
[1] , L.L. Hench. Bioceramics : From concept to clinic. Journal American Ceramic Society

74[7] (1991): 1487-1510.

[2] , ร. Teixeira, ร. Oliveira and M. P. Ferraz. Three dimension macroporous calcium

phosphate scaffolds for bone tissue engineering. Key engineering materials s e i­

ses (2008): 947-950.

[ร]. R. Murugan, ร. Ramakrisha and K. p. Rao. Nanoporous hydroxyl-carbonate 

apatatite scaffold made of natural bone. Materials Letters 60(2006): 2844-2847.

[4] , B. B. Nissan, A. Milev and R. Vago. Morphology of sol-gel derived nano-coated

coralline hydroxyapatite. Biomaterials 25(2004): 4971-4975.

[5] , J. ร. Woyansky and c. E. Scott. Processing of porous ceramics. Journal American

Ceramic Society. 71 ท 11(19921: 1674-1682.

[6] , M. B Nair, H. K. Varma and T. V. Kumary. Cell interaction studies with novel bioglass

coated hydroxyapatite porous blocks. Trends biomaterials Artificient 

Organics.19[2] (2006): 108-114.

[7] , Y. M. Hong, J. H. Kim and Y. K. Lee. The effect of nano-sized p - tricalcium

phosphate on remineralization in glass ionomer dental luting cement. Key 

Engineering Materials 361-633 (2008): 861-864.

[8] , K. So, ร. Fujibayashi and M. Neo. Accelerated degradation and improved bone

bonding ability of hydroxyapatite ceramics by the addition of glass. Biomaterials 

27(2006): 4738-4744.

[9] , X. Miao, Y. Hu, and J. Liu. Hydroxyapatite coating on porous zirconia. Materials

Science and Engineering c 27(2007): 257-261.

[10] , J. B. Park and R. ร. Lakes, Biomaterials: an introduction. 2nd ed. New York : Plenum

press,1992.

[11] , A. Ravaglioli and A. Krajewski. Bioceramics: materials, properties, applications.

New York : Chapman and Hall,1992.

[12] , M. Fabbri, G. c. Celotti and A. Ravaglioli. Hydroxyapatite-based porous

aggregates: physico-chemical nature, structure, texture and architecture. 

Biomaterials16 (1995): 225-228.

R E FE R E N C E S



101

[13] . T.Takaoka, M. Okumura, H. Ohgushi, K. Inoue, Y. Takamura and ร. Tamai.

Histological and biochemical evaluation of osteogenic response in porous 

hydroxyapatite coated alumina ceramics. Biomaterials 17(1996): 1499-1505.

[14] . ร. Sumpattawanich and p. Rattanajaruruck. Phosphate. Available from

http//www.dmr.go.th/knowledae/BMR Publication

[15] . Y. M. Kong, c . ร. Bae, ร. H. Lee, H. พ. Kim and H. E. Kim. Improvement in

biocompatibility of Z r02 -  Al20 3 nano composite by addition of HA. Biomaterials 

26 (2005): 509-517.

[16] . K. Yoshida, K. Hashimoto and Y. Toda. Fabrication of structure-controlled

hydroxyapatite/zirconia composite. Journal European Ceramic Society 26 

(2006): 515-518.

[17] . R. Narayanan, ร. Dutta and ร. K. Seshadri. Hydroxyapatite coating on Ti-6AI-4V

from seashell. Surface and Coatings Technology 200 (2006): 4720-4730.

[18] . E. Saiz, M. Goldman, J. M. Gomez-Vega, A. P. Tomsia, G.w. Marshall and J. J.

Marshall. เท vitro behavior of silicate glass coating on Ti6AI4V. Biomaterials 23

(2002):

[19] . C. Balcik, T. Tokdemir, A. Senkoylu, N. Koc, M. Timucin, J. Akin and p. Korkusuz.

Early weigh bearing of porous HA/TCP (60/40) ceramics in vivo: A longitudinal 

study in a segmental bone defect model of rabbit. Acta Biomateria 3 (2007): 

985-996.

[20] . E. J. Lee, Y. H. Koh and B. H. Yoon. Highly porous hydroxyapatite bioceramics with

interconnected pore Chanels using camphene-based freezing casting. Materials 

Letters 61(2007): 2270-2273.

[21] . D. M. Liu. Preparation and characterization of porous hydroxyapatite bioceramic

via a slip-casting route. Ceramics International 24 (1998): 441-446.

