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On the influence of some factors on the functional properties of electrogalvanic
coatings promising for medical applications
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This work investigates some functional properties of galvanic chromium coatings deposited from a non-standard chloride electrolyte
of Chromispel type, modified with combined, complexly acting additive containing CoCl,.6H;O. The influence of various technological
factors such as current density, CoCl,.6H,O content and stirring, on the properties of the electrolyte and the coatings was studied.
The experimental results obtained showed that stirring and higher current density (15-50 A.dm) make coating smoother, brighter
and increase the deposition rate and cathode current efficiency. It was experimentally established that increase in concentration of
CoCl,.6H,0 in the range 1-5 g.L'! results in reduction of reflectance and thickness of layers. For the determination of the surface
morphology of the investigated coatings an atomic force microscope was used. Root mean square roughness of the deposited coatings

was measured and the average size of grains observed was determined.
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INTRODUCTION

Medical implants are products that must meet
functionality requirements in human body conditions
as a working environment. Ideally, they must have
biomechanical properties comparable to those of au-
togenous tissue, must have no adverse effects and
must ensure safe and efficient operation.

There is a huge variety of materials and alloys
used for the production of implants. After stainless
steel, various binary and ternary cobalt alloys are
most widely used. They are characterized as non-
magnetic and resistant to corrosion, high temperature
and mechanical stress [1]. Their properties are closely
related to the crystallographic structure and the abil-
ity to form hard carbides, which give strength to im-
plants.

Because of their excellent resistance to degrada-
tion in the oral cavity, the main medical applications
of Cr-Co alloys are for dental implants.

Various in vivo and in vitro tests give evidence that
cobalt alloys have good biocompatibility. That is why
they are used for the manufacture of surgical instru-
ments, orthopaedic prostheses, fixtures, knee, hip and
shoulder replacement prostheses [2—4].

Cr-Co alloys are also applications for the produc-
tion of cardiac stents [5].

* To whom all correspondence should be sent:

denica kiradjiiska@ gmail.com

Sometimes, implants are produced from a com-
bination of various types of materials, e. g.
femoral heads manufactured from highly cross-linked
polyethylene in combination with ceramic materials
or Cr-Co alloy [6].

The difficulties in working with metallurgical Cr-
Co alloys are associated with the fact that they are
more difficult to process. This problem can be solved
by a continuous development of technology and es-
tablishment of new, modern methods for specialized
casting [7] and selective laser sintering.

The purpose of this study is to develop a technol-
ogy for electrochemical deposition of cobalt alloys
which helps avoiding difficulties in machine process-
ing after metallurgical casting.

In this new technology, a non-standard electrolyte
for chromium plating of Chromispel type is used.
What is typical of it is that it operates at room temper-
ature and has current efficiency several times higher
than that of the conventional sulphate electrolyte.

EXPERIMENTAL CONDITIONS

Standard concentrated (250 g.L'1 CrO3) chloride
electrolyte of Chromispel type modified with com-
bined complexly acting additive was used for deposi-
tion of coatings. The basic composition is registered
with a copyright license [8].

In the experiments performed the current density
varied in the range 15-50 A.dm™. Cathodes were
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copper plates which surface was 0.02 dm?. Deposi-
tion time was 5 minutes. Some of the coatings were
obtained in stationary conditions, others - by stirring
the electrolyte at a speed of 600-1000 rpm/min.

Cobalt was imported into the galvanic bath by
CoCl,.6H,0 and its concentration in different com-
positions was within the range from 1 g.L"! to 5 g.L°!.

Faraday’s laws were used for determining the
cathode current efficiency (Kcy).

An important characteristic of each electrolyte is
the deposition rate (U,). It is calculated using the Eq.
(1):

U, =0.047i;Kc, (1)

Coatings were deposited at operating temperature of
(2042)°C, and their thickness (d) was determined by
a fluorescence analysis.

The reflectance was measured using a gloss meter
of Lange type.

