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Abstract— Alumina is a bioceramic material used in the biomedical area as implants and as drug delivery 

material; it is considered an inert material, presenting good mechanical properties. Drug delivery is the 

process of transporting and releasing drugs into the human body in a controlled manner. Due to its 

characteristics, alumina was chosen as a carrier, since it must have adequate porosity to store and release 

the drug when implanted or grafted. Starch was used as a sacrificial material to improve porosity in the 

sample. Alumina samples with 5% and 10% starch addition were compared to pure alumina in relation to 

its porosity and mechanical properties. X-ray diffraction test confirmed the presence of the corundum 

structure in the alumina. The tensile strength limit by diametral compression and Young's modulus of 

samples presented the same value, and approximately half of the value when compared to pure alumina. 

Regarding porosity, the scanning electron microscope was relevant to highlight the porosity and grain 

differences in the samples. The mercury porosimetry assay was performed to quantify the porosity 

percentage, which increased with starch content and decreased with increasing final sintering 

temperature. In general, increasing sintering temperature reduced drug release, and increased starch 

content increased drug release. Therefore, it can be concluded that the samples with 5% starch presented 

the highest drug release in the proposed analysis. 

Keywords— Alumina, Drug Delivery, Implants, Porosity. 

 

I. INTRODUCTION 

The area of biomaterials is an area in constant growth. 

New biomaterials are being developed, while existing ones 

are being improved on a daily basis, as well as their 

syntheses and production processes [1]. Some of these 

materials are used in implant components in the human 

body, with the aim of replacing diseased body parts. These 

materials must not produce toxic substances when in 

contact with the body and must be compatible with body 

tissues [2]. There are reports of alumina being used as 

biomaterial in several unsuccessful applications, until its 

use by Sami Sandhaus as a dental implant in the first half 

of the 1960’s [3]. Consisting of aluminum-oxygen 

bonding, commercial alumina is usually presented as α-

Al2O3, where the oxygen ions are organized in a compact 

hexagonal arrangement with the aluminum ions in two 

thirds of the octahedral places [4, 5]. Its mechanical 

properties and its minimum porosity directly depend on the 

purity of the alumina [4, 6]. For correct femoral implant 

function, the alumina sphere must present high mechanical 

resistance to replace the head of the femur.  Failure in this 

type of implant requires a relatively complex surgery. In 

this way, the implant laboratories focused on processes to 

obtain high purity alumina, materials presenting low 

porosity, in addition to the introduction of zirconia as a 

reinforcement material along with alumina in some 

applications [7, 8]. 
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However, for alumina to be used as an implant and drug 

carrier, it must have adequate resistance and present pores 

in its structure, respectively. For a femur implant, for 

example, the porosity process required for controlled 

release would be impracticable. However, a dedicated 

implant for an area that is not subjected to constant 

mechanical stress, such as cranial implants, may be 

feasible. Cranial implants do not undergo frequent 

mechanical stresses, impacts, or wear [9]. Therefore, the 

possibility of porosity is acceptable, and may even bring 

benefits to this type of application. Porous ceramics could 

allow the growth of connective or bone tissues in the 

implant [10]. 

The implanted materials must have mechanical properties 

and density as similar as possible to the replaced bone. 

Table 1 lists some materials that present such 

characteristics. In addition to the materials presented in 

Table 1, hydroxyapatite [9], titanium and several titanium 

alloys (Ti-6Al-4V, Ticp, Ti-15Zr, Ti-19.1Nb-8.8Zr, Ti-

41.2Nb-6.1Zr e Ti-25Hf-25Ta) [11] can also be used in 

bone growth treatments. Two relevant mechanical 

properties must be considered: the tensile strength limit 

(TSL), which considered the greatest stress that the 

material can achieve in a stress vs strain diagram, and the 

Young's Modulus (YM), which represents the elasticity of 

the material. YM is obtained by the coefficient between 

stress and strain at given points in the elastic region of the 

stress x strain diagram [10, 12, 13]. 

Pure alumina has low porosity when sintered. This results 

in excellent mechanical characteristics when compared to 

other materials (maximum resistance to 

abrasion/flexion/compression, Young's modulus, hardness, 

impact resistance). However, it restricts the absorption of 

actives, essential for controlled release. The inclusion of 

pores in alumina will provide the possibility of the 

absorption of a higher amount of actives and consequently, 

improve the controlled drug release process. 

