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HIGH INTERNAL PHASE EMULSION AS A REACTION MEDIUM FOR 

FABRICATION OF BRUSHITE CRYSTAL 

 

By 

LIM HONG NGEE 

December 2009 

 

Chair: Anuar Kassim, PhD 

Faculty: Science 

 

This present work was aimed at fabrication of porous brushite crystals using oil-in-water 

high internal phase emulsion stabilized by synthesized palm-based nonionic surfactant 

as a reaction medium. This research work was divided into four categories. The first part 

of the work involved synthesizing palm-based nonionic surfactants. Palm oil derivatives, 

lauryl, palmityl and stearyl alcohols as renewable resources, were ethoxylated with an 

average of three, six (or eight or nine) and 100 moles of ethylene oxide. The critical 

micelle concentration of the synthesized surfactants was found to decrease with 

increasing ethylene oxide head groups due to intertwist amongst the head groups. This 

phenomenon enhances surfactant-surfactant interaction rather than surfactant-solvent 

interaction which increases the rate of micellization as proven by the Gibbs energy. The 

increase in the surfactant tail length had minimal effect on micellization. The second 

part of the work was to stabilize the high internal phase emulsion using the synthesized 

surfactants. The oil phase was vegetable oil, namely olive and olein oils. These 
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emulsions, with dispersed phase of more than 75 wt%, were easily prepared by one-pot 

homogenization. Due to the high oil volume fraction, the oil droplets were no longer 

spherical but were squeezed to take the shape of polyhedral. Light scattering results 

showed that the droplet size increased with increasing ethylene oxide chain length. The 

rheology of the emulsions was governed by droplet size and oil volume fraction. The 

emulsions exhibited high stability as indicated by the rheological measurements even 

after storage at 40
o
C for three months. The third part of the work was on the fabrication 

of brushite crystals with high degree of porosity using the high internal phase emulsion 

as a reaction medium. The porosity of the crystals was manifested by precursor 

concentration, surfactant concentration, oil volume fraction, mixing method, mixing 

time, aging temperature, precursor type, mode of recovery and surfactant head group. 

Pore size of the brushite crystals was less than 5 µm. The mechanism for the formation 

of porous brushite crystals was postulated schematically based on the small angle x-ray 

scattering analysis. The fourth and final part of this work was related to the application 

of the porous brushite crystals as drug delivery devices. Prior to the controlled release 

study, the crystals were subjected to cytotoxicity test to ensure their compatibility with 

synoviocytes, which are cells that line the knee joints of rabbits. The crystals were found 

to enable cell growth for up to five days. Sodium ampicillin, a wide spectrum antibiotic, 

was successfully loaded into the pores of the crystals and subsequently released in vitro 

for 14 days. This work underlines the simplicity of using highly stable high internal 

phase emulsion as a reaction medium for the fabrication of porous brushite crystals, in 

which when loaded with drug, exhibited potential as localized bone treatment 

demonstrated by the promising controlled release rate. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk ijazah Doktor Falsafah 

 

EMULSI BERKEPEKATAN TINGGI SEBAGAI MEDIA TINDAK BALAS 

UNTUK PEMBENTUKAN HABLUR BRUSHITE 

 

Oleh 

LIM HONG NGEE 

Disember 2009 

 

Pengerusi: Anuar bin Kassim, PhD 

Fakulti: Sains 

 

Kajian ini bertujuan untuk menghasilkan hablur brushite berliang menggunakan emulsi 

berkepekatan tinggi minyak-dalam-air yang distabilkan oleh surfaktan nonionik 

berasaskan sawit sebagai media tindak balas. Kajian ini dipecahkan kepada empat 

bahagian. Bahagian pertama kajian melibatkan sintesis surfaktan nonionik berasaskan 

sawit. Terbitan minyak sawit, iaitu alkohol lauril, palmitil and stearil sebagai sumber 

guna semula, telah dietoksilasikan dengan purata tiga, enam (atau lapan atau sembilan) 

dan 100 mol etilena oksida. Kepekatan misel kritikal surfaktan yang disintesiskan 

menurun dengan peningkatan kumpulan kepala etilena oksida disebabkan pembelitan 

antara kumpulan-kumpulan tersebut. Fenomena ini menambahkan interaksi surfaktan-

surfaktan berbanding dengan interaksi surfaktan-pelarut yang akan meningkatkan kadar 

permiselan seperti yang dibuktikan oleh tenaga Gibbs. Peningkatan dalam panjang ekor 

surfaktan memberikan kesan yang sedikit terhadap permiselan.  Bahagian kedua kajian 

merangkumi penstabilan emulsi berkepekatan tinggi menggunakan surfaktan yang 

disintesiskan. Fasa minyak ialah minyak sayuran, khasnya minyak-minyak zaitun dan 
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olein. Emulsi ini, dengan fasa tersebar melebihi 75 wt%, dapat disediakan dengan 

mudah melalui penghomogenan satu-kali. Akibat daripada pecahan isipadu minyak yang 

tinggi, titisan-titasan minyak tidak lagi berada dalam keadaan sfera tetapi dihimpitkan 

kepada bentuk polihedral. Hasil penyerakan cahaya menunjukkan  saiz titisan meningkat 

dengan penambahan rantai panjang etilene oksida. Reologi emulsi dikawal oleh saiz 

titisan dan pecahan isipadu minyak. Emulsi menonjolkan kestabilan yang tinggi 

berdasarkan pengukuran reologi walaupun selepas penyimpanan pada 40
o
C selama tiga 

bulan. Bahagian ketiga kajian ini adalah berkaitan dengan penghasilan hablur brushite 

menggunakan emulsi berkepekatan tinggi sebagai media tindak balas. Keporosan hablur 

dipengaruhi kepekatan bahan pemula, kepekatan surfaktan, pecahan isipadu minyak, 

cara pencampuran, masa pencampuran, jenis bahan pemula, cara perolehan dan 

kumpulan kepala surfaktan. Saiz liang hablur brushite adalah kurang daripada 5 µm. 

Mekanisma pembentukan hablur brushite berliang dijangka secara skematik berdasarkan 

analisis penyerakan sinar-X bersudut kecil. Bahagian keempat dan terakhir kajian ini 

adalah berhubungan dengan penggunaan hablur brushite berliang sebagai alat 

penghantaran ubat. Sebelum kajian kawalan perlepasan, ujian ketoksikan dijalankan 

terhadap hablur tersebut untuk memastikan keserasiannya dengan sinoviosit, iaitu sel 

yang melapik sendi lutut arnab. Hablur itu didapati menggalakan pertumbuhan sel 

selama lima hari. Natrium ampisilin, antibiotik dengan spektrum yang luas, berjaya 

dimasukkan ke dalam liang hablur dan seterusnya, dilepaskan in vitro selama 14 hari. 

Kajian ini menyerlahkan kemudahan menggunakan emulsi berkepekatan tinggi sebagai 

media tindak balas untuk pembentukan hablur brushite berliang, apabila dimasukkan 

ubat, memaparkan potensi sebagai perubatan tulang setempat seperti yang ditunjukkan 

oleh kadar kawalan perlepasan yang memuaskan. 
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