Supplementary file
TableS1. The calculated lattice thermal conductivity (LTC) xi (Wm™ - k') of Al-TMai supercell at

various temperatures, as plotted in Fig. 2 (b).

100K 200K 300K 400K 500K 600K 700K 800K 900K 1000K

Al 25.48  12.00 7.38 5.04 3.63 2.69 2.02 1.52 1.14 0.83
Vai 25.84  12.17 7.48 5.11 3.68 2.73 2.05 1.54 1.15 0.84
Scai 26.51 12.51 7.71 5.29 3.83 2.86 2.16 1.64 1.24 0.93
Tial 27.82 13.16 8.14 5.61 4.08 3.06 2.33 1.79 1.37 1.04
Vai 28.06  13.27 8.22 5.66 4.12 3.09 2.36 1.81 1.39 1.05
Crai 28.00 13.25 8.20 5.65 4.11 3.08 2.35 1.80 1.38 1.05
Mna  27.87  13.18 8.15 5.61 4.08 3.06 2.33 1.79 1.37 1.03
Feal 27.58 13.04 8.06 5.54 4.03 3.01 2.29 1.75 1.34 1.01
Coal 27.13 1281 7.91 5.44 3.94 2.95 2.24 1.70 1.29 0.97
Nia 26.45  12.48 7.69 5.27 3.81 2.84 2.15 1.63 1.23 0.91
Cual 25.66  12.08 7.44 5.08 3.67 2.72 2.05 1.54 1.16 0.85
Zna 25.19  11.85 7.28 4.97 3.58 2.65 1.99 1.50 1.11 0.81
Yai 2592 1222 7.53 5.16 3.73 2.78 2.10 1.59 1.20 0.89
Zral 2749 1299 8.04 5.53 4.02 3.02 2.30 1.76 1.35 1.02
Nbai 28.11 13.31 8.24 5.68 4.14 3.11 2.38 1.83 1.40 1.07
Moar 2830  13.40 8.30 5.72 4.17 3.14 2.40 1.85 1.42 1.08
Tcal 28.16  13.33 8.25 5.69 4.14 3.11 2.38 1.83 1.40 1.07
Ruai 27.74  13.12 8.12 5.59 4.06 3.05 2.32 1.78 1.36 1.03
Rhai 27.12 1281 7.92 5.44 3.95 2.95 2.24 1.71 1.30 0.98
Pda 26.30  12.40 7.65 5.24 3.79 2.82 2.14 1.62 1.22 0.91
Agal 25.31 11.91 7.33 5.01 3.61 2.68 2.01 1.52 1.13 0.83
Cdai 2494  11.73 7.21 4.92 3.54 2.62 1.97 1.48 1.10 0.80
Hfai 2725 12.88 7.97 5.48 3.99 2.99 2.28 1.75 1.34 1.01
Taai 2799 1325 8.21 5.66 4.13 3.11 2.38 1.83 1.41 1.07
Wal 28.21 13.36 8.28 5.71 4.17 3.14 2.40 1.85 1.43 1.09
Real 2798 13.24 8.20 5.66 4.12 3.10 2.37 1.82 1.40 1.07
Osal 27.69  13.09 8.11 5.58 4.07 3.05 2.33 1.79 1.37 1.04
Irar 27.11 12.81 7.92 5.44 3.95 2.96 2.25 1.72 1.31 0.99
Pta 2636  12.44 7.67 5.27 3.82 2.85 2.16 1.64 1.25 0.93
Aua 2533 1193 7.34 5.02 3.62 2.69 2.03 1.53 1.15 0.85
Hga 2457  11.55 7.09 4.84 3.48 2.58 1.93 1.45 1.08 0.79




TableS2. The calculated electronic thermal conductivity (ETC) 1 (Wm!'-k!) of AI-TMai supercell at

various temperatures, as plotted in Fig. 2 (d).

