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Abstract: Electrochemical coatings of chromium modified with nanodiamond particles applied directly on niobium-aluminum alloy were
obtained. Nanodiamond particles produced by detonation synthesis were used. Chromium coatings were deposited on a monolithic
composite with a complex structure based on niobium and aluminum alloys, called later matrix for short. Standard chromium electrolyte and
electrolyte with nanodiamond particles concentration of 10 g/l were used. Analyzes were performed by Scanning Electron Microscope
system of Bruker Inc. and the Polyvar Met metallographic microscope. The microhardness was measured using a PolyvarMet 4000
microhardness tester. The obtained results of the microhardness were 788 kg/mm? in the chromium layer and 168 kg/mm? and 692 kg/mm? in
the matrix. The microstructural and SEM-EDS analysis showed the presence of two intermetallides Nb,Al and NbsAl in the monolithic
composite of niobium aluminum matrix. The average thickness of the chromium coatings modified with nanodiamond particles is 55 um.
Keywords: CHROMIUM COATING, NANODIAMOND PARTICLES, NIOBIIUM ALUMINUM MATRIX, MICROSTRUCTURE

1. Introduction

High-temperature monolithic composites with layered structures
are usually obtained by pressing at certain temperature of bundled
layers of various metal foils and powders such as: Mo-Al, Nb-Al,
Nb-AI-Ti, Cr-Al-Nb [1], Mo-Nb-B-Si [2] and others. In our case,
we consider a composite of niobium (niobium alloy with 0.1%
carbon) and aluminum foils pressed at 1-2 MPa at a temperature of
1300°0n vacuum.

In the binary system Nb-Al the main phases are: NbAl;, Nb,Al
and NbsAl [3]. According to some authors the phases Nb,;Al; and
Nb;-Al; also coexist [4]. The first attempt to use the batch rolling
method to obtain a monolithic composite was made to densify
aluminum and niobium foil at a temperature of 300°(5].

To improve the properties of this type of monolithic composite
(MC) such as heat resistance, microhardness, wear resistance,
corrosion resistance, they are electrochemically coated with metallic
chromium. The composite chromium coatings modified with
nanodiamond particles deposited on various metals and alloys such
as steel, aluminum, etc. additionally contribute to increasing the
above-mentioned properties. [6, 7, 8].

In the present research the main aim was to obtain composite
chromium coatings with diamond nanoparticles deposited directly
on a monolithic composite based on a niobium aluminum matrix
with a layered structure. Their structure and morphology were
studied on the one hand, and on the other hand, the thickness of the
coating and its microhardness were determined. A uniform and
dense layer of chromium with nanodiamonds with thickness of
about 55 um was obtained. The microhardness in the chromium
layer is about 800 kg/mm? in the matrix close to the chromium
layer it is about 170 kg/mm? and in the middle of the sample it is
about 700 kg/mm?.

Any application of coatings, regardless of the type of metal matrix,
is carried out by preliminary removing of the oxide layer from the
metal surface immediately before depositing the coating. In our
case, a series of oxide layers of the main elements Nb and Al, from
which the monolithic composite was obtained, must be removed.
Multicomponent alloys are usually chemically treated with a series
of acids and their mixtures and bases also in some cases.
Electrochemical polishing in appropriate electrolyte solutions is
also used to remove the oxide layers.

2. Experimental data

The objective of the study is to obtain a chromium coating with
nanodiamond particles on a monolithic composite with a layered
structure obtained on the basis of a niobium alloy with 0.1% carbon
and aluminum. The phase composition, microstructure and
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elemental composition in different areas of the matrix and of the
chrome coating were investigated. The primary test samples are
rectangular tiles with dimensions - 30 x 20 mm and height h - 1.5
mm. Figure 1 shows some of the chromium-coated test samples
shot with an optical microscope (LM). There, the structure of the
chromium coating surface was shot with magnification marked A
x20 and B x80 with different levels of illumination. The chromium
coating follows the surface of the monolithic composite sample
with a layered structure that is slightly rough with elongated stripes.
The basic chromium coating has a slightly wavy structure with fine
grains, which is more clearly observed in (Fig. 1B).