The production of meso/macro porosity can be achieved 

with the addition of organic compounds in the ceramic. An 

example is the production of ceramic suspensions with 

starch particles, where starch acts as a gelling agent [14]. 

During heating in hot water, the starch passes its gelation 

point, where the rheological characteristics, such as 

viscosity, are drastically changed, precisely by passing 

from solid to gel [15]. After the inclusion of starch to the 

alumina, the mixture is sintered. The organic material is 

burned and released, forming pores in the alumina. 

For the purpose of carrying and controlled release of 

drugs, alumina can be used in the form of macroscopic 

implants, acting as a “sponge” [16]. Thus, the main 

purpose of this article is the development of porous 

alumina for drug carrying and be used as cranium implant. 

For this, the porosity and the mechanical properties of 

alumina must be taken into consideration, which are two 

types of antagonistic properties. 

 

II. MATERIAL AND METHODS 

Alumina was donated from Treibacher Schleifmittel Brasil 

Ltda. Starch was purchased from Alphatec. Bupivacaine 

Hydrochloride (BUP) was provided by Dr. Eneida de 

Paula from the Department of Biochemistry at University 

of Campinas (Unicamp).  

2.1 Preparation of samples  

Starch samples were mixed in hot water (90 ºC) under 

magnetic stirring until reaching the gelation process. The 

starch samples (5% and 10% by weight for alumina) were 

then slowly poured over alumina. The mixtures were 

placed in the jar mill (SOLAB SL 34) and mixed for 48 

hours at 150 rpm. After that, the material was left to dry at 

room temperature (without ventilation or kiln) for 

approximately one week. After drying, the material was 

ground in a mortar and pistil and sieved through a 53-µm 

sieve (Bronzinox - 270 Mesh). 

2.2 X-ray diffraction analysis 

Samples of pure alumina and alumina containing 5% 

and 10% starch were analyzed using X-ray diffraction. The 

analyses were performed on a D2 Phaser Bruker 

diffractometer. The X-ray diffractograms were obtained 

between 20º to 80° in 2θ with 0.03°/s steps and 0.2-mm 

slit. 

2.3 Thermal analysis 

Samples of pure alumina and alumina containing 5% and 

10% starch were submitted to thermogravimetric analysis 

(Shimadzu TGA-51H Thermogravimetric Analyzer). The 

samples were heated to 800 °C, with a heating rate of 10 

ºC/min and a flow of synthetic air carrier gas of 20 

mL/min. 

2.4 Sintering of samples 

Before sintering, the samples were pressed (SKAY 30-Ton 

uniaxial hydraulic press) with 2-ton pressure to produce 

the specimens in two different shapes (rectangular and 

cylindrical formats). The samples were then sintering in a 

Nabertherm LHT 02/17 LB Speed furnace according to the 

curve shown in Figure 1. 
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Fig. 1 – Sintering curve of the alumina sample. 

 

2.5 Dilatometry 

The samples were pressed and placed in a dilatometer 

(Netzsch DIL 402 dilatometer). The measurement was 

performed with the same sintering curve as shown in 

Figure 1 (1450 ºC and 1550 ºC) for samples of pure 

alumina, alumina with 5% starch and 10% starch. The 

sintering curve with temperature at 1650 ºC could not be 

performed due to the equipment operating at temperatures 

up to 1600 ºC. 

2.6 Scanning electron microscope 

Rectangular samples were broken and the fractured surface 

was analyzed at SEM FEI quanta 200. To allow responses 

from the microscope surface, the surfaces were sputtered 

with gold particles (sputtering/coating Bal-Tec SCD-050 

device). Only the rectangular samples were analyzed under 

magnifications of 42x, 600x, 2400x, 10000x, and 30000x.  
 

Table 1 – Bone properties and their possible implant 

substitutes (*Ti-6Al-4V alloy recovered - post-heat 

treatment). 

  Density 

(kg/m³) 

Tensile 

strength limit 

(MPa) 

Young's 

Module 

(GPa) 

Cranium (bone) 1728  92.72  8  

PEEK (implant) 1300  - 3.2  

HAP (pure) 2500  - 0.75  

HAP with bone 

(implant) 

2224  20.5  1.25  

Titanium (pure) 4510  240  103  

Titanium (alloys) - 900-1172 53-113  

Alumina (90-98% 

purity) 

3600-

3900  

104-551 275-380 

Adapted de [11, 9] 

2.7 Diametral compression 

The cylindrical samples were subjected to the diametrical 

compression test on a universal testing machine (Shijin 

WDW100E Testing Machine). The cylindrical samples 

were subjected to compression until fracturing. The stress 

(σ) is calculated considering the diameter (D) and 

thickness of the cylinder (h), in addition to the force (P) 

applied to the specimen (Equation 1) (Marion & 

Johnstone, 1975). 

