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Abstract 
 
Particleboards are an important base for furniture production and interior use, and the 
production process is in general optimized for wood as the main raw material. 
Monocotyledons such as reed canary grass (Phalaris arundinacea L.) are an interesting 
raw-material resource for particleboards, especially since monocotyledons are less 
suitable than most wood species for thermal energy recovery and pulp and papermaking.  
In this work, the use of reed canary grass for single-layer particleboards was studied. A 
surface treatment with paper during pressing or a paper coating after pressing were also 
tested as a way to increase their mechanical properties. A waterborne acryl-based 
adhesive was used, and this allowed the reed canary grass to be used without any 
additional pre-treatment. The boards were tested according to the EN 312 standard. The 
results showed that the boards did not fulfil the requirements of the standard regarding 
mechanical properties and thickness swelling but that a surface treatment gave a 
considerable improvement in the mechanical properties. The low mechanical 
performance of the boards is due to problems related to the production process, where it 
appears that acrylic adhesive is not favourable for grass-based panel production. 
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Introduction 
 

Reed canary grass (Phalaris arundinacea L.) is a perennial, rhizome-building C3 grass 
with high production of biomass in boreal zones (Xiong et al. 2008). The biomass 
production reaches 6-8 tons dry mass per hectare for spring (= delayed harvest) and 8-10 
tons for autumn harvest (Finell 2003). Chipping of the grass during or after harvest 
results more or less in a mix of different parts of the plant, such as leaf, leaf sheath, and 
stem, that have different properties (Pahkala and Pihala 2000; Finell 2003). 
Nowadays, reed canary grass is generally cultivated for use in thermal energy recovery, 
especially in Finland (Casler et al. 2009). The disadvantage of using monocotyledons for 
thermal energy recovery is, compared to wood, the relatively high ash content and low 
ash melting point (Diamantidis and Koukios 2000; Kim and Dale 2004; Greenhalf et al. 
2012). Reed canary grass could also be a raw material for the pulp and paper industry, but 
it is not yet being considered for industrial use, at least not in Europe (Finell 2003).  
Another possible use of reed canary grass is in the production of particleboards as a 
substitute for wood. Table 1 shows that monocotyledons have a lower lignin content and 
a higher content of hemicelluloses than wood, and that the ash content is up to 10 times 
higher for monocotyledons. While the high content of hemicelluloses is problematic for 
particleboard production because of its greater water uptake, the ash is beneficial as this 
raw material is less favorable for e.g. thermal energy recovery. 
 
Table 1: Chemical composition in percentage of mass for different lignocellulosic 
materials. C: celluloses; L: lignin; HC: hemicelluloses; A: ash content 

Species C L HC A References 
Wheat straw 41 8 31 6.3 (Bridgeman et al. 2008) 
Miscanthus 49 11 30 2.6 (Hodgson et al. 2011) 

Reed canary grass 30-43 8-11 25-30 1.3 -6 (Dien et al. 2006; Bridgeman et 
al. 2008; Jansone et al. 2012) 

Cup plant 36 12 18 9 (Wulfes 2012) 

Softwoods 40-45 25-35 25-30 0.2-0.4 (Fengel and Grosser 1975) 
(Pettersen 1984) 

Hardwoods 40-50 20-25 25-35 0.2-0.8 (Fengel and Grosser 1975; 
Pettersen 1984) 

 
The tubular stalks of reed canary grass collapse during chipping and often break open in 
the longitudinal direction (parallel to the fibre direction), displaying two different 
surfaces, and resulting in a large variation in particle width. There are large differences 
between the external and internal surface of the particles (Wiśniewska et al. 2003), Figure 
1. 
All monocotyledons have a special layer on their external surface consisting of cuticles 
and epicuticular waxes which are a protection against environmental impacts (Rentschler 
1971; Barthlott and Neinhuis 1997). 
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Figure 1: Reed canary grass a) internal surface, b) external surface, and c) pressed in a 
particleboard. It is easy to see the wide range of width and the shining (internal) and dull 
(external) surfaces of the grass particles 
 
Figure 2 shows the structure of the external layer with epidermal cells followed by a layer 
of pectin on which there is a thick cutinised layer with embedded waxes, and finally the 
epicuticular wax layer (Wiśniewska et al. 2003; Buschhaus and Jetter 2011; Myung et al. 
2013). This waxy layer makes it difficult to use the adhesives which are usually used in 
particleboard production, as they show low tack and poor adhesion on waxy surfaces. 
 

