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Abstract

The synthesis of a co-precipitated mixture of tantalum and brass nanoparticles (Ta and Cu/Zn) using a micro-
wire-electro-discharge-grinding (u-WEDG) with a combination of multiple process parameters is explained in this
article. Tantalum and brass nanoparticles are produced in a dielectric medium Diel-7500 EDM oil. u-WEDG repre-
sents a cutting-edge mechanical micro-machining technique extensively employed for machining micro rods. This
method uses a grinding process that expels debris via melting and evaporation. This process disperses a fraction

of nanometre-sized debris within the dielectric medium. Traditionally, this debris consisting of nanoparticles has been
classified as unwanted substances and subsequently eliminated from the system. However, it now requires a thor-
ough reassessment for possible usage. Hence, the characterization of tantalum and brass nanoparticles is conducted
through Field emission Scanning Electron Microscopy (FE-SEM), energy-dispersive spectroscopy (EDS), and X-ray dif-
fraction (XRD) analyses. The process parameters are capacitance, voltage and spindle speed. The investigation reveals
that the mean nanoparticle size of produced tantalum nanoparticles range from 25 to 200 nm, while brass nanopar-
ticles range from 300 to 950 nm. Furthermore, a notable correlation is observed between decreasing capacitance
and the corresponding reduction in the shape and size of nanoparticles.
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Introduction

The advent of advanced microfabrication techniques
has significantly expanded the horizons of material
processing and precision engineering. Among these,
Micro-Wire-Electro-Discharge-Grinding (u-WEDG) has
emerged as a pioneering method, enabling the generation
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of ultra-fine features with exceptional accuracy. A thin,
continuous wire serves as the electrode, while the work-
piece itself is submerged in a dielectric fluid. Particular-
ized melting and vaporization of the material are caused
by sparks produced between the wire and the workpiece,
effectively removing it from the desired location. This
technique is particularly advantageous for the produc-
tion of nanoparticles from refractory and non-refractory
metals as well. Advancement of micro and nanoscience
materials has sparked a fresh wave of enthusiasm among
researchers and scientists due to the development of
micro and nanoscience technologies. Government and
businesses are interested in nanoscience since its poten-
tial is becoming more widely recognized. As a result,
significant investments are being made in micro and
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nanoscale technologies to use their potential and advance
numerous sectors [1]. Nanoparticles are crucial in form-
ing nanostructures, serving as the nanoscale building
elements. Typically, these particles usually have sizes
between 1 and 100 nm. Even at this nanoscale, materials
display remarkable physical properties distinct from their
bulk counterparts. The material demonstrates a reduced
melting point, an elevated surface-to-volume ratio,
enhanced mechanical strength, unique optical features,
and special magnetic attributes. Researchers empha-
sise the significance of nanomaterial manufacturing due
to its exceptional characteristics, this might be used in
several sectors and have a broad variety of uses [2—4].
They have demonstrated their indispensability in mate-
rial technology for several applications such as ferroflu-
ids [5], chemical nanosensors [6], hydrogen storage [7],
catalytic systems [8], and some microelectronics devices.
Furthermore, nanoparticles are crucial in the fields of
nanomedicine, agriculture, the military, and the energy
sector, showcasing their adaptability and significance in
shaping contemporary technologies and industries [9].
The distinct capability of metallic nanoparticles to inter-
act with ligands, medicines, and antibodies has generated
significant interest. The first studies on non-conventional
machining of biomaterials used a common dielectric
fluid and yielded significant findings [10].

