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BACKGROUND  

It has been suggested that the leachability of the water-borne fire-retardants (FRs) guanylurea phosphate 

(GUP)/boric acid (BA) in treated wood could be reduced with the help of melamine formaldehyde (MF) 

resin (Lin et al. 2020). The mechanism on how the MF resin reduced the leachability of the FRs was however 

unclear. In this study, the morphologies of untreated, MF resin modified, as well as FRs with MF resin 

modified wood were investigated by an optical microscope intended to determine the mode of action of the 

resin with the FRs. 

EXPERIMENTAL  

Two experimental groups were prepared for this study. The first group was Scots pine (Pinus sylvestris L.) 

sapwood impregnated with water solution containing 30 wt% of MF resin (Prefere 4866). The second group 

was the same material impregnated with water solution containing 30 wt% of the MF resin and 8 wt% of 

FRs (GUP:BA, mass ratio 7:3). The impregnation constituted of a vacuum-pressure period, comprising 1 hr 

at 20 mbar followed by 3 hrs at 15 bar. The impregnated wood was cured at 75oC and 99% relative humidity 

(RH) for 24 hrs, before the RH gradually was reduced from 99% to 65% in 20 hrs while keeping at 75oC 

and held at these conditions for 4 hrs. An optical microscope (Olympus DSX-1000) capable of 10x and 40x 

magnification was used to obtain images of the sample morphology. 

RESULTS AND DISCUSSION 

The earlywood cross-section of the untreated MF resin modified, and FRs with MF resin modified wood 

are presented in Fig. 1. As shown in Fig. 1a, the untreated wood contained empty lumens. The MF resin 

treated wood had MF resin deposition as fragmented films around the cell wall lumens, Fig. 1b. The FRs 

with MF resin modified wood, however, had fragmented films as well as microspheres more or less attached 

to the cell wall lumens, Fig. 1c.  Formation of film and sphere of MF resin in the lumen has been related to 

the dry- or wet-curing conditions (Altgen et al. 2020). The dry-curing condition tended to form MF resin 

films around the lumen, while the wet-curing condition tended to form MF microspheres around the lumen. 

The film formation was suggested to be due to how water in the lumen was removed under the drying 

condition. The removal of water results in the concentration diffusion of the MF prepolymer into the cell 
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wall. The remaining prepolymer in the lumen was polymerised and formed films attached to the surface of 

the cell wall. On the other hand, the formation of microspheres was presumed to be due to a different 

mechanism, i.e. nucleation and growth. The formation of acetic acid under humid heat condition (wet 

curing) was due to the cleavage of acetyl functional groups in hemicellulose (Tjeerdsma and Militz 2005), 

which might catalyse the MF resin to form microspheres. The details of the microsphere formation are 

described as follows. The MF prepolymer was dissolved in water in a random-coil form. As the temperature 

increased or conditions became more acidic, the prepolymer started condensing, forming aggregates. The 

aggregates are poorly solvated in the water solution. Consequently, the aggregates grow in its dimension by 

reacting/absorbing other aggregates or prepolymers in the water solution (Cheong et al. 2004; Sperling 

2005). 

Whilst the curing of the samples was under similar conditions, the formation of microspheres was only 

discovered in the wood modified with FRs and MF resin. A possible explanation could be due to the lowered 

pH of the FRs MF resin solution. As a previous research report suggested (Cheong et al. 2004), MF resin 

had a tendency of forming microspheres under acidic aqueous solution. The pH of the original MF resin 

solution was about 10, while the pH of the FRs MF solution was approximately 7.5. As acetic acid might 

form during the curing, the pH of the resin in lumen might be lowered, which could result in the formation 

of microspheres. 

The FRs probably also involved a nucleation and growth phase. With the removal of water from the 

saturated solution, the formed FRs nuclei will be covered by the continually polymerising resin (Sperling 

2005). As a result, the core-shell sphere structure of FRs-resin was observed, Fig. 1c. The core-shell 

structure of FRs-resin can effectively reduce the hygroscopic of FRs (Wang et al. 2015). In other word, FRs 

can be microencapsulated by resin favouring the leaching- and fire-resistance of the modified wood (Lin et 

al. 2020). 

 

Figure 1. Optical microscope micrographs of (a) untreated, (b) MF resin modified, and (c) FRs with MF 

resin modified wood. Upper raw images were taken with the 10x lenses; lower raw images were taken with 

the 40x lenses. 
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CONCLUSIONS 

The formation of microspheres in the lumen of MF resin modified wood took place after introducing FRs 

(GUP/BA) to the treatment. The formation of microspheres seems to be due to the encapsulation of FRs in 

MF resin. Further elucidation of the mechanism will be undertaken using element mapping SEM-EDX. 
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