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ABSTRACT

This research studies the efficiency of different water-borne intumescent formulations
which incorporate chicken eggshell (CES) as a novel bio-filler, designed to protect steel
in the event of a fire. The coating is based on these three flame-retardant additives:
ammonium polyphosphate phase II, melamine and pentaerythritol (combination referred
to as AMP). CES, silica fume (SF) and epoxy emulsion were incorporated either
individually or in combination into the flame-retardant additives. The first part of the
study develops and evaluates AMP, AMP+SF and AMP+SF+CES intumescent
formulation systems, respectively. The best formulation produced was the
AMP+SF+CES system which was subsequently selected for the next part of the study
that investigates the effect of epoxy emulsion on the coating performance. The influence
of (i) binder, (i1) combination of binder and filler; and (iii) combination of filler and two
binders on the properties and fire-resistive performance of the coatings were
investigated by using thermogravimetric analysis (TGA), scanning electron microscope
(SEM), Instron microtester, field emission scanning electron microscope (FESEM),
small scale Bunsen burner test and furnace test. The thermal stability of CES was
compared with that of commercial calcium carbonate filler by using TGA. CES was
shown to have higher thermal stability. TGA results showed that addition of CES and
SF increases the residual weight and anti-oxidation of the coatings. The combination of
25 wt.% CES and 10 wt.% SF added into the flame retardant additives led to the best
fire resistance performance, highest thermal stability, densest surface structure and
greatest expansion, while showing improved char cohesion and sufficient adhesion to
the steel substrate during fire exposure. The second part of the study attempts to
investigate the effect of water-borne epoxy resin on the fire protection performance and
bonding strength of the coating to the steel. Addition of 10 wt.% epoxy resulted in

significant improvement in fire protection performance and foam structure of the
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coating. The results of Instron microtester indicated that the bonding strength of the

coatings was improved with the increase of epoxy content.
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ABSTRAK

Penyelidikan ini mengkaji kecekapan beberapa jenis rumusan lapisan penahan api
berasaskan air yang menggunakan kulit telur ayam (CES) sebagai ‘bio-filler’ terkini.
Lapisan penahan api ini dirumus untuk melindungi keluli apabila kebakaran berlaku dan
berasaskan tiga aditif penahan api: ammonium polifosfat fasa II, melamin dan
pentaeritritol (kombinasi dikenali sebagai AMP). CES, ‘silica fume’ (SF) dan emulsi
epoksi digabung secara berasingan atau sebagai campuran ke dalam aditif penahan api.
Bahagian pertama penyelidikan ini menghasil dan menilai rumusan AMP, AMP+SF dan
AMP+SF+CES. Rumusan yang terbaik merupakan sistem AMP+SF+CES yang dipilih
untuk bahagian penyelidikan selanjutnya yang melibatkan kajian kesan emulsi epoksi ke
atas kecekapan lapisan penahan api. Pengaruh (i) ‘bio-filler’ (ii) kombinasi pengikat dan
‘bio-filler’, dan (iii) kombinasi ‘bio-filler’ dan dua pengikat terhadap sifat dan prestasi
lapisan penahan api diuji dengan menggunakan analisis termogravimetri (TGA),
‘scanning electron microscope’ (SEM), ‘Instron microtester’, ‘field emission scanning
electron microscope’ (FESEM), ujian penunu Bunsen skala kecil dan ujian
‘furnace’. Kestabilan terma ‘bio-filler’ CES dibandingkan dengan filler kalsium
karbonat komersil dengan menggunakan ujian TGA. CES terbukti mempunyai
kestabilan terma yang lebih tinggi. Keputusan TGA menunjukkan bahawa penambahan
CES dan SF meningkatkan berat baki pembakaran dan anti-pengoksidaan lapisan
penahan api. Kombinasi 25 wt.% CES dan 10 wt.% SF dengan aditif penahan api
menghasilkan prestasi ketahanan api terbaik, kestabilan terma yang tertinggi, struktur
permukaan terpadat, pengembangan terbesar dan pada masa yang sama menunjukkan
peningkatan daya lekitan ‘char’ dan daya lekatan pada keluli apabila didedah kepada api.
Bahagian kedua penyelidikan mengkaji pengaruh resin epoksi berasaskan air terhadap
prestasi menahan api dan kekuatan lekatan lapisan penahan api pada keluli.

Penambahan 10 wt.% epoksi menyebabkan peningkatan kecekapan perlindungan api
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dan struktur busa lapisan penahan api yang ketara. Keputusan ‘Instron microtester’
menunjukkan bahawa kekuatan lekatan lapisan penahan api pada keluli dapat

ditingkatkan dengan penambahan kandungan epoksi.
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