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Table 1 Establishment of the prediction dataset using Latin hypercube sampling and predicted Young’s modulus values

Content/at%

Content/at%

- - Nb e Predicted modulus/GPa p- - Nb e Predicted modulus/GPa
37.8 38.9 10.1 13.2 413 29.8 332 24.1 13.0 66.4
44.4 34.6 9.8 11.1 47.8 29.3 30.2 30.3 10.2 66.5
335 38.7 13.1 14.7 49.4 41.1 27.9 21.1 10.0 66.6
43.4 322 11.2 13.2 52.0 389 332 13.8 142 66.8
249 333 30.1 11.7 56.5 30.4 33.6 24.0 12.0 66.9
39.4 339 13.7 13.0 57.0 31.3 31.7 25.0 12.0 66.9
37.3 27.2 27.5 8.0 58.2 31.7 36.0 19.8 12.5 67.5
29.5 27.8 30.6 12.1 58.9 324 334 233 10.9 67.7
342 26.7 28.2 10.9 589 36.2 33.1 16.7 13.9 68.0
27.5 309 29.6 12.0 59.0 31.5 30.8 23.6 14.1 68.0
30.6 414 14.0 14.0 59.1 333 34.6 18.7 134 68.0
34.1 27.2 28.9 9.8 59.2 423 32.8 13.8 11.1 68.6
35.0 28.4 27.5 9.1 59.5 31.2 35.0 18.9 14.9 68.6
333 28.5 26.1 12.1 59.7 36.6 31.0 23.6 8.8 69.6
447 28.4 14.1 12.8 60.4 39.6 31.7 15.1 13.7 69.7
38.6 26.2 24.6 10.6 60.8 35.1 30.8 23.7 10.3 70.1
28.0 344 26.7 10.9 61.1 384 34.6 15.3 11.8 70.2
37.3 29.5 24.4 8.8 62.3 40.5 33.6 15.6 10.4 70.2
29.1 38.7 18.2 14.0 62.9 355 30.2 23.0 11.4 70.6
30.4 32.6 27.9 9.1 63.5 38.6 31.0 224 8.0 71.6
28.2 353 22.5 14.1 64.1 34.7 30.3 22.4 12.6 72.5
333 35.6 14.9 16.1 64.9 36.6 335 19.2 10.7 72.8
40.4 28.7 18.9 12.1 65.9 39.4 30.7 17.7 12.1 73.2
40.3 27.7 20.9 11.1 66.1 40.0 314 17.5 11.2 73.3
30.4 322 26.9 104 66.2 41.1 30.8 18.2 9.9 73.7
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Table 2 Predicted modulus values of three multi-principal-element alloys
o Content/at% .
Alloy composition - Predicted modulus/GPa
Ti Zr Nb Hf
Ti,Zr,NbHf 333 333 16.7 16.7 67.3
Ti,Zr,NbHf 37.5 37.5 12.5 12.5 453
Ti,Zr NbHf 40.0 40.0 10.0 10.0 423

DA B 5 <5 BRI S A3 B 5 6 F) 2 LR L i, [
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4 25 g
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BT AFAE— B 22 . % TG 3R IR T 40 HE L RS LA
A5 4k« Ti M 20at% 38 I 2 50at% , Zr M 24at% 4% {k %
38at% ,» Nb M 6at% 48 {1t %= 38at% , Hf M 4at% 48 {t %
30at%.

2% 2 F T G W ISURE i (14 AR = AR kAT 4y
MR, HEME A IR & 15~93 GPa Al 1.7~4.8 GPa
(R Rl P AR Ak, S e ) v DY AR R o A By itk
b, ik Al AR A PDMS 7 R Sith 38 E 2 £ i/ 4
VLI AR AR AR E , 45 S R K 2 80k L ODE A T
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YRR o
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Design and Biological Properties Screening of Medical Low-Modulus
TiZr-Based Multi-principal Element Alloys

Liu Yuying', Zhao Zhichao', Lei Zhonglin', Ren Shile', Zhang Zhiyuan', Yang Lei', Jiang Jing', Lu Zhen’, Qiao Jichao’
(1. Hebei Key Laboratory of Biomaterials and Smart Theranostics, School of Health Sciences and Biomedical Engineering,
Hebei University of Technology, Tianjin 300131, China)
(2. Huairou Division, Institute of Physics, Chinese Academy of Sciences, Beijing 100049, China)
(3. School of Mechanics and Transportation Engineering, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: TiZrNbHf multi-principal element alloy films were fabricated via magnetron sputtering co-deposition. The phase composition,
microstructure, and mechanical properties of the samples were characterized using X-ray diffractometer (XRD), scanning electron microscope
(SEM), energy-dispersive spectroscope (EDS), and nanoindenter. High-throughput biocompatibility screening of individual composition spots was
performed through the construction of discrete biological culture wells. With the aid of machine learning-assisted screening, this work proposed a
novel paradigm for designing low-modulus alloys. The results show that the TiZrNbHf multi-principal alloy samples all exhibit a body-centered
cubic structure, with Young’s modulus and hardness ranging from 15-93 GPa and 1.7-4.8 GPa, respectively. Cytotoxicity tests reveal that optical
density values concentrate in the range of 0.75—0.90, demonstrating good biocompatibility. Using a random forest regression model with Ti, Zr,
Nb, and Hf as input variables, the influence of each element on Young’s modulus was analyzed, revealing that Nb has the most significant effect.
By combining Latin hypercube sampling, a predictive dataset was constructed, leading to the design and calculation of three types of low-modulus
alloy. This approach provides a theoretical foundation and data support for low-modulus alloy design.
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