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INTRODUCTION

Of all the available metallic biomaterials, 
Ti  and Ti-alloys have the best biocompatibil-
ity in terms of osteogenesis. Ti  alloys are also 
thought to be good substitutes for the commer-
cially available Co-Cr and stainless-steel alloys, 
which are employed as biomaterials in implant 
devices. Because the β Ti-alloys usually have 
a lower elastic modulus than the α- or (α + β) 
Ti-alloys, researchers have concentrated their 
efforts on producing the β Ti-alloys with the 
lowest feasible elastic  modulus [1]. Ti-35Nb-
7Zr-5Ta (TNZT), Ti-29Nb-13Ta-4.6Zr (TNTZ), 
and Ti-36Nb-2Ta-3Zr-O (gum metal) are the low 
modulus β-Ti  alloys with the most biocompat-
ible elements; their respective elastic  modulus 
values are about (55, 60, and 70) GPa. Since 
Nb, Ta, and Zr have been shown to be safe for 

humans, it would be ideal to find a way to re-
duce the elastic modulus of  the β-Ti alloy sys-
tem [2]. The Ti–35Nb–7Zr–5Ta wt% alloy is 
one of the most attractive β-Ti alloys [3], it has 
no cytotoxic components and one of the lowest 
moduli of elasticity (about 55 GPa) in the β-Ti 
family. Studies showed that this alloy has a low 
Young’s  modulus  and sufficiently high plastic-
ity, no cytotoxicity, and the lowest risks of al-
lergy responses. It also has great corrosion resis-
tance, biocompatibility, and excellent chemical 
stability in corrosive conditions [4].

The term “antibacterial property” refers to a 
capacity of the material to maintain its effective-
ness in the presence of bacteria or other microbes, 
and it is one of the primary requirements for bio-
materials [5]. Because they lack an antibacterial 
function and can become contaminated quickly 
after implantation, β-type Ti alloys are 
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susceptible to bacterial infection, making surface 
modification a keyway to improve the antibacte-
rial properties of these alloys [6]. Surface modifi-
cation is regarded by academics, engineers, and 
medical surgeons as a critical approach for miti-
gating possible biological and physical reactions 
to implants. Furthermore, the surface coating has 
better bioactivity and host responses, better bone 
formability, and increased resistance to wear and 
corrosion [7]. A recently created technique called 
powder mixed-EDM is included in the EDM to 
enhance its performance, primarily with the die-
sink EDM. Metal powders are added to the EDM 
oil depending on the intended use, which enhanc-
es the surface properties and operational perfor-
mance of workpiece. The conductive particles 
combined with the dielectric liquid diminish the 
breakdown strength of the insulator fluid by wid-
ening the discharge channel, which lowers the 
electrical intensity across the machining spot and 
leaves tiny craters behind [8]. Furthermore, the 
bridging effect  of the added  powders facilitates 
the dispersion of electrical sparks, giving the sur-
face the appropriate roughness. There is an almost 
100% increase in the void between the electrode 
and the tool to be machined, going from (25–50) 
to (50–150) µm [9]. Many powders are used for 
PM-EDM. Generally, the favorable powder char-
acteristics are high electrical and thermal conduc-
tivity, low density, and biocompatibility in the 
machining of implants. High thermal conductivi-
ty means more heat is distributed and dissipated 
to the surface of the workpiece to limit the size of 
craters produced. Low electrical resistivity cre-
ates a high spark and high thermal conductivity 
takes more heat away. Usually, the gap width is 
significantly influenced by the conductivity of the 
powder. Conductive powders always yield a larg-
er gap width than semi-conductive powders [10]. 
Additionally, the dispersion of sparks from the 
more electrically conductive particles may result 
in fewer microcracks and residual stresses on the 
surface [11]. Prior to the discovery of penicillium, 
silver (Ag), an antibacterial metal, was used in 
medicine. Numerous studies on the use of Ag to 
modify bioimplant surfaces demonstrate how this 
improves cytocompatibility [12]. The tempera-
ture range between 8000 °C and 15000 °C is cre-
ated by electrical sparks. Consequently, the pow-
ders melt, and the materials fall off from the elec-
trode and work material surfaces [13]. The molten 
powders stick to the electrode surface readily be-
cause of electromagnetic forces and the negative 

