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ABSTRACT
Modified urea formaldehyde (MUF) resin was prepared by the
copolymerization of urea formaldehyde (UF) with polyvinyl acetate (PVAc) and
butyl acrylate (BA) using various ratios i.e., 50:50, 60:40, 70:30 of (UF: PVAc) and
50:50, 60:40, 70:30 of (UF: BA). The physicochemical properties were determined
by the standard methods. The comparison of the physical properties of the modified
urea formaldehyde resin showed the improvement in viscosity, density and melting
point at 70:30 ratio of (UF: PVAc). Copolymerized urea formaldehyde resin with
polyvinyl acetate significantly reduced the formaldehyde emission at 70:30 (UF:
PVAc) ratio as compared to similar ratio of butyl acrylate binder 70:30 (UF: BA).
Findings indicate that MUF can be utilized as cheap binder for emulsion paint
formulation due to its lower level of formaldehyde emission.
Keywords: Urea-formaldehyde, Polyvinyl acetate, Butyl acrylate, Copolymerization,
Formaldehyde emission.

1. INTRODUCTION
Urea-formaldehyde is a thermosetting resin which has high heat distortion
temperature, surface hardness, tensile strength, elongation at break, volume resistance and
low water absorption. These resins have applications in particle board, MDF, adhesives,
finishes, molded objects, in automobile tires to enhance the bonding of rubber to tire cord, in
paper to improve tear strength and in molding electrical devices 1-2. Urea formaldehyde can
be utilized in the coating industry if the problems associated with the UF resin are eliminated3.
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Polyvinyl acetate also known as wood glue is a rubber like thermoplastic polymer
with the formula (C4H6O2)n. Polyvinyl acetate emulsions are used as adhesives for wood,
paper, cloth, as industrial coatings, as a binder and in textile finishing4. Acrylics are the
thermosetting plastic substances made from acrylic acid or methacrylic acid. Polymethyl
acrylate is used in lacquer, textile finishes and adhesives5. Paints containing greater amounts
of acrylic resins ensure the stain protection, water resistance, improved adhesion, resistance
against cracking and blistering6-8.
Formaldehyde emission is the major environmental challenge with UF resins and
hence creating problems of environmental pollution. Hence, the reduction of this pollutant is
an important environmental requirement9-10. For the safety purpose, alternative raw materials
are being used to produce the new formulation and to control the amount of volatile organic
compounds. Many efforts are being made in amino resin technology to reduce the
formaldehyde emission during the last few decades. It will result in the production of
formaldehyde free products and to meet the standard requirements for each type of composite.
An approach to reduce the formaldehyde emission by decreasing the mole ratios of
F/U was used, which not only reduced the formaldehyde but also affected the other
properties11. Osemeahon et al used 2:1 ratio of F/U to reduce the formaldehyde emission.
Other modifications with other additives are also reported12. Previous applications include
the lowering of formaldehyde emission by using acetals. Different studies have turned the
attention to formaldehyde free adhesives i.e. soy-bean and isocyanate based adhesives.
Study of soy protein as formaldehyde scavenger has also been reported13. Copolymerization
of methylol urea and polyester in the presence of varying concentrations of TEA
(Triehanolamine) produced a copolymer composite with a considerable reduction in
formaldehyde emission14.
Coating industry is now using the synthetic resin instead of natural resin because of
the applications associated with the synthetic resin such as hardness, durability and
resistance to water. Various modifications have set a new trend of research in the resin
synthesis15-16. For the enhancement of the outstanding physical, mechanical and chemical
properties, blending is an important process. By blending we can achieve a wide range of
inaccessible applications17. It is an important way of getting new materials having properties
slightly different from the pure components. Modifications of urea formaldehyde resin
resulted in the production of the efficient binder in emulsion paint formulation18-25.
This study investigated the chemical structure of modified urea formaldehyde resin. The aim
of this study is to undertake the copolymerization of urea formaldehyde with polyvinyl
acetate and butyl acrylate to form a reduced formaldehyde coating product.
2. MATERIALS AND METHODS
2.1 Reagents/Chemicals
All the reagents used during the study program were analytical grade. The reagents
used include distilled water, urea, formaldehyde, sodium hydroxide, sodium dihydrogen
phosphate, polyvinyl acetate, butyl acrylate etc.
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2.2 Synthesis of urea formaldehyde resin
Urea formaldehyde was prepared by using the one step process (OSP) as reported by
Osemeahon and Barminas26. The resin was prepared by treating 12 g of urea with 48.6 mL of
formaldehyde 37% (w/v) by using 0.4 g of sodium dihydrogen phosphate as a catalyst. The
initial pH was adjusted to pH 6 by using 0.1 M sodium hydroxide solution and temperature
was raised to 70 °C for 1 hour with continuous stirring. The reaction was monitored through
viscosity measurement. After cooling, it was kept for 24 hours at ambient conditions.
2.3 Copolymerization reaction
Polyvinyl acetate (48%) and butyl acrylate (52%) solutions were further diluted to
50% to make the desired concentration of the solution to react with urea formaldehyde resin.
Copolymerization of urea formaldehyde was carried out by preparing the various
concentration ratios with polyvinyl acetate and butyl acrylate i.e., 50:50, 60:40, 70:30 of
(UF: PVAc) and 50:50, 60:40, 70:30 of (UF: BA) at 25 °C. Copolymerization was carried
out after 24 hours of resin synthesis. The further tests of these six copolymerized resins
samples were performed after 24 hours.
2.3.1 Determination of formaldehyde emission
25 mL of sodium sulfite (1 M) solution was taken in a flask. 1 g of the sample was
put into the flask. 2 or 3 drops of phenolphthalein indicator were added into the flask and the
solution was titrated against sulfuric acid (0.5 N). The amount of formaldehyde present in
each sample was calculated by using the formula:
HCHO emission = N×V×3.005/W
N= Normality of sulfuric acid, V= Volume of sulfuric acid used for titration, W= Weight of
sample taken, End point: pink to colorless.27
After copolymerization their viscosity, density, turbidity, refractive index, moisture
uptake,dry solid mass and formaldehyde emission were measured according to standard
procedures. Their FT-IR spectra were also obtained for the confirmation of reaction.
3. RESULTS AND DISCUSSION
Modified urea formaldehyde (MUF) resin was prepared by the copolymerization of
urea formaldehyde (UF) with polyvinyl acetate (PVAc) and butyl acrylate (BA) using
various ratios i.e., 50:50, 60:40, 70:30 of (UF: PVAc) and 50:50, 60:40, 70:30 of (UF: BA).
The physicochemical properties were determined by the standard methods. Results are
described in the table-1.
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Table 1. Characteristics of MUF Resin blends synthesized in this study
Sample