                            Equation 1 

2.8 Mercury porosimetry 

Mercury porosimetry was performed only on rectangular 

samples using a Micromeritics AutoporeTM IV 

porosimeter. Mercury intrusion was performed from low 

(50 µmHg) to high pressure (4.45 psi). Each pressure point 

had a 300-second equilibrium time. 

 2.9 Bupivacaine absorption and release 

The drug absorption test was performed with the 

rectangular shape alumina specimens (previously weighed) 

from three different samples: pure alumina, alumina 5% 

starch, and alumina 10 % starch (all of them sintered). The 

specimens were immersed in 5-mL Bupivacaine 

hydrochloride (BUP) (3.00 mg/mL) for 24 h under 

agitation. After this period, the alumina samples were 

removed from the drug solution and weighed.  

For the absorbed BUP release study, the BUP/alumina 

specimens were immersed in 30-mL phosphate buffer 

solution, 7.4 pH (0.2 M). Buffer solution aliquots (2 mL) 

were removed at regular intervals: 0.5h; 1h; 2h, 3.5h; 5h; 

7.5h; 26.5h; 28h; 51h; 172h; 197h; 268h; 315h; 338h; and 

482h. The release tests for the different samples (pure 

alumina, alumina 5% starch, and alumina 10% starch) 

were performed in triplicates. The aliquots were analyzed 

in UVvis (Biochrom Libra) spectrophotometer to determine 

the BUP content released from the alumina. After analysis, 

samples were returned to the flask containing the 

phosphate buffer solution. 

A BUP calibration curve was performed in advance using 

standard solutions with concentrations ranging from 0.5 to 

3 mM (BUP absorption at 263 nm). 

  

III. RESULTS AND DISCUTIONS  

Alumina samples containing starch were prepared under 

the same conditions. The amount of starch used was 5% 

and 10%. Two specimen shapes were prepared: 

rectangular and cylindrical. Three sintering temperatures 

were used: 1450, 1550, and 1650 ºC. 
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X-ray diffraction analysis was performed to verify the 

phase of the acquired alumina, as well as any possible 

contamination. According to the RRUFF website, the 

alumina is used in the corundum phase (website catalog: 

R040096.2) (Figure 2) indicating that there is only the 

presence of the alumina phase. 

A pure starch sample was submitted to thermogravimetric 

analysis in order to define the starch degradation, as well 

as adjusting the sintering heating curve (Figure 3). Starch 

degradation occurs in 3 stages: up to 120 ºC water and 

other small molecules are lost; between 280 and 390 ºC 

series reactions occur, such as depolymerization (breaking 

of polysaccharide chains) and decomposition of 

amylopectin/amylase; and between 390 and 625 ºC 

carbonization reactions take place, which leads to the 

formation of amorphous carbon structures [17]. 

The sintering test was carried out with initial heating at a 

slow rate until reaching the temperature of 800 ºC for one 

hour (Figure 1) [18]. This slow heating (1 ºC/min) is 

intended to completely degrade the starch. The heating 

process from that point until reaching the temperature of 

1200 ºC was fast (5 ºC/min). 

 

Fig. 2 – X-ray diffractometry for pure alumina (without 

starch); 5% starch alumina; 10% starch alumina; and 

alumina reference. 

 

From 1200 ºC, the heating was moderate (3 ºC/min) until 

reaching the sample sintering temperature, where the 

temperature was maintained for two hours. The sintering 

process was carried out by varying the temperature from 

1450, 1550, and 1650 °C. In this case, it is assumed that 

these temperatures result in partial samples sintering and 

therefore, differences in alumina properties must also be 

presented. The samples were cooled in a controlled 

manner (10 ºC/min) up to 1000 ºC to avoid cracks in the 

alumina. 

 

Fig. 3 – Thermogravimetric analysis of pure starch in an 

oxidizing atmosphere 

 

The samples were then submitted to a dilatometry test, 

with the objective of verifying the contraction process of 

the samples during sintering. The analysis compares the 

contraction of samples in relation to their starch content 

and sintering temperature. The dilatometry analysis was 

performed reproducing the thermal ramps of 1450 ºC and 

1550ºC (Figure 4). 

