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Abstract

In this study, Al-5Zn, Al-15Zn, Al-25Zn and Al-35Zn alloys containing 5, 15, 25 and 35 wt% Zn, respectively were pro-
duced by permanent mold casting. Their microstructures and mechanical properties were investigated using metallography
and universal hardness and tensile tests. Cutting tests of the alloys produced were carried out in a vertical machining center.
During the tests, the cutting forces were continuously measured and saved by a software. The roughness of the machined
surfaces of the alloy samples was measured accordance with the standard of ISO 4287. It was observed that Al-(5-15)Zn
alloys exhibit single phase (aluminum rich o) microstructure while Al-(25-35)Zn alloys exhibit two-phase microstructure
consisting of « and zinc rich 1. As the zinc content increased the hardness and tensile strength of the alloys increased, but
their elongation to fracture decreased. Cutting force, surface roughness, formation of built-up edge (BUE) and built-up
layer (BUL), and the size of the chip occurring in the machining of the alloys decreased with increasing zinc content. The
machining of the Al-(5-35)Zn alloys with uncoated WC tools results in both lower cutting forces and better surface quality
compared to titanium-aluminum-nitride (TiAIN) coated tools. The changes in the cutting properties of the tested alloys with

the increasing zinc content were discussed in the based on changes in structural and mechanical properties.
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1 Introduction

Aluminum (Al) based alloys are preferred in automotive and
aerospace industries due to their advantages such as low
density and high specific strength [1]. Despite these advan-
tages, in order to improve their mechanical and tribologi-
cal properties which are insufficient for some applications
and/or to extend their usage areas [2], extensive research
and development studies have been carried out on Al-based
alloys in recent years [3]. In these studies, it was observed
that the addition of different alloying elements significantly
improved the mechanical and/or tribological properties of
Al-based alloys. Zinc (Zn) is one of the alloying elements
commonly used in aluminum alloys. It is revealed that Zn
additions significantly increase the hardness and strength
values of aluminum based alloys with the solid solution
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and/or secondary phase hardening mechanisms [4—6]. Solid
solution hardening is caused by the distortion of the lattice
structure because the size of the Zn atoms dissolved in Al
is different from the Al atoms. The distortion in the lattice
structure causes an increase in strength of the material as
it makes the movement of the dislocations difficult. In the
secondary phase hardening mechanism, the hardness and
strength values increase due to the internal stresses caused
by the formation of the new phase in the matrix. Zn con-
taining Al-based alloys has been found to exhibit superior
friction and wear properties as well as suitable mechani-
cal properties [5, 7]. The superior tribological properties of
zinc-containing aluminum alloys are based on their multi-
phase microstructures consisted of hard and soft phases, zinc
oxides formed on the surface and the properties of the lattice
parameter [8, 9]. The hard phases in their microstructures
act as load-bearing, while the soft phases facilitate sliding.
Zinc oxides were formed by the effect of pressure and tem-
perature in especially dry friction conditions, acting as solid
lubricant, facilitate sliding. In addition, it is known that zinc
has a hexagonal closed packed (hcp) lattice structure with a
high c/a ratio of lattice parameters [10, 11] and is therefore
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easily deformed [12, 13]. This facilitates the movement of
the surfaces by reducing the friction forces. It is also known
that Zn additions to Al-based alloys improve damping capac-
ity of these alloys as well as mechanical and tribological
properties [14, 15]. Their superior hardness, mechanical,
tribological and damping properties led to successful use of
Zn containing Al-based alloys in practical applications and
commercialization of these alloys. There are many commer-
cial aluminum alloys classified as Zamak, ZA and ALZEN
series alloys, containing high zinc content (65-95 wt%) [1,
16]. Howeyver, in recent years, studies on Al-Zn-based alloys
have focused on the development of Al-Zn alloys containing
less zinc to reduce their density. The studies carried out for
this purpose resulted in the development of a large number
of Al-Zn-based alloys [17—-19] with different chemical com-
position containing 5%-35% Zn [20, 21]. Current studies
[7, 9] have focused on investigating the usability of these
alloys to replace conventional bearing materials such as
bronze and white metal. In bearing manufacturing, machin-
ing operations such as drilling and milling is one of the most
important operation because they are the most effective pro-
cess on dimension, tolerance, surface integrity and rough-
ness of the final product [22, 23]. These characteristics of
the final products vary depending on many parameters. The
most important of parameters are the microstructure, hard-
ness, mechanical and tribological properties of the alloy and
the properties of the tool used in machining [24, 25]. The
effect of different Zn contents on the structural, hardness,
mechanical, and tribological properties of Al-Zn alloys is
investigated in detail [4, 5]. However, no studies have been
conducted showing the effect of Zn content and tool coating
on the machining characteristics of Al-Zn bearing alloys.
Therefore, it is aimed to investigate the effects of different
Zn contents on machinability properties of the Al-(5-35)Zn
alloys in detail in this study.

