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Abstract — The present study aims to evaluate
the application of plasma nitriding (at
temperatures of 450° and 500°C) and duplex
treatment (conventional nitriding followed by TiN
deposition, using the cathodic cage deposition
technique). Samples were characterized by
Vickers Microhardness Test, Scanning Electron
Microscopy-SEM, and Energy Dispersion
Spectroscopy-EDS.  Drill  performance was
evaluated after machining SAE1045 steel
specimens, using flank wear and hole diameter
measurements. The performance test pointed to
the viability of the treatment at 450°C, whose
treated drill had a longer life than in the untreated
drill, in addition to meeting the dimensional
guality in all holes. In contrast, the other tools,
nitrided at 500°C and submitted to the duplex
treatment, they presented performance below the
expected, not showing viability for application in
these conditions. Additionally, it was observed the
existence of a thermal gradient formed during the
treatment.

Keywords—Plasma nitriding; duplex treatment;
drills; high-speed steel (HSS); drilling

I.  INTRODUCTION

Globalization drives companies to focus their
efforts on reducing costs and increasing
competitiveness. Growth data after the economic
crisis, 2010-2017, show higher economic growth in
countries with a focus on supply (optimization of
production sectors)[1].

In manufacturing industries, increased
competitiveness is related to the optimization of
machining processes that can be achieved through
two strategies: reduction of non-productive times
(associated with passive times that involve human
activity) and reduction of productive times [2]. The
development of technologies to improve cutting tools
contributes to the reduction of non-productive times
through the manufacture of more resistant tools that
make it possible to increase the interval between tool
changes, and also in the reduction of productive times
with the development of tools capable of working at
higher cutting speeds or making fewer passes for the
same machining operation [2], [3].

The use of carbide represented a significant
advance in cutting tool technology. However, the high
cutting speeds required by these tools limit their use in
some operations, such as in the machining of small
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diameter holes, which requires high rotation of the
machines to reach the required speeds. Another
limitation in the use of carbide is related to operations
that require high toughness and resistance to flexing
of tools, as in deep drilling. These limitations justify
the widespread use of High-Speed Steel — HSS [4],
[5].

An alternative to increase the hardness, wear-
resistance, and life of the high-speed steel tools, while
maintaining the high toughness of the core, consists
of applying surface treatments [6]. One can highlight
the plasma nitriding treatment, where the surface
properties are modified through interaction with the
plasma. This procedure is characterized by ease of
control and reproducibility, in addition to being a non-
polluting process, which is an essential feature given
the need for environmental responsibility attributed to
companies [7]-[9].

Another alternative to improve the tribological
properties of tools is the application of high hardness
coatings by physical vapor deposition - PVD. The
deposition process associated with a preliminary
nitriding treatment is called a duplex treatment and is
more efficient for application to tools [9]. Nitriding
produces a smoother transition between the hardness
of the surface and that of the substrate, contributing to
better adhesion of the deposited film [9], [10]. One of
the most widely used coatings is TiN titanium nitride,
which features high hardness, thermal stability, and
abrasion resistance [11].

In this work, plasma nitriding treatments (with
temperatures of 450 °C and 500 °C) and duplex
treatment  (conventional nitriding followed by
deposition of titanium nitride - TiN) were applied in
commercial high-speed steel drills. As comparison
parameters, untreated high-speed steel drill and a
coated commercial drill were used.

Il. EXPERIMENTAL DETAILS
A. Materials

Eight helical dril-HSS without surface coating and
two drills with surface coating were used. Following
the classification of the Brazilian Association of
Technical Standards [12], the drills are of type N, with
a body length (helical part) of 81 mm, a total length of
125 mm, and a diameter of 9 mm. Each treatment
was applied to two uncoated commercial drills,
totaling six treated drills. The remaining tools were
used as a comparison parameter.

B. Preparation of drills and cathodic cages

Before nitriding, the drills were subjected to
chemical cleaning by immersion in a solution with
90% distilled water and 10% HCI for 100 s. Then they
were washed in running water and immersed in a
container with acetone in the ultrasound equipment for
20 min. The cathodic cages, used in the second stage
of the duplex treatment, were sanded using 400 mesh
sandpaper. Then they were immersed in a solution
with 5% HF, 10% HNO3, and 85% distilled water in the

ultrasound equipment for 20 min. The cleaning was
completed with washing under running water, followed
by immersion in acetone for 1 min.

