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Abstract 

Fe-base materials are of interest to be used in biodegradable implants. However, their 

corrosion rate in the biological environment may be too slow for the targeted applications. In 

this work, sandblasting is applied as a successful surface treatment for increasing the 

degradation rate of pure iron in simulated body fluid. Two sandblasting surfaces with 

different roughness present various surface morphologies but similar degradation products. 

Electrochemistry tests revealed that sandblasted samples have a higher corrosion rate as 

compared to bare iron, and even more noteworthy, the degradation rate of sandblasted 

samples remains significantly higher during long-term immersion tests. Based on our 

experimental results, the most plausible reasons behind the fast degradation rate are the 

special properties of sandblasted surfaces including the change of surface composition (for the 

early stage), high roughness (occluded surface sites), and high density of dislocations. 

Furthermore, the cytocompatibility was studied on sandblasting surfaces using human 
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osteoblast-like cells (MG-63) by indirect and direct contact methods. Results revealed that 

sandblasting treatment brings no adverse effect to the growth of MG-63 cells. This work 

demonstrates the significant potential of sandblasting for controlling the degradation behavior 

of iron-based materials for biomedical applications. 

Keywords: Pure iron; Implant; Sandblasting; Degradation behavior; Cytocompatibility. 

1. Introduction 

Biodegradable metallic materials have drawn significant attention because their 

biodegradation can avoid the second surgery which is applied to remove temporary implants 

that are only required to remain in the body for the time of healing. Due to their excellent 

biocompatibility and mechanical properties, iron-based and magnesium-based materials are 

two promising metals to be adopted as biodegradable implants.1-4 Biodegradation behavior is 

a critical factor for the clinical performance of implants. For the application of magnesium 

and its alloys, the current major hindrance is their high degradation rate. This could cause an 

early mechanical failure and excess hydrogen evolution.5,6 Thererefore, a significant amount 

of research has been carried out on approaches to suppress the degradation rate of Mg-based 

materials (see, for example7,8). 

On the contrary, a major disadvantage for iron-based materials is their relatively slow 

degradation rate. After implantation into the human body, materials should completely 

degrade during the time required for healing, to minimize possible negative long-term effects 

of the foreign body.  For instance, for cardiovascular stents, the appropriate degradation 

period is approximately12-24 months.9 Several published works have focused on possible 

approaches to increase the degradation rate of iron-based materials. In general, strategies to 

accelerate the degradation rate of iron mostly focus on two aspects, alloying design and 

surface treatments. Hermawan et al.10,11 developed a Fe-Mn alloy containing 35 wt.% Mn and 

Page 2 of 29

ACS Paragon Plus Environment

ACS Applied Materials & Interfaces

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



3 

 

Schinhammer et al.2,12 studied Fe-10Mn-1Pd (in wt.%) alloy and Fe-Mn-C-Pd alloys. These 

alloys possess faster degradation rates compared to pure iron. Liu et al.13 discussed the effect 

of several alloying elements (Mn, Co, Al, W, Sn, B, C and S) on the degradation of pure iron. 

Moreover, Obayi et al.14 studied the degradation behavior of cross-rolled samples.  

    Only few investigations focusing on surface treatments of pure iron can be found in the 

literature. Cheng et al.15 used micro-patterned Au disc arrays to accelerate degradation of pure 

iron, based on galvanic corrosion caused by the Au array. Zhu et al.16 prepared Fe–O thin 

films on pure iron by plasma immersion ion implantation and deposition to improve the 

biocompatibility, but in this case the corrosion resistance was improved. 

It is well-known that surface roughness, which could affect both degradation behavior and 

biocompatibility, is a critical property for biomaterials.17-19 There are several ways to achieve 

rough surfaces, such as etching, grinding, and sandblasting. Frank et al.20 created a 

superhydrophobic surface on stainless steel by a sandblasting process combined with 

chemical modification. In their work, SiC particles with three different diameters were used 

for blasting to create surfaces with different roughness. Sandblasting is a facile and low-cost 

method, which can transform a flat surface into one with certain roughness. The influence of 

sandblasting treatment on in vitro corrosion resistance of titanium has been studied before.18 

Gradients fabricated using sandblasting were used to investigate the response of cells to 

roughness.21 Moreover, sandblasting treatment was adopted to enhance in vitro 

biocompatibility of a NiTi alloy.22 

The surface morphology of sandblasted samples could have a significant effect on 

corrosion and degradation behavior. In addition, the high dislocation density caused by 

sandblasting could also influence surface properties of materials.14,23 The surface morphology 

is generally considered to be related to the cytocompatibility of implants. The surface 
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roughness can influence cell adhesion and cell proliferation;24 therefore it is crucial to 

evaluate the cytocompatibility of sandblasted samples. 