2 Material and Method

Al-5Zn, Al-15Zn, Al-25Zn and Al-35Zn alloys containing
5, 15,25 and 35 wt% Zn, respectively were produced by per-
manent mold casting. High purity (99.90%) aluminum and
zinc were used in the production of the alloys. Alloying ele-
ments were melted in a medium frequency induction melting
furnace and cast at temperatures of 650700 °C into conical
shape SAE 8620 steel mold under room conditions. Techni-
cal drawing of the mold and alloy ingots obtained from this
mold are given in Fig. 1. The parts of the ingot where sam-
ples are extracted is given in Fig. 1b. The cooling rate dur-
ing solidification is measured as approximately 0.04 °C s™".
Chemical compositions of the produced alloys were ana-
lyzed by inductively coupled plasma—optical emission
spectrometry (ICP-OES) technique. The microstructural

@ Springer

. @ 124 mm .
@110mm
@ 74 mm ’

5

E g 0!0

gl ] HE

ol N 3o

S <l &

(9] I

o

ém

5

=8
% )

@60 mm
(a) (b)

Fig. 1 Technical drawing of the a mold used in the castings and b
alloy ingots obtained from the mold

investigations were performed on samples prepared by
standard metallographic methods. Micrographs showing the
microstructures of the alloys were obtained using scanning
electron microscope (SEM) with backscatter mode. Analy-
sis of the phases in the microstructure of the experimental
alloys was made by energy dispersive spectroscopy (EDS)
and X-ray diffraction (XRD) methods. EDS studies for a
and n phases were carried out by performing multiple analy-
ses on different parts of these phases. In the EDS studies,
minimum and maximum amount of alloying elements in the
phases was determined. XRD analyses were performed at
20°-90° scan range using a Cu-Ka radiation source with a
scan rate of 3° min~! on flat samples and a wavelength of
1.54059 A. Hardness measurements were carried out with
Brinell hardness measurement method by using 2.5 mm
diameter indenter under 62.5 kg X f load. Tensile tests were
performed with the alloy samples having the diameter and
gauge length of 8 x40 mm at a strain rate of 10~ s~!. Hard-
ness and tensile tests of the alloys were performed with at
least six different samples and the values of hardness, tensile
strength and elongation to fracture were determined by tak-
ing the arithmetic mean of the measured values.

The cutting properties of the alloys were investigated
using the 7.5 kW Johnford-VMC 850 CNC vertical machin-
ing center. Technical drawing of the workpieces and sche-
matic illustration of the machining center used in the cut-
ting tests are given in Fig. 2. The tests were carried out at a
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Fig.2 a Technical drawing of the workpieces and b Schematic illus-
tration of the machining center used in the cutting tests

constant cutting speed (1200 rev min™'), feed rate (0.1 mm/
tooth) and depth of cut (1.5 mm) with both WC and TiAIN
coated WC end mills. The technical specifications of these
cutting tools obtained from the manufacturer (Sandvik Coro-
mant) are given in Table 1.

The Kistler 9273 model dynamometer and amplifier were
used to measure the cutting forces generated during mill-
ing of the workpiece. The cutting test results were obtained
graphically with Kistler-Dynoware software. The cutting
force was considered as a resultant force in the X, Y and Z
axes. Mahr Perthometer M1 (MarSurf PS1) brand tracker
tip was used for surface roughness measurements. The
roughness (Ra) of the machined surfaces was measured in

Table 1 Technical specifications of the cutting tools

accordance with ISO 4287. The sampling and measurement
lengths were taken as 0.8 mm and 4 mm, respectively, in
these measurements. The roughness values of the machined
surfaces were calculated by taking the arithmetic mean of
the deviations in the surface profile. Three tests were per-
formed for each cutting tool and the shear force and surface
roughness values were calculated by taking the arithmetic
mean of the results obtained from these experiments.

