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Mechanical and waterproof properties were evaluated for hot-pressed cotton 
boards produced from different layers (3, 4, and 5) of cotton veneers under the 
same weight of cotton fibers and melamine-urea-formaldehyde adhesive. The 
mechanical and waterproof properties of cotton boards exceeded the 
specifications for particleboard and medium-density fiberboard of the China 
national standard requirements, and the four-layer cotton boards performed 
better. Scanning electron microscopy images showed that fibers were 
intertwined to form a dense network structure after hot-pressing with water, 
and thicker veneers were not conducive to the penetration of adhesives after 
cold-pressing. Fourier transform infrared spectra indicated that hydrogen 
bonding, physical, and mechanical bonding took place in the cotton veneers, 
and stronger absorption peaks were shown for the chemical functional groups 
of the five-layer and four-layer cotton boards. X-ray diffraction spectra revealed 
that the cellulose crystallinity of the cotton boards (3, 4, and 5 layers) increased 
to 74.5%, 74.4%, and 73.2%, respectively. Thermal gravity/ differential thermal 
gravity curves showed that the thinner cotton veneers of the cotton boards 
showed better thermal stability. These results showed promise for the 
revaluation of this textile waste to produce biomass composites and for its 
potential use as a raw material in the preparation of biomass composites. 
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INTRODUCTION 
 

China is a large agricultural country with abundant agricultural and forestry 

resources, and it is both a major textile producer and a major textile consumer. The 

application of textiles covers almost all areas of the production and lifestyle of an 

individual. As living and consumption levels increase and the textile life cycle shortens, a 

large number of discarded textile materials are produced (Lin et al. 2016; Ma et al. 2018). 

Statistics show that annual global textile waste is more than 30 million tons, which mainly 

includes scraps generated by chemical action and mechanical action in the textile process: 

waste yarn, yarn return, and scrap produced during the cutting process in textile production, 

as well as discarded textile fibers and their products that are produced in the lives and 

activities of residents (Mishra et al. 2014). Most textile waste materials are directly 

incinerated or buried, and only a minimal portion is recycled into waste resources (Li et al. 

2017). Consumers discard approximately 5.8 million tonnes of textiles every year in the 

European Union. Only 25% of these textiles are recycled by charities and industrial 

enterprises, while the remaining textiles are distributed to landfills or municipal waste 

incinerators, which causes serious environmental pollution (Barbero-Barrera et al. 2016). 

However, landfill treatment requires a large amount of space, and textile waste contains a 
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large amount of chemical fibers that cannot be naturally degraded. In particular, 

incineration produces a large amount of smoke and toxic gases that cause serious 

environmental pollution (Reis 2009). Therefore, to save resources and protect the 

environment, the recycling of textile waste has gradually become a research hotspot in the 

field of textile materials. 

At present, the recycling process of textile waste materials mainly includes 

recycling the product to its original state, regenerating the product into new products with 

lower physical, mechanical, and chemical properties, converting waste into basic chemical 

materials and fuels, and utilizing thermal energy from the combustion of fiber solid waste 

(Wang 2006). However, research on converting recycled and reused waste textile materials 

(biomass composites, pallets, logistics packaging boards, etc.) into new products, such as 

fiber-reinforced concrete as building materials and textile waste as insulation material, is 

still ongoing  (Algin and Turgin 2008; Binici et al. 2009; Binici et al. 2010; Akadiri and 

Olomolaiye 2012; Briga-Sá et al. 2013). Furthermore, Bajwa et al. (2011) used waste 

materials, such as cotton stalks and cotton linters from ginners, as reinforcements to 

reinforce thermoplastic composites. Tasdemir et al. (2007, 2008, 2010) added different 

lengths of discarded silk fibers and waste cotton fibers to high-density polyethylene and 

polypropylene polymers in a certain proportion and prepared composite materials using a 

twin-screw extruder, which improved the mechanical properties and inherent chemical 

bonds of the composite materials. Some researchers have also used carpet waste to prepare 

carpet-polymer resin composite sheets through surface treatment methods or other 

chemical means to enhance the mechanical properties of the composite (Bateman and Wu 

2001; Lin et al. 2007; Jain et al. 2010). In addition, other researchers have examined the 

preparation of textile waste in unsaturated polyester resin (Jurumenha and Dos Reis 2010; 

Rimdusit et al. 2011). 

In conventional processes, environmentally friendly biomass composites are made 

from lignocellulosic fibers combined with synthetic adhesives, such as phenol 

formaldehyde (PF), and then bonded together under heat and pressure (Hüttermann et al. 

2001). Melamine-urea-formaldehyde (MUF) resin has some advantages compared to PF 

resin plywood, such as a lower price, higher bonding strength, and shorter processing time 

(Kim and Kim 2005; Aydin et al. 2006; Oh and Kim 2011). Some studies have reported 

that MUF resin could potentially be used to enhance water resistance and reduce 

formaldehyde emissions because of the material’s high functionality and the stability of its 

molecular structure (No and Kim 2004, 2007; Murata et al. 2013; Zhang et al. 2013). 

However, research on the preparation of artificial boards and other related products from 

textile waste has not been observed in recent years, except for Pinto et al. (2013), whose 

research centered on the use of textile wastes as fiber reinforcement as an alternative to 

polypropylene fibers (Chan and Bindiganavile 2010; Izaguirre et al. 2011; Islam et al. 