Viscosity

Density

Composition
A. (50:50) UF:PVAc
B. (60:40) UF:PVAc
C. (70:30) UF:PVAc
D. (50:50) UF: BA
E. (60:40) UF: BA
F. (70:30) UF: BA
G. (100%) UF

(cP)
25.8
38.3
90.9
21.09
34.21
86.23
98

(g/cm3)
1.117
1.139
1.154
1.096
1.097
1.134
1.192

Melting
Point
(°C)
220
240
260
230
240
250
200

Turbidity
(NTU)
38.15
50.73
56.1
71.5
77.7
83.2
126.1

Refractive
Index
1.3706
1.3723
1.3788
1.3836
1.3847
1.3854
1.4089

Moisture
Uptake
(g)
0.04
0.03
0.02
0.05
0.03
0.01
0.03

Solid
Content
(%)
0.98
0.99
1.0
0.97
0.98
0.99
0.99

HCHO
Emission
(%)
1.95
1.05
0.75
1.5
1.2
1.05
4.5

Influence of polyvinyl acetate and butyl acrylate concentration on the viscosity of
UF (Fig. 1). In the beginning with the equal levels of UF with PVAc and BA, it was
observed that viscosity lowered which may be due to polymer dissociation. Furthermore,
increase in viscosity of MUF was observed by increasing the UF concentration.28-30.

Figure 1. Effect of PVAc and BA Concentration on the Viscosity of UF

Effect of polyvinyl acetate and butyl acrylate concentration on the density of UF has
been shown in the fig. 2. It can be observed that the density of modified UF increases with
increase in UF concentration. Sharp increase is observed by increasing the composition of
UF with BA from 60 to 70%. This result is attributable to the packing nature of resin
molecules. Density depends on free volume and packing efficiency of molecular chains. The
increase in density with increase in molecular weight indicates efficient molecular packing31-32.

