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First-principles calculation of mechanical properties of Ir-Rh alloy
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Abstract: The lattice parameters, bulk modulus, shear modulus, Young's modulus and other mechanical
constants of Ir-xRh (x=0, 1,2, 3,4,5,6,7,8,9, 10, 12, 15, 17, 20, 22, 25, 27, 30) alloys were calculated by
using the first-principles analysis method based on density functional theory. The calculation model is
established by the virtual crystal potential function approximation method. The effect of Rh doping on the
mechanical properties of Ir-Rh alloy was also analyzed from the electronic point of view by calculating the
enthalpy change value, electron density of state and energy band structure. The results show that the strength
and hardness of the material can be improved by doping a small amount of Rh in Ir. The peak point at Ir-
5Rh decreases slightly and then continues to rise, reaching the maximum at Ir-10Rh, and the value is
basically the same as that of Ir-5Rh. With the increase of Rh content, the absolute value of enthalpy changed
gradually increased from 0.186 eV to 0.634 eV, and the thermodynamic stability of Ir-Rh alloy was
improved. In addition, the density of states and band structure of Ir-Rh alloy show that the bond energy
increases with the increase of Rh content, and the brittleness of Ir-Rh alloy increases gradually.
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Tab.1 Lattice parameters and theoretical density of Ir-Rh alloy

SN [0
Hé f%ﬁﬁ/lzl a/A pl(g-em)

Ir 1.000 0.000 3.902 21.488
Ir-1Rh 0.981 0.019 3.904 21.275
Ir-2Rh 0.963 0.037 3.905 21.071
Ir-3Rh 0.945 0.055 3.907 20.864
Ir-4Rh 0.928 0.072 3.908 20.669
Ir-5Rh 0.910 0.090 3.910 20.460
Ir-6Rh 0.893 0.107 3.912 20.261
Ir-7Rh 0.877 0.123 3.914 20.074
Ir-8Rh 0.860 0.140 3.916 19.874
Ir-9Rh 0.844 0.156 3.918 19.683
Ir-10Rh 0.828 0.172 3.924 19.246
Ir-12Rh 0.797 0.203 3.926 19.111
Ir-15Rh 0.752 0.248 3.934 18.553
Ir-17Rh 0.723 0.277 3.940 18.187
Ir-20Rh 0.682 0.318 3.949 17.665
Ir-22Rh 0.655 0.345 3.955 17.327
Ir-25Rh 0.616 0.384 3.964 16.845
Ir-27Rh 0.591 0.409 3.970 16.530
Ir-30Rh 0.555 0.445 3.978 16.092

Rh 0.000 1.000 3.892 11.588
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Tab.2 Enthalpy change of Ir-Rh alloy

G Huni/eV Hend/eV AH/eV
Ir-1Rh -2228.190 -2228.376 -0.186
Ir-2Rh -2222.225 -2222.425 -0.200
Ir-3Rh -2216.666 -2216.881 -0.215
Ir-4Rh -2211.797 -2212.026 -0.229
Ir-5Rh -2207.047 -2207.292 -0.244
Ir-6Rh -2202.951 -2203.211 -0.260
Ir-7Rh -2179.444 -2199.718 -0.274
Ir-8Rh -2196.090 -2196.379 -0.289
Ir-9Rh -2193.284 -2195.589 -0.305
Ir-10Rh -2188.209 -2188.552 -0.343
Ir-12Rh -2186.997 -2187.353 -0.356
Ir-15Rh -2183.660 -2184.070 -0.410
Ir-17Rh -2182.840 -2183.286 -0.461
Ir-20Rh -2183.349 -2183.846 -0.498
Ir-22Rh -2184.675 -2185.205 -0.530
Ir-25Rh -2187.849 -2188.426 -0.577
Ir-27Rh -2190.595 -2191.199 -0.604
Ir-30Rh -2195.419 -2196.055 -0.634
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Tab.3 Elastic constants and some mechanical parameters of Ir-Rh alloy
H4 C11/GPa C12/GPa C44/GPa B/GPa G/GPa E/GPa y
Ir 601.481 251.083 254.419 367.882 219.091 548.406 0.252
Ir-1Rh 614.514 253.350 253.331 373.738 223.805 559.695 0.250
Ir-2Rh 633.494 250.964 261.490 378.474 230.702 575.228 0.247
Ir-3Rh 643.819 251.165 263.955 382.050 234.447 583.902 0.245
Ir-4Rh 650.311 251.358 265.679 384.342 236.870 589.507 0.244
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#823% 3 (Tab.3 continued)

HE Cn/GPa C12/GPa C14/GPa B/GPa G/GPa E/GPa y
Ir-5Rh 654.448 251.555 266.890 385.853 238.455 593.173 0.244
Ir-6Rh 648.678 255.035 267.493 386.249 236.562 589.365 0.246
Ir-7Rh 638.141 259.187 267.705 385.505 233.088 581.971 0.248
Ir-8Rh 642.377 255.571 267.983 384.506 235.161 586.016 0.246
Ir-9Rh 654.250 247.096 267.295 382.814 239.681 594.889 0.241
Ir-10Rh 655.820 234.718 264.047 375.085 241.168 595.809 0.235
Ir-12Rh 652.488 230.996 262.796 371.493 240.572 593.585 0.234
Ir-15Rh 637.869 215.479 256.830 356.275 237.487 582.936 0.227
Ir-17Rh 619.957 200.945 250.165 340.615 233.023 569.255 0.221
Ir-20Rh 610.753 185.924 250.592 324.534 232.549 563.139 0.211
Ir-22Rh 592.003 177.065 250.393 315.378 232.239 559.405 0.204
Ir-25Rh 526.772 152.505 228.900 277.260 211.167 505.235 0.196
Ir-27Rh 505.681 140.192 217.541 262.022 202.884 483.786 0.192
Ir-30Rh 504.481 128.856 215.794 254.064 204.129 483.025 0.183
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