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Abstract 

Current research in coffee silverskin waste is limited to composting and cosmetic            

applications, rather than in the field of bioplastics. Existing bioplastics face major development             

barriers due to the usually poor mechanical properties and high cost of synthesising them.              

Herein, we demonstrate a novel and low-cost method to convert coffee silverskin waste into              

cellulose acetate bioplastics. Cellulose was extracted from coffee silverskin through Schweizer’s           

reagent (tetraamminediaquacopper dihydroxide), before undergoing an acetylation with iodine as          

a catalyst. The bioplastics produced had high water absorbency, making them suitable for use as               

drug delivery capsules and other applications. However, the films synthesized had low tensile             

strength, giving them limited applications for commercial use. The properties of the cellulose             

acetate bioplastic make it desirable for limited applications, but this can be remedied through the               

use of plasticisers. 

 

Introduction 

Literature Review 

` Recently, there has been growing interest in the research on bioplastics as a replacement 

for petrochemical plastics.  Cellulose based polymers are one of the more popular types of 

bioplastics as it is a nearly inexhaustible raw material with fascinating structure and properties 

for the remarkable demand for environmentally friendly and bio-compatible products ( Osswald 

& García-Rodríguez, 2011) . One useful cellulose polymers is cellulose acetate. Its benefits 

 



 

include low-cost, toughness, gloss, high transparency, natural feel, and other favorable aesthetic 

properties (Biswas et al, 2006).  

A good source of cellulose is agricultural by-products as they are regarded as abundant,              

inexpensive, and readily available (Huang et al., 2011). Most related studies make use of              

agricultural byproducts like sugarcane bagasse and rice husk for the synthesis of cellulose             

acetate. Huang et al., (2011) have conducted successful chemical modification of SBC producing             

high-value-added cellulose derivatives and realizing the objective of turning waste into wealth.            

The acetylation of cellulose from corn fiber, rice hulls, and wheat straw was confirmed by proton                

NMR of the product cellulose acetate (Biswas et al., 2006). 

However, these studies have yet to explore the use of coffee silverskin in the production               

of cellulose esters. According to Alghooneh, Asad Mohammad Amini, Fataneh Behrouzian and            

Seyed Mohammad Ali Razavi (2016) the high demand for coffee, resulted in considerable             

amount of residues generated in the industry. Coffee silverskin (CS), the thin segment of the               

outer layer of green coffee beans, is one of the major agro-industrial side-product generated              

worldwide. Therefore this study aims to make use of coffee silverskin extracted cellulose to              

synthesise cellulose acetate and investigate its properties to determine if it is suitable for the               

production of bioplastics. 

 

Objectives 

We aim to: 

1. Synthesize cellulose from coffee silverskin for the production of agro polymer 

2. Investigate the effect of esterification on the properties of biodegradable polymers 

 

Hypothesis 

1. Esterification affects the biodegradability of the plastic 

2. Esterification affects the water resistance of the plastic 

3. Esterification affects the tensile strength of the plastic 

 



 

4. Biodegradable plastics can be synthesised from coffee silver skin 

  
 
Methodology 

Preparation of coffee silverskin 

10g of CS was sieved, cleaned pneumatically, and washed with tap water three times.The              

CS was then dried using an air-forced oven at 60 °C, milled and sieved through a sifter with 0.3                   

mm aperture size. The dried powder was kept in polyethylene bags and in a cool and dry place                  

prior to performing experiments.  

 

Fat removal of CS 

A mixture of organic solvent ,hexane–methanol (2:1, v/v) and coffee silverskin was            

added to a 500ml round bottom flask.This mixture was put under reflux for 3 h at 60°C to                  

remove the oil/wax etc. After extraction, the powder was dried in an oven. 