Figure 2. Effect of PVAc and BA Concentration on the Density of UF
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Figure 3. shows the effect of PVAc and BA concentration on the melting point of
UF resin. The increase in melting point at 70% composition of (UF:PVAc) as compared to
(UF:BA) suggests that the increase in molecular weight makes the material harder due to the
enhancement of the cross linking of the polymer. The melting point of a polymer has a direct
effect on its thermal property. It is related to its molecular weight, degree of cross-linking
and level of rigidity of the polymer34. Molar mass, rigidity, intermolecular interactions, and
fundamental hard structure results in the increase of melting point35.

Figure 3. Effect of PVAc and BA Concentration on the Melting point of UF

Turbidity is an indication of the interchain cross-linking33. Turbidity value is
generally low at 50% concentration because solution in this case is clear. As the
concentration of UF increases, the large particles growth increases and hence the turbidity is
increased. The more the UF concentration with BA, there is more scattering of light and
hence increased turbidity is observed as shown in Figure 4.

Figure 4. Effect of PVAc and BA Concentration on the Turbidity of UF

Measure of the ability of the coated surface to reflect light is called gloss.
Considering the surface aesthetic or decoration, gloss is an important property36-37.
Reflection of light and smoothness of the paint is indicated by the gloss. This property is
exhibited mainly in the oil paints. The effect of PVAc and BA concentration on the
141

Zafar Iqbal, et al., J. Chem. & Cheml. Sci. Vol.11(12), 137-149 (2021)

refractive index of UF is shown in Table 1. It is observed that among all the compositions,
higher refractive index value is observed at 70:30 (UF:BA) composition as shown in Figure
5. This is due to the increase in molecular weight and hence the interaction with the light
also varied resulting in the increase of refractive index. Packing nature of resin molecules
also affects the refractive index values38.

Figure 5. Effect of PVAc and BA Concentration on the refractive index of UF

Figure 6. shows the effect of PVAc and BA concentration on the moisture uptake of
UF resin. It is observed that the moisture uptake of MUF decreases with increase in UF
concentration. The possible reason for this development may be due to decrease in the
molecular size holes in the polymer structure with increase in UF concentration 45-46.
Interaction between the UF and BA results in the increase in crosslinking, narrowing the
intermolecular spacing within the matrix and hence reduction in the moisture uptake. Water
uptake affects the essential properties of the polymer material such as the physical,
mechanical, thermal and structural properties. In the paint-making industry, the moisture
uptake of the binder is very crucial because it is responsible for blistering of paint film42-43.
One of the major drawbacks of UF resin is poor water resistance44. This needs to be
improved for using the UF in coating industry.

Figure 6. Effect of PVAc and BA Concentration on the moisture uptake of UF
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Effect of PVAc and BA concentration on the solid content of UF resin. It can
be observed that the solid content of UF resin increases with increase in the
percentage composition as shown in Figure 7.

Figure 7. Effect of PVAc and BA Concentration on the solid content of UF

Figure 8. shows the effect of PVAc and BA concentration on the formaldehyde
emission of UF. As the percentage concentration of UF increases, formaldehyde value is
decreased. The reduction is maximum i.e. 0.75% at 70:30 composition of (UF: PVAc). This
reduction might be due to the presence of PVAc behaving as obstacle in the matrix of UF
resin and hence causing the difficulty for the reactive groups of urea and formaldehyde to
come close and interact. It is necessary to determine the formaldehyde emission values
before it is used as a paint coating39. Formaldehyde emission occurs because of hydrolysis of
UF resin causing the sick building syndrome. Latex paints are known to have high emission
of formaldehyde40-41.

Figure 8. Effect of PVAc and BA Concentration on the HCHO emission of UF
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Table 2. Appe arance and properties of Air-dried sample
Sample
A (50:50)
UF:PVAc

Appearance

Properties
White, shiny glass like, very hard layer

B (60:40)
UF:PVAc

White, hard layer

C (70:30)
UF:PVAc

White, powdered like

D (50:50)
UF:BA

White, very hard layer

D (60:40)
UF:BA

White, hard layer

F (70:30)
UF:BA

White, powdered like

G (100%)

White, powdered like, easily scratch able layer
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3.9 FT-IR Analysis
FTIR spectroscopy is a very important tool which is used for the identification of
functional groups. The spectra of UF, UF−PVAc and UF−BA are shown in Figures 9-11.
In the spectrum of UF (Figure. 9), the broad band stretching at 3332 cm-1 is due to (O−H),
1551 cm-1 is due to (N−H), 1241 cm-1 is due to (C=O), 1389 cm-1 is due to (–CH2) and 1132
cm-1 is due to (C−O−C). All the above peaks of UF also appeared in the spectrum of
UF−PVA and UF−BA resins.

