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Abstract 

This research uses the Lennard-Jones potential model to study the mechanical, 

thermodynamic, and elastic properties of zinc metal when pressure is applied between 0 and 120 

GPa. The obtained elastic and mechanical properties agreed with the further theoretical 

consequences. The evaluated mechanical properties show that Zn metal is mechanically stable, 

and elastic constants increase up to 60 GPa. An investigation of the elastic modulus indicates that 

Zn metal possesses a large shear modulus, bulk modulus, and Young’s modulus. The better 

mechanical properties classify that metal as a likely candidate for a superhard metal under high 

pressure. As a result of evaluating the B/G and Poisson’s ratio, it is predicted that Zn metal 

possesses brittle behaviour from 0 to 120 GPa pressure range, and the increase in pressure can 

reduce its brittleness. Finally, the thermal properties, including heat capacity per unit volume (CV) 

and ΘD (Debye temperature), are obtained under a 0-120 GPa pressure range. The pressure-
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dependent ultrasonic velocities and attenuation of this metal, Zn, have been evaluated. This zinc 

metal exhibits enhanced structural stability at higher pressures (80–120 GPa), and the minimum 

ultrasonic attenuation observed at 120 GPa indicates improved ductility. 

Keywords: Zinc; Elastic properties; Mechanical properties; Ultrasonic properties; Thermal 

properties.  

Çinko Metalinin Basınca Bağlı Elastik, Ultrasonik ve Termo-Fiziksel Özelliklerinin Teorik 

Tahmini 

Öz 

Bu araştırma, 0 ile 120 GPa arasında basınç uygulandığında çinko metalinin mekanik, 

termodinamik ve elastik özelliklerini incelemek için Lennard-Jones potansiyel modelini 

kullanmaktadır. Elde edilen elastik özellikler ve mekanik özellikler, diğer teorik sonuçlarla 

uyuşmaktadır. Değerlendirilen mekanik özellikler, Zn metalinin mekanik olarak kararlı olduğunu 

ve elastik sabitlerinin 60 GPa'ya kadar arttığını göstermektedir. Elastik modülünün incelenmesi, 

Zn metalinin büyük bir kayma modülüne, hacim modülüne ve Young modülüne sahip olduğunu 

göstermektedir. Daha iyi mekanik özellikler, bu metali yüksek basınç altında süper sert bir metal 

için olası bir aday olarak sınıflandırır. B/G ve Poisson oranının değerlendirilmesi sonucunda, Zn 

metalinin 0 ila 120 GPa basınç aralığında kırılgan davranışa sahip olduğu ve basınç artışlarının 

kırılganlığını azaltabileceği öngörülmektedir. Son olarak, birim hacim başına ısı kapasitesi (CV) 

ve ΘD (Debye sıcaklığı) dahil olmak üzere termal özellikler, 0-120 GPa basınç aralığında elde 

edilmektedir. Bu çinko metali, yüksek basınçlarda (80-120 GPa) gelişmiş yapısal kararlılık 

sergilemekte olup, 120 GPa'da gözlemlenen minimum ultrasonik zayıflama, gelişmiş süneklik 

göstergesidir. 

Anahtar Kelimeler: Çinko; Elastik özellikler; Mekanik özellikler; Ultrasonik özellikler; 

Termal özellikler. 

1. Introduction 

The ultrasonic Non-destructive tools are well-known for analyzing the characteristics of 

this metal by calculating ultrasonic attenuation. The good physical and chemical characteristics 

of the elemental metal establish it as a valuable element among metals. One of the fundamental 

metals, Zinc, has a wide range of industrial uses [1-3]. The elastic behavior and wave propagation 

in solids can be adequately described by the second-order elastic coefficients (SOECs) [4, 5], 

whereas the strain properties of that materials involve the evaluation of the third-order elastic 

constants (TOECs). Essentially, the SOECs and TOECs explain the way materials react to linear 
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and nonlinear elasticity, accordingly [6, 7]. It has an important function in the composition of 

several different alloys, including Ni, Ag, and Cu. Zn is distinctive among the basic metals in 

terms of crystallography. It uses the universal HCP shape observed in the crystalline structure of 

metals. Metal that has a bluish-white color and a polished appearance is zinc. While it is brittle, 

at the increases in temperature it exhibits good malleability and ductility. The symbol Zn stands 

for zinc, which has the atomic number 30. It corresponds to the periodic table's d-block, period 4, 

and group 12 subgroups. Its electronic structure, [Ar] 3dlO4s2, shows that the d band is filled and 

that complex d-band/s-band electronic interactions are unlikely [8, 9]. Zinc has a single crystal 

structure between absolute zero and its melting point (692 K); hence, no surprising temperature 

discontinuities occur in its solid-state properties. Nevertheless, its behavior is comparatively 

complex from an elastic perspective [10]. A few fundamental ideas are presented to better 

comprehend zinc's elasticity [11]. Zinc is commonly employed. Galvanized iron and steel die 

castings, solders, and alloys are a few examples of uses that are well-known [12]. One of the most 

popular and practical zinc alloys is certainly brass (zinc-copper alloys). 

