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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'z) and anodic
current density (55 A dm'z). 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 (between 32 and 67 mm). A ferromagnetic 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 mm with 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.
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The chromium deposits obtained in the regime of direct current with high
current densities have many 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.' =

Chromium clectrodeposition 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.*© 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.’

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.* 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 problem can be found
by increasing the duration of the cathodic polarisation or by decreasing the anodic
current.®?

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 procedure was 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 specimens were chosen for measurements reflection
(Fig. 1). The circular measurement area had a diameter of 2.5 cm.
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The programmed computer controlling the process contained regulation of anodic etching and
chromium electrodeposition. The basic input parameters are given in Table I.
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TABLE 1. Programmed basic input parameters chromium plating bath in the RC regime

No Parameters of electrolysis AnodicS:tclll]lti:rI:;esibstrate Depossietcil;lr?::chicgnium
1 Anodic current density/ A dm™ 55 55
2 Cathodic current density/ A dm™ 77
3 Anodic time/s 45 2
4 Cathodic time/s 120
5 Temperature/°C 50-1 50-1
RESULTS AND DISCUSSION

The deposits of chromium obtained by a RC regime with a high cathodic
current density (77 A dm2) 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.1°
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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 nm
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 line connects the points on the surface with thickness 40 mm. The second
range is divided into two sections with the same thicknesses of the coatings (60 nMm).
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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

Standard deviation of

Average thickness/mm 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 45.39 11.73 0.2582
specimens

The greater part of the surface of the specimen is range 1 with d =34.45 mm,
sd=3.13 mmand 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 ¢v =
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=0pax — dpin =67 -32=35mM (D
which is considerably lower than in the DC regime.
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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=10.2582, indluding all the facts mentioned
above, it can be concluded that the deposits in the RC regime show more uniformily
the surface of the specimens. This is in accordance with earlier examination of
chromium deposits in the RC regime given in the literature.! 112 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.!3

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.
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Fig. 5. Morphology of the degosits in different thickness ranges (electrodeposition in the RC regime with
Je=T7TA dm'z; Ja=55 Adm™; 1. =120 s; t, =2 s; at a solution temperature 50 °C) a) range 1 — thickness
from 30 to 40 mn; 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
cnables 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,/Q, (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 jo =77 A
dm'Z;ja =55A dm'2; tc =120 s; ta = 2 s; at a solution temperature 50 °C

MicrI(_)[};:)r.(liness I column II column III column ]_}AI;; iri_g: d
1 row 960 933 996
2 row 946 974 974
3 row 1003 996 960 97124

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 clectrodeposition conditions.
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Fig. 6. Reflection of chromium deposits dependence on wavelength in the visible range (electrodeposi-
tions in the RC regime with jc =77 A dm'2; Ja=55A dm'2; tc=120s; t, =2 s; at a solution temperature

50 °C). D—a, D-b diffuse reflection at location A and B; T—a, T-b, total reflection at location A and B;
R-a, R—b, mirror reflection at location A and 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 chromium deposits are given. The total reflection
has value 7a = 55.66 %, Th = 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,®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 a measure 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 the way 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 A dm 2, anodic curent of 55 A dm 2, cathodic time 120 s, anodic time
2 s, and a solution temperature 50 °C, 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 34.45 i,
range 2 — average thickness 57.81 mm).

The chromium deposit had high microhardness HV|, | = 971 — 24.

The morphology of the deposits did not depend on the thickness. The structure
had fine grain without cracks.

Statistical analysis of the results of the thickness measurements shows that the
coefficient of variation is 0.2582, which confirms that the deposits in the RC regime
are more uniform than the deposits obtained in the DC regime (77 A dm2). 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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n 3 B O N

CBOJCTBA EJIEKTPOXEMUWICKU UCTAJIOKEHOI' XPOMA [TPOI'PAMUPAHUM CTPY-
JAMA. TIEO II. PEBEPCHA CTPVYJA

BUCEHUJA M. TETPOBUR' n TAA M. KOCTUR?

lBojHo wiexnuuku unciiuiayii BJ, Kaitianuhesa 15, 11000 Beozpao u
2TexHOAozllKo—MemaﬂypzuKu axyaitieii, Kaprezujesa 4, 11000 Beozpad

ENeKTpOIMTIIKO TAIOKEHhe XpOMa ca IIPOrpaMIPaHOM PEBEPCHOM CTPYjOM, ACIIATHBAHO
je y peskuMy BECOKUX KaTofHuX (77 A dm_z) ¥ QaHOJTHIUX TYCTHHA cTpyje (55 A dm_z). IIpu Tome je
KopuirtheH OfHOC KaTOMHOT 1 aHOHOT BpemeHa (60 : 1). XpoM je TasiokeH Ha y30pKe Off YeiInKa
73 XPOMATHO—CYJI(haTHOT €JIEKTPOJIATA Y TOKY jeJHOr yaca. AHOfA M KaToa NOCTaBILEHE Cy Y
CHCTEeM IUTaH-NapaJleNHuX IwIova. McnuruBaHna cy OCHOBHA CBOJCTBA IIPEBJIAKa Kao IITO Cy: fie-
6rpHa, Mopororaja, MEKpOTBpioha U pedrekcrja. [le6buHa NpeBIake MepeHa je Hepas-
apajyhom pepomMaraHeTHOM MeTOIOM, Y uHTepBaiy of 32 fo 67 nm. Ha ocHOBY Mepema ieOrprHe
npeBiake o0HjeHa je pacroyiena Tarora o NOBPIIUHY Y30pKa U ypabeHu ¢y rpauiku MOJEIH.
Ha mopiesmma youeHe cy jiBe obmactu ae0ibiHe npesiake (o6mact 1 — ca cpeboM AeOILIHOM
35,45 mm, obmact 2 — ca cpefboM aeoprHOM 57,81 mm). O0aBbeHa je CTATUCTHYKA aHAJH3a
pe3ynTaTa Mepema AeObuHa. AHATH30M H3MEPEHIX BPEHOCTH AeOJbIHE MpeBake Ha LENoj
TIOBpIIIMHY 00mjeH je KoedmmjeHT Bapujammje o 0,2582, Koju ofroBapa paBHOMEPHH]O] pa-
CIIOJIeN IIPEBJIAKE IO IOBPIIMHA, HETO KOJ| NPEBJIAKa TAJIOXKEHMX Ca jeTHOCMEPHOM CTPYjOM.
TToka3zaHo je 1a ce ca IPOMEHOM AeOIbIHE NPEBIIAKE HACY MEH-ajla NCIIUTHBAHA OCHOBHA CBOjCTBA
npesnaka. CTpykTypa je cuTHO3pHacTa, 6€3 NPCKOTHHA, a TIPEBJIAKE MMajy BUCOKY TBpiohy (971
HVo.1). Ha OcHOBY pe3ynTaTa OBUX HCIHTHBAKA U PAHUjUX WCIHTHBAEba OTIOPHOCTU IpeMa
KOpO31jH, Xabary 1 epo3uji IpeBiIaka XpoMa, IPETIOCTaBIha ce a he mpeBilake XxpoMa TaJoKeHe
ca peBepCHOM CTPYjoM OUTH MOY3/IaHuje y 3allITUTH Off KOpo3uje, Xabama 1 epo3uje.

(ITpumibeHo 4. jyna, pesuupano 27. okro6pa 1999)
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