for the deposition of metal coatings with 

the required set of properties remains an urgent task at the 

present time. Th e traditional method is DC electrodeposi-

tion [1-4]. Herewith, the properties of the resulting coa-

tings are changed by varying the electrolyte composition, 

temperature, acidity, introduction of complexing and 

brightening additives, which does not always make it pos-

sible to obtain coatings with the necessary set of proper-

ties. Th erefore, pulsed electrolysis as one of the most eff ec-

tive methods of electrodeposition of functional coatings 

with a given set of properties is of the utmost interest [5, 

6]. 

Th e main advantages of pulsed electrolysis are that by ch-

anging only the shape of the polarizing current and adjus-

ting its parameters, it is possible to quickly and easily con-

trol the deposition process [7–9]. 

Th e main fi eld of application of rhodium coatings is 

protective and decorative coatings, for example, in the je-

wellery industry, and functional coatings, for example, in 

sealed contacts. Based on this, a number of requirements 

are put forward for rhodium coatings regarding their 

properties [10-12]. First of all, it is high corrosion re-

sistance and hardness. Th e use of these coatings as decora-

tive ones is possible with a high refl ection coeffi  cient, 

which is achieved by the introduction into the electrolyte 

of surface-active substances (SAS or surfactants), which in 

turn reduce the hardness and corrosion resistance of the 

coating. It is possible to increase the refl ection coeffi  cient 

by reducing the crystallite size, which can be achieved by 

applying the pulse current. In this case, it is possible to sig-

nifi cantly reduce the concentration of surfactants, and in 

some cases, completely abandon them.

Th e article presents the results of a study of the structure 

and properties of rhodium coatings, which are obtained by 

a pulse current from a surfactant-free electrolyte.

2. Experiment
Rhodium coatings were obtained by electrodeposition 

from an aqueous electrolyte solution of the following com-

position (g/l): metallic rhodium – 8-12; sulfuric acid – 50-

150; sulfamic acid – 10-12; pH – 1.0. Th e electrolyte tem-

perature was maintained constant and equal to 295 K. Th e 

current pulse repetition rate (f) varied from 30 to 1000 Hz. 

Th e pulse relative duration (Q is the pulse-duration ratio) 

varied from 2 to 50. Th e average current density (j
av

) was 

0.8 A/dm2.

Th e average pulse current density was selected so that the 

forming fi lm had a qualitative appearance. Pure metal pla-

tes were used as the anode during electrodeposition. Th is 

allowed to keep the concentration of ions of the crystalli-

zing metal constant, which positively aff ected the repeata-

bility of the experiments. Copper or iron foil was used as a 

substrate during electrodeposition. Th e foil for the subst-

rates was prepared as follows. First, the substrates were 

subjected to mechanical and chemical polishing. Th e most 

Fig. 1. Potentiodynamic volt-ampere dependence obtained in the 
rhodium plating electrolyte
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commonly used solution for chemical polishing was a 5% 

nitric acid solution. Chemical polishing reduced the 

roughness and removed the strain hardening formed aft er 

mechanical polishing. Th en the substrates were degreased 

in a Viennese lime solution and washed in distilled water.

Potentiostatic current-voltage curves (Fig. 1) were obtai-

ned using a P-5827 M potentiostat with a linear potential 

sweep of 1-80 mV/s. 

Overvoltage in pulsed deposition modes was measured on 

the equipment that compensates for the ohmic potential 

drop in electrolyte. Th e time dependences of the current 

and electrode potential were recorded using dual-beam 

oscilloscopes С1–68, С1–69 with a resolution of up to 0.5 

mV/cm. Th e electrode potential values were fi xed relative 

to a saturated silver chloride electrode of the EVL-1MX 

type. Figure 2 shows the characteristic oscillograms for 

rhodium plating with diff erent pulse durations (t
p
).

Th e microstructure of metal fi lms was examined by 

electron microscopy using a TESLA BS 500 electron 

microscope.

Th e concentration of hydrogen in the crystal lattice was 

determined by vacuum fusion method.

3. Rhodium coating structure
Th e deposition of metal during pulsed electrolysis occurs 

at continuously varying in time values of the electrode 

potential E(t). For the same deposition rate during the 

transition from a constant polarizing voltage to a pulsed 

one, with an increase in the pulse steepness (by decreasing 

t
p
 and increasing J

max
), the following increases: the shift  of 

the maximum values of the cathodic polarization to the 

electronegative region, its rate of rise from minimum to 

maximum value, as well as the amplitude of the oscillati-

ons Δη.