The surface morphology of all samples was in-
vestigated by means of Atomic force microscope
(NANOSUREF Flex AFM). The samples were scanned
with a standard silicon cantilever (type Tap 190Al-G)
and the measurements were performed in ambient at-
mosphere, and dynamic operating mode. The applied
force was always minimized, not to deform the sam-
ples. The surface topographic images of the samples
were taken and the diameter of the obtained grains in
the plane of the picture was calculated.

EXPERIMENTAL RESULTS AND DISCUSSION
Current efficiency

Deposition of chromium coatings from aqueous
solutions of chromic anhydride is not possible with-
out the presence of external anions acting as catalysts
for the primary reaction - chromium deposition. In
chloride Chromispel electrolytes these are C1~. Their
concentration is determined by the ratio CrO3:Cl" =
20:1 and for standard concentration compositions it
is approximately 12.5 g.L'!.

According to the theory of the chromium plating,
at least three partial reactions take place simultane-
ously on the cathode during electrolysis:

crot =
2H" — H,

Crét — ot

An important characteristic of each electrolyte is
cathode current efficiency (Kc;) i.e. that part of the to-

tal amount of electricity which is only consumed for
the useful reaction of chromium deposition.

Standard sulphate electrolytes have maximum
current yield 10-12%.

Pure chloride electrolytes, i.e. without additive,
with concentrations from 500 g.L"! CrO; to 750 g.L"!
CrO3, can reach 60%, and modified standard concen-
tration (250 g.L'1 CrO3) chloride Chromispel about
40% [9, 10]. According to the obtained experimen-
tal results, the higher the operating current density,
the better its cathode efficiency - Fig. 1. The same
relationship was also observed when stirring the elec-
trolyte. For example, at a density of 25 A.dm™, if
the liquid were not mixed, the determined value of
Kcr =24%. After stirring, the yield increased to value
of Koy = 34.2%.

Coatings deposited with operating current densi-
ties above 50 A.dm™ are characterized with high in-
ternal stresses and are not recommended for practical
applications.
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Fig. 1. Dependence of K¢, on both cathode current density
and stirring for electrolyte containing 1 g.L"! CoCl,.6H,0.

Deposition rate and thickness of the coatings

Both of these parameters are a function of the
current density and are important for the practical
properties of the coatings. Galvanic rate is a partic-
ularly important feature when thick coatings need to
be deposited. At small rates chromium plating may
take several days. In the literature, standard sulphate
electrolytes at temperature 50°C, current density 48
A.dm and cathode efficiency 18.8% have deposition
rate of 42.3 /.Lm.h'1 [11]. The dependence of U, and
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Fig. 2. Influence of cathode density and stirring on deposi-
tion rate for electrolyte containing 1 g.L"! CoCl,.6H,0.

d on the current density is proportional and is illus-
trated in Fig. 2 and Fig. 3.

According to the data illustrated in Fig. 2 for cur-
rent densities 45-50 A.dm™? the deposition rate is 70-
80 umh!, i.e. almost twice as high as that of stan-
dard sulphate electrolytes. This fact makes the chlo-
ride Chromispel electrolytes some of the most highly
efficient electrolytes for deposition of chromium coat-
ings.

The stirring influences favourably the coating
thickness (Fig. 3). For example, when cathode cur-
rent density is 40 A.dm™ and the content in the gal-
vanic bath is 1 g.L‘1 CoCl,.6H,0, if the electrolyte is
not mixed, d = 2.6 um, and if mixed, d = 3.3 um.

w4 549" CoCly.6H,0 with stirring
EZ#A 39.1" CoCly.6H,0 with stirring
BN 19.L" CoCl,.6H,0 with stirring
gl CoCl,.6H,0 without stirring
3g.L" CoCl,.6H,0 without stiring

d (um)

Fig. 3. Thickness of coatings deposited with and without
stirring of the electrolyte at different current densities for a
period of 5 minutes.
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The higher concentration of CoCly.6H,0 slows
down the electrocrystallization, and under the same
conditions of chromium plating, e.g. 40 A.dm?
and stirring of the electrolyte, if the amount of
CoCl,.6H,O of 1 g.L‘1 is increased to 5 g.L‘1 the
thickness decreases from 3.3 um to 0.17 um, i.e.
about 20 times. To make an unbiased interpretation
of this fact, it is necessary to examine the kinetics of
cathode process in order to determine how the ratio
between the rates of the partial cathode reactions.