 
Figure 2: Basic structure of a monocotyledon surface layer (cross section) a) showing 
the cutinised layer with the embedded waxes on the layer of epidermal cells superposed 
by an epicuticular wax layer, after Wiśniewska et al. (2003) and b) a radial section of a 
reed canary grass stalk 
 
Using monocotyledons in particleboard production may therefore cause problems if 
conventional adhesives are used (Boquillon et al. 2004). Either a pre-treatment of the 
waxy external surface or a different adhesive is necessary.  
A pre-treatment should affect the waxy layer and lead to more similar surfaces of the 
monocotyledon particles by increasing the roughness and exposing more hydroxyl groups 
on the surface (Hua et al. 2009). The surface of the monocotyledon particles would then 
be more similar to the surface of wood particles and it would be possible to use the 
adhesives conventionally used in particleboard production.  
Alternatively, isocyanate-based adhesives such as MDI (diphenylmethane diisocyanate), 
polymeric MDI (pMDI) or polyurethane (PUR) can be used due to their non-specific 
adhesive properties (Frazier 2003; Boquillon et al. 2004; Torkaman 2010). PVA 
(polyvinyl alcohol) and PVAc (polyvinyl acetate) might also be suitable as these 
adhesives allow a large variety of modifications (Qiao et al. 2002). Other possibilities 
might be acryl-based adhesives or matrix-building epoxy adhesives (Trischler and 
Sandberg 2014). 

c a b 

a b 
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Objectives 

 
The purpose was to study the use of reed canary grass as raw material for particleboards, 
the use of an acrylic adhesive as binder and the effect of surface treatment on strength 
properties. 
 

Materials and Methods 
 
Delayed-harvest reed canary grass from northern Sweden was used. It was chipped to 
lengths of 1 to 50 mm and stored at a moisture content of 7.4%. The reed canary grass 
particles were used without any additional mechanical or chemical treatment.  
Ten particleboards with dimensions of 250x250 mm and a thickness of 11 mm were 
produced and tested with regard to their modulus of elasticity (MoE), modulus of rupture 
in bending (MoR), thickness swelling (TS), and internal bond strength (IB) in accordance 
with EN 312. The target density for the boards was 400 to 600 kg/m3. The amount of 
adhesive was 10 or 20% of the dry-weight of the particles. As adhesive, the acrylic 
adhesive 498 HV from Lascaux ®, which is generally used for relining and marouflages, 
was used. 
A hydraulic press was used to manufacture the boards. The press-plate temperature was 
100°C and the boards were taken out after the press had cooled to 20°C which was after 
approximately 4 hours. The pressure was adjusted according to the pre-calculated volume 
of the boards.  
Half of the boards were surface laminated with paper. In some cased, the paper was 
placed without additional adhesive on the surface of the particle “cake” before the 
pressing of the board (lamination). In other cases, the paper was glued on the surface with 
acrylic adhesive after the board had been produced and dried (paper coating). 
 
 

Results and Discussion 
 
The three different types of particleboards, without surface treatment, with lamination, 
and with paper coating are shown in Figure 3. 
 

 
Figure 3: Particleboards manufactured out of reed canary grass glued with an acrylic 
adhesive a) without surface treatment, b) with lamination, and c) with paper coating 
 
 

a b c
 



In: Proceedings of the 58th International Convention of Society of Wood Science and Technology. 
Eds. Barnes, H.M. and Herian, V.L., June 7-12, 2015, Grand Teton National Park, Jackson, Wyoming, 

USA, pp. 188-196. 
 

          
 

The results of the mechanical tests are presented in Table 2. None of the boards reached 
the required values according to the standard P1 in EN 312. The lamination succeeded in 
only one case. In most cases, the high residual moisture content on the surface of the 
boards at the end of pressing time resulted in delamination of the lamination. The 
thickness swelling after 24 hours was proportional to the density of the boards, i.e. higher 
densities resulted in greater swelling. No relation could be found between the adhesive 
content in the panels and the internal bond strength (IB) or modulus of rupture (MoR). In 
all cases, the surface treatment gave an increase in MoR.  
 
