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ABSTRACT 
 
Brachytherapy is an advanced cancer treatment where radioactive seeds or sources are placed near or directly 
into the tumor thus reducing the radiation exposure in the surrounding healthy tissues. Prostate cancer can be 
treated with interstitial brachytherapy in initial stage of the disease in which tiny radioactive seeds with 
cylindrical geometry are used. Several kinds of seeds have been developed in order to obtain a better dose 
distribution around them and with a lower cost manufacturing. These seeds consist of an encapsulation, a 
radionuclide carrier, and X-ray marker. Among the materials that have potential for innovation in the 
construction of seeds, biocompatible resins appear as an important option. In this paper, we present some 
characterization results with Fourier transform infrared spectroscopic (FTIR) and ultraviolet-visible 
spectroscopy (UV-vis) performed on two types of resins in which curing temperatures for each one were varied 
as also the results of coatings with these resins under titanium substrates. Interactions of these resins in contact 
with the simulated body fluid (SBF) were evaluated by atomic force microscopy (AFM), scanning electron 
microscopy (SEM), and energy dispersive X-ray spectroscopy (EDS). 
 
 

1. INTRODUCTION 
 
Polymers alone or combined in the form of compounds represent an important class of 
biomaterials for various applications in healthcare where they have been widely used in 
clinical applications for diagnostic or therapeutic use [1,2]. In this context, epoxy resins are 
the most important classes of thermosetting polymers with important features like high tensile 
strength, easy processing, high chemical stability, good adhesion, good dimensional stability, 
etc. that ensure their wide applications. 
 
One way to therapeutic use of epoxy resins can be in brachytherapy, where radioactive 
sources are placed inside or next to the area under treatment minimizing in this manner the 
dose to adjacent healthy tissues [3,4]. These sources are commonly used in the treatment of 
prostate cancers and breast cancer and also in cases of cancers of the eye such as 
retinoblastoma and ocular melanoma [5,6]. 
 
In the case of brachytherapy with permanent implants the materials are directly contacted 
with body fluids thus they must have biocompatibility. Moreover, depending on their 
applications some important characteristics are needed, such as strength, flexibility, hardness, 
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non-toxicity, biodegradability, etc. The acceptability of the polymer by the body is 
determined by the possibility of interactions with the molecules of the organism itself. 
 
Tiny radioactive seeds with cylindrical geometry are used in permanent implants with low-
energy gamma rays as iodine-125 [3,7]. Usually the seed consists of a titanium tube as 
encapsulation material, a radionuclide carrier obtained with polymeric, ceramic or composite 
material and an x-ray marker consisting of silver, gold etc. dispersed into polymeric, ceramic, 
composite material or in form of wire, sphere or rod.  
 
In this paper, we present some characterization results with Fourier transform infrared 
spectroscopic (FTIR) and ultraviolet-visible spectroscopy (UV-vis) performed on two types 
of resins in which curing temperatures for each one were varied as also the results of coatings 
with these resins under titanium substrates. Interactions of these resins in contact with the 
simulated body fluid (SBF) were evaluated by atomic force microscopy (AFM) scanning 
electron microscopy (SEM), and energy dispersive X-ray spectroscopy (EDS). 
 
 

2. MATERIALS AND METHODS 
 
Two kinds of biocompatible epoxy resins having different chemical structures, referred as 
EPO-01 and EPO-02, were investigated. The epoxy resins and respective hardeners were 
mixed together in a 10-ml flask for five minutes and then the resulting homogeneous 
solutions were poured into molds and degassed in vacuum for ten minutes. Then the samples 
were heated at 50°, 60° and 100°C for more ten minutes to obtain cured samples.  
 
For in vitro investigation, the epoxy samples were immersed in SBF solution, which was 
prepared at concentrations equal or close to blood plasma [8]. The following reagents were 
dissolved into deionized water in this order: NaCl (8.035g), NaHCO3 (0.355g), KCl (0.225g), 
K2HPO4.3H2O (0.231g), MgCl2.6H2O (0.311g), 1M HCl (39 mL), CaCl2 (0.292g), and 
Na2SO4 (0.072g). Each reagent was dissolved only after the preceding one was completely 
dissolved. Then the reagent TRIS (tris-hydroxymethyl aminomethane, (HOCH2)3CNH2) was 
dissolved into the solution until the pH reached 7.25. Deionized water was then added into 
the solution until it reached a total volume of 1000 mL. 
 
The SBF-test samples were cut in rectangular form with dimensions of 1.5 x 1.0 mm. After 
that, they were ultrasonically cleaned in the distilled water for 10 min and then they were 
immersed in the SBF solution for 7, 14, 30 and 60 days, under temperature of 36.5oC and 
stirring at 70 rpm. After reaching the predetermined time, the samples were washed with 
deionized water and dried at room temperature. All tests were performed in duplicates. To 
maintain a constant ion concentration, SBF was exchanged every 7 days. The epoxy samples 
were designated as EPO-1 and EPO-2 followed by a numerical suffix corresponding to 
immersion time in SBF solution.  
 
Commercially available pure titanium (Ti) plates (Goodfellow, 1 mm thick) were used as 
substrate of the epoxy coating to verify the adhesive potential of the resins EPO-01 and EPO-
02. The Ti plates were prepared metallographically until final polishing with 1µm diamond 
paste and some Ti plates were kept as received. All the plates were washed with distilled 
water and cleaned in ultrasonic ethanol immersion for 10 min. The cleaned plates were dried 
for 24h at room temperature.  
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Mixtures of each type of resin were applied on Ti substrates and these were partially coated 
with a thin layer on these substrates. Then the coated substrates were cured for 24h at room 
temperature and at 60°C for 30 minutes. The adherence of the coating on titanium substrates 
was evaluated qualitatively through conventional adhesive tape test. Thus, the adhesive tape 
was placed over the coating and pulled out. By visual inspection it was observed if the 
coating was removed. 
 