Figure 9. IR Spectra of UF

The graph of (UF−PVAc), (Figure. 10) showed the presence of –OH, N−H, −CH2− ,
C−O−C, CO functional groups having corresponding peaks at 3336 cm-1, 1632 cm-1, 1372
cm-1, 1242 cm-1 and 1126 cm-1 respectively.

Figure 10. FT-IR Spectra of UF:PVAc

The graph of (UF−BA), (Figure. 11) showed the presence of –OH, N−H, C−O−C,
CO functional groups having corresponding peaks at 3343 cm-1, 1627 cm-1, 1251 cm-1 and
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1140 cm-1 respectively. The –OH, N−H, C−O−C and CO bands of UF shifted to the slightly
different frequencies indicating the phenomenon of polycondensation, during the
copolymerization reaction. These observations showed that the chemical reaction has taken
place between UF with PVAc and BA.

Figure 11. IR Spectra of UF: BA

CONCLUSION
Copolymerization reaction of urea formaldehyde with polyvinyl acetate and butyl
acrylate was successfully carried out. The physical properties like viscosity, density,
turbidity, melting point, moisture uptake, solid content, refractive index and formaldehyde
emission levels were determined. The Infrared analysis confirmed that there is an interaction
between UF resin and copolymerized resin. Copolymerized urea formaldehyde resin with
polyvinyl acetate reduced the formaldehyde emission as compared to butyl acrylate at 70:30
(UF: PVAc) composition. Physical properties were assessed for its level by comparing with
the permissible limits given by the coating industry and levels are in the safety baseline for
human use indicating that the copolymer resins can be used as a binder for paint formulation.
REFERENCES
1. Gan SN, Tan B.. FTIR studies of the curing reactions of palm oil alkyd–melamine
enamels. Journal of Applied Polymer Science; 80(12): 2309-2315 (2001).
2. Akpabio UD. Retention of urea formaldehyde resin finish on cellulosic fabric and its
effect on water absorbent capacity of the treated fabric. International Journal of
Advanced Scientific and Technical Research; 2(5): 31-39 (2010).
3. Osemeahon SA, Nkafamiya II, Fai FY.. Application of methylol urea/natural rubber
copolymer composite for emulsion paint formulation. International Journal of Biological
and Chemical Sciences; 3(6): 1491-1498 (2009). doi: 10.4314/ijbcs.v3i6.53167
4. Cakir M, Kartal I, Demirer H, Samur R. Effect of water absorption on the wear
behaviour of sol-gel processed epoxy/silica hybrids. Scientific Research and Essays;
7(7):805-812 (2012).
146

Zafar Iqbal, et al., J. Chem. & Cheml. Sci. Vol.11(12), 137-149 (2021)

