
 

PEER-REVIEWED ARTICLE  bioresources.com 

 

 

Ergun et al. (2023). “Activated carbon in foams,” BioResources 18(1), 1215-1231.  1215 

 

Activated Carbon and Cellulose-reinforced 
Biodegradable Chitosan Foams  
 

Mehmet Emin Ergun * 

 
Chitosan foams with promising mechanical properties, heat-insulating 
ability, and flame retardancy were produced through oven drying. The 
chitosan foams were reinforced with cellulose, boric acid, and different 
ratios of activated carbon. The foams showed desirable low density (80.2 
to 109.8 kg/m3) and compression properties. The compression resistance 
and compression modulus of foams ranged between 53.6 and 98.5 KPa 
and 214 to 394 KPa, respectively. Thermal conductivity tests revealed that 
the foams endowed low thermal conductivity values (0.035 to 0.051 
W/mK). The limiting oxygen index (LOI) of the foams was as high as 32.9% 
for activated carbon (20 g/L). The activated carbon reinforcement 
produced higher thermal properties and decreased the mass loss 48.1% 
at 600 °C. The produced foams exhibited good biodegradability (39% 
degradation in 15 days). The overall test results showed that the chitosan 
foams can be utilized as a promising environmentally friendly material in 
thermal insulation fields. 
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INTRODUCTION 
 

Because of their cellular structure, foams allow the use of less raw materials, and 

they are extensively utilized in food packaging, insulation, packaging of valuable goods, 

and cushioning (Kuhnigk et al. 2022). The worldwide polymer foam market size was 

appraised at USD 123.1 billion in 2021 and is anticipated to grow at a compound annual 

growth rate of 3.6% from 2022 to 2030. The building and construction fields kept the 

highest revenue share of more than 30.0% in 2021 (Fortune Business Insights 2022).  

Buildings and construction are required to utilize foam thermal insulation materials 

as energy resources become more precious. To maintain a comfortable building 

environment, thermal insulation solutions help to reduce reliance on heating, ventilation, 

and air conditioning systems. As a result, insulation saves energy and uses fewer natural 

resources. Additionally, foam insulation materials have some benefits such as energy 

efficiency, indoor thermal comfort, and lowering noise levels (Hung Anh and Pásztory 

2021). 

Polystyrene, polyolefin, polyurethane, and polyvinyl chloride-based foam 

insulation materials that are manufactured from petrochemical-based raw materials are 

mostly utilized in the building and construction industry (Aditya et al. 2017). However, 

petroleum-derivate products need a long period to decompose in nature (Bülbül and Büyük 

2022).  
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The massive pollution caused by these products has greatly increased people's 

environmental concerns (Bülbül and Ergün 2022). In addition, common insulation 

materials present a high risk in indoor applications because of their easy flammability 

(Yildirim et al. 2020). Considering all of these issues, many researchers have focused on 

producing from renewable resources because they have attractive properties, such as 

biodegradability, recyclability, environmental acceptability, and sustainability (Qiu et al. 

2013). Different types of biomaterials have been investigated for the preparation of bio-

foams, such as starch, polyhydroxyalkanoates, polybutyleneadipate-co-terephthalate, 

polylactic acid (Nofar et al. 2015), cellulose (Nechita and Năstac 2022), and chitosan (Hao 

et al. 2022). Because chitosan and cellulose are produced from wood, they have a safe, 

simple to handle, and aesthetic structure (Ergun 2021), and both are versatile and the most 

abundant biopolymers in nature. These biopolymers have been utilized in food, health, 

cosmetics, paper, textile, and water treatment industries (Elsabee and Abdou 2013; Muxika 

et al. 2017; Ottenhall et al. 2018). Although chitosan and cellulose-based foams were the 

focus of many studies, their application areas were constrained because of some 

insufficient properties (Xie et al. 2011; Niu et al. 2014). The chitosan and cellulose-based 

foams are flammable-like synthetic foams. Therefore, it is necessary to add fire retardants 

to the foams (Mai and Militz 2004).  