Figure 4 shows an almost-constant expansion in the 

samples with the increase in temperature (obeying the 

increase in heating rate). The sintering temperature starts 

at approximately 900 ºC, with the process of contraction of 

samples. The samples burned at 1450 ºC presented less 

contraction than those burned at 1550 ºC, precisely 

because the sintering process is more effective at higher 

temperatures. 

Another important analysis is the influence of porosity in 

the shrinking process. The greater porosity interferes in the 

proximity between the particles, making the sintering 

process and consequent shrinkage difficult. Thus, it was 

expected that samples presenting 5% starch presented 

greater retraction than those with 10% starch content. 

However, at a temperature of 1450 ºC, an inversion in the 

results can be observed, that is, a greater retraction was 

observed in the 10% starch samples. This can be explained 

by the fact that at this temperature the sintering process is 

in the intermediate phase in which the amount of pores is 

still moving, and depending on the size, it influences the 

contraction, thus being an obstacle during the sintering 

process. At 1550 ºC, the temperature at the final sintering 

phase, the contraction was practically the same for all 

samples, regardless of the amount of pores in them. 

https://dx.doi.org/10.22161/ijaers.711.24
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Fig. 4 - Dilatometry performed on alumina samples. 

 

After the heat treatment, the samples were submitted to 

scanning electron microscopy (SEM) analysis to check the 

alumina porosity. It is possible to observe in the SEM 

images (Figure 5) that with the increase in the sintering 

temperature, the pure samples became more spherical and 

with rounded corners [19]. Besides that, the increase in 

sintering temperature induces a decrease in space between 

particles, an increase in particle size, and an apparent 

reduction in porosity and pore size. At 1650 ºC sintering 

temperature, there is little porosity, and thus, it would not 

be considered a temperature of interest to obtain pores. 

The difference in terms of porosity is not noticeable when 

comparing the starch percentages (5 and 10%) since they 

are relatively low content levels. Li et al. (2013) found 

noticeable results due to the use of samples showing a 

large variation (10 to 40%) of starch. 

 

Fig. 5 - SEM microphotograph of fracture surface of pure 

alumina; alumina starch (5 and 10%) at temperature 1450 

ºC, 1550 ºC, and 1650 ºC. 

The porosity index related to the starch percentage and 

sintering temperature was checked using mercury 

porosimetry test (Table 2). Regarding the sintering 

temperature, it can be observed that porosity decreased 

with the increase in sintering temperature. At the 

temperature of 1450 ºC, an increase in porosity could be 

observed in samples with an increase in the starch 

percentage. At the sintering temperature of 1550 ºC, a 

small decrease in porosity could be observed when 

compared to samples at the temperature of 1450 ºC. The 

highest value was observed for 10% starch samples at 

1550 ºC. At the sintering temperature of 1650 ºC, the 

sample without starch and with 10% starch presented 

similar porosity values. However, for the sample with 5% 

starch, a higher porosity index could be observed (Table 

2). All porosity values at 1650 ºC are lower than at other 

sintered temperatures, which corroborates with the concept 

that an increase in the sintering temperature decreases the 

porosity. 

The result of the three analysis (dilatometry, SEM, and 

porosimetry) related to the pore formation indicates low 

efficiency in the mixture between starch and alumina, and 

at 1650 ºC sintering temperatures the amount of starch 

used (5 and 10%) is not sufficient to form porosity. 

The development of sintered alumina with pores for drug 

delivery systems has been successfully carried out. The 

presence of pores may reduce the mechanical resistance of 

the material, and therefore, it is important to check its 

properties. Diametrical compression tests were performed 

(Table 3) with samples of pure alumina and alumina 

samples containing 5 and 10% starch at different sintering 

temperatures. 

Table 2 – Mercury porosimetry analysis for samples with 

rectangular shape. 

Samples Porosity (%) 

1450 ºC / 0 % starch 29.7752 

1450 ºC / 5 % starch 31.1073 

1450 ºC / 10 % starch 34.9708 

1550 ºC / 0 % starch 25.8941 

1550 ºC / 5 % starch 24.7535 

1550 ºC / 10 % starch 31.8249 

1650 ºC / 0 % starch 15.6107 

1650 ºC / 5 % starch 21.4169 

1650 ºC / 10 % starch 14.9683 

 

The tests were performed with 5 replicates for each sample 

to reduce the standard deviation and allow greater 

statistical validation of the values. It is important to 

emphasize that the elevated standard deviation can be 

explained due to the greater amount of pores, distribution 

defects, and small quantity of samples. 
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By analyzing the samples submitted to the 1650 ºC 

sintering temperature, it can be observed that the values 

regarding tensile strength limit and Young’s Modulus are 

much higher when compared with the samples with starch 

percentage (Table 3). However, the results at other 

sintering temperatures did not present significant variation 

when comparing the pure sample and starch samples. This 

indicates that at 1650 ºC the alumina is possibly near the 

final sintering phase. 

