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Research conducted in the current paper examines the impact of the heat treatment at temperatures from 150 °C 
to 300 °C with time intervals between 1 and 6 hours on susceptibility to drawing process of Zn-Al15 wire rod manu-
factured within the industrial continuous casting and rolling line. The mechanical properties studies proved that the 
heat treatment caused the increase in the ultimate tensile strength values of the alloy whereas the drawing process 
caused a significant decrease, which suggests that this alloy after the specific heat treatment cannot be subjected 
to strain hardening. 

Keywords: Zn-Al15 alloy, wire drawing, heat treatment, microstructure, mechanical properties

INTRODUCTION

Zinc and aluminum alloys like Zn-Al15 intended for 
corrosion protection coatings of steel applied via thermal 
spraying process are ones of the many non-ferrous alloys 
manufactured in continuous casting and rolling lines 
(CCR). A wide range of thermal spraying devices like an 
electric arc or combustion flame equipment combined 
with many applications of the process require diverse 
spectrum of mechanical properties and wire diameters to 
be manufactured. The wire rod produced in the CCR line 
e.g. using Properzi technology is subjected to wire draw-
ing process in order to obtain the desired geometrical di-
mensions. The wire drawing process may be proceeded 
with a specific heat treatment in order to obtain the de-
sired set of properties of the final product. Various heat 
treatment methods and its influence on phase transforma-
tions have been discussed by Zhu et al. in [1], who stud-
ied thoroughly the exothermic reactions in Zn-Al based 
alloys. In [2] Zhu et al. have proved the discontinuous 
precipitation to occur by means of a cellular reaction in 
both monotectoid and eutectoid Zn–Al based alloys. He 
correlated it with an equilibrium phase transformation 
that took place at about 276 °C. Yan et al. stated that the 
homogenized Zn–Al solder resulted in little lower 
microhardness but much higher ductility [3]. In more 
novel works [4 – 6] scientists have investigated the 
influence of various alloy additives on the micro and 
macroscopic properties of the Zn-Al alloys stating that 
there is very little to no increase at all considering the 
mechanical properties when elements like Sr, Si, Na, Cu 
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and Mg are added to the alloy. Works have been also con-
ducted on the workability and the final properties of Zn–
Al based alloys [7 – 9] which proved that heat treatment 
increases the hardness and tensile strength of the alloys 
without affecting their ductility considerably but on the 
other hand increasing grain size decreased both the max-
imum elongation under uniaxial deformation and limit-
ing dome height under biaxial deformation. The current 
paper focuses on the impact of heat treatment parameters 
on phase transformations in the Zn-Al15 alloy of indus-
trial origin, its impact on the macroscopic properties of 
semi-finished product and the impact on cold workability 
of the material in the wire drawing process.

EXPERIMENTAL PROCEDURE

Research regarding the impact of the specific heat 
treatment parameters on the microstructure, mechanical 
properties and susceptibility to the drawing process have 
been conducted using Zn-Al15 wire rod manufactured in 
industrial CCR line with a diameter of 4,25 mm, which 
acceptable chemical composition in accordance with the 
European Standard is presented in Table 1. 

Table 1  Chemical composition of the wire rods used during 

heat treatment and wire drawing process / wt. % [10]

Main alloy 
component

Admixtures – together max. 0,17

Zn Al Pb Cd Pb + Cd Sn Fe Cu Si
84-86 14-16 max. rest

0,005 0,005 0,006 0,001 0,05 0,01

Heat treatm ent

Research concerning heat treatment was divided 
into two parts, the former being conducted at the tem-
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perature range of 150 °C to 300 °C (each 10 °C) at the 
time intervals of 1, 2, 4 and 6 hours and the latter being 
conducted after the preferable time of the heat treatment 
has been determined. The heat treatment carried out at 
the preferable time was conducted at the same range of 
temperatures as before, but this time each 30 °C, on the 
samples later on subjected to wire drawing process. The 
mechanical properties of the wire rods after the heat 
treatment process were investigated in the uniaxial ten-
sile test.

Microstructural analysis

Selected samples of the heat-treated wire rods and 
the reference sample were examined during observa-
tions using Scanning electron microscope (SEM), (Hit-
achi S-3500N) in order to determine the phase transfor-
mations occurring after the conducted heat treatment.

Wire drawing process

Zn-Al15 wire rods, with an initial diameter of 4,25 
mm, after the heat treatment in preferable conditions 
were subjected to the wire drawing process in 8 draws to 
the final diameter of 2 mm. The process was conducted 
with a constant drawing force measurements. Each used 
diameter of the die along with the coefficient of deforma-
tion and true strain to which the samples were subjected 
during the process are enlisted in Table 2. After each 
draw a sample was taken in order to determine its me-
chanical properties in the uniaxial tensile test.

Table 2  Parameters of the wire drawing process of ZnAl15 

wire rod ф 4,25 mm (n – no. of the draw, d – 

diameter, λ -coefficient of deformation, ε - true 

strain)

n 1 2 3 4 5 6 7 8
d / mm 4 3,76 3,34 2,93 2,64 2,31 2,15 2

λ 1,13 1,13 1,27 1,3 1,23 1,31 1,15 1,16
ε 0,12 0,25 0,48 0,74 0,95 1,22 1,36 1,51

RESULTS AND DISCUSSION

Heat treatment

The response to the implemented heat treatment was 
investigated in the uniaxial tensile test. For each heat 
treatment variant described in the previous section 5 
different samples were tested and the graph in Figure 1 
shows the average values of the ultimate tensile strength 
of the wire rods. The lowest value of the Rm (128 MPa) 
occurred when no heat treatment was introduced and a 
quasi-linear increase in the values may be observed up 
to 270 °C above which the Rm values drastically de-
creased which similarly to Zhu et al. [2] may be corre-
lated with phase transformation that took place at about 
276°C. Maximum average value of the Rm ( 266 MPa) 
was measured at 270 °C after 6 hours of heat treatment 
which was determined to be the most preferable time of 

the heat treatment (out of the tested during this research) 
as the Rm values after 6 hours were the highest at all 
tested temperatures.

