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The electrodeposition of chromium in programmed reversing current (RC), was

investigated in the regime of high cathodic current density (77 A dm
-2
) and anodic

current density (55 Adm
-2
). The ratio of the cathodic and anodic time (60 : 1) was used.

Chromium was deposed on a steel substrate from a chromic�sulphuric acid solution,

during one hour. Anode and cathode were suited in a system of parallel plates. Basic

properties of deposits, like thickness, morphology, microhardness, brightness were

examined. Surface distribution of the deposits was obtained from the measurements of

the thicknesses of the deposits (between32 and67mm).Aferromagnetic non-destructive

method was used in the measurements. Based on the results, graphic models of deposit

surface distribution were made. Two ranges of the thickness could be seen on the model

(range 1 � average thickness 35.1 mm and range 2 � average thickness 57.81 mm). These

results were statisticaly analysed by colums, rows and by the whole surface. For the

whole specimens, the average thickness was 45.39 mmwith a coefficient of variation of

0.2582. The basic properties of the deposits did not change with a variation of the

thickness. Because of this, the coatings deposited with the reversing current could be

much more considered reliable in wear and corrosion protection systems than ones

deposited by direct current.

Keywords: electrodeposition of chromium, programmed reversing current, properties
of deposits, thickness, morphology, microhardness, brightness, distribution of deposits,
modelling.

The chromium deposits obtained in the regime of direct current with high

current densities havemany faults. These faults are the appearance of the cracks and

protrusions, coarse and burned deposits at the edge of the electrode, internal stress

and also, a low level of current efficiency. The given defects limit the use of these

deposits for the protection against systems aggressive gases at high temperatures

and pressures.1�3

Chromium electrodeposition at a periodically changing rate (reversing cur-

rent) can be used for the intensification of the deposition process, increasing of the

uniform current distribution on the macroprofile, and improving the properties of
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the electrodeposited chromium.4�6 Programmed deposition by the reversing current

is characterised with the application of computer procedure and control of the

process. The basic work programm consists of two sequences: 1 � anodic etching

of the basic metal, 2� chromium deposition by reversing current.7

The reversing current wave is characterised by the cathodic current density

and the anodic current density, as well as by the cathodic time of deposition and the

anodic time of dissolution. The same average current density can be achieved in

different ways, changing the shape of the current�voltage wave.4 Specific charac-

teristic of chromium deposition by reversing current must be taken in consideration.

The main characteristic of this process is the significant difference between the

anodic and the cathodic current efficiency. The soluiton of this problemcan be found

by increasing the duration of the cathodic polarisation or by decreasing the anodic

current.8,9

The purpose of this paper was the examination of programmed electrodepo-

sition chromium with the reversing current of the low frequency. Special attention

was given to the surface distribution of the deposits and its effect on other properties

of the coatings.

EXPERIMENTAL

The experimental procedurewas the same as in the previous paper.
10

The only difference compared

to the previous paper was the determination of reflection (Fig. 1).

Two different location on the surface of the specimenswere chosen formeasurements reflection

(Fig. 1). The circular measurement area had a diameter of 2.5 cm.

The programmed computer controlling the process contained regulation of anodic etching and

chromium electrodeposition. The basic input parameters are given in Table I.

Fig. 1. Graphic model of the loca-

tion on the specimens for reflec-

tion measurement.
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TABLE I. Programmed basic input parameters chromium plating bath in the RC regime

No Parameters of electrolysis
Sequence I

Anodic etching substrate

Sequence II

Deposition chromium

1 Anodic current density/ A dm
-2

55 55

2 Cathodic current density/ A dm
-2

77

3 Anodic time/s 45 2

4 Cathodic time/s 120

5 Temperature/ºC 50–1 50–1

RESULTS ANDDISCUSSION

The deposits of chromium obtained by a RC regime with a high cathodic

current density (77 A dm�2) are smooth and matt-gray.

On the basis of thickness measurements of the specimens, in 6 rows and 6
columns, a graphic model was made. The graphic model of the surface deposit

distribution is presented in Fig. 2. The specimens longitude and specimens latitude
are presented on the ordinate and abscissa, respectively.

On the bais of the results from Fig. 2, Fig. 3 can be derived as in the previous

paper.10

Two ranges of surface deposit distribution can be seen from the graphical model

(Fig. 3). Range 1, where the thickness of the deposits ranged between 30 and 40 mm
and range 2 with thicknesses ranging from 40 to 60 mm with excessive corner

thicknesses over 60 mm. The first range is limited by the line with the mark 40, which

means that this lineconnects thepoints on the surfacewith thickness 40mm.Thesecond

range is divided into two sections with the same thicknesses of the coatings (60 mm).