 In the present investigation, the elastic, mechanical, and ultrasonic properties of Zn metal 

have been studied using the Lennard-Jones (LJ) interaction potential approach. The Lennard-

Jones potential has been widely employed in the literature to describe interatomic interactions in 

metals and intermetallic compounds, particularly for evaluating elastic constants, thermophysical 

parameters, and ultrasonic properties under pressure. This semi-empirical potential effectively 

captures both the short-range repulsive and long-range attractive interactions between atoms and 

has been successfully applied to hexagonal close-packed metals in earlier studies. In this work, 

the Lennard-Jones potential framework is extended to systematically investigate the pressure-

dependent elastic stability, ultrasonic velocities, attenuation, and thermophysical behavior of Zn 

metal over a wide pressure range of 0–120 GPa. 

2. Computational Methodology 

The higher-order elastic coefficients (SOECs and TOECs) are essential variables because 

they should be connected to several thermophysical features that help in appreciating the 

condensed performance of metal. To establish Zn metal's higher-order nonlinear elastic 

coefficients, the basic interaction potential model approach will be used, eliminating the many 

obstacles and approximations of the first-principles computation model. By considering the 

Lennard-Jones potential as a potential for several body interactions, the subsequent formulas 

should be used to determine the SOECs and TOECs of a metal with a HCP structure [13, 14]. 
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𝐶11 = 24.1 p4𝐶 ′                              𝐶12 = 5.918 p
4𝐶 ′

𝐶13 = 1.925 p6𝐶 ′                            𝐶33 = 3.464 p
8𝐶 ′

𝐶44 = 2.309𝑝4𝐶 ′                            𝐶66 = 9.851 p4𝐶 ′

} (1) 

𝐶111 = 126.9𝑝2𝐵 + 8.853𝑝4𝐶 ′        𝐶112 = 19.168𝑝
2𝐵 − 1.61𝑝4𝐶 ′ 

𝐶113 = 1.924𝑝4𝐵 + 1.155𝑝6𝐶 ′        𝐶123 = 1.617𝑝
4𝐵 − 1.155𝑝6𝐶 ′ 

𝐶133 = 3.695𝑝6𝐵                            𝐶155 = 1.539𝑝
4𝐵 

𝐶144 = 2.309𝑝4𝐵                            𝐶344 = 3.464𝑝
6𝐵 

𝐶222 = 101.039𝑝
2𝐵 + 9.007𝑝4𝐶 ′    𝐶333 = 5.196𝑝8𝐵 

 

 

The harmonic parameter (χ), also the enharmonic constraint (Ψ) are obtained using the 'a' 

(basal plane distance), 'p=c/a' (axial ratio), with proper SOEC constants are using these equations. 

𝜒 = (1/8)[{𝑛𝑏0 (𝑛 − 𝑚)}/{ a
𝑛+4}]

              (2) 

𝜓 = −𝜒 /{6 a2(𝑚 + 𝑛 + 6)}
                           (3)

 

The SOECs under the Voigt–Reuss–Hill (VRH) estimate [15] is well-known to compute 

various mechanical parameters, such as the Young’s modulus (Y), shear modulus (G), Poisson’s 

ratio (σ), Pugh’s ratio (B/G) bulk modulus (B) [16]. Using the VRH approximation, the expression 

for the characteristic bulk modulus and shear modulus is provided as: 

𝑀 = 𝐶11 + 𝐶12 + 2𝐶33 − 4𝐶13,C
2 = (𝐶11 + 𝐶12)𝐶33 − 4𝐶13 + 𝐶

2
13;

𝐵𝑅 =
𝐶2

𝑀
;B𝑉 =

2(𝐶11+𝐶12)+4𝐶13+𝐶33

9
;

𝐺𝑉 =
𝑀+12(𝐶44+𝐶66)