C. Conventional Nitriding

The treatments were carried out in a reactor that
operates with a maximum alternating voltage of 800
V. Conventional nitriding was carried out at 450 °C
and 500°C. These temperatures were chosen based
on the work of Borgioli, Fossati, Galvanetto and Bacci
[13] and Zagonel, Figueroa, Droppa and Alvarez [14],
which showed greater better results of surface
hardness for temperatures from 450 °C. The
temperature was limited to 500 °C due to instability in
the reactor during heating of the drills at higher
temperatures. 600 V alternating voltage was used.

In the treatment at 450 °C, pre-sputtering was
performed at 350 °C, with an atmosphere composed
of 50% argon and 50% hydrogen, lasting 1 h, and
pressure of 1 Torr. After this stage the temperature
was raised to 450°C and the gas composition was
changed to 75% hydrogen and 25% nitrogen, the
pressure was increased to 3 Torr, maintaining these
conditions for 5 h. Then the reactor was turned off and
the drills were cooled to room temperature inside the
vacuum chamber. In the second conventional nitriding
treatment, the only difference was the treatment
temperature, adjusted to 500 °C.

D. Duplex treatment

Duplex treatment is divided into two stages. The
first is nitriding, carried out under the same conditions
as the treatment at 500 °C, described in the previous
section. In the second stage, the deposition was
performed using the cathodic cage deposition
technique. The drills were positioned on an alumina
disk and surrounded by a titanium cage. In the
deposition, pre-sputtering was performed under the
same conditions as conventional treatments. Then the
temperature was raised to 500 ° C, and the
atmosphere adjusted to make up 75% hydrogen and
25% nitrogen. The pressure used in the deposition
was 1.24 Torr, which was the lowest possible within
the equipment limitations. According to Bilek, Martin
and McKenzie [15], efficiency of deposition increases
with the reduction of treatment pressure. The
conditions were maintained for 5 h. Then, the reactor
was turned off, and the drills cooled to room
temperature inside the vacuum chamber.

E. Nomenclature and preparation of samples for
analysis

Table 1 shows the nomenclature adopted for the
samples of each drill studied in this work, according to
their characteristics.
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TABLEl. NOMENCLATURE OF SAMPLES USEDD FOR ANALYSIS.

Samples Characteristics
CWD Commercial drill without coating
CCD Coated commercial drill
N450 Nitrided at 450°C
N500 Nitrided at 500°C
Duplex Duplex treatment at 500°C

In order to analyze the cross sections of the
samples, they were cut in three regions along the
body of the N450, N500, and CSR drills: close to the
cutting edges (cut A), in the middle of the drill body
(cut B) and at the junction between the body and the
stem (cut C). Only a cross-sectional sample (cut A)
was taken from the Duplex drill, considering that,
according to Sousa et al. [16], there is no temperature
gradient formation in parts kept at floating potential
during cathodic cage treatment. In the CCD drill, only
the region of section A was also studied, as this tool is
used only as a comparison parameter and, therefore,
studying the characteristics of its treatment is not the
purpose of this work. In addition to the cross-sectional
samples, a sample with the clearance surface was cut
from each drill for the measurement of surface
hardness.

F. Characterizations

The microhardness measurements on the Vickers
scale were obtained using an INSIZE microdurometer
model ISH-TDV 1000. Ten measurements were taken
on the clearance surface of each sample to obtain an
arithmetic mean. The load used was 0.2 kgf with an
application time of 15 s. In order to analyze the
hardness of the core of the transversal samples (cuts
A, B and C), five measurements were made. The load
used was 0.1 kgf with a time of 15 s. All
measurements were performed following ASTM 1327-
08 [17].

Metallographic observations were made using a
Zeiss Optical Microscope (model AxioCam ICC 5 and
software AxioVs40x64 V4.9.1.0) and a Scanning
Electron Microscope - MEV Tescan (model Vega
XMU). The polished surface was chemically etched
with Nital 4% for 8 seconds.

The performance simulation was performed in a
Numerical Command Machining Center - CNC, Romi -
model D600.

For machining tests, SAE1045 steel was adopted,
a medium carbon steel, of relatively low cost and
widely used in industry [18], [19]. The specimen was
modeled in the SolidWorks software, and its
dimensions were determined according to the
characteristics of deep drilling operation (depth of at
least 5 times the diameter [4], [20]). The minimum
distances between the holes, and the holes and the
edges of the specimen were 1.5 times the hole
diameter to avoid errors in the results [21].

