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Abstract 
cetylation reaction has been used for 

surface improvement of natural fibers in 

blends/composite fabrication for useful 

applications. It reduces the hydrophilicity of 

natural fibers. Effects of acetylation on wood 

flakes/fibers of Gmelina 

Arborea have been 

investigated. Acetylation 

was carried out in 

batches using acetic 

anhydride as acetylating 

agent in the presence of 

acetic acid as catalyst at 

120˚C for 1, 2, and 3 h 

under reflux. The success 

of acetylation was 

calculated as weight 

percent gains (WPGs) 

due to acetylation. 

Polyethylene blends 

were prepared by the 

solution blending of 

acetylated/unacetylated 

wood flakes by casting-

evaporation method in 

toluene. The effects of 

acetylated/unacetylated 
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wood flakes on the biodegradability of blends was 

investigated. Acetylated wood and blends were 

characterized using Fourier Transform Infrared 

Spectroscopy (FT-IR), Thermogravimetry Analysis 

(TGA/DTGA) and Scanning Electron Microscopy 

(SEM). Results show that modification was 

successful based on the C=O absorption peak at 

1722 cm-1 and 1640 cm-1. TGA results revealed the 

best blend composition to be 0.5/0.5 g. Properties 

of modified wood flakes/blends were enhanced 

due to lower equilibrium moisture content caused 

by acetyl groups. The modified wood flakes could 

find industrial applications in fiber and 

particles/plywood board products for various 

construction purposes while unmodified blends 

can be used in the 

production of polymer 

based biodegradable 

products. Biodegradation 

results indicate that, 

blending of acetylated 

wood flakes with 

polyethylene matrix 

enhanced its 

biodegradation. Thus, 

adding acetylated wood 

flakes into polyethylene 

could reduce the life-span 

of PE in environment.

 

INTRODUCTION 
olymers are highly consumed by different industries, especially in 

packaging. Polymeric wastes have gained close attention because of the 

problems of inappropriate disposal in environment. Polyethylene 

represents the most consumed polymer in terms of international trade of 

commercial polymers (Moreno and Saron, 2017; Nuryawan et al. 2020). The sought 

for polyethylene globally in 2009 only was about 18.4 million tons with a projected 

increase in demand of about 2% annually from 2009-2020. The problems also, lies 

on the recovery rate of polyethylene/plastic materials world-wide. LDPE is mainly 

used for production of polymeric films due to it high elongation and flexibility 

when wood is combined with it (Guiot et al. 1999; Fahim et al. 2015). Wood dust is 

considered waste with minimal useful applications in Nigeria. It is found in almost 

everywhere, because of the high consumption of wood for structural utilization in 

homes, building and construction etc. Wood derived fillers have become more 

accepted in recent years, due to its advantages such as low density, flexibility 

during the processing with no harm to the equipment, acceptable specific 

strength properties, biodegradability, high stiffness and availability of renewable 

resources and low cost per volume basis (Kim et al. 2007; Mosab et al. 2015). Due 

to the very high cost of other fillers such as polylactide (PLA), 

polyhydroxybutyrate (PHB), polyhydroxybutyrate-co-polyvalerate (PHB-V), and 
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poly-ε-caprolactone (PCL) (Zykova et al. 2021). Researchers have now look inward 

into new matrix materials based on synthetics such as low-density polyethylene 

(LDPE), linear low-density polyethylene (LLDPE) and high-density polyethylene 

(HDPE), natural rubber, or thermoplastic thermoplastic starch (TPS) with natural 

fillers such as wood flour (Kim et al. 2007; Azeh et al. 2013; Nuryawan et al. 2020), 

rice husk flour (Azeh et al. 2011; Azeh et al. 2012a; Azeh et al. 2012b; Ruey  et al. 

2014; Nuryawan et al. 2020), flax straw, banana, hemp, kenaf, wheat, rice, corn 

fibers and marine residues of animal origin (e.g., chitin from shrimp shell) (Ruey et 

al. 2014; Nuryawan et al. 2020; Zykova et al. 2021), poplar fibers (Amir and Alireza, 

2009).  