Table 3 – Diametrical compression test results. 

  Tensile strength limit 

(diametrical compression) 

(MPa) 

Total deformation (%) Young's modulus 

(approximate)(GPa) 

1450 ºC / 0 % starch 7.13 ± 2.65 0.66 ± 0.30 49.19 ± 4.19 

1450 ºC / 5 % starch 7.48 ±1.98 0.65 ± 0.51 71.67 ± 40.74 

1450 ºC / 10 % starch 6.37 ± 1.54 0.67 ± 0.86 54.75 ± 2.75 

1550 ºC / 0 % starch 20.18 ± 5.73 1.02 ± 0.43 134.01 ± 64.33 

1550 ºC / 5 % starch 18.24 ± 6.78 0.87 ± 0.13 133.86 ± 32.14 

1550 ºC / 10 % starch 17.73 ± 2.69 1.02 ± 0.20 119.05 ± 15.98 

1650 ºC / 0 % starch 69.30 ± 17.05 1.55 ± 0.27 278.20 ± 48.27 

1650 ºC / 5 % starch 32.82 ± 10.30 1.21 ± 0.56 151.74 ± 44.07 

1650 ºC / 10 % starch 33.95 ± 11.63 1.54 ± 0.20 1.14 ± 55.42 

 

When comparing the values obtained from literature 

regarding alumina (Table 1), it can be noted that the tensile 

strength limit for alumina samples sintered at 1650 ºC was 

below that found in literature. In addition to the use of an 

indirect method for obtaining the tensile strength, which 

can influence the values, the study used one of the simplest 

pressing/burning methods. Young's modulus was close to 

that found in the literature for alumina with 90% purity at 

temperature 1650 ºC. 

When compared to the value of Young's modulus for the 

cranial bone present in Table 1, the Young's modulus value 

for the analyzed samples was much higher, which 

indicates greater rigidity. In relation to the titanium alloys, 

the values for Young's modulus at 1450 ºC are close, while 

those burning at 1550 ºC and 1650ºC exceeded the limits. 

Regarding the tensile strength limit, for samples burning at 

1450 ºC, the values were close to those of HAP with bone 

sample. Samples burning at 1550 ºC and 1650 ºC exceeded 

the value obtained for HAP with bone, but did not reach 

the bone tensile strength limit, and are much lower than 

the limit value for pure titanium (and in the case of 

titanium alloys, this value can be 5-fold greater than the 

tensile strength limit for pure titanium). 

The tensile strength limit is a property that must be 

improved in these samples. The polymers and metals 

currently used have a high tensile strength limit, and the 

bone itself has a higher tensile strength limit than the 

analyzed samples. However, HAP with bone, which is 

currently used in implants, presents a lower tensile 

strength limit than most tested samples, and thus, porous 

alumina can be considered a possible alternative for use in 

cranial implants, considering the strength limit traction. 

3.1 Bupivacaine absorption and release test 

The absorption and release of BUP in the alumina was 

measured through the determination of the maximum 

absorbance wavelengths of BUP in the UVvis (λ = 263 nm), 

and a calibration curve for the BUP concentration ranging 

from 0.5 to 3.5 mM produced a regression equation (r2 = 

0.9844):  

y =2.305x-0.0654                             Equation 2 

In the drug absorption assay, the alumina was immersed in 

a BUP solution for a period of 24 h. The alumina sample 

was weighed before and after immersion in the BUP 

solution (Table 4). Table 4 indicates that the increase in 

the sintering temperature resulted in a lower absorption of 

the BUP. This can be explained by the decrease in porosity 

with the increase in the sintering temperature. Regarding 

the starch content at temperatures of 1450 ºC and 1550 ºC, 

it could be observed that samples of pure alumina (0% 

starch) showed less absorption due to their lower porosity. 