[22] , M. V. Doernberg, B. V. Rechenberg, M. Bohner, ร. Grunenfelder, G. V. Lenthe, R.

Muller, B. Gasser, and R. Mathys, G. Baroud. เท vivo behavior of calcium 

phosphate scaffolds with four different pore sizes. Biomaterials 27 (2006): 5186-

5198.

http://www.dmr.go.th/knowledae/BMR


102

[23] , A. Cosijins, c. Vervaet, J. Luyten, ร. Mullens, F. Siepmann, L. V. Hoorebeke, B.

Masschaele, V. Cnudde and J.p. Remon. Porous hydroxyapatite tablets as 

carriers for low-dosed drugs. European Journal of Phamaceutics and 

Biophamaceutics 67(2007): 498-506.

[24] , A. c. Queiroz, ร. Teixeira, J. D. Santos and F. J. Monteiro. Production of porous

hydroxyapatite with potential for controlled drug delivery. Materials Science 

Forum 455-456 (2004): 358-360.

[25] . X. Wang, H. Fan and Y. Xiao. Fabrication and characterization of porous

hydroxyapatite/p-tricalcium phosphate ceramics by microwave sintering. 

Materials Letters 60 (2006): 455-458.

[26] , Orthopaedic Field. Available from: www.jmmc.ip/en/ourfields/orthopaedic.html

[27] , บ. Ripamonti. Osteoinduction เท porous hydroxyapatite implanted เท heterotopic

sites of different animal models. Biomaterials 17(1996): 31-35.

[28] , R. A. Ayers, ร. J. Simske and c. R. Nunes. Long-term bone ingrowth and residual

microhardness of porous block hydroxyapatite implants เท humans. Journal Oral 

Maxillofacial surgery 56 (1998): 1297-1301.

[29] . R. V. Silva, J. A. camilli, c. A. Bertran and N. H. Moreira. The use of hydroxyapatite

and autogenous cancellous bone grafts to repair bone defects in rats. Journal 

Oral Maxillofacial Surgery 34 (2005): 178-184.

[30] , C. c. Vervaet and J. Luyten. Porous hydroxyapatite tablets as carriers for low-

dosed drugs. European Journal of Phamaceutics and Biophamaceutics 

67(2007): 478-506.

[31] . Calcium phosphate. Available from:

http://www.thefreedictionarv.com/calcium+phosphate

[32] , ร. J. Kalita, A. Bhardwaj and H. A. Bhatt. Nanocrystalline calcium phosphate

ceramics in biomedical engineering. Materials Science and Engineering c 
27(2007): 441-449.

[33] . T. Kokubo and H. Takadama. How useful is SBF เท predicting เท vivo bone

bioactivity. Biomaterials 27 (2006): 2907-2915.

http://www.jmmc.ip/en/ourfields/orthopaedic.html
http://www.thefreedictionarv.com/calcium+phosphate


103

[34] , H. M. Kim, T. Himeno, T. Kokubo and T. Nakamura. Process and kinetic of bonelike

apatite formation on sintered hydroxyapatite in simulated body fluid. Biomaterials 

26 (2005): 4366-4373.

[35] , Z. Zyman, I. Ivanov and V. Glushko. Inorganic phase composition of

remineralisation in porous CaP ceramics. Biomaterials 19 (1998): 1269-1273.

[36] , H. ร. Ryu, K ร. Hong, J. K. Lee and อ. J. kirn. Variation of structure and

composition in magnesium incorporated hydroxyapatite/p-tricalcium phosphate. 

Journal Material Research 21 [2] (2006).

[37] , Y. H. Kim, H. Song and อ. H. Riu. Preparation of porous Si-incorporated

hydroxyapatite. Current Applied Physics 5 (2005): 538-541.

[38] . B. ร. Chang, c .  K. Lee and K. ร. Hong. Osteoconduction at porous hydroxyapatite

with various pore configurations. Biomaterials 21 (2000): 1291-1298.

[39] . อ. M. Arm, A. F. Tencer and ร. อ. Bain. Effect of controlled release of platelet

derived growth factor from a porous hydroxyapatite implant on bone ingrowth. 

Biomaterials 17 (1996): 703-709.

[40] , ร. I. Roohani Esfahani, F. Tavangarian and R. Emadi. Nanaostructure bioactive

glass coating on porous hydroxyapatite scaffold for strength enhancement. 

Materials Letters (2008) inpress.

