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The optimized lattice parameters were in good agreement with the experimental and literature values. The electronic calculations predict FeMnP1-xAx alloys are metallic in both FM and

AFM phase since all three alloys exhibits no bad gap .It was also shown that the substitution of Mn element in the 3g site with the Re element gives ductility across the three alloys in the

FeMn1-xRexP1-xAx alloys.
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Exhaustive ab initio calculations within the GGA are carried out to identify possible

Fe2P-type giant magnetocaloric FeMnP1-xSix alloys. The calculated elastic constants

confirm the mechanical stability for the Fe2P-type hexagonal FeMnP1-xSix at alloys in

both ferromagnetic (FM) and antiferromagnetic (AFM) phases. The predicted elastic

properties for FeMnP0.67Si0.33 are close to those obtained for FeMnP0.67Ga0.33 and

FeMnP0.66Ge0.33 using the same calculation scheme. The electronic density of states

confirms that the FeMnP0.67Si0.33 alloys have similar electronic structures to those of

FeMnP0.67Ga0.33 and FeMnP0.66Ge0.33. The results predict that FeMnP0.67Ga0.33 is the

best candidate refrigerant for room temperature magnetic refrigeration because of its

high ductility during phase transition from FM to AFM phase. On substituting Mn

element in the 3g site with the Re element, ductility was acquired in all the three alloys

that is FeMn1-xRexP1-xAx (A= Si, Ga, Ge) alloys, making the alloys best refrigerants at

room temperature

Figure5: PDOS for FM FeMn1-xRexP1-xGax alloy
Figure6: PDOS for AFM FeMn1-xRexP1-xGax alloy

Figure 1: Unit cell structure for  

FeMnP1-x Gax alloy

.

Figure 2: Supercell structure for

FeMnP1-x Gax alloy

.

Figure 3: Murnaghan EOS for combined FM and AFM

FeMnP1-x Gax alloy
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Figure7: PDOS for FM FeMn1-xRexP1-xGex alloy
Figure8: PDOS for AFM FeMn1-xRexP1-xGex alloy

Figure 4: Murnaghan EoS for combined FM and AFM 

FeMn1-xRexP1-xGax alloy

.

Investigation of the structural, electronic and mechanical effects on FeMnP1-x (Si, Ga, Ge) x and

FeMnxRe1-x P1-x (Si, Ga, Ge) x at (𝑥 = 0.33 and 1 − 𝑥 = 0.67) were calculated under the

generalized gradient approximation (GGA) using the DFT method. The DFT method was

implemented in the QE code . The Perdew Burke Ernzerhof (PBE) pseudo-potentials type were

chosen as exchange correlation functional during the calculations . The kinetic energy cut off

parameter for the unit cell structure was optimized at 360 Ry. The relaxed input file used

supported Monkhorst-Pack k-points mesh of 3x 3x5 calculations on the FM hexagonal phase.

In the reciprocal space, fitting of 3x 3x2 k -points mesh was used to sampled Brillouin zone

integration in the AFM phase. The conjugate gradient parameter was set in the optimized unit

cell structure and implemented in the Thermo_pw code to calculate elastic properties. The

electronic DOS calculations for FeMnP1-x (Si, Ga, Ge) x and FeMnxRe1-x P1-x (Si, Ga, Ge) x at

(𝑥 = 0.33 and 1 − 𝑥 = 0.67) alloys were carried out at the Γ, H, K, L, M, Γ symmetry lines.

The Γ, H, K, L, M, Γ symmetry path was generated using the google seek path package.
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