30
;G𝑅 =

5𝐶2𝐶44𝐶66

2[3𝐵𝑉𝐶44𝐶66+𝐶
2(𝐶44+𝐶66)]

;

𝑌 =
9𝐺𝐵

𝐺+3𝐵
;      B =

𝐵𝑉+𝐵𝑅

2
;         G =

𝐺𝑉+𝐺𝑅

2
; 𝜎 =

3B-2G

2(3B+𝐺) }
 
 
 
 

 
 
 
 

  (4) 

There are one longitudinal (VL) and two shear acoustical wave velocities (VS1, VS2). These 

velocities, which exist in hexagonal materials, are closely related to the SOECs and material 

density. The following formulas can be used to determine the velocities [17]. 
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𝑉𝐿
2 = {𝐶33 𝑐𝑜𝑠

2 𝜃 + 𝐶11 𝑠𝑖𝑛
2 𝜃 + 𝐶44

+{[𝐶11 𝑠𝑖𝑛
2 𝜃 − 𝐶33 𝑐𝑜𝑠

2 𝜃

+𝐶44(𝑐𝑜𝑠
2 𝜃 − 𝑠𝑖𝑛2 𝜃)]2

    +4 𝑐𝑜𝑠2 𝜃 𝑠𝑖𝑛2 𝜃 (𝐶13 + 𝐶44)
2}1/2}/2𝜌

𝑉𝑆1
2 = {𝐶33 𝑐𝑜𝑠

2 𝜃 + 𝐶11 𝑠𝑖𝑛
2 𝜃

+𝐶44 − {[𝐶11 𝑠𝑖𝑛
2 𝜃 − 𝐶33 𝑐𝑜𝑠

2 𝜃

+𝐶44(𝑐𝑜𝑠
2 𝜃 − 𝑠𝑖𝑛2 𝜃)]2

     +4 𝑐𝑜𝑠2 𝜃 𝑠𝑖𝑛2 𝜃 (𝐶13 + 𝐶44)
2}1/2}/2𝜌

𝑉𝑆2
2 = {𝐶44 𝑐𝑜𝑠

2 𝜃 + 𝐶66 𝑠𝑖𝑛
2 𝜃}/𝜌 }

 
 
 
 
 
 

 
 
 
 
 
 

             (5) 

The longitudinal wave, quasi-shear wave, and shear wave velocities can be represented by 

the variables VL, VS2, and VS3. The values ρ and θ represent the material's density and angle 

concerning the crystal's unique axis, or z-axis. We can use the following expressions to calculate 

the density and ultrasonic velocities of hexagonal-structured Zn metal [18, 19]  

ρ =
2𝑀𝑛

3√3𝑎2𝐶𝑁𝐴
                                          (6) 

Molecular weight, Avogadro number, and number of atoms per unit cell are represented 

by the symbols M, NA, and n, respectively. 

Considering that the Debye average velocity is interconnected to elastic coefficients using 

VL, VS1, and VS2, it is an essential measure in low-temperature physics. In favor of wave 

propagation at any angle with the z-axis, the Debye average velocity (VD) has been defined as 

[20, 21]. 

𝑉𝐷 = [
1

3
(
1

𝑉𝐿
3 +

1

𝑉𝑠1
3 +

1

𝑉𝑠2
3 )]

−1/3
               (7) 

The Debye temperature (θD) of the metal is influenced by the Debye average velocity (VD). 

Debye average velocity, expressed as, directly relates to variations in Debye temperature [22]. 

𝜃𝐷 =
ℏ𝑉𝐷(6𝜋

2𝑛𝑎)
1
3⁄

𝐾𝐵
                (8) 

Here, the Boltzmann Constant is symbolized by KB, the atom concentration is denoted by 

na, and the quantum of action, ℏ, is defined as Planck's constant divided by 2π. The thermal 

distribution of phonons occurs during the ultrasonic wave. The thermal relaxation time (τ), which 

can be calculated using the following formula, is the duration of time expected for the thermal 

phonons to return to equilibrium [23, 24]: 
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𝜏 = 𝜏𝑆 = 𝜏𝐿/2 =
3𝑘

𝐶𝑉𝑉𝐷
2                (9) 

K in this case signifies the thermal conductivity. The metal thermal conductivity [25] can 

be determined through: 

𝑘 = 𝑘𝐵𝑉𝐷 [
𝑀

𝑛𝜌𝑁𝐴
]
−3
2

              (10) 