[41] , M. H. Prado da Silva, G. A. Soares and c. N. Elias. Bioactivity assessment of

hydroxyapatite coatings produced by alkali conversion of monetite. Key 

Engineering Materials 192-195 (2001): 59-62.

[42] , A. Almirall, G. Larrecq, J. A Delgado, ร. Martinez, J. A. Planell and M. p. Ginebra.

Fabrication of low temperature macroporous hydroxyapatite scaffolds by 

foaming and hydrolysis of a a-TCP paste. Biomaterials 25(2004 : 3671-3680.

[43] , อ. M. Liu. Fabrication and characterization of porous hydroxyapatite granules.

Biomaterials 17 (1996): 1955-1957.

[44] , M. Descamps, T. Duhoo, F. Monchau, J. Lu, P. Hardouin, J. c. Hornez and A.

Leriche. Manufacture of macropore p-tricalcium phosphate bioceramics. Journal 

the European Ceramic Society 28 (2008): 149-157.



104

[45] . L. A. Cyster, อ. M. grant, ร. M. Howdle, F. J Rose, อ. J. Irvine, อ. Freeman and c .
A. Scotchford. The influence of dispersant concentration on the pore morphology 

of hydroxyapatite ceramics for bone tissue engineering. Biomaterials 26 (2005): 

697-702.

[46] . H. R. Ramay and M. Zhang. Preparation of porous hydroxyapatite scaffolds by

combination of the gel-casting and polymer sponge methods. Biomaterials 24 

(2003): 3293-3302.

[47] , X. Miao, Y. Flu, J. Liu and A. p. Wong. Porous calcium phosphate ceramics

prepared by coating polyurethane foams with calcium phosphate cements. 

Materials Letters 58 (2004): 397-402.

[48] , K. Shimizu, A. Ito and H. Honda. Mag-seeding of rat marrow stromal cells into

porous hydroxyapatite scaffolds for bone tissue engineering. Journal Bioscience 

and Bioengineering 104 (2007): 171-177.

[49] , Y. K. Jun, W.H. Kim, O. K. Kweon and ร. H. Hong. The fabrication and biochemical

evolution of alumina reinforced calcium phosphate porous implants. Biomaterials 

24 (2003): 3731-3739.

[50] . H. พ. Kim, ร. Y. Lee, c .  J. Noh, H. E. Kim, H. M. Kim and J. ร. Ko. Porous Zr02

bone scaffold coated with hydroxyapatite with fluorapatite intermediate layer. 

Biomaterials 24 (2003): 3277-3284.

[51] . X. Miao, L. P. Tan, L. ร. Tan and X. Huang. Porous calcium phosphate modified

with PLGA-bioactive glass. Materials Science and Engineering c . 27 (2007): 
274-279.

[52] , T. K. Anee, M. Palanichamy, M. Ashok, N. M. Sundaram and ร. N. Kalkura.

Influence of iron and temperature on the crystallization of calcium phosphate at 

the physiological pH. Materials Letters 58 (2004): 478-482.

[53] , A. Bandyopadhyay, ร. Bernard, พ. Xue and ร. Bose. Calcium phosphate-based

, resorbable ceramics: influence of MgO, ZnO, and S i02 dopants. Journal 

American Ceramic Society 89[9] (2006): 2675-2688.



105

[54] , ร. Kannan, F. Goetz-Neumhoeffer, J. Neubauer and J. M. F. Ferreira. Ionie

substitutions in biphasic hydroxyapatite and p-tricalcium phosphate mixtures: 

structural analysis by rietveld refinement. Journal American Ceramic Society 

91 [1] (2008): 1-12.

[55] , M. F. Morks. Fabrication and characterization of plasma-sprayed HA/Si02 coating

for biomedical application. Journal the mechanical Behavior of Biomedical 

Materials 1 (2008): 105-111.

[56] . T. Kokubo. Apatite formation on surfaces of ceramics, metals and polymers in body

environment. Acta Materials 46171 (1998): 2519-2527.

[57] , A. E. Porter, N. Patel, J. N. Skepper, ร. M. best and พ. Bonfield. Comparison of in

vivo dissolution processes in hydroxyapatite and silicon-substituted 

hydroxyapatite bioceramics. Biomaterials 24 (2003): 4609-4620.

[58] . J. Anderson, ร. Areva and B. Spliethoff. Sol-gel synthesis of a multifunctional,

hierarchically porous silica/apatite composite. Materials 26 (2005): 6827-6835.