Halogen-based fire retardants that are detrimental to human and environmental 

health have been prohibited. Thus, environmentally friendly fire retardants are of great 

interest in recent times (Wang and Sánchez-Soto 2015; Berglund et al. 2021). The boron 

compounds have been used in the wood industry (İstek et al. 2017; Can et al. 2018) and 

the metal industry because they are non-toxic and have a high thermal and biological 

resistance (Kartal et al. 2009). Boric acid prevents the release of inflammable gases when 

cellulosic materials, such as wood, cotton, fiber-based products, are burned. The pyrolytic 

fuel fragment concentration is diluted by the release of chemically bound water from boric 

acid, and combustion is further prevented by the formation of carbon char (Ullah et al. 

2017). Activated carbon is obtained by improving pore volume and the inner surface area 

because of physical or chemical activation from various organic precursors. Activated 

carbon is utilized in food and beverage sectors, recovering different solvents, controlling 

mercury vapor emissions, energy storage devices (González-García 2018), and fireproof 

materials (Lei et al. 2020). 

Generally, supercritical drying or freeze-drying methods are utilized for production 

of bio-based foams. However, these time-consuming and more expensive drying methods 

demand harsh conditions and special equipment to accommodate vacuum, high-pressure 

environments, or high temperatures (Liao et al. 2022). Thus, the practicability of this 

methodology for commercial production has been discussed. Therefore, it is more suitable 

for commercialization of the product by simple mechanical mixing to create foam and use 

common and fast drying methods such as air impingement, microwave, and ovens (Yu et 

al. 2021). 

In this study, chitosan was dissolved with boric acid and then used as a matrix. 

Cellulose and activated carbon-reinforced produced foams were designed and 

manufactured using oven drying. This research aimed to examine the effect of the activated 

carbon reinforcement on the compression and thermal properties of the foams. Finally, the 

biodegradability of the foams was evaluated by a soil landfill experiment. 
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EXPERIMENTAL 
 

Materials  
Cellulose was provided from EUROPAP (İzmir, Turkey). The density of cellulose 

that was manufactured from Eastern Spruce was 0.55 g/cm3. According to the information 

acquired from the EUROPAP tissue factory, the cellulose bleached with peroxide had a 

kappa number of 3.5. The ISO brightness of the cellulose was specified as 90%. Fiber 

length and coarseness of cellulose were 2.18 mm and 0.14 mg/m, respectively. Boric acid 

was purchased from Kimetsan Chemistry (Ankara, Turkey). The density of boric acid was 

1.43 g/cm3. The high molecular weight chitosan (density: 0.40 g/cm3) was supplied from 

Sigma-Aldrich (Schnelldorf, Germany) (molecular weights: 310,000 to 375,000 Da). 

Activated carbon (AC), which was produced from coconut waste via physical activation 

method, and sodium dodecyl sulfate (SDS) were supplied from Aromel Chemistry (Konya, 

Turkey). The density of activated carbon was 2.12 g/cm3.  

 

Methods 
Chitosan can dissolve in acidic conditions, so 40 g/L stock solution of boric acid 

was prepared in distilled water. Initially, chitosan was stirred at 1200 rpm in boric acid for 

2 h at pH 4.8. Respectively, cellulose, and different rates of activated carbon were 

separately added and stirred at 600 rpm for 15 min. Then, 5 g/L SDS was added to the 

mixture and stirred at 2500 rpm for 10 min to form bubbles. A vortex developed in all 

mixing processes. Compositions of the foam are given in Table 1. 