100K 200K 300K 400K 500K 600K 700K 800K 900K 1000K

Al 203.34 217.81 223.61 226.07 227.01 227.09 226.61 225.72 22451 223.06

Va 20233 176.88 178.95 179.68 179.25 178.16 176.69 17498 173.12 171.18
Scar  163.58 171.63 176.13 177.64 177.58 176.69 17533 173.69 171.86 169.91
Tial 196.70 177.43 181.60 183.28 183.40 182.67 181.44 179.89 178.14 176.25
Vali 19126 17296 17743 179.98 181.13 18133 180.85 179.86 178.50 176.88
Cra 18833 17321 17841 180.87 181.79 181.82 181.25 180.22 178.87 177.27
Mna 20436 174.78 176.13 178.09 17939 179.90 179.71 17893 177.69 176.10
Fear  168.79 175.68 178.67 17991 180.14 179.69 178.77 177.52 212.57 192.20
Coar 21137 177.23 177.65 179.68 18130 182.19 182.37 18195 181.04 179.76
Niar  210.28 181.50 183.41 185.65 187.06 187.64 187.51 186.82 185.71 184.27
Cua  193.08 178.10 184.12 186.62 18738 187.24 186.52 18540 183.99 18237
Zna 22246 200.25 205.54 207.79 208.24 207.73 206.67 205.26 203.62 201.80
Yai 190.42 16199 161.69 161.20 160.05 158.47 156.67 154.77 152.82 150.86
Zra 19131 15835 158.06 159.55 160.70 161.20 161.06 160.40 159.34 157.97
Nbar  186.42 157.63 15830 159.97 16122 161.83 161.82 161.28 160.33 159.06
Moar  171.61 157.33 162.37 164.83 165.79 165.85 16530 16432 163.02 161.49
Tear  173.46  150.78 153.81 156.60 15837 159.19 159.22 158.62 157.54 156.09
Rua 17422 14847 150.51 153.08 154.88 155.80 155.93 15544 154.44 153.08
Rhai 16634 149.85 153.73 15597 157.10 157.42 157.12 156.32 155.14 153.68
Pda  154.74 138.19 14095 14231 14285 142.85 14244 141.68 140.65 139.42
Aga 17229 14577 14498 144.09 142.68 140.93 139.01 137.01 135.00 133.02
Cdar 21075 190.17 194.94 196.47 196.23 195.14 193.63 191.86 189.93 18791
Hfx 18432 17032 175.14 176.75 176.81 176.08 174.86 17333 171.58 169.69
Taa  197.84 172.59 17488 176.10 176.16 17550 17437 17293 171.29 169.51
War 16759 156.71 162.70 165.63 166.97 16732 16698 166.10 164.82 163.25
Rear  166.85 153.19 158.10 160.64 161.84 162.17 161.86 161.06 159.87 158.40
Osar 169.58 14859 151.66 153.88 155.03 15538 155.13 15442 15336 152.05
Irai 161.99 140.51 142.88 144.74 145.74 146.07 14587 14527 14435 143.18

Pta 133.77 114.18 115.51 117.07 118.27 119.10 119.57 119.70 119.53 119.11
Aua  143.74 12529 127.02 127.82 127.65 126.84 125.63 124.16 122.57 120.90
Hgar  209.44 187.31 191.10 19232 192.10 191.18 189.84 188.24 186.45 184.53




TableS3. The calculated total thermal conductivity (TC) xi (Wm™-k'!) of Al-TMai supercell at various

temperatures, as plotted in Fig. 2 (d).

100K 200K 300K 400K 500K 600K 700K 800K 900K 1000K

Al 228.82 229.81 230.99 231.11 230.64 229.78 228.63 227.24 225.65 223.89

Va  228.17 189.04 18643 184.78 18293 180.89 178.74 176.52 17427 172.02
Scar  190.09 184.14 183.85 18293 181.41 179.55 177.50 17533 173.10 170.84
Tiar 22452 190.59 189.75 188.89 187.48 18573 183.77 181.68 179.51 177.29
Va 21932 186.23 185.65 185.64 18525 184.43 183.21 181.67 179.89 177.94
Cra 21634 18646 186.61 186.51 18590 18491 183.60 182.03 180.25 178.32
Mna 23223 187.96 184.28 183.70 183.47 18296 182.04 180.72 179.06 177.14
Fear 19637 188.71 186.73 185.46 184.17 182.71 181.07 179.27 21391 193.21
Coar 23850 190.05 185.57 185.12 18524 185.13 184.61 183.65 18234 180.73
Niar  236.73 19398 191.10 190.92 190.87 190.47 189.65 188.45 186.94 185.18
Cua 21874 190.18 191.55 191.70 191.05 189.96 188.57 186.95 185.15 183.22
Zna 247.65 21211 212.82 212.77 211.82 21038 208.66 206.76 204.73 202.61
Ya 21635 17421 169.22 16636 163.78 161.25 158.77 156.36 154.02 151.76
Zra  218.80 171.35 166.09 165.08 164.73 16422 163.36 162.16 160.69 158.99
Nbar  214.54 17093 166.54 165.65 16536 16494 164.19 163.11 161.74 160.13
Moar  199.90 170.73 170.67 170.56 169.96 168.98 167.70 166.16 164.44 162.58
Tear  201.62 164.10 162.06 162.29 16252 16231 161.60 160.45 158.94 157.16
Ruar 20196 161.59 158.62 158.67 15894 158.84 158.26 157.22 155.80 154.11
Rhar  193.47 162.67 161.65 161.41 161.04 160.37 15936 158.04 156.45 154.66
Pda  181.04 150.60 148.60 147.55 146.65 145.68 144.57 14330 141.88 140.33
Aga 197.60 157.68 15230 149.10 146.29 143.61 141.02 138.53 136.14 133.85
Cda 235.69 201.90 202.15 201.39 199.77 197.77 19559 193.34 191.04 188.72
Hfa  211.57 183.19 183.10 182.23 180.80 179.07 177.14 175.08 172.92 170.71
Taan  225.83 185.83 183.09 181.76 180.29 178.60 176.74 17476 172.70 170.59
Wa 19580 170.06 17098 171.35 171.14 17046 169.38 167.95 166.25 164.34
Rear 19483 16643 16630 16630 16596 16527 16423 162.88 161.27 159.47
Osar 19726 161.68 159.76 159.47 159.10 15843 157.46 156.21 154.73 153.09
Irai 189.09 15332 150.80 150.19 149.70 149.03 148.12 146.99 145.66 144.17