Table 2: Results of the tests of modulus of elasticity (MoE), modulus of rupture in 
bending (MoR), thickness swelling (TS), and internal bond strength (IB) of each board 
according to EN 312 
# Density 

 
(kg/m3) 

Surfacing Adhesive 
content 

(%) 

Swelling  
2 / 24 hours 

(vol%) 

IB 
 

(N/mm2) 

MoR 
 

(N/mm2) 

MoE 
 

(N/mm2) 
1 430 - 10 12.7 18.6 0.01 1.4 373 
2 430 Lamination  10    2.1 314 
3 440 - 10 18.8 25.0 0.03 1.0 258 
4 440 Paper coating 10    3.4 577 
5 430 - 20 9.1 27.3 0.05 0.8 179 
6 430 Paper coating 20    2.6 273 
7 620 - 10 18.8 38.4 0.04 1.9 450 
8 620 Paper coating 10    3.1 429 
9 490 - 20 16.4 30.9 0.02 1.5 267 
10 490 Paper coating 20    3.5 519 
P1 - - - (16 P4) 0.28 12.5 - 
 
The acrylic adhesive cures by evaporation of water, and a high residual moisture content 
when the press had opened led to delamination of the whole cross-section of the panel as 
parts of the adhesive were still not cured. Especially at the surfaces of the boards, large 
amounts of condensation water were found. Nevertheless, it was decided not to increase 
the temperature or the pressing time as the adhesive has not been tested for high 
temperature. Setting up the press at 100°C at the beginning of the pressing process should 
support the evaporation of the water.   
The nature of the particles affects the low mechanical properties. Compared to wood, the 
particles of reed canary grass are flexible and have an internal surface of quite thin-
walled brittle cells which relatively easily collapse or break. This explains why a larger 
amount of adhesive did not increase the mechanical strength of the board.  
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Figure 4: Reed canary grass glued on the internal layer and after mechanical stressing 

showing a tangential delamination by ruptures of the cell walls 
 
The acrylic adhesive was chosen because it shows quite good tack to the external waxy 
surface, it is waterborne, and it is water-resistant after curing. Further, it is transparent 
after curing and handling during processing is much easier than with e.g. isocyanate-
based adhesives.  Disadvantages are that it is thermoplastic, it shows good tack to metal 
which led to problems in the press, and it has not been tested at higher temperatures, 
which led to inefficient mixing of the adhesive with the particles and inefficient pressing. 
The mixing was difficult as it was done with as little water as possible, and the pressing 
was inefficient as no higher temperatures could be used, which would have reduced 
pressing times and led to less residual moisture in the board. Higher temperatures would 
also lead to a thermo-mechanical treatment of the grass which can have a positive effect 
on the swelling, dimensional stability and delamination of the board by reducing the 
amount of hemicelluloses in the grass particles. 
Even though the boards did not pass the minimum requirements according to the standard 
and there were problems relating to the mixing of the adhesive and the pressing, the 
mechanical properties and thickness swelling showed a strong improvement compared to 
earlier studies where reed canary grass was used as a core layer in particleboards glued 
with MUF (melamine-urea-formaldehyde) or protein (vital gluten) adhesive. The surface 
treatment by lamination or paper coating, similar to the concept of gypsum plaster 
boards, seems promising as the MoR values were approximately twice as high as those 
without surface treatment. 
The problems relating to the efficiency of the pressing process and the curing of the 
acrylic adhesive mean that this type of adhesive is not interesting for grass-based panel 
production. An enzymatic pre-treatment of the particles under anaerobic conditions might 
be more promising. Such a treatment would not only lead to a reduction in fines and 
possibly eliminate the thin-walled, easy destructible cells, but it would also remove the 
waxy layer and decrease the silica content (Hua et al. 2009; Shen et al. 2011). 
Conventional adhesives such as MUF then give acceptable results.  
 
 

 
 

Adhesive 

Delamination 
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Conclusions 
Particleboards were manufactured out of reed canary grass (Phalaris arundinacea L.) 
glued with an acrylic adhesive. On some of the boards a surface treatment in the form of 
lamination or paper coating was applied. The boards were tested according to the 
standard EN 312. None of the boards met the minimum requirements with regard to 
mechanical properties, due not only to problems relating to the production process of the 
boards but probably also to the low density and the nature of the grass particles. Due the 
problems with the adhesive during the production process, acrylic adhesive cannot be 
recommended for the production of grass-based particleboards. A surface liner was 
shown to improve the mechanical properties of the boards, and lamination during the 
pressing was an especially promising way of strengthening this kind of panel.  
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