pressure of electrophoresis, since the powder par-
ticles store ions and electrons on their surfaces 
and the gap distance is extremely small. The de-
composition of the dielectric liquid produces a si-
multaneous supply of carbon, hydrogen, and oxy-
gen. Because of the high-temperature production 
caused by the reaction of ions with one another, 
the compounds are created that melt simultane-
ously. In addition, a quick temperature decrease 
in the gap causes the molten metals to solidify be-
cause the dielectric fluid serves as a flushing sys-
tem, coolant, and insulation. The workpiece sur-
face is carefully formed during this process, and 
alloying oxides, bioactive compounds, and car-
bides further modify the workpiece’s composi-
tion and topography [14]. Researchers are very 
interested in the novel use of PM-EDM called 
surface treatment since it allows for simultaneous 
surface modification and implant shaping. Katsu-
shi Furutania et al. [15], investigated the creation 
of a thick TiC or WC layer using EDM  and a 
green compact electrode. The green compact 
electrode provides tungsten or titanium alloy 
powder, which is attracted to a workpiece by the 
heat of the discharge. It is possible to maintain a 
high concentration of Ti  powder in the gap be-
tween a workpiece and a rotating disk electrode 
by suspending it in working oil, such as kerosene. 
On carbon steel with a 1 mm diameter electrode, 
a 150 μm thick TiC layer with a hardness of 1600 
HV forms. Prakash et al. [16], modified the β-Ti 
implant by adding silicon powder to the dielectric 
fluid during the PM-EDM process in order to en-
hance its surface properties. The usage of PM-
EDM changed the surface topography and pro-
vided surface chemistry with oxides and carbides. 
Due to the hard carbide phases forming on the 
machined layer, the microhardness of the PM-
EDMed surface has risen twice compared to the 
base material. The tribological investigation has 
demonstrated that the modified layer exhibits su-
perior wear resistance and great friction reduction 
compared to the unmachined samples. The devel-
opment of carbides resembling TiC, NbC, and 
SiC on the machined surface has been credited 
with these results. Prakash et al. [17], investigated 
hydroxyapatite-mixed EDM of the Ti-35Nb-7Zr-
5Ta implant to improve its in-vitro bioactivity 
and corrosion resistance. The findings of the mor-
phology characterization showed that the implant 
surface has been given a naturally occurring na-
no-porous surface topography that matches bone. 
The deposited layer, which formed biocompatible 
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phases like Ca3(PO4)2, CaZrO3, Nb8P5, CaO, TiP, 
Nb4O5, and TiO2, TiH on the implant surface, was 
composed of titanium, niobium, tantalum, zirco-
nium, oxygen,  calcium, and phosphorous  ele-
ments, according to the EDS and XRD analyses. 
This enhanced the alloy bioactivity and was ad-
vantageous for the promotion of osseointegration. 
Davis et al. [18], investigated PM-EDM surface 
modification of biomedical Ti-6Al-4V alloy. This 
study modified the current capabilities of a con-
ventional EDM system by varying the concentra-
tion of bioactive zinc powder particles in the di-
electric by 0, 2, 4, 6, 8, and 10 g/l. The analytical 
results show that PM-EDM has lower dimension-
al deviation, recast layer thickness, and machin-
ing time than conventional EDM. An extensive 
analysis of this surface confirmed a notable alter-
ation in terms of better wettability (contact angle 
< 90°), topography (Ra = 743.65 nm), and recast 
layer thickness (26.44 μm), indicating its poten-
tial use in dentistry. Further encouraging in vitro 
cytocompatibility as well as ZnO and TiO obser-
vations in X-ray diffraction are later biological 
and therapeutic tests that confirm the predicted 
antiviral efficacy of the modified Ti-6Al-4V alloy 
surface against coronavirus (COVID-19). 
Schubert et al. [19], studied the surface modifica-
tion of Ti-6Al-4V surface using nano silver pow-
der in dielectric fluid by PM-EDM operation. The 
distribution of powder particles in the machining 
gap is largely dependent on the dielectric flow, 
and this has a large impact on the powder deposi-
tion onto the modified surface. The findings indi-
cate that PM-EDM is a promising approach for 
combined antibacterial surface modification and 
machining of medical implants. Nurlan et al. [20], 
investigated the impact of hydroxyapatite (HA) 
powder-mixed EDM (PM-EDM) on the antibac-
terial characteristics of Ti-6Al-4V alloy. The 
Pseudomonas aeruginosa, Bacillus subtilis, Esch-
erichia coli, and Staphylococcus aureus microor-
ganisms were tested for antibacterial activity. The 
main findings demonstrated a relationship be-
tween the antibacterial qualities of modified sur-
faces and the discharge energy as well as powder 
concentration. The modified surfaces demonstrat-
ed decreased biofilm development at low dis-
charge energy and a 0 g/L concentration of pow-
der, culminating in roughness of 0.273 μm. At a 
10 g/L powder concentration and high discharge 
energy, this pattern held true with a 1.832 μm 
roughness. As a result, by adjusting the surface 
roughness, the antibacterial qualities may be 