[59] , ร. Kannan, J.M.G. Ventura and J.M.F. Ferreira. Synthesis and thermal stability of

potassium substituted hydroxyapatites and hydroxyapatite/(3-tricalcium 

phosphate mixtures. Ceramics International 33 (2007): 1489-1494.

[60] , ร. Padilla, J. Roman, ร. Sanchez-Salcedo and M. Vallet-Regi. Hydroxyapatite/Si02-

Ca0-P20 5 glass materials: เท vitro bioactivity and biocompatibility. Acta 

Biomaterialia 2 (2006): 331-342.

[61] . M. Inuzuka, ร. Nakamura, ร. Kishi, K. Yoshida, K. Hashitomo, Y. Toda and K.

Yamashita. Hydroxyapatite-doped zirconia for preparation of biomedical 

composites ceramics. Solid state Ionics 172 (2004): 509-513.

[62] , ร. Ben, N. Arimoto and A. Harada. Bioactivity of hydrothermal-electrochemical

deposited apatite in vitro and in vivo. Key Engineering Materials 192-195 (2001):

159-162.



A PPEN D ICES



107

APPENDIC A

40um

Figure 1 SEM micrographs of HA and HA with glass frit additive sintered at 1300 °c.
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APPENDIC B
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Figure 2 FT-IR patterns of polymer foam from (a) waste as replica foam and (b) a 

commercial polyurethane foam.
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APPENDIX c

Table 1 Properties of porous HA with varied amount of S i02 additive using polymeric 

sponge method.

Properties Temperature wt%  S i0 2

(°C ) 0.5 1.0 3.0 5.0 10.0

1200 0.46 0.43 0.43 0.46 0.50

Density (g/cm3) 1300 0.50 0.48 0.48 0.49 0.51

1400 0.58 0.50 0.52 0.71 -

1200 85.59 86.49 86.46 85.56 84.11

% Porosity 1300 84.31 84.73 84.84 84.45 82.75

1400 81.75 84.17 83.65 77.56 -

Compressive strength 1300 1.738 1.022 0.90 0.73 0.68

(MPa) 1400 1.33 1.20 4.77 7.47 -

Table 2 Properties of porous HA with varied amount of glass frit additive using polymeric 

sponge method.

Properties Temperature wt%  glass additive

(°C ) 0 0.5 1.0 3.0 5.0 10.0 20.0

Density (g/cm3) 1200 0.48 0.46 0.42 0.40 0.46 0.63 0.65

1300 0.52 0.47 0.46 0.43 0.49 0.67 0.68

1400 0.53 0.51 0.54 0.53 0.60 0.82 -

% Porosity 1200 48.70 85.22 86.69 87.24 85.34 80.20 79.34

1300 83.79 85.03 85.60 86.37 84.37 79.39 78.44

1400 83.29 83.89 82.98 83.36 81.05 74.10 -

Compressive 1300 1.16 1.01 0.76 0.67 0.90 2.867 11.11

strength (MPa) 1400 1.517 0.95 0.97 0.67 2.74 14.71 -

R e m a r k :  Property of porous HA with 20.0wt% glass frit additive sintered at 1400 °c 
could not be measured due to HA with 20.0wt% glass frit additive was melted.



1 1 0

BIOGRAPHY

Nudthakarn Kosachan was born on 15 March 1980 in Loei which is in a 

Northern Province of Thailand. She started her education at Nakhampom elementary 

school, and moved to study at Rongjig and Loei Pittayakhom for secondary school and 

high school respectively, in their science programs. She received a Bachelor’s Degree 

of Science (BSc.) from the Faculty of Science and Technology, Rajabhat Loei University 

in May 2003. She then started working at the National Metal and Materials Technology 

Center (MTEC), Pathumthani, Thailand as a research assistant. During her working time 

at MTEC in 2005, she has been enrolled at Chulalongkorn University in the field of 

ceramic technology in the Science Faculty, Materials Science Department. She 

graduated in May 2008 and obtained her Master Degree of Science (MSc).


	REFERENCES
	APPENDICES
	Appendix A SEM Micrographs of HA and HA with Glass Frit Additive

Sintered at 1300 °c
	Appendix B FT-IR patterns of Polymer Foam from (a) waste as replica

and (b) Commercial Polyurethane Foam
	Appendix C Properties of Porous HA with varied amount of Si02 and 
Glass Frit Additive using Polymeric Sponge Method

	BIOGRAPHY

