Effect of PEO-coatings in hybrid Zn-Mg alloys processed
through high-pressure torsion
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Introduction Experimental Design

Zn iIs a biodegradable metal with intermediate corrosion rates between Fe
and Mg. Still, it is the least studied to date, and the in vivo effects in the
medium/long term still need to be fully understood. Studies so far have Sample Processing
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shown that Zn has good corrosion resistance and acceptable i Pressure:6GPa | g  Time: 600's
biocompatibility. Still, significant concerns have been raised due to its poor ; Tunsiivatirem ¢ A apncn
mechanical strength, aging at room temperature, creep effects, and high - e e e g
sensitivity to strain ratel. Some preliminary studies supported that - N () -
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incorporation of Mg for Zn-alloys can improve the performance of the o mEe ]

material in terms of corrosion resistance?.
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Additionally, the processing of the material can have a strong effect on the High-pressure torsion (HPT) Plasma Electrolytic Oxidation (PEO)
microstructural composition and the mechanical properties. High-pressure  BE = e
torsion (HPT) is widely used as a severe plastic deformation technique to Material Characterization

create ultrafine-grained structures3. Alternatively, using coatings is another SEM Analysis

strategy to enhance the performance of degradable materials. Plasma J
electrolytic oxidation (PEQ) is a technique in which the material is oxidizing n ) SBEIROEssl Al

in a controlled way*. The synergic combination of these two techniques is L = Measurement T Biological
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expected to obtain a strong candidate for biomedical implants. Jeel

This study aimed to evaluate how the amount of Mg in hybrid samples
processed through high-pressure torsion alters the PEO process

Results

Zn-3Mg, 15 turns, 270 V, 0.4 A, 600 s Zn-10Mg, 15 turns, 270 V, 0.4 A, 600 s Zn-30Mg, 15 turns, 270 V, 0.4 A, 600 s Table.1. Electrochemical corrosion StUdy*
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Fig.1: Voltage-time curves for the PEO process Wettability of the samples showed an important improvement after PEO

The working parameters of the PEO were optimized until reproducible treatment in samples Zn-3 Mg and Zn-10Mg but not in Zn-30Mg. Fig.4
coatings were obtained (Fig.1). The Zn-3Mg sample showed the best results
in terms of homogeneity. Due to the large portions of Mg in the Zn-30Mg Lo-SMg Zn-10Mg  Zn-30Mg
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Fig.4: Contact angle measurement of untreated and coated samples

The biological validation was carried out using different techniques, which
Included the measurement of mitochondrial activity (indirect test) and the
observation of the cell-material interaction (direct test) in osteoblasts (Saos-2)
after 24 H. In general, cells were more susceptible to higher concentrations of
Mg and uncoated materials. In Fig.5, an improvement in the sample with lower

Fig.2: SEM Images of coatlngs surface and Cross- sectlon a) /n- 3Mg, b) /n-10Mg, lc) Zn 30Mg

Fig.3 shows the difference in corrosion rates between uncoated and coated Mg content and with coating can be observed.
samples. With a PEO coating, the yearly corrosion rate significantly 7n-3Mg Zn-10Mg Zn-30Mg
decreased compared to the uncoated samples (Table.1). However, it was Uncoated
also found that an increase in Mg also increased the corrosion rate.
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5 =% = = 2 '24 3 5 4 3 2 1 0 1 2 Fig.5: Result of a direct test analyzed by fluorescence imaging, phalloidin (green),
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Fig.3: Results from the electrochemical corrosion test a) uncoated and b) was observed

coated samples

Conclusions

The amount of Mg in Zn-Mg-based alloys showed a significant difference to produce PEO coatings. In HPT-processed samples with lower Mg content,

specifically 3% Mg in this study, more uniform coatings are obtained. This reflects a direct improvement in the degradation rate and cell viability.
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