Acetylation of wood was first carried out in Germany (Rowell, 1991) using acetic 

anhydride. The reaction has been carried out mainly in the liquid phase. Acetic 

anhydride was used in the early works for the acetylation of fiber in the presence 

of metal salts as catalyst. The reaction with acetic anhydride results in 

esterification of the accessible hydroxyl groups in the cell wall with the formation 

of a by-product, acetic acid (Rowell et al. 1994).  

 

Wood–OH + CH3–C (=O)–O–C(C=O)–CH3 → Wood–O–C(=O)–CH3 + CH3–C(=O)–OH 

This single-site reaction implies that one acetyl group is on one hydroxyl group 

with no polymerization. All of the weight gain in acetyl can be directly converted 

into units of hydroxyl groups blocked. This is not true for a reaction where polymer 

chains are formed. Acetylation has also been done using ketene gas (Tarkow, 

1946; Rowell et al. 1993; Azeh et al. 2013). In this case, esterification of the cell wall 

hydroxyl groups takes place, but there is no formation of by-product, acetic acid. 

 

Wood–OH + CH2=C=O → Wood–O–C(=O)–CH3 

While this is interesting chemistry that eliminates a by-product, it has been shown 

that reactions with Ketene gas results in poor penetration of reactive chemicals, 

and the properties of the reacted wood are less desirable than those of wood 

reacted with acetic anhydride (Rowell et al. 1993). The preferred method of 

acetylating wood today is to use limited amount of liquid, acetic anhydride without 

a catalyst or co solvent (Rowell, 1991; Rowell et al. 1993). Various types of 

procedures have been used to modify fibers, particles, flakes, chips, veneers, and 

wood of various sizes. The use of small quantity of acetic anhydride for the 

modification, means that less chemical has to be heated during the reaction and 

less chemical has to be cleaned-up after the reaction. Properties such as, enhanced 
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dimensional stability, improved resistance to decay, improved hardness and 

thermal performance; and similar color to parent wood that weathers to silver-

gray are imparted (Mantanis and Lykidis, 2015). Exposure of untreated wood to 

adverse conditions, leads to series of chemistries that degrade it back to its 

original building blocks of carbon dioxide and water. Microorganism, termites, 

heat, moisture, ultraviolet energy and chemicals take their toll on the performance 

properties of wood through different processes such as hydrolysis, oxidation, 

dehydration, reduction, and free radical cleavage. If we look more broadly at the 

commonalities involved in these chemistries, we can take a more holistic approach 

to protect wood and its products from decay. The mechanism is simple bulking of 

the cell wall to near its elastic limit and substituting a less hydrophilic group on the 

hydroxyl groups of the cell wall polymers. This same chemistry increases biological 

resistance. Polyethylene is a non-biodegradable polymer with hydrophobic 

surface while native wood is biodegradable and hydrophilic. Thus, the objectives 

of the research were to prepare high-density polyethylene (HDPE) blends with 

smooth surface, flexible and less susceptible to moisture that could be degraded 

overtime after use and discard compared to neat PE. To achieve this, it was 

important to transform the surface chemistry of the wood fiber through chemical 

modification (acetylation), so, as to enhance the surface miscibility between the 

neat PE matrix and acetylated wood. This procedure will reduce pollution of the 

nearby environment caused by neat PE as it remains in the environment for a very 

long-time after discard.     

 

Materials and Methods 

Sample Collection 

The Gmelina Arborea wood flakes used in this work was collected from a local 

sawmill in Lapai, Niger state, Nigeria.  

 
Chemicals and Reagents 

Acetic acid, acetic anhydride, toluene, anti-bumping granules, ethanol, Water, 
Polyethylene (Non-printed portion of pure water sachet), n-hexane, Potassium 
hydroxide. All reagents and chemicals used were of analytical grade.  
 
Modification of Wood Fiber/Flakes 
Acetylation  

Pre-treated wood flake was weighed (0.1 – 0.7 g) and placed in a reaction flask 

followed by the addition of 280 mL of a mixture of acetic anhydride and acetic acid 
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in the ratio of 1:10w/v and refluxed for 1, 2, and 3 h at 80oC respectively. After the 

completion of the reaction duration, acetylation product was filtered, washed 

with ethanol and rinsed with hot water continuously until the washed water test 

neutral to pH paper. Washed samples were oven dry at 105 oC for 3h, cooled and 

weighed until a constant weight was obtained and then, stored in polyethylene 

bags for further analysis (Azeh et al. 2019) (Figure 1).  

