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Avrticle Info ABSTRACT

Article type: Background and Objectives: Tannin is a natural polymer that has recently
Full Length Research Paper  been proposed for wood protection, but the structure of this polymer is not
water resistant and can be easily hydrolyzed or leached out from the wood.

. . ) The use of various aldehydes to synthesize tannin-based resins and therefore
é\rthle h!story. improve the properties of these resins has already been studied. Furfural is a

eceived: 05.18.2022 . . .

Revised: 08.20.2022 natural aldehyde and is the raw material for the production of furfuryl
Accepted: 08.15.2022 alcohol, which is produced from the acidic hydrolysis of agricultural wastes,
such as sugarcane. In this study, first, the effect of adding furfural on the

tannin network features was investigated. Next, the ability of natural

Keywords: - tannin/furfural resin was assessed to impregnate and modify poplar wood to
Em;ens;onal stability, improve its physical properties and hygroscopic behavior.

urfural,
II;eafhing, d Materials and Methods: Tannin-based resins were made with 20% m/m
Tgﬁne::]woo ' tannin and different ratios of furfural (2.5, 5, 10, 15, 20, 25, 40, and 50%

of tannin dry weight) in different acidic conditions (pH 2, 4.5, 7, 9).
For all formulations, the properties of resins were evaluated, including
impregnation abilities, leaching resistance, viscosity, density and gel time.
Optimal condition for making suitable resin to impregnate wood was
selected by the complete factorial method using mini-tab software at a 95%
confidence level. Then, the resin made under optimal condition was used to
impregnate the poplar wood using the vacuum/pressure method. Heating
was used to cure the resin and turn it into a polymer inside the wood. The
physical properties of modified wood were measured according to I1SO
13061 standard method.

Results: Examination of resin properties showed that with an increase in
furfural ratio, the resin density was increased. Moreover, the resin gel time
and viscosity were increased, with increasing furfural ratio and acidity
respectively. The highest leaching resistance of the resin was obtained with
a resin composed of 50% furfural. Microscopic studies showed that resins
containing furfural had a more porous structure. Thermogravimetric
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analysis showed that up to 580 °C, tannin / furfural modified polymer had
higher thermal stability. According to the complete factorial method used,
the optimal condition for making the resin was to add 50% furfural to the
tannin with an acidity of 4.5. Samples impregnated with the selected resins
had less water absorption and swelling than untreated ones. The volumetric
swelling and water absorption of treated samples showed a considerable
decrease with increasing resin concentration.

Conclusion: Extensive studies are underway worldwide to use natural
polymers as wood preservatives or modifiers. The results of this study
showed that the use of natural tannin / furfural resin has a promising prospect
for improving the physical properties of wood. By accurately adjusting the
resin manufacturing conditions and the tannin-furfural pretreatment, a resin
with suitable viscosity and leaching resistance can be achieved to be used in
the wood impregnation industry. It is suggested that future studies investigate
the conferred durability and mechanical properties of woods treated and
modified with tannin / furfural polymer.

Cite this article: Ahmadi, Peyman, Efhamisisi, Davood, Thevenon, Marie-France, Zare Hosseinabadi,
Hamid, Oladi, Reza, Gerard, Jean. 2022. The properties of natural tannin-furfural resin
applied to Poplar wood modification. Journal of Wood and Forest Science and Technology,
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Table 1. Ratios of tannins and furfural for resin formulation.
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1- Scanning electron microscope

2- Full Factorial

3- Fourier-transform infrared spectroscopy
4- Thermogravimetric analysis
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Figure 1. Surface morphology and appearance of tannin / furfural polymers from left: T: Fyg, T: Fao, T: Fgo.
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Figure 2. Photos by scanning electron microscope from tannin and tannin/fufural polymers
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Table 2. Viscosity and gel time of different tannin-furfural resin formulations under different acidic conditions.

(min) .G J3 (Pas) a5 55 s e iz
Gel time (min) Viscosity (Pa.s) Variables
9 7 4.5 2 9 7 45 2 PH
232 289 273 240 5536+28 4518+11 2503 £55 2050 £52 T:Fs
83 98 127 143 5633 £11 4419+28 2804 £6 2235+10 T:Fo
124 119 111 111 5554 +£23 4513+19 3023 £3 2044 +46 T:Fy
100 96 108 57 5607 +6 4570+£9 35.414+3 3046 £58 T: F3o
100 110 80 60 6044 +30 4813+43 3835+17 2914 £11 T:Fyo
100 110 107 68 6912 £17 4646425 2936 £15 27.96 £7 T: Fso
139 127 100 87 6743 £43 5035+31 4540 £14 3849 £43 T: Fgo
182 174 158 140 6632 £36 5533+11 4326 £10 3930 £15 T: Fioo
- - - - 586035 3828+11 3022+13 2937 10 Tu: Frao

* Impossibility to measure gel time due to sedimentation

1- Auto-condensation
2- Poly-condensation
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Figure 3. Leaching values for different tannin-furfural resin formulations.
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Table 3. Properties of tannin-furfural resin synthesized under optimal conditions.

min) .6 J (g/em®) axesls (PaLS) a3 S s (1) el
Gel time (min) Density (g / cm®) Viscosity (Pa.s) Leaching (%)
oldazla s3]
98 +5 1.15+0.10 3500+ 30 2514+ 5.4 _ _
Experimental resin
Lag el 2 b L 3
107 1.19 2934 225 e P oS S S
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results of the Duncan grouping test).
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