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PENYEDIAAN DAN PENCIRIAN PORSELIN BERLIANG YANG 

DIHASILKAN MELALUI KAEDAH REPLIKA SPAN POLIMER 

DAN MENGAPLIKASIKANNYA SEBAGAI BAHAN 

TERAS KOMPOSIT SANDWIC

ABSTRAK

Porselin berliang yang berketumpatan rendah dihasilkan melalui kaedah replika span 

polimer. Enam span polimer komersil berbeza ketumpatan (13.4-37.8 kg/m3) telah 

digunakan sebagai pencontoh yang masing-masing diisitepukan dengan sebelas 

kandungan pepejal berbeza (10-60% berat). Sampel disinter pada suhu 1250°C 

selama dua jam. Pemerhatian keadaan fizikal, penentuan ketumpatan, peratus 

keliangan, ujian mekanikal dan pemerhatian mikrostruktur menggunakan FESEM 

telah dijalankan. Pemerhatian mendapati keadaan fizikal sampel selepas pensinteran 

sangat dipengaruhi oleh ketumpatan pencontoh dan jumlah kandungan pepejal yang 

digunakan. Pemerhatian keadaan fizikal menunjukkan bahawa sampel yang 

dihasilkan pada 20-45% kandungan pepejal berkeadaan baik untuk kesemua 

pencontoh yang dikaji. Microstruktur porselin berliang pula terdiri daripada 

kombinasi liang-liang terbuka dan tertutup. Ketumpatan, peratus keliangan dan 

kekuatan mekanikal porselin berliang kurang dipengaruhi oleh ketumpatan 

pencontoh pada kandungan pepejal < 35%. Pada kandungan pepejal < 35%, 

ketumpatan dan kekuatan mekanikal masing-masing kurang dari 1100 kg/nr’ dan 6 

MPa manakala peratus keliangan melebihi 40%. Porselin berliang terbaik yang 

dihasilkan pada 45% kandungan pepejal menggunakan pencontoh berketumpatan

37.8 kg/m3 telah digunakan sebagai bahan teras komposit sandwic dengan 

merekatkannya kepada bahan kulit (dua kepingan aluminium). Komposit sandwic 

dihasilkan pada lima panjang teras berbeza (160-350 mm), lima ketebalan teras



berbeza (14-74 mm) dan empat ketebalan kulit berbeza (0.5-2.0 mm) dan dicirikan 

melalui ujian lenturan tiga titik. Potensi porselin berliang sebagai teras kalis api diuji 

berpandukan BS476: Bahagian 4: 1970 (1984) dan BS476: Bahagian 6: (1989). 

Pengujian komposit sandwic pada panjang teras berbeza memberikan nilai kekakuan 

ricih, AG, modulus ricih, G dan kekakuan lenturan, D yang masing-masing 6097.60 

N, 19.70 GPa dan 74.40 N. Tegasan ricih teras dan kekukuhan lenturan kulit 

berkurangan masing-masing dari 2.70 kepada 1.34 MPa dan dari 135.08 kepada 

66.82 MPa dengan peningkatan tebal teras daripada 24 ke 74 mm. Tegasan ricih 

teras meningkat dari 2073 kepada 4127 MPa manakala tegasan lenturan kulit 

berkurangan dari 194 kepada 182 MPa dengan peningkatan ketebalan kulit dari 0.5 

kepada 2.0 mm. Keputusan ujian kebakaran menunjukkan bahawa teras porselin 

berliang tidak terbakar dan bersifat kalis api. Kesimpulannya, span polimer komersil 

boleh digunakan sebagai pencontoh dalam penghasilan porselin berliang dengan 

julat sifat-sifat yang luas setanding dengan penggunaan pencontoh dibuat khas. 

Penggunaan porselin berliang sebagai bahan teras komposit sandwic sangat 

berpotensi berdasarkan sifat kalis api yang mampu memberi nilai tambah dan 

menjadi bahan teras alternatif untuk penggunaan pada suhu tinggi.
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FABRICATION AND CHARACTERIZATION OF POROUS PORCELAIN 

PRODUCED VIA POLYMERIC FOAM REPLICATION METHOD 

AND ITS APPLICATION AS CORE MATERIAL FOR 

SANDWICH COMPOSITES

ABSTRACT

Low density porous porcelain was produced via polymer replication method. Six 

different densities (13.4-37.8 kg/mJ) of commercially available polymeric foam were 

used as template materials and each of them was impregnated with eleven different 

solid loadings (10-60 wt.%). Samples were sintered at 1250°C for two hours. 

Physical observations, density, percentage of porosity, mechanical properties were 

determined and microstructures were observed using FESEM. Physical appearances 

o f sintered samples were largely influenced by the densities o f templates and as well 

as amount of solid loadings. Physical observation shows that all samples produced at 

solid loading o f 20-45% are in good condition for all templates. The microstructure 

of porous porcelain shows combinations of opened and closed cells. Density, 

percentage o f porosity and mechanical properties of porcelain foam are slightly 

influenced by the templates densities for solid loadings < 35%. For solid loadings < 

35%, density and mechanical properties was less than 1100 kg/m3 and 6 MPa, 

respectively, whereas the percentage of porosity exceed 40%. The best porous 

porcelain which was produced at 45% solid loading by using a 38.7 kg/m3 template 

density were used as sandwich composite core materials by glues it to skin material 

(two pieces of aluminium alloy) using adhesives. Sandwich composites were 

produced at five different core lengths (160-350 mm), five different thicknesses (14- 

74 mm) and four different skin thicknesses (0.5-2.0 mm). The sampels were 

characterised using flexural testing. The potential o f porcelain foam as fire retardant
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core were tested based on BS476: Part 4: 1970 (1984) ada BS476: Part 6: (1989). 

Sandwich composite tested at different core length give a shear stiffness, AG, shear 

modulus, G and flexural stifness, D which 6097.60 N, 19.70 GPa and 74.40 N, 

respectively. Core shear stress and skin flexural stiffness decreases from 2.70 to 1.34 

MPa dan 135.08 to 66.82 MPa, respectively with increasing core thickness from 24 

to 74 mm. Core shear stress was incresed while flexural stiffness decreases from 

2073 to 4127 MPa and from 194 to 182 MPa respectively with increases o f skin 

thickness from 0.5 ke 2.0 mm. Fire test shows that the porcelain foam is non­

combustible and does not propagate the flame. As conclusion, commercially 

available polymeric foam is suitable to be used as template material for producing 

porous porcelain with wide range of properties comparable to the used of custom 

made templates. There is significant potential of using porous porcelain as sandwich 

composite core material based on the fire retardant aspect which give a value added 

and become an alternative core material for high temperature applications.
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