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The electrodeposition of chromium in programmed direct current (DC) was

investigated in the regime of high current density (77Adm
-2
). Chromiumwas deposited

in a system of plane-parallel electrodes in chromic�sulphuric acid solution, on speci-

mens of steell, during one hour. The basic properties of deposits, the appearance,

thickness, morphology, microhardness and brightness were investigated. Thicknesses

of the coatings (between 28 and 82 mm) were measured at 36 points on the surface of

the specimens by the non-destructive ferromagnetic method. Based on these results,

graphic models of the surface distribution of the deposits were made. Three ranges of

thickness could be seen on the model (range 1 � average thickness 29.87 mm, range 2 �

average thickness 42.0mmand range 3� thickness 67.87mm). For thewhole speciments,

the average thickness was 50.8 mm with a coefficient of variation of 0.3281. The basic

properties of the coating, morphology and brightness changed depending on the deposit

thickness being very different at different points of one and the same specimen. For this

reason these chromium deposits should not be considered reliable protection against

aggressive gases at high pressures and temperature of systems from corrosion, wear and

erosion.

Keywords: electrodeposition of chromium, programmed direct current, properties of the

deposits, thickness, morphology, microhardness, brightness, distribution of the deposits

on the surface, modelling.

Programmed electrodeposition is process controlled and led by a computer.
The computer controls the electrodeposition by regulation of basic input parameters

within limited values. The basic program has three sequence. The first is pretreat-
ment of the surface, the second is electrodeposition and the third is the final

treatment. The input parameters are: solution temperature, cathodic and anodic
current, time of treatment, free-time between operation, concentration and volume

of solution, etc.

1,2

The properties of chromium deposits are primarly determined by the current

density and solution temperature. By variation of these two parameters matt-gray,

bright or milk deposit can be achieved.3,4 Together with chromium, hydrogen
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develops on the cathode. This makes the current efficiency lower (between 10 and

15 % for chromic�sulphuric acid solution).5,6 The deposition rate increases with

increasing current density, which results in an increase of the current efficiency and,

consequently, a change of the properties and throwing power of the deposits.7,8

The purpose of this work was the examination of programmed electrode-

position of chromium with DC. Special regard was given to the surface distribu-

tion of the deposits and its effect on others properties of the coating. The results

obtained in the present study will be of reference value for the results obtained

in reversing current regime.

EXPERIMENTAL

The specimens used in the experiments were in the form of plates (dimensions: 0.5·0.8·0.025
dm). The specimens were placed verticaly in the bath and point 42.5 was on the bottom of the bath.

Chromium was deposited on the working area of 0.18 dm
2
(0.4·0.45 dm). The steel specimens

contained 0.28 % C, 0.10 % Si, 0.40 % Mn, 3.1 % Cr, 1.1 % Ni, 0.1 % V and 0.45% Mo.

All specimens were mechanicaly polished. Specimens on which the morphology was observed

were electropolished in a phosphoric�sulpuric�chromic acid solution (60 g dm
-3
H3PO4, 50 g dm

-3

H2SO4, 50 g dm
-3
CrO3).

The basic surface treatment prior to plating was an acetone degrease. The part of the surface

on which it was not intended to deposit chromium was protected by vinylplast. The specimens were

electrolytically cleaned in an alkaline solution (30 g dm
-3
NaOH, 35 g dm

-3
Na3PO4, 30 g dm

-3

Na2CO3) for 2 min, at a current density of 20 A dm
-2
at a temperature of 65 ºC. The specimens were

then etched from 30 to 60 s in a 20 % H2SO4 solution. Between these operations the surface of the

specimens were rinsed in running cold water.

The programmed computer controlled process consisted of the regulation of the anodic etching

and of the chromium electrodeposition. The basic input parameters are given in Table I. A personnel

computer and additional equipment maintained the basic input parameters within the limited values.

TABLE I. Basic input parameters in the chromium plating bath in the DC regime

No. Parameters of electrolysis
Sequence I

Anodic etching of the substrate
Sequence II

Chromium deposition

1 Anodic current density/ A dm
-2

55

2 Cathodic current density/ A dm
-2

77

3 Anodic time/ s 45

4 Cathodic time/ s 3600

5 Temperature/ºC 50–1 50–1

The programmed anodic etching and the chromium electrodeposition were performed in

chromic�sulphuric acid solution (250 g dm
-3
CrO3, 2.5 g dm

-3
H2SO4). Insoluble anodes were used,

the lead alloy contained 10 % tin. The anode and cathode were situated 5 cm apart.

After deposition the specimens were rinsed in running cold and hot water, and than dried in a

hot air current.

The thickness of the deposit was measured by a magnetic method (Dermitron 3000). The

thickness of the deposit was measured at 36 points on the surface of specimens, as is shown in Fig.

1a. The method of measurement with 6 rows and 6 columns was used.

56 PETROVI] and KOSTI]



The reflection of the deposit wasmeasured by a spectrophotometer (BeckmanUV5240). Three

different locationus on the surface of the specimens were chosen for the reflection measurements (Fig.

