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ABSTRACT

High concentration of iron (Fe) levels (above 1.0 mg/L) in water causes bad taste, staining 
and deposition in pipes and results in high turbidity in water supplies. Existing treatment 
technologies (which have been conventionally applied to remove Fe ions), are expensive 
and cause toxic sludge production. A set of experiments was carried out to evaluate the 
Fe uptake potential of spent coffee grounds by conducting batch tests in an aqueous 
solution through a biosorption process. Batch sorption studies were conducted based on 
pH, contact time, adsorbent dosage and adsorbent particle size. In addition, initial metal 
concentration was investigated. Flame atomic adsorption spectroscopy analysis revealed 
that the maximum adsorption recorded was 0.470 mg g-1 by using 0.30 g of 210-355 
µm coffee with the maximum uptake percentage of Fe (92.9%) for 60 minutes at pH 4. 
Adsorption behavior of Fe ions on a surface of coffee grounds was well-interpreted by 
Langmuir model (R2 = 0.999). A kinetic study indicated that the Fe ions uptake was well-
fitted by the pseudo second-order reaction model with good correlation (R2 = 0.993). The 
study offered an affirmative answer to the hypothesis of reusing eco-friendly and low-cost 
coffee grounds for removal of Fe ions from polluted waters.     
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INTRODUCTION

Scarcity of clean and clear water has 
become one of the world’s major issues. 
In fact, the contamination of water directly 
affects the health of the environment. The 
presence of heavy metals in water bodies 
has become an afflictive issue that causes 
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this contamination. The rapid growth of economic activities in Malaysia, could increase 
the levels of these substances. According to Ramya et al. (2011), the effluent of leather 
and chemical industries, electroplating industries and dye industries could pollute water 
resources. Most of the metal ions are soluble in aqueous solutions and they are most likely 
to be non-biodegradable and persistent, therefore becoming more available and eventually 
affecting the quality of water. Recent reports on rising levels of total dissolved metals 
concentration in aquatic environments have highlighted the severity of water contamination 
(Idriss & Ahmad, 2012). 

Iron (Fe) is known as one of the non-hazardous metallic elements that can be a nuisance 
in the water supply. Fe makes up at least five percent (5%) of the Earth’s crust (Chandrakala 
et al., 2012). Fe can be found in the minerals hematite, magnetite, taconite and pyrite, and 
thus, it is widely used in the manufacturing of steel and in other alloys American Public 
Health Association (APHA, 2012). It is essential for health as it is significant in terms of 
being a functional part of hemoglobin in the human metabolism. As is also the case in 
plants, Fe plays a crucial role in the production of chlorophyll (Wang et al., 2010).  From 
time to time, Fe causes trouble in water sources as water percolates through soil and rocks, 
dissolves minerals containing Fe into solution and carries along the uncontrolled effluent 
discharges from anthropogenic activities. In addition to its biological role and its importance 
for the development of the human body, Fe contributes to toxicity if it is found in amounts 
higher than normal in the human body after drinking water containing Fe concentrations 
above 200 mg/L. The presence of excess ferrous (Fe2+) causes production of free radicals 
These are highly reactive and are able to damage DNA, proteins, lipids, and other cellular 
components (Atasoy et al., 2011). 

Chandrakala et al. (2012) reported that water contaminated with Fe would appear as 
a reddish brown slime and leave stains on laundry as well as table ware materials when 
the concentration of Fe in the water reached 0.30 mg/L. Stains or precipitates containing 
colloidal Fe may be severe enough to plug water pipes, pressure tanks, water softeners 
and water heaters (Seheimy & Sadek, 2009). In this case, a reduction in the available 
quantity of water supply can eventually be caused if the water is highly polluted with Fe. 
Ismail et al. (2013) suggested that the mean Fe ionic concentration found in the Penchala 
River was 1.35 mg/L during the period 1997 to 2009. When compared to Interim IIA/IIB 
and III standard for water supply in Malaysia, it was discovered that Fe concentration in 
the water supply had exceeded the acceptable limit of 1.00 mg/L. Apart from the natural 
input, sources of dissolved Fe are also emerging, in particular from the external inputs 
of anthropogenic activities. According to the Fifth Schedule of Environmental Quality 
(Industrial Effluent) Regulations 2009 under Malaysian Environmental Quality Act 1974, 
the acceptable limit for total Fe in the discharge of industrial effluent or mixed effluent is 
1.00 mg/L for standard A compared to 5.00 mg/L for standard B. 
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In order to remove the excess Fe ions, an efficient, cost-effective and environmentally-
friendly technology is essential. A biosorption has been widely used for the removal of 
heavy metals (Chandrakala et al., 2012). There has been a practice of using low-cost 
materials as potential metal scavengers from solutions and wastewaters. Recently, numerous 
biosorbents have been studied, including: various agricultural waste (Egila et al., 2011); 
vegetable biomass (Tokimoto et al., 2005); dead macrophytes (Miretzky et al., 2005); oil 
palm biomasses (Khosravihaftkhany et al., 2013); as well as waste tea (Utomo & Hunter, 
2010). According to Rose & Rajam (2012), the Fe2+ ions sorptive potential of both wild 
jack and jambul barks has been investigated and can be used for the economic wastewater 
treatment. 