 

Table 1. Composition of the Foam 

Codes Chitosan (g/L) 
Boric Acid 

(g/L) 
Cellulose (g/L) 

SDS 
(g/L) 

Activated Carbon (g/L) 

A-0 20 40 15 5 0 

A-1 20 40 15 5 5 

A-2 20 40 15 5 10 

A-3 20 40 15 5 20 

 

 

 
 

Fig. 1. Manufacturing process of foams 
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The prepared wet foams were poured into a chrome mold and dried at 75 ℃ for 6 

h in the oven. Finally, all samples were cured at 120 ℃ for 30 min. The preparation process 

of foams is shown in Fig. 1. 
 

Characterization 
Fourier transform infrared (FT-IR) spectra were measured directly on fragments of 

foam using a Nicolet IS FT-IR (iS10, Thermo Fisher Scientific, Waltham, MA, USA) 

spectrometer. An ATR accessory was used. Sixteen scans were accumulated from 400 to 

4000 cm-1 with a resolution of 4 cm-1. The experiments were carried out at 20 °C. The 

morphologies of foam were examined using Field Emission Scanning Electron Microscopy 

(FE-SEM) (ZEISS GeminiSEM 500). Foam was coated with iridium with a thickness of 5 

nm. All foams were conditioned at 20 ℃ and 65% relative humidity (RH) for 24 h before 

the density and compression properties measurement.  

The density of foam samples was evaluated according to the ASTM C303 (2010) 

standard. Compression properties were tested on a Marestek universal test device (MARES 

Engineering Research Electronic Systems, İstanbul, Turkey) according to the ASTM 

C165-07 (2017) standard.  

The foams were produced in a square cross-section of approximately 10 × 10 × 2 

cm3. The compression speed was adjusted to 10 mm/min, and the final strain was set to be 

25% of the original sample height.  

Thermal conductivity was evaluated according to ASTM C518 (2021) with a heat 

flux (KEM QTM 500, Kyoto Electronics, Kyoto, Japan). The limiting oxygen index (LOI) 

test was conducted with a Dynisco brand (Dynisco, Heilbronn, Germany) instrument 

according to ASTM D2863-19 (2019). Thermogravimetric analysis of foams was 

performed according to ASTM E1131-20 (2020) standard and conducted from 30 °C to 

600 °C with a 10 °C increase per minute under nitrogen atmosphere using a Mettler Toledo 

thermal gravimetric analyzer (Mettler-Toledo, Barcelona, Spain). The degradation of the 

foams was tested using the soil landfill experiment. Its macroscopic view and change of 

weight were examined.  

Density, compression, thermal conductivity, and LOI values of foams containing 

different ratios of activated carbon were evaluated with one-way analysis of variance at 

95% confidence level (p<0.05) using the SPSS 16 program, and statistically significant 

homogeneity groups were detected using the Duncan homogeneity test. 

 
 
RESULTS AND DISCUSSION 
 

The FT-IR spectra of activated carbon (AC) and foams at 400 to 4000 cm-1 were 

investigated. Both the FT-IR spectra and produced foams are shown in Fig. 2. The spectra 

of AC samples displayed a band at 1420 cm−1 that could be assigned to the C–H group. 

The presence of bands in the 1012 cm−1 wavenumber ranges could be due to C–O stretching 

vibrations (Demiral et al. 2011). 
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                               a)                                                 b)        c) 

Fig. 2. a) FT-IR results of activated carbon, b) the produced foams, c) SEM images of A-3 d) 
activated carbon particle in the foam 

 
When the FT-IR results of the foam were evaluated, the bands at 3200 cm–1 could 

be assigned to O-H stretching. Increase of the absorption peaks in the FT-IR spectra in the 

range of 3800 to 3000 cm-1 demonstrates an apparent increase in intramolecular and inter 

intramolecular hydrogen bonding (Liao et al. 2022). In addition, the stretching and bending 

vibration of the C-H bonds at 2900 and 1420 cm–1 was observed, respectively. The N-H 

bond was seen at 1650 cm–1, and the band at 1040 cm–1 may occur because of the stretching 

vibration of the C-O bond. The intensity of the peaks increased as the addition of activated 

carbon increased in the foams, because most of the activated carbon consists of carbon and 

oxygen (Tsai and Jiang 2018). 