At each machined block, 4 holes, the drill was
removed to check for flank wear. An optical
microscope model SZ-EWS-I007160 was used for
image acquisition. Wear measurements were made
using the free ImageJ software. Four stopping criteria
were adopted: the maximum “Vgmay flank wear of 0.5
mm, the complete failure of the tool (including
chipping of the cutting edge), the excessive
occurrence of noise and the maximum number of 20
holes (due to the limited material for machining the
proof bodies). The first one to be decisive

The hole diameters were measured using an Insize
profile  projector - model ISP-Z3015. The
measurements were used to verify dimensional
tolerance. According to the manufacturer of the tools
used in this work, the minimum and maximum
dimensions of the hole, according to the Brazilian
Association of Technical Standards [22] are,
respectively, 9,000 mm and 9,150 mm, for general
use.

I1l. RESULTS AND DISCUSSION

Fig. 1 presents a graph with the sample mean and
standard  deviations of the  microhardness
measurements made on the clearance surface of the
drills. The results show that the average hardness in
the CCD drill (919.3 HV) is higher than that presented
by CWD (772.0 HV), behavior expected by the
presence of the surface coating. The three treatments
caused an increase in surface hardness. In the N450
drill, the average surface microhardness was 14.83%
higher than in the CSR drill. The N500 drill showed an
average surface hardness of 978.8 HV. The increase
due to treatment was 26.79%. This value even
exceeded that presented by the CCD drill. The Duplex
drill showed the highest value for the average surface
hardness, reaching an average of 1030.6 HV, with a
percentage increase of 33.50% about the starting
material.

The increase in surface hardness with the increase
in the treatment temperature agrees with the results
obtained by Hiraoka, Watanabe and Umezawa [23]
and Zagonel, Figueroa, Droppa and Alvarez [14].
Another consequence of the increase in temperature
is the intensification of surface sputtering, which
results in an increase in surface roughness [24]-[26],
the most considerable dispersion of the
microhardness measures of the N500 drill compared
to the N450 may be related to this change.
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Fig. 1. Microhardness on the clearance surface of the
drills.

The measurements of surface microhardness in
the duplex drill resulted in an average of higher
hardness than the N500. However, considering the
error bars, these values are coincident. This
dispersion was not expected in the measurements of
surface microhardness in duplex drills because one of
the objectives of applying TiN coatings is to reduce
roughness [27] and according to De Sousa et al. [28]
the uniformity of the deposited layer is one of the
advantages of the cathodic cage deposition
technique. This behavior may be related to the
possibility of the indentations going beyond the
deposited layer due to its small thickness, failing to
measure the hardness of the film and measuring the
hardness of the nitrided (non-uniform) layer formed in
the first stage of treatment.

Fig. 2 shows the hardness measurements of the
core in the three regions of the drills (cuts A, B, and
C). In deposition using a cathodic cage, there is no
temperature gradient over the length of the samples
[28]. The nitriding of the duplex treatment was carried
out under the same conditions as the treatment of the
N500 drill. Therefore, the variation of properties in the
cores of the Duplex and N500 drills are the same as
those observed.

Fig. 2 shows a hardness decay in the core of the
commercial drill, from 780 HV near the tip (cut A) to
437 HV at the junction between the body and the
shank (cut C). This difference may be associated with
a temperature gradient established during the
tempering heat treatment, treatments known as
“tailored tempering,” important for applications in
which requests change in different regions. [29], [30].
Drills require considerable toughness close to the
shank to avoid bending failure, and high hardness and
wear resistance in the regions closest to the tip.

The hardness measurements shown in Fig. 2 show
that the two temperatures applied in conventional
nitriding caused a reduction in hardness in the core of
the drills, which indicates the occurrence of tempering
in the treatment. The graph indicates that at 450 °C
the reduction was observed in cut A and at cut B. At
500 °C the reduction in hardness was seen in cut C.

The reduction of hardness during tempering is known
as tempering embrittlement. In conventional steels,
the higher the temperature, the more significant the
reduction in hardness due to tempering [31]. This
progressive reduction was not observed in nitrided
drills. In the N500 sample, a reduction in hardness is
observed only in cut C, while in cut A the hardness of
the substrate is the same as that of the untreated drill
(CWD). This behavior is due to the secondary
hardening caused by the precipitation of carbides from
alloying elements to a temperature range that
depends on the composition of the steel. [32].