3 Results and Discussion

ICP-OES analysis results showing the chemical composi-
tions of the produced alloys are given in Table 2.

The micrographs and XRD patterns showing the phases
of the alloys tested are given in Figs. 3, 4, 5 and 6, EDS
analysis results of the phases observed in the microstructure
of the alloys are given in Table 3. These micrographs show
that the Al-Zn alloys containing zinc up to 15% exhibit a
single-phase microstructure consisting of aluminum rich
a-phase (solid solution), Figs. 3 and 4. When the zinc con-
tent exceeds 15%, zinc-rich 1 phase is formed in the micro-
structure of the alloys in addition to the o phase, Figs. 5
and 6. The formation of these phases in the microstructure
of binary Al-Zn alloys has been revealed in previous stud-
ies [4, 5] in the based on solidification and solid solubility
mechanisms.

The curves showing the change of hardness, tensile
strength, and elongation to fracture values of the alloys tested
with zinc content are given in Fig. 7. These curves show that
the hardness and tensile strengths of the alloys increased
with the increasing zinc ratio, but the values of elongation to

Table 2 Chemical composition of the tested alloys

Alloy Element (wt%)
Al Zn Impurity elements (Fe, P,
V, Zn, Zr, Cu, Mn, Nij, etc.)
Al-5Zn 94.7 5.1 0.2
Al-15Zn 84.7 15.0 0.3
Al-25Zn 74.7 25.2 0.1
Al-35Zn 64.7 35.1 0.2

Cutting tool  Helix angle (°) Diameter (mm) Number of flute Cutting length (mm) Coefficient Coating method Coating Coating
of friction hardness thick
(HV) (1)
WCend mill 30 6 2 19 >0.35 - - -
TiAIN coated 0.3-0.35 PVD(900°C) 3300 3
WC end

mill
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Fig.5 a The micrograph and b XRD pattern of the Al-25Zn alloy

fracture decreased. The increase in the hardness and tensile
strength values of the alloys with the increasing zinc con-
tent is explained in the literature [4, 5, 16] in terms of the
prevention of dislocations of solid solution hardening and
secondary phase precipitation hardening mechanisms. Since
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Al-5Zn and Al-15Zn alloys exhibit a single-phase micro-
structure (o solid solution), only solid solution hardening
mechanism is effective in these alloys. However, secondary
phase precipitation hardening mechanism can be considered
as well as solution hardening mechanism in the Al-25Zn and
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Fig.6 a The micrograph and b XRD pattern of the Al-35Zn alloy

Table 3 Chemical compositions of the phases in the microstructure
of the tested alloys

Alloy Phases Chemical compositions
(Wt%)
Al Zn
Al-5Zn o 95+ 5+
Al-15Zn o 85+ 15+
Al-25Zn o 80+3 203
n 3 97+2
Al-35Zn o 79+ 21+£2
n 4+ 96+2

Al-35Zn alloys because these alloys exhibited two phase (a
and n) microstructures, Figs. 5 and 6. It was thought that
solid solution hardening mechanism is effective up to~20
wt% Zn ratio in the Al-(5-35)Zn alloys because the solubil-
ity of Zn in the o phase reached up to~20 wt% with the
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increasing zinc content, Table 3. Increase in the strength due
to solid solution is expressed by the formula of Ac=A(c)"?
[26]; where Ao is increase in strength, A is a constant that
depends upon the solute—solvent combination and c is the
solute concentration (in atomic fraction). According to this
equation, solid solution hardening effect depends on solute
concentration. Therefore, the effect of solid solution hard-
ening mechanism on Al-Zn alloys is thought to be limited
to~20 wt% Zn content. After 20 wt% Zn, it can be said that
the secondary phase precipitation is more effective mecha-
nism on the increase in hardness and strength since the zinc
content dissolved in the o phase remains approximately con-
stant, Table 3. It is known that the decrease in the elonga-
tion to fracture in the Al-Zn alloys [37-38] as the zinc ratio
increases is due to forming of the zinc-rich n phase known
to be more brittle than aluminum [4, 27].