T

A, x20

B, x80
Fig. 1 Chromium coating with ND deposited on the niobium
aluminum matrix with magnification A x20 and B x80

Short description of the preliminary treatment (technological
process) for obtaining chromium coatings with ND on MC of the
niobium aluminum matrix (alloy): The samples are first grinded,
then degreased and etched with a mixture of acids. The niobium
alloys are usually cleaned of the surface oxides with a mixture of
the acids HF, HNO3, HsPO, in a ratio of 1:1:1 or 1:1:2 [9]. Finally
they are immersed in a special acid-alkaline solution [10] before
connected to the cathode and immersed in the chromium plating
electrolyte.

The preliminary chemical treatment is extremely important for
obtaining a uniform, dense and well-adhered chromium coating.
Otherwise, the coatings crack, peel or do not adhere well to the
metal matrix. In the present study a standard chromium plating
electrolyte was used with chromic anhydride:sulfuric acid ratio of
100:1 [6, 10]. It has the following chemical composition: CrOz —
220 g/l; H,S0, - 2.2 g/l
The electrochemical parameters of the process are:

Current density: 45 A/dm?

Duration: approx. 45 min

The electrolyte temperature: approx. 50°C

Two electrolytes are prepared. The first is the standard chromium
electrolyte described above and the second one is with the
nanodiamond particles. It is in the form of an aqueous suspension
with an ND concentration of 10%. The suspension with ND was
then activated in an ultrasonic bath, after which the resulting
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electrolyte is added to the standard electrolyte for chromium plating
with a final concentration of nanodiamonds of 10 g¢/l. The
previously treated niobium aluminum samples connected to the
cathode are immersed in the obtained in this way electrolyte and the
electrodeposition of metallic chromium is carried out. The final
result of the chromium plating of the niobium aluminum matrix is
shown in (Fig. 1).

3. Research, results and discussion

3.1. X-ray structural analysis

Investigations were done with a Bruker D8 Advance powder X-
ray diffractometer. The Bruker DIFFRAC.EVA program was used
to determine the qualitative and quantitative phase analysis.
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Fig. 2 Diffractogram of chromium coating with diamond nanoparticles
deposited on MC of the niobium aluminum matrix designated as(32-2Nb-Al)

In the diffractogram in Fig. 2 one phase of metallic chromium
with a cubic structure is found, which is evidence of a good density
of the chromium coating.

3.2. Microstructure and microhardness

The microstructure of the chromium coating with ND deposited
on MC of niobium aluminum alloy was imaged with a "Polyvar
Met" metallographic microscope (Fig. 3). The chromium coating
was prepared from electrolyte with concentration of nanodiamonds
in the electrolyte 10 g/l. The microhardness in the chromium layer
was about 800 kg/mm? which is typical for chromium coatings
with ND. It was determined using a PolyvarMet 4000
microhardness tester (Fig. 3). In the matrix with a layered structure
it is 168 kg/mm? which we assume was measured in the aluminum
and niobium solid solution and it was about 690 kg/mm? most likely
measured at the obtained intermetallyde Nb,Al.

Fig. 3. Microstructure and microhardness of chromium coating with
nanodiamond particles deposited directly on MC of niobium aluminum alloy
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The chromium layer is 55 pm thick, uniform and dense,
following the surface of the monolithic composite of the niobium
aluminum matrix. (Fig. 3).

3.3.  Surface  morphology
composition determination

and elemental

The studies were carried out using a scanning electron microscope
"HIROX SH-5500P" with an EDS system "QUANTAX 100
Advanced" with accelerating voltage: from 1 to 30 kV. In Fig. 4 A
the chromium coating is observed which is in gray. The coating in
Fig. 4 B is in black and its border is hardly distinguishable from the
final border with the resin with which the sample is prepared. The
SEM examination of the chromium coating deposited on MC of the
niobium aluminum matrix is surrounded by a yellow square marked
with the number 3.

Cr+ND coating 55 p

MAG S0 HEKY WA mm Peif2ym

Fig. 4. SEM image of a chromium coating with nanodiamond
particles deposited on a MC of a niobium aluminum matrix

The surface was investigated at magnification x500 and it
consists of continuous and uniform layer of chromium with
nanodiamond particles with thickness approximately 55 um thick.