2012) or other types of fibers, such as glass, basalt (Iucolano et al. 2013), or hemp (Le 

Troëdec et al. 2011). 

Hence, this paper summarizes the results of the research conducted to evaluate the 

potential use of textile fiber wastes in composite boards. Discarded cotton was prepared 

into veneers of different thicknesses, and these veneers were bound with MUF adhesive in 

the case of the same total mass of cotton of boards. The main objective of this study was 

to investigate the mechanical properties, chemical structure, intrinsic microscopic 

appearance changes, and thermal properties of cotton boards. In addition, these results were 

compared with the physical properties of particleboard (PB) according to China national 

standard GB/T 4897 (1992) and medium-density fiberboard (MDF) according to China 
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national standard GB/T 11718 (2009) with the same proportion of adhesive to obtain the 

best processing technology of cotton boards. 

 

 

EXPERIMENTAL 
 

Materials 
Cotton fibers were collected from the Guangzhou Xintang Jeans Factory,  

Guangzhou, China by ripping discarded cotton jeans, and the cotton fiber was floc-shaped 

of 10 to 20 mm in length. The MUF adhesives were purchased from Xiamen Taier 

Chemical Co., Ltd., Xiamen, China. The solids content and pH value of the MUF adhesive 

were 65.0% and 7.77, respectively, at room temperature. The foil paper was purchased 

from the supermarket and was mainly used as release paper. 

 

Preparation of cotton boards 

Every cotton board (thickness 5 mm) had the same weight of cotton fibers and MUF 

adhesive but had a different number of layers, and the cotton veneers were brushed with 

MUF adhesive. Different weights of cotton fibers were sprayed with 40 wt% water and 

then hot-pressed (Dongguan Huajia Hydraulic Machinery Manufacturing Co., Ltd., 

Guangzhou, China) into veneers under a pressure of 6 MPa at 140 ℃. To exclude the 

internal moisture of the veneers during the hot-pressing, the pressure was lowered to 0.5 

MPa for 2 min after 5 min of hot-pressing, and then the veneers were pressurized for 10 

min to obtain the cotton veneers. Before producing the cotton boards, the veneers for every 

cotton board were stacked together and cold-pressed for 2 h so that the adhesive could fully 

penetrate the veneers. Then, the cotton boards were hot-pressed under the same process 

conditions used to prepare the cotton veneers. The experimental design is presented in 

Table 1. 

 

Table 1. Experimental Design 
Samples Weight of Each Veneer (g) Number of Layers MUF (g) 

CB1 48 5 100 

CB2 60 4 100 
CB3 80 3 100 

 

Methods 
Physical properties analysis 

The static bending strength, internal bond strength, and thickness expansion degree 

of cotton boards after water absorption were tested in accordance with the Chinese national 

standard GB/T 17657 (2013). 

 

Scanning electron microscopy (SEM) 

A scanning electron microscope (model Philips XL 30; Japan Hitachi Company, 

Tokyo, Japan) was used to evaluate the sectional morphology of the different layers of the 

cotton boards and the surface morphology of cotton fibers and veneers. The samples were 

placed on the stub and incubated in an oven at 60 ℃. The test specimens were then gold 

coated using a vacuum sputter coater (model SC 500; Japan Hitachi Company, Tokyo, 

Japan) before analysis. The thickness of the gold layer was ca. 0.01 μm to 0.1 μm. The 

accelerating voltage was fixed at 15 kV. 
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Fourier transform infrared (FTIR) spectroscopy analysis 

The powder of the cotton fibers, veneers, and boards was used for FTIR analysis. 

The FTIR spectra of the samples were obtained on an FTIR spectrophotometer (IR100; 

Thermo Fisher Scientific, Massachusetts, America) using KBr discs containing 99% KBr 

and 1% sample powder.  

 

X-ray diffraction (XRD) analysis 

After preparation, the samples were examined using an XD-2 diffractometer 

(Beijing General Instrument Co., Ltd., Beijing, China) with Cu radiation (λ = 1.5406 nm), 

36 kV voltage, and 20 mA current. The 2θ value was scanned continuously with a linkage 

scanning system (rotary half-cone 2θ) from 5° to 45°, at a scanning velocity of 4°/min and 

a scan step of 0.01°. A graphite crystal monochromator was used, with slit device widths 

of divergence slit = 1°, anti-scattering slit = 1°, and receiving slit = 0.3 mm. 

 

Thermogravimetric/ Differential thermal gravity (TG/DTG) analysis 

Less than 10 mg of the powder of cotton fibers, veneers, and boards were crushed 

to 100- to 200-mesh and air-dried prior to use. The TG spectra were measured from room 

temperature to 680 ℃ on a TG20 thermal gravimetric analyzer (209-F1 TG; Netzsch, Selb, 

Germany) using a carrier gas (N2) velocity of 40 mL/min and a heating rate of 20 ℃/min. 

 

 

RESULTS AND DISCUSSION 
 
Mechanical Properties of Cotton Boards 

The mechanical properties of the cotton boards are presented in Figs. 1 and 2, and 

the values shown for PB and MDF in Fig. 1 and 2 are the minimum values for those 

standard products. The static bending strength and internal bond strength of the cotton 

boards produced with the four-layer cotton veneers were better than those of the cotton 

boards produced with the five- and three-layer cotton veneers. For example, at the same 

cotton fiber content, the static bending strength of the four-layer cotton boards was 59.3 

MPa, while these properties were 48.4 and 41.0 MPa for the five-layer and three-layer 

cotton boards, respectively. Similar results were obtained from the internal bond strength 

tests.  