1b). The circular measurement area had a diameter of 2.5 cm. The hardness of each specimen was

determinedby an average of ninemeasurements. The selectionwasmadewith a net (Fig. 1c).AVickers

tester with a load of 100 g (Duriment) was used for the hardness measurements. Surface morphology

was examined by optical microscopy (Metaloplan Leitz).

RESULTS ANDDISCUSSION

The chromium coatings deposited in the programmed DC regime with 77 A

dm�2 at a solution temperature 50 ºC were bright, with a pronounced edge effect.

Visible rough and burnt depsoits were visible on the surface at the edges, especially

on the lower edge and on the corners.

The distribution of the thickness of the deposits is presented in Fig. 2. A

pronounced edge effect can be seen in the latitude profile. The last row (longitude

42.5 mm) has a deformed profile and the highest values of the deposit thickness.

Fig. 1. Graphic model of the positions for measurement on the specimens: a � for thickness; b � for

reflection; c � for microhardness.
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The longitude profiles are presented in columns in Fig. 3 and as can be seen

they are non-uniform. The columns at latitudes 2.5 mm and 37.5 mm, along the side

edges have thicknesses from 60 to 80 mm. Themiddle columns at latitudes 16.5 mm

and 23.5 mm have thicknesses from 28 to 70mm. The largest values of the thickness

were measured on the lower edge (the last value in the columns). The ratio between

the minimum thickness and the maximum thickness in the middle columns is 2.4.

Statistical analysis of the measured deposits thickness was made. The analysis

included determination of the interval of variation (I), the average thickness (d), the
standard deviation (sd) and the coefficient variation (cv). According to this, the

latitude profiles are non-uniform. The average thickness of the points belonging to

Fig. 2. Latitude profile of the deposit thickness in different rows of measurement.

Fig. 3. Longitude profile of the deposit thickness.
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row with longitude 2.5 mm was d = 45.33 mm and the coresponding value for the

row with longitude 42.5 mm was d= 72.33 mm.

The biggest interval of variation (I) existed between the points belonging to

the row with longitude 2.5 mm and the row with longitude 42.5 mm:

I = dmax � dmin = 82 � 28 = 54 mm (1)

On the basis of the results from Fig. 2, Fig. 4 can be derived, assuming a linear

change of the thickness of the deposit between two neighbours points.

The specimens latitude is presented on the abscissa and the specimens longi-

tude is presented on the ordinate. The distribution of the deposit on the surface was

determined in three ranges of thicknesses. The first range is limitedby a linemarking

30, which means that this line connects the points on the surface with thickness 30

mm. The first range contained thicknesses from 20 to 30 mm. The second range is

limited by lines marking 30 and 50. The third range is limited by lines marking 50

and 70. The thickness on the corners was over 70 mm.

Statistical analysis of measured thicknesses is given in Table II. Range 1 with

the smallest d= 29.87 mm was uniform with fine grains.

Range 2 has middle thickness d= 42 mm, larger grains and excessive cracks.
Range 3 is the edge and the deposits were rough and burnt.

Investigation of the morphology was performed by optical microscopy. The

finest structure with small grains and few cracks was observed in the first range

(Fig. 5a). Bigger grain with larger cracks was observed in the second range (Fig.

Fig. 4. Graphic model of the surface deposit distribution (electrodepositions in the DC regime with

77 Adm
�2

at a solution temperature 50 ºC). Range 1 � thickness from 20 to 30 mm; range 2 � thick-

ness from 30 to 50 mm; range 3 � thickness from 50 to 70 mm.
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5b). The morphology of the edges of the specimens is presented in Fig. 5c, from

which it can be seen that the deposits in range 3 are rough and burnt. Especially

burnt deposits could be seen on the lower corners (Fig. 5d).

TABLE II. Results of the statistical analysis of the measured thickness

Average thickness/ mm
Standard deviation of the

thickness/ mm
Coefficient of variation

Range 1 29.87 1.55 0.0518

Range 2 42 4.32 0.1031

Range 3 67.87 5.26 0.0776

Whole surface of
the specimens

50.80 16.68 0.3281

Reflection from the surface of the deposits was measured at three location on

the specimens (Fig. 1b). The total and diffuse reflection was measured and their
difference is the mirror reflection. The mirror reflection is an indicator of the surface

brightness. A reflective spectrophotometer in the visible wavelength range (from 400
to 700 nm) was used for the measurements. Nine curves are presented in Fig. 6. The

Fig. 5. Morphology of the deposits in different ranges of thickness (electrodeposition in the DC re-

gime with 77 A dm
-2
at a solution temperature 50 ºC). Magnification 640·. a) Range 1 � thickness

from 20 to 30 mm; b) range 2 � thickness from 30 to 50 mm; c) range 3 � thickness from 50 to 70

mm; d) corner � thickness 82 mm.