 
Fig 1 Dry acetylated wood flakes 

The acetylated wood flakes were ground into fine powder and the fine powdered 

particles were used for the preparation of polyethylene blend at various loading 

content of the fibrous acetylated/unacetylated wood. 

 

Preparation of Blend 

The dissolution of high-density polyethylene (packaged water sachets) follows the 

method described (Azeh et al. 2019). About 0.50 g pieces of non-printed portions 

was weighed and placed in a beaker and 20 mL of toluene was added. The content 

was placed on a hot plate and a thermometer was inserted and heated. The 

sachets swelled at 60˚C and then rapidly dissolved at 80˚C to give a clear solution. 

After about 10 min when all the PE were dissolved, 0.50 g of each acetylated and 

unacetylated fine wood particles were separately introduced into the clear 

solution while stirring for 5 min for homogenization and then, spread on clean tiles 

to form a film. The thin films formed were peeled off the tiles to afford 

acetylated/unacetylated wood-polyethylene blends (Figure 2). 

 
a 

 
b 
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Fig 2 (a) Unacetylated-wood-polyethylene blend and (b) acetylated-wood-

polyethylene blend                  

 

Water absorption test of acetylated and unacetylated polyethylene blends 

Acetylated-wood polyethylene blends and control were prepared and the weight 

of each sheet was noted. Acetylated-wood blends/unacetylated-wood blend was 

subjected to water absorption test. The blends were soaked in distilled water for 

1, 2, 3, and 4 h respectively. After each immersion period, the blend was removed 

and excess water wiped-off using tissue paper and then, weighed and weight was 

noted. 

 Using the formula: 

𝑊𝑎𝑡𝑒𝑟 𝑎𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 (%) =
𝑊2−𝑊1

𝑊1
⁄ 𝑋 100  Equ. 1 

Where 𝑊1 = Initial weight of blend before immersion in water and 𝑊2 = Weight of 

blend after immersion in water.                  

 

Results and discussion 

Weight percentage gains (WPGs) 

Weight percent gained (WPGs) in acetyl was calculated using the formula as 

shown in equation 2 below:  

 

𝑊𝑒𝑖𝑔ℎ𝑡 𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝐺𝑎𝑖𝑛𝑠 (𝑊𝑃𝐺𝑠) =
𝑊2−𝑊1

𝑊1
⁄ 𝑋 100  Equ. 2                                

 

Weight percent gained after acetylation is as depicted on Table 1.  

 

Table 1 Percent weight gained due to acetylation 

Acetylation 

time(h) 

Weight of sample before 

acetylation (g) 

Weight of sample after 

acetylation (g) 

WPG 

(%) 

1 10 10.92 9.2 

2 10 10.89 8.9 

3 10 10.83  8.3 

 

The results show that there was an increase in the final weight of the wood flakes 

(gmelina Arborea) after acetylation, which indicated the success of acetylation. 

(Figure 3). 
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Fig 3 Anhydride and wood reaction scheme 

 

Water absorption test 

Table 2 shows the percentage absorption or the weight gained after the blends 

were immersed in water for 1, 2, 3 and 4 h respectively. The results of blends 

formulated using acetylated-wood flakes obtained for 2 h of acetylation time 

showed that there was an initial increase in weight after the 1 h immersion in 

distilled water. However, this weight remained constant for the 2 and 3 h 

immersion periods. Implying that saturation point was reached, as no further 

uptake of water molecules by the blends was recorded. After 4 h of immersion, 

the weight of the blends increased. This trend was probably due to residual 

swelling caused by the inaccessible –OH group in wood (Azeh et al. 2012a). The 

percent water absorption for the acetylated-wood polyethylene blends was 12.5, 

12.5, 12.5 and 25 % for the 1, 2, 3 and 4 h of immersions respectively. A similar trend 

was observed for the blend prepared using acetylated-wood that had been 

modified for 3 h. This was not so for the unacetylated-wood polyethylene blends 

as the blend showed high percent water absorption in the range of 20-40%. This 

was implicated by the large presence of surface -OHs in wood.  The percent water 

absorption was calculated using equation 1 above. 

