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ELECTROPOLISHING OF STAINLESS STEEL IMPLANTS
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A new method for the electrochemical polishing (ECP) of stainless steel to be used for stable functional osteosynthesis
has been developed. Implants have been polished in solutions based on trinary system H,SO,-H,PO,,~H,0 with a stepwise
decrease in current density and increase in orthophosphoric acid concentration. The optimal polishing conditions (current
density, solution composition, temperature and duration) have been determined. The developed method improves the
quality and the mechanical properties of the surface polished.
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Analysis of the current level of development of
science and technology testifies to the undoubta-
ble fact that one of the most urgent tasks upon
which contemporary medical science focuses is the
creation and usage of implants [1—6]. Implants are
custom-designed items that are manufactured to
serve as replacements for organs which a certain
human individual does not have (such as joints,
teeth, bones and so on) or as auxillary components
to correct and/or regenerate the said organs and
also to restore their functional efficiency (osteo-
synthesis, also referred to as bone fusion or bone
welding). The purpose of osteosynthesis is to en-
sure that the damaged bone tissue is firmly set into
correct position while its functional capacities are
retained pending completion of coalescence. The
most widespread materials used to produce im-
plants are stainless steel varieties, titanium, zirco-
nium, and the alloys containing the above.

According to the assessments made by experts,
the global implants markets had the following
structure as of the year 2012, in %:

+ orthopedic surgery — 20,
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+ vertebrology — 24;

+ cardiovascular surgery — 20;
+ regenerative medicine — §;
+ bone transplants — 6;

+ anti-adhesion items — 2.

Between 2008 and 2010, gross global output
of orthopedic segment items only amounted to
USD 37 bn, including USD 2.2 bn for transplants
used in joints — mostly knee and hip joints [2—5].
According to forecasts made by «Value-Added Ma-
terials» [1], European demand for regenerative me-
dicine implants is estimated to be at USD 35 bn as
of 2015, at USD 43 bn as of 2020, and USD 52 bn
as of 2025. In the United States, over USD 2 bn
annually is spent on surgical operations involving
osteoreplacement implants and the number of Ame-
rican citizens having at least one implant amounts
to 11 million individuals.

The most accessible and widely used ones are
implants produced from special sorts of austenitic
steels such as 12X18H9T, O3X17H14M 3, 316L
et al. These brands of steel are characterised by
high durability and are relatively inexpensive (max.
USD 2.5/kg). Their bioinertia characteristics are,
however, insufficient. Higher degree of biocompat-
ibility can be encountered among special alloys of
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titanium, zirconium (starting at USD 20/kg), co-
balt, chrome (starting at USD 200/kg), and tanta-
lum (approx. USD 1,000/kg). Specialists differen-
tiate between mechanical polishing of implants
(whereby polishing machine tools operated by nu-
merical control software) and electrochemical pol-
ishing. Application of either of these methods en-
sures the same quality of surface treatment but
the mechanical finishing is costlier in view of more
expensive polishing equipment and software used
in the polishing process. Substantial disadvanta-
ges of the mechanical polishing option include the
complications emerging in the course of polishing
of implants with complex surface (relief) and geo-
metry. Apart from this, it has been ascertained that
mechanical properties of the surface exacerbate
through mechanical polishing due to emergence
of micro-defects and dislocations that is, quite of-
ten, the cause of emergence of infiltrates.
Electrochemical polishing does not have the
said disadvantages. It ensures high quality pol-
ishing of surfaces with any relief. In addition to
this, by using special saline and surface active
agents as components of the polishing solutions
and by changing correlations between compo-
nents, one is able to create conditions in which it
is possible to passivate of the surface of items dur-
ing the polishing and to accommodate the emer-
gence of protective films on this surface. This will
facilitate a substantial increase in the biocompat-
ibility of implants produced from even cheap ma-
terials such as various brands of stainless steel.
As the global market of target-function im-
plants is growing and the yearly demand on them
is anticipated to increase as well, development of
highly efficient technologies for finishing treat-
ment of such items becomes a pressing matter for
both scientific researchers and practical users.
This is a pressing issue for Ukraine as well, since
the producers should take into account the ten-
dencies that have established in the subject seg-
ment of the market, particularly with regard to the
necessity of individual prosthetic repair medicine
as well as in view of the growth and development
of the implants market. All of Ukrainian citizens
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who have needs with regard to the matter should
be able to satisfy their needs not only with expen-
sive imported products but also with domestically
manufactured items at affordable prices.

The purpose of this project is to enhance the
process of electrochemical polishing of domesti-
cally produced products which would allow to
achieve high quality of the surface. As the basis for
the study, the authors addressed electrochemical
processes taking place on the metallic surface with
anodic polarisation in the solutions of mineral ac-
ids (typically, these are orthophosphoric and sul-
phuric acids). Exposed to electrical current, the
micro relief of the surface becomes smooth and
shiny at the same time. Dependent upon the com-
position of the polishing solution, the surface of
the metal gets covered by surface active film con-
tributing to the formation of lustre and creates
conditions in which the surface is not affected by
any micro-defects, micro-dislocations, and /or sur-
face stresses. The films also prevent any ambient
factors from impacting the surface and contribute
to the increase of the surface biocompatibility.

THE MOST WIDESPREAD MATERIALS
USED IN PRODUCTION OF OSTEOSYNTHETIC IMPLANTS

Analysis of scientific and technical works [7—
12] shows that, in the orthopaedic and traumato-
logical practice, the following are used as materials
to produce implants (retaining fixtures for osteo-
synthesis, endoprosthetics etc) as well to produce
surgical instruments: XISH9T, XISHIOT (ferrum-
based alloys); — vitallium/comochrome (cobalt-
based alloys); 95X18, 20X13, 40X13 (chrome-
based and tantalum-based alloys); BT-1, BT-2,
BT-5, BT-6 (titanium-based alloys).

As far as production of implants is concerned,
most of the presently known brands of stainless
steel have satisfactory properties in terms of long-
term durability, abrasion resistance capacity, wear
resisting properties, resistance to corrosion etc; it
can also be processed mechanically without any
particular efforts. At the same time, these brands
of steel are characterised by insufficient bioinertia.
If large-size retaining fixtures, endoprosthetics,



Omelchuk, A.A., Yudenkova, I.N., Zakharchenko, M.F., and Bliznyuk, A.V.

and implants made from stainless steel are used,
problems may emerge such as tissue metallosis and
corrosion after the said items remain embedded in
the human body for a long time [13].

Metallic implants made from alloys based on
cobalt as opposed to stainless steel are character-
ised by a high degree of bioinertia. In addition to
this, they are characterised by high corrosion re-
sistance after a long period of operation and when
subjected to changes in mechanical loads.