In this study, spent coffee grounds have been selected as the biosorbent chosen to 
remove Fe ions from an aqueous solution. Almost 50% of coffee produced worldwide is 
processed for soluble coffee preparation (Ramalakshmi et al., 2009). A total of 45% of all 
the waste products in Malaysia were discarded into landfills composed of kitchen waste 
including coffee grounds (Economic Planning Unit, 2006). Previous researches have 
shown the possibilities of using coffee grounds for ion adsorption. The effectiveness of 
coffee grounds in removing heavy metals has been scientifically proven by Tokimoto et 
al. (2005), Ogata et al. (2011) as well as Imessaoudene et al. (2013). Research into lead 
(Pb) ion adsorption by coffee beans and coffee grounds had been proven by Tokimoto et 
al. (2005) through a study of Pb ion adsorption onto proteins contained in coffee grounds. 
Ogata et al. (2011) proved that carbonaceous material prepared from coffee grounds showed 
an acceptable adsorption capacity for fluoride (F-) ions.  Strontium (Sr) uptake potential of 
spent coffee grounds was investigated by Imessaoudene et al. (2013) and revealed that the 
maximum adsorption was at pH 5 to 8 and temperature between 283 and 333 K respectively. 
The study also showed that the presence of carboxylic acid and amino group on a spent 
coffee ground surface played a vital role in Strontium (Sr) biosorption. 

The effectiveness of spent coffee grounds as a biosorbent to remove Fe ions in a solution 
is the main objective of this study. The adsorption rates for five different parameters on 
the removal of Fe ions were also investigated. These parameters were: pH; contact time; 
size of adsorbent; adsorbent dosage and initial Fe ion concentration respectively. The 
biosorptive efficiencies in removing Fe ions of unmodified spent coffee grounds were 
compared with commercially available activated carbon and degreased coffee grounds. The 
results obtained from this study could be applied in such a way to be used as an alternative 
to the water treatment purposes.

MATERIALS AND METHODS

Since no significant difference was detected in adsorption capacity among several kinds 
of coffee grounds in the previous research of Tokimoto et al. (2005), spent coffee grounds 
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(SCG) were used in this study regardless of their manufacturers and origins. Each 
experiment was repeated in three runs in order to produce satisfactory results. Sensitivity 
and detection levels for the atomic absorption spectrometric (AAS) methods in measuring 
total Fe in water were 5 mg/L and 10 µg/L, respectively (APHA, 2012). 

Biosorbent Preparation

The coffee grounds were soaked separately 24 hours in excess 0.3 mol dm-3 HNO3 (Egila 
et al., 2011). Adsorbent was then filtered and washed with Milli-Q water until neutrality 
was achieved. Degreased coffee grounds (DCG) were prepared by undergoing a 6 hours 
reflux using a Soxhlet extractor with diethyl ether solvent. The fat content of the coffee 
grounds was calculated by Equation (1) shown below.

F = (W–W0) × 100/M			   (1)

where F is the fat content (%), W is the weight of the flask (g), W0 is the weight of the 
flask plus a dried residue, and M is the weight of the sample coffee grounds (g) (Tokimoto 
et al., 2005).