The total consequence of ultrasonic attenuation (𝐴/𝑓2)𝑇𝑜𝑡𝑎𝑙, caused by the thermoelastic 

loss and Akhieser losses exhibited in the longitudinal (VL), shear mode of propagation can be 

calculated as [26]: 

{
𝛼

𝑓2
}
𝑇𝑜𝑡𝑎𝑙

= {
𝛼

𝑓2
}
𝑇ℎ
+ {

𝛼

𝑓2
}
𝐿𝑜𝑛𝑔

+ {
𝛼

𝑓2
}
𝑆ℎ𝑒𝑎𝑟

           (11) 

Where {
𝛼

𝑓2
}
𝑇ℎ

is the thermo-elastic loss, {
𝛼

𝑓2
}
𝑙𝑜𝑛𝑔

and {
𝛼

𝑓2
}
𝑠ℎ𝑒𝑎𝑟

. The ultrasonic attenuation 

coefficients for the longitudinal wave (VL) and shear waves, respectively.  

3. Results and Discussion 

3.1. Elastic and Mechanical Parameters 

In the present research, we have computed the elastic coefficients (6 -SOECs and 10-

TOECs) by an interaction potential model, and lattice characteristics for the Zn element, "a" 

(lattice parameter) and "c/a" (axial ratio) are obtained in Fig. 1 [12].  

 

Figure 1: Lattice parameter for Zn under pressure 
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The value of b0 is taken at 2.16x10-64 erg cm7 for the Zn element. The values of the higher-

order elastic coefficients (second and third-order) of the Zinc element under the 0-120 GPa are 

obtained in Figs. 2 and 3 accordingly. 

Elastic parameters can also provide an improved knowledge of macroscopic mechanical 

characteristics and contribute to evaluating a metal's hardness. Whereas the measurement value 

of C13 increases slightly less with 0-120 GPa in Fig. 2, the value of C11 increases with increasing 

pressure. Although the values of C12 and C44 increase slightly less with 0-120 GPa in Fig. 2, the 

value of C33 increases with 0-120 GPa.  

Figure 3 illustrates the evaluated TOEC values at 0-120 GPa. TOECs with negative values 

signify strain within the solid. As a result, the model used to investigate higher-order elastic 

coefficients is acceptable [27, 28] using Eqns. (1)-(2). For HCP structure material stability, the 

five different SOECs (Cij, namely C11, C12, C13, C33, C44) satisfy Born-Huang's norms [29, 30]. 

This Zn element is mechanically stable at 0-120 GPa because it is evident that the positive elastic 

constant values satisfy Born-mechanical Huang's stability constraints. 

 

Figure 2: The SOECs of Zn under pressure 
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Figure 3: TOECs of Zn under pressure 

The computed HOECs are closely related to the fundamental solid-state phenomenon. It is 

used to evaluate the mechanical properties under the Voigt approximation and the Reuss 

approximation. In this approximation, Voigt-Reuss’ constants (M and C2) followed by the Shear 

modulus (G), Young's modulus (Y), toughness (G/B), bulk modulus (B), Pugh's ratio (B/G), and 

Poisson's ratio (σ) at pressure ranges of 0-120 GPa have been calculated and shown in Table 1. 

Table 1: M, C2, B, G, Y, G/B, B/G, and σ of Zn under the Pressure range 0-120 GPa 

Pressure (GPa) M C2 B G Y G/B B/G σ 

0 346 24215 66 43 107 0.6 1.5 0.23 

20 498 52714 100 65 162 0.6 1.5 0.22 

40 655 96714 137 89 221 0.6 1.5 0.23 

60 668 97350 141 92 227 0.6 1.5 0.23 

80 879 174453 188 123 303 0.6 1.5 0.23 

100 1473 470568 303 198 488 0.6 1.5 0.23 

120 2343 1168397 473 309 763 0.6 1.5 0.23 

 

Within the Voigt–Reuss–Hill (VRH) approximation, the elastic constants M and C2 

represent effective elastic stiffness parameters derived from the second-order elastic constants. 

