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SUMMARY 

Objective: To evaluate the production of porous α-Al2O3 by slip casting method and to investigate the cytotoxicity by 

MTT and Agar diffusion tests as well as SEM microstructural evaluation. 

Method: Ceramic process route includes slip casting for porous osteoconductive α-Al2O3 production. For examination of 

morphology, SEM was employed. To evaluate the cytotoxicity, MTT and Agar diffusion tests were conducted. 

Results: The conducted tests have given very close results to positive control groups which mean that the product α-

Al2O3 is a very good candidate for bone replacement and osteoconductivity. 

Conclusions: The porous α-Al2O3 production was succeeded and the cytotoxicity tests have been approved that this 

material can be a good candidate for replacement. 
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ÖZET 

Amaç: α-Al2O3’nın alçı kalıba döküm yöntemiyle gözenekli olarak üretilebilirliğinin değerlendirilmesi, MTT ve Agar 

difüzyon testleriyle sitotoksisitesinin ve SEM ile de mikroyapısal incelemesinin yapılması. 

Yöntem: Gözenekli ve doku büyüyebilir α-Al2O3 üretimi için alçı kalıba döküm yöntemi kullanılmıştır. Morfolojik analiz 

için SEM kullanılmıştır. Sitotoksisite için MTT canlılık testi ve Agar difüzyon testi kullanılmıştır.  

Bulgular: Yapılan testler, α-Al2O3’nın positif kontrol grubuna yakın canlılık değerleri verdiğini göstermiştir. Bu da 

aluminanın kemik ile yer değiştirebilir bir aday malzeme olabileceğini göstermektedir.  

Sonuç: Gözenekli alumina üretimi başarılı olmuştur. Özellikle sitotoksisite testleri göstermiştir ki alumina kemikle yer 

değiştirebilir çok önemli ve uygun bir adaydır. 

Anahtar sözcükler: α-Al2O3, gözenekli seramikler, SEM, sitotoksisite. 

 

INTRODUCTION 

The human health and comfort is the most 

important factor affecting stable daily life and 

human effort, so there are currently widespread 

interests in porous ceramics for body part’s 

regeneration or implantation owing to their specific 

properties, such as low bulk density, low specific 

heat, low thermal conductivity and high specific 

surface area (Carn 2004; Sepulveda 1997; 

Colombo 2003; Liu 1998; Mear 2007; Zou 2005; 

Zampieri 2004). Orthopedic surgery and even 

dental surgery is in need for more strong and 

resistant materials as well as having better 

osteoconductive characteristics. The ceramics are 

the most common materials for improving 





136 
 

mechanical strength of the accompanying tissue 

and they are also compatible with body that is 

similar to bone. Bioceramic materials have 

attracted a great deal of interest to human comfort 

for numerous applications by scientists, physicians 

and engineers for the last four decades. In general, 

bioceramic materials are classified into three broad 

categories that include bioinert (such as alumina, 

zirconia) (Ghaemi et al, 2017; Sequeira, 2017), 

bioresorbable (such as tricalcium phosphate, TCP) 

(Sarkar et al, 2015) and bioactive (such as HAp 

bioactive glasses, glass-ceramics) (Lizzi, et al, 

2017). A bioinert material is nontoxic whereas a 

bioactive material is one that elicits a specific 

biological response at the interface of the 

biological part and the material, which results in 

the formation of a bond between and tissues and the 

material (Ashiku 1997; Gross 1988; Li, 2016). 

Alumina can be sintered to a high density when 

small amounts of MgO are added. It is thought that 

the MgO is segregated to the grain boundaries and 

inhibits grain growth (Jorgensen 1964; Brook 

1969), either by second-phase pinning (Jorgansen 

1967) or by a solid-solution-impurity drag 

mechanism (Brook 1968). In the present 

investigation, sintering and production of MgO-

doped porous alumina has been studied.  This study 

is expected to have high impact among the studies 

of same type by giving the cell and cytotoxicity 

information and the overall characterization of the 

product at once. Porous α-Al2O3 – MgO ceramics 

through a powder metallurgical technique were 

synthesized and the cytotoxicity of ceramics were 

evaluated by MTT test. The cell viability, 

cytotoxicity, and cell distribution on surface were 

evaluated by SEM. 