Ptar 160.14 126.62 123.19 12234 122.09 12195 121.72 121.34 120.78 120.04
Aua 169.08 137.22 13436 132.84 131.28 129.53 127.65 125.70 123.72 121.75
Hgar  234.00 198.86 198.19 197.16 195.59 193.75 191.77 189.69 187.53 185.32




TableS4. The calculated total thermal conductivity (TC) xi (Wm™ k) of the second phase particle
L1>-AlTM with 1% solute atoms TM added at 300K and 600K.

300K 600K
AlsSc 224.03 223.13
AlsTi 224.45 223.19
ALV 224. 60 223.23
Al Cr 224.71 223. 25
AlzMn 224.73 223. 25
AlsFe 224.67 223. 20
Al;Co 224. 33 222.98
AlNi 224.11 222.98
Al;Cu 224.01 223. 31
AlZn 223.95 223.73
ALY 223.42 222.77
AlZr 224. 31 223.13
Al:Nb 224.76 223. 33
AlsMo 224. 80 223. 31
AlsTe 224.81 223. 30
AlsRu 224.79 223. 30
Al;Rh 224. 55 223. 31
AlsPd 223.90 223. 08
AlAg 223. 65 223. 27
Al;Cd 223.76 223. 56
ALHf 223.75 222.90
AlsTa 224.49 223. 25
ALW 224.51 223.21
AlRe 224. 68 223. 29
AlLzOs 224.72 223. 34
Al:lr 224. 65 223.43
Al3Pt 224. 06 223. 24
AlzAu 223. 58 223.13

AlsHg 223. 40 223. 32




TableS5. The calculated total thermal conductivity (TC) xi (Wm™-k') of Al-TMa; solid solution with
1% solute atoms TM added at 300K and 600K.

300K 600K
Scai 180.08 176.98
Tial 186.45 175.53
Vai 182.02 182.20
Crai 183.06 180.80
Mnai 180.55 181.32
Feai 183.19 179.22
Coal 181.94 178.94
Nial 187.91 181.56
Cual 188.40 187.33
Znal 211.37 186.77
Yai 164.27 208.83
Zrai 160.90 155.77
Nbai 161.38 158.97
Moai 165.85 159.75
Tcal 156.55 164.12
Ruai 152.83 156.91
Rhai 156.10 153.17
Pdai 142.00 154.82
Agai 146.01 138.95
Cdai 199.84 136.71
Hfal 179.27 195.21
Taal 179.26 175.01
Wai 166.18 174.51
Real 161.13 165.72
Osal 154.06 160.11
Irai 144.38 152.72
Ptai 114.56 142.57
Aual 126.63 113.32

Hgai 195.57 121.51




TableS6. The optimized Al-W is taken as an example to export a copy of the extxyz file with lattice

parameters and atomic positions.