optimized. It can be concluded that there are few 
researchers investigating the surface modifica-
tion of Ti-35Nb-7Zr-5Ta by PM-EDM technique 
for biomedical applications. The surface modifi-
cation of this alloy by the PM-EDM method us-
ing hydroxyapatite powder only was investigated 
[17]. On the other hand, most surface modifica-
tion research by PM-EDM studied Ti-6Al-4V al-
loy using different powders and parameters. 
Also, there are no researchers who added silver 
powder in the PM-EDM process for surface 
modification of Ti-35Nb-7Zr-5Ta alloy. Silver 
powder in PM-EDM for surface modification 
but for Ti-6Al-4V alloy was used [19]. Thus, 
surface modification was done in this research 
for the Ti-35Nb-7Zr-5Ta alloy prepared by pow-
der metallurgy using silver powder mixed EDM 
with proper evaluation for biocompatibility be-
fore and after the modification.

EXPERIMENTAL PROCEDURES

Materials and methods

PM-EDM operation is done for the Ti-35Nb-
7Zr-5Ta alloy prepared by powder metallurgy. In 
order to achieve the experiments, a small specially 
designed tank was used instead of the machine tank 
to prevent powder suspension in the original tank 
filter and to reduce the used powder quantity. The 
newly designed tank has a circulating pump with 
an arm to direct the powder-mixed dielectric fluid 
to the electrode-workpiece region. Also, an exter-
nal stirrer is used to prevent powder accumulation 
in the bottom of the tank. Figure 1 shows the ex-
perimental setup for the PM-EDM operation. The 
tool electrode is a cylinder-shaped, commercially 
pure Ti (grad 2) rod with a diameter of 12 mm. 
Eight liters of the dielectric fluid were placed in the 
machining container, and the hydrocarbon oil type 
HEDMA111 was utilized as the dielectric fluid. In 
this study, additives of Ag powder were used in the 
dielectric fluid. The top and bottom surfaces of the 
specimens are ground to make a well-leveled sur-
face finish. The experiments have been conducted 
on the Electric Discharge Machine model (CM 
323C CHMER). The experiments are done under 
different machining conditions that are mentioned 
in Table 1. Note that the base specimen is symbol-
ized as (TNZT), while the PM-EDMed specimen 
is symbolized as (M-TNZT).
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taken as it was. A ball indenter with a diameter of 
5 mm and a force of 306 N was used for 10 sec-
onds using the Brinell hardness testing equipment 
model (HBRVS-187.5). Three hardness readings 
were averaged to determine the hardness.