Fig. 2. Latitude profile of the

thickness of the deposit in differ-

ent rows of measurement.
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The statistical analysis of the measured thicknesses is given in Table II. On

the basis of the statistical results shown in Table II and the profile of the specimens

latitude (Fig. 2), and specimens longitude (Fig. 4), it can be concluded that a more

uniform chromium deposit is obtained in the RC regime than in the DC regime.

TABLE II. Results of statistical analysis of the measured thickness

Average thickness/mm
Standard deviation of

the thickness/mm
Coefficient variation

Range 1 35.45 3.13 0.0882

Range 2 57.81 4.61 0.0795

Whole surface of the

specimens
45.39 11.73 0.2582

The greater part of the surface of the specimen is range 1 with d= 34.45 mm,
sd = 3.13mmand cv = 0.0882. This part of the surface causes a more uniform profile

along the latitude of the specimen, excluding the last row with longitude 42.5 mm.

This row belongs to the lower edge of the specimen, which was closer to the bottom

of the cell during the deposition. Taking into consideration the analysis of the

longitude profile, it can be concluded that the profiles of the average four columns

are more compact than the profile of the specimens in the DC regime. There is a

larger value of the thickness on the lower edge. Range 2 includes columns along the

side edges and the lower row with values: d = 57.81 mm, sd = 4.61 mm and cv =

0.0795. The ratio between the average thickness of range 2 and range 1 is 1.63. This

ratio of the average thickness in the DC regime was 2.27.

The biggest interval of variation was in this case:

I = d
max

� dmin = 67 � 32 = 35 mm (1)

which is considerably lower than in the DC regime.

Fig. 3. Graphical model of depos-

its surface distribution (electrode-

position in the RC regime with jc
= 77 A dm

-2
; ja = 55 A dm

-2
, tc =

120 s; ta = 2 s; at a solution tem-

perature 50 ºC). Range 1 � thick-

ness from 30 to 40 mm; range 2 �

thickness from 40 to 60 mm.
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Taking in a consideration that for the deposits in the DC regime cv = 0.3281

and for the deposits in the RC regime cv = 0.2582, indluding all the facts mentioned

above, it can be concluded that the deposits in the RC regime showmore uniformily

the surface of the specimens. This is in accordance with earlier examination of

chromium deposits in the RC regime given in the literature.11,12 This examination

was in range the high frequency (from 1200 to 1900 Hz), and the deposits were

smooth with uniform current distribution on the macroprofile.

The morphology of the deposits was investigated by means of optical micros-

copy. The morphology of deposits was found qualitatively the same over the whole

surface of the specimens. The deposit had fine grains without cracks. The morphol-

ogy of range 1 and range 2 (Fig. 5a and Fig. 5b) was identical. A model for the

crystallization under RC conditions was given in the literature.13

The throwing power of the chromium plating bath is very poor. Electrodepo-

sition in the DC regime with the high current density gives the non-uniform coating.

Fig. 4. Longitude profiles of the

thickness of the deposits in differ-

ent columns measurement.

Fig. 5. Morphology of the deposits in different thickness ranges (electrodeposition in the RC regime with

jc = 77 Adm
-2

; ja = 55 Adm
-2

; tc = 120 s; ta = 2 s; at a solution temperature 50 ºC) a) range 1 � thickness

from 30 to 40 mm; b) range 2 � thickness from 40 to 60 mm.Magnification 640·.
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The applied RC in the electrodeposition results in smooth and more uniformly

distributed deposit on the macroprofile. The explanation of this effect is that during

the anodic time the regions with the thickest deposit dissolve the most, because over

these regions the current denstiy is the highest. During the period of deposition there

is an intensive process of hydrogen evolution, during which is hydrogen partially

incorporated in the coating. In this way the metastable modification of chromium,

b-chromium (hydrid of chromium) is formed. The decomposition of b-chromium

enables evolution of the hydrogen and the formation of a-chromium and cracks

because of the difference in the structures of these modifications. Under the RC

conditions the structurally incorporated hydrogen is oxidized during the anodic

period. By applying a sufficiently large value of the ratio Q
a
/Qb (anodic/cathodic

charge), the hydrogen content in the coating is minimized, so that b-chromium is

not formed and the production of cracks is avoided.

TABLE III. Microhardness of the chromium deposits electrodeposition in RC regime with jc = 77 A

dm
-2

; ja = 55 A dm
-2

; tc = 120 s; ta = 2 s; at a solution temperature 50 ºC

Microhardness

HV0.1

I column II column III column
Average

HV0.1 + sd

1 row 960 933 996

2 row 946 974 974

3 row 1003 996 960 971–24

Usually, the microhardness of the coating deposited in the RC regime is lower
than in the DC regime. The results of the measurement, given in Table III, showed

that the microhardness of deposits are identical in the RC and the DC regime under
the quoted electrodeposition conditions.