    In our study, we investigated the influence of sandblasting of pure iron surfaces on the 

corrosion behavior in simulated body environment. To the best of our knowledge, this is the 

first time that sandblasting is applied on pure iron from a biodegradable materials point of 

view. The present work focuses on the degradation behavior and biocompatibility of pure iron 

treated with sandblasting. 

2. Materials and methods 

2.1. Materials 

Pure iron foil (purity 99.5 %, thickness 0.125 mm) was purchased from Advent Research 

Materials Ltd. Iron foils were cut into 1.8 × 1.8 cm pieces, subsequently cleaned by acetone, 

ethanol, and dried in nitrogen.   

2.2. Sandblasting process 

Iron samples were initially ground until 2000 grade with SiC papers. Afterwards they were 

sandblasted with a Cemat NT4 sandblasting device. Two particle sizes, F80 and F320, were 

used and their mass distribution is shown in Tables 1 and 2, and iron foils treated by these two 

particles were named as F80 sample and F320 sample, respectively. The sand was blasted 

perpendicular to the sample at a distance of 10 cm with a speed of 0.5 cm s-1. Afterwards 

samples were rinsed and sonicated for 10 minutes using ethanol, and finally dried in nitrogen. 

The surface roughness of the bare iron, F320 and F80 samples was measured by means of a 

laser profilometer (UBM, ISC-2). 

Table 1  
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SiC grain mass distribution for particles F80 according FEPA-Standard 42-D-1984 R 1993 

and ISO 9284.25
 

Grain 

short 

name 

Mesh 

 [µm] 

Residual 

Mass 

Q 1  

% 

Mesh 

 [µm] 

Residual 

Mass 

 Q2  

% 

Mesh 

 [µm] 

Residual 

Mass 

Q2+ Q3 

% 

Mesh 

 [µm] 

Residual 

Mass 

Q2+ 

Q3+ Q4 

% 

Rest in 

the 

bottom 

shell 

 Q5 % 

F80 215 25 180 40 150 65 125 NA 3 

 

Table 2 

SiC grain size distribution for particles F320 according to FEPA-Standard 42-D-1984 R 1993 

and ISO 8486.26 

Grain short name 3% max., 

larger than, [µm] 

50% min., 

in size range, [µm] 

94% min., 

larger than, [µm] 

F320 74.1 35.3 - 39.1 17.1 

 

2.3. Electrochemical measurements  

For both electrochemical and in-vitro immersion tests, the testing solution was simulated body 

fluid (SBF).27 (prepared using: 7.99 g L-1 HCl, 0.35 g L-1 NaHCO3, 0.23 g L-1 KCl, 0.23 g L-1 

K2PO4·3H2O, 0.30 g L-1 MgCl2·6H2O, 0.36 g L-1 CaCl2·2H2O, g L-1 0.07 Na2SO4, buffering 

at pH 7.4 with tris(hydroxymethyl)aminomethane ((HOCH2)3CNH2) and HCl. The tests were 

carried out at 37 ± 0.5 °C according to ASTM-G31-72.28 An O-ring cell with an exposed area 

of 0.78 cm2 was used in polarization tests and electrochemical impedance spectroscopy (EIS). 