Compared to PB and MDF, all cotton boards that were produced with different 

cotton veneer layers showed obvious increases in static bending strength and internal bond 

strength properties, and all exceeded the minimum standards for PB and MDF. There were 

no obvious differences in the internal bond strength of the four-layer and five-layer cotton 

boards, but this property was noticeably better than that of the three-layer cotton boards. 

Compared to the three-layer cotton boards, the four-layer cotton boards showed increases 

in the static bending strength and internal bond strength of 18.31 and 0.17 MPa, 

respectively, which was mainly because the thicker veneers were not conducive to the 

penetration of adhesives during cold-pressing, such that they could not be completely 

combined when the cotton veneer was hot-pressed. Notably, the four-layer and five-layer 

cotton boards had similar internal bond strengths because the adhesive fully penetrated the 

cotton veneers of the four-layer and five-layer cotton boards. 
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Fig. 1. The static bending strength of cotton boards; PB: particleboard, MDF: medium-density 
fiberboard, CB1: five-layer cotton boards, CB2: four-layer cotton boards, CB3: three-layer cotton 
boards; the physical properties of PB and MDF were referred to in the China national standards 
GB/T 4897 (1992) and GB/T 11718 (2009) 
 

 
 

Fig. 2. The internal bond strength of cotton boards; PB: particleboard, MDF: medium-density 
fiberboard, CB1: five-layer cotton boards, CB2: four-layer cotton boards, CB3: three-layer cotton 
boards; the physical properties of PB and MDF were referred to in the China national standards 
GB/T 4897 (1992) and GB/T 11718 (2009) 

 

Waterproof Performance of Cotton Boards 
The waterproof performance of the cotton boards is presented in Fig. 3. The 

thickness expansion percentages of water absorption for the five-layer and four-layer 

cotton boards were 6.38% and 5.64%, respectively, which were obvious lower than that 

for the three-layer cotton board (10.9%). Compared with PB and MDF, the five-layer and 

four-layer cotton boards showed excellent waterproof performance; notably, the thickness 

expansion rate of water absorption for the five-layer and four-layer cotton boards decreased 

28.62 % and 29.36 %, respectively. The waterproof performance of the four-layer cotton 
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board was slightly better than that of the five-layer cotton board, mainly because the four-

layer cotton board had a better internal bond strength and a better combination of adhesive 

and fibers. However, the thickness expansion rate of water absorption for the three-layer 

cotton board was worse than that for PB, mainly because thicker veneers are not conducive 

to the penetration of adhesives during cold-pressing and cannot be completely combined 

when the cotton veneer is hot-pressed, such that more moisture was absorbed into the cross-

section of the three-layer cotton boards.  
 

 
 
Fig. 3. The thickness expansion percentage of water absorbing of cotton boards; PB: 
particleboard, MDF: medium-density fiberboard, CB1: five-layer cotton boards, CB2: four-layer 
cotton boards, CB3: three-layer cotton boards; the physical properties of PB and MDF were 
referred to in the Chinese national standards GB/T 4897 (1992) and GB/T 11718 (2009) 

 

SEM Analysis of Cotton Fibers, Veneers, and Boards 
The visual macroscopic evolution of cotton fibers after each stage of treatment is 

shown in Fig. 4. The morphology and structure of the external aspect and traversal cross-

section of the cotton fibers were characterized using SEM. 

The image in Fig. 4a shows that a single cotton fiber was relatively clean and free 

of impurities. After hot-pressing with water, the fibers were intertwined to form a dense 

network structure (Fig. 4b), which was the main reason why cotton fiber could be combined 

without adhesive. Figures 4c, 4d, and 4e show the microscopic appearance of the cotton 

boards with the same quality but different layers. It was clear that the cotton boards with 

more layers had a denser structure, and the gap between each layer was also obviously 

reduced. In addition, there was more adhesive that stuck to the fiber on the five-layer and 

four-layer cotton board than on the three-layer cotton board. These factors explain why the 

thicker veneers were not conducive to the penetration of adhesives after cold-pressing and 

resulted in insufficient bonding strength in the middle of the veneer on the cotton board. 

Therefore, it is essential to study the thickness of the veneer, which is the key link that 

determines the strength of bonding in the sheet. 
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Fig. 4. Scanning electron micrographs of cotton fibers, veneers, and boards 

 

FTIR Analysis of Cotton Fibers, Veneers, and Boards 
In this experiment, the main component of the cotton fibers was cellulose, which 

was slightly different from the natural fibers. The chemistry of the cotton fibers, cotton 

veneer, and cotton boards was identified using FTIR, as shown in Fig. 5. Infrared 

spectroscopy (FTIR) has proven to be useful for the analysis and identification of 

functional groups of polysaccharides in plant materials. FTIR spectroscopy also yields 

information about the chemical composition, molecular conformation, and hydrogen 

bonding patterns of the cellulose allomorphs (Wang et al. 2009). 

