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Abstract 

Synthesis of chitosan with activated carbon from coffee grounds to reduce the metal content of Cadmium (Cd) in standard solutions. 

Preparation and characterization of activated carbon from coffee grounds have been made. This study consisted of several stages: 

manufacture of activated carbon from coffee grounds, characterization activated carbon with PSA and FT-IR. Manufacture 

chitosan with addition variations activated carbon is 0.3 g, 0.4 g, 0.5 g, 0.6 g. The results characterization PSA of activated carbon 

were 50.72 μm and the activated carbon FT-IR results showed OH group (3487.3 cm-1), CH group (2924.09 cm-1, 2854.65 cm-1), 

group C = C (1604.77 cm-1), group C = H (1442.75 cm-1, 1381.02 cm-1), CO group (1165.00 cm-1, 1118.71 cm-1) and group C = 

CH (771.53 cm-1 ). Carbon quality parameters include water content was 4%; ash content was 1,5%; easily evaporated substances 

was 17,5%; and bound carbon content was 81%. The quality of carbon is appropriate with carbon quality SII No.0258-88. 
Characterization of chitosan and chitosan - activated carbon from coffee ground by FT-IR shows that there is no difference in 

wavelength: as for the emerging groups, NH groups (3448.72 cm-1), CH groups (2924.09 cm-1), C = C groups (1635.64 cm-1), C-

N group (1381 cm-1), and NH group (3441.01 cm-1).  
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I. INTRODUCTION 

Coffee is the most common drink which is consumed throughout the world. It reaches 400 billion glasses per year and produces 

around 8,000 tons of coffee grounds per year. Coffee ground is still considered as waste since it takes a very long time to be 

decomposed, compared with the other types of waste [1].   

One of the advantages of coffee grounds is that they can be used as absorbent, tannin compounds which contain polyhydroxy 

and polyphenol groups which can be bound with metal cation which forms chelate [2]. Besides that, coffee grounds also contain 

carbon, nitrogen, lipophilic compound, ethanol, lignin, alkaloid, polysaccharide, and chlorogenic acid [3].   

The ingredients which can be used for carbon are tea, coffee grounds, and rice husk. Carbon from active charcoal can absorb 

inorganic contaminants [4]. Carbon from active charcoal is usually used for absorbent since it is flexible and more effective; besides 

that, it has wider surface and good capacity to decrease metal and the other poisonous compounds [5].   

Activated carbons having porous structure and a large internal surface area. These materials can adsorb contaminant from the 

gaseous or liquid phase in order to affect the effect purification [6]. Activated carbon is a unique material, it is has porous structure, 

has high chemical and mechanical resistance. Making activated carbon more affordable than commercial carbon. Production of 

activated carbon from raw materials is done via physical and chemical [7]. In physical activation, a raw material is first carbonized, 

and the carbonized material is secondarily activated by steam or carbon dioxide. In chemical activation, a raw material is 

impregnated with an activating reagent, and the impregnated material is heattreated under an inert atmosphere [8]. 

Chitosan is a natural polymer with the molecule formula of (C6H11NO4)n from chitin deacetylation. Chitosan is adsorbent can 

reduce heavy metal ion because chitosan structure has abundant hydrophilic hydroxyl group and polycationic amine group which 

can bind metal [9]. It is a very effective natural polymer which can be used as absorbent because it is biodegradable, not poisonous, 

it also has bio-compatibility, antibacteri, and bioactivity, renewable, and did not have bad impact on humans and environment [10].    

II. MATERIALS AND METHODS 

 Materials and Solution Preparation 

All materials used in this research were of chitosan, acetate acid, HCI 0.1 M, aquadest, coffee, NaOH 
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 The Making of Activated Carbon from Coffee Grounds 

Coffee grounds were dried up in an oven at the temperature of 1000C for 24 hours, refined with ball mill device to form fine ground 

coffee, and screened by using mesh 80. 100 grams of fine coffee grounds from mesh 80 were soaked in HCI 0.1 M for 48 hours 

and screened and washed by aquadest until they were neutral. They were then heated at the temperature of 3000C for 2 hours, 

cooled in the room temperature, and stored in a vial glass, and output calculation was done. Water content, ash content, easily 

evaporated substances, and bound carbon content and characterized by Particle Size Analyzer (PSA) and Transform Infrared 

Spectroscopy (FT-IR).  

 The Making of Chitosan – Activated Carbon from Coffee 

Concentration chitosan 2%, added by 0.3 gram of coffee ground carbon, stirred until it was homogenous, poured into acrylic glass, 

dried up in an oven at the temperature of 600C within 24 hours. The result was immersed with NaOH 1M within 24 hours. It was 

then removed from acrylic glass, and washed with aquadest until it was neutral. Finally, it was dried up in room temperature and 

stored in desiccators. The same treatment was done with the variation of weight of additional carbon of 0.4 gram, 0.5 gram, and 

0.6 gram. 