 

Table 2 Water absorption tests of blends formulated using different modified 

wood weights 

Acetylation 

time (h) 

Wt. of 

sample 

(g) 

Wt. of sample 

after 

immersion for 

1h 

Wt. of sample 

after 

immersion for 

2h 

Wt. of sample 

after 

immersion for 

3h 

Wt. of sample 

after 

immersion for 

4h 

% Absorption 

for  

1, 2, 3 and 4 h 

Untreated 

sample 

0.05 0.06 0.07 0.07 0.07 20.0, 40.0, 40.0, 

40.0  

2h 0.08 0.09 0.09 0.09 0.10 12.5, 12.5, 12.5, 

25.0 
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3h 0.08 0.09 0.09 0.11 0.11 12.5, 12.5, 37.5, 

37.5 

 

Thermogravimetric Analysis (TGA) 

TGA/DTG of the samples was done in order to study the thermal stability of the 

samples for possible application areas (Figure 4 and 5).  

 
Fig 4 Thermogram (TGA) of acetylated wood (AW1 and AW2), PE, Untreated wood 

blends and Treated wood blends with 0.2 and 0.5 Loading Content 

 
Fig 5 Derivative Curve (DTG) of acetylated wood (AW1 and AW2), PE, Untreated 

wood blends and Treated wood blends with 0.2 and 0.5 Loading Content 
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Thermogravimetric analysis (Figure 4 and 5) of acetylated woods, neat-PE and 

poly-blends revealed mass loss due to water and lignin around 100-200˚C (Ruey et 

al. 2014).  Further thermal degradation took place as a two-step process. In the 

first step, the degradation of hemicelluloses occurred around 300˚C. A shoulder 

very close to the main peak was observed in the DTG curve (Figure 5) for all the 

wood samples investigated. This shoulder was attributed to depolymerization of 

hemicelluloses in both the acetylated and unacetylated Gmelina wood blends 

(Ruey et al. 2014). The second degradation peak occurred around 350-400˚C is 

ascribed to the main degradation of cellulose structure, with the appearance of a 

prominent peak, which correspond to the maximum decomposition rate similar to 

the findings on biocomposites reinforced with rice husks flour (Yang et al. 2007; 

Ruey et al. 2014). The depolymerization of hemicelluloses was seen around 180oC 

and 350˚C similar by Kim et al., (2006). The degradation of neat-PE can be seen 

around 380oCmax. The random cleavage of glycosidic linkage of cellulose occurred 

around 275oC and 350oC while degradation of lignin was observed around 250oC 

and 500oC similar to the findings on wood composite (Paul and Serpil, 1993; Kima 

et al. 2006). The fast decomposition pattern of hemicelluloses is attributable to its 

amorphous structure (Yang et al. 2007; Gao-jin et al. 2010; Kajsa et al. 2014). The 

crystalline regions in cellulose are known to improve thermal stability of wood 

(Yang et al. 2007). As can be seen in Figure 4, around 180-190˚C, the 0.50g of the 

blend obtained from Gmelina wood dust showed more significant weight loss. This 

behavior might be associated with the high content of extractives in the blend. 

Extractives being compounds of low molecular mass compared to cellulose, can 

promote ignitability of the wood at a very low temperature, due to high volatile 

nature of the compounds and thus, accelerates the degradation process. In this 

manner, the degradation of one component may accelerate the degradation of 

other wood components (Grønli et al. 2002; Shebani et al. 2009). Alternatively, the 

individual chemical components of wood behave differently, if they are isolated or 

closely combined within each single cell of the wood structure (Popescu et al. 

2009). 0.20g of the blend obtained from wood dust with the extractive content of 

11%, which showed high thermal stability than for the 0.50g of the blend obtained 

from the same wood dust with about 100% wood extractives. This behavior maybe 

associated to the high content of lignin in 0.20g of the blend. 

Though, the decomposition of wood is a complex process and involves a series of 

competitive and/or consecutive reactions. Wood decomposition is a complex 

mechanism and differs from one species to another, depending on structural, 
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chemical and component composition (Yao et al. 2008; Poletto et al. 2010; Poletto 

et al. 2012).  