108
Lattice="12.1340300578217981 0.0 0.0 0.0  12.1334160840703511 0.0 0.0 0.0
12.1334160840703511"Properties=species:S:1:pos:R:3 pbe="T T T"

Al -0.000576616538445 0.000000000000000 0.000000000000000
Al 0.000057694741742 2.021937325776550 2.021937325776550
Al 2.022174393543756 0.000000000000000 2.022698420778172
Al 2.022174393543756 2.022698420778172 0.000000000000000
Al 4.045048793975447 0.000000000000000 0.000000000000000
Al 4.044529617331508 2.021954132280426 2.021954132280426
Al 6.065817948289804 0.000000000000000 2.017824298090235
Al 6.065817948289804 2.017824298090235 0.000000000000000
Al 8.089223409402120 0.000000000000000 0.000000000000000
Al 8.089522458407775 2.005845171665302 2.005845171665302
Al 10.112963472307738 0.000000000000000 2.017434973060051
Al 10.112963472307738 2.017434973060051 0.000000000000000
Al 0.004614699598882 4.043042020458578 0.000000000000000
Al 0.016420562044235 6.066708042035176 2.005926473298810
Al 2.022336194567511 4.043170582302055 2.017728025933748
Al 2.022249268751801 6.066708042035176 0.000000000000000
Al 4.039921506216094 4.043441021221639 0.000000000000000
Al 4.028387683903896 6.066708042035176 2.005856396354352
Al 6.061589482003898 4.039036386095544 2.012961376931206
Al 6.067164176638882 6.066708042035176 0.000000000000000
Al 8.089250431817813 4.044769614889340 0.000000000000000
Al 8.089302796078950 6.066708042035176 2.018598851385362
Al 10.117170632589932 4.039215777728941 2.013052011947769
Al 10.111600735123769 6.066708042035176 0.000000000000000
Al 0.004614699598882 8.090374540631995 0.000000000000000
Al 0.000057694741742 10.111478042263432 2.021937325776550
Al 2.022336194567511 8.090245978788520 2.017728025933748
Al 2.022174393543756 10.110716947261812 0.000000000000000
Al 4.039921506216094 8.089975539868933 0.000000000000000
Al 4.044529617331508 10.111461235759556 2.021954132280426
Al 6.061589482003898 8.094380174995031 2.012961376931206
Al 6.065817948289804 10.115591069949746 0.000000000000000
Al 8.089250431817813 8.088646946201235 0.000000000000000
Al 8.089522458407775 10.127570196374679 2.005845171665302
Al 10.117170632589932 8.094200783361631 2.013052011947769
Al 10.112963472307738 10.115980394979930 0.000000000000000
Al 0.004614699598882 0.000000000000000 4.043042020458578
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0.016420562044235
2.022249268751801
2.022336194567511
4.039921506216094
4.028387683903896
6.067164176638882
6.061589482003898
8.089250431817813
8.089302796078950
10.111600735123769
10.117170632589932
0.008934738233151
0.003513108383319
2.022200768473422
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4.041104778967400
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10.159349751720885
10.159349751720885
0.008934738233151
0.016420562044235
2.022200768473422
2.022336194567511
4.035920843892439
4.028387683903896
6.019631059821107
6.061589482003898
8.089211446208632
8.089302796078950
10.159349751720885
10.117170632589932
0.004614699598882
0.000057694741742
2.022174393543756
2.022336194567511
4.039921506216094
4.044529617331508
6.065817948289804
6.061589482003898
8.089250431817813
8.089522458407775

2.005926473298810
0.000000000000000
2.017728025933748
0.000000000000000
2.005856396354352
0.000000000000000
2.012961376931206
0.000000000000000
2.018598851385362
0.000000000000000
2.013052011947769
4.039133747723120
6.066708042035176
4.044768844320469
6.066708042035176
4.039307035719194
6.066708042035176
3.996641657240182
6.066708042035176
3.996394979575352
3.996902077821908
6.066708042035176
8.094282813367457
10.127488894741171
8.088647716770103
10.115687342106234
8.094109525371382
10.127558971685628
8.136774903850393
10.120453991108775
8.137021581515222
10.114816516654621
8.136514483268664
10.120363356092215
0.000000000000000
2.021937325776550
0.000000000000000
2.017728025933748
0.000000000000000
2.021954132280426
0.000000000000000
2.012961376931206
0.000000000000000
2.005845171665302
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4.039133747723120
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6.066708042035176
4.039036386095544
3.996394979575352
6.066708042035176
6.066708042035176
4.039215777728941
8.090374540631995
10.111478042263432
10.110716947261812
8.090245978788520
8.089975539868933
10.111461235759556
10.115591069949746
8.094380174995031
8.088646946201235
10.127570196374679
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10.112963472307738
10.117170632589932
0.008934738233151
0.016420562044235
2.022336194567511
2.022200768473422
4.035920843892439
4.028387683903896
6.061589482003898
6.019631059821107
8.089211446208632
8.089302796078950
10.117170632589932
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0.008934738233151
0.000057694741742
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8.089388500543768
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