The parameter M corresponds to the longitudinal elastic stiffness associated with axial 

deformation, whereas C2 represents the effective shear-related elastic constant obtained from the 

Voigt–Reuss averaging scheme. These parameters play an important role in determining the bulk 

modulus (B), shear modulus (G), and Young’s modulus (Y) of Zn metal under pressure. The 
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pressure dependence of M and C2, as presented in Table 1, reflects the enhancement of elastic 

stiffness and resistance to deformation with increasing pressure. The values of B, Y, and G for Zn 

metal are observed to increase with pressure range 0-120 GPa. Our calculated bulk modulus 

results up to zero GPa for hcp-Zn have similar trends to those reported at 126 GPa by K. Takemura 

[12].  The ratio of G/B provides insight into the bonding characteristics of materials. The obtained 

G/B and B/G values for Zn metal indicate a predominantly metallic bonding nature, with pressure-

induced strengthening of interatomic interactions [31]. This ratio helps predict the bonding unique 

features of compounds, as well as ratios B/G and σ provide insights into the materials' brittleness 

and ductility. Materials with σ=0.23≤0.26 and B/G = 1.52≤1.75 are typically considered brittle, 

or else they are ductile in nature. Our results for B/G indicate that the element zinc is brittle at 

pressures between 0 and 120 GPa because it is under its critical levels. The value of σ, which 

should be perfectly less than 0.5 for elastic and stable metal, is found to be within an acceptable 

range for Zn. 

The Density of Zn element is increasing with increasing pressure, and the volume of Zn 

element is decreasing with increasing pressure, are shown in Fig. 4. 

 

Figure 4: Volume and Density of Zn under pressure 
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(density) are held responsible in favor of the uncharacteristic behavior of 𝜃(angle) 𝜃-dependent 

velocity. The existence of angle (θ)-dependent velocities (V) curves in this effort is comparable 

to that discovered for other HCP metals. Hence, the θ-dependence of the velocities in metal is 

acceptable. 

 

Figure 5: Different pressure and angle-dependent ultrasonic velocity VL of Zn 

 

 

Figure 6: Different pressure and angle-dependent ultrasonic velocity VS1 of Zn 
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Figure 7: Different pressure and angle-dependent ultrasonic velocity VS2 of Zn 

 

 

Figure 8: Different pressure and angle-dependent Debye average velocity, VD of Zn 
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pressure range of 0–120 GPa, and the obtained results are presented in Fig. 9. It is evident from 

Fig. 9 that the thermal conductivity of Zn increases monotonically with increasing pressure. This 

behavior can be attributed to the pressure-induced enhancement of lattice stiffness and phonon 

transport within the crystal structure. 

 

Figure 9: Thermal conductivity (kmin) of Zn under pressure 

 

Figure 10: The specific heat per unit volume (CV) and also the energy density (E0) of Zn at 0-120 GPa 
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from 0 to 120 GPa. This increase in cᵥ reflects the modification of phonon spectra due to pressure-

dependent lattice compression. 

The energy density (E₀) also exhibits an increasing trend with pressure, as illustrated in Fig. 

10. The values of E₀ have been obtained using standard data from the AIP Handbook [32]. Since 

the Debye temperature (θD) is inversely related to the specific heat at constant volume, θD and CV 

exhibit opposite trends with pressure. This inverse relationship is clearly reflected in Fig. 10, 

indicating the consistency of the obtained thermophysical parameters. The angle and pressure-

dependent “τ” (thermal relaxation) is considered through Eqn. (9) at 0-120 GPa. 

 

Figure 11: Angle and different pressure (0-120 GPa) dependent relaxation time of Zn 

The angle and pressure dependence of thermal relaxation time is obtained in Fig. 11. In 

Fig. 11, the thermal relaxation time is of the Order 10-12 picoseconds. This indicates that Zinc has 

an intermetallic nature. Thus, thermal conductivity (𝜏 ∝ 𝑘) has a definite impact on Zn thermal 

relaxation time. p-p (phonon-phonon) interaction and “τ” thermal relaxation processes induce 

ultrasonic attenuation, as demonstrated by the shortest computation time for the thermal phonon 

equilibrium distribution for wave propagation (θ= 50°). 

3.4. Ultrasonic Attenuation Based on Thermal Relaxation Events and Phonon-

Phonon (p-p) Interaction 

In analyzing the {
𝛼

𝑓2
}
𝑇ℎ

ultrasonic attenuation, it was assumed that the waves flow along the 

z-axis of the metal Zn. Attenuation coefficients are linear over frequency squared (α2) for {
𝛼

𝑓2
}
𝑙𝑜𝑛𝑔
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(longitudinal wave) and for,{
𝛼

𝑓2
}
𝑠ℎ𝑒𝑎𝑟

(shear wave) under condition α<<1 at 0-120 GPa is 

calculated using Eqn. (11) and obtained in Table 2. The thermo-elastic loss by frequency squared 

(α /f2)th is calculated using Eqn. (11) and the Table 2 illustrates the ultrasonic attenuation value 

resulting from the thermoelastic relaxation mechanism (α /f2)th. 