 

MATERIAL AND METHODS 

In this study, the most common used ceramic 

implant material examined is high-purity α-Al2O3 - 

0.5 wt. % MgO. High-purity Al2O3 and MgO 

powders were supplied by Alumina Refinery.  The 

raw materials were weighed in weight proportion 

and ball milled with ethanol for 6 days using 

zirconia balls at 250 r.p.m. The Al2O3- MgO 

ceramic slurry mixture was well homogenized with 

1 mol% Darvan ® 821A was added as a binder to 

ultra-fine powder (≤ 1 µm) to give sufficient 

strength to the green compact. Darvan ® 821A is a 

highly effective dispersing agent used to lower the 

viscosity of particulate slurries and to inhibit the 

settling of particulate solids. Mixture was dried 

overnight at 80 °C and then dried and shifted 

through a 38 µm sieve for granulation. The 

powders were pressed hydrostatically at 200 MPa 

and the green density of each pellet was maintained 

at 60 % of theoretical density. The isothermal 

sintering was carried out at 1400°C for 2-4-6h. in 

static air in a closed alumina crucible and cooled to 

room temperature (5 ◦C/min).   

The following techniques were employed to 

characterize the produced sintered α-Al2O3 – MgO 

ceramics. The relative density, open porosity and 

water absorption of the sintered materials were 

determined using Archimedes’ method, as 

specified by European Standard EN 99 (ISO 

10545-3, 1991) (Acchar 2008). The vacuum 

method (ISO 10545-3) was used in the laboratory 

to determine water absorption with greater 

precision. The vacuum method allows all open 

pores to be filled and the vacuum process was 

conducted in a chamber in which the air pressure 

was lowered to a value of 10-3 mbar and held at that 

value for 30 minutes. The crystal structure of the 

samples was determined from X-ray diffraction 

(XRD) data. An X-ray Diffractometer (Rigaku 

D/MAX/2200/PC) with a monochromatic Cu-Kα 

radiation (λ= 1.5408 Å) was used over a 2θ angle 

from 20° to 80° to characterize the crystal structure 

of the sintered compacts. The surface-fracture 

morphology and analysis of the ceramics was 

examined by using a scanning electron microscope 

(FEG-SEM, MIRA3 XMU, Brno, CZ). The cell 

viability tests and cytotoxicity was evaluated by 

MTT test. 
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RESULTS AND DISCUSSION 

3.1. Physical Properties and Densification 

 

Figure 1a, 1b presents the relative density versus 

open porosity and water absorption in samples 

sintered at 1400°C for 2-4-6 h. Values were 

determined according to equation (1)  

The foregoing formulas contain the following 

magnitudes, all expressed in grams (g):  

                                                                                             

                                                                                    

(1)                                                                                                                                                                                                                                                                               

 

m1: mass of the dry sample    

m2v: mass of the sample impregnated with water 

after the vacuum process and weighing, also under  

vacuum. 

 

 

Figure 1. (a) Variations in relative density - open porosity and (b) water absorption in α-Al2O3 – MgO ceramics 

sintered at different sintering time produced by powder metallurgy technique. 

 

In this study, the relative densities of sintered α-

Al2O3 – MgO ceramics produced by powder 

metallurgy technique were found as % 80.9 at 

1400°C 6h.  Figure 1a, 1b reveals that the 

increasing sintering time increases the bulk density 

of the composites.  It can be seen that for all 

samples, the sintering time has a positive impact on 

the sintered density, where longer sintering time 

gives higher density. This may be attributed to 

reduction in the amount of porosities during 

sintering which leads denser materials. An open 

porosity value (%) of sintered ceramics produced 

by powder metallurgy technique at 1400°C 6h was 

found to be 26.34%±0.11. Water absorption 

(9.22%) value was obtained at 1400°C 6h sintered 

α-Al2O3 – MgO ceramics produced by powder 

metallurgy technique. 

3.2. XRD Analysis 

The results of the crystallographic analysis of the 

produced samples and powders, carried out with X-

ray diffraction, are summarized in Figure 2. In all 

cases, the diffractograms have predominantly 

registered the corundum phase – (Al2O3), matched 

for every sample (ICSD card no. 71-1128) due to 

the dissolution of MgO and reacts with Al2O3 in the 

ceramic composite.  Figure 2a shows the X-ray 

diffraction patterns of the original powder mixture 

after ball milling. After 6 days of milling, the peaks 

become increasingly broader with long milling 

time and a number of new broadened peaks appear. 

As the sintering is occurred, the peaks are 

sharpened suggesting the increase in the crystallite 

size (Figure 2b). In order to realize the sub-micron 

microstructure in the sintered ceramics, it is 

essential to have the nanocrystalline powders as 

starting milled powders. The figure proves that the 

Al2O3-MgO composites are successfully produced 

without noticeable undesirable phases. X-ray 

diffraction patterns of Al2O3-MgO composite 

powders show that the peaks correspond to 

corundum phases, confirming that MgO is 

effectively incorporated into the Al2O3 matrix by 

forming corundum.  
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Figure 2. (a) X-ray diffraction of the initial powders after ball milling for 6 days. (b) X-ray diffraction of the 

sintered sample at 1400°C 6h obtained by powder metallurgy technique. 

