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BACKGROUND  

Maleic anhydride (MA) is a cyclic anhydride which can form an ester bond with wood constituents. Previous 

studies showed that maleated wood improved dimensional stability and fungal resistance (Matsuda et al. 

1988; Itoh et al. 1998). The weight gain through treatment was, however, lost during wet-dry cycling 

(Matsuda et al. 1988; Iwamoto and Itoh 2005), which indicated that the ester bonds in maleated wood is 

susceptible to hydrolysis. To use MA treated wood, it is required to find the way to stabilise the ester-bond. 

In studies of cotton cellulose, sodium hypophosphite (SHP) was suggested to form cross-links between 

maleated cellulose by reacting with an unsaturated carbon in adjacent maleated cellulose, resulting in 

enhanced wrinkle resistance of treated cotton (Wu and Yang 2008). Since wood cellulose has a lower 

crystallinity than cotton cellulose, and a higher content of accessible wood constituents such as lignin and 

hemicellulose, a similar reaction may be expected in wood.   

In this study, the possibility to establish a stable modification system of wood with MA via the formation 

of cross-links in maleated wood with SHP was investigated.  

EXPERIMENTAL OR MATERIALS AND METHODS 

Modification of specimens 

Scots pine (Pinus sylvestris) specimens were cut into 20x20x10 (RxTxL) [mm] dimension and extracted 

with acetone: water (4:1) using a Soxhlet apparatus for 6 h and oven-dried at 103°C for 16 h. The specimens 

were pressure-impregnated with 3.5 M of MA in acetone solution (15 bar), with the wood specimens cured 

in an oven at 115°C for 2 h. Treated specimens were extracted with acetone using Soxhlet apparatus for 6 h 

to remove excess MA. Afterwards, specimens were vacuum-impregnated with aqueous solution of SHP in 

two different concentrations (0.5 and 3.0 M) for 0.5 h and heated at 170°C for 6 h to form the cross-linking. 

To remove excess SHP, the treated specimens were vacuum-impregnated with water for 30 minutes and 

submerged in water for 72 h. Afterwards, the specimens were sequentially dried in laboratory conditions 
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(20°C), under a fume hood and then in an oven (103°C) for 24 h respectively (total 72 h). Weights and 

dimensions of the treated specimens were then determined. 

Wet-dry cycles 

All specimens were subjected to following wet-dry cycles to test their dimensional stability. Specimens 

were vacuum-impregnated with water for 30 minutes and submerged in water for 72 h, with the water 

changed every 24 h. After wetting, the specimens were dried on the bench of the laboratory for 48 h, under 

a fume hood for 24 h and in the oven at 103°C for 16 h. The weights and dimensions of both wet and dried 

state of wood specimens were measured. This wet and dry processing were repeated to provide three 

complete cycles. The volumetric difference (ΔA) was compared to pre-treatment values was determined as 

ΔA = 100×(Vn – V0)/V0 , where Vn is the volume of nth wet or dry state of wet-dry cycles and V0 is the 

oven-dried volume of specimens before treatment. The weight percentage gain (WPG) was calculated as 

WPG = 100× (Wn – W0)/W0, where Wn is the oven-dried weight of nth dry state of wet-dry cycles and W0 

is the oven-dried weight of specimens before treatment. 

RESULTS AND DISCUSSION 

In this study, wood was treated with MA and MA combined with low and high contents of SHP, 

respectively. After exposure to water, the volume of specimens were compared with that of oven-dried 

volume before treatment (Figure 1). The specimens treated with MA and 0.5 M SHP (MA+SHP 0.5 M) 

showed the lowest change in volume during wet-dry cycles compared to other specimens.   All specimens 

treated   had both pre-bulking due to treatments but the one with lower content of SHP gave smaller 

maximum volume in the wet state compared to untreated specimens. The restricted swelling is proposed to 

be due to the presence of cross-linking. The specimens treated with a high concentration of SHP (MA+SHP 

3 M) showed the highest swollen volumes in the wet-state (Figure 1). Significant radial cracking was 

observed in these specimens, while samples undergoing MA+SHP 0.5 M treatment barely showed any 

cracks after three cycles of wetting and drying. In comparison, heating without any hypophosphite addition 

gave a less stable product.  

The stability of the treatment was also observed by weight loss determinations resulting from the wet-dry 

cycles. The specimens treated only with MA lost more than half of the weight gained as a result of the initial 

treatment. This tendency was also observed in studies by e.g. Matsuda et al. (1988 and Iwamoto and Itoh 

(2005). The specimens treated with MA and SHP had lower WPG compared to specimens treated only with 

MA. It was also shown in a previous study and was attributed to hydrolysis which took place prior to cross-

linking (Kim et al. 2019). The specimens treated with MA and 0.5 M SHP showed less weight loss during 

wet-dry cycle compared to other treatments. However, the specimens treated with high concentration of 

SHP (MA+SHP 3 M) lost half of the weight gained through the treatment (Table 1). 

Table 1. Weight percentage gain (WPG) [%] of specimens before and after each wet-dry cycle 

Sample After treatment 1st cycle 2nd cycle 3rd cycle 

MA 19.0 13.9 9.4 8.1 

MA+SHP 0.5M 11.2 9.9 9.1 8.6 

MA+SHP 3M 10.0 8.1 6.7 4.6 
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Figure 1. Relative volume (∆A) compared to oven-dried volume before treatment at each wet-dry cycle. 

Dn is oven-dried state in the nth cycle, while Wn is wet state in the nth cycle. 

CONCLUSIONS 

The modification of wood with maleic anhydride (MA) and sodium hypophosphite (SHP) enhanced 

dimensional stability of wood, which shows possibility to use this modification method on wood for outdoor 

use. The results herein suggest the formation of stable cross-linking in the cell wall, hence explaining the 

increased dimensional wood stability.  
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