A wide absorption peak at 3291 cm-1 resulted from the stretching vibration of the 

aromatic and aliphatic O−H groups, and the absorption peaks at 2909 cm-1 belonged to the 

C−H stretching vibration of CH3, −CH2−, and −CH− groups. The absorption peaks at 1638 

cm-1 and 1531 cm-1 are C=C stretching vibrations of alkanes, and the formation of these 

two new absorption peaks was mainly due to the addition of MUF adhesives. The C−N 

stretching vibration of amines and amides was found at 1229 cm-1. The absorption band at 

1016 cm-1 was the C−O stretching vibration of aldehydes, ketones, carboxylic acids, and 

esters. In addition, the stretching vibration of C−I was found at 554 cm-1, maybe because 

the materials in the KBr disks were not mixed well, so that some of them acted like they 

had a higher concentration of cellulose, which led to absorption peaks at 554 cm-1 

representing the C−I stretching vibration (Pednekar and Raman 2013; Tomak et al. 2013; 

Xu et al. 2013). 

Through comparing all the absorption peaks of the cotton fiber, cotton veneer, and 

cotton boards, it was found that the absorption peaks of cotton veneer were slightly stronger 

than those of cotton fiber, especially the absorption peak at 3291 cm-1, which indicated that 

new hydrogen bonds were formed between the cotton fiber after hot-pressing the cotton 

fibers with water. This result also provided a theoretical basis for fiber binderless bonding. 

From the FTIR spectra curves, it was clear that the absorption peaks of cotton boards were 

obvious enhanced, which showed that the MUF adhesive penetrated into the cotton veneer 

and merged with the cotton fibers to form chemical bonds. The new C−N stretching 

vibration at 1229 cm-1 and the new C=C stretching vibrations at 1638 cm-1 and 1531 cm-1 
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also demonstrated that the glue between cotton fibers was in good condition. In addition, 

from the viewpoint of the intensity of the absorption peaks, the five-layer and four-layer 

cotton boards had almost the same bonding effect, which was better than that of the three-

layer cotton boards. The differences in the spectra of cotton fibers, cotton veneer, and 

cotton boards confirmed that there was hydrogen bonding in addition to physical and 

mechanical bonding in the cotton veneers, and thinner cotton veneers had better bonding 

effects of the adhesive and the cotton fibers. 

 

 
 

Fig. 5. FTIR spectra of cotton fibers, veneers, and boards 

 

XRD Analysis of Cotton Fibers, Veneers, and Boards 
Cellulose has a crystalline structure, contrary to hemicelluloses and lignin, which 

are amorphous in nature. According to Zhang and Lynd (2004), cellulose has a crystalline 

structure due to hydrogen bonding interactions and Van der Waals forces between adjacent 

molecules. The XRD analysis was performed to evaluate the crystallinity of the cotton 

fibers after different treatment steps (El Oudiani et al. 2004; Wan et al. 2015). Figure 6 

shows the diffraction patterns obtained for cotton fibers, cotton veneers, and cotton boards. 

All diffractograms exhibited sharp peaks at approximately 14.8° and 22.7° 2θ angles, 

which can be attributed to the diffraction planes of (am) and (002), respectively. These 

features commonly represent typical cellulose I crystal forms (Lu and Hsieh 2010; Chen et 

al. 2011; Bettaieb et al. 2015a, 2015b). The Cr was the relative crystallinity and can be 

determined from Cr (%) = (I002 - Iam) / I002 × 100. 

The peak intensity corresponding to the (002) lattice planes increased and became 

sharper as a result of the addition of MUF adhesive, which was related to an increase in the 

crystallinity of the material. As shown in Fig. 6, cotton fibers, veneers, and boards 

displayed similar diffraction patterns as that of the control. The Iam of the cotton fibers, 

cotton veneer, and cotton board (5-layer, 4-layer, and 3-layer) samples were obtained as 

864 cps, 870 cps, 520 cps, 1112 cps, and 666 cps, respectively. The I002 of the cotton fibers, 

cotton veneer, cotton board (5-layer), cotton board (4-layer), and cotton board (3-layer) 

were 2192 cps, 2208 cps, 2039 cps, 4349 cps, and 2481 cps, respectively.  

Wavenumber (cm-1) 
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The Cr for the cotton fibers, cotton veneer, and cotton board (5-layer, 4-layer, and 

3-layer) samples were 60.6%, 60.6%, 74.5%, 74.4%, and 73.2%, respectively. There were 

minor changes in the Cr of cotton veneer after hot-pressing the cotton fibers with water. 

This also provided a theoretical basis for fiber binderless bonding. It was possible that the 

presence of the dye in cotton fibers had a chemical effect during hot-pressing. The 

differences in the spectra of the cotton fibers, cotton veneer, and cotton boards confirmed 

that there was hydrogen bonding in the cotton veneer besides physical and mechanical 

bonding, and thinner cotton veneers had a better bonding effect of the adhesive and the 

cotton fibers. After bonding the cotton veneers with MUF adhesive, the Cr of the cotton 

board (5-layer, 4-layer, and 3-layer) samples obvious increased, and most of the amorphous 

regions were removed, which led to an obvious increase in crystallinity for the cotton 

boards. Thus, it would be assumed that the potential mechanical properties and reinforcing 

capability of the treated fibers should have increased (Rong et al. 2001; Bhatnagar and Sain 

2005). This increase in the crystallinity of the cellulose fibers also enhanced their stiffness 

and rigidity and therefore their strength. As the number of layers increased, the crystallinity 

of cotton boards also increased, which indicated that a thinner cotton veneer resulted in a 

better bonding effect of the adhesive and the cotton fibers. However, the five-layer and 

four-layer cotton boards had almost the same crystallinity. 