The results showed that chitosan foams reinforced with cellulose and activated 

carbon had a low density, and additives contributed to improving strength. Table 2 shows 

the densities, compressive resistance, and modulus of chitosan foams with different 

amounts of activated carbon addition.  

 

Table 2. Density and Compression Tests Results of Foams 

Codes Density (kg/m3) Compression 
Resistance (KPa) 

Compression 
Modulus (KPa) 

A-0 80.2 (2.2) a 73.7 (3.7) a 294 (14.9) a 

A-1 90.7 (3.7) b 82.1 (3.4) b 328 (13.4) b 

A-2 98.3 (3.7) c 98.5 (1.9) c 394 (7.6) c 

A-3 109.8 (2.7) d 53.6 (3.0) d 214 (12.1) d 

Note: Parentheses indicate standard deviation. a, b, c, and d letters state the significant 
differences between the groups.  

 

The density of the foams depending on concentration ranged from 80.2 to 109.8 

kg/m3. Due to attractive forces, fibers clump, and particles engage together during solvent 

removal. This phenomenon caused more dense foams (Sehaqui et al. 2011). In contrast, 

the intrinsic density of the foam material produced with the addition of activated carbon, 

which has the highest density among the polymers used in production, is directly 

proportional to increases. It was also observed that with an increase in the solid content the 

density of foams increased. Density values of foams were in the acceptable range. The 

density of biodegradable foams changed between 12 and 1000 kg/m3 for application in 
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insulation purposes (Zhao and Li 2022). Densities of PVAc-based foams reinforced with 

cellulose and chitosan changed between 120 and 210 kg/m3 (Yildirim et al. 2022). When 

biopolymers, such as chitosan and cellulose, were mixed with surfactants, density values 

were decreased (Czakaj et al. 2022). 

The compression resistance values of foams ranged between 53.6 and 98.5 KPa. 

The highest value was obtained from A-2 with activated carbon at 10 g/L concentration. 

A-3 gave the lowest compression resistance value with 53.6 KPa. Additionally, the 

compression modulus values ranged from 214 to 394 KPa. The A-2 showed the highest 

compression modulus value. The lowest compression modulus value was obtained from 

A-3 with 214 KPa. Compressive resistance and modulus depended widely on the density 

of the foams. The network structure of foams involves more interlocking cellulose fibers, 

chemical crosslinks, and fiber-to-fiber contact points which explains the strong dependence 

of resistance and modulus on density (Liao et al. 2022). The compression resistance of 

commercial foams such as polyurethane foam, extruded polystyrene foam and expanded 

polystyrene foam has been reported to range from 20 to 700 KPa (Bedarf et al. 2021). 

The improved interfacial interactions caused by the polar-polar and hydrogen bond 

interactions between the reinforcement's hydroxy group and the matrix could explain the 

reinforcing effect of cellulose (Murmu 2022). Additionally, the amino groups and hydroxyl 

groups in the chitosan and cellulose formed intermolecular hydrogen and covalent bonds 

(Kaisangsri et al. 2012). These situations enhanced the compression properties. In contrast, 

boric acid can be used to crosslink molecules of chitosan and cellulose that have free 

hydroxyl groups (Awada et al. 2014). Boric acid is an electrophile and attracts nucleophiles 

that then combine to create complexes because the trivalent boron atom's empty p orbital 

is available. When boric acid is dissolved in water, it dissociates to create tetrahydro borate 

ions (Prosanov et al. 2018). Crosslinks are created as a result of the reaction between the 

tetrahydro borate ions and the nucleophilic diols of chitosan and cellulose (Gadhave et al. 

2021). Therefore, foams were more robust and resistant to compression in this study. 

There have been many studies about chitosan and cellulose-based or reinforced 

foams. Compression modulus of chitosan and cellulose-based foams that had different 

densities were determined to range from 10 to 1300 KPa (Wang et al. 2017; Michailidou 

et al. 2019; Ozen et al. 2021) and 15 to 2800 KPa (Gibson and Ashby 1997; Liu et al. 