 

Scanning Electron Microscopy Morphology (SEM) 

SEM was used to observe wood cell wall and their sub-cellular component changes 

due to acetylation blending with PE. SEM images show the crystalline pattern of 

cellulose and the interfacial connections of acetylated samples with polyethylene 

(Figure 6).  

a b 

Fig 6 SEM Image of (a) acetylated-wood PE blend and (b) unacetylated-wood PE 

blend 

 

Dispersibility of acetylated wood in the polyethylene matrix was ascribed to acetyl 

moieties on wood cellulose surface, due to similarities in surface energy of 

acetylated wood and polyethylene matrix. This enhanced the miscibility between 

the hydrophobic acetylated wood hydrophobic polyethylene matrix. The absence 

of cavities and pulled-out fibers was observed. This confirmed that the interfacial 

bonding between acetylated wood and the polyethylene matrix was enhanced 

due to acetylation. SEM micrograph of polyethylene blends reinforced with 

acetylated 0.20 g and 0.50 g of PE (Figure 6), show that the acetylation of wood 

fiber surface had effects on blend surface as it reduced the disordered regions in 
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the fibers. A comparison of the surface of acetylated wood-polyethylene blend 

with that of the unacetylated wood-polyethylene blend showed that blend 

obtained with the acetylated wood had minimal surface roughness than those 

made using unacetylated wood dust. A decrease in surface roughness of blends of 

acetylated wood was a direct indication of interfacial compatibility of fiber and 

matrix surface (Samira et al. 2012; Khoshkava and Kamal, 2013). 

SEM images of blends reinforced with untreated wood at 0.50 g/0.50 g 

polyethylene loading showed numerous cavities and pull-out fiber. Blend surface 

was also, not smooth, due differences in surfaces or surface energies. Cellulose 

micro bundles, localized bunch of fibers and patches were observed. This was 

indicative of the poor dispersion of unacetylated wood fibers within the 

polyethylene matrix.  

 

FT-IR Spectroscopy 

Fourier transforms infra-red spectra of treated and untreated blend. FT-IR analysis 

was carried out to characterize the incorporation of wood flakes into the 

polyethylene and monitor the changes in FT-IR absorption bands and vibration 

shifts related to cellulosic wood flakes interaction (Figure 7 and 8). 

Fig 7 FT-IR result of unacetylated-wood PE blend 
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Fig 8 FT-IR result of acetylated-wood PE blend 

The FT-IR spectra of acetic anhydride showing the major absorption bands are 

shown in Table 3 and 4.  

 

Table 3 FT-IR results for the Acetylated-wood PE Blend 

Absorbance 

peak (cm-1) 

Functional group References 

3697-3280 –OH bond stretching  Azeh et al. (2012a) 

2914-2847 CH stretching of methyl and 

methylene 

Azeh et al. (2012a) 

2050-1982 C=C stretching of aromatic ring Azeh et al. (2012a) 

1722-1595 C=O stretching in conjugated 

ketone 

Popescu et al. (2007) 

1461 C–O stretching in cellulose and 

hemicellulose  

Azeh et al. (2019) 

1379 C–H bending Francesca et al. (2012) 

1267 (vC-O) stretching band vibrations 

of the acetyl moieties 

Azeh et al. (2011) 
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1162 C–O–C Asymmetrical stretching 

(cellulose and hemicellulose) 

Popescu et al. (2007) 

1095 C–O Stretching in acetyl group Popescu et al. (2007)  

1036 C=C stretching of the aromatic ring 

caused by lignin 

Azeh et al. (2012a) 

719 CH2 deformation and stretching in 

cellulose, lignin and xylan  

Li et al. (2012; 

Mohamed et al. 2018) 

 

Table 4 FT-IR results for the Unacetylated-wood PE Blend 

Absorbance 

peaks (cm-1) 

Functional group References 

3690 –OH bond stretching  Azeh et al. 

(2012a)  

2914-2847 CH stretching of methyl and methylene Azeh et al. 

(2012a) 

2038 C=C stretching of aromatic ring Azeh et al. 

(2012a) 

1640 –OH of absorbed water Azeh et al. 