 

3.3. SEM Analyses 
The surface morphology of the MgO doped 

alumina-based ceramics was examined by 

scanning electron microscopy (FEG-SEM, MIRA3 

XMU, Brno, CZ). The samples were fixed on 

aluminum stubs and pre-coated with 

gold/palladium thin film for 5 min under argon 

atmosphere using a Quorum ER150S sputter 

coater. The SEM samples were examined at an 

accelerating voltage of 20 kV. SEM images of the 

sintered ceramics were presented in Figure 3 (a- c). 

SEM images reveal that the homogenous 

morphology and different grain size distribution 

were obtained for all compositions after sintering. 

 

 

 

 

 

 

 

 

 

 

Figure 3. SEM images of the α-Al2O3 – MgO ceramics sintered at 1400°C (a)2h, (b) 4h and (c-c') 6h. obtained 

by powder metallurgy technique. 

 

Figure 3 (a, b, c) also represents the surface 

morphology of samples become more smooth by 

increasing sintering time and production method. 

As observed, especially in Figure 3 (c and c'), the 

increasing glassy phase and MgO may contribute 

to the smoothness of the surface and more particles 

seem to be embedded to the matrix structure. It is 

found that the average grain size has a slight 

increase as the sintering time increases.  

3.4. MTT Cell Viability and Cytotoxicity Tests 

MTT is the most well-known yellow tetrazole, then 

reduced to purple formazan in living cells. A 

solubilization solution (dimethyl sulfoxide, an 

acidified ethanol solution in this study) is added to 

dissolve the insoluble purple formazan product into 

a reddish solution (Mosmann, 1983). 

The absorbance of this solution can be quantified 

by measuring at a certain wavelength (usually 

between 500 and 600 nm) by a spectrophotometer. 

The degree of light absorption depends on the 

solvent. Figure 4 represents the MTT reaction in 

viable cells to form reddish colored solution. These 

enzymes are capable of reducing the tetrazolium 

dye MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide to its 

insoluble formazan, which has a purple color. 

 

http://www.wiki-zero.com/index.php?q=aHR0cHM6Ly9lbi53aWtpcGVkaWEub3JnL3dpa2kvVGV0cmF6b2xl
http://www.wiki-zero.com/index.php?q=aHR0cHM6Ly9lbi53aWtpcGVkaWEub3JnL3dpa2kvUHVycGxl
http://www.wiki-zero.com/index.php?q=aHR0cHM6Ly9lbi53aWtpcGVkaWEub3JnL3dpa2kvRGltZXRoeWxfc3VsZm94aWRl
http://www.wiki-zero.com/index.php?q=aHR0cHM6Ly9lbi53aWtpcGVkaWEub3JnL3dpa2kvRm9ybWF6YW4
http://www.wiki-zero.com/index.php?q=aHR0cHM6Ly9lbi53aWtpcGVkaWEub3JnL3dpa2kvQWJzb3JiYW5jZQ
http://www.wiki-zero.com/index.php?q=aHR0cHM6Ly9lbi53aWtpcGVkaWEub3JnL3dpa2kvV2F2ZWxlbmd0aA
http://www.wiki-zero.com/index.php?q=aHR0cHM6Ly9lbi53aWtpcGVkaWEub3JnL3dpa2kvU3BlY3Ryb3Bob3RvbWV0ZXI
http://www.wiki-zero.com/index.php?q=aHR0cHM6Ly9lbi53aWtpcGVkaWEub3JnL3dpa2kvRGkt
http://www.wiki-zero.com/index.php?q=aHR0cHM6Ly9lbi53aWtpcGVkaWEub3JnL3dpa2kvRGkt
http://www.wiki-zero.com/index.php?q=aHR0cHM6Ly9lbi53aWtpcGVkaWEub3JnL3dpa2kvVGhpYXpvbGU
http://www.wiki-zero.com/index.php?q=aHR0cHM6Ly9lbi53aWtpcGVkaWEub3JnL3dpa2kvUGhlbnls
http://www.wiki-zero.com/index.php?q=aHR0cHM6Ly9lbi53aWtpcGVkaWEub3JnL3dpa2kvRm9ybWF6YW4
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Figure 4. MTT reducing reaction by living cells. 

 

 

Table 1. MTT Cell Viability Tests and Survival % in accordance with alumina against positive and negative 

control groups. 