 

 
 

Fig. 6. XRD spectra of cotton fibers, veneers, and boards 

 

TG/DTG Analysis of Cotton Fibers, Veneers, and Boards 
The thermogravimetric analyzer (TGA) is an essential laboratory tool used for 

material characterization, and its derivative (DTG) curves present the weight loss rates 

(Gedemer 1974). The TGA/DTG was used to characterize the materials used in various 

environments. The weight loss in the cotton fibers, cotton veneer, and cotton boards 

occurred due to the degradation of cellulose, hemicellulose, lignin constituents, and MUF 

adhesive during heating. The TGA and DTG curves under a nitrogen atmosphere for cotton 

fibers, veneer and boards are presented in Figs. 7 and 8, respectively. From the TGA 

thermograms, the degradation profiles of such natural materials were distinctly 

characterized by three weight loss steps (Jakab et al. 1997). 
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The initial mass loss below 100 °C was due to the gradual evaporation of absorbed 

moisture. The initial decomposition temperature for the composite is typical of cotton 

fibers, in which the pyrolysis of cotton fiber components occurred above 200 °C. After 250 

°C, the weight loss rate quickly increased, and two degradation steps were distinguished. 

The first step corresponded to the decomposition of cotton fiber components, such as 

cellulose, hemicellulose, lignin, and extractives. The maximum rate of decomposition 

temperature of the second mass-loss step was at approximately 370 °C. The mass losses of 

the cotton board (5-layer, 4-layer, and 3-layer) samples were 62.0%, 61.7%, and 72.9% at 

360 °C, 380 °C, and 376 °C, respectively. These results indicated that the thermal stability 

of the 4-layer cotton board was better than that of the 5- and 3-layer cotton boards. The 

third degradation step starting at a temperature above 380 °C was due to the decomposition 

of the MUF adhesive. Above 380 °C, lignin degradation can also occur, which is common 

in the structure of lignocellulose (Mattos et al. 2014).  

 

 
 
Fig. 7. TG spectra of cotton fibers, veneers, and boards 
 

Although cotton fibers and cotton veneers have obviously higher degradation 

temperatures than cotton boards, their residue mass were 14.3% and 19.7% at 423 and 449 

°C, respectively, which were much lower than those of cotton boards. The higher mass loss 

(lower residue mass) of cotton fibers than that of cotton veneers might be mainly attributed 

to the hot-pressing process, since the interactions (especially hydrogen bonds) between the 

cotton fibers are formed during the hot-pressing. Additionally, cotton boards have higher 

mass residues than cotton fibers and veneers, higher residual mass can usually be attributed 

to the formation of char.  Often this is due to the presence of compounds (maybe the 

adhesive) that decomposes at a low enough temperature so that it is able to participate in 

reactions that form highly aromatic structures that are resistant to high heating (Fig. 7) 

(Alemdar and Sain 2008). The DTG curves of the cotton fibers, veneers, and boards are 

displayed in Fig. 8. For the cotton fibers and cotton veneers, the maximum decomposition 

rates (VMs) were 1.59%/°C and 1.48%/°C, respectively. The VMs of the cotton boards (5-

layer, 4-layer, and 3-layer) were 0.69%/min, 0.70%/min, and 1.37%/min, respectively, 

which were obviously lower than those of the cotton fibers and veneers. The lower VMs 

of the cotton boards than those of the cotton fibers and veneers may be also because of the 
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higher crystallinities of the cotton boards that endow more stable structure (Alemdar and 

Sain 2008). 
 

 
 
Fig. 8. DTG spectra of cotton fibers, veneers, and boards 

 

 

CONCLUSIONS 
 
1. The mechanical and waterproof properties of cotton boards with different layers (3, 4, 

and 5 layers) were better than those of particleboard (PB) and medium density 

fiberboard (MDF) according to Chinese national standards GB/T 4897 (1992) and 

GB/T 11718 (2009) for the same proportion of adhesive. Also, the four-layer cotton 

boards performed better than the five-layer and three-layer cotton boards.  

2. The SEM analysis showed that the fibers were intertwined to form a dense network 

structure after hot-pressing with water, and thicker veneers were not conducive to the 

penetration of adhesives after cold-pressing.  

3. The FTIR spectra indicated hydrogen bonding in the cotton veneers in addition to 

physical and mechanical bonding and stronger absorption peaks of the chemical 

functional groups of the five-layer and four-layer cotton boards.  

4. The XRD spectra showed that the cellulose crystallinity of the cotton boards (3, 4, and 

5 layers) increased to 74.5%, 74.4%, and 73.2%, respectively, but the fibers and 

veneers only increased to 60.6% and 60.6%, respectively.  

5. The TG/DTG curves showed that the thinner cotton veneers of cotton boards showed 

higher levels of char residue.  

6. This finding indicated that this material exhibits encouraging perspectives for the 

production of biomass composites. 

 

 

  



 

PEER-REVIEWED ARTICLE  bioresources.com 

 

 

Qu et al. (2019). “Cotton waste in composites,” BioResources 14(4), 8424-8438.  8435 

ACKNOWLEDGEMENTS 
  

This work was supported by the Hunan Provincial Natural Science Foundation of 

China (project number 11JJ2017) and the Youth Scientific Research Foundation, Central 

South University of Forestry and Technology (project number 2015QZ001). 