The technology of production of complex me-
tallic implants, particularly endoprosthetics, calls
for the application of the method of precision cast-
ing of the models in accordance with exact forms —
that is, it is an expensive approach. Retaining fix-
tures and endoprosthetics made from titanium-
based alloys are characterised by high degree of
bioinertia and resistance to corrosion. Advantages
of implants made from this type of metal include
high durability in the course of long lasting main-
tenance, elasticity, simple and easy mechanical
treatment. Disadvantages of titanium-based con-
structions include their insufficient resistance
properties when subjected to mechanical abrasion
(for instance, when they are used as endoprosthet-
ics). However, if the implants and instruments are
to be mass manufactured, one should consider the
high cost of titanium as this metal costs about five
times as much as the X18HO9T stainless steel [9].

As far as nitinol-type alloys (Ni — 50,8%, Ti —
49,8%) with their shape memory effect are con-
cerned, it is only reasonable to use them in order
to resolve certain medical and technical challeng-
es. The stainless steel brands H-45, H-47, H-53,
and H-63 have passed the experimental and clini-
cal approbation and its application in orthopaed-
ics and traumatology is an object of considerable
interest [14, 15].

Usage of porous alloys produced by resorting
to the methodology of powder metallurgy on the
basis of cobalt in endoprosthetics is regarded as
advanced and promising technology but also an
expensive one.

The abovementioned data convince us that it
is a reasonable approach to apply certain alloys to

produce implants according to their specific in-
tended purpose — to be used for retaining fixtures
for osteosynthesis (bone welding/bone fusion),
endoprosthetics etc.

Application of structures from stainless steel
requires complex measures to be taken in order to
prevent tissue metallosis and implant corrosion.

One advanced and promising development in
the clinical practice are metallic implants made
from new steel brands — the METOST produc-
tion batches — that are available for mass appli-
cation, possess a high degree of bioinertia, decent
technological properties, and necessary mechani-
cal qualities [9, 10].

As has already been stated above, before they are
introduced into human body, implants made from
any sort of material must undergo the finishing
treatment including polishing, oxidising, applica-
tion of protective coatings and other necessary pro-
cedures, in order to prevent any formation of infil-
trates (sections of living tissues characterised by
foreign cell elements, increased volume and densi-
ty). Emergence of such neoplasms or inflammations
of the living tissue and its incompatibility with im-
plants may be caused not only by individual features
of a specific human organism but also by lack of bio-
compatibility of the implant material and the insuf-
ficient quality of its finishing treatment.

Due to this, in view of the above, production of
implants it is necessary not only to find and create
construction materials that are biocompatible with
the living tissue; there is also another challenge, i.e.,
how to form a top quality abrasive coating layer on
the surface of the implants which would ensure such
compatibility. We have suggested a new method of
formation of high quality protective coating: the
electrochemical polishing of implants.

CERTAIN ASPECTS PERTAINING
TO ELECTROCHEMICAL POLISHING
OF STAINLESS STEEL

Electrochemical polishing is a set of complex elec-
trochemical processes taking place within the thin
superficial layer of electrolytic conductor [16]. The
suggested method ensures fast dissolution of relief
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protrusions on surfaces with variable amplitude
without destruction (festering) of the main array of
the metal, creates the conditions necessary for the
formation of lustre and the protective surface film
enabling to firmly set and preserve the implant.

In order to form such surface, it is necessary to
create and maintain equilibrium between the speed
of formation of the superficial layer on the implant
and the speed of its chemical dissolution in a way
enabling the thickness to be permanent. Presence
of thin superficial viscous layer of the electrolytic
conductor on the interphase surface creates the
necessary matter interchange mode for electro-
chemical polishing without festering of the array
surface. The composition and thickness of the su-
perficial layer of electrolytic conductor and its
stability over time undoubtedly depend upon the
composition of the electrolytic solution, upon whe-
ther it does or does not contain any complexing
agents and surface active compounds [16]. Besi-
des, the formation of the surface film is greatly im-
pacted by the mode of polarisation of the interpha-
se boundary subjected to direct or alternate electri-
cal current and also by the mode of matter inter-
change through natural or forced convection.

It is common knowledge that, during anodic po-
larisation, most metals transition into passive state
if dissolution of the surface layer of the electrode
array, including polishing, is not taking place.

Given the above, in order to select and deter-
mine proper conditions for electrochemical pol-
ishing, one is to duly consider the data on elect-
rochemical behaviour of metals in the solutions
with various composition that are recommended
to be used in polishing processes.

High quality polishing of stainless steel is only
possible with potentials for repassivation (exit-
ing the passive state). It is worth noting that in
this realm of potentials, oxygen ions discharge
commences. This circumstance may contribute
to worsening of the polishing quality.

The first one to undertake an attempt at math-
ematical analysis of processes taking place in the
course of electrochemical polishing of metals was
made by S. Wagner [16], who noted that a perfect
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polishing process takes place if the current den-
sity corresponds to the maximum speed of diffu-
sion of reagents through passivizing film. How-
ever, despite the substantial amount of both ex-
perimental materials and theoretical researches
accumulated as of the present time [16—20], ki-
netics and mechanism of polishing of metals in
general and of the specific group in particular
have not been ascertained beyond any reasonable
doubt. It has not been possible to determine what
the best modes for polishing would have to be.
They are being determined by a detailed analysis
of current-voltage characteristics of metals that
are being polished and the composition of solu-
tions that are being used in that process.

Studies undertaken by us have shown that by
changing the composition of solutions, it is possi-
ble both to deliberately shift the potential for tran-
sition into passive state (Flade potential) in the
arbitrary direction and also to increase or decrease
the current density of transition — and hence to
manage specific heat expenditures. The smaller
the potential for polarisation and the duration of
treatment is, the lower the heat expenditures are.
High density of current contribute to a reduction
in the duration of the surface treatment. This is
why, in order to optimise the conditions for polish-
ing, it is necessary to have more detailed informa-
tion on the current voltage characteristics of met-
als that are going to be electrochemically treated.

COMPOSTION OF BASE SOLUTIONS
FOR ELECTRO CHEMICAL POISHING
OF CORROSION RESISTANT STEELS

The researches [21, 22] have showed that the so-
lutions based on orthophosphoric and sulfuric acids
with corrosion inhibitors, complexing agents, and
surfactants added meet the above mentioned re-
quirements better than other ones. Rochelle salt
(up to 50 g/1), acetanilide (up to 30 g/1), benzo-
triazole (up to 20 g/1), oxalic or citric acids (up to
25 g/1) are proposed to be used as complexing
agents; the mixes consisting of condensation pro-
ducts with further polymerization of aniline and
urotropine (up to 30 vol. %) with triethanolamine
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Fig. 1. The areas of trinary H,SO,~H,PO,-H,O, system

composition recommended to be used as basic polishing so-

lutions for industrial AC polarization (solid line); the areas

recommended to be used as basic polishing solutions for
DC polarization (dash line)

or tribenzyl-trihydro-triazine are recommended as
corrosion inhibitors. The above compounds faci-
litate the formation of viscous near-surface layers
of solution protecting the metal surface from etch-
ing and the creation of unstable passivity mode
required for homogeneous dissolution of surface
layer and for chemical polishing. The recommended
areas of composition of triple base system H,SO,—
H,PO,—H,O suitable for preparing the solutions to
be used for finishing the high-corrosive alloys both
with DC and power AC are showed in Fig. 1.