60 PETROVI] and KOSTI]



top three curves show the total reflection at all three location on the specimens. The
three curves in the middle represent the diffuse reflection and the last three curves

the mirror reflection at all three location on the specimens. As can be seen from Fig.
6, there is a difference in the reflection at different points of the specimen due to the

differences in the surface morphology. Obviously, these results are only qualitative,
because there are different morphologies in each region under consideration.

The results of themicrohardnessmeasurements are presented in Table III. The
measurements were performed at nine selected points on the surface. Is seems that

the microhardness at the different points depends on the deposit thickness, being
higher with increasing thickness.

TABLE III. Results of the measurements of the microhardness of the deposits (electrodeposition in

the DC regime with 77 A dm
-2
at a solution temperature 50 ºC)

Microhardness
HV0.1

I column II column III column
Average
HV0.1+sd

1 row 946 920 933

2 row 950 946 988

3 row 946 1003 967 955–26

For the whole specimens d = 50.8 mm with a cv = 0.3281. This makes the

deposit non-uniform in the distribution of the thickness. Because of the important

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

positions in the DC regime with 77 A dm
-2
at a solution temperature 50 ºC) D�a, D�b, D�c diffuse

reflection at locations A, B and C; T�a, T�b, T�c total reflection at locations, A, B and C; R�a, R�b,

R�c � mirror reflection at locations A, B, and C (Fig. 1b).
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variations in the thickness, the morphology and the reflection of the deposits in all
three ranges, this kind of protection cannot be taken as reliable under aggressive

athmosphere conditions.9Also, range 3,with burnt and fragile deposits, is unreliable
in systems with high dynamic pressure and precise dimensions. The results of the

microhardness measurements (Table III) showed that the hardness is high HV0.1 =

955 – 26 and stable. According to the literature,7,8 bright chromium coatings

deposited at temparatures between 50 to 56 ºC with thickness variations form 30 to

70 mm have stable microhardnesses.

On the basis of these results and the literature, programms for deposition with
reversing current will be proposed. The purpose of these programms will be

obtaining deposits with fine grain, cracks-free structures, free and with a more
uniform thickness distribution of the deposits on the surface.

CONCLUSION

Chromium deposited with a programmed DC regime in the range of high

current density (77 Adm�2) at a temperature of 50 ºC was bright with a pronounced

edge effect.

Graphicmodels based on themeasurement of the thickness of the deposits showed

threedifferent rangesof thicknesswithspecificcorners (range1�average thickness29.87

mm, range 2 � average thickness 42 mm and range 3 � thickness 67.87 mm).

The morphology and structure was different in the different ranges of the
specimen, from fine in range 1 to rough and burnt in range 3. The reflection was

different in the different ranges, and decreased from the middle to the edge of the
specimens (total reflection from 59.92 % to 56.93 %, mirror reflection from 28.96

to 19.8 %). The microhardness is stable over the whole specimens and has a value

of HV0.1 = 955 – 26.

Statistical analysis was performed to define the coefficient of variation for the
whole specimens, 0.3281. The latitude profiles of the thickness of the deposits are

non-uniform, and the longitude profiles, presented as columns, are also non-uni-
form. It was shown that the distribution of the deposit is non-uniform.

I Z V O D
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Elektroliti~ko talo�ewe hroma u programiranom re�imu jednosmerne struje

ispitivano je u oblasti visokih gustina struje (77 A dm-2). Hrom je talo�en iz hro-

matno�sulfatnog elektrolita na uzorke od ~elika, u toku jednog ~asa. Elektrode su
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postavqene u sistem plan-paralelnih plo~a. Ispitivana su osnovna svojstva prevlaka

hroma: izgled, debqina, morfologija, mikrotvrdo}a i refleksija. Debqina prevlake

(od 28 do 82 mm) merena je na povr{ini uzorka na 36 mesta. Kori{}ena je nerazaraju}a

fero-magnetna metoda. Na osnovu rezulata merewa ura|eni su grafi~ki modeli

raspodele taloga po povr{ini uzorka. Na modelima su uo~ene tri oblasti debqina

prevlake (oblast 1 � sredwa debqina 29,87 mm, oblast 2 � sredwa debqina 42 mm, oblast

3 � sredwa debqina 67,87 mm). Ispitivawem osnovnih svojstava prevlake (morfologije

i refleksije) utvr|eno je da se mewaju po povr{ini prevlake u zavisnosti od debqine

prevlake hroma. U sredini uzorka oblast 1 struktura je fina (sitno zrno sa tankim

prskotinama), potom se zrno ukrupwava i pojavquju se ve}e prskotine oblast 2, da bi na

krajevima uzorka oblast 3, talog bio grub i pregoreo, posebno na uglovima uzoraka.

Statisti~kom analizom izmerenih rezultata za debqinu utvr|eno je da je prevlaka

heterogena sa velikim intervalom varijacije (54 mm) i koeficijentom varijacije

0,3281. Rezultati ovih ispitivawa dovode u pitawe pouzdanost ovih prevlaka hroma u

za{titi od korozoje, erozije i habawa sistema koji rade sa agresivnim gasovima na

visokim temperaturama i pritiscima.

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