The difference in sensitivity to tempering shown in
Fig. 2, is related to the thermal gradient established.
During plasma nitriding, sputtering is more
pronounced at the top of the parts, causing higher
heating in this region. Analyzing the results of the
N450 drill, it is observed that the critical temperature
for tempering is greater than 450 °C, since the
reduction was not observed in the cut made close to
the stem (cut C). In the N500 drill, it can be seen that
the secondary hardening for the material occurs at
temperatures above 500 °C, as in cut C there was a
marked reduction in microhardness, while in cuts A
and B no reduction in hardness was observed. These
results show that the temperatures established in
these regions are in the range where secondary
precipitation hardening occurs.
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Fig. 2. Drill core hardness in cutting regions A, B, and C.

The occurrence of tempering during nitriding opens
the possibility of simultaneous application of
tempering and nitriding, which can contribute to the
reduction of costs and manufacturing times, through
the elimination of a processing step. Works such as
de Prass, Fontana, and Recco [33] are beginning to
study this alternative.

Fig. 3 shows the micrographs obtained in an
optical microscope from transversal samples of
commercial drills. The microstructure of the CWD drill
shown in Fig. 3(a) is similar to the structure of the
martensite, indicating that the drills must have
undergone tempering treatment. Fig. 3(b) shows the
CCD drill microscopy. The microstructure of the core
of the treated bit is similar to tempered martensite,
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which may mean that the bits have undergone
tempering treatment followed by tempering.

EDS analysis of the CWD drill revealed the
presence of silicon alloy elements - Si and chromium -
Cr, as can be seen in Table 2. These alloy elements
are directly related to the behavior shown in Fig. 2.
The presence of "Si" raises the critical temperature of
embrittlement by tempering, delaying the precipitation
of retained austenite [31]. Chromium, on the other
hand, allows a greater response to tempering,
intensifying secondary hardening [32].

The cross-sectional sample of the CCD drill was
subjected to analysis by EDS for a quantitative study
of the chemical composition, shown in Table Il. The
electron beams were focused on points A and B
represented in Fig. 4.

Fig. 3. Micrographs of transversal samples of commercial
drills.

TABLE Il. QUANTITATIVE EDS ANALYSIS OF THE UNCOATED
COMMERCIAL DRILL — CWD.

Elements Weight (%) Atom (%)
Si 1.07 2.10
Cr 5.28 5.59
Fe 93.64 92.30

Fig. 4. Selected regions for EDS analysis.

TABLE I1l. QUANTITATIVE

EDS ANALYSIS OF THE COATED

COMMERCIAL DRILL — CCD (COMPOSITION AT POINT A AND B
REPRESENTED IN FIG.4).

Point Element Weight (%) |Atom (%)

Vv 6.81 10.66

Cr 3.77 5.77
A Fe 36.15 51.58
(precipitate) Mo 22.41 18.61
w 30.86 13.37

Total 100 100

\Y 1.36 1.62

Cr 4.65 5.40
B Fe 80.31 86.90
(Matrix) Mo 5.26 3.31
w 8.42 2.77

Total 100 100

The results of EDS prove that the region of point A
is a precipitate of carbides, formed mainly by tungsten
and molybdenum. The precipitation of these carbides,
which probably occurred during tempering, is
characteristic of high-speed steels and is responsible
for their secondary hardening. These carbides, in
addition, to increase hardness, increase wear
resistance [34], [35]. Point B has predominantly iron
with the elements of tungsten, molybdenum,
vanadium, and chromium alloys dissolved. The
combination of alloy elements dissolved in the
tempered iron matrix and precipitates, mainly of
tungsten and molybdenum, justify the high hardness
measured in the core of the CCD drill compared to
CWD.

Fig. 5 shows the micrograph of the cross-sections
(sections A, B, and C) obtained along the body of the
nitrided drills at 450 and 500 ° C.

Looking at Fig. 5, it can be seen that the layer of
compounds was formed under the two nitriding
conditions in all analyzed regions. The N450 drill layer
is more uniform than the N500. Uniformity decreases
towards the tip of the drills. According to De Aradjo et
al. [8], when nitriding higher parts, the sputtering rate
is higher on the upper surface. This difference is due
to the direction of movement of the active plasma
species, resulting in more uniform layers on the lateral
surface of these parts. We can observe that with the
increase in the treatment temperature, the uniformity
of the layers decreases when comparing Fig. 5 (e)
with Fig. 5 (f), this result is in line with those presented
by Aguajani, Torshizi, and Sol notarh [36].