A conventional three-electrode system was used for the measurements, where samples fixed 
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on the O-ring cell served as working electrode, a Pt foil served as counter electrode, and 

Ag/AgCl (3 mol dm-3 KCl) was applied as reference electrode. After the O-ring cell was filled 

with 50ml SBF solution, the testing sample was immersed for 1 hour to reach a stable 

condition before further electrochemical tests. Potentiodynamic polarization curves were 

measured with the potential scanning rate of 3 mV s-1 from -1 V to 0 V. For long-time 

electrochemical impedance spectroscopy (EIS) measurement, the testing sample was mounted 

on the O-ring cell and the measurement was conducted in certain time points (day 0, 1, 3, 7, 

14, 21, 28). The amplitude of the signal was 10 mV in the frequency range from 100 kHz to 

10 mHz for impedance data acquisition. For the long-term experiments the SBF solution was 

replaced every 7 days. 

2.4. In-vitro immersion test 

The in-vitro immersion test was carried out to investigate the degradation behavior, including 

corrosion morphology, surface composition, and weight loss. Testing samples were separately 

immersed in 65ml SBF solution, which was refreshed every 7 days. After immersion for 4 

weeks, samples were rinsed by deionized water and ethanol, and dried in nitrogen for 

characterizing surface morphology and composition. To measure the weight loss and the more 

detailed morphology of the substrate after immersion, samples were ultra-sonicated cleaned in 

acetone for 1 hour to remove corrosion product layer, then weighted by a balance and SEM 

pictures were taken.  

The cleaning method used in this work prevents the substrate from being corroded during 

the cleaning procedure by, for example, physical scratching or chemical corrosion. But it 

should be pointed out that the corrosion product layer is hard to be completely removed by 

this method. Nevertheless, compared to sandblasted surface, it is easier to remove the 

degradation layers on the flat surface by ultra-sonication cleaning. Therefore, the true weight-
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loss difference between the untreated and the sandblasted samples is somewhat larger than 

here reported.  

2.5. Surface morphology and composition 

The surface and cross-section morphology of samples after sandblasting and the in-vitro 

immersion test was observed using a scanning electronic microscope (SEM, Hitachi FE-SEM 

S4800). The contact angle of the bare iron, F320 sample, and F80 sample was measured with 

a Drop Shape Analyzer KRÜSS DSA30, and the volume of each drop of distilled water was 3 

µL. After immersion, the degradation products were analyzed by Fourier Transform Infrared 

Spectroscopy (FTIR), and energy dispersive X-ray (EDX). The chemical composition of 

surfaces was determined by an X-ray photoelectron spectrometer (XPS, PHI 5600 XPS 

spectrometer, USA). XPS spectra were acquired using Al standard X-rays with a pass energy 

of 23.5eV. All XPS element peaks were shifted to a C1s standard position (284.8eV). No 

clear peaks could be observed in X-ray diffractometer (XRD), indicating that most of the 

degradation products are amorphous.  

2.6. Cytocompatibility studies  

Human osteoblast-like cells (MG-63) (ATCC®, Sigma-Aldrich) were used for 

cytocompatibility studies. Cells were cultured in Dulbecco‘s modified Eagle‘s medium 

(DMEM, Gibco®, Germany) supplemented with 10 vol. % fetal bovine serum (FBS, Sigma-

Aldrich) and 1 vol. % penicillin/streptomycin (PS, Sigma-Aldrich), at 37 °C in a humidified 

atmosphere of 95 % air and 5 % CO2. Cells were grown for 48h to confluence in 75 cm2 

culture flasks (Greiner-Bio One), washed with phosphate buffer solution (PBS), detached 

using Trypsin-EDTA (Sigma), and counted by a hemocytometer (Roth). Afterwards, samples 

were either incubated directly or indirectly with the MG-63 cells.  
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2.6.1 Cell viability  

Cell viability of sandblasted samples and the bare iron in extraction medium was 

investigated by the WST-8 assay (Sigma Aldrich). Extraction media were collected from 2 

days immersion solution of sandblasted samples and the bare iron in DMEM. 0.5 mL of 

extraction medium was inject into one well of 24 well-plates along with 0.5 mL of DMEM 

containing 50000 cells. After 48 h of cultivation, the culture medium was removed from the 

incubated plates, which were subsequently washed with PBS. Then, DMEM containing 1% 

(v/v) WST-8 assay reagent was added into wells and incubated for 2 h. Afterwards, 100 µL of 

supernatant from each sample was transferred into a well of a 96-well plate, and the 

absorbance of the liquid was measured with a micro-plate reader (PHOmo, autobio labtec 

instruments co. Ltd.) at 450 nm. The relative absorbance ratio was calculated, which was 

compared with the control group (only containing MG-63 osteoblast-like cells). 