The curves showing the change of the cutting force values
with the zinc content are given in Fig. 8. These curves show
that the cutting force is decreased with the increasing zinc

Fig.7 The variations in hard- 125 500 - 50
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Fig.8 The change in cutting force of Al-(5-35)Zn alloys with zinc
content

content. The decrease in the cutting force with increasing
zinc content can be due to the decrease in shear force that
acts along the shear plane between the work pieces and chip,
and frictional forces between tools and work pieces. Relation
between cutting force (F,) and shear force (F,) is defined

by a formula of F.=(F 4+ F,;X Sing)/Cos¢g, where ¢ is angle
of the shear plane with the surface of work piece and F;, is
thrust force [28]. Decrease in shear force required for plastic
deformation may be resulted from the properties of crystal
structure of Zn. It is reported in the literature that zinc has
a hep crystal structure having a higher c/a lattice param-
eter ratio than ideal hcp, and therefore, it easily deforms
[12]. This leads to a reduction in the shear force required for
deformation in Al-Zn alloys as the zinc content increase. It
is also known that the Zn rich ) phase in the microstructure
of the alloys, besides its easy deformation property, acts as
a solid lubricant and facilitates sliding [29]. As the zinc con-
tent increases, the increase in solid lubricant effect between
tools and work pieces may have caused the cutting force
to decrease. Decrease in elongation to fracture values with
increasing zinc content may also contribute to reducing in
cutting force. Decrease in the elongation to fracture of the
tested alloys means a reduction in ductility. Reduction of
ductility results in a reduction in the amount of material
adhering or smearing to the cutting edge of the tool and
chip sizes. Less smearing material on the cutting edge and
small chip size cause the contact area between the tool and
work piece and/or chip to decrease. Since the decrease in
the contact areas results in a reduction of frictional forces,

Fig.9 SEM photographs obtained from WC end mill after cutting, a Al-5Zn, b Al-15Zn, ¢ Al-25Zn and d Al-35Zn
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Fig. 10 SEM photographs obtained from TiAIN coated WC end mill after cutting, a Al-5Zn, b Al-15Zn, ¢ Al-25Zn and d Al-35Zn
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Fig. 11 The curves showing the variations in surface roughness val-
ues of the Al-(5-35)Zn alloys with zinc content

cutting forces are expected to decrease [30]. In addition, due
to the increase in zinc content, facility of the formation of
zinc oxide in the cutting zone may have caused a decrease in
cutting force. It is known that zinc oxides are easily formed

in the surfaces of zinc-containing materials, especially in
the case of dry friction, and these oxides act as solid lubri-
cants and reduce frictional forces [13, 31]. This reduce in
frictional forces between tools and work pieces also causes
a decrease in cutting force.

The cutting forces in the tests carried out with TiAIN
coated WC tools were observed to be higher than the
uncoated WC tools, Fig. 8. This may be originated from
more material smearing to the TiAIN coated tools during the
machining, Figs. 9 and 10. It is thought that more material
smearing to the TiAIN coated tools is due to the fact that
TiAIN coated WC cutting tools have a lower thermal con-
ductivity coefficient (~ 15 Wm™' K~ than the uncoated WC
tools (~40 Wm~! K1) [32]. It is known that as the ther-
mal conductivity coefficient of the cutting tool decreases,
the transfer of the heat generated of the cutting tool-chip
interface becomes more difficult and consequently the tem-
perature of the tool, chip, and workpiece increases [33].
Temperature increment in the cutting zone results in a more
ductile behavior of the material. Increase in ductility results
in both more material adherence to the cutting edge (built up
edge-BUE) and forming of continuous chip during cutting,
causing increment in tool-work piece and/or chip contact

@ Springer
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Fig. 12 SEM photo showing the surface of the a Al-5Zn, b Al-15Zn, ¢ Al-25Zn, and d Al-35Zn alloy machined with WC end mills

surface area. The increase in contact surface area (A,) leads
to an increase in the shear force (F) required to exceed the
shear stress value (z) of the material. In the literature [28],
the relationship between these parameters is defined by the
formula 7=F/A,, and according to this equation, as the
A, value increases, the F value required for the deforma-
tion must increase. Increase in the F also causes increases
in the cutting force (F,) according to the F,,=(F+ F,X sing)/
cosg formula given above.