Batch Sorption Analysis

The batch sorption studies were analysed by placing 100 mL of the Fe ion solution of 
different pH into different contact times with a different weight of biosorbent and placed 
under shaking condition of 150 rpm at room temperature. At the end of the contact time, 
30 mL of the sample was extracted from the conical flask and subjected to 4000 rpm 
centrifugation for 15 minutes in order to separate suspended particles and the supernatant. 
The concentration of metal ions in the solution both before and after biosorption was 
determined by AAS.  Details of different parameters that had been applied in this sorption 
analysis are provided in Table 1.

Table 1
Different parameters applied in sorption analysis of spent coffee grounds (SCG) on Fe ion

Parameters Investigation 
pH pH 1 - pH 14
Contact time 30, 60, 180 and 360 minutes
Particle size of adsorbent 210-355 µm, 355-500 µm and 500-645 µm 
Adsorbent dosage 0.10, 0.20, 0.30, 0.40 and 0.50 g

Sorption data were calculated to get the amount of Fe adsorbed at equilibrium (mg/g) 
and the percent adsorption (%) based on both Equations (2) and (3) respectively. 

qe = (Co – Ce) V  /  m  				    (2)
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Uptake (%) = (Co – Ce) / Co ×100%		  (3)

where qe is the amount of heavy metal ion adsorbed onto per unit weight of the 
adsorbent (mg/g), Co and Ce are the initial and equilibrium metal ion concentration (mg/L), 
V is the volume of solution treated (L), m  is the mass of the adsorbent (g) and C is the 
solution concentration at the end of adsorption (mg/L) (Imessaoudene et al., 2013). 

An effect of initial concentration on various adsorbents was also carried out by varying 
each of the 100 mL of Fe ion concentration (0.3, 0.5, 0.7 and 1.0 mg/L) and shaken with 
0.1 g of each adsorbent for one (1) hour at room temperature. The spent coffee grounds 
(SCG and DCG) and activated carbon (AC) were tested in this analysis.

The data were modelled using Freundlich and Langmuir models in order to describe 
adsorption equilibrium, surface properties and adsorbent affinity. By using these two 
models, clear descriptions on adsorption activities of mono-compound in metal ion by 
various materials were shown (Park et al., 2013). The logarithmic form of Freundlich 
model is given in Equation (4) following: 

log(q e) = log (KF) + 1/n  log (Ce) 		  (4)

where KF (L g-1) and n are the Freundlich parameters related to adsorption capacity 
and intensity, respectively. A plot of log qe versus log Ce gives a straight line and KF and n 
can be calculated from the slope and intercept.

Langmuir isotherm is commonly valid for monolayer adsorption onto a surface with 
homogeneous adsorption sites. The linear form of Langmuir isotherm is provided by 
Equation (5) following.

C e/qe = Ce/qm + 1/KLqm				    (5)

where qm is the maximum adsorption capacity (characteristic of the formation of 
monolayer’s adsorbed molecules) (mg g-1) and KL (L mg-1) is the equilibrium constant. 
This is a characteristic of adsorbent depending on the temperature and the experimental 
conditions. Using the constant KL, a characteristic of Langmuir isotherm was determined 
where it was expressed in terms of separation factor and equilibrium parameter RL, as 
shown in Equation  (6) following. It can be employed to describe the affinity between the 
adsorbate and the adsorbent (Ahmadpour et al., 2010). 

RL = 1/1+(KLCO)					     (6)

The parameter value RL is shown where the adsorption is irreversible (RL = 0), favorable 
(0< RL< 1), linear (RL = 1) or unfavorable RL > 1 (Gok et al., 2013). A plot of Ce/qe versus 
Ce is a straight line with 1/qmKL as intercept and 1/qm as slope. Hence, qm and KL can be 
calculated.
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As for the investigation of the sorption rate law, kinetic data obtained in this study were 
analysed using pseudo first-order and pseudo second-order models respectively. According 
to Ramana et al. (2012), this model demonstrates the degree to which the rate of occupation 
of adsorption sites is proportional to the number of unoccupied sites. Equation (7) below 
shows the equation of the pseudo first-order model; 

1/qt = k1/qet  + 1/qe				    (7)

where q t and q e are the adsorption capacity at time t and equilibrium (mg g-1) 
respectively, t is the contact time (min) and k1 is the rate constant of pseudo first-order 
adsorption (mn-1). A plot of 1/ qt (mg-1 g) versus 1/t (min-1) gives a straight line and the 
values of calculated qe and k1 constant can be calculated from the intercept and slope of 
the curve respectively.