5. Cappitelli F, Principi P, Pedrazzani R, Toniolo L, Sorlini C. Bacterial and fungal
deterioration of the Milan Cathedral marble treated with protective synthetic resins.
Science of the Total Environment; 385(1-3):172–81 (2007). doi: 10.1016/j.scitotenv
2007.06.022
6. Nosanchuk JD, Cappitelli F, Casadevall A, Toniolo L, Brusetti L et al. Synthetic
consolidants attacked by melanin-producing fungi. Applied and Environmental
Microbiology; 73(1): 271–277 (2007).
7. Yoshida E, Tago S, Imamura K. Binders Compositions for Paper Coating Materials. US
Patent No. 4431769 (1984).
8. Mclaughlin J, Moorestown N, Toy W. Methods of Making Coated Paper Products and
the Products Obtained. US Patent No. 2790736 (1957).
9. Akintreinwa A, Osemeahon SA, Nkafamiya II, Maitera ON. Synthesis and
characterization of emulsion paint binder from a copolymer composite of dimethylol
urea/polystyrene. Journal of Polymer and Composites; 3(2):11-21 (2015).
doi: 10.17706/ijmse. 2016.4.3.161-171
10. Barminas JT, Osemeahon SA. Development of Waste Polystyrene as a binder for
emulsion paint formulation: Effect of polystyrene concentration. The International
Journal of Engineering and Science; 2(8): 30-35 (2006).
11. Que Z, Furuno T, Katoh S, Nishino, Y. Evaluation of three test methods in
determination of formaldehyde emission from particleboard bonded with different mole
ratio in the urea-formaldehyde resin. Building and Environment; 43(3): 1242-1249
(2007). doi:10.1016/j.buildenv
12. Fink JK. Reactive Polymers Fundamentals and Applications: A Concise Guide to
Industrial Polymers. William Andrew.187 pp (2013).
13. Pizzi A, Zhao C, Kamoun C. TTT and CHT. Curring Diagrams of Water Borne
Polycondensate Resins on Lignocellulosic Substractes. Journal of Applied Polymer
Science; 80(12): 2128 – 2139 (2001).
14. Pereira F, Pereira J, Paiva N, Ferra J, Martins JM et al. Natural Additive for Reducing
Formaldehyde Emissions. Journal of Renewable Materials; 4(1): 41-46 (2016).
doi:10.7569/JRM
15. Edoga MO. Ethylated Urea-Ether-Modified Urea-Formaldehyde Resins, Part I:
Structural and Physicochemical Properties. Leonardo Electronic Journal of Practices
and Technologies; 5(9): 121-136 (2006).
16. Idowu-Oyewole ET, Osemeahon SA, Dass PM, Akinterinwa A. Synthesis and
Characterization of an Emulsion Paint Binder from a Copolymer Composite of
Trimethylol Urea/Polyethylene. International Journal of Materials Science and
Engineering; 4(2): 161-171 (2016).
17. Manchado MA, Biagiotti J, Kenny JM. Rheological Behavior and Processibility of
Polypropylene Blends with Rubber Ethylene Propylene diene Terpolymer. Journal of
Applied Polymer Science; 81(1): 1-10 (2001).
147

Zafar Iqbal, et al., J. Chem. & Cheml. Sci. Vol.11(12), 137-149 (2021)

18. Barminas JT, Osemeahon SA. Development of Amino Acid Resin for Paint
Formulation: Copolymerization of Methylol Urea with Polyesther. African Journal of
Biotechnolgy; 6(12): 1432–1440 (2007).
19. Suurpere A, Christjanson P, Siimer K. Rotational viscometry for the study of
ureaformaldehyde resins. Proceedings of the Estonian Academy of Sciences
Engineering; 12(2): 134-146 (2006).
20. Osemeahon SA, Nkafamiya II, Maitera ON, Akintreinwa A. Synthesis and
characterization of emulsion paint binder from a copolymer composite of dimethylol
urea/polystyrene. Journal of Polymer and Composites; 3(2): 11-21 (2015).
21. Abdullah ZA, Park BD. Hydrolytic stability of cured urea-formaldehyde resins modified
by additives. Journal of Applied Polymer Science; 114(2): 1011-1017 (2009).
22. Conner AH. Urea – formaldehyde Adhesive Resins. Polymeric Materials Encyclopedia;
128: 8496-8501 (1996).
23. Mark HF, Bikales NM, Overberger CG, Menges G. Encyclopedia of Polymer Science
and Engineering, New York :Wiley-Interscience, pp. 720 (1985).
24. Trumbo DI, Mole EB, Travino SA, Denbrink VM. Copolymerization Behavior of 3 –
Isopropynl-∝-∝-Dimethylbenzylamine and a Preliminary Evaluation of the Copolymer
in Thermosetting Coatings. Journal of Applied Polymer Science; 82(4):1030–1039 (2001).
25. Osemeahon SA, Dimas BJ. Development of urea formaldehyde and polyethylene waste
as a copolymer binder for emulsion paint formulation, Journal of Taxicology and
Environmental Health Sciences; 6(3):75-88 (2014). doi: 10.5897/JTEHS 2013.0285
26. Osemeahon SA, Barminas JT. Study of some physical properties of urea formaldehyde
and urea proparaldehyde copolymer composite for emulsion paint formulation.
International Journal of Physical Sciences; 2 (7): 169-177 (2007).
27. Walker JF.. Formaldehyde, 3rd ed. Reinhold Publishing Co., New York (1964).
28. Oluranti SA, Emmauel RS, Adesola TA, Olusesan FB.. Rheological properties of
polymers: structure and morphology of molten polymer blends. Material Sciences and
Applications; 2:30-41 (2011). doi: 10.4236/msa.2011.21005
29. Stabik J, Dybowska A, Szczepanik M, Suchoñ L. Viscosity measurements of epoxy resin
filled with ferrite powders. Archives of Materials Sciences and Engineering; 38(1):34-40
(2009).
30. Hussain AI, Nasr HE. The role of carboxylic acid on the characterization and evaluation
seed emulsion of styrene/butyl acrylate copolymers lattices as paint. Nature and Science;
8(8):94-103 (2010).
31. Kazys R, Rekuviene R. Viscosity and density measurement methods for polymer melts.
Ultrasound; 66(4):20-25 (2012). doi: 10.5755/j01.u.66.4.1022
32. Mavani IS, Mehta MN, Parsania HP. Synthesis and physicochemical study of polyester
resin of 1,1- bis(3- methyl-4-hydroxy phenyl)cyclohexane and rininoleic acid and its
polyurethanes with polyethylene glycol. Journal of Scientific and Industrial Research;
66:377-384 (2007).
148