Potentiodynamic polarization test

Electrochemical testing represents one of the 
corrosion measuring methods used to track the 
corrosion processes on a sample of the desired 
metal and examine the anodic and cathodic be-
haviors. A device type (winking M lab 200, Ger-
many) was used for polarization experiments. 
The counter electrode was the Pt electrode, and 
the reference electrode was the SCE and work-
ing electrode (specimen) according to the ASTM 
(G5-14) [22]. Stepping the potential was done uti-
lizing a 0.2 mV/s  scanning rate from the initial 
potential of 250 mV below the OCP and continu-
ing the scan up to 250 mV above the OCP. The 
corrosion resistance of the specimens was studied 
in SBF 37±1 °C. The following formula is used to 
determine the corrosion rate [23]:

	

 

𝐶𝐶𝐶𝐶 = 0.13 𝐼𝐼𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐(𝐸𝐸𝐸𝐸)
𝜌𝜌   (1) 

 

	 (1)

where:	EW –  equivalent weight (g/eq.), 𝜌 – den-
sity (g/cm³), 0.13 – metric and time con-
version factor, Icorr – corrosion current 
density (μA/cm²), and CR – corrosion rate 
(mils per year, mpy).

Metal ion release

To examine the safety and biocompatibility 
of the implants, it is important to understand 
how metal ions are  released from metallic ma-
terials in vivo. The static immersion test was 

Figure 1. Experimental setup for PM-EDM 
operation used in this study

Table 1. Machining parameters used in this study
Parameter Description

Pulse current 5 A

Pulse on 9 µs

Pulse off 37 µs

Powder type Ag

Powder concentration 20 g/L

Dielectric fluid HEDMA111 hydrocarbon

Electrode CP-grade II Ti

Polarity Tool (+), workpiece (-)

Duty cycle 8%

Surface morphology and chemistry analysis

Surface chemistry is very important for bioma-
terials to verify whether toxic substances are formed 
or not after PM-EDM operation. Therefore, surface 
chemistry was analyzed using the SEM-EDS device 
model (FEI, Quanta 450) in addition to the XRD de-
vice model (Labx XRD- 6000). Also, to ensure the 
concentration and distribution of added powder on 
the surface of the M-TNZT specimen, powder map-
ping is done using the same SEM-EDS device.

Brinell hardness test

According to ASTM (E10-15a) [21], the 
TNZT specimen was treated to the proper grind-
ing and polishing process while the M-TNZT was 
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carried out in accordance with the current JIS 
T- 0304 [24] metallic biomaterial requirements. 
An Atomic Absorption spectrophotometer type 
(VSI-2102) was used to calculate the ions re-
lease. Each specimen was immersed in plastic 
containers containing (50 ml) corrosive solu-
tions (SBF) at 37 ± 1 °C for three weeks. The 
specimens were placed in a glass chamber to 
maintain a constant temperature of 37 ± 1 °C.

Antibacterial test

The surface of biomaterial was exposed to 
the risk of initial microbial colonization and bac-
terial attack. An antibacterial kinetic test is done 
using bacterial strains of Staphylococcus aureus 
(S. aureus, Gr+) and Escherichia coli (E. coli, 
Gr–). The inhibition zone approach was used to 
investigate the antibacterial activity. The circular 
region surrounding the antibiotic site where the 
bacterial colonies are not allowed to develop is 
known as the zone of inhibition. The bacteria’s 
sensitivity to the antibiotic can be gauged using 
the zone of inhibition [25]. This test is done ac-
cording to ISO 20645:2004 [26], using a Conrage 
stick, uniformly distributing the hot agar solution 
over the sterile Petri plates, and then allowing it 
to congeal in a sterile environment. For the bac-
teria preparation, a suspension of bacterium, S. 
aureus or E. coli, is sprayed equally overall the 
area of each Petri dish and placed in the incuba-
tor for 24 h at 37 °C. Then, the bacteria spread 
on a petri dish where the samples were placed on 

it and incubated. After that the inhibition zones 
were observed where the antibacterial capability 
is shown by the width of the inhibition zone, the 
greater the inhibition zone, the stronger the anti-
bacterial activity.