Table. 2: {
𝛼

𝑓2
}
𝑇ℎ

,{
𝛼

𝑓2
}
𝑙𝑜𝑛𝑔

,{
𝛼

𝑓2
}
𝑠ℎ𝑒𝑎𝑟

and  {
𝛼

𝑓2
}
𝑇𝑜𝑡𝑎𝑙

of Zn at a pressure range of 0-120 GPa 

Pressue 

(GPa) 

{
𝛼

𝑓2
}
𝑇ℎ

 

(10-21)Nps2m-1 

{
𝛼

𝑓2
}
𝑙𝑜𝑛𝑔

 

(10-18)Nps2m-1 

{
𝛼

𝑓2
}
𝑠ℎ𝑒𝑎𝑟

 

(10-18)Nps2m-1 

{
𝛼

𝑓2
}
𝑇𝑜𝑡𝑎𝑙

 

(10-18)Nps2m-1 

0 3.144 2.909 1.887 4.796 

20 2.309 2.044 0.463 2.507 

40 2.179 1.879 0.199 2.078 

60 1.639 1.379 0.147 1.526 

80 1.322 1.072 0.082 1.154 

100 0.496 0.057 0.052 0.453 

120 0.228 0.032 0.032 0.168 

 

The (𝛼
𝑓2⁄ )𝑎𝑘ℎ ∝ 𝐷, 𝐸0𝑎𝑛𝑑 𝑉

−3using Eqn. (11). Thus, in the Zn compound, E0 and K 

have a considerable impact on Akhieser losses. The results of (𝛼/𝑓2)𝐴𝑘ℎhave been compared 

through our recent studies. 

As shown in Table 2, the thermo-elastic loss (α/f²)ₜₕ (e.g., 0.032 × 10⁻¹⁸ Nps²m⁻¹ at 120 

GPa) is significantly smaller than the corresponding Akhieser loss (0.168 × 10⁻¹⁸ Nps²m⁻¹), 

indicating that phonon–phonon interaction dominates ultrasonic attenuation. At all pressures, the 

thermo-elastic attenuation remains at least one order of magnitude lower than the Akhieser 

attenuation, confirming the dominance of phonon–phonon interaction mechanisms indicating that 

the p-p interaction mechanism-induced ultrasonic attenuation dominates over the thermo-elastic 

loss. Total attenuation is essentially driven by two variables, namely thermal energy density and 

thermal conductivity. Thus, although zinc metal is the least ductile, Zn shows its purest form at 

higher pressures and shows additional ductility, as shown by the minimal attenuation.  Hence, the 

Zn compound will have the lowest impurity content at 0-120 GPa. 

4. Conclusion 

Based on the above discussion, the following conclusions are drawn: 
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• The standard calculation technique for evaluating higher-order elastic coefficients of 

hexagonal Zn metal, based on the Lennard–Jones potential model, is found to be applicable 

over the pressure range of 0–120 GPa. 

• The evaluated elastic properties indicate that Zn metal remains mechanically stable 

throughout the entire pressure range of 0–120 GPa. 

• The mechanical properties of Zn metal are significantly enhanced at higher pressures, 

particularly at 120 GPa. The obtained elastic moduli indicate a predominantly metallic 

bonding character in Zn metal, with pressure-induced strengthening of interatomic 

interactions. Moreover, Zn metal exhibits improved structural stability and increased 

ductility at higher pressures, as confirmed by the observed minimum ultrasonic attenuation. 

• The “τ” of Zn metal is established to the order of picoseconds, defending its inter-metallic 

nature. The smallest significance of ‘’ along = 500 at all temperatures indicates that the 

time required to re-establish the equilibrium distribution of phonons for wave propagation 

in the z-direction will be the shortest. 

• The total ultrasonic attenuation is dominated by the phonon–phonon (p–p) interaction 

mechanism, while the thermo-elastic loss remains comparatively small. Thermal 

conductivity (κ) plays a crucial role in governing ultrasonic attenuation. Based on 

ultrasonic attenuation behavior, materials may be classified as metallic, semiconducting, 

intermediate-valence, or dielectric in nature.  

This study provides a reliable theoretical framework for the computational and non-

destructive characterization of metals under pressure. The present results may serve as a 

foundation for future investigations into the elastic, ultrasonic, and thermophysical properties of 

other metallic systems. 
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