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ABSTRACT

Thermodynamic calculations and experimental investigation of binary alloys in the Ag-Zn system are presented in 
this paper. The results of the thermodynamic calculation of the Ag-Zn phase diagram are obtained using the CALPHAD 
method and the PANDAT thermodynamic software, while in the frame of the experimental investigation, thermal and 
structural analysis, as well as mechanical and electrical characteristics of the chosen samples are given.
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INTRODUCTION
 

Given their diverse applications, Ag-Zn alloys have been 
studied from various aspects [1 - 9]. In recent years, the 
interest for this particular binary system has increased 
because of the many potentially lead-based metallic 
materials [10 - 16] used in the production of special 
Ag-Zn batteries [17], contact materials [18], as well as 
in other branches.

Previous investigations of the Ag-Zn system [19] 
have shown the existence of several solid phases be-
tween silver-rich (a or (Ag)-phase) and zinc-rich (or h 
(Zn)-phase) in the phase diagram, as follows: b-phase, 
which corresponds to ZnAg - the equiatomic composi-
tion and is stable at higher temperatures, z-phase, which 
is ZnAg stable at lower temperatures, and phase-g and 
e-phase, corresponding to intermetallic compounds - 
Ag5Zn8 AgZn3, respectively. Also, it can be noticed on 
the basis of the literature data [19 - 21] that some devia-
tion occurs between the experimental and calculated 
phase diagram.

The thermodynamic calculation of the phase dia-
gram of the Ag-Zn system and experimental investiga-
tion of thermal, structural, mechanical and electrical 
properties of selected alloys is presented in this paper, 

as a contribution to a more complete study of this binary 
system.

EXPERIMENTAL

Investigated Ag-Zn alloys were prepared from metal 
silver and zinc of 99.99 % purity by melting them in an 
induction furnace under protective atmosphere. 

Selected alloys with 10; 20; 30; 40; and 50 at. % of 
silver were studied using differential-thermal analysis 
(DTA) and light optical microscopy (LOM), while hard-
ness and electrical conductivity measurements were 
performed on samples with molar content of silver equal 
to 0.2; 0.4; 0.6; and 0.8.

DTA tests were carried out on the Derivatograph 
1500 (MOM Budapest) device under the following 
conditions - air atmosphere, heating rate of 10oC/min, 
maximum investigation temperature of 1273 K, and 
Al2O3, used as reference material.

Metallographically prepared samples were recorded 
on an optical microscope Reichert MeF2, with magni-
fication 300:1. Structure development was done using 
an etching solution of the following composition – (30 
ml CH3COOH +10 ml 9 % H2O2). 

Hardness measurements were performed using 
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standard the Brinell method, while the measurement 
of electrical conductivity was done using the apparatus 
SIGMATEST 2069 (Foerster).
 
RESULTS AND DISCUSSION

The results obtained in this work are presented in 
two parts – phase diagram investigation using thermo-
dynamic calculations and thermal analysis, and charac-
terization of the investigated samples.  

a) Thermodynamic calculations and thermal analysis 
in the Ag-Zn phase diagram investigation 

Thermodynamic calculations of the phase diagram 
of Ag-Zn in this study was performed according to the 
CALPHAD method [22] using the thermodynamic soft-

ware PANDAT Vs. 8.0 [23], based on the initial thermo-
dynamic data taken from the COST531 database [24], 
given in Table 1. Crystal structure data of the phases in 
the Ag-Zn system, taken from [25], is shown in Table 2.

The phase diagram of the Zn-Ag system was cal-
culated according to the CALPHAD method using 
PANDAT software, based on the thermodynamic data 
given in Table 2, and the determined invariant reactions 
are presented initial in Table 3. 

During the DTA measurements, endothermic peaks 
for characteristic phase transformations were detected 
for investigated Zn-Ag alloys. Their temperatures are 
presented in Table 4. 

The results of the thermodynamic prediction were 
compared with experimental DTA results from this work, 

LIQUID  
PARAMETER G(LIQUID,AG,ZN;0) 298.15 -27600+6.07*T; 3000 N ! 
PARAMETER G(LIQUID,AG,ZN;1) 298.15 -5500; 3000 N ! 
FCC_A1 
PARAMETER G(FCC_A1,AG,ZN:VA;0) 298.15 -24620+0.91*T; 3000 N ! 
HCP_A3 
PARAMETER G(HCP_A3,AG,ZN:VA;0) 298.15 -21360-2.5*T; 3000 N ! 
PARAMETER G(HCP_A3,AG,ZN:VA;1) 298.15 37766.12-26.6016*T; 3000 N ! 
HCP_ZN 
PARAMETER G(HCP_ZN,AG,ZN:VA;0) 298.15 -18700+1.237*T; 3000 N ! 
ZETA_AGZN 
PARAMETER G(ZETA_AGZN,ZN:AG;0) 298.15 2*GBCCAG+GBCCZN-27200; 3000 N ! 
PARAMETER G(ZETA_AGZN,ZN:AG,ZN;0) 298.15 -32070; 3000 N ! 
GAMMA_AGZN 
PARAMETER G(GAMMA_AGZN,AG:AG:AG:ZN;0) 298.15 7*GHSERAG+6*GHSERZN-
49154.8 
   -10.0864*T*LN(T); 3000 N ! 
PARAMETER G(GAMMA_AGZN,ZN:AG:AG:ZN;0) 298.15 5*GHSERAG+8*GHSERZN-
82103.6 
   -8.0032*T*LN(T); 3000 N ! 
PARAMETER G(GAMMA_AGZN,AG:ZN:AG:ZN;0) 298.15 5*GHSERAG+8*GHSERZN-
12557.37 
   -18.7649*T*LN(T); 3000 N ! 
PARAMETER G(GAMMA_AGZN,ZN:ZN:AG:ZN;0) 298.15 3*GHSERAG+10*GHSERZN-
60084.83 
   -3.8147*T*LN(T); 3000 N ! 
PARAMETER G(GAMMA_AGZN,AG,ZN:AG:AG:ZN;0) 298.15 0; 3000 N ! 
PARAMETER G(GAMMA_AGZN,AG,ZN:ZN:AG:ZN;0) 298.15 0; 3000 N ! 
PARAMETER G(GAMMA_AGZN,AG:AG,ZN:AG:ZN;0) 298.15 0; 3000 N ! 
PARAMETER G(GAMMA_AGZN,ZN:AG,ZN:AG:ZN;0) 298.15 0; 3000 N ! 
BCC_A2 
PARAMETER G(BCC_A2,AG,ZN:VA;0) 298.15 -30740+2.37*T; 3000 N ! 
PARAMETER G(BCC_A2,AG,ZN:VA;1) 298.15 -1880; 3000 N ! 
 