RESULTS AND DISCUSSION

SEM/EDS and XRD analysis results

Figure 2 shows the EDS analysis of the 
PM-EDMed surface of the M-TNZT specimen. 
It can be clearly seen from this figure that the 
silver (Ag), oxygen (O), and carbon (C) exit 
on the M-TNZT surface with the base material 
of this alloy. The primary cause of the existence 
of C and O is the breakdown of hydrocarbon oil 
at high spark energy temperatures. As a result, 
the decomposed elements formed oxides and car-
bides such as TiC, TiO2, and ZrO2 on the machined 
surface, which may be expected to improve the 
surface quality. To ensure the presence of oxides 
and carbides on the PM-EDMed surface of the M-
TNZT specimen, XRD was done and the results 
of the XRD analysis are shown in Figure 3.

Many oxides and carbides appeared in the 
XRD pattern, where TiO2 appears in the angles 
27.7°, 36.1°, 41.2°, 54.2° and 56.7°, according to 
the card (JCPDS Card No. 21-1272), ZrO2 appears 
in the angles 30.15°, 50.15° and 60.11°, accord-
ing to the card (JCPDS Card No. 79-1769), Nb2O5 
appears in the angles 23.03° and 28.15° according 

Figure 2. EDS analysis for M-TNZT surface
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to the card (JCPDS Card No. 30-0873), NbC ap-
pears in the angles 34.8° and 40.6° according to 
the card (JCPDS Card No. 38-1364), and TiC is 
appeared in the angles 36.9° and 42.0° according 
to the card (JCPDS Card No. 32-1383). It can be 
noticed that titanium oxide TiO2 was the domi-
nant oxide compared with the other oxides pres-
ent in this chart. This is due to the fact that the 
affinity of oxygen to titanium is greater than its 
affinity to niobium or zirconium [27]. Tantalum 
oxide or carbide did not appear due to its low 
concentration in this alloy. On the other hand, 
silver has a low affinity to oxygen and carbon as 
it is a noble metal [28], so silver peaks appeared 
in the XRD chart rather than silver oxide or sil-
ver carbide as can be seen in the angles 38.1°, 
44.17° and 64.53°, according to the card (JCPDS 

Card No. 04-0783). Implant surface coatings us-
ing these promising bio-ceramic oxides and car-
bides have been applied to improve the biocom-
patibility, hardness, and corrosion resistance of 
implants [29].

Silver mapping is done for the optimum 
machined alloy (M-TNZT) and the results are 
shown in Figure 4. Some silver was evidently 
adhered to the machined surface. The specimens 
were cleaned in an ultrasonic bath for ten minutes 
with their machined surfaces facing down, thus 
it is clear that the sticking phenomena were not 
brought on by silver powder settling during the 
cleaning procedure. According to the PM-EDM 
mechanism, some of the silver powder that was 
seen may have resulted from the spattering pro-
cess, while the remaining portion may have 

Figure 3. XRF chart for M-TNZT surface

Figure 4. (a) Silver mapping for M-TNZT alloy, (b) EDS for the gray dots



146

Advances in Science and Technology Research Journal 2024, 18(3), 140–150

come from a new dielectric fluid reflow. Silver 
is melted during machining and combined with 
other molten materials from the tool electrode 
and workpiece due to the extremely high temper-
ature in the plasma channel (around 10,000 °C) 
and a thermal evaporation process. Following 
discharge, a process known as re-solidification 
creates the coating layer.