Based on Ibrahim et al. (2012), the sorption mechanism which follows the second order 
reaction is the pseudo second-order model. The sorption rate is shown to be proportional to 
the square of the number of unoccupied sites. The equation of pseudo second order model 
is shown in Equation (8) below 

t/qt = 1/k2qe
2 + t/qe				    (8)

where qt is the adsorption capacity at time t (mg g-1), qe is the adsorption capacity 
at equilibrium (mg g-1), t is the contact time (min) and k2 is the rate constant of pseudo 
second-order adsorption (g mg-1 min-1). A plot t/qt (min mg-1 g) against t (min) gives a 
straight line that will determine the values of k2 constant and qe from the value of intercept 
and slope of the curve respectively

RESULTS AND DISCUSSIONS

The present study has optimized the adsorption of spent coffee grounds (SCG) on Fe 
ions by analyzing this adsorption capacity at different solution conditions, namely: pH of 
solution; contact time; particle size and adsorbent dosage.

As shown in Figure 1a, the amount of Fe ions adsorbed by spent coffee grounds 
increased from pH 1 to 3.  The measure was 0.286 at pH 1 and 0.458 mg g-1 at pH 3, 
respectively. However, an equilibrium level of pH 3 to 7, (around 0.4 mg g-1) was achieved. 
As for the alkaline solution, its absorption was in decline from 0.3 mg g-1 to pH 9 before 
remaining constant after pH 9 (Figure 1a). According to a previous study (Li et al., 2012), 
this might be due to the effect of initial concentration of hydrogen ions on the adsorption 
yield that depends on the adsorbent surface charge and on metals speciation. A significant 
difference (p < 0.05) between the initial solution pH was identified from statistical analysis.

The low uptake level of coffee grounds was recorded at acidic condition (pH 1, 59.0%). 
This could be due to the protonation of the exchange sites, negatively charged, by H+ protons 
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that play a competitive part opposite the Fe2+ ions. The presence of increasing mobility 
of hydrogen ions (H+) favored the preferential adsorption of H+ compared to the metal 
ion (Ajmal et al., 2000). There was a plateau of Fe adsorption by spent coffee grounds 
at pH 3 to 7 (Figure 1a). This can be due to the sufficiency of the released sites of the H+ 
protons guaranteed by the adsorbent excess matter (Imessaoudene et al., 2013). Therefore, 
adsorption of Fe by using spent coffee grounds is proven to be effective in polluted waters 
since most of the contaminated waters in wastewater treatment and polluted water sources 
have an acidic condition range of pH 4 to 6 as recorded by Al-Badaii et al. (2013). As 
shown in Figure 1a, the optimum pH for maximum percentage uptake of Fe ions (92.9%) 
at pH 4 was chosen for the next analysis. 

There was a rapid drop in the percentage uptake of Fe ions between pH 7 and pH 9 
(Figure 1a). However, this became slightly constant and bottomed out as the pH increased 
(pH>9) due to the weak interactive competition between coffee grounds and Fe ions 
which replace H+ for formation of surface functional groups like -OH and -COOH (Egila 
et al., 2010). The reduction in uptake percentage was recorded as pH increases because 

Figure 1. Effect of (a) different pH, (b) contact time, (c) particle size, and (d) dosage on the adsorption of 
Fe ions by SCG
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insoluble Fe(OH)3 formed easily in the retained remainder at alkaline conditions. Changes 
in metals speciation Fe2+ ions to Fe3+ ions were due to oxidation resulting in limitations in 
the uptake of Fe ions by adsorbent procedures as Fe3+ ions had weaker energy of hydration 
for adsorption (Keshtkar et al., 2012).

