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Figure 1. Hydrogenation reaction of Furfural and its conversation into the Furfuryl alcohol (14).
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Table 1. Dimensions of samples according to ISO 13061 standards.
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Reference Standard No. (Jsbx i culos) MM Test
(LongitudinalxRadialxTangential)
S sl S

(1) 1SO 13061-13 (2016)

(22) 1SO 13061-2 (2014) 30x20x20
(23) 1SO 13061-12 (2014) 50x50x50
(24) 1SO 13061-17 (2014) 60x20x20
(25) 1SO 13061-10 (2014) 300x20x20
(26) 1SO 13061-3 (2014) 300x20x20

Physical characteristics
(& olal Sazsly 5 of L)
(Water absorption, Swelling, Density)
o
Hardness
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Compression parallel to the grain
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Table 2. Different treatments used for impregnation of samples based on the Furfural-urea and Furfural.
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Code Treatment No.
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C 1
Control
LoV e Sl o ol + 77 oyl + LY Ul gy g8
FaotU1/Myg S T o ot 2
Furfural 20% + Urea 10% + Maleic Anhydride 10%
LAY SKle o, + 7Y ogsl+ 7 80 Jly g3, 8
FaotU1/My; A S >’ + J))f)f 3
Furfural 40% + Urea 12% + Maleic Anhydride 12%
LAY SKle dou il + 7Y oyl + 7\ Jl g3 48
FeotU1o/Myo S >’ + Jjjlﬁjf 4
Furfural 60% + Urea 12% + Maleic Anhydride 12%
7V0 Sle duyadl +7Y0 oyl + L Ve Ul g, 48
Fro+Us/Mss S T > + J));j)f 5
Furfural 70% + Urea 15% + Maleic Anhydride 15%
EA 1t Sl 18 e 53+ Y Sle il + YA L5855 ISUI 6

Furfuryl Alcohol 28% + Maleic Anhydride 2% + Tetra Borate Disodium 4%
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Table 3. Ratio of different chemicals in the wood after treatment as well as leaching rate and weight percentage gain (\WPG).

REERE R ey s Sl 2l o)l st Slesd a3,
WPG % Leaching Rate %  Maleic Anhydride  Urea Furfural Treatment No.

27.29 £3.53 259+0.21 28.3 283 434 FaotU10/Myg 1
37.35+4.56 2.06 £0.89 219 219 56.2 FaotU/My, 2
43.48 +5.81 3.92+0.30 16.4 16.4 67.3 FeotU12/My, 3
57.65 + 8.57 3.71+0.43 17.2 17.2 65.6 F7o+Uis/My5 4
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Figure 2. Chemicals converting rate into the polymer during curing process.
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Figure 4. Bulking effect of different treatment on wood.
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Abstract
Background and objectives: Impregnation of wood with different monomers and their conversion to the
un-leachable reacted polymers inside the wood causes a new product which is called wood polymer. The
furan compounds such as Furfuryl alcohol (FA) is commercially used for wood modification, producing
then wood polymer. Wood is impregnated with FA, convert to the polyFA by heating. Furfural which is
in fact the primary raw material in the manufacture of FA is extensively manufactured in Iran from
residues of sugar cane. Furfural could not be easily polymerized alone like FA; however it is an aldehyde
which can react with urea to make polymer network. In this study, the possibility of furfural/urea polymer
along with acidic catalyzer (maleic anhydride) was evaluated for the improvement of physico-mechanical
properties of birch wood.
Methods and Materials: Birch wood (Betula sp.) imported from Russia was used for experiments. With
a double treatment procedure Furfural+Urea/Maleic anhydride was impregnated into the wood according
to a 2 steps vacuum/pressure technology: (1) diluted furfural in water and methanol, followed by (2)
Urea/Maleic anhydride aqueous solution. For making comparison between the results, a commercial
formulation based on the FA was also used as a reference. The mixes impregnated into the wood were
polymerized by heating. Then, different physico-mechanical properties of wood samples were measured
according to the standard guidelines of ISO 13061 series.
Results: The proportion of Furfural+Urea/Maleic anhydride was appropriately selected, and
approximately 60 to 80% were converted to the polymer. The leaching rate of the products once
polymerized within the treated wood was around 4% which is comparable to the results of commercial
formulation based on FA. The weight percentage gain (WPG) of the wood samples varied between 27 to
57% depending on the furfural concentration in the treatment solutions. Despite the bulking effect, the
density of samples after treatment increased significantly. The water absorption during samples soaking
in the water is clearly linked with the WPG, and decreases with the increase of WPG. The volumetric
swelling of the samples treated with the combination of furfural+urea/maleic anhydride also follows the
same trend. However, the lowest volumetric swelling was obtained with the treatment with FA. The
mechanical resistance evaluation showed that wood treatment by furfural +urea/maleic anhydride reduced
the hardness and the impact bending of wood, while static strength such as the modulus of rupture,
modulus of elasticity, and compression parallel to the grain increased. The treatment with FA also
reduced the resistance of wood against impact bending.
Conclusion: Wood treatment with the complex of furfural+urea/maleic anhydride, especially at high
WPG levels, has a good potential for improving most wood properties. The high acidity of furfural based
solution is one of the issues requiring additional studies. If the alkaline pH is used, the curing of the resin
will be disturbed and the leaching rate will increase. On the other hand, acidic pH also has a negative
impact on wood properties.
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