 

 

REFERENCES CITED  
 
Akadiri, P. O., and Olomolaiye, P. O. (2012). “Development of sustainable assessment 

criteria for building materials selection,” Engineering Construction Architectural 

Management 19(6), 666-687. DOI: 10.1108/09699981211277568 

Alemdar, A., and Sain, M. (2008). “Isolation and characterization of nanofibers from 

agricultural residues – Wheat straw and soy hulls,” Bioresource Technology 99(6), 

1664-1671. DOI: 10.1016/j.biortech.2007.04.029 

Algin, H. M., and Turgut, P. (2008). “Cotton and limestone powder wastes as brick 

material,” Construction and Building Materials 22(6), 1074-1080. DOI: 

10.1016/j.conbuildmat.2007.03.006 

Aydin, I., Colakoglu, G., Colak, S., and Demirkir, C. (2006). “Effects of moisture content 

on formaldehyde emission and mechanical properties of plywood,” Building and 

Environment 41(10), 1311-1316. DOI: 10.1016/j.buildenv.2005.05.011 

Bajwa, S. G., Bajwa, D. S., Holt, G., Coffelt, T., and Nakayama, F. (2011). “Properties of 

thermoplastic composites with cotton and guayule biomass residues as fiber fillers,” 

Industrial Crops and Products 33(3), 747-755. DOI: 10.1016/j.indcrop.2011.01.017 

Barbero-Barrera, M. M., Pombo, O., and Navacerrada, M. A. (2016). “Textile fibre waste 

bindered with natural hydraulic lime,” Composites Part B: Engineering 94, 26-33. 

DOI: 10.1016/j.compositesb.2016.03.013 

Bateman, S., and Wu, D. (2001). “Composite materials prepared from waste textile 

fiber,” Journal of Applied Polymer Science 81(13), 3178-3185. DOI: 

10.1002/app.1770 

Bettaieb, F., Khiari, R., Dufresne, A., Mhenni, M. F., and Belgacem, M. N. (2015a).  

“Mechanical and thermal properties of Posidonia oceanica cellulose 

nanocrystalreinforced polymer,” Carbohydrate Polymers 123, 99-104. DOI: 

10.1016/j.carbpol.2015.01.026 

Bettaieb, F., Khiari, R., Hassan, M. L., Belgacem, M. N., Bras, J., Dufresne, A., and 

Mhenni, M. F. (2015b). “Preparation and characterization of new cellulose 

nanocrystals from marine biomass Posidoniaoceanica,” Industrial Crops and 

Products 72, 175-182. DOI: 10.1016/j.indcrop.2014.12.038 

Bhatnagar, A., and Sain, M. (2005). “Processing of cellulose nanofiber-reinforced 

composites,” Journal of Reinforced Plastics and Composites 24(12), 1259-1268. 

DOI: 10.1177/0731684405049864 

Binici, H., Gemci, R., Aksogan, O., and Kaplan, H. (2010). “Insulation properties of 

bricks made with cotton and textile ash wastes,” International Journal of Materials 

Research 101(7), 894-899. DOI: 10.3139/146.110348 

Binici, H., Temiz, H., Aksogan, O., and Ulusoy, A. (2009). “The engineering properties 

of fired brick incorporating textile waste ash and basaltic pumice,” Journal of the 

Faculty of Engineering and Architecture of Gazi University 24(3), 485-498. 

https://www.researchgate.net/profile/Stuart_Bateman


 

PEER-REVIEWED ARTICLE  bioresources.com 

 

 

Qu et al. (2019). “Cotton waste in composites,” BioResources 14(4), 8424-8438.  8436 

Briga-Sá, A., Nascimento, D., Teixeira, N., Pinto, J., Caldeira, F., Varum, H., and Paiva, 

A. (2013). “Textile waste as an alternative thermal insulation building material 

solution,” Construction and Building Materials 38, 155-160. DOI: 

10.1016/j.conbuildmat.2012.08.037 

Chan, R., and Bindiganavile, V. (2010). “Toughness of fibre reinforced hydraulic lime 

mortar. Part-1: Quasi-static response,” Materials and Structures 43(10), 1435-1444. 

DOI: 10.1617/s11527-010-9598-4 

Chen, W., Yu, H., Liu, Y., Chen, P., Zhang, M., and Hai, Y. (2011). “Individualization of 

cellulose nanofibers from wood using high-intensity ultrasonication combined with 

chemical pretreatments,” Carbohydrate Polymers 83(4), 1804-1811. DOI: 

10.1016/j.carbpol.2010.10.040 

China National Technical Supervision Bureau, (1992). “GB/T 4897-1992: National 

Standard for Particleboard,” Beijing: China Standard Press, 1-32. 

China National Technical Supervision Bureau, (2009). “GB/T 4897-1992: National 

Standard for Medium Density Fiberboard,” Beijing: China Standard Press, 1-32. 

China National Technical Supervision Bureau, (2013). “GB/T 17657: Test method for 

physical and chemical properties of wood-based panels and veneered panels,” 

Beijing: China Standard Press, 1-59. 