Microstructural analysis

The analysis of the phase transformations that were 
responsible for the macroscopic properties identified 
after heat treatment was conducted on the longitudinal 
section of the sample in the initial state as well as se-
lected samples after 6 hours of heat treatment at 180 °C, 
240 °C and 300 °C using Scanning electron microscope 
(SEM). Considering the initial samples, which analysis 
is presented in Figure 2 it can be stated that the second 
phase particles are situated along the rolling direction 
resulting from plastic deformation in multi-stand roll-
ing mill. These particles consist of fine lamellae of eu-
tectoid phase (α + η), which result from decomposition 
of the β phase and are surrounded by eutectic Zn-rich η 
phase mixed with α particles.

After submitting wire rods to the heat treatment for 
6 hours in 180 °C and 240 °C the α + η phase lamellae 
decomposed completely into coarse Al-rich α particles 
in the Zn-rich η matrix which is visible at Figures 3 – 4.

Subjecting the Zn-Al15 wire rod to the heat treat-
ment at 300 °C for 6 hours, which was above the tem-
perature of the eutectoid transformation (276 °C) re-

Figure 1  Rm values of Zn-Al15 wire rod after heat treatment 
at the temperatures from 150 °C to 300 °C with a 
sample at initial state as a reference material

Figure 2  SEM analysis of the longitudinal section of Zn-Al15 
wire rod at the initial state
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sulted in formation of α + η lamellae phase zones which 
is depicted in Figure 5. In comparison to the initial state, 
where α + η lamellae were also detected, there was no 
coarse α phase within η matrix present and the propor-
tion of the volume fractions of α + η lamellae were 
much larger. 

Wire drawing process

After the preferable time of the heat treatment of Zn-
Al15 alloy was determined to be 6 hours wire rods sub-
jected to the selected temperatures of the heat treatment 
were dedicated for the wire drawing process. Through-
out the entire metal working process the drawing force 
was measured and was afterwards divided by the cross-
section of the wire in order to obtain the values of the 
drawing stress presented in Figure 6 as a cumulative 
graph in the function of true strain. It may be easily 
stated that the drawing stress of the sample in the initial 

state was the lowest and as the temperature of the heat 
treatment increases so is the drawing stress up to 270 °C 
which is accordance with the mechanical properties of 
the wire rods presented above. 

Each of the samples after the drawing process was 
subjected to uniaxial tensile test in order to determine 
the mechanical properties of the wires obtained from 
wire rods in various states. Correspondingly to the Rm 
of wire rods, the Rm values of the wires were also high-
er when the temperature of the heat treatment was in-
creasing, again only up to 270 °C above which the phase 
transformation occurred. The obtained values of the Rm 
after the heat treatment at 300 °C were significantly 
lower in comparison to 270 °C (35 MPa lower which 
was a decrease of over 13 %) and compared to 240 °C 
were higher only at low values of total strain. The most 
significant was the fact that the wires did not underwent 
strain hardening, and to the contrary, the Rm values de-
creased for the first 2 draws after which they were pla-
teau which was presented in Figure 7. This might be 
caused by the low temperature of recrystallization 
which when calculated based on the melting point of the 

Figure 3  SEM analysis of the longitudinal section of Zn-Al15 
wire rod after 6 hours of heat treatment at 180 °C

Figure 4  SEM analysis of the longitudinal section of Zn-Al15 
wire rod after 6 hours of heat treatment at 240 °C

Figure 5  SEM analysis of the longitudinal section of Zn-Al15 
wire rod after 6 hours of heat treatment at 300 °C

Figure 6  Drawing stress values of Zn-Al15 wires after 6 hours 
of heat treatment at the selected temperatures from 
150 °C to 300 °C with a sample at initial state as a 
reference material

Figure 7  Rm values of Zn-Al15 wires after 6 hours of heat 
treatment at the selected temperatures from 150 °C 
to 300 °C with a sample at initial state as a reference 
material
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material [10] should occur close to the ambient tem-
perature. Taking into consideration that the friction gen-
erated during the wire drawing process increased the 
temperature, the material should be in recrystallized 
state after the wire drawing process, and thus, its me-
chanical properties might be lower than the drawing 
stress measured during the metal working process.

C ONCLUSIONS

On the basis of the conducted research the following 
can be stated:

Heat treatment of the Zn-Al15 wire rods resulted in 
over twofold increase of the Rm with the increasing 
temperature of the heat treatment up to 270 °C above 
which the Rm values decreased, which may be corre-
lated with phase transformation that took place at about 
276°C.

Zn-Al15 alloy in the initial state is characterized by 
relatively fine grain microstructure consisting of eutec-
toid α + η mixture and coarse Al-rich α particles in the 
Zn-rich η phase. Submitting the wire rods to the heat 
treatment of 180 °C and 240 °C caused the complete 
decomposition of α + η phase lamellae into coarse Al-
rich α particles in the Zn-rich η matrix. Increasing the 
temperature to 300 °C resulted in formation of α + η 
lamellae phase zones which were much larger in com-
parison to the wire rod in the initial state.

The Zn-Al15 alloy did not strengthen despite ap-
plied deformation during wire drawing process. The Rm 
values decreased after the first two draws and further 
drawing sequences did not affect the mechanical prop-
erties. 
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