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Preface 
The Northern European Network for Wood Science and Engineering (WSE) had its first annual 
meeting in 2005. The purpose of the organisation is to promote collaboration between northern 
European researchers within wood science and engineering. Young researchers are especially encouraged 
to participate at the meetings and present their work. To put additional focus on young researchers, the 
meeting has during the last years been preceded by a course for PhD-students and early stage researchers. 
This year, the course has the theme “Measuring moisture related properties of wood”.  

Nordic Forestry Research (SNS) and North European Regional Office of European Forest Institute 
(EFINORD) are gratefully acknowledged for their financial contributions to WSE2019. We would also 
like to thank Swedish Wood, who sponsored this year’s awards for best student oral presentation and 
poster presentation.  

Division of Building Materials at Lund University is pleased to host the 15th Annual Meeting of the 
Northern European Network for Wood Science and Engineering – WSE2019.  

Welcome to Lund, Sweden! 

Maria Fredriksson 

Coordinator of WSE2019 

Lund, Sweden 

List of previous WSE meetings:  

2005 Honne, Norway  

2006 Stockholm, Sweden  

2007 Helsinki, Finland  

2008 Riga, Latvia  

2009 Copenhagen, Denmark  

2010 Tallinn, Estonia  

2011 Oslo, Norway  

2012 Kaunas, Lithuania  

2013 Hannover, Germany  

2014 Edinburgh, United Kingdom  

2015 Poznan, Poland  

2016 Riga, Latvia  

2017 Copenhagen, Denmark  

2018 Tallinn, Estonia 



MALEIC ANHYDRIDE AND SODIUM HYPOPHOSPHITE AS A 

POTENTIAL WOOD MODIFICATION SYSTEM  
Authors: Injeong Kim*, Olov Karlsson, Dennis Jones and Dick Sandberg 

About the corresponding (presenting) author: 

 
Name: Injeong Kim 

Webpage: https://www.ltu.se/staff/i/injkim-1.177092?l=en 

E-mail: Injeong.kim@ltu.se 

University: Luleå University of Technology, Wood Science and 
Engineering 

Adress: Forskargatan 1, 93177 SKELLEFTEÅ, Sweden 

Phone: +46 72 245 35 87 

Background 

Modification with cyclic anhydrides forms an ester bond with wood component, whilst 
providing bound carboxylic moieties capable of undergoing further reaction (Hill and Mallon 
1998). In studies of cotton cellulose, it was suggested that sodium hypophosphite (SHP) not 
only acted as a catalyst, but also seemed to react with the unsaturated carbon of maleic acid to 
realise a crosslinked maleic acid modified cellulose (Yang et al. 2011), resulting in better 
properties such as wrinkle resistance and fire properties after laundry (Wu and Yang 2007). As 
wood has a lower crystallinity, such reactions with hemicelluloses and other constituents could 
improve the performance of wood products at various conditions such as dimensional stability, 
durability etc..  

In this study, the possibility of modifying wood using maleic anhydride (MA) combined with 
SHP was investigated.   

Experimental 

Scots pine (Pinus sylvestris L.) sapwood blocks with dimensions of 20×20×10 mm (R×T×L) 
and a oven-dried density of 583±7 kg/m3) were subjected to Soxhlet extraction using a mixture 
of acetone: water (4:1, v:v) prior to impregnation with solution of MA in acetone at 15 bar for 
1 h. Treated specimens were placed in oven at a range of temperatures, followed by Soxhlet 
extraction using acetone for 6 h to remove excess MA. Weights and dimensions of extracted 
specimens were measured to calculate weight percentage gain (WPG) and bulking effect (BE) 
by MA treatment.   

MA treated specimens were vacuum impregnated with aqueous solution of SHP for 0.5 h. For 
the reaction of SHP and wood-MA complex, impregnated specimens were placed at the 
corresponding temperature for 6 h. 

To remove unreacted chemicals, all specimens were vacuum impregnated with water for 0.5 h 
and kept immersed under water for 72 h. Water was changed every 24 h. Weights and 
dimensions of specimens were measured to calculate WPG and BE. 

To investigate the formation of the ester bond by MA treatment and reaction of unsaturated 
carbon after SHP treatment, specimens were analysed with Fourier-transform infrared 
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spectroscopy (FT-IR) with an attenuated total reflectance (ATR). Peaks at 1725 cm-1 and 1640 
cm-1 were observed. All spectra were rescaled against strongest absorption band (1023-1030 
cm-1). 

Results and Discussion 

Based on bulking effect and FT-IR spectra, MA seemed to penetrate into the cell wall and form 
an ester bond with cell-wall components (Table 1 and Figure 1). The decrease of peak at 1640 
cm-1 was observed after treating wood with SHP, which might be due to the reaction with C=C 
in MA. The similar tendency was observed in previous study of cotton treated with maleic acid 
and SHP (Yang et al. 2010). Treating specimens with SHP at low temperature brought not only 
lower WPG compared to only MA treated specimens (Table 1), but also a decrease of peak at 
1725 cm-1 in FT-IR spectra, which indicated a decrease of ester bond present. On the other 
hand, spectrum of specimens treated with SHP at higher temperature showed a similar intensity 
of peak at 1725 cm-1. It is possible that the hydrolysis of the ester bond was preferred at lower 
temperature compared to crosslinking reaction between MA and SHP (Figure 1).  

Table 1. Weight percentage gain (WPG) and bulking effect (BE) before and after leaching in water 

Treatment Without Leaching After leaching

MA  SHP  WPG  

% 

BE 

% 

WPG  

% 

BE 

% 

3.5M/103˚C — 16.4±0.39 5.9±0.11 11.7±0.37 5.2±0.23 

3.5M/115˚C — 19.0±0.28 7.5±0.41 13.9±0.29 6.2±0.57 

3.5M/115˚C 2M/130˚C _ _ 10.0±2.08 3.4±0.72 

3.5M/115˚C 2M/170˚C _ _ 17.0±0.54 7.0±0.32 

 

 
Figure 1. FT-IR spectra of specimens without treatment (untreated), treated with maleic anhydride (MA) 
and treated with maleic anhydride and sodium hypophosphite (SHP). 

Conclusions 

The results suggested that an increased reaction temperature favoured the modification of wood 
with MA and subsequent treatment with SHP. Further studies on the properties of treated 
material are needed to justify the importance of treatment with the catalyst.  
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