El Oudiani, A., Chaabouni, Y., Msahli, S., and Sakli, F. (2004). “Crystal transition from 

cellulose I to cellulose II in NaOH treated Agave americana L. fibre,” Carbohydrate 

Polymers 86(3), 1221-1229.  DOI: 10.1016/j.carbpol.2011.06.037 

Gedemer, T. J. (1974). “The use of derivative thermogravimetry to estimate degree of 

thermal degradation,” Journal of Macromolecular Science: Part A - Chemistry 8(1), 

95-104. DOI: 10.1080/00222337408065817 

Hüttermann, A., Mai, C., and Kharazipour, A. (2001). “Modification of lignin for the 

production of new compounded materials,” Applied Microbiology and Biotechnology 

55(4), 387-394. DOI: 10.1007/s002530000590 

Iucolano, F., Liguori, B., and Colella, C. (2013). “Fibre-reinforced lime-based mortars: A 

possible resource for ancient masonry restoration,” Construction and Building 

Materials 38, 785-789.  DOI: 10.1016/j.conbuildmat.2012.09.050 

Islam, M. T., Chan, R., and Bindiganavile, V. (2012). “Stress rate sensitivity of stone 

masonry units bound with fibre reinforced hydraulic lime mortar,” Materials and 

Structures 45(5), 765-776. DOI: 10.1617/s11527-011-9796-8 

Izaguirre, A., Lanas, J., and Alvarez, J. I. (2011). “Effect of a polypropylene fibre on the 

behaviour of aerial lime-based mortars,” Construction and Building Materials 25(2), 

992-1000.  DOI: 10.1016/j.conbuildmat.2010.06.080 

Jain, A., Vorrey, S., and Singh, R. P. (2010). “Evaluation of surface treatment methods to 

enhance the mechanical properties of composites fabricated from waste carpet,” in: 

SAMPE 2010 Conference and Exhibition: New Materials and Processes for a New 

Economy, Seattle, WA, USA, pp. 241. 

Jakab, E., Faix, O., and Till, F. (1997). “Thermal decomposition of milled wood lignins 

studied by thermogravimetry/mass spectrometry,” Journal of Analytical and Applied 

Pyrolysis 40-41, 171-186.  DOI: 10.1016/S0165-2370(97)00046-6 

Jurumenha, M. A. G., and Dos Reis, J. M. L. (2010). “Fracture mechanics of polymer 

mortar made with recycled raw materials,” Materials Research 13(4), 475-478. DOI: 

10.1590/S1516-14392010000400009 

Kim, S., and Kim, H. J. (2005). “Effect of addition of polyvinyl acetate to melamine-

formaldehyde resin on the adhesion and formaldehyde emission in engineered 



 

PEER-REVIEWED ARTICLE  bioresources.com 

 

 

Qu et al. (2019). “Cotton waste in composites,” BioResources 14(4), 8424-8438.  8437 

flooring,” International Journal of Adhesion and Adhesives 25(5), 456-461.  DOI: 

10.1016/j.ijadhadh.2005.01.001 

Le Troëdec, M., Dalmay, P., Patapy, C., Peyratout, C., Smith, A., and Chotard, T. (2011). 

“Mechanical properties of hemp-lime reinforced mortars: Influence of the chemical 

treatment of fibers,” Journal of Composite Materials 45(22), 2347-2357. DOI: 

10.1177/0021998311401088 

Li, Y., Wang, B., Wang, B. and Ma, M. (2017). “The enhancement performances of 

cotton stalk fiber/PVC composites by sequential two steps modification,” Journal of 

Applied Polymer Science 135(46090), 1-8. DOI: 10.1002/APP.46090 

Lin, J.-H., Su, K.-H., Lei, C.-H., and Lou, C.-W. (2007). “Reprocessing of industrial 

nonwoven selvages,” Journal of Advanced Materials 39(2), 32-36. 

Lin, Y., Ma, X., Peng, X., and Yu, Z. (2016). “A mechanism study on hydrothermal 

carbonization of waste textile,” Energy & Fuels 30(9), 7746-7754.  DOI: 

10.1021/acs.energyfuels.6b01365 

Lu, P., and Hsieh, Y. L. (2010). “Preparation and properties of cellulose nanocrystals: 

Rods, spheres, and network,” Carbohydrate Polymers 82(2), 329-336.  DOI: 

10.1016/j.carbpol.2010.04.073 

Ma, X., Wang, X., Yin, X., Kan, X., and Wang, Z. (2018). “Electrochemical stripping of 

cotton fabrics dyed with Reactive Black 5 in water and wastewater,” Chemosphere 

206, 17-25.  DOI: 10.1016/j.chemosphere.2018.04.122 

Mattos, B. D., Misso, A. L., De Cademartori, P. H. G., De Lima, E. A., Magalhães, W. L. 

E., and Gatto, D. A. (2014). “Properties of polypropylene composites filled with a 

mixture of household waste of mate-tea and wood particles,” Construction and 

Building Materials 61, 60-68.  DOI: 10.1016/j.conbuildmat.2014.02.022 

Mishra, R., Behera, B., and Militky, J. (2014). “Recycling of textile waste into green 

composites: Performance characterization,” Polymer Composites 35(10), 1960-1967.  

DOI: 10.1002/pc.22855 

Murata, K., Watanabe, Y., and Nakano, T. (2013). “Effect of thermal treatment of veneer 

on formaldehyde emission of poplar plywood,” Materials 6(2), 410-420. DOI:  

10.3390/ma6020410 

No, B. Y., and Kim, M. G. (2004). “Syntheses and properties of low-level melamine-

modified urea melamine-formaldehyde resins,” Journal of Applied Polymer Science 

93(6), 2559-2569. DOI: 10.1002/app.20778 

No, B. Y., and Kim, M. G. (2007). “Evaluation of melamine-modified urea-formaldehyde 

resins as particleboard binders,” Journal of Applied Polymer Science 106(6), 4148-

4156. DOI: 10.1002/app.26770 

Oh, Y. S., and Kim, K. H. (2011). “Evaluation of melamine-modified urea-formaldehyde 

resin for plywood flooring adhesive application,” Scientia Forestalis 39(90), 199-203. 