SEM photographs obtained from cutting tools after cut-
ting are given in Figs. 9 and 10. These photographs show
that BUE and BUL are formed on the cutting surface of
the cutting tool, but the BUE and BUL formation decreases
as the zinc content increases. These photos also show that
more BUE and BUL are formed in the surfaces of the TiAIN
coated tools. It is known that BUE and BUL occur as a result
of accumulation of heavily deformed work material on the
cutting edge under proper conditions [34, 35]. BUE occurs
on the cutting edge of the tool, while BUL is formed along
the cutting edge surface of the tool [36]. It is also known

@ Springer

that formation of a built-up edge and its stability connect
with the coefficient of sliding friction between the cutting
tool and the flowing chip and it is believed that the origin
of a built-up edge and its stability are linked with this coef-
ficient of friction, which increases at first as the temperature
increases [37, 38]. The decrease in the BUE and BUL forma-
tion as the zinc ratio increases may be due to the character-
istic of the lattice structure of the zinc, decrease in ductility,
and the zinc oxides formed between the contacting surfaces.
The reduction in ductility can facilitate the removal of the
chip from the cutting environment and prevent the chip from
sticking to the tool. In addition, the property that zinc has
a hcp lattice structure and the c/a lattice parameter ratio is
high causes to facilitate sliding in zinc-containing alloys and
to reduce friction. It is also known that zinc oxides form in
the contacting surfaces of the zinc-containing alloys under
dry (unlubricated) sliding conditions, which reduces the
friction by acting as solid lubricant. Reducing the friction
between the tool and workpiece due to this material fea-
tures results in decrease in the formation of BUE and BUL
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Fig. 13 SEM photo showing the surface of the a Al-5Zn, b Al-15Zn, ¢ Al-25Zn, and d Al-35Zn alloy machined with TiAIN coated WC end

mills

with the increasing zinc content [39]. More BUE and BUL
observed in TiAIN-coated tools may be due to increased chip
and work piece ductility due to more heat accumulation in
the cutting zone. It is known that the increase in ductility
increases the friction between the tool and the chip, thus
facilitates the seizure mechanism [40].

The curves showing the change of surface roughness val-
ues of the machined surfaces with zinc content are given in
Fig. 11 and SEM images of the machined surfaces are given
in Figs. 12 and 13. Figure 11 shows that surface roughness
values of the tested alloys decreased with increasing zinc
content. This may be due to the increase in zinc content, the
easier deformation of roughs in the surface, easier removal
of chips, and improved cutting quality due to less smeared
material (BUE and BUL) in the cutting edge of end mill. The
easier deformation (shaping) of the roughs on the surfaces
with increasing zinc content is due to the mentioned above

property of the high c/a ratio of hcp crystal structure of zinc.
It is thought that the easier removal of the chips from the
cutting environment with the increased zinc content is due
to the decrease in elongation to fracture. In case of decreas-
ing elongation to fracture, the removal of the chips from the
surface becomes easier and the smearing is reduced. This
leads to a reduction in irregularities on the surface of the
workpiece and to an increase in surface quality. The quality
of the machined surface also increases with decreasing BUE
and BUL formation on the cutting tools [41]. The built-up
edge causes periodically break off and reforms, introducing
irregularities into the surface [42]. Therefore, reduction or
non-occurrence of irregularities increases the surface qual-
ity. In addition, zinc oxides likely to be formed between
the surfaces of the tool and the workpiece may act as solid
lubricants during friction. This may have contributed to the
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Fig. 14 SEM micrograph showing the subsurface of the a Al-5Zn, b Al-15Zn, ¢ Al-25Zn, and d Al-35Zn alloy sample machined with WC end

mills

reduction of frictional forces and thus to an increase in sur-
face quality.

The surface roughness values of the samples machined
with the TiAIN coated tools and chip amount on the surface
were observed higher than the surfaces machined with the
uncoated tools, Figs. 11, 12 and 13. This observation can
be explained by the BUE and BUL mechanisms, as well as
by changes in the heat conduction coefficient and geometry
of the cutting tool due to the coating. It is known that the
contact surface area between the cutting edge of the coated
tools and the workpiece is greater than the uncoated tool
[43]. It was also observed that more BUE and BUL formed
in coated tools compared to uncoated tools, Figs. 9 and 10.
The increase in the contact area between the tool and work-
piece due to change in the tool geometry and increase in
the BUE and BUL formation causes an increase in the cut-
ting force [44]. This results in increased friction heat. More

