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NTNC = Natural wood without coating

TTNC = Thermally treated wood without coating
NTBC = Natural wood with coating by brush

TTBC = Thermally treated wood with coating by brush
NTSC = Natural wood with coating by spray

TTSC = Thermally treated wood with coating by spray
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ABSTRACT AND KEWYWORDS

This contribution shows the results from the study of the behaviour of Ayous (Triplochiton scleroxylon K. Schum)
wood, untreated and industrially heat-treated at 215 °C, with the subsequent application of a mono-component
polyurethane coating. The samples were artificially aged under simulated solar irradiation (168 h at 55 °C and 550
W/m?) to verify the behaviour over time of the protective and of the unprotected wood, untreated and heat-treated.
To investigate the behaviour of the specimens, micro-hardness, wettability, wearing, colour and roughness were
measured and compared before and after artificial ageing in the SolarBox chamber.

The obtained data highlighted that the coating improve the surface characteristics of Ayous wood by increasing the
hydrophobicity, the homogeneity of the surfaces, the micro-hardness, and the resistance to wearing.

The ageing process under simulated solar irradiation causes relevant changes in the surface properties, generally
getting worse the wood surface characteristics especially in the uncoated samples: hydrophobicity decreases
significantly in the heat-treated uncoated samples, whereas in the same samples but coated the hydrophobicity is
maintained thanks to the presence of the polyurethane layer; micro-hardness little decreases in all samples, because
of ageing; the wearing resistance is highly improved in coated samples. This result demonstrates the good
performance of the polyurethane coating and its effectiveness in the protection of wood exposed to outdoor
conditions.

Keywords
Ayous wood; polyurethane coating; surface properties; mechanical tests;
colour; artificial ageing IECF




INTRODUCTION

» Ayous wood, obtained from the species Triplochiton scleroxylon K. Schum, is a species
widely diffused in tropical areas of central western Africa with uneven annual rainfall
distribution. The major exporting countries are Cameroon, Ghana, Ivory Coast, Niger
and Nigeria [1-3].

» Ayous wood is very appreciated and diffused in the occidental market mainly due to
the low cost if compared to that of species having similar characteristics but produced
in Europe.

» The main use of this wood is addressed to outdoor covering of the buildings that
exposes ayous to the main degradation agents such as UV, moisture, and biological
attacks [4-5].

» Durability could be improved by applying different kinds of coatings or by thermal
treatment. This last causes reduction of the mechanical characteristics, such as
compression strength, static bending and Brinell hardness [6-7].

» Previous works showed that thermally treated samples exhibited great variation in
colour and chemical properties because of artificial ageing [7-14].

» For this reason, surface protection could be necessary also in the case of thermally
treated ayous wood leading us to test the protective affect a new mono-compone

polyurethane coating applied to both un-treated and heat-treated samples. IECE




MATERIALS AND METHODS

Prepare the samples of ayous wood: natural and thermally treated at 215 °C. Dimension: 10x5x1
cm. Three replicas for each sample typology.

Characterize the commercial mono-component polyurethane product by FTIR spectroscopy. A
Nicolet Avatar 360 spectrometer was used operating in the MIR region with a resolution of 4 cm-.

Apply the coating on ayous wood, both natural and heat-treated. The coating was applied both by
brush and spray according to the technical data sheet.

Measure colour, contact angle, roughness, micro-hardness, wearing (time 0 h). Details of the single
technique are reported in the slides devoted to each single technique.

Age the samples under simulated solar radiation for 168 h. Ageing was performed in a Solar Box
chamber at 55 °C and 550 W/m?.

Measure colour, contact angle, roughness, micro-hardness, wearing (time 168 h). Details of the
single technique are reported in the slides devoted to each single technique.




Results: FTIR spectroscopy for characterization of the
commercial product (mono-component polyurethane resin)
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Results: colour data
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Results: wettability
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Results: roughness parameters
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Roughness measurements
were performed by a
Taylor-Hobson TalySurf
CL1 2000 apparatus,
according to the standards
DIN 4768:1990 and 1SO
4287:1997. Roughness was
measured on 4x4 mm? area
by registering 1334 profiles.