Some compositions of solutions used for elec-
trochemical polishing of corrosion-resistant steels

most frequently used for implant bone welding
and modes of DC polarization in the presence of
corrosion inhibitors and complexing agents are
given in Table 1; the composition of the most ef-
fective inhibitors and complexing agents are pre-
sented in Table 2.

POWER AC POLISHINGU

Power AC can be successfully used for electro-
chemical polishing [20, 23, 24]. The mechanism
of this process has not been established yet, how-
ever, there are reasons to assume that it is associ-
ated with repassivation of electrode array surface
when current polarity periodically alternates.

In the cathode half-period, the dominating
process on the electrode array surface is hydro-
gen ion discharge with the formation of electrode
array surface layers enriched with hydrogen. In
the anode half-period, the metal and hydrogen
atoms from the formed layer are ionized, which
facilitates the surface polishing.

The pH of near-electrode layer is known to in-
crease for the cathode polarization and to de-
crease for the anode one. Due to this, in the case
of AC polarization, the components constituting
the stainless steels form viscous layers of insolu-
ble hydro-compounds. The higher is current den-
sity, the faster is the formation of these layers.

The obtained results give reasons to assume that
in the case of AC polarization, the main factor fa-
cilitating the polishing of electrode array is joint
discharge-ionization of hydrogen and metal in the
near-electrode layer whose pH varies periodically.

The researches have showed (see Fig.1) that
high-quality electrochemical polishing at power

Table 1

Recommended Electrolytes and Electrochemical Polishing Modes

Composition of deactivating mixes,
Stainless steel weight % Content of inhibitory Current density,
grade composite, vol. % A/dm?
H,PO, 1,80, H,0
12X18HI9T, 12X18H10T, 60 — 40 0.5—1.5 (D-1,D-2,C-1, C-3) 5—50
X18H10T, 60 20 20 0.5—1.5 (D-2,C-1, C-2,C-3) 15—30
95X18,20X13,40X13 40 20 20 0.5—1.5 (D-1,D-3, C-1, C-2) 10—50

40
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AC can be reached in the base solutions for ECP as
well. As compared with DC, the areas of polishing
compositions are much narrower and in order to
ensure high quality of polishing, the steels should
be treated at high current density (35—50 A/dm?).

Adding inhibitory (D-1, D-2, D-3) and saline
(C-1,C-2, C-3) admixtures to the base solutions
enables decreasing current density without im-
pairment of high quality of polishing. The higher
is content of inhibitory admixture the lesser is
limit AC density to ensure due quality of polish-
ing. For instance, for the acidic mix (10)H,SO,—
(80)H,PO,—(10)H,O containing (weight %) 5%
D-2, the minimum permissible current density is
20 A/dm?, while in the case of 10% D-2, it de-
creases down to 10 A/dm?.

The addition of saline and inhibitory admix-
tures enables not only decreasing the polarizing
current density but also widening the area of pol-
ishing mixes (towards increase in the content of
sulfuric acid).

In the case of AC, the polishing effect has been
established [24] to be ensured only at a frequency
of 20—200 Hz. In this case, the actual current ef-
ficiency can exceed the theoretical one. As cur-
rent density and frequency increase, current effi-
ciency and quality of polishing degrade.

ECP EFFECT ON STAINLESS STEEL
SURFACE PROPERTIES

The X-ray structural and micro-indentation
analysis, as well as the ESM method have showed
that after ECP the surface layers of 12X18H9T,
12X18H10T, X18H10T, 95X 18, 20X13, and 40X13
corrosion-resistant steels get a structure differing
from that of initial electrode array, as density of dis-
locations (p, cm~?), and micro-distortions of the 2"
(Ao,/a) and the 3 ({7, A) ) type shows a down-
ward trend. The quantitative changes in the above
mentioned parameters depend on the conditions
and duration of polishing, composition of initial
material to be treated by ECP. It should be noted
that in the case of short-term treatment, when
stripping a thin surface layer (up to 1 um), where
the highest number of stress concentrators and de-
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fects is accumulated, a decline in strip extension
and an insignificant decrease in elastic strength are
reported. In the case of stripping thicker layers (up
to 10 um), the strip extension gets enhanced.

The reported effect can be explained by disso-
lution of surface layer saturated with stress con-
centrators and dislocations during ECP. In the
case of anode polarization, a more homogenous
film of oxide is formed at the metallic surface. It
prevents the dislocations from coming out to the
surface and enhances the material’s resistance to
plastic deformations.

There are reasons to assume that improvement
of structural elastic properties during ECP de-
pends on the specific features of interphase proc-
esses and the formation of new surface layer.

Table 2
Marking and Composition
of Recommended Saline and Inhibitory Admixtures
to Electrochemical Polishing Solutions Based
on Sulfurous and Orthophosphoric Acids

Marking of saline
and inhibitory composites
recommended to be added Components
to the polishing and content
solutions
for stainless steels
D-1 30 vol. % corrosion inhibitor PB-5*
70 vol. % triethanolamine
D-2 50 vol. % corrosion inhibitor PB-5
50 vol. % triethanolamine
D-3 40 vol. % corrosion inhibitor PB-5
30 vol. % TTT**
30 vol. % triethanolamine
C-1 50 g/1 Rochelle salt
25 g/1 benzotriazole
50 g/l acetanilide
C-2 50 g/1 Rochelle salt
50 g/l aminoacetic acid
25 g/l citric acid
C-3 50 g/1 Rochelle salt
30 g/l acetanilide
20 g/1 benzotriazole
25 g/l oxalic acid

Note. PB-5* — corrosion inhibitor — condensation prod-
uct with further polymerization of aniline and urotropine;
TTT** — tribenzyl-trihydro-triazine
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Not only mechanical properties but also the qual-
ity (roughness) of surface are important for implant
ECP. Practically, the application of ECP to metallic
products having 7—9 grade of surface roughness
(arithmetic mean deviation of surface profile Ra
within basic line ] = 800 um is 1.25—0.2 um) is con-
sidered advisable [20]. As a rule, the molds for pro-
ducing the implants have a higher roughness of sur-
face. During ECP of stainless steel surfaces with
large arithmetic mean R, the surface layer of elec-
trode array is smoothed and gets lustrous. The ap-
pearance of luster on the surface in the case of anode
ECP, first of all, is associated with a slowdown in
etching [16—20]. Hence, in each case, it is necessary
to know how the metal surface layer with different
magnitude of micro- and macro-relief dissolves.