Regarding the temperature of 1550 ºC, the absorption 

values were relatively similar, but higher than that of pure 

alumina and below those for 1450 ºC. This drug absorption 

equality indicates that the porosity reached for alumina 

with 5% starch and 10% starch did not differ, despite 

doubling the amount of starch.  
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For the BUP release test, the alumina samples containing 

BUP were immersed in 30-mL phosphate buffer solution 

under constant agitation. Aliquots were removed at 

specific times and analyzed under UVvis. The aliquots were 

returned to the release test reaction medium. It was 

assumed that the maximum concentration of BUP 

absorbed by alumina was estimated as the final BUP 

concentration of the absorbed solution minus the initial 

BUP concentration of the solution in the absorption test. 

The results were compared in percentage terms in relation 

to its maximum BUP concentration value. 

Figure 6 presents the results of the release tests as a 

percentage of BUP released in relation to time. A similar 

release profile could be observed for all samples, with the 

highest release intensity in the first 100 h. Low release 

rates were also observed at a temperature of 1650 °C.  

These results can be explained by the low BUP 

concentration absorption at high sintering temperatures 

(1650 ° C) due to the low level of porosity. 

The BUP release from alumina samples with 10% starch 

showed the highest release values for the sample sintered 

at 1450 ºC, followed by the ones sintering at 1550 ºC and 

1650 ºC, respectively. These results are expected due to 

the greater amount of starch used to form the pores and the 

greater number of pores at 1450 °C (approximately 80% 

release). At 1550 °C, the release value was approximately 

60%. 

Table 4 - Sample absorption (water and BUP) in alumina 

in relation to sample weight. 

1450 ºC / 0 % starch 11.00% 

1450 ºC / 5 % starch 15.84% 

1450 ºC / 10 % starch 15.84% 

1550 ºC / 0 % starch 11.22% 

1550 ºC / 5 % starch 12.40% 

1550 ºC / 10 % starch 12.25% 

1650 ºC / 0 % starch 3.05% 

1650 ºC / 5 % starch 5.53% 

1650 ºC / 10 % starch 7.47% 

 

In general, when comparing the samples in the three 

different sintering temperatures, it can be concluded that at 

1450 ºC more drugs were released, followed by 1550, and 

finally 1650 ºC. Regarding the starch contents, the release 

increased for samples with 10% starch due to the greater 

formation of pores and greater absorption of BUP. 

An exception was a sample of pure alumina sintered at 

1450 ºC, which showed greater release when compared to 

the sample with 5% starch. This may be due to the high 

surface porosity on the pure alumina due to processing. 

 

IV. CONCLUSIONS 

It was possible to prepare the samples with 5 and 10% 

starch, as expected. However, the amount of starch 

released during sintering was lower than the initially 

added, as shown in the thermogravimetry tests, indicating 

that it is likely that the starch was not fully distributed 

during incorporation into the alumina, or that the 

distribution of starch in the alumina was not homogeneous 

due to the use of uncontrolled drying. 

 

 

 

Fig. 6 - Percentage of BUP release as a function of time 

(hours). A) sintering temperature of 1450 ºC; B) sintering 

temperature of 1550 ºC; and C) sintering temperature of 

1650 ºC. 

 

Scanning electron microscopy determined the particle 

morphology of the samples in addition to observing the 

differences in porosity in the samples. 

A 

B 

C 
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As for dilatometry, it was possible to observe that the 

samples sintered at 1550 ºC presented greater contraction 

than those sintered at 1450 ºC, thus resulting in greater 

porosity at lower temperatures. It was also possible to 

observe that the starch content did not influence the 

temperature at the beginning of sintering. 

It was possible to verify that the loss of mechanical 

properties occurs at temperatures of 1450 and 1550 °C for 

all samples, possibly due to the complete sintering of the 

samples rather than the incorporation of starch. At a 

temperature of 1650 °C, it is possible to notice that the 

porosity generated by the starch reduces the mechanical 

properties in almost 50%. However, both samples with 

starch contents presented similar properties. This means 

that possibly the influence of the addition of a greater 

amount of starch did not impair the mechanical properties. 

Nevertheless, further studies must be developed in order to 

confirm this behavior at higher starch levels. 

Regarding the porosity analyzed by the mercury 

porosimetry, it can be inferred that a decrease in porosity 

could be observed with the increase in sintering 

temperature. Considering the temperature of 1450 ºC, the 

increase in the starch content resulted in an increase in 

porosity. However, at the sintering temperatures of 1550 

ºC and 1650 ºC, the same could not be observed, that is, 

the variation in the percentage of starch may have been 

different from the expected and with the increase in the 

sintering temperature, a reduction in porosity was 

observed. 