The p-EDM approach was used to synthesize and ana-
lyse colloidal nanoparticles of aluminium, in the inves-
tigation influence of various stabilizers on nanoparticle
agglomeration was explored. The base media was deion-
ized water, and, Bael Gum (BG), Poly Ethylene Glycol
(PEG), and Acacia Gum (ACG) were each introduced
individually to examine their effects on the interactions
between the synthesized nanoparticles. ACG exhibited
the most significant effect in minimizing agglomeration,
leading to an exceptionally uniform distribution of col-
loidal aluminium nanoparticles [11]. During a research
investigation on the production of nanoparticles using
u-EDM, polyvinyl alcohol (PVA) was combined with a
dielectric substance in order to stabilize the nickel nano-
fluid and reduce effects of agglomeration. The character-
istics of the produced nickel nanoparticles were assessed
by SEM, EDAX EDS, X-ray diffraction (XRD), UV-Vis
spectroscopy, and Fourier transform infrared (FTIR)
analysis. The study observed a shift in nanoparticle mor-
phology from spherical shapes at higher pulse-on times
to needle-like structures at lower pulse-on times [3].
The pu-EDM approach is employed for investigating the
synthesis of silver nanoparticles (AgNPs). A variety of
dielectric fluids are used to create nanofluids, including
non-polar fluids such as kerosene (KR) and ethylene gly-
col (EG), as well as polar fluids such as deionized water
(DI) and deionized water with four weight percent of
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polyvinyl alcohol (DI+PVA) Kerosene offered the most
thermally stable nanofluid with the highest nanoparticle
concentration, while DI+ PVA resulted in smaller nano-
particles which was observed by Thermogravimetric
Analysis (TGA) and Differential Scanning Calorimetry
(DSC) [12]. Tungsten carbide nanoparticles were synthe-
sized using p-EDM in two distinct dielectric mediums,
namely kerosene and EDM oil. Subsequently, the rate at
which tools deteriorated in each dielectric was examined
through the creation of nanoparticles. WC nanoparticle
generation and tool wear rate both increased with higher
voltage at constant duty factor and EDM oil produced a
significantly higher quantity of WC nanoparticles com-
pared to kerosene [13].

The literature review highlights the significant impor-
tance of generating nanoparticles of different materials
using the p-EDM technique to meet specific application
requirements and efficiently produce nanoparticles for
use in science and industry. It can use tiny tools without
making contact. p-EDM is a promising and economical
technology due to its simplicity, clean operation, tunabil-
ity, and lower energy consumption compared to other
techniques [14]. p-WEDG is a revolutionary method that
combines nanotechnology and non-traditional grinding
processes to produce nanoparticles. Currently, conven-
tional WEDG technology combined with an RC electro
discharge circuit makes it simple to build micro-elec-
trode tools with diameters as small as a few micrometres
[15].This ground-breaking technique uses the ui-WEDG’s
inherent micro-machining capabilities to precisely and
reliably produce tantalum and brass nanoparticles.

Compared to traditional nanoparticle synthesis tech-
niques, this approach has scalability, efficiency, and envi-
ronmental friendliness benefits. Tantalum with brass
nanoparticles are remarkably adaptable for various appli-
cations like biomedical implants, gas sensing, catalyst,
electronics, surface coatings, and in some energy storage
systems, because any base fluid that has metal oxide nan-
oparticles added to it has improved thermal conductivity
[16]. In this technique nanoparticles are shaped to exact
sizes and shapes by using the electrical energy of sparks
in a dielectric medium. This combination of u-WEDG
and nanotechnology opens up new vistas for inquiry and
invention in nanomaterials and prepares the way for cut-
ting-edge study and commercial applications. Any base
fluid that has metal oxide nanoparticles added to it has
improved thermal conductivity.

Experimentation method and material

The procedure involves using a 1 mm diameter pure
tantalum rod as the workpiece, while the revolving wire
electrode is built of 0.25 mm thick brass wire. Tanta-
lum R05200 with a purity of 99.11% was obtained. A
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u-WEDG Setup, as depicted in Fig. 1, utilizes an RC-type
pulse generator and a digital AC servo motor system
with full-closed feedback control. The arrangement com-
prises a precision work table for X and Y axis movement,
a machining tank filled with DIEL-7500 dielectric fluid,
and a Z-motion mechanism. The power source has the
capability to deliver voltages ranging from 80 to 130 V
and capacitances ranging from 0 to 400 Nano farads.

Table 1 presents the experimental conditions for pro-
ducing tantalum with brass nanoparticles. Acetone was
used to clean the Tantalum workpiece and the bathtub to
collect the nanoparticles, removing any organic and inor-
ganic foreign substances that had adhered to the surface.
Reverse polarity was used to connect the workpiece to
the + ve terminal and the wire electrode to the —ve termi-
nal of the DC pulse supply.

A plasma channel is formed between these electrodes
when a significant potential difference causes discharges.
A small quantity of material from both electrode and
wire melts and evaporates due to this discharge. Key
parameters under consideration for this experiment is
the inter-electrode gap voltage, capacitance, and the rota-
tional speed of the shaft. During the investigation, spark
occurred when the two electrodes were brought closer
together within the dielectric medium while applying a
specific threshold voltage. The heat produced is limited
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Table 1 Experimental operating parameters

SINo CapacitanceinnF  VoltageinV Spindle
speed in
rpm

1 400 120 800

2 100 110 800

3 10 100 800

4 1 90 800

to a small region and is more significant than the mate-
rial's melting temperature for both the tools and the
workpiece. Consequently, this extreme heat leads to the
melting and vaporization of the tools and workpiece
material, producing tiny solid particles known as debris.