2.6.2 Cell morphology and cell counts  

    To study the expressed cell morphology of MG-63 cells on surfaces of sandblasted samples 

and also the bare iron fluorescence imaging were carried out. MG-63 cells were seeded onto 

testing samples, which were previously sterilized by dry heat sterilization (160 °C, 2 h), at a 

density of 105 cells well-1 in 24 well-plates, and incubated at 37 °C in a humidified 

atmosphere of 5 % CO2 for 48 h. Afterwards, live staining was carried out with calcein 

acetoxymethyl ester (Calcein AM, Invitrogen, USA) for 45 minutes incubation. Fluorescence 

microscope (FM) (Axio Scope A.1, Carl Zeiss Microimaging GmbH, Germany) was used to 

image the calcein stained cells. Additionally, cell counts on the samples were performed on 

fluorescent images by using ImageJ software. 

3. Results and discussion 
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3.1. Surface microstructure and composition of sandblasted surfaces 

Average (Ra) and maximal (Rmax) surface roughness of bare iron, F320 and F80 samples were 

measured and results are presented in Fig. 1. Ra and Rmax of bare iron after polishing is 0.43 ± 

0.03 µm and 1.2± 0.12 µm, respectively. It can be clearly seen that both Ra and Rmax of F320 

sample (0.97 ± 0.05 µm and 10.11 ± 3.42 µm, respectively) are increased by the sandblasting 

treatment and both values significantly rise when the size of sandblasting particle changes 

from F320 to F80 (3.52 ± 0.06 µm and 36.38 ± 4.76 µm, respectively). 

 

Fig. 1. Average (Ra) and maximal (Rmax) surface roughness of the bare iron, F320 and F80 

samples (mean ± standard deviation), and statistically significant difference is signed by *(P < 

0.05) 

Besides the surface roughness, samples show notable differences in the surface 

microstructure and composition after the sandblasting treatment (Fig. 2). Cracks can be found 

spreading over both F320 and F80 samples, while the roughness of F80 sample is 

significantly higher than that of F320 sample. From the cross-section it can be seen that the 
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rough surface of F320 sample is composed of small cracks. For the F80 sample, it is 

composed of cracks and cavities with a more irregular structure, and some cracks develop 

vertically and deeply into the substrate. The contact angle of F320 sample is 100.7 ± 0.4, 

whereas that of F80 sample is 109.6 ± 0.9. Due to the high surface roughness, both 

sandblasted surfaces show hydrophobicity. 

In the EDX test, only iron and silicon signals can be detected from the sandblasted surface; 

the atomic percentage of element silicon is 10.12 % for F320 sample and 7.52 % for F80 

sample. The presence of Si indicates that some SiC particles are imbedded into the substrate. 

The lower SiC content in the surface of F80 sample could due to the bigger size of F80 SiC 

particles, rendering it more difficult to intrude through the surface of substrate.  

 

Fig. 2. (a,c) Surface morphology, EDX analysis results, and (b,d) cross-section morphology 

of F320 sample and F80 sample; insets show the contact angle (CA) of F320 sample and F80 

sample.  
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    Galvanic corrosion of metal/SiC-based ceramic coupling has been investigated before. 29 

SiC represents the cathodic site of the couple and the galvanic corrosion is limited, since the 

area ratio metal/SiC is very high (the area rule). Moreover, once the SiC particle is covered by 

the corrosion product, the effect caused by galvanic corrosion is expected to be negligible. 

Biocompatibility of SiC particles has been studied before, it has been reported that no obvious 

cytotoxicity can be found.30,31  

 

Fig. 3. High-resolution XPS (a) Si 2p, (b) C 1s, (c) O 1s, and (d) Fe 2p3/2 spectra of the 

sample surfaces. 