(2019) 

1461 C–O stretching Azeh et al. 

(2019) 

1379-1308 CH out of plane stretching absorption of 

aromatic ring caused by lignin 

Francesca et al. 

(2012) 

1032 C=C stretching of the aromatic ring 

caused by the lignin 

Azeh et al. 

(2012a) 

719 CH2 deformation and stretching in 
cellulose, lignin and Xylan  

Li et al. (2012) 

  
The following strong absorption bands as reflected separately on the FT-IR spectra 

of both the blends made with acetylated wood flakes and unacetylated wood 

flakes are characteristic absorptions of bonded –OH, and these include 3690-3280 

cm-1 and 3697 cm-1. These were broad bands. However, reduction in the band 

intensity of the blends obtained from the acetylated wood flakes was observed. 

This has been attributed to acetylation. Two strong sharp bands which occurred 

as doublets around at 2914, 2847 cm-1 in both blends are assigned to sp3 hybridized 

C-H stretch vibration. The band around 2050-1982 cm-1 and 1595 cm-1 are due to C=C 
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of the aromatic ring stretch vibration. This indicates the presence of residual lignin. 

The peak absorption at 1722 cm-1 resulted from C=O of the acetate ester, due to 

acetylation. The band at 1640 cm-1 in the blends made with unacetylated wood 

flakes may be due to the presence of conjugated ketone in native wood. 1461 cm-

1 and is assigned to C-O while bending vibrations of the C-H bond in blends were 

observed at 1379 cm-1 and 1267 cm-1 respectively (Azeh et al. 2012a; Azeh et al. 

2012b). The band recorded at 1032 cm-1 in both blends have been assigned to C-O. 

However, this band increased in the blends made with the acetylated wood flakes. 

The observed increase is due to acetylation.  

 
Burial Experiment 
Burial experiment was carried out in a termite hill. Acetylated wood-polyethylene 

blends and unacetylated wood-polyethylene blends with the initial mass of 1.49 g 

for the untreated blend, 1.49 g for treated blend, (acetylated for 3 h and 1.49 g 

acetylated for 2 h) were together buried in a termite hill for a period of 1-4 weeks 

with monitoring. After one week, samples were removed and re-weighed 

separately. Weights recorded for one week, two weeks and one month for the 

unacetylated blend were 1.37g (8.05%), 1.31g (12.08%), and 1.22g (18.12%) while 

acetylated blend, 3 h and 2 h acetylation respectively had 1.41 (5.36%), 1.35g 

(9.40%), 1.28g (14.10%) and 1.44g (3.36%), 1.41g (5.37%) and 1.32g (11.41%) 

respectively. From the above results, unacetylated polyethylene blend loss 

greater weight than the poly-blends obtained with the acetylated wood flakes. 

Time variations for the acetylation also had effects on the weight loss parameter 

as observed with the 3 and 2 h acetylated woods. PE-blends made with the 3h 

acetylated sample loss more weight than PE-blends made with the 2h acetylated 

sample. This probably point to the fact that deacetylation occurred during the 3h 

period of fiber acetylation, being an equilibrium reaction process. Colour change 

was also used as an indicator of biodegradation (Figure 9).  
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Fig 9 (a) Unacetylated-wood PE blend before burial; (b) Acetylated-wood PE blend 

after burial; (c) Acetylated-wood PE blend before burial and (d) Acetylated-wood 

PE blend after burial  

 

The poly-blends made of acetylated wood showed no colour change while the 

control sample became dark-brown and had various degrees of degradation. The 

degradation of poly-blends was totally a function of wood cell wall polymers being 

recognized and accessed by microorganisms as food (Fahim et al. 2015). 
 

Conclusion 
Wood acetylation was successful based on the FT-IR, TGA and SEM results. 

Thermal analysis shows that acetylated samples were more stable thermally 

compared to the unacetylated samples. This trend was also observed for the 

blends made with acetylated samples. Biodegradation experiment shows that 

acetylated-wood PE blend was fairly resistance against microbial degradation. 

Absorption study shows that acetylated-wood polyethylene blend was more 

resistance to water uptake. The best loading content observed was 0.50 g of 

acetylated wood against 0.50 g of polyethylene. 
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