Fig. 2. Example of oscillographic dependences of the polarizing current (1) and potential (2)
 of a rhodium cathode on time: a) t

p
=5 ms; b) t

p
=2 ms

Fig. 3. Electron microscopic photographs of rhodium coatings:
a - direct current, J-=0.8 A/dm2; b - pulse unipolar current (f=50 Hz, J

max
=20 A/dm2, J

av
= 0.8 A/dm2) (× 10000)
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As the studies [13, 14] show, pulse current has a signifi cant 

eff ect on the surface appearance and topography of elec-

trolytic coatings. Figure 3 shows photographs of the sur-

face of rhodium coatings obtained under various electro-

deposition conditions.

Coatings obtained with direct current have a pronounced 

developed surface structure. Such coatings have a matte 

appearance and a large number of macrodefects, such as 

pitting. Coatings obtained with pulse current, on the con-

trary, have a smoothed surface relief, which ensures their 

luster. It should be noted that shiny coatings initially ap-

pear at the edges of the workpieces. With a further increase 

in the amplitude of the current density, the workpiece bec-

omes completely shiny.

Studies of the infl uence of the current pulse repetition rate 

showed that at low frequencies of 10-20 Hz, poor quality 

coatings are formed. Th is is due to signifi cant release of 

hydrogen into the gas phase and its absorption by the coa-

ting. Assessment of the concentration of hydrogen intro-

duced into the crystal lattice showed that the total amount 

of hydrogen in these coatings was 170 ppm. It results in 

cracking of rhodium coatings at low frequencies. Th erefo-

re, despite the fact that the strongest infl uence of the pulse 

current on the coating structure is observed at low fre-

quencies, their use is limited to a decrease of J
av

 to maintain 

the required value t
p
.

An increase in frequency of more than 80 Hz leads to the 

formation of coatings in more equilibrium conditions. Th e 

indicated eff ect ceases to manifest its impact at frequencies 

of the order of 1000 Hz and higher. Th is eff ect can be ex-

plained by the following factors. First, by the potential am-

plitude decrease () with increasing frequency, which leads 

to the formation of thermodynamically-stable E
max

 large 

nuclei. In addition, the reduction of the pause causes a 

Fig. 4 Dependence of the amplitude of the cathode potential (1), 
refl ection coeffi  cient (2) of rhodium coatings on the current density 
amplitude (J

av
=0.8 A/dm2, f= 50 Hz)    

Fig. 5 Dependence of the amplitude of the cathode potential (1), 
refl ection coeffi  cient (2) of rhodium coatings on the pulse current 
frequency (J

max
=20 A/dm2, Jav=0.8 A/dm2)    
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decrease in the electrode potential ripple; the dependence 

E(t) is gradually “smoothed out”, approaching the potential 

corresponding to direct current.

In a pause, E does not have time to fall below the metal 

deposition potential. Th erefore, its plating over a high-fre-

quency pulse current period proceeds continuously, as 

with direct current, and coatings become coarser-crystalli-

ne. Secondly, one should take into account a decrease in 

the amount of adsorbed micro-impurities and hydrogen. 

With increasing repetition rate of polarizing current pul-

ses, the value of the cathode potential decreases. In this 

case, the gas evolution at the cathode also decreases, and 

the metal yield increases. Th erefore, at low frequencies, the 

amplitude values of the cathode potential reach their ma-

ximum values, which results in the redistribution of the 

partial components of the rhodium and hydrogen rec-

overy currents. In addition, it must be taken into account 

that at frequencies of 10–20 Hz, the rate of change in the 

cathodic polarization is low, about 6 V/s. Th is allows the 

hydrogen released in large quantities at the cathode to pe-

netrate into the crystal lattice of the metal (not only in the 

octahedral, but also in the tetrahedral pores), forming a 

supersaturated interstitial solid solution of hydrogen. With 

an increase in the repetition rate of polarizing current pul-

ses, the cathodic overpotential change rate increases, for 

example, at 104 Hz - up to 2500 V/s, and hydrogen bubbles 

having no time to grow break away from the cathode. Th e-

refore, such factors as large values of the cathodic potential 

and low rate of cathodic polarization decrease contribute 

to the formation of “sessile” hydrogen bubbles, as well as 

the interstitial dissolution of a signifi cant amount of hydro-

gen in the crystal lattice of the deposited metal. All of the 

above aff ects the structure of surface formation and, as a 

result, the refl ection coeffi  cient. Th e fi gures 4 and 5 show 

the dependences of the refl ection coeffi  cient on the current 

density amplitude and the pulse repetition rate.