To further investigate the composition and element valence states of the sample surfaces, 

XPS analysis is included. XPS results show that the outermost layers mainly contain C, O, 

and Fe for all samples, and Si can only be observed on F320 and F80 samples (Fig. 3). In 

accordance with EDX results, the signal from silicon is detected with peaks at 100.2 eV for 

SiC and 102.5 eV for SiO2 (Fig. 3a).32 The spectra of C 1s (as shown in Fig. 3b) of F320 and 

F80 samples also show the peak at 282.5 eV which can be assigned to SiC. Other three peaks 

at about 284.9 eV, 286.1 eV, and 288.3 eV can be assigned for C – H, C – O, and COO 
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species, respectively.33 For the bare iron and sandblasted samples, three peaks at about 529.6 

– 530.0 eV, 531.5 eV, and 532.8 eV are fitted after deconvolution of the O 1s signal (Fig. 3c). 

The first peak indicates the existence of iron oxide and the second peak can be assigned to 

hydroxides.34 The last peak can be derived from the organic oxygen impurities.35 Fig. 3d 

shows Fe 2p3/2 signal which is fitted with five peaks at 706.7 eV for metallic Fe, 708.4 – 709.0 

eV for Fe3O4, 709.9 eV for FeO, 711.1 eV for Fe2O3, and 712.4 – 712.8 eV for FeOOH. 36       

Native, air-formed oxide films on both bare iron and sandblasted samples are complex and 

thin; thickness being in the nm-range (hence, they cannot be observed in SEM images or 

detected in XRD measurements). No significant difference can be found on the surface 

composition between the pure iron and sandblasted samples, except the existence of SiC on 

sandblasted samples. Notably, more signals from metallic Fe can be detected on sandblasted 

samples. This could be due the cracks on the surface, as the substrate inside deep cracks may 

be only covered by extremely thin oxidization layers, so that more metallic Fe under these 

layers can be detected.     

3.2. Electrochemical measurements 

Fig. 4 presents the EIS plots (Nyquist, Bode, and phase angle) of samples after immersion in 

SBF solution for 1 hour. Results indicate almost no difference in the corrosion behavior of all 

samples in this initial state. In all cases, one capacitive loop is observed, indicating a similar 

corrosion mechanism for all samples. The slight shift in the phase angle between the bare iron 

and the sand-blasted samples is most probably due to larger surface area of the rough surfaces, 

shifting the interfacial capacitance. 
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Fig. 4. (a) Nyquist, (b) Bode impedance (c) and phase angle plots of different samples at Ecorr  

in SBF (after immersion in SBF solution for 1 h, Ecorr of all sample is around - 0.67 v). 

Potentiodynamic polarization curves of the samples are shown in Fig. 5. There is a distinct 

passivation region in the anodic curve of bare iron, indicated by the decrease of the current 

density in the potential range from around -0.55 V to -0.38 V. In the case of sandblasted 

samples, their cathodic current density is slightly higher than that of the bare iron. In analogy 

to the bare iron sample, the anodic current density also starts to decrease at around -0.55 V for 

the sandblasted samples. The passivation regions of the sandblasted samples are, however, 

much smaller than that of the bare iron. The F80 sample shows even smaller passivation 

region compared to the F320 sample. 

  

Fig. 5. Polarization curves of different samples in SBF. 

The higher cathodic current density of the sandblasted samples is attributed to their 

relatively larger surface area. The large surface area could also increase the anodic current 
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density of sandblasted samples. However, the difference in the passivation region is 

significantly larger than in the cathodic region, indicating that there are other influencing 

factors besides the surface area. The small passivation region of the sandblasted samples 

indicates a deleterious effect of this surface treatment for formation of protective surface 

layers (note: for iron-based biodegradable implants, passivation of the surface is not desired).  

 

Fig. 6. Nyquist, Bode impedance, and phase angle plots (from above down) of (a) bare iron, 

(b) F320 sample, and (c) F80 sample in the long-term EIS measurement. 

Fig. 6 and Fig. 7 show the EIS results and the low-frequency impedance value as a function 

of time during 28 days. From day 0 to 3, the impedance value of all samples increases with 

immersion time, indicating that a partially protective corrosion product layer is growing on all 

samples increasing the corrosion resistance in this period. From day 3 to 28, samples with 

different surface treatments show significantly different electrochemical behavior. The 

impedance value of the bare iron keeps increasing until day 21, then decreasing at day 28. On 
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the contrary, the impedance values of sandblasted samples, which are significantly lower than 

that of the bare iron, remain in a small range of variation after day 3. Notably, different from 

the bare iron and F320 sample, the phase angle of F80 sample in low frequency does not 

increase during day 0 to 14. Moreover, the Nyquist plot and phase angle at day 21 and 28 

indicate a change in the degradation mechanism of the F80 sample. 