 

Material Relative Optical Density Relative Survival (%) 

Al2O3 0.8236 93 

Negative control - 

DMSO 
0.1984 18 

Positive control-

DMEM 
0.8842 100 

 
As seen from Table 1, the positive control group is 

assumed to have the best viability, while alumina 

group shows a 0.82 relative optical density and 

relative survival of 92%, both are very close to 

positive control group and far from negative 

control. One can conclude that alumina, produced 

by powder metallurgy route is a very good 

candidate bulk material for cell survival and 

osteoconductive implantable material for this 

study. 

Figure 5. SEM-SE image of alumina sample’s (sintered at 

1400°C for 6 h, relative density of 83% and water absorption 

of 9%) surface having a relative optical density of 0.8236 and 

relative survival of 93%. 

Figure 5 stands for alumina material having 93% 

relative survival. Figure shows the cell network 

directly penetrated to the surface and a very well 

distribution of all surface of alumina. The SEM 

image was taken from the alumina bulk material 

with the highest density to evaluate the hardest 

condition for the growth of cells. Cells were spread 

all over the surface even into the pores to form a 

surrounding living layer of cells. 

As illustrated in Figure 6, the optical images of 

alumina (a), positive control group (b) and negative 

control group (c) shows the optical density of cells 

and viability properties in plates. As known, 

negative control has DMSO in plate and 

deteriorates the cell formation while the positive 

group was incubated in the broth to increase the cell 

viability up to 100%. Although there is no broth in 

alumina case, the cell viability is still at about 92% 

which is very acceptable for cell growth followed 

by a probable tissue formation. 
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Figure 6. Optical images of (a) alumina (0.8236), (b) positive control group (0.8842), (c) negative control 

group (0.1984) within cell formation and viability. 

 

CONCLUSION 

The present investigation suggests α-Al2O3 – MgO 

ceramics to be used as implant interface. The 

effects of sintering time on the phase composition, 

densification and microstructure of MgO doped 

Al2O3 ceramic composites were studied. The main 

phase of the sintered ceramic composites was 

corundum (Al2O3) which are known 

biocompatible. The preferable technique for 

desired porous ceramics should be achieved by 

powder metallurgy method. Bioceramics must 

have properties of osteointegration by means of 

vein growth in the structure for better scaffold and 

tissue interaction. The porous alumina can be 

classified as osteoconductive material and the 

results showed that the viability and survival is 

almost same as positive control units as seen in 

MTT cell viability test results. This study may be a 

new avenue to new mechanical and cell culture 

studies in vitro and in vivo in the near future. 

 

ACKNOWLEDGMENT 

The author would like to thank to CU Advanced 

Technology Research and Development Lab-SEM 

Analysis facility for SEM imaging. 

REFERENCES 

Acchar, W, Renato, J & Queiroz C 2008, ‘Using 

lithium glass infiltration to enhance the properties 

of alumina bodies’, Materials Research, vol.11, 

no.4, pp. 439-442. 

Ashiku, S,K, M,A, Randolph & C.A. Vacanti 1997,  

‘Tissue engineering cartilage’, Material Science 

Forum, vol. 25, pp. 129-135. 

Brook, R, J 1969, ‘Pore - grain boundary 

interactionsand grain growth’, Journal of American 

Ceramic Society, vol. 52, no.1 pp. 56-57. 

Brook, R, J 1968, ‘Impurity Drag Effect and Grain 

Growth Kinetics’, Scripta  Metallurgy, vol. 2, no. 

7, pp. 375-386. 

Carn, F, Colin, A, Achard, M.F, Deleuze, H,  Saadi, 

Z, & Backov, R 2004  ‘Rational design of 

macrocellular silica scaffolds obtained by a tunable 

sol-gel foaming process’, Advanced Materials, vol. 

16, no. 2, pp. 140–144. 

Colombo, P, & Bernardo, E 2003, ‘Macro- and 

micro-cellular porous ceramics from preceramic 

polymers’, Composites Science and Technology, 

vol. 63, no. 16, pp. 2353–2359. 

M.H. Ghaemi, S. Reichert, A. Krupa, M. Sawczak, 

A. Zykova, K. Lobach, S. Sayenko, Y. Svitlychnyi, 

“Zirconia ceramics with additions of Alumina for 

advanced tribological and biomedical 

applications”, Ceramics International, Volume 43, 

Issue 13, 2017, Pages 9746-9752. 

Gross, U, Kinne, R, Schmitz, H, J & Strunz V 1988, 

‘The response of bone to surface active glass/glass 

ceramics’, CRC Critical Reviews in 

Biocompatibility, vol.4, pp. 66-78. 