Pednekar, P. A., and Raman, B. V. (2013). “The FT-IR spectrometric studies of 

vibrational bands of Semecarpus anacardium Linn. F. leaf, stem powder and 

extracts,” Asian Journal of Pharmaceutical and Clinical Research 6(1), 159-168. 

Pinto, J., Peixoto, A., Vieira, J., Fernandes, L., Morais, J., Cunha, V. M. C. F., and 

Varum, H. (2013). “Render reinforced with textile threads,” Construction and 

Building Materials 40, 26-32.  DOI: 10.1016/j.conbuildmat.2012.09.099 

Rimdusit, S., Smittakorn, W., Jittarom, S., and Tiptipakorn, S. (2011). “Highly filled 

polypropylene rubber wood flour composites,” Engineering Journal 15(2), 17–30. 

DOI: 10.4186/ej.2011.15.2.17 

https://www.researchgate.net/journal/0021-8995_Journal_of_Applied_Polymer_Science
https://www.researchgate.net/journal/0021-8995_Journal_of_Applied_Polymer_Science


 

PEER-REVIEWED ARTICLE  bioresources.com 

 

 

Qu et al. (2019). “Cotton waste in composites,” BioResources 14(4), 8424-8438.  8438 

Rong, M. Z., Zhang, M. Q., Liu, Y., Yang, G. C., and Zeng, H. M. (2001). “The effect of 

fiber treatment on the mechanical properties of unidirectional sisal-reinforced epoxy 

composites,” Composites Science and Technology 61(10), 1437-1447.  DOI: 

10.1016/S0266-3538(01)00046-X 

Tasdemir, M., Kocak, D., Usta, I., Akalin, M., and Merdan, N. (2007). “Properties of 

polypropylene composite produced with silk and cotton fiber waste as 

reinforcement,” International Journal of Polymeric Materials and Polymeric 

Biomaterials 56(12), 1155-1165.  DOI: 10.1080/00914030701323752 

Tasdemir, M., Koçak, D., Usta, I., Akalin, M., and Merdan, N. (2008). “Properties of 

recycled polycarbonate /waste silk and cotton fiber polymer composites,” 

International Journal of Polymeric Materials and Polymeric Biomaterials 57(8), 797-

805.  DOI: 10.1080/00914030802089138 

Tasdemir, M., Akalin, M., Koçak, D., Usta, I., Akalin, M., and Merdan, N. (2010). 

“Investigation of properties of polymer/textile fiber composites,” International 

Journal of Polymeric Materials and Polymeric Biomaterials 59(3), 200-214.  DOI: 

10.1080/00914030903231415 

Tomak, E., Topaloglu, E., Gumuskaya, E., Yildiz, U. C., and Ay, N. (2013). “An FT-IR 

study of the changes in chemical composition of bamboo degraded by brown-rot 

fungi,” International Biodeterioration & Biodegradation 85, 131-138. DOI: 

10.1016/j.ibiod.2013.05.029 

Wan, C., Lu, Y., Cao, J., Sun, Q., and Li, J. (2015). “Preparation, characterization and oil 

adsorption properties of cellulose aerogels from four kinds of plant materials via a 

NAOH/PEG aqueous solution,” Fibers and Polymers 16(2), 302-307. DOI: 

10.1007/s12221-015-0302-8 

Wang, Y. (2006). “Recycling: The next challenge for the textile industry,” Textiles 

Magazine 33(2), 13-15. 

Wang, K., Jiang, J. X., Xu, F., and Sun, R. C. (2009). “Influence of steaming pressure on 

steam explosion pretreatment of Lespedeza stalks (Lespedeza crytobotrya): Part 1. 

Characteristics of degraded cellulose,” Polymer Degradation and Stability 94(9), 

1379-1388. DOI: 10.1016/j.polymdegradstab.2009.05.019 

Xu, G., Wang, L., Liu, J., and Wu, J. (2013). “FTIR and XPS analysis of the changes in 

bamboo chemical structure decayed by white-rot and brown-rot fungi,” Applied 

Surface Science 280, 799-805. DOI: 10.1016/j.apsusc.2013.05.065 

Zhang, Y. H., and Lynd, L. R. (2004). “Toward an aggregated understanding of 

enzymatic hydrolysis of cellulose: Noncomplexed cellulose system,” Biotechnology 

and Bioengineering 88(7), 797-824. DOI: 10.1002/bit.20282 

Zhang, J., Wang, X., Zhang, S., Gao, Q., and Li, J. (2013). “Effects of melamine addition 

stage on the performance and curing behavior of melamine-urea-formaldehyde 

(MUF) resin,” BioResources 8(4), 5500-5514. DOI: 10.15376/biores.8.4.5500-5514 

 

Article submitted: May 15, 2019; Peer review completed: August 31, 2019; Revised 

version received and accepted: September 5, 2019; Published: September 9, 2019. 

DOI: 10.15376/biores.14.4.8424-8438 

http://www.letpub.com.cn/index.php?page=journalapp&view=detail&journalid=9487
http://www.letpub.com.cn/index.php?page=journalapp&view=detail&journalid=9487
http://www.letpub.com.cn/index.php?page=journalapp&view=detail&journalid=9487
http://www.letpub.com.cn/index.php?page=journalapp&view=detail&journalid=9487
http://www.letpub.com.cn/index.php?page=journalapp&view=detail&journalid=9487