Effect of ECP conditions has been studied using
12X18H10T stainless steel samples. The basic so-
lution for ECP had the following composition
(weight %): H,PO, — 65, H,SO, — 20, H,0 — 15,
inhibitory composite D-1 — 15 vol. %. The treat-
ment was performed at a current density ranging
within i, = 15,0+35,0 A/dm?* The duration was
5—30 minutes. Temperature was kept by a ther-
mostat, within the range of 20—25 °C. The profi-
lographic study of surface was carried out using
M-201 profile meter. The average height of rough-
ness was determined as arithmetic mean of several
measurements in different points on the surface.
The obtained results are given in Table 3.

The data show that the quality of surface treat-
ment depends on both duration of ECP and current
density. The best parameters of ECP of 12X18H10T
stainless steel are reported for current density less
than 25 A/dm?. Further increase in current density
and duration of ECP is not advisable insofar as av-
erage magnitude of roughness R decreases very in-
significantly while power consumption grows.

It should be noted that rate of polishing of
20X 13 martensitic steel depends on heat treat-
ment conditions. The steel samples of lesser hard-
ness more easily yield to polishing as compared
with the harder ones. For example, when polishing
the samples with HRC = 20—27 in electrolytes of
the above composition at i, = 25—35 A/dm?, the
average duration of ECP to decrease the arithme-
tic mean magnitude of roughness R by a grade
(for instance, from 1.25 to 0.80 pm) is 10 minutes.
For the samples with HRC = 29—32, the ECP
lasts 15—20 minutes, while the treatment of the
samples with HRC = 42—49 takes 30 minutes.

At the same time, the harder samples of 20X13
martensitic steel better get lustrous as it has been
showed by the results of studying the light mirror
reflection from polished surfaces with the help of
C®d-4 spectrophotometer within the range of wa-
velength from 300 to 1100 A (Fig. 2). The sam-
ples were polished in electrolyte consisting of
(weight %): H,PO, — 80, H,SO, — 10, H,0 — 10,
with 15 vol. % inhibitory mix D-1.

Table 3
Effect of 12X18H10T Stainless Steel Electrochemical Polishing
on the Surface Quality Conditions
Average roughness of the samples (R ), um
After polishing, at current density, A/dm?
15.0 25.0 35.0
Before polishing
during during during
15 min 30 min 15 min 30 min 15 min 30 min

0.76 0.60 0.52 0.51 0.23 0.48 0.25

0.90 0.70 0.59 0.52 0.22 0.54 0.30

1.25 0.83 0.72 0.71 0.49 0.79 0.48

1.89 1.21 1.01 0.91 0.52 0.93 0.54
42 ISSN 2409-9066. Sci. innov. 2016, 12(1)
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The highest coefficients of mirror reflection
(50—60%) are recorded for the samples of 20X13
heat-treated steel with a hardness of HRC = 42—
49 polished at a current density ranging within
20—30 A/dm?).

Hence, the quality of ECP of stainless steel
surfaces depends not only on the polarization con-
ditions, but also on the pre-treatment of material
to be polished.

PHYSICAL AND CHEMICAL PROPERTIES
OF ECP ELECTROLYTES BASED
ON H,S0,—H,PO,—H,0 SYSTEM

Among the preconditions for high-quality ECP,
there is the formation of viscous thin surface layer
of electrolyte with a quite rapid mass transport
and, respectively, a high conductivity through it
[16—19, 25]. Therefore, to choose the polishing
conditions it is necessary to get information on
dependence of the transport properties of basic
polishing solutions (density, viscosity, and con-
ductivity) on their composition.

The acidic mix solutions were prepared from
p.a. orthophosphoric and sulfuric acids, on bi-dis-
tilled water. The density of acidic mixes was meas-
ured by density gauges, at a temperature of 20
and 25 °C, having kept them in thermostat dur-
ing 15 minutes. The kinematic viscosity was meas-
ured by BIIJK-2 viscometer with a 1.31 mm dia-
meter capillary and calculated by the formula:

V- 0.2982 x g xt

9;
where V is kinematic viscosity of solution, cen-
tistoke; 0.2982 is viscometer constant, mm? - s%
g, — acceleration of gravity in the place of viscos-
ity measurement, g, = 980.665 cm - s~ — accel-
eration of gravity at a latitude of 45°; t is time of
liquid discharge, s.

The conductivity was measured by the bridge
method with the help of P-5021 AC bridge in
thermostated electrochemical cell, at a tempera-
ture of 25 °C, on platinum electrodes using the
parallel circuit of resistive and capacitive imped-
ances at frequencies 0.6; 1.0; 2.0; 3.0; 4.0; 6.0;
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Fig. 2. Micro-pictures of X18H10T stainless steel samples be-
fore (a) and after (b) electrochemical polishing

10.0 kHz. To determine the cell constant, a 0.02 N
KCl solution was prepared from 0.1 N fixanal.
The analysis of conductivity data has showed
that they almost do not depend on current fre-
quency. To calculate correlations the data ob-
tained at a frequency of 10.0 kHz were used. It
should be noted that the inhibitory mix added to
basic polishing solutions causes a decrease in both
density and conductivity, with the higher being
its concentration in the solution, the more signifi-
cant being the decrease. The effect of inhibitory
mix on viscosity has not been unambiguously es-
tablished. In the majority of cases, it leads to a
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Fig. 4. Dependence of viscosity (n), density (d), and con-
ductivity (y) on the content of sulfuric acid (weight %) in
the H,SO,—H, O binary system, at 25 °C
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Fig. 5. Dependence of viscosity () and density (b) for the so-
lutions in iso-concentration crossings of the H,SO,—H,PO,—
H,O trinary system concentration triangle by phosphoric acid
(weight %): 71— 80; 2 — 70; 3 — 60; 4 — 50; 5 — 40, 6 — 30; 7 —
20; 8 — 10; 9 — 0 on the content of sulfuric acid, at 25 °C

drop in viscosity (in the solutions with low con-
tent of orthophosphoric acid). In the solutions
with high and medium content of orthophosphor-
ic acid, viscosity can go up or down depending on
the proportion between acids. Hence, in each case,
it is necessary to refer to previous results.

Changes in the key properties of initial binary
system for preparing ECP solutions for stainless
steels are given in Fig. 4.

Figs. 5 and 6 show dependence of viscosity,
density, and conductivity at the iso-concentra-
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tion crossing points by orthophosphoric acid of
concentration triangle (see Fig. 1) of trinary sys-
tem H,S0,—H,PO,—H,0.

From the above data (Fig. 4) one can see that
both viscosity and density of the system under re-
view vary monotonously. The dependence does not
feature any specific areas that can be attributed to
radical changes in the system properties. Unlike
density that is low sensitive to structural transfor-
mations, viscosity, in the majority of cases, reflects
molecular level changes in the multicomponent sys-
tems, which cannot be established by other meth-
ods. Thus, the monotonous viscosity at all crossing
points of trinary system allows us to assume that at
a temperature of 25 °C, the system structure and
properties vary monotonously as well.