2017), respectively. In contrast, activated carbon-reinforced foam has been evaluated in 

few studies and could not notably enhance the mechanical properties of foams (Ketkul et 

al. 2017). In another study, the compressive resistance of resol-type phenolic resin foam 

that was reinforced with activated carbon was improved by 30% (Song et al. 2013). 

However, there has been no study related to foam reinforced with activated carbon. In the 

current study, while the concentration of activated carbon was up to 10 g/L in the foam, 

compression values of foam were increased. The oxygen-containing surface and carboxylic 

groups on activated carbons (Vargas et al. 2012) can improve the compression properties. 

Additionally, activated carbon, an amphoteric material, was thought to have a positive 

effect on compression properties (González-García 2018). However, when the 

concentration of activated carbon was 20 g/L in the foam, compression properties 

decreased. One of the reasons for the decrease in compression properties was the formation 

of a brittle surface between the polymers and activated carbon (Suppakarn and Jarukumjorn 

2009; Arao et al. 2014). Further, as in the addition of large amounts of inorganic 

reinforcements (Xie et al. 2010), it was thought that aggregation could occur due to the 

excessive amount of additional activated carbon (Fig. 2c) and could prevent bond 
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formation (Wang et al. 2016).  Also, the pores of the activated carbon were still accessible 

after production of foam, as can be seen in Fig. 2 d. 

The low thermal conductivity of foam is one of the most important features desired 

in insulation materials. The KEM QTM 500 was utilized to obtain the thermal conductivity 

of foams through the transient hot wire method. Thermal conductivity of cellulose and 

activated carbon reinforced foams are given in Fig. 3.  

 

 
 

Fig. 3. Thermal conductivity of foams reinforced with cellulose and activated carbon 

 
The thermal conductivity of the presented foams was in the adequate range for 

insulation purposes, with values of 0.035 to 0.051 W/mK. Chitosan- (Takeshita and Yoda 

2015), starch- (Yildirim et al. 2014), cellulose- (Seantier et al. 2016), and wood- (Sun et 

al. 2020) based foams have similar thermal conductivity results, and they have been 

reported between 0.022 and 0.054 W/mK. Foams with a porous structure give good heat-

insulating qualities (Li et al. 2019). Because atmospheric air has a low thermal conductivity 

and fills the pores of the foams when heat is applied to foams, pores and the pore walls can 

generate air layers, which can prevent heat conduction (Jiang et al. 2021).  

When AC content increased in the foams, the thermal conductivities of foams were 

considerably increased. This situation was related to the increase in the density of foam, 

which led to a rapid increase in the thermal conductivity of the solid form (Yan et al. 2021).  

The thermal conductivities of the present produced foams were compared with the 

commercial or reported foams. Heat blocking ability of freeze-dried or oven-dried bio-

based and commercial foams has been accepted as a middle class. In contrast, the foams 

produced with the supercritical dried technique have equally distributed nanopores; such 

form has superior low thermal conductivity in comparison to oven-dried or freeze-dried 

foams. However, the supercritical drying technique is not preferred in commercial 

production because it has difficulty in production and limited production capacity (Ferreira 

et al. 2021). Therefore, considering the production capacity, drying in the oven, which is 

the authors’ production technique, is superior to the freeze-dried or supercritical drying 

technique.  