 

Figure 1 : Mixture put under reflux during fat removal process 

 

Extraction of cellulose from CS  

 

 



 

2g of copper(II) hydroxide was added to 100ml of 25% aqueous ammonia and the              

mixture was stirred till a dark blue solution is formed 2.5g of defatted coffee silverskin powder                

was added to the solution and 30 min of reaction time was given.The solution was poured slowly                 

into 100ml of 10% hydrochloric acid and cellulose precipitates.The product was filtered and the              

residue was collected.Cellulose was washed till pH is neutral before it was dried in the oven. 

 

 

Figure 2 :Cellulose that precipitated      Figure 3 :Vacuum filtration to remove water  

 

Acetylation of cellulose  

0.2 g of cellulose was taken into a 100 ml round bottomed flask fitted with a mechanical                 

stirrer. 10 ml acetic anhydride was added in to the material and 0.3 g of iodine was added. The                   

mixture was heated to 80◦C and left for 300 min at 80 ◦C. At the end of every experiment, the                    

reaction mixture was allowed to cool at room temperature and treated with 5 ml saturated               

solution of sodium thiosulphate with stirring. The colour of the mixture was changed from dark               

brown to colorless, indicating the transformation of iodine to iodide. The mixture was then              

transferred to a beaker containing ethanol (30 ml) and stirred for 60 min. The product was                

 



 

filtered and thoroughly washed with 75% (v/v) ethanol and distilled water to remove the              

unreacted acetic acid and byproducts. The solid material was then dried at 60 ◦C in an oven. The                  

oven-dry materials was dissolved in methylene chloride and filtered. Cellulose acetate was            

formed as a film inside the flask after evaporating the filtrate. Ethanol was used to remove the                 

film from the flask and filtered through a filter paper. The cellulose acetate collected on the filter                 

paper was dried at 60 ◦C in oven for 24 h. 

 

Tensile strength test 

The cellulose acetate film was cut into rectangular strips; 3cm by 1cm. A tensometer was               

used to conduct a tensile strength test on the cellulose acetate film. 

 

Water absorption test 

A water absorption test was carried out on the cellulose acetate films produced based              

ASTM standards. The cellulose acetate film was cut into a square 6cm by 6cm. The square film                 

was entirely immersed in a container of distilled water. At the end of 24h, the specimens were                 

removed from the water one at a time, all surface water wiped off with a dry cloth, and weighed                   

to the nearest 0.001 g immediately.  

 

Figure 4 :Cellulose acetate film immersed in water for water absorption test 

 

 



 

FT-IR spectroscopy 

Characterization of the acetylated product was examined by FT-IR spectroscopy. IR           

spectroscopic studies were performed using the KBr pellet technique to observe the ester peaks              

and hydroxyl group absorptions. 

 

Results and Discussion 

FT-IR Spectroscopy 

 

            Figure 5:FTIR Spectroscopy of Cellulose 

From FTIR Spectroscopy of Cellulose (Figure 5), it is confirmed that synthesisation of             

cellulose was successful.The broad peak at 3453 cm−1 region is characteristic for stretching             

vibration of the hydroxyl (O-H) group in polysaccharides. This peak includes also inter- and              

intramolecular hydrogen bond vibrations in cellulose. The peak at 2921 cm−1 is attributed to CH               

stretching vibration of all hydrocarbon constituents in polysaccharides. The peak located at 1634             

cm−1 corresponds to the vibration of water molecules absorbed in cellulose. The results are also               

similar to those found in other literature (Figure 6). 

 



 

 

Figure 6 : FTIR spectra of original cotton cellulose 

 

 Figure.7 : FTIR Spectroscopy of Cellulose acetate synthesised from cellulose extracted from coffee silverskin 

 

 

Figure 8 : FTIR spectra for free CA nano-fiber 

FTIR spectroscopy of cellulose acetate (Figure 7) confirmed our hypothesis that cellulose            

acetate was synthesized. There were a few major changes in the spectrum of acetylated cellulose               

 



 

as compared to cellulose on acetylation. Firstly, there was a decrease in the hydroxyl (OH)               

stretching band at 3322 cm−1, corresponding to the acetylation of hydroxyl groups. However,             

there were some hydroxyl groups remaining, suggesting that cellulose did not undergo complete             

esterification. Secondly, there was an increase in the carbonyl (C O) stretching band at 1736               

cm−1, which corresponds to the introduction of a carbonyl group into cellulose during             

esterification. thirdly, the new peak in 903 cm-1 corresponds to the COC group. This result               

corresponds to the FT-IR spectrum from literature as shown in (Figure 4). 