Fig. 6. Reflection of chromium deposits dependence on wavelength in the visible range (electrodeposi-

tions in the RC regime with jc = 77 Adm
-2

; ja = 55 Adm
-2

; tc = 120 s; ta = 2 s; at a solution temperature

50 ºC). D�a, D�b diffuse reflection at location Aand B; T�a,T�b, total reflection at location Aand B;

R�a, R�b, mirror reflection at location Aand B.
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Reflection from the surface of the deposits was measured at two locations on
the specimens, in the range of the visible wavelenght (from 400 to 700 nm). In Fig.

6 six curves of the reflection of the chromiumdeposits are given. The total reflection
has value Ta = 55.66 %, Tb = 54.96 % and the diffuse reflection Da = 55.46 %, Db

= 54.89 %. The mirror reflection was zero and the deposit was matt. According to
the literature,8,9 electrodeposition in the RC regime with a cathodic time of 120 s,

gives matt-gray deposits.

On the basis of all above mentioned, including the decreased range with
thicker deposits relative to the deposits in the DC regime, there is lower cost and

energy loss with the desired dimension on the protected element. The average value
of the thickness is taken as ameasure of the corrosion protection, because the lowest

value of the deposit thickness is close to the average value the range 1. Taking in
consideration that the deposits of chromium in the RC regime are of small grain size

and without the cracks, it can be assumed that the protection is better in the RC than
in the DC regime. On the other hand, the measured values of the microhardness of

deposits in the DC and in the RC regime are almost the same. Earlier investigations
of the resistance to wear and erosion confirmed that, except for the hardness, the

structure and theway of the preparation of the surface also have important influence
on the results of the investigation.2,3 In both cases, the surface was prepared in the

way, which means that a better structure and morphology, without rough and coarse
deposits is obtained in the RC regime. This can mean that better protection against

wear and erosion is obtained with deposits in the RC regime than in the DC regime.

CONCLUSION

Electrodeposition with programmed RC, the following parameters: cathodic

current of 77 Adm�2, anodic curent of 55 Adm�2, cathodic time 120 s, anodic time

2 s, and a solution temperature 50 ºC, produced smooth and matt-gray chromium

deposits.

The graphic model, based on the measurement of thicknesses of the deposits

showed two different ranges of the thickness (range 1 � average thickness 34.45mm,

range 2 � average thickness 57.81 mm).

The chromium deposit had high microhardness HV
0.1

= 971 – 24.

Themorphology of the deposits did not depend on the thickness. The structure

had fine grain without cracks.

Statistical analysis of the results of the thicknessmeasurements shows that the

coefficient of variation is 0.2582, which confirms that the deposits in the RC regime

aremore uniform than the deposits obtained in the DC regime (77Adm�2). Latitude

and longitude thickness profiles were uniform but the lower edge was thicker.

Relation between the average thickness of range 2 and range 1 was 1.63. This

relation was smaller than in the case of electrodeposition in the DC regime.
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Elektroliti~ko talo�ewe hroma sa programiranomreversnom strujom, ispitivano

je u re�imu visokih katodnih (77A dm–2) i anodnih gustina struje (55A dm–2). Pri tome je

kori{}en odnos katodnog i anodnog vremena (60 : 1). Hrom je talo�en na uzorke od ~elika

iz hromatno–sulfatnog elektrolita u toku jednog ~asa. Anoda i katoda postavqene su u

sistem plan-paralelnih plo~a. Ispitivana su osnovna svojstva prevlaka kao {to su: de-

bqina, morfologija, mikrotvrdo}a i refleksija. Debqina prevlake merena je neraz-

araju}om feromagnetnom metodom, u intervalu od 32 do 67 mm. Na osnovu merewa debqine

prevlake dobijena je raspodela taloga po povr{ini uzorka i ura|eni su grafi~ki modeli.

Na modelima uo~ene su dve oblasti debqine prevlake (oblast 1 � sa sredwom debqinom

35,45 mm, oblast 2 – sa sredwom debqinom 57,81 mm). Obavqena je statisti~ka analiza

rezultata merewa debqina. Analizom izmerenih vrednosti debqine prevlake na celoj

povr{ini dobijen je koeficijent varijacije od 0,2582, koji odgovara ravnomernijoj ra-

spodeli prevlake po povr{ini, nego kod prevlaka talo�enih sa jednosmernom strujom.

Pokazano je da se sa promenom debqine prevlake nisumewala ispitivana osnovna svojstva

prevlaka. Struktura je sitnozrnasta, bez prskotina, a prevlake imaju visoku tvrdo}u (971

HV0.1). Na osnovu rezultata ovih ispitivawa i ranijih ispitivawa otpornosti prema

koroziji, habawuierozijiprevlakahroma,pretpostavqaseda}eprevlakehromatalo�ene

sa reversnom strujom biti pouzdanije u za{titi od korozije, habawa i erozije.

(Primqeno 4. jula, revidirano 27. oktobra 1999)
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