Surface morphology and reflectance

These properties determine the decorative quali-
ties and the beautiful appearance of chromium coat-
ings.

Today most of the electroplated coatings are de-
posited glossy directly from the electrogalvanic baths.
Thus, the need for additional mechanical polishing of
the layers is eliminated.

According to [12], the reflectance does not depend
on their texture, so it is not subject to examination in
this study.

Surface morphology of the samples investigated
by AFM was judged by their root mean square rough-
ness S,. Figs. 4 and 5 show surface topographic im-
ages of the samples.

Line graphs and 3-D images on Fig. 4 and Fig. 5
show that, in general, when increasing the concen-
tration of CoCl,.6H;0, the crystals of coatings be-
come larger in size. For example, with 1 g.L’!
CoCl,.6H,0 the value of the root mean square rough-
ness is S, = 5.84 nm, and with 5 g.L"! CoCl,.6H,0, it
is §; = 10.88 nm. Such roughening of the layers was
also found in case of stirring the electrolyte — Fig. 5.
Regardless of whether the electroplating is carried out
with or without stirring, the highest root mean square
roughness is of coatings obtained from compositions
containing 5 g.L"! CoCl,.6H,O0.

Fig. 6 shows the dependence of reflectance on
cathode current density and stirring. By increasing
the cathode density (due to high plating rate) more
small crystal and smooth coatings are deposited, and
the reflectance increases. After density of 35 A.dm™,
in case of no stirring, gloss decreases, which can
be associated with some concentration restrictions
changing the deposition mechanism and properties of
coatings, or by impurities in their composition.
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Fig. 4. Values of §, for coatings deposited at i = 35 A.dm? from electrolytes without stirring containing different
amounts of CoCl,.6H,0: a) 1 g.L'! CoCl,.6H,0; S, = 5.84; b) 3 g.L"! CoClL.6H,0; S, = 6.80; ¢) 5 g.L"! CoCl,.6H,0;

S, = 10.88.
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Fig. 5. Values of S, for coatings deposited at iy = 35 A.dm™? and stirring of electrolytes containing different amounts of
CoCl,.6H,0: a) 1 g.L'! CoCl,.6H,0; S, = 6.11; a) 3 gL' CoCl,.6H,0; S, = 11.35; ¢) 5 g.L"! CoCl.6H,0; S, = 14.61.
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Fig. 6. Dependence of reflectance on cathode current den-
sity and electrolyte stirring.

The data presented in Table 1 indicates that higher
concentration of CoCl,.6H,0O and stirring of the elec-
trolyte increase root mean square roughness and re-
duce reflectance of coatings.

Table 1. Class of roughness and reflectance of coatings
deposited for a period of 5 minutes at iy = 35 A.dm™ and
different concentrations of CoCl,.6H,O

No CoCl,.6H,O Sy Grain size o) Note
gLl nm nm %
1 1 5.84 458.60 87.5 without
2 3 6.80 1122.0  76.04 stirring
3 5 10.88  1280.00 25.56
4 1 6.11 65820  77.92  with
5 3 11.35 674.60  64.24  stirring
6 5 14.61 1140.00  20.28
CONCLUSION

Some functional properties of electroplated
chromium coatings deposited from non-standard,
modified electrolyte of Cromispel type were studied.
The influence of different technological factors - cur-
rent density, CoCl,.6H,O content and stirring — on
the most important characteristics of the electrolyte
and the coatings was studied.