 Application Adsorption of Chitosan and Chitosan – Activated Carbon to Reduce Concentration of Cadmium Metal Ion 

(Cd)  

Chitosan and Chitosan-activated carbon of coffee grounds were used to reduce the content of Cd metal in standard solution. 

Chitosan and chitosan-activated carbon were put into column. About 50 mL of Cd standard solution was sucked by a straw, and it 

was then skipped from the column with vacuum pump, and the solution was collected to be analyzed by using AAS (Atom 

Absorption Spectrophotometer).The same treatment was done for chitosan-activated carbon of coffee grounds with the variation 

of weight 0.4 gram, 0.5 gram, and 0.6 gram. 

 Characterization 

To determine the size of particles of activated carbon were observed using Particle Size Analyzer (PSA). To investigate the 

functional group of activated carbon and chitosan – activated carbon used Fourier Transform Infrared Spectroscopy (FT-IR).   

III. RESULT AND DISCUSSION 

 Characterization of Activated Carbon 

Activated carbon from coffee grounds was characterized to find out their quality which included, water content, ash content, easily 

evaporated substances, and bound carbon content. The result of the analysis on activated carbon could be seen in the following 

Table: 
Table – 1 

Quality of Carbon 

Parameter Result (%) Carbon Quality SII No.0258-88 

Water Content 

Ash Content 

Easily vaporated Subtances 

Bound Carbon Content 

4 

1,5 

17,5 

81 

Max 15% 

Max  10% 

Max 25% 

Minimal 65% 

Water content obtained was 4%. The high and low water content indicated more or less water which covered the pores of 

activated charcoal. High water content of activated carbon can reduce the quality of activated carbon because it can reduce its 

absorption. High and low water content show a lot of water that covers the pores of activated charcoal.The lower the water content 

was, the more places in the pores  which could be filled by absorbent so that adsorption could run optimally  [11].   

Ash content in this research was 1.5%. Ash is an organic substance that does not evaporate when heated [12]. Determining ash 

content was intended to find out the amount of metal oxide or inorganic materials contained in activated carbon. The higher the 

ash content from activated carbon was, the higher the content of the inorganic materials in the materials [13]. 

Easily evaporated substances is the result of decomposition of charcoal-forming substances from heating process during drying 

and not the constituent components of charcoal. Charcoal with a high easily evaporated substance will produce high smoke of 

combustion when the charcoal is used. Easily evaporated substances obtained in the research were 17.5%. The objective of 

determining easily evaporated substances was to find out the amount of volatile compound in activated charcoal as the result of 

the interaction between carbon and water vapor [14]. 

In this research, the bound carbon content was 81%. Bound carbon content was carbon fraction in charcoal besides water 

fraction, evaporated substances, and ash. Determining bound carbon content was intended to find out the content of carbon after 

the process of carbonization and activation [15].  Bound carbon content produced by the high and low levels of ash and flying 

substances, the content of cellulose and lignin which can produce carbon atoms. 
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 Analysis of Activated Carbon with PSA (Particle Size Analyzer) 

Particle Size Analyzer (PSA) was used to determine the size of particles and their distribution by using Laser Diffraction (LAS). 

The average size of carbon particles was showed in the following figure. 

 
Fig. 1: Graph of Particle Size Analyzer (PSA) of Activated Carbon 

 

Based on the figure 1, it was found that the average size of carbon particles was 50.72µm. This size of carbon particles was 

categorized as the size of micrometer. 

 Characterization of Coffee Ground and Activated Carbon with FTIR 

FT-IR analysis was used to find out function group of materials. Spectrum FT-IR of coffee ground and activated carbon was 

showed in the following figure: 

 
Fig. 2: FT-IR Spectrum of Coffe Ground and Activated Carbon 

 

The results spectrum FT-IR of coffee ground, there is an OH strain strain of phenol at wavelength 3410.15 cm-1. At wavelength 

2924.09,2854.65 cm-1, there is a vibration strain of C-H from the alkane. The peak vibration strain seen in the absorption area of 

2276 cm-1 shows the strain vibration C = C of the alkyne chain. At wavelength 1458.18, 1373.32 cm-1 indicates the presence of C-

H bending. At 871.82 cm-1 shows bending C = C-H [16]. At wavelength 1651.07 cm-1, there is a strain vibration C = O of carbonyl. 

The peak vibrational strain also appears at wavelegth 1242.16,1165.00, 1064.71 cm-1 indicating the presence of a vibrational strain 

of C-O from the carboxyl group [17]. 

