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Article Info ABSTRACT

Article type: Background and Objectives: Urea Formaldehyde is an inexpensive and
Full Length Research Paper  essential resin used in cellulosic industries. However, it exhibits weakness
in moist conditions and emits formaldehyde during both manufacturing and
usage, which poses risks to human health. Furfural, an aldehyde chemical
compound, can react with urea similarly to formaldehyde. This study
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Revised: 05.27.2023 aimed to explore the substitution of furfural for formaldehyde in the

Accepted: 06.12.2023 manufacturing of urea furfural resin and to enhance the manufactured resin
by incorporating nano clay.

Keywords: Material and Methods: Furfural and urea were combined in different

Nano clay, molar ratios of 1to 1, 1 to 2.2, and 1 to 3.5. Two dried beech strands were

Shear strength, bonded together using urea furfural resin and subsequently cured in an

E‘;gg f%‘;?ltﬁglt’ oven. The tensile load was applied to the assembly, and the resulting bond

shear strength was measured. Based on the shear test results, the urea
furfural resin with a molar ratio of 1 to 2.2 exhibited the highest
performance. To enhance this resin, nano clay was added at varying
amounts of 0.5%, 1%, and 2% (based on the oven-dry weight of the resin).
Properties such as density, solid content, viscosity, and gel time were
measured. Additionally, spectroscopy FTIR, imaging FESEM, and XRD
analyses were conducted to study the reaction of the nano-clay and its
distribution within the resin.

Viscosity

Results: The results demonstrated that the urea furfural resin with a molar
ratio of 1 to 2.2, which exhibited the highest bond shear strength,
outperformed the other resins. The addition of nano clay at three levels
(0.5%, 1%, and 2%) to this resin resulted in improvements in resin
properties. Specifically, the solid content increased from 56% in the control
resin to 56.5%, 56.65%, and 56.8% in the resins containing 0.5%, 1%, and
2% nano clay, respectively. The density also increased from 1.1 gr/cm? in
the control resin to 1.135 gr/cm®, 1.14 gr/cm®, and 1.145 gr/cm?® in the
resins containing 0.5%, 1%, and 2% nano clay, respectively. Similarly, the
viscosity increased from 95 seconds in the control resin to 135 seconds,
140 seconds, and 143 seconds in the resins containing 0.5%, 1%, and 2%
nano clay, respectively. Bond strength increased from 1.7 MPa in the
control resin to 2.7 MPa by adding 0.5% nano clay but reduced to 0.6 MPa
and 0.8 MPa by adding 1% and 2% nano clay respectively. Additionally,
the gel time decreased from 180 seconds in the control resin to 160

\A




seconds, 145 seconds, and 140 seconds in the resins containing 0.5%, 1%,
and 2% nano clay, respectively.

Conclusion: The findings of this study revealed that the urea furfural resin
with urea to furfural molar ratio of 1 to 2.2 exhibited the highest bond shear
strength, measuring at 1.62 MPa. The addition of 0.5 percent Nano clay to
this resin resulted in improvements in bond shear strength, density, solid
content, viscosity, and gel time. Based on these results, it can be concluded
that the produced urea furfural resin, with a urea-to-furfural molar ratio of
1 to 2.2 and the inclusion of 0.5 percent nano clay, presents a suitable
alternative to urea-formaldehyde resin. Therefore, it is recommended for
use in particleboard and medium-density fiberboard industries.
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Figure 1. Reaction of urea with furfural (10).
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Table 1. Analysis of variances of the effect of variables on resin properties.
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Figure 9. XRD patterns of urea furfural resin contain and free nano clay.
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Figure 10. FESEM images of the failure area of UFF resin contain Nano clay (A) 0.5% (B) 1% (C) 2%.
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