The thermal behavior of the foams that were reinforced with and without activated 

carbon under a nitrogen atmosphere was evaluated using TGA and differential 

thermogravimetry (DTG). The results are shown in Table 3 and Fig. 4.  Ti% and Tmax% 

values were found within the temperature range of 227 to 274 °C and 328 to 332 °C, 

respectively. As a result of thermal degradation at 600 °C, the least mass loss was obtained 

from A-1 with 48.1%, and the highest mass loss was obtained from A-0 with 54.6%. It was 

found that the use of boric acid to dissolve chitosan improved the thermal stability of the 

samples. While the mass loss of the A-0 coded sample was 54.6% in the present study, 
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Ozen et al. (2021) reported the mass loss of chitosan foams reinforced with 

microcrystalline cellulose, prepared by dissolving in acidic acid, were changed between 

74.6% and 85.6%. The main reason for superior thermal properties is that the boric acid 

prevented the diffusion of oxygen and heat so that the combustion could be effectively 

retarded during pyrolysis (Yu et al. 2017). The boric acid feature could create a melted 

B2O3 film at a high temperature, which could cover the surface of the foams and effectively 

insulate the fire and oxygen (Yang and Qing 2014). The other reason was that boron 

compounds caused the formation of water and oxide in the environment during thermal 

decomposition. This endothermic reaction cooled the material surface and increased 

charring (Rallini et al. 2018). 

 

Table 3. Initial and Maximum Temperature of Thermal Degradation and the Mass 
Loss (%) after Thermogravimetric Analysis 

Codes Ti% (°C) Tmax% (°C) Mass Loss (%) 

A-0 227 328 54.6 

A-1 231 330 48.1 

A-2 234 332 49.3 

A-3 274 330 50.0 

 

The TGA and DTG curves of foams reinforced with cellulose and activated carbon 

are given in Fig. 4. The DTG curves indicate the velocity of mass loss as a function of 

temperature during thermal degradation.  
 

  

    
 

Fig. 4. a) TGA and b) DTG results of foams 
 

As the amount of activated carbon increased, the temperature at 10% mass loss 

increased. In contrast, temperature values corresponding to maximum mass loss were not   

remarkably changed with or without activated carbon reinforcement. While the mass loss 

of aerogels produced from neat chitosan was found at approximately 90% (Wang et al. 

 

 

a 

b 
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2015), the current study found that foams had a lower mass loss with the inclusion of boric 

acid and activated carbon. 

As can be seen in Fig. 4a, when AC was added to the foams, mass loss of the foams 

decreased at the end of 600 °C. Activated carbon, which is composed of graphitized carbon 

layers, can serve as a physical barrier that diminishes the diffusion of oxygen and heat 

during the combustion process (Zhang et al. 2018). In Fig. 4b, foams produced from 

chitosan, boric acid, cellulose, and AC indicated that the degradation of the samples 

occurred in three main steps. The first step was observed between 80 and 150 °C, the 

second step was within the temperature range of 240 to 290 °C, and the third step was 

between 290 and 400 °C. The first peak of the DTG curves was due to moisture removal 

from the foams. The second peak was relevant to the decomposition (thermal and 

oxidative) of chitosan. Neto et al. (2005) found that DTG temperature of chitosan was 

between 230 and 350 °C. It was shown that the length of DTG peaks decreased compared 

to foam produced with acidic acid in literature (Hong et al. 2007) because boric acid led to 

a slowdown in the rate of mass loss during thermal degradation. It was concluded that 

cellulose was disrupted in the third peak. Lignocellulosic decomposition was related to 

cellulose and hemicellulose at temperatures ranging from 200 to 350 °C (Altuntas et al. 

2017). While the amount of activated carbon increased in the foam, the maximum 

decomposition temperature decreased (Zhang et al. 2018).  

The LOI test is a simple method for determining the flammability of polymers. In 

general, the materials that have a higher LOI value, are resistant to flame (Wang et al. 

2019). The LOI values of cellulose and different ratios of AC-reinforced foams are given 

in Fig. 5.  

 

 
Fig. 5. LOI values of foams reinforced with cellulose and activated carbon 

 

In this study, LOI values were found between 24.7% and 32.9%, and the highest 

LOI value was obtained from the A-3 foam. The lowest LOI value was obtained from A-

0. It was determined that as the amount of activated carbon increased in the samples, LOI 

values also increased. 