Brinell hardness analysis result

The Brinell hardness is 527 kg/mm2 and 310 
kg/mm2 for the M-TNZT and TNZT specimens, 
respectively. HB value for the M-TNZT speci-
men is higher than that of the TNZT specimen 
by 70%. The increment in surface hardness in 
the M-TNZT specimen belongs to the heating 
and quenching operations that occurred to the 
machined surface. Also, the presence of Ag, ox-
ides, and carbides such as NbC, TiC, TiO2, ZrO2, 
and Nb2O5 that have deposited and embedded as 
a hard phase in the recast layer of the machined 
surface, as shown in the XRD chart, increase the 
surface hardness of the M-TNZT alloy [30].

Potentiodynamic polarization test result

The Log current density-to-potential dia-
grams obtained from polarization in the SBF 
solution for TNZT and M-TNZT are shown in 
Figure 5. It can be noted that when the voltage is 
increased in cathodic polarization, the corrosion 
current drops until it attains its minimum value. 
When anodic polarization occurs, the corrosion 
current rises with voltage until it attains a point 

where the passive film forms and causes a sharp 
drop in voltage. At that point, the passive film 
breaks,  and the current also rises [31]. Table 2 
presents corrosion parameters obtained from the 
polarization curve for TNZT and M-TNZT al-
loys. From this table, it can be concluded that the 
corrosion rate for TNZT alloy is low due to the 
presence of beta stabilizer elements (Nb, Ta, and 
Zr) which increase the hardness and lead to the 
formation of a thicker oxide layer film, so pas-
sivity will increase and higher protection against 
corrosion will occur [32]. The current densities 
and potential for M-TNZT alloy, in this study, 
were lower in comparison with that of the TNZT 
alloy, thus corrosion resistance for the M-TNZT 
alloy is better. This can be attributed to the be-
havior of silver as an anti-corrosion and noble el-
ement, and the presence of oxides such as TiO2, 
ZrO2, and Nb2O5 (as was shown in the XRD pat-
tern for the M-TNZT specimen) which in turn 
enhance the corrosion resistance of the M-TNZT 
alloy [33], where the current density is almost 
constant at the end of the polarization curve for 
M-TNZT specimen as a result to the passivation 
due to the formation of the overmentioned oxides 
and the ability to the reformation of these oxides 
(re-passivation) after the breakdown.

Ion release test result

Figures 6 and 7 show the amounts of metal 
ions released after immersion in SBF solution for 
21 days at 37±1 °C for TNZT and M-TNZT al-
loys respectively.

Figure 5. Potentiodynamic polarization for TNZT and M-TNZT specimens in SBF solution
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From Figure 6, it can be noticed that the 
metal ions released for the TNZT alloy in SBF 
solution have lower values due to the presence 
of beta stabilizing elements which stabilize and 
spread the beta phase in this alloy, therefore en-
suring more hardness and stability for the oxide 
layer, so decrease in the inflammatory responses 
in the soft tissues surrounding the implant will oc-
cur. Also, from Figure 7, it can be noticed that the 
metal ions released for M-TNZT alloy are lesser 
than these values for the TNZT sample. The pres-
ence of oxides and silver layer on the M-TNZT 
sample reduces the release of metal ions, this 

result indicates that the corrosion resistance of 
M-TNZT alloy is better than that of TNZT alloy, 
consistent with the results of the potentiodynamic 
polarization test. Also, Ag is not released from the 
M-TNZT sample due to the low amount of Ag in 
this alloy. It should be noted that silver already 
exists in the human body with a very low concen-
tration of about 0.1–0.2 µg/L [34].