Results: roughness
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Hardness, [HV]
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Results: micro-hardness
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Results: wearing resistance
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DISCUSSION

» Thermal treatment (TT) greatly affect the surface and bulk properties of wood by
changing the colour (darkening), the wettability (the heat-treated wood becomes
hydrophobic) [15-20], the roughness (it increases in the TT), the micro-hardness
(it decreases in TT wood) and wearing resistance (this parameter highly decreases
In TT wood with a significative increase of the wear volume).

» The application of the coating causes some changes: the colour exhibits little
variations in natural wood, higher in the heat-treated wood; the wettability
undergoes a significant decrease in all coated samples independently from the
modality of application (brush or spray) indicating that the polyurethane coating
exerts its hydrophobic effect [21]; the roughness is highly decreased by the spray
application that allows for obtaining a more homogeneous distribution of the
coating in respect to the brush modality; the micro-hardness exhibit the same
behaviour of roughness (much high increase in the samples with the coating
applied by spray); at last the wearing resistance is significantly
Improved by the coating. IECF




DISCUSSION

» The ageing under simulated solar irradiation causes changes in all samples with
different trends depending on wood typology (natural or thermally-treated) and
coating application (brush or spray).

» Concerning the colour, the natural wood (NT) undergoes little variation of
lightness and chromatic coordinates more evident in the samples with the
polyurethane coating applied by spray. In the case of thermally-treated (TT)
wood the colour changes are much more relevant especially for the a* coordinate
in the samples with the product applied by spray (SC). The value of AE*,
expressing the total colour variation, in TT samples with SC is very high
Indicating a probable alteration of both wood and coating.

» The contact angle undergoes a decrease because of the ageing suggesting that this
process increase the wettability of the wood surface. The TT wood without coating
has a peculiar behaviour because the ageing causes a great change in the
contact angle (high decrease) producing a surface completely wettable IECF
[22-27].




DISCUSSION

» As expected, according to the literature on the topic, the surface roughness
Increases in all samples because of the ageing [28-32].

» Micro-hardness shows a little decrease in all samples indicating that the ageing
has a little effect on this parameter

» Lastly, the wearing resistance is highly influenced by the presence of the coating.
In fact, the samples without coating, especially those thermally-treated, exhibit
high decrease of wearing resistance (high increase of wear volume). On the other
hand, the samples with the surface coating have a very low wear volume values
after the ageing demonstrating the effectiveness of the polyurethane product in
the protection of the wood surface against wear.




CONCLUSIONS AND FUTURE PERSPECTIVES

*» Industrial thermal treatment changes significantly the surface and mechanical
characteristics of wood to an extend that makes the materials fragile and not
resistant to outdoor exposure. For the future it will be useful to test temperature
for the treatment lower than 215 °C that could maintain the mechanical
characteristics of the wood, as shown in a previous paper [11].

¢ The polyurethane coating demonstrated effectiveness to protect the wood surface
(significant increase of wearing resistance) and to maintain the hydrophobic
characteristic, also affecting little the colour, in the case of natural wood. For the
future it will be useful to study the behavior of the sole polyurethane product in
respect to the artificial ageing.

¢ This work supplied valid information about the short-term ageing of a
commercial polyurethane mono-component coating giving a practical indication
about maintenance planning on surface treated with this product.

IECF




REFERENCES

[1] F. Palla, D. Louppe, Obeché. Forafri, Libreville, Gabon & Cirad-forét 3(15) (2002) 1-6.
[2] J.B. Hall, S.O. Bada, The Distribution and Ecology of Obeche (Triplochiton scleroxylon), J. Ecol. 67(2) (1979) 543-564. https://doi.org/10.2307/2259111.
[3] ITTO (International Tropical Timber Organization). Status of Tropical Forest Management 2005; ITTO Technical Series 24; International Tropical
Timber Organization: Yokohama, Japan, 2006; 302p.