 

Fig. 7. The low-frequency impedance value (R10mHz) of different samples as a function of 

immersion time in the long-term EIS measurement (the impedance value collected at 10 mHz 

of each time point was presented).  

    In each time point, the bare iron has the highest low-frequency impedance value 

corresponding to the lowest corrosion rate. The flat and smooth interface can endow good 

adhesion between the corrosion product layer and the iron substrate, enabling a better 

protection to the substrate when the corrosion product layer keeps growing. Upon longer 

immersion time, the occurrence of localized corrosion and breakdown of protective layers can 

reduce the corrosion resistance, leading to relatively low impedance of the bare iron at day 28. 

After day 3, no notable increment of impedance can be found on the sandblasted samples, 

even though there were also corrosion product layers forming on surfaces. Because of the 

sandblasting treatment, the substrate underneath the corrosion product layers presents high 

electrochemical activity and formation of uniform, protective corrosion product layers seems 
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to be hampered on the rough surfaces.  Especially, for F80 sample immersed for over 21 days, 

the corrosion mechanism changed from charge-controlled to diffusion-controlled, as indicated 

by the shape of the EIS spectra. This indicates a high rate of the charge-transfer controlled Fe 

oxidation reaction (anodic reaction), the corrosion rate therefore being controlled by the slow 

oxygen diffusion to the surface (cathodic reaction being oxygen reduction). For the other 

samples the anodic reaction is slower, due to the formation of more protective corrosion 

product layers; hence the reaction rate remains under charge-transfer control.  

3.3. Long-term immersion test 

Samples immersed for 28 days were characterized by FTIR and EDX to analyze their 

degradation products. In the FTIR spectra of all three samples (Fig. 8), the broad band 

observed in the range 3700 - 3000 cm-1 is assigned to adsorbed water.37 Bands at 1630 and 

1000 cm-1 are due to the presence of iron phosphate.37,38 Especially, for sandblasted samples, 

there is a peak at 2880 cm-1 which is attributed to silicon carbide. Typical corrosion product 

layers of iron are composed of iron oxides and hydroxides;39 however, in this case no clear 

signals derived from these species can be distinguished. 

 

Fig. 8. FTIR analyses of different samples after immersion in SBF for 28 days (The peaks of 

interest are discussed in the text).  
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All samples after immersion are covered by corrosion product layers, and show a similar 

surface morphology which is rough and loose (Fig. 9). From the EDX data, the relatively high 

amount of phosphorus indicates the presence of iron phosphate in corrosion products. The 

element silicon is only found in F320 sample. This could be due to the fact that silicon carbide 

particles were embedded into the rough surface of F80 sample and become covered by thick 

corrosion product layers.    

 

Fig. 9. Surface morphology (a,c,e) before and (b,d,f) after removing the corrosion products of  

the bare iron, F320 sample, and F80 sample; the EDX analyses of the corrosion products of 

each sample are also presented in (a,c,e). 

    Corrosion product layers were removed by ultra-sonication treatment, in order to observe 

the morphology of the corroded substrates (Fig. 9 b,d,f).  The bare iron shows a relatively flat 

surface and no obvious localized corrosion can be found, indicating a rather uniform 

degradation behavior. Compared to the bare iron, substrates of sandblasted samples are 

significantly rougher (in accordance with the initial surface roughness, see Fig. 1). The 

surface of F320 sample presents a porous structure, consisting of many protrusions and 
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cavities. The F80 sample shows a similar porous structure with even higher roughness and 

larger cavities. 

During the sandblasting treatment, the dislocation density of the surface increases and 

numerous defects are generated on the surface, which could induce localized degradation 

behavior. Compared to Fig. 2, cavities on the surface are extended, indicating that the 

degradation rate is faster in regions around cracks and cavities.  

