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Abstract
Modification of urea–formaldehyde (UF) resin binder for making fiberglass mats was aimed as a route to enhance its brit-
tleness and improve its mechanical properties. The UF resin modifiers were chosen among pure acrylate emulsion polymers 
having different glass transition temperatures (Tg). Blends of 10% w/w based on dry modifiers and UF resin were prepared. 
The most effective modifier was chosen and 4 wt% of nanoclay was added to the UF resin for improvement of its mechanical 
properties. Morphologies of the fractured surface of the UF-modified films were investigated by scanning electron microscopy 
(SEM). Coarser texture of the fractured surface was regarded as an increased toughness of the modified UF resin. Investiga-
tion of gel time at 100 °C on various modified urea–formaldehyde resins showed that the gel time of the modified UF resins 
generally decreases with adding polymeric emulsions. It is decreased further when less film forming latex (higher Tg) is used 
in UF resin. Less film formation on the other hand, promotes easier water release during UF resin curing. Tensile and tear 
strength of the fiberglass mat composites have been increased up to 300 and 50%, respectively, while additional increase of 
33% in tensile strength was obtained when nanoclay was incorporated into the composites. X-ray diffraction (XRD) analy-
sis and Si-mapping through SEM were employed in order to show the dispersion and the distribution of nanoclay in the 
composites, respectively. The disappearance of the peak at 2θ = 7.22 confirmed the exfoliation of the employed nanoclay.
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Introduction

Composites in the form of sheets which are made by impreg-
nating wood, cellulose, asbestos and other fibers with 
cross-linkable resins have applications in industrial build-
ing materials as for example, in composite flooring, roofing 
and siding [1, 2]. However, fiber mats and more specifically 
fiberglass mats due to higher resistance have found more 
applications and asphalt roofing shingles can be cited [3–5]. 
Fiberglass shingles have controlled the market for sloping 
roofs in the United States for a long time [6]. Due to the 
performance and durability of fiberglass shingles, there are 
limited reports concerning their defect and loss in windy 
weather conditions [7–9]. Fiber mats for such applica-
tions are made through slurry process using white water, 

comprising various materials in which short glass fibers 
finally form a sheet by passing through UF resin solution 
and subsequent resin content adjustment, to undergo curing 
to final mat products [10]. Bonding fibers with UF resin is 
cheap and it permits the formation of strong bonds under a 
wide variety of conditions [11–13]. The advantages of UF 
resins are their initial water solubility, hardness, non-flam-
mability, good thermal properties and lower costs [14–16]. 
On the other hand, inadequate mechanical properties in 
terms of tear and tensile properties of the produced fiber-
glass mats associated with the inherent resin characteristics 
draws the attention to have a look at appropriate modifica-
tion of the UF resin composition as binder for making fiber 
mats [17, 18]. Both resin and machinery equipments together 
with glass fiber wet chopped finishes have been modified 
since the early 1980s in order to improve those mentioned 
properties [9, 19]. To improve the UF resin properties, 
various techniques such as modifying the chemistry of the 
resin synthesis as well as blending it with the external addi-
tives and polymer emulsions have been reported [20–22]. 
Research works have been performed for the improvement 
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