Jorgensen, P.J., 1967, “Effects of solute 

concentration on grain growth in Y2O3 and Al2O3’, 

Journal of American Ceramic Society, vol. 46, no. 

9, pp. 902-908.  

Jorgensen P, J & Westbrook, J, H 1964, ‘Role of 

solute segregation at grain boundaries during final-

stage sintering of alumina’,  Journal of American 

Ceramic Society, vol. 47, no. 7, pp. 332-338 .  

Liu, D.M 1998, “Preparation and characterization 

of porous hydroxyapatite bioceramic via a slip-

casting route’, Ceramics International, vol. 24, no. 

6, pp. 441–446. 

Li J., Hastings G.W. (2016) Chapter 5 Oxide 

Bioceramics: Inert Ceramic Materials in Medicine 

and Dentistry. In: Murphy W., Black J., Hastings 

G. (eds) Handbook of Biomaterial Properties. 

Springer, New York, NY 



141 
 
Lizzi, F., Villat, C., Attik, N., Jackson, P., 

Grosgogeat, B., Goutaudier, C. “Mechanical 

characteristic and biological behaviour of 

implanted and restorative bioglasses used in 

medicine and dentistry: A systematic review”, 

(2017) Dental Materials, 33 (6), pp. 702-712. 

Mear, F,  Yot, P,  Viennois, R & Ribes, M 2007, 

‘Mechanical behaviour and thermal and electrical 

properties of foam glass’, Ceramics International, 

vol. 33, no. 4, pp. 543–550.  

Mosmann, Tim, "Rapid colorimetric assay for 

cellular growth and survival: application to 

proliferation and cytotoxicity assays". Journal of 

Immunological Methods. 65 (1–2): 55–63. Dec. 

1983. 

Sarkar, S.K., Lee, B.T. “Hard tissue regeneration 

using bone substitutes: An update on innovations 

in materials”, (2015) Korean Journal of Internal 

Medicine, 30 (3), pp. 279-293. 

Sepulveda, P 1997,  ‘Gelcasting foams for porous 

ceramics’ American Ceramic Society Bulletin, vol. 

76, no. 10, pp. 61–65. 

S. Sequeira, M.H. Fernandes, N. Neves, M.M. 

Almeida, “Development and characterization of 

zirconia–alumina composites for orthopedic 

implants”, Ceramics International, Volume 43, 

Issue 1, Part A, 2017, Pages 693-703. 

Zou, C, Weng, W& Deng, X 2005, ‘Preparation 

and characterization of porous β-tricalcium 

phosphate/collagen composites with an integrated 

structure’, Biomaterials, vol. 26, no. 26, pp. 5276–

5284. 

Zampieri, A,  Colombo, P,  Mabande, G, T, P, 

Selvam, T, Schwieger, W & Scheffler, F 2004,  

‘Zeolite coatings on microcellular ceramic foams: 

a novel route to micro reactor and micro separator 

devices’,  Advanced Materials, vol. 16, no. 9-10, 

pp. 819– 823. 

 

http://www.wiki-zero.com/index.php?q=aHR0cDovL2xpbmtpbmdodWIuZWxzZXZpZXIuY29tL3JldHJpZXZlL3BpaS8wMDIyLTE3NTkoODMpOTAzMDMtNA
http://www.wiki-zero.com/index.php?q=aHR0cDovL2xpbmtpbmdodWIuZWxzZXZpZXIuY29tL3JldHJpZXZlL3BpaS8wMDIyLTE3NTkoODMpOTAzMDMtNA
http://www.wiki-zero.com/index.php?q=aHR0cDovL2xpbmtpbmdodWIuZWxzZXZpZXIuY29tL3JldHJpZXZlL3BpaS8wMDIyLTE3NTkoODMpOTAzMDMtNA
http://www.wiki-zero.com/index.php?q=aHR0cHM6Ly9lbi53aWtpcGVkaWEub3JnL3cvaW5kZXgucGhwP3RpdGxlPUpvdXJuYWxfb2ZfSW1tdW5vbG9naWNhbF9NZXRob2RzJmFjdGlvbj1lZGl0JnJlZGxpbms9MQ
http://www.wiki-zero.com/index.php?q=aHR0cHM6Ly9lbi53aWtpcGVkaWEub3JnL3cvaW5kZXgucGhwP3RpdGxlPUpvdXJuYWxfb2ZfSW1tdW5vbG9naWNhbF9NZXRob2RzJmFjdGlvbj1lZGl0JnJlZGxpbms9MQ