Fig. 6 shows the micrograph of the transversal
sample of the drill submitted to the duplex treatment.
The cross-section was made close to the tip of the
tool.
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Fig. 5. Micrograph of the croos-sections (cuts A, B, and C)
of the N450 and N500 drills.

In Fig. 6 it is possible to observe the thin layer
deposited just above the nitride layer, the irregularities
on the surface originate from conventional nitriding at

500 °C, carried out in the first stage of the treatment
and, also, it is influenced by the sample cutting
process. The N500 drill layer shown in Fig. 5(f) has a
similar appearance.

Fig. 6. MEV of the cross-section (cut A) of the CCD drill.

Tab. IV shows the thickness measurement of the
layers shown in Fig. 5, and Fig. 6.

In Table IV, the variation in the layer thickness
along the body of the drills submitted to conventional
nitriding is observed, so that the thickness grows from
the stem to the tip, this behavior is associated with the
thermal gradient that was evidenced in the
microhardness results and previously studied in the
work of Lima et al. [37]. The increase in temperature
in the same direction justifies the increase in layer
thickness [36], [38]. The variation in the thickness of
the layer is also due to the geometry of the drill, which
has a much larger lateral surface than the frontal one,
which results in greater layer thicknesses in the
regions closest to the upper surface of the parts,
similar behavior was observed by De Araujo et al. [8]

TABLE IV. THICKNESS MEASUREMENTS OF THE COMPOUND LAYER IN THE NITRIDED DRILLS AT 450 AND 500 °C AND THE THIN FILM IN THE DRILL
SUBJECTED TO DUPLEX TREATMENT AT 500 °C.
Treatment cut Compound layer thickness (um) | Thin film thickness (um)

Tip (A) 2.80 -

Nitrided at 450 °C Medium (B) 1.94 -

Stem (C) 1.22 -

Tip (A) 5.78 -

Nitrided at 450 °C Medium (B) 2.50 -

Stem (C) 0.86 -

Duplex (500 °C) Tip (A) - 0.64

Regarding the two nitriding conditions, it is
observed that in the upper regions (section A and B),
the layer thickness measurements in the N500 drill
were higher than in N450, showing once again that
the thickness increases with temperature. The
measurements in the region close to the stem (cut C)
did not show the same trend. Therefore, this result
may have been influenced by the drill geometry, due
to the possibility of variation of the angle of incidence

of the ions in the region of the edges, not affecting the
surface perpendicularly. , causing a proportional
decrease in the sputtering rate. Sputtering is one of
the main mechanisms of the formation of the nitride
layer. Therefore, its decrease is reflected in the
formation of thinner layers [8].

The nitrided drill at 500 °C showed the worst result
in the performance test, failing before the first hole

WWWw.jmest.org

JMESTN42353330

11704


http://www.jmest.org/

Journal of Multidisciplinary Engineering Science and Technology (JMEST)

ISSN: 2458-9403
Vol. 7 Issue 4, April - 2020

was completed. Fig. 7 shows the drill after interrupting
the test.

Analyzing Fig. 7, it can be seen that there was
chipping of the cutting edge, which caused an
imbalance in the drilling process accompanied by an
increase in the noise level. Chipping in this region can
be associated with local hardening due to the high
treatment temperature and edge effect (concentration
of charges on the edges of the tool that cause higher
heating in these regions) that is characteristic of
conventional nitriding. This effect becomes more
critical as the treatment temperature increases,
producing less uniform layers [8], as was observed in
the scanning electron microscopy presented in Fig. 5
and in the dispersion of the microhardness
measurements in Fig. 1.

The results of flank wear of the CWD, CCD, N450,
and Duplex drills as a function of the number of holes
drilled are shown in Fig. 8. The result does not include
the N500 drill because it failed in the first hole.

Fig. 7. Chipping of the cutting edge in the nitrided drill at 500
°C — N500.

The behavior of the N450, CWD, and CCD drills
was similar in some aspects. The tools initially
showed a higher wear rate in the first 4 holes and then
maintained an approximately constant rate until holes
12, 16, and 20 for the CWD, N450, and CCD drills,
respectively.

