SHM7 FE BERXFEIFE Fii#ESTRE
N-1

8 (I) BMEOKE7 /32 14 FOBBFEXRIC & SRBEKRESHEHDIRR
Exploration of optimal hydrothermal synthesis conditions for Fe(II)-substituted hydroxyapatite
using machine learning
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Abstract: A machine learning model was constructed using 144 experimental data points (12 = 0.703; CVr>= 0.401), which indicate a
tendency towards overfitting. Guided by this model, synthesis conditions were explored via Bayesian optimization and samples were
synthesized and characterized under the five conditions recommended by the model. The obtained products were primarily Fe*—
substituted hydroxyapatite, with only trace amounts of secondary phases present. Without machine learning, the Fe?" substitution limit
was around Cag gFeo2(POs)s(OH),. In contrast, the model-assisted approach extended this limit to Cag gFeo 6s(PO4)s(OH)2 (4x = 0.5 Fe

per formula unit).
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Table 1 Experimental conditions suggested by machine learning.

Initial Fe/Ca Formic acid Hydrothermal Hydrothermal
atomicratio concentration / mol-dm time/h temperature / °C
1 04 0.15 4 200
2 045 0.2 4.5 200
3 0.5 0.25 6 190
4 0.7 0.2 4 200
5 0.95 0.2 45 200
Initial Fe/Ca | @ :HAp A :CaFes(POs)'3H,0 @ :Unknown
atomic ratio/— .
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Figure 1 X-ray diffraction patterns of the product obtained under

various experimental condition.
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Initial Fe/Ca atomic ratio / —, (a): 0, (b): 0.4, (c): 0.45, (d):0.5
Hydrothermal temperature / °C, (a): 200, (b): 200, (c):200, (d): 190
Hydrothermal time / h, (a): 24, (b):4, (c):4.5, (d): 6
Formic acid coce. / mol-dm, (a): 0.1, (b):0.15, (c): 0.2, (d): 0.25

Figure 2 Scanning electron micrographs of Fe?'~HAp obtained
under various condition.
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