In this study, foams were found to have high LOI values. The first reason is 

dehydration and other oxygen-eliminating reactions that took place at a comparatively low 

temperature with the addition of boric acid in the foams (100 to 300 °C). When the 

isomerization of the polymeric materials takes place in a catalyzed process, aromatic 

structures can be formed (Wang et al. 2004). This reaction occurs to diminish amounts of 

a volatile organic compound and increase the charring layer. Additionally, boric acid 

lessens smoldering and glowing combustion (Pedieu et al. 2012). In previous studies, the 

LOI values of foams that were reinforced with between 0.5% and 15% boric acid ranged 

from 18% to 39.5% (Jiang et al. 2021; Kaya 2022). Contrastingly, LOI values of materials 
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produced from chitosan were investigated in previous studies and when chitosan and 

ammonium phytate were utilized for fire resistance, the LOI value of materials improved 

9% (Li et al. 2020). In another study, polyester fibers were reinforced with ammonium 

polyphosphate and chitosan, where they enhanced fire retardant properties (Fang et al. 

2019). When materials included chitosan, they were detected to be more durable at the fire. 

Materials produced without chitosan broke down as the temperature increased, releasing 

combustible gas that produced a lot of heat and smoke. However, when materials included 

chitosan, the production of flammable gas was suppressed, and the production of smoke 

and heat was reduced. Compounds that decomposed during thermal degradation were not 

mixed with oxygen for burning directly because of reaction with the amino group of 

chitosan (Jiao et al. 2020). 

In the current study, as the amount of activated carbon was increased in the foam, 

the LOI values of foams were enhanced. In other words, foams were more resistant to fire. 

The addition of activated carbon contributed to the physical barrier and catalytic function 

(Wang et al. 2019) that occurred in the foam. In addition, activated carbon was supported 

by the formation of the charring layer (He et al. 2018). In some studies, the LOI values of 

composite materials reinforced with activated carbon were found between 26.4% and 

29.1% (Zhang et al. 2018; Wang et al. 2019). Eventually, the LOI values of the present 

study gave promising results.  

Biodegradability of the foams was assessed with the soil burial test. Their weight 

and macroscopic morphology changes were examined. As shown in Fig. 6, the foams had 

become degraded at end of the 15 days, and the dry weight of foam decreased from 29.70 

g to 18.23 g after 15 days.  

 

 
 

Fig. 6. The photograph of the foams (A-2) before (a) and after degradation (b) 

 

According to these results, chitosan foams showed much better degradability than 

commercial foams such as polystyrene and polyethylene foams. Because of its 

biodegradability, non-toxic qualities, and low cost, the foam produced from bio-based 

polymers has the potential to replace foam made from petrochemicals. Polysaccharides, 

such as cellulose, starch, chitosan, and heparin, can degrade in nature in a short period (14 

days). In contrast, it was determined that this period was prolonged with the addition of 

inorganic polymers, such as titanium dioxide, into corn starch (Anugrahwidya et al. 2021). 

Polylactic acid, which is frequently used in scientific studies, degrades between 6 months 

and 24 months (Tian and Bilal 2020). In another study, it was determined that 93% of the 

foam material produced from cellulose with polyamide epichlorohydrin degraded at the 

end of 85 days (Liao et al. 2022). 
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CONCLUSIONS 
 

1. While boric acid provides an acidic environment for the dissolution of chitosan, it not 

only causes crosslinking for cellulose and chitosan but also improves mechanical 

properties and contributes to increasing the fire resistance of the foams. 

2. The foam produced with activated carbon has a low density.  

3. Compression resistance and modulus were 98.5 KPa and 394 KPa, respectively. 

4. All-produced foams were utilized for thermal insulation purposes. 

5. When the activated carbon content increased, the LOI values were improved. They 

were categorized as self-extinguishing. 

6. As a result of the biodegradability test, the dry weight of foam decomposed 

approximately 39% after 15 days.  
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