Antibacterial test result

Figure 8 shows the S. aureus and E. coli cul-
tures after 24 hours for both samples using two 

Table 2. Corrosion parameters for TNZT and M-TNZT alloys in SBF solution

Alloy Ecorr (mV) Icorr (µA/cm2) Corrosion rate (mpy) Improvement 
percentage (%)

TNZT -144.3 4.02 0.011 /

M-TNZT -131.0 0.493 0.001 91

Figure 6. Quantity of metal ions released from TNZT alloy in SBF solution at 37 °C for 21 days

Figure 7. Quantity of metal ions released from M-TNZT alloy in SBF solution at 37 °C for 21 days
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types of bacteria (S. aureus, Gr+) and (E. coli, 
Gr–). The formation of a clear region around the 
disc refers to the bacterial inhibition zone. It can 
be observed that the M-TNZT sample has a clear 
bacterial inhibition zone for both S. aureus and 
E. coli bacteria compared with the TNZT sample. 
This belongs to the strong antibacterial effect of 
Ag that is present on the surface of the M-TNZT 
sample. The four most prominent routes of anti-
microbial action of Ag nanoparticles are [35]:
1.	Ag particles adhere to the microbial cell sur-

face and result in membrane damage and al-
tered transport activity.

2.	Ag particles penetrate inside the microbial 
cells and interact with cellular organelles and 
biomolecules, and thereby, affect respective 
cellular machinery.

3.	Ag particles cause an increase in reactive oxy-
gen species (ROS) inside the microbial cells 
leading to cell damage and

4.	Ag particles modulate the cellular signal sys-
tem, ultimately causing cell death.

On the other hand, since TNZT alloys lack 
antibacterial qualities and might become contam-
inated quickly after implantation, bacterial infec-
tion is a potential cause of failure, so enhancing 
the antibacterial property of this alloy is consid-
ered an extremely important issue [6].

The antibacterial characteristics of silver-
containing surfaces were shown to be evident in 
the significant decrease of individual bacteria 
and bacterial clusters. The M-TNZT sample had 
the highest antibacterial effect compared with the 
TNZT sample. Due to its broad spectrum of an-
tibacterial activity, silver is advantageous to both 

Gram-positive and Gram-negative bacteria [36]. 
Because of their interactions with the plasma mem-
brane and the peptidoglycan cell wall membrane, 
as well as their interference with protein sulfhydryl 
groups, which prevents bacterial DNA replication, 
silver ions have antibacterial properties [37].

CONCLUSIONS

Surface modification for Ti-35Nb-7Zr-5Ta 
quaternary bio alloy fabricated by powder met-
allurgy was done using the PM-EDM route and 
valuable biocompatibility evaluation was done 
for this alloy before and after the modification 
treatment. The following results were obtained:
1.	PM-EDM is an innovative method enabling 

simultaneous surface modification and implant 
shaping. The addition of powder improves the 
machining, mechanical, and biological proper-
ties of the PM-EDMed surface.

2.	PM-EDM surface modification can extremely 
improve surface hardness, corrosion resis-
tance, and biocompatibility as a whole.

3.	Silver mixed-EDMed surface have higher hard-
ness, corrosion resistance, and lower ion release 
due to the presence of Ag, oxides, and carbides 
such as NbC, TiC, TiO2, ZrO2, and Nb2O5 that 
are deposited and embedded as a hard phase in 
the recast layer of the machined surface.

4.	Since TNZT alloys lack antibacterial qualities 
and might become contaminated quickly after 
implantation, bacterial infection is a potential 
cause of failure, so enhancing the antibacterial 
property of this alloy is considered an extreme-
ly important issue.

Figure 8. Images of the antibacterial tests using S. aureus and E. coli 
bacteria for (a) TNZT, and (b) M-TNZT sample
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5.	Due to its broad spectrum of antibacterial ac-
tivity, silver is advantageous to both Gram-
positive and Gram-negative bacteria. Because 
of their interactions with the plasma membrane 
and the peptidoglycan cell wall membrane, as 
well as their interference with protein sulfhy-
dryl groups, which prevents bacterial DNA 
replication, silver ions have antibacterial prop-
erties. Thus, silver mixed-EDM effectively im-
proved the antibacterial properties of this alloy.
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