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ABSTRACT 

 

 

 

 

The possible use of exhausted coffee grounds as an adsorbent for the removal of 

nickel (II) ions from aqueous solution was investigated as a potential low-cost an 

alternative treatment to treat wastewater containing nickel (II) and other heavy metal 

ions. The effects of relevant parameters including contact time, initial concentration 

and particle size on nickel(II) adsorption were examined. This experiment was 

conducted at room temperature and no pH adjustment was made prior to the analysis. 

Batch adsorption studies also revealed that the amount of nickel (II) ions adsorbed 

per gram weight of exhausted coffee grounds increased with an increased in initial Ni 

(II) ions concentration with 75.10 to 98.17% of nickel ions removed. The effect of 

particle size of the exhausted coffee grounds varied for different initial nickel(II) ions 

concentration studied. Kinetic studies and adsorption isotherm were performed to 

investigate the mechanism of adsorption of nickel (II) ions. Adsorption data 

indicated that the adsorption of nickel(II) ions by exhausted coffee grounds was best 

described by pseudo-second-order kinetic model and Freundlich isotherm model. 

The exhausted coffee ground from Arabica origin with particle size of 420 - 212µm 

exhibited a better adsorption than other origin and particle size with a percentage of 

96.00 to 98.00% of nickel(II) ions removal for all initial ion concentration tested. 
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ABSTRAK 

 

 

 

 

Penggunaan sisa kopi sebagai bahan penjerap untuk menyingkirkan ion nikel(II) dari 

larutan akues telah dikaji sebagai salah satu bahan penjerap berpotensi yang murah 

dan merupakan alternatif untuk rawatan sisa air yang mengandungi ion nikel(II) serta 

lain-lain ion logam berat. Penjerapan ion nikel (II) telah dijalankan dengan 

mempelbagaikan pembolehubah seperti masa olakan, kepekatan awal logam nikel 

(II) dan saiz partikel sisa kopi. Kajian ini telah dijalankan pada suhu bilik dan 

sebarang pelarasan pH tidak dijalankan sebelum analisis. Kajian penjerapan 

berkelompok juga menunjukkan bahawa jumlah ion nikel(II) yang dijerap per gram 

jisim sisa kopi meningkat sejajar dengan peningkatan kepekatan awal ion nikel (II) 

dengan 75.10 hingga 98.17% ion nikel(II) disingkirkan. Kesan saiz partikel sisa kopi 

terhadap penjerapan ion nikel(II) oleh sisa kopi adalah berubah-ubah mengikut 

kepekatan awal ion nikel(II) yang dikaji. Kajian kinetik dan isoterma penjerapan juga 

telah dijalankan untuk mengkaji mekanisma penjerapan ion nikel(II). Data 

penjerapan menunjukkan bahawa penjerapan ion nikel(II) oleh sisa kopi adalah 

sesuai dengan model kinetik pseudo-tertib-kedua dan model isoterma Freundlich. 

Sisa kopi dari jenis Arabica dengan saiz 420 - 212µm menunjukkan penjerapan yang 

lebih baik berbanding jenis dan saiz partikel yang lain, dengan peratusan 

penyingkiran ion nikel(II) sebanyak 96.00 hingga 98.00% untuk semua kepekatan 

awal ion yang dikaji. 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Introduction 

 

 

 One of the major sources of aquatic pollution is industrial wastewater. Heavy 

metals are one of the pollutants that have gained significance due to their persistence, 

bio-magnification and toxicity (Tolani et al., 2009; Kadirvelu et al., 2001; Khan et 

al., 2004). The release of toxic heavy metals to water streams has been seriously 

contributed by rapid industrialization. Sources of heavy metal contamination include 

mining, electroplating, metal processing, textile and battery manufacturing 

(Amarasinghe and Williams, 2007; Kadirvelu et al., 2001).  Restrictive regulations of 

allowable level of heavy metals discharge have been introduced and practiced in 

many countries in order to minimize the impact to the environment (Tolani et al., 

2009) and later have accelerated the developments of highly efficient technologies 

for heavy metal removal.  