Th us, by varying the frequency of the pulse current, the 

coating structure and properties can be controlled. Th e 

optimal frequency range in which the most fi ne-crystalli-

ne, dense and hard coatings are formed, in addition to 

other values, is also determined by the average current 

density, i.e., the deposition rate.

4. Rhodium coating properties
Th e study representing the infl uence of the current density 

amplitude on the rhodium coating properties is shown in 

Fig. 6. Changing the amplitude of the current density from 

5 to 400 A/dm2 made it possible to establish that the extre-

me values of microhardness and internal stresses lie in the 

Fig. 6 Dependence of the polarization of the rhodium cathode (1), 
microhardness (2) and internal stresses (3) on the current density 
amplitude (J

av
=0.8 A/dm2, f=50 Hz)
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range J
max

=15-25 A/dm2, which is in good agreement with 

the polarization measurements (Fig. 1). Rhodium coatings 

obtained by pulsed electrolysis in the range J
max

=15-25 A/

dm2 and in the low frequency range (40-60 Hz) have high 

technical characteristics (H
μ
= 8000-9000 MPa), however, 

also rather high internal stresses, about 800 MPa (Fig. 6, 

curve 3).

Corrosion resistance is the most important operational 

property of electrolytic coatings and can be considered as 

one of the combined results of the effi  ciency of technologi-

cal deposition modes. Th is property is most signifi cant for 

protective and protective-decorative coatings, for example, 

such as rhodium.

One of the important tasks for the rhodium plating is to 

obtain pore-free coatings. Th e dependence of the rhodium 

coating porosity on the pulse current parameters is shown 

in Fig. 7 and 8. Th e analysis of the polarization curves and 

the dependences of porosity on the pulse current parame-

ters show that the least porous coatings during electrode-

position with a pulse unipolar current are formed in the 

region of the potentials of the maximum rhodium yield. 

Determination of the hydrogenation degree showed that 

this range of potentials contains the minimum amount of 

absorbed hydrogen. Varying the parameters of unipolar 

pulses (frequency, amplitude), it was not possible to obtain 

completely pore-free coatings within thicknesses of 1-2 

μm. Coatings obtained in the frequency range of 40–80 Hz 

Fig. 7 Dependence of the rhodium coating porosity on the pulse 
current frequency (J

max
=20 A/dm2, J

av
=0.8 A/dm2)

Fig. 8 Dependence of the rhodium coating porosity on the pulse 
current density amplitude (f=50Hz, J

av
=0.8 A/dm2)

(Fig. 7) and in the range of current density amplitudes of 

20–60 A/dm2 (Fig. 8) have the minimum porosity. In this 

frequency and amplitude range of the pulse unipolar cur-

rent, the values of the cathode potential provide the forma-

tion of fi ne-crystalline and dense coatings.

Th us, a decrease in porosity (and, consequently, an increa-

se in corrosion resistance) of rhodium coatings obtained 

by pulsed electrolysis compared to direct current is asso-

ciated with small crystallite sizes and a change in hydrogen 

evolution conditions due to the signifi cant rate of change 

of the electrode potential. Th e surface potential fl uctuati-

ons lead to continuous breakage and deformation of 

hydrogen bubbles, which facilitates their separation from 

the cathode surface and reduces adsorption by the coating. 

In addition, vacancies can form “vacancy-hydrogen atom” 

complexes with atomic hydrogen. Such complexes are 4–5 

times more mobile than vacancies [15], which is also the 

reason for the lower hydrogen content in the coatings 

obtained in pulse modes.

Conclusions
Th e use of pulse unipolar current allowed us to obtain 

high-quality rhodium coatings without the use of surfac-

tants. However, a number of functional characteristics, for 

example, internal stresses, require improvement. Th erefo-

re, the use of bipolar and soft ware pulse current will be the 

subject of our further research.    
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