Zafar Iqbal, et al., J. Chem. & Cheml. Sci. Vol.11(12), 137-149 (2021)

33. Osemeahon SA, Barminas JT. Study of some physical properties of urea formaldehyde
and urea proparaldehyde copolymer composite for emulsion paint formulation.
International Journal of Physical Sciences; 2(7): 169-177 (2007).
34. Afsoon F, Laleh R, Faramarz A. DSC analysis of thermosetting polyimide based on
three bismaleimide resin eutectic mixtures. Iranian Polymer Journal; 20(2):161-171
(2011).
35. Al-Manasir N, Kjoniksen AL, Nystron B. Preparation and characterization of
crosslinked polymeric nanoparticles for enhanced oil recovery applications. Journal of
Applied Polymer Science; 113(3): 1916-1924 (2009). doi: 10.1002/app.30176.
36. Kaygin B, Akgun E. A nano-technological product: An innovative varnish type for
wooden surfaces. Scientific Research and Essay; 4(1):001-007 (2009).
37. Yumiko H, Takanobu S, Tetsuo O, Toshiaki O, Masashi M et al. Effects of specular
component and polishing on color resin composites. Journal of Oral Science;
52(4):599-607 (2010).
38. Chain KS, Yi S. Synthesis and Characterization of an Isocyanurate – Oxazolidone
Polymer: Effect of Stoichiometry. Journal of Applied Polymer Science; 82(4): 879-888
(2001). doi: org/10.1002/app.1919
39. Emile G. Moisture transfer properties of coated gypsum. Eindhoven University Press,
Eindhoven, Netherlands. pp. 2-6 (2003).
40. Bharath NK, Swamy PR. Adhesive tensile and moisture absorption characteristics of
natural fibers’ reinforced urea formaldehyde composites. International Journal on
Recent Trends in Engineering & Technology; 1(5):60-62 (2009).
41. Conner AH. Urea – formaldehyde Adhesive Resins. Polymeric Materials Encyclopedia;
128: 8496-8501 (1996).
42. Naghash JH, Karimzadeh A, Momeni RA, Massah RA, Alian H. Preparation and
properties of triethoxyvinylsilane-modified styrene- butyl acrylate emulsion copolymers.
Turkish Journal of Chemistry; 3 :257-269 (2007).
43. Nouailhas H, Guerneve C, Caillol S, Boutevin B, Fulcrand H. Synthesis and properties
of biobased resin, Part 1. Glycidation of flavonoids by epichlorohydrin. Journal of
Polymer Science/ Part A: Polymer Chemistry; 49(10) :2261-2270 (2011).
doi: org/10.1002/pola.24659
44. Derkyi NS, Darkwa NA, Yartey JG. Effect of cassava flour as urea formaldehyde
adhesive extender on the bonding strength of plywood. Ghana Journal of Forestry 200;
23(24):25-34.
45. Salthammer T, Mentese S, Marutzky R. Formaldehyde in the indoor environment.
Chemical Reviews; 110(4):2536-2572 (2010).
46. Lee J, Jeon J, Kim S. Green adhesives using tannin and cashew nut-shell liquid for
environmental–friendly furniture materials. Journal of the Korea Furniture Society;
22(3): 219-229 (2011).

149