The commercial drill without coating showed
satisfactory performance up to 14 ° hole when the
machining was interrupted due to the high noise level,
which according to Miranda, Santos, Kieckow, and
Casarin [4], is related to the presence of the adhesion
wear mechanism, as can be seen—seen in Fig. 9,
combined with high flank wear. The CWD drill showed
adhesion wear, as can be seen in Fig. 9.
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Fig. 8. Flank wear as a function of number of holes in the
CWC, CCD, N450, and Duplex samples.

Fig. 9. Adhesive and flank wear observed in the uncoated
commercial drill — CWD.

Fig. 8 shows that the N450 and CCD drills
machined the maximum number of predicted holes
(20 holes) without reaching the end of their service
life. Nitriding at 450 °C increased the resistance to
flank wear compared to the starting material, since
after machining the 20° hole, the flank wear shown
(0.358 mm) was still less than that shown by the CWD
drill bit, which already had high flank wear (0.385 mm)
in the 14th hole. In the 16th hole, the wear of the
N450 drill was only 0.291 mm. This result is due to the
increase in hardness caused by nitriding and the more
excellent uniformity of the layer in relation to the
treatment at 500 °C, decreasing the level of internal
stresses.
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In comparison to the CCD drill, the flank wear
shown by N450 was higher. However, both showed
similar results up to the 16th hole. In the
measurements made after the 4th and the 16th hole,
the wear coincides when considering the deviation of
the measurements. The better behavior of the CCD
drill can be attributed to the uniformity of its surface
coating. Additionally, of all tested drills, it was the one
that showed the least dispersion in the microhardness
results and the lowest noise level during machining,
which may be related to low surface roughness and
low friction in the tool/part contact [39].

The drill submitted to the duplex treatment did not
present satisfactory performance, only 4 holes were
drilled, and the stop criterion was the maximum flank
wear equal to 0.660 mm (exceeding the 0.5 mm limit),
as shown in Fig. 8. The poor performance may be
associated with poor adhesion of the film or the
superficial roughness of the duplex bur (originated in
the first stage of treatment), which was suggested by
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the dispersion of the microhardness results in Fig. 1.
According to Lima and Ferraresi [39], the higher the
roughness, the less the resistance to abrasive wear.

Fig. 10 shows the values of the hole diameter
measurements, and the maximum and minimum
allowable diameters according to the Brazilian
Association of Technical Standards [22], for the
dimensional tolerance defined for drilling operations in
general. The results of the CWD, CCD, N450, and
Duplex drills are presented. The N500 drill does not
appear in the results because it failed before the first
hole was completed. The results in Fig. 10 show that
the best results were achieved with the N450 drill, the
only one that machined all the holes within the
tolerance recommended for machining conditions like
high-speed steel drills [22].

& CWD
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& M40

DUPLEX

4 =— = AAKXIMUM DIAMETER
= Pl NIMIUIM DIAMETER

i
.
Y a ¥
111_11--'1-«1-1-!1-1-1-1-1-1-1-1-

L u

-

Tolerance

14 16 15 20 22

Hole Number

Fig. 10. Hole diameter based on technical standard [22].

The CCD drill had the smallest diameters, but for
the machining, condition applied, it was not adequate,
as it machined holes below 9.00 mm, that is, out of
dimensional tolerance. This behavior as well, and the
low abrasive wear shown in Fig. 8 indicate low
roughness of the coating, which facilitates the chip to
exit, resulting in smaller diameter holes. The increase
in cutting speed would contribute to the machining of
larger holes, but would increase the flank wear, and
may even exceed that presented by the N450 drill.
[22].

The duplex drill again showed an unsatisfactory
result. Among the 4 machined holes, only 1 met the
dimensional tolerance and the others had diameters
larger than the maximum allowable. The increase in
the diameter of the holes may be related to an
imbalance caused by the uneven wear of the cutting
edges of the tool during machining. This difference is
shown in Fig. 11.

Fig. 11. Wear of the cutting edges of the Duplex sample.

IV. CONCLUSION

The results showed the effectiveness of the
application of plasma nitriding in increasing the
surface hardness of HSS drill bits. It was observed
that the hardness increases with the increase in the
treatment temperature.
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In relation to the other treatments, the treatment at
450 °C produced more uniform layers. The uniformity
of the layer is observed in the regions distant from the
tip and closer to the stem, while the thickness
increases in the opposite direction.

For the machining of SAE 1045 steel, the bit
nitrided at 450 °C - N450, presented the best
performance among all tested bits, contributing to the
increase of tool life and the improvement of
dimensional quality in deep drilling operations.
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