These tantalum and brass debris particles are sus-
pended within the dielectric medium, creating a tantalum
with brass Nanofluid. This fluid is subsequently collected
in glass vials for further analysis and experimentation.

In order to avoid the agglomeration effect, which
can occur during production, nanofluid is placed in an
ultrasonic bath for six hours. These methods encom-
pass ultrasonication, electrostatic stabilization, and
the utilization of stabilizers to mitigate nanoparticle
agglomeration. Specifically, ultrasonication is employed
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to disperse agglomerated nanoparticles within a sol-
vent. Specifically, ultrasonication is employed to dis-
perse agglomerated nanoparticles within a solvent.
In the case of achieving a stable tantalum and brass
nanofluid, ultrasonication is conducted for 45 min.
Subsequently, six washes are performed on the particle
solution: three with distilled water and three with ethyl
alcohol. At 12,000 rpm, the solution is centrifuged to
separate it. Nanoparticles moved throughout this cen-
trifugation process due to the centrifugal force’s impact
on terminal settling velocity (Vg). Equation (1) shows
the link between the unknown settling velocity(V),
angular velocity of the centrifuge rotor(w), the radial
distance from the centre of rotation(r) under gravita-
tional and centrifugal forces [17].

W27'

V=—Y (1)
g 14
The detailed procedure of extracting synthesized
nanoparticles using novel wire electro-discharge grind-
ing is shown in Fig. 2. The obtained nanofluid is then
dried for 24 h at 70 °C in an oven.

Characterization of Ta-Cu-Zn Np's

The synthesized tantalum and brass nanoparticles are
comprehensively characterized using X-ray diffraction
(XRD), field emission scanning electron microscopy (FE-
SEM), and zeta potential analysis to gain insights into
their morphology, crystal structure, and surface charge.
FE-SEM micrographs revealed the morphology and size
distribution of the nanoparticles, allowing for estima-
tions of average particle size and identification of any
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Fig. 2 Procedures for extracting synthesized Nanoparticles
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agglomeration tendencies. XRD analysis provided infor-
mation on the crystal structure of the nanoparticles, con-
firming the phases present and identifying any potential
impurities or amorphous phases. Zeta potential with par-
ticle size distribution assessed the nanoparticles’ surface
charge and average size, which is crucial for understand-
ing their stability and potential interactions with other
materials.

These nanoparticles are used in thin film coatings for
dental implants. Such coatings promise to enhance bio-
compatibility significantly, fostering improved inte-
gration with surrounding bone tissue and potentially
reducing the risk of rejection and inflammation. Addi-
tionally, these coatings could offer superior wear resist-
ance, creating a harder, more durable surface that extends
the implant’s lifespan and minimizes wear over time.

Chemical and regents

Before incorporating the synthesized nanoparticles into
dental implant coatings, their cytotoxicity are evaluated
using the MTT assay. Trypsin—EDTA solution (catalogue
number TCL155) and Antibiotic Antimycotic Solution,
Penicillin & Streptomycin (catalogue number A001A) are
purchased from Himedia to manipulate cells. Campto-
thecin is procured from Sigma Aldrich, India (catalogue
number C9911) for specific treatments.

Cell culture and Ta-Cu-Zn NP’s exposure

This study utilized the Human Dental Pulp Fibroblast Cell
Line sourced from NCCS, Pune, India. The cell culture is
facilitated by DMEM-F12 media and Fetal Bovine Serum
obtained from Himedia (catalogue numbers AL140 and
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RM10432, respectively). Additionally, Himedia supplied
D-PBS (catalogue number TL1006) for buffer solutions.
In a 96-well plate, adherent cells are planted and left to
develop overnight. Following that, matching wells are
supplemented with different amounts of nanoparticles,
whilst control wells alone received culture media. All
plates are incubated for 72 h under standard conditions.
The spent medium is removed after incubation, and the
MTT assay is performed. By measuring the absorbance
of formazan crystals, cell viability was determined rela-
tive to controls. Finally, the IC50 value, representing the
nanoparticle concentration causing 50% cell death, was
derived from a linear logarithmic shown in Eq. 2. This
approach enabled a comprehensive assessment of nano-
particle cytotoxicity, informing their potential safety for
dental implant applications.

Y = Min(x) + CY (2)
Here, Y =50, M and C are from Graph.