Fig. 10 shows cross-sections of all samples after immersion without ultra-sonication 

treatment. For the bare iron, the boundary of the substrate is relatively flat and no obvious 

localized corrosion is found. For sandblasted samples, uneven boundaries can be seen on both 

two samples. The high surface roughness makes it inappropriate to measure the average 

thickness of the corrosion product layers on the sandblasted samples. Nevertheless, the 

thickness of the corrosion product layers on the sandblasted samples is clearly higher than that 

on the bare iron. 
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Fig. 10. Cross-section morphology of (a) the bare iron, (b) the F320 sample, and (c) the F80 

sample after immersion in SBF for 28 days. 

    On the one hand, thick corrosion product layers reveal that more substrate is converted into 

oxidation layers (i.e., a higher corrosion rate of the metallic substrate). This indicates that the 

substrate is activated by the sandblasting treatment. On the other hand, the thick corrosion 

product layers are much less protective than the thinner layer on bare iron (results in Fig. 7). 

Hence, the sand-blasting treatment is able to prevent the formation of highly protective 

corrosion product layers on Fe in phosphate-containing simulated body solution – which is a 

generally acknowledged challenge for biodegradation of Fe. Even though the substrates of 

sandblasted samples show uneven attack morphology, no localized corrosion developed 

deeply in the vertical direction. Therefore it can be expected that the influence of sandblasting 
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on the mechanical integrity is limited. The mechanical performance of sandblasted samples 

during immersion will be investigated in future work.   

The weight loss of samples after 28 days immersion in SBF is presented in Fig. 11. It is 

clear that the bare iron shows the lowest value and there is significant difference between the 

bare iron and sandblasted samples (p < 0.05). Even though the results show no significant 

difference between the F320 and F80 samples (p > 0.05), the F80 sample still shows slightly 

higher value. 

 

Fig. 11. Weight loss of different samples after immersion in SBF for 28 days (mean ± 

standard deviation), and statistically significant difference is signed by *(P < 0.05) 

The high weight loss of sandblasted samples could be attributed to three reasons, the 

change of surface composition, surface area, and surface morphology. After sandblasting 

treatment, the embedded SiC particles on the surface could cause micro-galvanic corrosion. 

This influence of the change of surface composition is, however, limited and is expected to 

vanish soon after immersion in solution. The rougher surface of sandblasted samples exposes 

more surface area to the immersion solution. This should be a key factor in the degradation 

process during the initial immersion period. Afterwards, the substrate is covered by 

degradation products, and the activity of the substrate is strongly influencing the degradation 
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process. In the case of bare iron, the flat interface leads to a good adhesion between the 

substrate and the degradation product layer, so that the degradation product layer can provide 

sufficient corrosion resistance to the substrate of bare iron. In addition, the flat surface is 

relatively inactive compared to sandblasted surface, which is illustrated by the 

electrochemical measurements. On the contrary, the degradation product layer on the 

sandblasted surfaces can only offer limited protection. Underneath the degradation product 

layer, cracks with the irregular shape offer access to the electrolyte and space to the 

propagation of degradation. In addition, the sandblasting treatment introduces a high 

dislocation density and high residual stress on the surface, these factors also increase the 

activity of the substrate. 

3.4. Evaluation of cytocompatibility 

The evaluation of relative cell behavior is a conventional test to estimate the biological safety 

of materials. Since the ferric ion from samples could bring significant effect to the WST-8 dye, 

an indirect contact method was employed in this work. Fig. 12 presents results of the WST-8 

assay, from which can be seen that the ratio of extraction media groups is slightly lower 

compared to the control group, and the statistically significant difference can be found 

between sandblasted samples and the control group.  

In the WST-8 assay, the formazan is generated from the cleavage of WST only by viable 

cells. Even though Fe is considered as an essential element for human body, it has been 

reported that the cell damage caused by different forms of Fe.40,41 Results from the WST-8 

assay shows difference between sandblasted samples and the control group. Nevertheless, all 

the ratio of extraction media groups is above 0.9, indicating the good cytocompatibility of 

extraction media and the limited cytotoxicity of degradation products. For the indirect contact 

assay, cells only interact with extraction media and the potential cytotoxicity could only be 
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derived from degradation products of materials. To further investigate the cytocompatibility 

of sandblasting surfaces, fluorescent images of cells on samples were taken. 