Fig. 6 bears conductivity dependence of basic
ECP solutions under review on acid content.
Figs. 5, b and 6 show that there is a certain cor-
relation between viscosity and conductivity of the
solution: more viscous solutions are less conduc-
tive. This fact should be taken into account when
choosing and optimizing the ECP conditions.

The experiment data were processed and the
correlation coefficients were calculated by the
regressive analysis method [26], which has ena-
bled estimating density (d, g/cm®) and viscosity
(n, cP) of basic solutions at 25 °C depending on
the content of orthophosphoric (X,) and sulfuric
(X,, weight %) acids:

d = 0.99779 + 0.004506X, + 0.00041X ? +
0.000031X,” + 0.00007X X, ;
1 =0.04062 + 0.010028X, + 0.08123X, +
0.0003664X 2 + 0.0002934X,2 + 0.000597X X,

It should be noted that water content in the acid-
ic mixes of the trinary system correlates with acid
content as: %H,0 = 100 — (%H, PO, + %H,SO,).
Therefore, it was removed from the independent
variables.

The temperature effect on conductivity for some
isohydric structures of trinary system H,SO,—
H,PO,—H,0 is showed in Tables 4 and 5.

The given data show that as temperature and
concentration of sulfuric acid grow, conductivity
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Fig. 6. Dependence of conductivity (y) for the solutions

in iso-concentration crossings of the H,SO,—~H,PO, -H,0,

trinary system concentration triangle by phosphoric acid

(weight %): 71— 80; 2 — 70; 3 — 60; 4 — 50; 5 — 40; 6 — 30;

7—20; 8 — 10; 9 — 0 % on the content of sulfuric acid, at
25°C

of basic ECP solutions significantly increases.
This fact should be taken into account in order to
optimize the ECP conditions.

IMPROVEMENT OF ECP OF FUNCTIONAL OSTEOSYN-
THESIS IMPLANTS

Surfactants (organic compounds and their de-
rivatives) are known [20] to be added to solutions
for raising the efficiency of polishing (service life,
quality, rate of surface layer dissolution, regenera-
tion frequency, etc). Usually, polishing is made in
the presence of carboxylic acids (oxalic, citric,
BUHHOI, Gensoiinoi) and/or their salts, amines,
and amino-alcohols. The number of solutions of-
fered increases, but some of them cannot apply to
industrial production insofar as from time to time
their composition should be adjusted and inso-
luble compounds accumulated during polishing
should be removed. In most cases, high-quality
ECP requires a high current density (from 25 to
100 A/dm?), within the temperature range 25—
90 °C. In addition, often, the admixtures used for
improving the polishing properties of solutions
are toxic (for instance, chromic acid or methyl-
tris-(oxyethyl)-ammonium methyl sulfate) [20].
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One of effective techniques for ECP of stain-
less steels in the solutions based on orthophos-
phoric and sulfuric acids is the use of conden-
sation products with further polymerization of
aniline and urotropine (up to 30 vol. %) with tri-
ethanolamine or tribenzyl-trihydro-triazine as cor-
rosion inhibitors. The content of inhibitory mix
in the solutions accounts for 5—10 vol. %. Rochel-
le salt (up to 50 g/1), acetanilide (up to 30 g/1),
benzotriazole (up to 20 g/1), oxalic or citric acid
(up to 25 g/1) are recommended to be used as
complexing agents. Electrochemical treatment is

done at a current density of 20—30 A/dm?, dur-
ing 20—30 minutes [21, 22, 27].

Among disadvantages of the known method,
there is the fact that at relatively high current
density (20—30 A/dm?) and long-term polishing
(20—30 minutes) as a result of heat release, the
tank temperature grows up to 50—90 °C, with ef-
fectiveness of organic admixtures and service life
of polishing solution decreasing (before the first
regeneration, approximately 500 A - hour/1). In
addition, the used inhibitory mixes have a very
ugly odor, stimulate the release of polishing solu-

Table 4
Temperature Effect on Specific Conductivity of H,PO,—H,SO,—H,0
Isohydric Structure (10 weight % H,0)
Concentration, weight % Specific conductivity (cm - cm™") at various temperature (°C)

H,PO, H,SO, 25 40 50 60 70 80 90
90 — 0.07562 0.1074 0.1473 0.1823 0.2223 0.2633 0.3026
80 10 0.07713 0.1116 0.1523 0.1871 0.2225 0.2634 0.3028
70 20 0.08202 0.1162 0.1575 0.1922 0.2303 0.2709 0.3104
60 30 0.08534 0.1195 0.1599 0.1953 0.2303 0.2702 0.3119
50 40 0.08413 0.1164 0.1560 0.1899 0.2281 0.2653 0.3063
40 50 0.07821 0.1151 0.1473 0.1806 0.2130 0.2538 0.2957
30 60 0.07350 0.1107 0.1437 0.1789 0.2167 0.2601 0.3059
20 70 0.08053 0.1227 0.1597 0.1985 0.2430 0.2910 0.3426
10 80 0.1051 0.1558 0.1973 0.2489 0.2890 0.3413 0.3968
— 90 0.1355 0.1901 0.2376 0.2923 0.3348 0.3912 0.4493

Table 5
Specific Conductivity of H,PO,—H,SO,—H,O Isohydric Structure
(20 weight % H,0) at Various Temperature
Concentration, weight % Specific conductivity (cm - cm™") at various temperature (°C)

H,PO, H,S0O, 25 40 50 60 70 80 90
80 — 0.1129 0.1638 0.2005 0.2398 0.2787 0.3199 0.3614
70 10 0.1272 0.1861 0.2273 0.2696 0.3126 0.3584 0.4042
60 20 0.1439 0.2059 0.2510 0.2968 0.3437 0.3936 0.4437
50 30 0.1573 0.2268 0.2754 0.3234 0.3731 0.4262 0.4795
40 40 0.1607 0.2279 0.2761 0.3253 0.3759 0.4299 0.4854
30 50 0.1571 0.2270 0.2754 0.3255 0.3774 0.4329 0.4916
20 60 0.1479 0.2108 0.2586 0.3080 0.3605 0.4180 0.4791
10 70 0.1409 0.2035 0.2532 0.3054 0.3618 0.4245 0.4903
— 80 0.1374 0.2048 0.2581 0.3149 0.3763 0.4430 0.5158
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tion from the tank, and, consequently, lead to in-
crease in its consumption, require special equip-
ment for flushing and recovery of solution.

As a result of research, a new composition of
solution and ECP technique enabling to remove
the above mentioned disadvantages, to ensure
high quality of polishing, and to reduce specific
consumption of power and reagents. The method
and the ECP solution composition have been
protected by invention patent [28].

The polishing parameters improve due to gradu-
ally decreasing current density, from 25—20 down
to 15—10 A/dm? The electrolysis lasts, at each
stage, 3—5 and 5—10 minutes, respectively, in the
solutions (weight %): orthophosphoric acid (55—
65), sulfuric acid (18—21), triethanolamine (0.3—
1.6), glycerol (0.3—1.6), Rochelle salt (0.1—0.5),
amino acetic acid (0.1—0.3), oxalic acid (0.1—0.3),
Trilon B (0.01—0.1), and water.