Results and discussion

A comprehensive investigation is performed on the col-
loidal solution containing the tantalum and brass parti-
cles to determine their shape, size morphology, chemical
composition, and crystal properties.
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Fig. 3 FE-SEM images of Ta-Cu-Zn Nano particles in EDM oil at a 120V & 6C, b 110V & 5C, € 100V & 4C, d 90V & 3C

FE-SEM analysis

Field Emission Scanning Electron Microscopy (FE-SEM)
model 7610FPLUS from Jeol, Japan, is used to examine
the size and shape morphology of produced nanopar-
ticles. To prepare samples for analysis, they are affixed
to stubs using carbon tape and placed within the FE-
SEM sample chamber. The synthesized nanoparticles
are shown in FE-SEM images in Fig. 3 at various voltage
and capacitance values. These FE-SEM images reveal
the characteristic morphology of tantalum and brass
nanoparticles. The generated nanoparticles exhibited
an almost spherical shape when considered individually.
However, due to the agglomeration effect observed under
all parametric conditions, this spherical nature may not
be evident in the FE-SEM images. However, as voltage
and capacitance decreased, there was a gradual reduc-
tion in particle size. The FE-SEM images confirm that the
size of the particles changed according to the variations
in the experimental circumstances, which is consistent
with the crystal size determined by XRD analysis. The
capacitance value was pivotal in material removal via the
wire electrode and workpiece. Higher capacitance val-
ues corresponded to increased energy input, resulting in
larger spark sizes. As a result, more material melted and
evaporated off the surfaces of the tools and workpiece,
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Table 2 Average size of tantalum and brass nanoparticles in nm

SINo Voltage inV Capacitance in nF The average particle size of The average particle size of  Material
tantalumin nm brass in nm removed in

mm

1 120 400 150-200 800-950 0.855-0.755

2 110 100 50-70 600-850 0.755-0.655

3 100 10 40-65 400-550 0.655-0.555

4 90 1 25-35 300-450 0.555-0455

resulting in molten met pool in microns, which caused
solidification and the production of nanoparticles.

As capacitance values decreased, the overall volume of
the molten pool decreased, resulting in smaller particle
sizes as shown in Table 2. In simpler terms, lower capaci-
tance values correlated with smaller generated particle
sizes. Figure 3a—d showcases the surface morphology
of these particles. Notably, both Ta and Brass compo-
nents appear spherical and exhibit agglomeration, sug-
gesting they cluster together. The smallest particles are
observed under 90 voltage and 3 capacitance conditions,
as depicted in Fig. 3d.

The composition of the particle sample is confirmed by
EDS (Energy Dispersive X-ray Spectroscopy) examina-
tion. Figure 4 showcases the EDS plot, which provides
insights of elemental composition of the generated nan-
oparticles. Notably, tantalum and brass are the primary
element present in higher proportions. Nevertheless, the
EDS plot also reveals the presence of supplementary ele-
ments, including carbon (C) and silicon (Si). This obser-
vation can be attributed to the nanoparticles attached to
carbon tape and deposited onto silica glass before the
EDS examination.

O Ka

3.96K
3.52K
3.08K
2.64K
2.20K
1.76K
1.32K
0.88K
0.44K

0.00K*
0.00 033 0.66 0.99 1.32

Fig. 4 EDS Result of tantalum and brass nanoparticles

XRD analysis
XRD data were acquired, with diffracted X-ray inten-
sities (I) plotted against 20 angles as shown in Fig. 5.
The EDS spectrum verifies the primary constituents
found in the nanoparticles. The synthesized powders
exhibit luminous Ta particles that dominate most of
the volume. The XRD pattern of the synthesized pow-
ders exhibits a prominent peak corresponding to TaC.
At the same time, a small peak corresponding to Brass
(Cu Zn) is also observed (Fig. 5). The XRD examina-
tion of the nanoparticles confirms the presence of
TaC(Reference code: 01-071-4792), Ta4C3(Reference
code: 00-047-1289), and Cu4Zn8(Reference code:
01-076-3507) phases. It is evident from the XRD plots
that the peaks are well-defined and sharp, indicating
the Nano crystalline nature of the powder particles. The
crystal plane and reflection peak positions remained
consistent across all four samples. Furthermore, it was
observed that the intensity of these peaks increased as
the capacitance value decreased.

In the composition of nanoparticles, zinc (Zn) atoms
exhibit a specific structural arrangement. These Zn
atoms may undergo doping interactions with tantalum

1.65 198 2.31 2.64 297
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(Ta) atoms, potentially substituting Ta atoms for Zn
atoms. This substitution could result in additional
phases, as evidenced by variations in peak positions.
The observed shifts in peak positions in the XRD analy-
sis suggest forming distinct crystalline structures, high-
lighting the complex interplay between Zn and Ta in
the nanoparticle composition.