The weighing of the samples before and after immersion 

allowed to infer which samples presented greater 

absorption of the diluted drug in relation to their initial 

mass. It was noted that the increase in the sintering 

temperature in samples with the same starch content 

resulted in a decrease in the absorbed percentage. The 

absorption percentages were lower for samples of pure 

alumina and equivalent for samples containing 5 and 10% 

starch. 

Regarding controlled release, considering the released 

concentrations between the two samples with starch, 

samples with 10% starch were the ones presenting the 

greatest release of drugs. Considering the three sintering 

temperatures, the samples with the lowest sintering 

temperature (1450 ºC) were the ones that released most 

drugs due to their higher porosity. 

The addition of pores in the alumina resulted in a greater 

controlled release, but a decrease in the mechanical 

properties. The samples sintered at 1550 ºC were the ones 

that released most drugs in relation to the initially 

absorbed amount. At this temperature, some of its 

mechanical properties are compared to that of PAH, which 

is frequently used for this type of implant. However, since 

it was the first formulation of the samples, future changes 

in the process for obtaining the samples can be made, 

which could result in samples with greater mechanical 

strength than the current ones. For the results obtained in 

this study, the samples with 5 and 10% of starch sintered at 

1550 ºC could be chosen for use in this type of application. 

 

ACKNOWLEDGEMENTS 

The authors would like to thank the Labmult laboratory at 

the Technological Federal University of Paraná, in 

Londrina, PR, for using their facilities. The authors would 

also like to thank the Laboratory of Spectroscopy at the 

State University of Londrina. 

 

REFERENCES 

[1] Kowalski PS,  Bhattacharya C, Afewerki S, Kowalski RL 

(2011) Smart Biomaterials: Recent Advances and Future 

Directions. ACS Biomater-Sci Eng 4:3809–3817. Doi: 

10.1021/acsbiomaterials.8b00889 

[2] Matassi F, Nistri L, Paez DC, Innocenti M (2011) New 

biomaterials for bone regeneration. Clin Cases Miner Bone 

Metab 8:21–24. 

[3] Curd P, Bollen ML, Al-Masri M (2020) Zirconium-dioxide 

as preferred material for dental implants A narrative 

review: Part I. Ceram Implan 04:20–22. 

[4] Auerkari P (1996) Mechanical and physical properties of 

engineering alumina ceramics. VT T Manufacturing 

Technology. 

[5] Zaraska L, Stępniowski WJ, Ciepiela E, Sulka GD (2013) 

The effect of anodizing temperature on structural features 

and hexagonal arrangement of nanopores in alumina 

synthesized by two-step anodizing in oxalic acid. Thin 

Solid Films 534:155–161. Doi 10.1016/j.tsf.2013.02.056. 

[6] Qin W, Peng C, Lv M, Wu J (2014) Preparation and 

properties of high-purity porous alumina support at low 

sintering temperature. Ceram Int 40:13741–13746. Doi: 

10.1016/j.ceramint.2014.05.044 

[7] Ruys A (2018) Alumina Ceramics: Biomedical and Clinical 

Applications. Woodhead Publishing. United Kingdon. 

[8] Sequeira S, Fernandes M. H, Neves N, Almeida MM 

(2017) Development and characterization of zirconia–

alumina composites for orthopedic implants. Ceram Int 

43:693–703. Doi: 10.1016/j.ceramint.2016.09.216 

[9] Garcia-Gonzalez D, Jayamohan J, Sotiropoulos SN, Yoon 

SH, Cook J, Siviour CR, Arias A, Jérusalem A (2017) On 

the mechanical behaviour of PEEK and HA cranial 

implants under impact loading. J Mech Behav Biomed 

69:342–354. Doi: 10.1016/j.jmbbm.2017.01.012 

[10] Gopakumar, S. (2004) RP in medicine: A case study in 

cranial reconstructive surgery. Rapid Prototyping Journal, 

10(3), 207–211. 

https://dx.doi.org/10.22161/ijaers.711.24
http://www.ijaers.com/
https://doi.org/10.1021/acsbiomaterials.8b00889
http://dx.doi.org/10.1016/j.tsf.2013.02.056
https://books.google.com.br/url?id=Ygx0DwAAQBAJ&pg=PP1&q=https://www.elsevier.com/books-and-journals&clientid=ca-print-otter_B2DUJD1&linkid=1&usg=AFQjCNHYlK5hwOmyNVNuBJOHZDgwIqcfMA&source=gbs_pub_info_r
https://doi.org/10.1016/j.ceramint.2016.09.216