 

 

Recently, the removal of heavy metals such as nickel, lead and zinc from 

contaminated waters has become a major topic of research, due to the toxicological 

effects on environment and human health. The conventional methods of removal 

used are ion-exchange, reverse osmosis, electrodialysis, dilution, adsorption, 

filtration, precipitation, flotation, air-stripping, steam stripping and chelation 

(Nityanandi et al., 2006; Sud et al., 2008; Tolani et al., 2009). However, current 

treatment processes proposed by most researchers and scientists are expensive and 

not suitable to be used in most developing countries due to economic factor (Bailey 

et al., 1999; Utomo and Hunter, 2007). Though adsorption could provide a cost 
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effective solution among other method of removal, some adsorbents are yet 

expensive. Therefore, natural waste materials from various industrial processes have 

been re-used for additional purposes in removing heavy metal, rather than simple 

disposal. Due to environmental and commercial sense, researchers and scientists 

have focused on the used of agricultural and food industry wastes such as coffee 

grounds, tea and rice hull (Low et al., 2000; Oliveira et al., 2008). Tannin-containing 

materials such as coffee grounds are believed to be good low-cost adsorbents for 

dissolved heavy metals (Utomo and Hunter, 2007).  

 

 

Coffee has become an established beverage in many parts of the world 

including Europe, America and Asia (Tokimoto et al., 2005). Significant amount of 

waste is generated by coffee processing industries. Most of these grounds are burned 

as waste, dumped in landfill, as animal feed or boiler fuel (Tokimoto et al., 2005; 

Utomo and Hunter, 2007). Development of researches to reuse coffee grounds for 

useful purpose would definitely help to convert this waste into a new resource. Part 

of the development is using exhausted coffee grounds as alternative adsorbent to 

remove hazardous pollutant from wastewater (Adachi et al., 2008; Khenniche and 

Aissani, 2009; Oliveira et al., 2007; Tan, 1985; Utomo and Hunter, 2007). 

 

 

This study, however, focus on the removal of nickel ion from aqueous 

solution using various types of exhausted coffee grounds. Batch study was conducted 

and the Langmuir and Freundlinch isotherm models were tested for the adsorption of 

nickel by exhausted coffee grounds.  

 

 

 

 

1.2 Problem Statement 

 

 

 Adsorption with activated carbon has attracted the eyes of many researchers 

because of the effectiveness for the removal of heavy metal ion at trace quantities. 

However, it has not been used extensively for its high cost. For that reason, the use of 

low cost adsorbents as alternative for metal removal from wastewater has been 

highlighted. Great effort has been contributed to develop and improve existing 
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adsorbents. The use of agricultural waste is one of the exploitation, due to its high 

availability and no need of complicated regeneration processes. Exhausted coffee 

grounds were used in this research as adsorbent for nickel ions. However, its 

effectiveness is unknown and needs to be determined. 

 

 

 

 

1.3 Objectives 

 

 

 The objective of the study is to propose an alternative use for exhausted 

coffee grounds, as adsorbents for the removal of nickel ions from aqueous solutions. 

The specific objectives are can be categorized as follows: 

 

 

 i. To investigate the effect of contact time, initial ion concentration, and  

effect of different types and sizes of exhausted coffee grounds for the  

removal of Ni(II) ion from aqueous solution; 

ii.  To determine the adsorption kinetics and adsorption isotherms for the  

removal of Ni(II) ions from aqueous solution  

 

 

 

 

1.4 Scopes of the Study 

 

 

i. Three different types of exhausted coffee grounds were used in this 

study. The grounds were the result from the steam extraction to 

produce instant coffee and were collected from various locations in 

Malaysia. No chemical treatment was performed on the grounds prior 

to the adsorption experiments.  

 ii. The concentration of nickel (Ni(II)) ion was measured using HACH  

DR/5000 Spectrophotometer. 

iii. The effect of contact time and initial Ni(II) ion concentration, 

percentage of Ni(II) ion removal from aqueous solution, effect of 

particle size of the exhausted coffee grounds were studied. 
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iv. The Lagergren pseudo-first-order and pseudo-second order models 

were used to study the kinetic of the adsorption for the Ni(II) ion 

removal. 

v. Adsorption isotherm was investigated using Langmuir and Freundlich 

isotherm models. 

 

 

 

 

1.5 Significance of the Study 

 

 

 The findings will be used in further research and the exhausted coffee 

grounds can be used as an alternatively low-cost adsorbent in heavy metal removal 

especially in removing nickel from aqueous solution. The knowledge obtained from 

this research will allow the selection of the more efficient, effective and economic 

treatment for industrial wastewaters using adsorption method. 
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