The result of spectrum analysis on activated carbon of coffee grounds in the wavelength was 3487.3 cm-1 indicated that there 

was strain vibration of OH from phenol. In the wavelength of 2924.09, 2854.65 cm-1 indicated that there was C-H group of aliphatic 

chain. C=O group appeared from carbonyl in the area of absorption of 1604.77 cm-1. The wavelength of 1442.75, 1381.03 cm-1 
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indicated that there was C-H group.  The peak of C-O strain vibration of carboxyl appeared in the area of absorption of 1165.00, 

1118.71 cm-1. C=C-H bending group appeared in wavelength of 771.53 cm-1.   
Table – 2 

FT-IR analysis of coffee ground and activated carbon 

Wavelength (cm-1) 
Funtional Group 

Refrences Coffee Ground Activated Carbon 

3600 - 3400 3410.15 3487.3 OH 

3000 – 2800 2924.09, 2854.65 2924.09, 2854.65 C-H 

2260 - 2100 2276  C=C 

1650 - 1600 1651.07 1604.77 C=O 

1465 - 1375 1458.18, 1373.32 1442.75, 1381.03 C-H bending 

1300 – 1000 1242.16, 1165.00, 1064.71 1165.00, 1118.71 C-O 

1000 - 675 871.82 771.53 C=C-H bending 

Table 2 was showed there is a difference in functional groups of activated carbon, the loss of group C = C at wavelength 2276 

cm-1. Spectrum FT-IR of activated carbon there was found a functional group which was lost after modification during the chemical 

treatment process. Addition of strong acids as activation and heating causes volatile compounds to decompose to carbon [18]. 

Characterization of chitosan - Activated Carbon with FT-IR 

 Peaks in the FT-IR Spectrum was Showed Below: 

 
Fig. 3: FT-IR Spectrum of Chitosan and Chitosan-Activated Carbon 

 

Based on FT-IR spectrum in chitosan, in the wavelength of  3749.62 cm-1  there was OH functional group and in wavelength of 

3448.72 cm-1 was strain vibration of N-H primary amine in wavelength of 3448.72 cm-1 [19]. There was C-N functional group in 

the wavelength of 1381.03 cm-1 [20]. in the wavelength of 2924.09 cm-1 there was C-H bound in –CH2. there was vibration peaks 

of C=O In the wavelength of 1635.64 cm-1. C-O functional group In the wavelength of 1084.14, 1033.85 cm-1 [21].The result of 

the analysis on FI-IR spectrum in chitosan-active carbon of coffee grounds showed that there was the peaks of absorption in the 

wavelength of 3749.62 cm-1 which indicated the of OH group, N-H strain vibration in the wavelength of 3448.72 cm-1, there was 

C-H group in the wavelength of 2924.09 cm-1, in the wavelength of  1635.64 cm-1 which indicated that there was C=O group, there 

were C-N and C-O groups in the wavelength of 1381.03 cm-1, 1084.14 cm-1, 1033.85 cm-1. The spectrum of chitosan and chitosan 

added by active carbon adsorbent of coffee grounds, there was no difference in wavelength which indicated that physical interaction 

occurred between carbon and chitosan.  

 Analysis on Measuring Cadmium Metal 

The result of measuring Cd concentration in the samples with SSA could be seen in the following Table: 
Table – 3 

Result of Measuring Cd Concentration in the Samples with AAS 

Sample Absorbance Concentrarion (ppm) % Adsorption 

Chit 

Chit – C 0,3 g 

Chit – C 0,4 g 

Chit – C 0,5 g 

Chit – C 0,6 g 

0,5571 

0,4414 

0,3734 

0,3089 

0,2957 

0,9764 

0,7769 

0,6480 

0,5327 

0,5091 

51,17 % 

61,52 % 

67,59 % 

73,36 % 

74,54 % 

Based on the data in Table 3, it was found that the largest amount of Cd metal absorption was in the chitosan with the addition of 

0.6 gram carbon (74.54%), while the least amount of Cd metal absorption was in the chitosan without the addition of carbon 
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(51.1%). Based on the data in. The amount of active carbon added to chitosan adsorbent influenced the increase in percentage (%) 

of metal adsorption. 

IV. CONCLUSION 

The activated carbon produced was micro-sized, and based on the results of spectrum FT-IR of the coffee ground functional group 

and activated carbon there are differences in functional groups at the wavelength of 2276 cm-1, the loss of group C = C. after 

modification during the chemical treatment process. Addition of strong acids as activation and heating causes volatile compounds 

to break down on carbon. The largest amount of Cd metal absorption was in the chitosan with the addition of 0.6 gram carbon 

(74.54%). The amount of active carbon added to chitosan adsorbent influenced the increase in percentage (%) of metal absorption. 
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