It was found that higher cathode current density
and stirring may increase current yield to 35%, i.e.
almost twice as high as that of conventional sulphate
electrolytes. Deposition rate, coating thickness and
root mean square roughness were also increased.

It was demonstrated that increasing the content of
CoCl,.6H,0 in the investigated range of 1-5 g.L!
makes the coating rougher and less glossy.

To highlight particular areas of the application of
these chromium coatings, it is advisable to determine
the content of cobalt in them and to study their bio-
compatibility.
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3A BJIMSSHUETO HA HIKOU ®AKTOPU BHPXY ®YHKIIMOHAJTHUTE CBOMICTBA
HA TAJIBAHMYHO OTJIOKEHU ITOKPUTU A, TIEPCITEKTUBHU 3A MEOULTNMHCKO ITPUJIOXKEHME
. KMpaL[)KMﬁCKaI, P. MqueBal, . MMneBaZ, T. loBuesa’ , Al BI/IpaHEBa3
L ®apmayesmuuen daxynmem, Meduyurcku yHusepcumem — ITnosdus, 6ya. “Bacun Anpunos” N°15 A, 4000 ITnosdus,
Baneapus
2 JIECO, MeduyuHcku yHugepcumem — ITnosdus, 6yn. “Bacun Anpunos” N°15 A, 4000 ITnosdus, Benzapus
3 @usuuecku (paxynmem, ITnosouscku ynusepcumem “Tlaucuti Xunendapcku”, yn. “Ilap Acen” N°24, 4000 ITnoedus, Benzapus

(Pe3tome)

B Hacrosiata paboTa ca M3ciaegBaHu HIKOM GYHKUMOHAIHM CBOMCTBA HA TAJIBAHMYHY XPOMOBM ITOKPUTHS, OTJIOXKEHM OT HeCTaH-
JapTeH XJIOpyUeH enekTpoauT Tui “Cromispel”, Mmoguduiypas ¢ KOM6MHMpaHa, KOMIUIEKCHO AejicTBaia go6aska CoCly.6H, 0.

Vi3cieBaHoO € BAMSHMETO Ha PasIMyHU TEeXHOMOTMUHM (PaKTOpM KaTo IUTBTHOCT Ha TOKa, chabpskaHue Ha CoCly.6H,O u pasobp-
KBaHe BbPXY CBOJCTBATA HA €EKTPOJIUTA U MOKpUTUATA. [IoNydeHUTe eKCIIepMMEeHTaTHY pe3yITaTy M0Ka3Bar, ye MpuiaraHeTo Ha
pa3bbpKBaHe M HapacTBaHETO HA IUTbTHOCTTA Ha TOKa OT 15 A.dm~2 1o 50 A.dm™2 MPaBST MOKPUTHUSTA MTO-IJIaIKY, MTO-OIECTIIIN U
MOBMIIIABaT CKOPOCTTA Ha OT/IaraHe U M3I0I3Ba€MOCTTa Ha KaTOAHMS TOK. EKCITepMMEeHTaTHO € YCTaHOBEHO, Ue M0-BUCOKATa KOHIeH-
tpauus Ha CoCly.6H,O Boau 10 HaMa/IsiBaHe Ha OTpaskaTe/iHaTa ClIOCOGHOCT U JebeMHaTa Ha CIoeBeTe.

3a ornpeessiHe Ha TIOBbPXHOCTHATa MOPGOJIOrMs Ha U3C/IeIBAHUTE ITOKPUTHUS € U3II0I3BaH aTOMEH CUJI0B MUKPOCKOII. M3mepeHa
e cpeHaTa KBafipaTMYHa IparaBoCT Ha M3C/IeIBaAHNUTE TIOKPUTUS 1 e OTIpefiesieH CPeqHMUIT pa3Mep Ha HaGmogaBaHuTe 3bpHa.
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