The abandonment of the urotropine and ani-
line condensation products with triethanolamine
or TTT and the use of the compounds in speci-
fied proportion enable improving the conductive
properties and throwing power of polishing solu-
tion, as well as increasing its capacity with re-
spect to accumulation of polishing products (sol-
uble compounds of steel components). These fac-
tors ensure a high-quality polishing at a lower
current density and a shorter duration of treat-
ment and an extension of service life of solution
before the first regeneration. The possibility of
polishing at a lower current density and a shorter
duration enables reducing specific power and re-
agent consumption.

Table 6 shows the averaged basic parameters of
ECP of stainless steels X18H10T, 12X18H9T,
12X18H10T, 95X18, 20X13, and 40X13 by the
known method (single stage, in the presence of
inhibitory mix C-1 and saline mix /[-3 (Table 2)
10 vol. %) and by the proposed technique. The
samples were polished in the basic solution of the
following composition (weight %): orthophospho-
ric acid (65), sulfuric acid (21), triethanolamine
(1.0), glycerol (1.0), Rochelle salt (0.3), amino
acetic acid (0.1), oxalic acid (0.1), Trilon B (0.01),
and water. The average magnitude of roughness of
surfaces before treatment does not exceed 2.5 pm.

The given data show that ECP with gradual
decrease in current density has better efficiency.

The proposed method enables:

+ To reduce specific power consumption due to
increased conductivity; to decrease the dura-
tion of polishing and current density;

+ To cut specific consumption of reagents due to
extended service life of polishing solution, re-
duced frequency and their content in the ini-
tial polishing solution;

+ To raise quality of polishing and its intensity
due to reduced duration and current density.

THREE STAGES OF ELECTROCHEMICAL
TREATMENT OF IMPLANTS

The studies conducted have shown that, de-
pendent upon the conditions of polarization, the
speed of dissolution of the surface layer of the im-
plant, the qualitative composition, composition of
dissolution of the superficial microstructures, geo-
metrical dimensions of the output item shall differ.

Table 6
Comparison of Techniques for Chemical Polishing of Stainless Steels
Specific power e e Service life s
Polishing technique i, A/dm? T, min consumption, %Ezli;?ésg S}grfi;? of solution, re?]iecgtiugzry
W - hour/dm? W A - hour/1 e
One-stage 25—-30 20—30 60—90 0.20—0.30 200 55—60
Two-stage
15t stage 20—25 3—5 6—12 0.30—0.35 500 55—58
2 stage 10—15 5—10 4.5—9.5 0.20—0.30 450 62—65
ISSN 2409-9066. Sci. innov. 2016, 12(1) 47
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In some cases, during the polishing process, it is
necessary to maintain the specified the set tolera-
ble ranges for the changes in the geometrical di-
mensions of the output item. The best conditions
for polishing can be created with such a polishing
mode whereby high quality of the surface, minimal
metal losses, and minimal change in geometrical
dimensions are ensured at the same time. In addi-
tion to this, it is worth noting that, during electro-
chemical polishing, in the superficial layer, micro-
structures are being formed that enhance the sur-
face of the implant in terms of mechanical elastic-
ity properties. This is also assisted by the formation
of an oxide layer on the metallic surface on the side
of the polishing solution.

The issue of detection of interrelation between
conditions for polishing, the composition of the
superficial layer, and the quality of the surface af-
ter electrochemical treatment is of great interest
for the optimisation of the conditions for electro-
chemical polishing of implants.

Table 7 shows average values of dependence
between the current density and temperature. It
has been stated that, at the same temperature
and current density, the austenitic steel brands
(12X18H10T, 12X18H9) have a higher dissolu-
tion speed than the martensitic ones (20X13). An
increase in the temperature and the current den-

sity contribute to the increase of the speed of dis-
solution of the superficial layer.

Lower speed of dissolution of the 20X13 mar-
tensitic steel is apparently caused by higher con-
tent of iron (up to 83 mass %) able to passivize in
basic polishing solutions at potentials that are al-
most equal to the Flade potential of the austenit-
ic steels (about 0 V as related to the potential of a
standard hydrogen electrode). Unlike austenitic
steels, the potential of iron repassivation is within
a more positive region (+1.9 + +2.0 V) as com-
pared with austenitic steels (+1.5 ++1.6 V). This
is very much due to a higher content of carbon
(0.2 mass %) and silicon (1.0 mass %) in the
20X13 steel brand as compared with austenitic
salts. Somewhat lower dissolution speed of the
12X18H10T steel as compared with the 12X18H9
steel may be caused by the alloying titanium ad-
mixture (up to 0.7 mass %) which also very easily
passivates with the formation of poorly soluble
oxide compounds.

If the implants that are subject to electrochem-
ical polishing have low tolerable limit for allowa-
ble changes in the geometrical dimensions, it is
relevant to polish them at high current densities
(60—80 A/dm?) within a relatively short period
of time. However, the studies we have undertak-
en show that, under these conditions, local iso-

Table 7
Dissolution Rate of Stainless Steels in Base Solution
for Electrochemical Polishing, weight %:H,PO, — 60, H,SO, — 20,
H,0 — 20 + salt composition C-3 — 1.5 (weight %)
Dissolution Rate of Stainless Steels (um/min) at various temperature
C“”Z“/tdfrfj“iw 12X18H10T 12X18H9 20X13

25C 60 C 25C 60 C 25C 60 C

5.0 0.34 0.85 0.41 0.90 0.15 0.36
10.0 0.50 1.15 0.53 1.21 0.24 0.53
15.0 0.76 1.54 0.80 1.60 0.40 0.80
25.0 1.28 2.66 1.30 2.80 0.58 1.05
35.0 2.08 3.32 221 3.57 1.01 1.23
50.0 3.90 4.74 4.01 4.90 1.90 2.35
75.0 7.24 7.50 7.38 7.55 3.46 3.90
100.0 8.00 9.40 8.81 9.91 3.83 475
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lated festering is sometimes detecting that visu-
ally resembles catalyst pitting.

Using the REMMA-101M X-ray micro-scan-
ner, it has been ascertained that in the locations
of festering, the superficial layer is depleted of ti-
tanium, mangan, and nickel but enriched with
silicon. In order to prevent the surface festering,
it has been suggested that polishing be undertak-
en with gradual reduction of the current density.