   

Water Absorption Test 

 

Figure 9 : Graph of initial weight, final weight and % mass gained  

The average increase in weight/water absorbance for the cellulose acetate film is 45.99%,             

with an average standard deviation of 1.38 This is far from that in commercial cellulose acetate                

films, which have a water absorption of only 1-3%, and is similar to other plant based bioplastics                 

such as rice starch-based bioplastics, which have a water absorbance of 30-40%. This gives              

cellulose acetate film limited applications as a high water absorbance can compromise            

mechanical strength and other physical properties.. As the cellulose acetate film is            

non-homogenous and the edges were cut, this could increase water absorbance. The cellulose             

acetate film also has a high number of hydroxyl groups as shown in the FTIR results, which                 

 



 

interacts with the water molecules, causing more water to be absorbed. However, the water              

absorbance of the film can be modified significantly through the addition of plasticizers and by               

molding it using an extruder, which would make it much more attractive for commercial use.  

Tensile Strength test 

 

Figure 10 : Graph of ultimate tensile strength           Figure 11: Graph showing thickness 

The average ultimate tensile strength of the cellulose acetate film produced is 26kPa. This              

value is much lower in comparison to that of other commonly used petrochemical plastic              

products like Polystyrene, Polypropylene, Polyimide, Polyethylene and Acrylonitrile butadiene         

styrene which have ultimate tensile strength of 40MPa, 40MPa , 85MPa, 15MPa, and 40Mpa              

respectively. (“Tensile Property Testing of Plastics,” 2008). Though the disparity is not as great              

when compared to industrial grade cellulose acetate which has an ultimate tensile strength of              

4MPa (“Properties: Cellulose Acetate,” 2013) it is still very far from the required industrial              

quality, giving very few applications. 

The first possible reason for the low ultimate tensile strength is the film’s thickness. The               

average thickness of the film was 0.28mm, which makes it much weaker as the properties of                

reinforced thermoplastics are affected by the amount of skin and core developed within the film               

during the injection molding process. Since the thickness of a film greatly influences the amount               

 



 

of skin and core developed within a molded part, thickness also affects the properties of               

reinforced thermoplastics (Pechulis & Vautour, 1988 ). Thus, the ultimate tensile strength can be              

improved by increasing its thickness and this can be done by adding a greater volume of                

cellulose acetate solution into the mold . 

Another possible reason for the low ultimate tensile strength is its relatively high water              

absorbance. Water sensitivity is one of the important criteria in many applications and it was               

verified that the mechanical properties are also dependent on the moisture content (Rahmatiah,             

Sujuthi & Liew, 2016). One of the main physical properties affected by the high water               

absorbance is tensile strength. This is because the high water absorbance means that there are               

more spaces for water to penetrate and also high amount of porous tubular structures in fibres                

that cause the plastic film to break easily. (Rahmatiah, Sujuthi & Liew, 2016). 

 
Conclusion 

Cellulose of high purity was synthesized from coffee silverskin through an effective            

two-part process which involves defatting by 2:1 (w/w) Hexane/methanol mixture and cellulose            

extraction with the use of Schweizer's reagent . Cellulose was successfully esterified under             

solvent-free conditions in presence of Lewis acid catalyst (iodine). Characterisation by FT-IR            

spectroscopy proved that synthesis of cellulose acetate from coffee silverskin was successful.            

Although the ultimate tensile strength of the synthesized product was low, areas of improvement              

have been identified. This includes the use of plasticisers and increasing the thickness of the               

plastic film produced. Currently, the poor physical properties of the film gives it very few               

industrial applications but we believe that through further research and improvements to the             

molding process a better product can be produced. 
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