Table 1. Optimized thermodynamic parameters for each phase of the binary system Ag-Zn [24].
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as presented in Fig.1, showing good mutual agreement 
and also adequate accordance with literature [19].

b) Characterization of the investigated Ag-Zn 
samples.

The characterization of the Zn-Ag system, in the 
composition range with low silver content, included light 
optical microscopy (LOM), and hardness and electric 
conductivity measurements of the chosen samples.

Phase at% Zn Pearson's symbol Prototype TDB name 
a (Ag) 0 - 40.2 cF4 Cu FCC_A1 
z (AgZn) 37 - ∼51.2 hP9 AgZn AGZN_ZETA 
b (AgZn) 36.7 – 58.6 cI2 W BCC_A2 
γ (Ag5Zn8) 58.5 - 64.7 cI52 Cu5Zn8 AGZN_BRASS 
ε (AgZn3) ∼66.2 - 89 hP2 Mg HCP_A3 
h (Zn) 95 - 100 hP2 Mg HCP_ZN 

 

Table 2. Crystal structure of the phases in Ag-Zn system [25].

Temperature, K Reaction at% Ag 
     982.74  FCC_A1 + LIQUID -> BCC_A2 67.6 
    933.11  BCC_A2 + LIQUID -> AGZN_BRASS 37.6 
    903.37  LIQUID + AGZN_BRASS -> HCP_A3 29.2 
    703.62  LIQUID + HCP_A3 -> HCP_ZN               2.2 
    543.16  BCC_A2 + AGZN_BRASS -> 

AGZN_ZETA 
51.3 

    534.96  BCC_A2 -> FCC_A1 + AGZN_ZETA 59.6 
 

Table 3. Determined invariant reactions according to thermodynamic prediction.

Table 4. Results of DTA measurements.
Sample at % Ag Characteristic temperatures of phase transformations, in K  
L1 - A 10 702 ; 805 
L2 - B 20 702 ; 874 
L3 - C 30 839 ; 894 
L4 - D 40 904 
L5 - E 50 904 ; 942 

 

Fig.1. Calculated Ag-Zn phase diagram with experimentally obtained DTA results (circles).
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The LOM results for three investigated Zn-Ag alloys 
are given through the characteristic microphotographs, 
shown in Fig. 2.

Chosen Ag-Zn alloys with low silver content were 
investigated by hardness and electrical conductivity 
measurements, as well. The obtained results are shown 
in Table 5 and Fig. 3, respectively.

As can be seen from Fig.3, the hardness of the 
samples decreases with composition, while the situation 
with the electrical conductivity is opposite - significantly 
increasing towards pure silver corner.  

CONCLUSIONS 

The results obtained in this study indicate mutual 
compatibility of experimental and calculated phase 
transformation temperatures existing in investigated 
system for Ag-Zn alloys. A good agreement with exist-
ing literature phase diagrams of Ag-Zn is noticed. The 
obtained data may be useful for further completion of 
the Zn-Ag thermodynamic and phase diagram data, and 
also for other investigations of Zn-Ag-based systems 
[26 - 28].
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xAg xZn HB ( MN / m2 ) 
0 1 412 

0,2 0,8 57 
0,4 0,6 70,67 
0,6 0,4 75,45 
0,8 0,2 69,33 
1 0 24,5 

 
xAg SIGMA (MS/m) 

1 2 3 4 average value 
0 17 17 

0,2 3.133 3.139 3.114 3.175 3,14 
0,4 3.891 3.877 3.885 3.899 3,888 
0,6 7.782 7.873 7.778 7.794 7,807 
0,8 10.05 9.852 9.864 10.09 9,964 
1 62 62 

 

Table 5. The results of hardness (Brinell) - (a), and electroconductivity – (b)
measurements for selected Ag-Zn alloys.

(a)

(b)

Fig.������������������������������������������������������ �����������������������������������������������������2. The results of light optic microscopy – character-
istic microstructures (enlargement x300). a)  sample  A;                                                      
b) sample B; c) sample C.

a)

b)

c)
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