On the first stage, it is best to perform electro-
chemical polishing at high current density (60—
80 A/dm?) within 1—3 min within a temperature
range of 40—60 °C in the solutions with low (up to
40 mass %) content of phosphoric acid. The studies

undertaken have shown that such solutions have a
rather high conductivity (higher than the solutions
with high (70—80 mass %) content of phosphoric
acid have) and viscosity, which is one of the neces-
sary requirements for electrochemical polishing,
The high conductivity of solutions allows to sub-
stantially reduce the specific energy losses at the
expense of reduction of voltage in the bath furna-
ce. Values of electrochemical polishing of implants
produced from the 12X18H10T stainless steel in
solutions with low content of orthophosphoric acid
and high current density are shown in Table 8.
The obtained results show that solutions with
low content of phosphoric acid may successfully

Table 8

Parameters of 12X18H10T Stainless Steel ECP in Solutions
with Low Content of Orthophosphoric Acid at 50 °C

Polishing conditions

Average roughness, pm Specific power

Composition of polishing solution, weight % consumption

i, A/dm? 7, min W - hour/dm?

H,PO, H,SO, Admixture Before ECP After ECP
30.0 50.0 C-3(1.5) 80.0 1.0 1.25 0.64 21.3
35.0 45.0 — 80.0 2.0 1.54 0.31 49.5
40.0 40.0 C-1(2.0) 60.0 3.0 1.25 0.25 42.0
30.0 50.0 C-3(1.5) 70.0 1.0 1.61 0.32 17.5
35.0 50.0 D-1(15.0) 60.0 2.0 1.32 0.39 28.0
30.0 40.0 D-1(15.0) 60.0 3.0 1.25 0.30 39.0
35.0 45.0 — 70.0 1.0 1.15 0.43 16.3
Table 9

Element Composition of 12X18H10T Stainless Steel after Polishing at the 1% Stage
in Solution, Weight %: H,PO, — 30, H,SO, — 50, H,0 — 20
+ Saline Composite C-3 — 1.5 (weight %.); i, =80 A/dm?, t =1 min, ¢ =50 °C

Distance from the sample Content of elements, weight %
surface, ym 0 i Ti Cr Mn Fe Ni
0 0.54 1.49 0.37 17.76 0.69 68.23 10.61
1.0 0.81 0.30 18.17 0.86 69.16 10.29
6.0 0.76 0.39 18.36 0.9 68.82 10.43
15.0 0.8 0.28 18.33 0.74 69.14 10.41
20.0 0.6 0.32 18.37 0.91 68.42 11
40.0 0.80 0.24 18.29 0.7 69.19 10.45
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be applied in smoothing the macroirregularities
of the implant surfaces at high current densities
and increased temperature of the polishing so-
lution.

Method of X-ray scanning microanalysis was
applied to study the influence of electrochemical
polishing upon the change in the composition of
the surface layer of the implant (Table 9). In or-
der to accomplish this, cross sections of the stud-
ied samples have been produced.

The aforementioned data clearly show that,
following the electrochemical polishing, on the
first stage, the surface and adjacent layers of the
sample of stainless steel are enriched, mostly with
silicon. The content of chrome and mangan is re-
duced. Among other elements, oxygen has been
detected. This may testify to the fact that, in the
process of electrochemical polishing, the oxide
film is formed on the surface of the implant at the
very first stage of polishing already.

It is reasonable to conduct further electroche-
mical polishing in solutions having higher (60—
80 mass %) concentration of orthophosphoric acid.
Solutions enriched with phosphoric acid have
higher viscosity and density values which are ben-
eficial to the conditions of polishing [16—18].

The results stated above testify to the fact
that the suggested mode of electrochemical pro-
cessing ensures high quality polishing of the
12X18H10T stainless steel. The specular reflec-
tion factor from the surface of the polished sam-
ples does not exceed 65%.

Similar results may be achieved if the solutions
for polishing are used if the solutions for polishing
include admixtures with compounds that are free
from products of condensation of aniline and hex-
amethylenetetramine (corrosion inhibitor PB-5).

Both on the first stage of polishing, the form-
ing of the surface layer containing oxygen is con-
tinuing on the second and third stages when sul-

Table 10

Parameters of Electrochemical Polishing of 12X18H10T Stainless Steel at the 2"
and the 3" Stages in Solutions with High Content of Orthophosphoric Acid

Polishing Conditions Average roughness, Soeci

pecific power

Composition of Polishing Solution, weight % Hm consumption

i, A/dm? | 7, min t,°C W - hour/dm?

H,PO, H,SO, | Admixture Before ECP | After ECP
2 stage
70.0 10.0 C-3(1.5) 20.0 3.0 25 0.31 0.21 3.8
60.0 20.0 C-1(2.0) 30.0 2.0 40 0.64 0.25 5.7
80.0 10.0 C-3(1.5) 20.0 1.0 35 0.25 0.11 1.3
65.0 15.0 D-1(15.0) 25.0 1.0 40 0.32 0.16 2.0
65.0 15.0 C-3(1.5) 25.0 2.0 40 0.39 0.20 41
70.0 15.0 C-2(1.5) 30.0 2.0 30 0.30 0.15 6.0
75.0 10.0 C-3(1.5) 20.0 3.0 40 0.43 0.18 3.7
31 stage
60.0 20.0 C-1(2.0) 15.0 3.0 25 0.21 0.10 3.3
65.0 15.0 C-3(1.5) 10.0 5.0 30 0.25 0.11 2.1
65.0 15.0 D-1(15.0) 15.0 3.0 45 0.11 0.06 3.0
70.0 15.0 C-2(1.5) 12.0 4.0 40 0.16 0.06 2.3
70.0 10.0 C-3(1.5) 10.0 5.0 25 0.20 0.07 24
75.0 10.0 C-3(1.5) 13.0 3.0 40 0.15 0.09 2.0
80.0 10.0 C-3(1.5) 10.0 5.0 45 0.18 0.07 2.1
50 ISSN 2409-9066. Sci. innov. 2016, 12(1)



Electropolishing of Stainless Steel Implants for Stable Functional Osteosynthesis

fur and phosphorus are added. As the current

density is gradually reduced and solutions with

variable content of phosphoric acid, the polishing
method which we developed allows to:

+ to reduce specific energy consumptions;

+ to intensify the process of polishing through the
reduction of its duration;

+ to reduce specific expenditures of reagents at
the expense of the prolongation of the useful
technical lifetime of the polishing solution, re-
duction of the correction frequency and their
content in the output polishing solution;

+ to improve the polishing quality and the me-
chanical properties of the surface.

CONCLUSIONS

1. A new enhanced method of electrochemical
polishing of ostheosynthesis implants has been
developed that have been produced firm auste-
nitic and martensitic steel, based upon electro-
chemical processing of the surface in the solutions
on the basis of triple system H,SO,—H,PO,—
H,O with stage-by-stage reduction of the current
density and increased concentration of orthopho-
sphoric acid in the polishing solutions. Polishing
was being taken place in three stages. On stage
one, the polishing in the solutions with On the
first stage of polishing in solutions with insignifi-
cant content of orthophosphoric acid (up to 30—
40 mass %) and high current density level (up to
80 A/dm?), macroirregularities of the surface re-
lief have been smoothed out and the surface was
polished. Such a mode of anodic polarization con-
tributed to the emergence of a superficial layer
characterized by enhanced elastic and mechani-
cal properties. Optimal mode has been ascertained
(including current density, solution composition,
temperature, processing duration) for polishing
on each of the stages.