A particle size distribution histogram is shown in
Fig. 6. Represents the variation in size of particles
within a sample. The x axis represents the particle size
in nm and y axis represents the volume percentage of
particles within a specific size range. Series of bars on
the histogram represents a size range on the x-axis.
The height of each bar corresponds to the number or
volume percentage of particles that fall within that par-
ticular size range. Analysis revealed an average particle

size of approximately 975 nm for the synthesized tanta-
lum and brass nanoparticles Fig. 6.

Effects of Ta-Cu-Zn Np's on human dental pulp fibroblast
viability

This study evaluated the cytotoxicity of tantalum and
brass nanoparticles (Nps) on Human Dental Pulp
Fibroblast (HDPF) cell lines. Cells were treated with
varying concentrations of the NPs (20, 30, 40, and
50 uM/ml) for 72 h, with an untreated control group
serving as the reference (100% viability). The results in
Fig. 7 showcased a concentration-dependent decrease
in cell viability. As the Np concentration increased, cell
viability progressively declined.

Figure 8 Shows HDPF cells in different concentrations
where (a) is the untreated cells which appear mostly elon-
gated and spindle-shaped, which is a characteristic mor-
phology of healthy fibroblasts. The cells exhibit a flattened
appearance, indicating good attachment to the culture sur-
face. Images (b, ¢, d and e) Treated with Different Concen-
trations (20, 30, 40, and 50 uM/ml respectively) appears to
be a change in cell morphology across the treated groups
(B-E). The cells seem less elongated and more rounded in
the treated groups, suggesting a potential effect of the test
substance on the cellular cytoskeleton, which is responsible
for cell shape and movement. In some treated groups (espe-
cially D and E, corresponding to higher concentrations),
there are signs of cellular stress. This is indicated by the
presence of more round and detached cells, which could be
due to factors like reduced cell adhesion or viability.

Overall, these images suggest that the test substance
has a concentration-dependent effect on the morphol-
ogy of HDPF cells. As the concentration increases, the
cells become more rounded and detached, indicating
potential cytotoxicity.
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Ta-Cu-Zn vs Human Dental Pulp Fibroblast Cell
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Fig. 7 Mean % cell viability of Human Dental Pulp Fibroblast cell line after exposure to test compound (Ta-Cu-Zn) for 72h

Fig. 8 Morphology of Human Dental Pulp Fibroblast cell in different concentrations. A Untreated (B, C, D, and E) (20, 30, 40, and 50 pM/ml)

respectively

resulting nanoparticles are subjected to thorough char-

Conclusion
acterization, leading to the following key findings and

In conclusion, this work synthesizes tantalum and
brass nanoparticles utilizing the p-WEDG process, conclusions:
with variations in voltage and capacitance settings. The
experimentation involves a range of capacitance val- 1) This study successfully synthesized tantalum and
ues, specifically 400nF, 100nF, 10nF, and 1000pF, cou- brass nanoparticles characterized by a spherical
pled with voltages of 120V, 110V, 100V, and 90V. The structure, utilizing the innovative p-WEDG process.
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2)

3)

4)

(2024) 12:19

The process yielded nanoparticles, the formation
of which was notably influenced by capacitance. As
capacitance values decreased, a concurrent reduction
in nanoparticle size was observed. Nonetheless, it is
imperative to underscore that further comprehensive
investigations are essential to achieve precise control
over particle Morphology.

The tantalum nanoparticles’ typical crystal size was
25-200 nm, while the brass nanoparticles resided in
the range of 300-950 nm, corresponding to a capaci-
tance variation spanning 3-6. It is important to
emphasize that extensive further investigations and
experimentation are imperative to facilitate the mass
production of nanoparticles using this innovative
process.

Through comprehensive analysis employing FE-
SEM, XRD, and EDX techniques, we successfully
elucidated the produced nanoparticles’ shape, size,
and bonding characteristics. These findings provide
valuable insights for envisaging prospective applica-
tions and avenues for utilizing these nanoparticles in
future research and development.

Ta-Cu-Zn nanoparticles exhibit concentration-
dependent cytotoxicity on Human Dental Pulp
Fibroblast cells. Further in vivo and biocompatibil-
ity assessments are essential for the definitive safety
evaluation of these nanoparticles for dental applica-
tions.
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