International Journal of Advanced Engineering Research and Science (IJAERS)                               [Vol-7, Issue-11, Nov- 2020] 

https://dx.doi.org/10.22161/ijaers.711.24                                                                                ISSN: 2349-6495(P) | 2456-1908(O) 

www.ijaers.com                                                                                                                                                                            Page | 209  

https://doi.org/10.1108/13552540410539030 

[11] Brizuela A, Herrero-Climent M, Rios-Carrasco E, Rios-

Santos JV, Pérez RA, Manero JM, Mur JG (2019) 

Influence of the elastic modulus on the osseointegration of 

dental implants. Materials 12:1–7. Doi: 

10.3390/ma12060980 

[12] Chafi MS, Karami G, Ziejewski M (2010) Biomechanical 

assessment of brain dynamic responses due to blast 

pressure waves. Ann Biomed Eng 38:490-504. D0i: 

10.1007/s10439-009-9813-z  

[13] Takhounts EG, Ridella AS, Hasija V, Tannous RE, 

Campbell JQ, Malone D, Danelson K, Stitzel J, Rowson S, 

Duma S (2008) Investigation of traumatic brain injuries 

using the next generation of simulated injury monitor 

(SIMon) finite element head model. Stapp Car Crash J 

52:1-31.  

[14] Banno T, Yamada Y, Nagae H (2009) Fabrication of 

porous alumina ceramics by simultaneous thermal gas 

generating and thermal slurry solidification. J Ceram Soc 

Japan 177:713–716. Doi:   10.2109/jcersj2.117.713 

[15] Sarka E, Dvoraek V (2007) New processing and 

applications of waxy starch (a review) J Food Eng 206:77-

87. Doi: 10.1016/j.jfoodeng.2017.03.006 

[16] Manahil Ali M, Mujtaba-ul-Hassan S, Ahmad J, Khurshid 

A, Shahzad F, Iqbal Z, Mehmood M, Waheed F (2019) 

Fabrication of PEGylated Porous Alumina Whiskers 

(PAW) for drug delivery applications. Materials Lett 

241:23–26.  Doi: 10.1016/j.matlet.2019.01.044 

[17] Jankovc B (2013) Thermal characterization and detailed 

kinetic analysis of Cassava starch thermo-oxidative 

degradation. Carbohydr Polym 95:621–629. Doi: 

10.1016/j.carbpol.2013.03.038  

[18] Almeida FA, Botelho EC, Melo FC, Campos TMB, Thim J 

(2009) Influence of cassava starch content and sintering 

temperature on the alumina consolidation technique. J. Eur. 

Ceram. Soc 29:1587–1594. Doi: 

10.1016/j.jeurceramsoc.2008.10.006 

[19] Peelen JGJ (1977) Alumina: sintering and optical 

properties. Eindhoven: Technische Hogeschool Eindhoven. 

Doi: 10.6100/IR4212 

 

https://dx.doi.org/10.22161/ijaers.711.24
http://www.ijaers.com/
https://doi.org/10.3390/ma12060980
https://doi.org/10.3390/ma12060980
https://doi.org/10.1007/s10439-009-9813-z
https://doi.org/10.1007/s10439-009-9813-z
https://doi.org/10.1007/s10439-009-9813-z
https://doi.org/10.1007/s10439-009-9813-z
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.2109%2Fjcersj2.117.713?_sg%5B0%5D=Z6mDiGQYKGR_a8qIrHpusKdjSbMYmk387y6Os8MfT6CsWjXuToBqKEZ-9ZT6pFYadMS5-cMLxINLGRNxzmUpCE-OQw.w87Ii13xhJbSOJIPTqAl43GIUc4aDlcFQLijItJVurM0rsUso5ruecxgpFw03sRjtAeOBdbmzQmePHyMCf-ueg
https://doi.org/10.1016/j.carbpol.2013.03.038
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.jeurceramsoc.2008.10.006?_sg%5B0%5D=c7mA8AjP-VI_VC9Ii5j7uEcYp0NijPgIj7r2KuhcgE_lGD4zkOVN-SASYC_Gq6u3Rvj5-dUkpZk2jmxphAYf17BEPQ.5ucs1rV3XuV3DO9vPjQ7m9gg-h5H5xcIPonpU7hcyHz8_wM_jhdiNgK8IkzuHiPvS94_JPkZVNqpQvAMOjBT1w