2. The method for polishing of items made from
stainless steel enables to:

+ avoid the necessity of surface festering;

+ reduce direct electric energy expenditures;

+ intensify the process of polishing at the expense
of the reduction of its duration;
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+ reduce specific expenditures of reagents at the
expenditure of prolongation of the useful tech-
nical lifetime of the polishing solution and re-
duce the frequencies of correction of the com-
position of the polishing solution;

+ to improve the quality of polishing and me-
chanical properties of the surface.

3. Regions of the make-up of the triple system
H,SO,—H,PO,—H,0, have been ascertained that
may be recommended as basic ones for electro-
chemical polishing of implants produced from aus-
tenitic and martensitic steel using direct and/or
alternate current with industrial frequency. Op-
timal composition has been ascertained as well as
number of inhibitory (D) and saline (C) com-
pounds recommended to be introduced into basic
solutions for electrochemical polishing in order
to avoid the necessity of surface festering and pas-
sivation and also in order to ensure the emergence
of a protective anti-corrosive layer. The basic com-
ponents for such compounds include tri-ethanol-
amine, benzotriazole, potassium sodium tartrate,
acetanilide, oxalic acid, trilon B.

4. Methods of X-ray electronic microscopy and
microanalysis have allowed us to ascertain that
electrochemical polishing contributes to the im-
provement of mechanical properties of the sur-
face of implants at the expense of the reduction
of concentration of microdefects and microdistor-
tions of the second and third variety, as well as at
the expense of the formation of the surface layer
comprised of oxygen, sulfur, and phosphorus. It
has been ascertained that martensitic steel types
are a more difficult option for electrochemical po-
lishing than austenitic ones.

5. Study has been undertaken into physical and
chemical properties (viscosity, density, conducti-
vity) of a wide range of the H,SO,—H,PO,—H,0,
triple system compounds recommended to be used
as basic for preparation of solutions for electro-
chemical polishing of osteosynthesis implants. On
the basis of the data obtained, correlation depen-
dences have been ascertained which allow to assess
the specified properties of solutions according to
their composition. Solutions with a high degree
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of viscosity and conductivity create the most fa-
vorable conditions for electrochemical polishing.

6. A new composition has been developed of a
solution for electrochemical polishing of items
from stainless steel on the basis of sulfuric and or-
thophosphoric acids which, unlike all of the cur-
rently known ones, does not contain condensa-
tion products of condensation of aniline and hex-
amethylenetetramine recommended as corrosion
inhibitor. The new composition of the solution
for electrochemical polishing is patent-protected
as a useful model and allows to improve the elec-
troconductive properties and the dissipating abil-
ity of the polishing solution, increase its capacity
to accumulate polishing products such as soluble
compounds of steel components and thus ensure
high quality polishing at lower current density
levels and shorter duration of treatment and also
longer useful technical lifetime prior to the very
first regeneration. The available option of polish-
ing at lower current density and in a shorter pe-
riod of time enables reducing specific losses of
electrical energy and reagents.
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A.O. Omenvuyk, | .M. IOdenxosal,

M.D. 3axapuenxo, A.B. bausniox
[HCTHTYT 3arasbHOI Ta HEOPTaHIYHOI XiMii
im. B.I. Bepnagcokoro HAH Ykpainu, Kuis

EJTEKTPOXIMIYHE ITOJITPYBAHHA
IMIIJIAHTATIB 3 HEPYKABIIOUYX CTAJIEN
[T CTABIJIbHO-OYHKIIIOHAJIBHOTO
OCTEOCHUHTE3Y

Po3pob6sieHo HOBUI METOJ eJeKTPOXiMIYHOTO MOJipy-
BaHHS IMIJIAHTATIB 3 HEPKABIIOYNX cTaeil 1151 cTabiIbHO-
dyukiionanpaoro ocreocunTesy. [lomipyBanns iMmianta-
TiB IPOBOIUJIOCS B PO3YMHAX HA OCHOBI MMOTPIlHOI cucTeMN
H,S0,—H,PO,—H,O npu nocrazaifinoMmy 3MeHIIEHH] Tyc-
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TUHU CTPYMY Ta 301bIIeH I KOHIIeHTpaIlii opTodochopHoi
KUCI0TH. Bu3HaueHO OMTUMAJIbHUN PEKUM TMOJipyBaHHS
(rycTuHa CTPyMY, CKJIaJ PO3YMHY, TeMIepaTrypa, TPUBa-
JicTh 06po6KK). Po3pobaennii MeTo/ 03BOSE TTOIIIIN-
TH AKICTH Ta MeXaHIYHI BJACTUBOCTI TTOBEPXHi.

Kmouoei crosa: enekTpoximMiune TOJipyBaHH:, HEPKaBi-
104i cTaJ, iMIUTaHTaTH, (DYHKIIOHATBHIIT OCTEOCUHTES.

A.A. Omenvuyx, | M.H. FOdenxosal,

H.®. 3axapuenko, A.B. bausniox

WHcrutyT 061ieii 1 HeOpraHMIeCcKoil XMMUK
vm. B.W. Bepunaacekoro HAH Ykpaunsr, Kues

IAJIEKTPOXMMMNYECKOE IIOJINPOBAHUNE
VMILJIAHTATOB 13 HEPKABEIOIINX CTAJIEN
JUIA CTABJIbHO OYHKIIMOHAJIBHOI'O
OCTEOCHMHTESA

Paspaborat HOBbII METOJI 9JIEKTPOXUMIIECKOTO MOJIUPO-
BaHUsI MMILUIAHTATOB U3 HEPKABEIOIMX CTajleil st crabu-
JIbHO (DYHKIIMOHAIBHOTO ocTeocunTe3a. [lommposanue M-
IJTAHTATOB POBO/INJIOCH B PACTBOPAX HA OCHOBE TPOIHOI
cucrembr H,SO,—H,PO,—H,O 1pun nocraauiinom ymemnb-
IIEHUH TJIOTHOCTH TOKA U YBEJUYEHUN KOHIIEHTPAIUU Op-
todochopnoit kucsotel. Otpesiesien ONTUMAIBHBII PEKUM
MOJMPOBKH (IIJIOTHOCTD TOKA, COCTAB PACTBOPA, TEMIIEPATY-
pa, POAOJIKUTENBHOCTE 00paboTkm). Pazpaborantblii Me-
TOJI pa3periaeT yaydnTh Ka4eCTBO U MeXaHUIeCKUe CBOMC-
TBA MTOBEPXHOCTH.

Kntouesvie cao6a: 31€KTPOXUMUYECKOE NOJIUPOBAHUE,
HepyKaBerolnue CTajiu, UMILIAHTAThl, (DYHKIMOHATbHBIN 0C-
TEOCUHTE3.
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