1

Mass Mass Norm. Atom abs. error [%] rel. error [%]
Element At. No. Netto

[%] (%] [%] (1sigma) (1sigma)
Nb 41 13931 47.53 50.84 18.28 1.84 3.88
Al 13 17517 33.31 35.62 44.09 1.66 4.98
e 6 31112.65 13.53 37.63 4.16 32.88
Sum 93.49 100.00 100.00

2

Mass Mass Norm. Atom abs. error [%)] rel. error [%)]
Element At. No. Netto

[%] [%] [%]  (1sigma)  (1sigma)
Nb 41 40929 91.38 88.05 49.56 3.42 3.74
C 6 422 11.74 11.32 49.26 3.49 29.69
Si 14 539 0.66 0.63 1.18 0.07 10.82
Sum 103.78 100.00 100.00
3

Mass Mass Norm.

Atom abs. error [%] rel. error [%
Element At. No. Netto (%] (%]

[%] [%] [%]  (1sigma) (1sigma)

Cr 24 29844 82.11 94.55 86.40 2.29 2.79

C 6/ 186/ 2.52 290 11.49 1.02 40.30

Nb 41 457 1.62 1.86 0.95 0.13 8.29

Si 14 244 0.59 0.68 1.16 0.08 13.17
Sum 86.84 100.00 100.00

Figure 4 shows the examined in zones and characterized by
SEM-EDS analysis of the surface of the chromium coating with ND
and of the niobium aluminum matrix. The elemental composition
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was determined in three zones: In zone 1 the intermetallyde Nb,Al
was found according to the elemental composition and
microstructural analysis from. In zone 2 it was a solid solution of
niobium and aluminum in the niobium aluminum matrix. And in
zone 3 it was only the chromium layer with diamond nanoparticles.
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Fig. 5. SEM image of zone study of the monolithic composite with a
layered structure based on a niobium aluminum matrix

Figure 5 shows the zone examination and characterization by
SEM-EDS analysis of MC of the niobium aluminum matrix. The
elemental composition is determined in two zones: 4 and 5, where
the intermetallyde NbsAl is most likely to be found, and the broad
dark band is the intermetallyde Nb,Al.

The data from the studies in a Nb/Al matrix are shown in the
zone marked with 4. The main elements are Nb, Al, C and traces of
Si.

4

Mass Mass Norm. Atom abs. error [%] rel. error [%]
Element At. No. Netto

[%] [%] [%] (1 sigma) (1 sigma)
Nb 41 13800 78.04 75.19 34.70 3.01 3.86
C 6| 195( 13.57 13.07| 46.67 5.26 38.79
Al 13 2898 11.73 11.31 17.97 0.67 5.71
Si 14 138 045 0.43 0.66 0.07 16.59
Sum 103.79 100.00 100.00

In zone 5, the yellow rectangle in Fig. 5 the data from the
studies inside the matrix are presented, from which it is clearly seen
that the quantities of the main elements match and are
approximately the same in mass percentages as those of zone 4.

The identified carbon, although with a large error, is very likely
to be from the nanodiamonds used in the chromium plating
electrolyte (Fig. 4), zone 3 and/or from the carbon content of the
niobium alloy used together with aluminum foil to produce a
monolithic composite with a layered structure (Fig.5), zone 4 and 5.

5

Mass Mass Morm. Atom abs. error [%] rel. error [%]
Element At. No. Netto

[%] [%] [%]  (1sigma) (1 sigma)
Nb 41 56111 82.54 76.26 36.84 3.08 3.73
Al 13 11765 12.86 11.89 19.77 0.66 5.16
C 6 678 12.37 11.43 42.71 3.16 25.57
Si 14 530 046 0.43 0.68 0.06 12.47
Sum 108.24 100.00 100.00

69

4. Conclusions:

Electrochemical chromium coatings with ND were deposited
directly on a monolithic niobium aluminum matrix composite.

The presence of chromium with a cubic structure in the coating
was determined by X-ray structural analysis.

The chromium coatings with ND were found to be dense,
discontinuous, following the surface of the monolithic niobium
aluminum matrix composite with a layer thickness of about 55 pm.

It was found that the microhardness in the chromium coating is
nearly 15 % more than that measured in the Nb,Al intermetallyde
obtained in the niobium aluminum matrix.

The microhardness in the chromium coating was found to be
nearly 5 times greater than that measured in the Al/Nb solid
solution obtained in the niobium aluminum matrix.

The presence of two intermetallydes Nb,Al and NbsAl was
determined by microstructural and SEM-EDS analysis.

SEM-EDS analysis determined the presence of carbon in the
samples, most likely from the niobium alloy (Nb01C) in the matrix
and traces of carbon in the chromium coating, which are most likely
from the diamond nanoparticles which proves their participationin
the structure of the layer.
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