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ABSTRACT: Iron-based alloys are widely studied as biodegradable materials for bone grafts or bone tissue engineering
scaffolds, but their slow degradation rate may affect the repair of bone defects, and the material itself may induce local
inflammation. To increase the degradation rate of porous pure iron used for bone tissue engineering scaffolds and decrease its

susceptibility to inflammation, the alloying method and the electrochemical deposition technique were used to modify the
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porous pure iron. The zinc element with good biocompatibility and antibacterial property was adopted as an alloying element. A
layer of Fe-Zn alloys was electrodeposited on the surface of the porous pure iron to prepare degradable porous Fe@Fe-Zn
composite scaffolds. During electrodeposition, a porous pure iron scaffold with a pore density of 50 PPI and a working size of
60 mm x 25 mm x 3 mm was used as the cathode and a pure iron plate with a working area of 100 mm X 47 mm was used as the
anode. The working mode of electrodeposition was bipolar pulse electrodeposition. The pulse peak current density was set as 10
A/dm* witha duty ratio of 10%, and the ratio of pulse changing direction was 20 : 5. The pulse frequency of the experimental
group was set as 50, 100, and 1 000 Hz, respectively, to prepare different Fe@Fe-Zn composite scaffolds, of which the zinc
contents were varied. The element content, phase composition and microstructure of the composite materials were analyzed by
electron probe microanalyzer (EPMA), X-ray diffractometer (XRD) and scanning electron microscope (SEM). The mechanical
properties of Fe@Fe-Zn were investigated by compression test. The degradation performance of the modified materials was
investigated by in vitro immersion test. The effects of different materials on the adhesion, spread and cell activity of mouse
embryonic osteoblasts (MC3T3-E1) were analyzed by means of extraction culture. Finally, the anti-E.coli properties of different
materials were investigated by the extract method and the direct culture method, respectively. The results showed that the Zn
content of the deposited alloy layer decreased with the increase of frequency. The Fe-Zn alloys with different Zn contents had a
single a(Fe) phase. The prepared Fe-Zn alloy layer was dense and well combined with the porous iron matrix. When the content
of Zn in the alloy layer was 7.5% (all in terms of mass fraction), the compressive yield strength of Fe@Fe-Zn was 6% higher
than that of porous iron. The results of in vitro immersion test showed that the degradation rate of the Fe@Fe-Zn group was
significantly improved than that of the controlled porous iron group (the corrosion rate of Fe@Fe-Zn composites was in the
range of 0.44 ~ 0.48 mm/a, and that of porous Fe was 0.33 mm/a). The results of CCK-8 test showed that the cell number
increased gradually with the extension of culture time, the cell viability of the Fe@Fe-Zn group was better than that of the
porous iron group, and the cell viability of the Fe@Fe-Zn cell was the best when the zinc content of alloy layer was 7.5%.
Fluorescence staining showed that the cell spreading ability of the Fe@Fe-Zn group was better than that of the controlled porous
iron group. Regarding antibacterial activity, all the antibacterial rates of the Fe@Fe-Zn group were greater than 50%, and the
best one obtained from the Fe@Fe-Zn sample with 7.5% Zn content was (67.0+1.1)%. In conclusion, compared with the porous
pure iron, the comprehensive properties of the porous Fe@Fe-Zn composite prepared by electrodeposition are significantly
improved. The corrosion rates of Fe@Fe-Zn composite material scaffolds prepared by electrodeposition are greater than pure
iron scaffolds. With the increase of Zn content in the deposited alloy layer, the cell activity of the material is more obvious, and
the antibacterial property is gradually improved. The Fe@Fe-Zn composite has great potential as a biodegradable material for
bone tissue engineering scaffolds.
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Fig.4 Mechanical properties of porous materials: a) stress-strain curves; b) yield strength; c) cross section of electrodeposited iron
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