[4] C. Brischke, L. Meyer, G. Alfredsen, M. Humar, L. Francis, P.-O. Flate, P. Larsson-Brelid, Natural Durability of Timber Exposed Above Ground—A
Survey, Drv. Ind. 64 (2013) 113-129. https://doi.org/10.5552/drind.2013.1221.

[5] M. Humar, D. Krzi$nik, B. Lesar, C. Brischke, The performance of wood decking after five years of exposure: Verification of the combined effect of
wetting ability and durability, Forests 10(903) (2019) 1-17. https://doi.org/10.3390/f10100903.

[6] E. Gennari, R. Picchio, D. Tocci, A. Lo Monaco, Modifications of Physical and Mechanical Characteristics Induced by Heat Treatment: Case Study on
Ayous Wood (Triplochiton Sleroxylon K. Schum), Environ. Sci. Proc. 3(27) (2021) 1-6. https://doi.org/10.3390/IECF2020-07874.

[7] C.A.S. Hill, Wood Modification: Chemical, Thermal and Other Processes, John Wiley and Sons, Hoboken, NJ, USA, 2006.

[8] D. Jones, D. Sandberg, G. Goli, L. Todaro, Wood Modification in Europe: A State-of-the-Art about Processes, Products and Applications; Content CC
BY-SA 4.0 International, Metadata CCO 1.0 Universal; Firenze University Press (www.fupress.com): Firenze, Italy, 2019.

[9] B.M. Esteves, H.M. Pereira, Wood modification by heat treatment: A review, Bioresources 4 (2009) 370—-404.

[10] N. Ayadi, F. Lejeune, F. Charrier, B. Charrier, A. Merlin, Color stability of heat-treated wood during artificial weathering. Holz als Roh- und Werkstoff
61 (2003) 221-226.

[11] A. Lo Monaco, C. Pelosi, G. Agresti, R. Picchio, G. Rubino, Influence of thermal treatment on selected properties of chestnut wood and full range of its
visual features. Drewno 23 (2020) 5-24, doi:10.12841/wo0d.1644-3985.344.10.

[12] K. Candelier, M.-F. Thevenon, A. Petrissans, S. Dumarcay, P. Gerardin, M. Petrissans, Control of wood thermal treatment and its effects on decay
resistance: A review. Ann. For. Sci. 73 (2016) 571-583. https://doi.org/10.1007/s13595-016-0541-X.

[13] C. Pelosi, G. Agresti, L. Lanteri, R. Picchio, E. Gennari, A. Lo Monaco, Artificial Weathering Effect on Surface of Heat-Treated Wood of Ayous
(Triplochiton scleroxylon K. Shum). Environ. Sci. Proc. 3(15) (2021) 1-9. https://doi.org/10.3390/IECF2020-07975.

[14] E. Gennari, R. Picchio, A. Lo Monaco, Industrial Heat Treatment of Wood: Study of Induced Effects on Ayous Wood (Triplochiton scleroxylon K.
Schum), Forests 12(730) (2021) 1-10. https://doi.org/10.3390/f12060730.

[15] E.A. Papp, C. Csiba, Contact angle as function of surface roughness of different wood species. Surfaces and Interfaces 8, (2017) 54-59.
https://doi.org/10.1016/j.surfin.2017.04.009.

[16] R. Benkreif, F.Z. Brahmia, C. Csiha, Influence of moisture content on the contact angle and surface tension measured on birch wood surfaces. Eur. J.
Wood Prod. 79 (2021) 907-913. https://doi.org/10.1007/s00107-021-01666-6.

[17] M. Pétrissans, P. Gérardin, 1. El bakali, M Serraj, Wettability of Heat-Treated Wood. 57(3) (2003) 301-307. https://doi.org/10.1515/HF.2003.045.

IECF




REFERENCES

[18] R. Herrera, T. Krystofiak, J. Labidi, R. Llano-Ponte, Characterization of thermally modified wood at different industrial conditions. Drewno 59(197)
2010 1-14. DOI: 10.12841/wo0d.1644-3985.C05.15.

[19] D. Altgen, M. Altgen, S. Kyyrd, L. Rautkari, C. Mai, Time-dependent wettability changes on plasma-treated surfaces of unmodified and thermally
modified European beech wood. Eur. J. Wood Prod. 78 (2020) 417-420. https://doi.org/10.1007/s00107-020-01505-0.