FTIR with ATR accessory- FTIR-ATR (Thermo Scientific, Nicolet 6700), UV-Vis (Shimadzu, 
UV-2401PC) were performed on cured resins. DSC analysis (TA Instruments, Q20) was also 
performed on cured resins under in nitrogen gas flowing atmosphere at the heating rate of   
10 °C/min in the temperature range of 25 to 200°C.  
 
The investigation of precipitates on resins surfaces was realized by EDS (Thermo Electron 
Corporation, Noran System Six) connected to an SEM (JEOL, JSM-5310). The presence of 
precipitates was also investigated by AFM (NTegra Aura, NT-MDT). AFM images were 
acquired in semi-contact mode with a sharpened gold-coated silicon tip (NSG 01) with a 
spring constant of 2.5–10 N/m and using a nominal resonance frequency between 110 and 
200 kHz. The scanning area for the measurements was 15 x 15 μm. The AFM images were 
characterized by 2nd order extraction filter (Image Analysis 2.1.2 software). The three-
dimensional surface roughness parameter (Sa) was measured for each resin in function of 
soaking time on SBF solution. This parameter is the arithmetic mean of the absolute values of 
the surface departures above and below the mean plane within the sampling area  
 
 

3. RESULTS AND DISCUSSION 
 
Concerning the cure of the resins, the resin EPO-01 showed cure at 60 °C after 30 minutes 
while the surface of the resin EPO-02 remained liquid even after one hour under the same 
temperature. 
 
Figures 1 and 2 show the FTIR results for different cure temperatures of the resins. The bands 
indicate that no significant chemical changes occurred to the resins cured at different 
temperatures. 
 
UV-vis spectra are presented in Figures 3 and 4 for each resin cured in different temperatures. 
A small shift towards shorter wavelength observed for both resins (60 oC for EPO-01; 100 oC 
for EPO-02). 
 
It was observed from the DSC thermograms (not shown here) of the resins cured in the range 
of room temperature to 180 °C that the glass transition temperatures (Tg) remained constant 
in ca. 64 °C and ca. 60 °C for the resins EPO-01 and EPO-02, respectively.  
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Figure 1. FTIR spectra of EPO-01 resin cured at 
different temperatures. 

 
 
 
 
 

 
 

Figure 2. FTIR spectra of EPO-02 resin cured at 
different temperatures. 
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Figure 3. Spectra UV-Vis of EPO-01 resin cured at 
different temperatures. 

 
 
 

 
 

Figure 4. Spectra UV-Vis of EPO-02 resin cured at 
different temperatures. 
 
 

The resins’ surface morphology after soaking in SBF solution was examined by SEM. The 
samples were coated with gold before the analysis. Precipitates were observed on the surfaces 
of the resins that were differentiated by atomic contrast in the backscattered electron images. 
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These precipitates appear as white clusters (Figure 5). The EDS analysis identified calcium as 
the main element present in the precipitates. Figure 6 shows the maximum calcium content 
found in the precipitate on the resins EPO-01 and EPO-02 in function of immersion time in 
SBF solution. Higher weight% of calcium was observed in the cluster precipitates of EPO-02 
samples after 15 days of SBF immersion, in comparison to EPO-01 samples. 
 
 
 

     
EPO-01-30d                                                   EPO-02-30d 

Figure 5. SEM micrograph showing Ca precipitates in 
resins after 30 days immersed in SBF solution. 

 
 
 

 
Figure 6. Evolution of Ca content in the larger 
precipitates versus soaking time in SBF solution. 

 
 
 
The AFM probe was applied over randomly selected areas in the resins EPO-01 and EPO-02. 
The images results are showed in Figure 7 (EPO-01) and Figure 8 (EPO-02). It can be 
observed that the precipitates begin to form and increase gradually as the soaking time in 
SBF solution increases. However, the precipitates did not cover the whole resins surfaces 
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until 60 days. The precipitates appear more spread in the EPO-01 resin and more voluminous 
in EPO-02 resin. These results are corroborated with SEM and AFM results, where greater 
calcium content was observed in precipitates of EPO-02 samples. The three-dimensional 
surface roughness parameter (Sa) was higher for this resin (195 nm) compared with EPO-01 
(53 nm) for the same analyzed area. 
 
Visual examination after tape test on titanium-coated substrates showed that both resins have 
good adherence in titanium substrate of the material as received and as polished because the 
coating was not pulled out by the tape when it was removed and no defects was observed on 
the coating after the tape test. 
 
 
 

 
       0 d                                     7 d 
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Figure 7. AFM 3D topography of resin EPO-01. 
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Figure 8. AFM 3D topography of resin EPO-02. 

 
 
 

4. CONCLUSIONS  
 
For preliminary investigations of chemical changes by FTIR and UV-vis techniques, it was 
observed that no significant changes occurred with the resins for different cure temperatures. 
Relevant changes were not detectable by FTIR and UV-Vis spectroscopy and thus further 
investigations are necessary. 
 
The larger precipitates richer in calcium were found in EPO-02 resin after immersion in SBF 
solutions for 60 days. Both resins have shown good adherence in titanium substrate of the 
material as received and after polishing with diamond paste. The epoxies investigated here 
seem to be a good alternative as material for brachytherapy medical device since they have a 
cure time easily attainable, a good stability with respect to temperature until 180 °C and good 
adhesion on titanium substrates. 
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