@ Springer

heat accumulates on the tool, workpiece and chip during
the machining with coated tools, as both more friction is
occurred and the heat conduction coefficient of coated tool
is lower than the uncoated tool. Accumulating heat due to
lower heat conduction coefficient increases the ductility of
the chip, which facilitates smearing of it on the tool. Both
the smeared material and the ductile chip can adhere to the
surface of the workpiece again during the cutting process
due to the effect of cutting pressure and temperature. This
can lead to an increase in surface roughness, in other words,
to a decrease in the quality of the treated surfaces.
Subsurface photographs showing the changes occurring
on both the surface layer and under the machined surface
of the samples are given in Figs. 14 and 15. These pho-
tos show that a smearing layer is formed on the surfaces of
Al-Zn alloys after the cutting. Such layers in Al-Zn alloys
are known to occur as a result of chips or wear particles
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Fig. 15 SEM micrograph showing the subsurface of the a Al-5Zn, b Al-15Zn, ¢ Al-25Zn, and d Al-35Zn alloy sample machined with TiAIN

coated WC end mills

re-adhered to the surface due to pressure and temperature
[45]. The thickness of this smeared layer decreased with
increasing zinc content, Figs. 14 and 15. This can be due to
the fact that zinc is easily removed from the cutting zone due
to its low ductility. On the surfaces of Al-Zn alloy samples
machined with TiAIN coated tools, a thicker smeared layer
was formed than the samples machined with uncoated WC
tools. This can be due to the higher ductility of the chip due
to more heat accumulation in the cutting zone.

The photographs showing the chip characteristics of
Al-(5-35) Zn alloys are given in Figs. 16 and 17. The chip
forms can be classified as Type 2 for Al-(5-15) Zn alloys
and Type 2 for Al-(25-35)Zn alloys according to the chip
classification made by Ernst [46] Type 3 is continuous chip
with built-up edge adjacent to the tool face. This chip type
is commonly encountered in ductile materials. Surface finish

is rough due to fragments of built-up edge escaping with
the work piece. This is confirmed by tool photos (Figs. 9a,
b, 10a, b), surface roughness values (Fig. 11) and surface
photos (Figs. 12a, b, 13a, b). Type 2 is continuous chip with
continuously escaping compressed layer adjacent to the tool
face. According to Ernst, this chip type is the ideal chip form
for the quality of machined surface finishing, temperature of
the tool point and power consumption. The formation mech-
anisms of these types of chips are described in detail in the
literature [46]. The change in the chip type and the decrease
in the amount of chip adhering to the tool can be due to the
decrease in the ductility of the alloy with the increased zinc
ratio. It was observed that cross-sectional area of the chips
decreased with increasing zinc content, Figs. 16 and 17. It
was also observed that the chips obtained in the cutting tests
carried out with uncoated cutting tools were smaller than
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Fig. 16 SEM micrograph showing the chip characteristics of the a Al-15Zn, b Al-25Zn, ¢ Al-35Zn, and d Al-35Zn alloy machined with WC end

mills

those in the tests carried out with the TiAIN coated cutting
tools, Figs. 16 and 17. Smaller chips may be the result of
less ductility. It is known that the chip compression ratio
decreases with the decreasing ductility and therefore the
chips are small as the ductility decreases [47].

4 Conclusions

In this study, the effect of zinc content and tool coating on
the machinability of Al-(5—35)Zn alloys having high alu-
minum content was investigated experimentally. It was
observed that the increasing zinc addition positively affect
the machinability properties of Al-Zn alloys while TiAIN

@ Springer

coated tools negatively affected. The conclusions drawn
from the present work are given below.

(1) Al-(5-15)Zn alloys exhibit single phase (Al rich-a)
microstructure while Al-(25-35) alloys exhibit two
phase (Al rich-a and zinc rich ) microstructure.

(2) Increased zinc content leads to an increase in hardness
and strength in Al-(5-35)Zn alloys, while reducing
elongation to fracture.

(3) The cutting force, surface roughness, chip size and for-
mation of the BUE and BUL during the machining of
the Al-(5-35)Zn alloys decrease with increasing zinc
content.
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Fig. 17 SEM micrograph showing the chip characteristics of the a Al-15Zn, b Al-25Zn, ¢) Al-35Zn, and d Al-35Zn alloy machined with TiAIN
coated WC end mills

4)

&)

The machining of the Al-(5-35)Zn alloys with WC
tools needs lower cutting force and surface roughness
compared to the machining with TiAIN coated WC
tools.

The machining of the Al-(5-35) alloys with WC tools
results in higher surface quality compared to the
machining with TiAIN coated tools.
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