[20] J. de Oliveira Lopes, R. Aparecida Garcia, A.M. do Nascimento, Wettability of the surface of heat-treated juvenile teak wood assessed by drop shape
analyzer. Maderas. Ciencia y tecnologia 20(2) (2018) 249-256. DOI: 10.4067/S0718-221X2018005002801.

[21] X. Huang, D. Kocaefe, Y. Kocaefe, Y. Boluk, A. Pichette, Changes in Wettability of Heat-Treated Wood due to Artificial Weathering. Wood Sci. Technol.
46(6) (2012) 1215-1237. https://doi.org/10.1007/s00226-012-0479-6.

[22] J. Kadela, M. Strbova, F. Jas,Influence of accelerated ageing on morphology and wetting of wood surface treated with a modified water-based coating
system. Acta Facultatis Xylologiae Zvolen res Publica Slovaca 59(1) (2017) 27-39. DOI:10.17423/afx.2017.59.1.03.

[23] T. Nguyen, W.E. Johns, The effects of aging and extraction on the surface free energy of Douglas-Fir and Redwood. Wood Sci. Technol. 13 (1979) 29—
40. https://doi.org/10.1007/BF00350173.

[24] D.J. Gardner, N.C. Generalla, D.W. Gunnells, M.C. Wolcott, Dynamic wetting of wood. Langmuir 7(11) (1991) 2498-2502.
https://doi.org/10.1021/1a00059a017

[25] F.P. Liu, J.D. Gardner, M.P. Wolcott, A model for the description of polymer surface dynamic behaviour. Contact angle vs. polymers surface properties.
Langmuir 11(7) (1995) 2674-2681. https://doi.org/10.1021/1a00007a056.

[26] R.M. Nussbaum, Natural surface inactivation of Scots pine and Norway spruce evaluated by contact angle measurements. Holz Roh Werkst. 57 (1999)
419-424. https://doi.org/10.1007/s001070050067.

[27] M. Gindl, A. Reiterer, G. Sinn, S.E. Stanzl-Tschegg, Effects of surface ageing on wettability, surface chemistry, and adhesion of wood. Holz Roh Werkst
62 (2004) 273-280. https://doi.org/10.1007/s00107-004-0471-4.

[28] R. Herrera, J. Sandak, E. Robles, T. Krystofiak, J. Labidi, Weathering resistance of thermally modified wood finished with coatings of diverse
formulations. Progress in Organic Coatings 119 (2018) 145-154. https://doi.org/10.1016/j.porgcoat.2018.02.015.

[29] E.D. Tomak, D. Ustaomer, M.A. Ermeydan, S. Yildiz, An investigation of surface properties of thermally modified wood during natural weathering for
48 months. Measurement 127 (2018) 187-197. https://doi.org/10.1016/j.measurement.2018.05.102.

[30] E. Kerzi¢, B. Lesar, M. Humar, M. Influence of weathering on surface roughness of thermally modified wood. BioResources 16(3) (2021), 4675-4692.
DOI: 10.15376/biores.16.3.4675-4692.

[31] D. Godinho, S.d.O. Aradjo, T. Quilhg, T. Diamantino, J. Gominho, Thermally Modified Wood Exposed

to Different Weathering Conditions: A Review. Forests 12 (2021) 1400. https://doi.org/10.3390/f12101400.

[32] A. Mitani, G. Ntalos, D. Koutsianitis, K. Ninikas, Aging effect of some varnish coated wood species on color difference and surface roughness,
PROLIGNO 15(4) (2019) 173-178. IECF




= The 3rd International Electronic Conference on Forests

Exploring New Discoveries and New Directions in Forests
15-31 OCTOBER 2022 | ONLINE

UNIVERSITA

DEGLI STUDI DELLA g
USCIA With more than 70.000 m® ﬁw dexp orted all a 6 dthwo Id, wi

Eurdp nies.commercializ ing /African Spec

Thank you for the kind attention