 

Fig. 12. The relative absorbance ratio of the bare iron, F320 sample, and F80 sample in WST 

assay (mean ± standard deviation) compared to the control group, and statistically significant 

difference is signed by *(P < 0.05). 

    Representative fluorescent images of stained human osteoblast-like cells (MG-63) after 48 

h culture are shown in Fig. 13. After 2 days of incubation, it can be seen that MG-63 cells 

proliferated and adhered over surfaces of all three samples. From these images, one can see 

that the spreading behavior of cells on all samples was inhibited. Some of the cells on all 

samples showed round-shape morphology and only some cells were connected with each 

other. No significant difference was found in cell counts on different samples and the range of 

average value is from 360 to 430 cells mm-2. Especially, for fluorescent images of sandblasted 

samples, some areas were out of focus because of the high roughness. 
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Fig. 13. Representative fluorescent images of stained human osteoblast-like cells (MG-63) 

after 48 h culture on (a) the bare iron, (b) F320 sample, and (c) F80 sample; (d) cell counting 

from fluorescent images after 48 h culture.  

The cytocompatibility of a given material is closely associated with the cells’ behavior on 

the surface of this material, which is directly responded to the substrate topography. 21,42  

Certain cell types show a preference for surface with different roughness.43 Studies on 

hydroxyapatite,44 titanium-based implants,45 and Fe-Pd based alloys46 showed that the 

adhesion and proliferation of osteoblasts, which is crucial for the osseointegration, are 

improved by the rough surface. It is also observed that osteoblastic cells prefer rougher 

surfaces, whereas smooth surfaces are better for the proliferation of fibroblasts cells on high-

purity aluminum sheets.21 

In this work, human osteoblast-like cells (MG-63) were studied on surfaces with two 

roughness types, which were fabricated by sandblasting treatment using F80 and F320 SiC 
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particles.  Results show a similar trend as the indirect contact assay (WST-8 assay). It can be 

confirmed from the morphology of cells that the activity of living cells on sandblasted 

surfaces is not influenced by the surface roughness for the investigated surfaces. MG-63 cells 

distribute well on sandblasted surfaces and show similar morphology as on the flat bare 

substrate. However, the round-shape morphology of cells on all samples indicates that the 

growth of cells is not in the ideal condition. Nevertheless, it is clear that no additional adverse 

effect on the cell behavior has been caused by the sandblasting treatment.  

The sandblasting treatment could be applied to both the iron-based coronary stent and the 

iron-based bone implant. For the coronary stent, restenosis and thrombosis are potential 

clinical issues and they could be influenced by the surface roughness. Therefore, in our future 

studies, investigation related to thrombosis should be accomplished and the cytotoxicity of the 

sandblasted sample should be further evaluated by endothelial cells. Finally, in vivo tests 

would be required to investigate biodegradation and tissue response in terms of the iron-based 

bone implant. 

4. Conclusions 

The corrosion behavior and biocompatibility of biodegradable pure iron treated by 

sandblasting were investigated. After the sandblasting treatment, the flat surface turns into a 

rough surface with cracks. Electrochemical tests reveal that sandblasted samples have low 

corrosion resistance in simulated body fluid, which becomes even more noteworthy in long-

term immersion tests: here formation of a highly protective corrosion product layer - as takes 

place on bare iron - is hindered. Weight loss measurement further confirmed that the 

degradation rate of sandblasted samples is significantly higher than that of the bare iron. This 

result could be attributed to the surface properties of sandblasted samples including the 

change of surface composition (for the early stage), high roughness, and the high dislocation 
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density (high residual stress). In cell cytocompatibility studies, both the indirect and direct 

contact methods demonstrate that sandblasting brings no adverse effect to the growth of 

human osteoblast-like cells (MG-63). Sandblasting hence is demonstrated to be an effective 

way to increase the degradation rate of pure iron without compromising the cytocompatibility. 

Therefore, sandblasting could serve as a suitable pretreatment for subsequent surface 

functionalization to further control the degradation behavior and biocompatibility of iron-

based implants.  
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