During the first 60 minutes, the capacity of biosorption increased dramatically and 
a major quantity of Fe (80.4%) was eliminated from the solution (Figure 1(b)). The 
instantaneous sorption showed the characteristic of physical adsorptions. The higher 
biosorption rate at the initial stage was attributed to the abundance of the active sites on 
biosorbent which were easily accessible by the ions (Seliman, 2012). After 60 minutes, the 
reaction became saturated and achieved an equilibrium state. This equilibrium was reached 
rapidly at the highest percentage uptake of Fe ions (82.5%). However, the extension (by this 
time up to 360 minutes) did not lead to an increase of the elimination percentage due to the 
exhaustion of binding sites on the substrate (Imessaoudene et al., 2013). The availability 
of these sites decreased as the contact time was prolonged, thereby causing difficulties in 
biosorption of the remaining empty external sites. Thus, a contact time of 60 min was fixed 
for further analysis to ensure the achievement of optimum reaction.

As the adsorbent particle size increased, adsorption capabilities decreased (Figure 1(c)). 
This led to the decrease of 37.1% in Fe uptake between the finest particles (210-355 µm) 
and the largest particles (500–645 µm) (Figure 1(c)). This result highlighted the resemblance 
in the behavior of spent coffee grounds compared to those of other biosorbents, such as 
fluoride (Ogata et al., 2011) and strontium (Imessaoudene et al., 2013). In this case, it can 
be suggested that the Fe ion adsorption was strongly affected by the presence of surface 
functional groups. The spent coffee grounds achieved maximum percentage uptake of Fe 
ion (79.9%) with the smallest mean diameter of 210-355 µm and the largest specific surface 
area. Surface area is one of the functional properties that may influence the amount of Fe 
ions adsorbed onto coffee grounds. 

Adsorbent dosage is one of the factors that influence the adsorbent’s adsorption 
capacity for a given initial concentration of metal ion solution (Imessaoudene, et. al., 2013). 
Figure 1d shows the percentage removal of Fe ion and adsorption capacity of spent coffee 
grounds over a variety of dosages for a fixed initial concentration of 0.5 mg/L Fe solution. 
The decrease in adsorption capacity was the result of an increase in dosage. When more 
adsorbent was added, the Fe ion concentration remained unchanged. According to Kamal 
et al. (2010), the ratio of numbers of adsorption sites to the number of Fe ions would rise as 
the adsorbent dosage increased and result in more adsorption sites that were not adsorbed. 
Other than that, the decrease in adsorption capacity was due to the particle aggregation 
of excessive adsorbents that decrease the total surface area of coffee grounds. Therefore, 
the Fe ions must penetrate deeper in the intra-particulate active sites by meeting a much 
larger resistance (Gogoi et al., 2013). 
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Percentage of removal is equally as important as adsorption capacity. The percentage 
of removal (20.2 – 55.2%) increased as dosage was increased (0.1 – 0.5 g) (Figure 1d). The 
greater the surface area, the greater the number of adsorption sites. In this present study, 
a dosage of 0.3 g was chosen because it showed the closest value between the adsorption 
capacities (0.259 mg g-1) with a considerable percentage of Fe removal of 47.4%.

Figure 2 shows the effect of initial Fe ion concentration on the removal efficiency 
of three different adsorbents, specifically: spent coffee grounds (SCG); degreased coffee 
grounds (DCG); and activated carbon (AC). DCG (after removal of fat) achieved the 
highest adsorption capacity (0.748 mg g-1) at the high concentration of Fe ions (1.0 mg/L). 
The SCG adsorbed approximately half the amount of Fe ions (0.415 mg g-1) hence less 
than DCG. With the removal of fat content in coffee grounds (11.2%), DCG could adsorb 
more Fe ions compared to the SCG. A previous study carried out by Tokimoto et al. (2005) 
had also proven that fat in coffee grounds could not adsorb lead (Pb) ions. Therefore, the 
experimental results in this study and previous studies suggested that fat contained in 
SCG is not responsible for adsorption of heavy metals. This study demonstrates a better 
way to use SCG for Fe ion removal by eliminating fat content in coffee grounds prior to 
adsorption activities. 

Although Activated Carbon (AC) has been applied in water treatment to a great extent, 
this present study has revealed that lesser Fe ions were adsorbed compared to DCG (Figure 
2). This indicates that the adsorption capabilities of SCG and AC had similar efficiency for 
removal of Fe ions at concentrations of 0.5-0.7 mg/L (Figure 2). Easily available SCG can 
be used as an alternative to the expensive AC in the water treatment process. 

Figure 2.  Effect of various Fe ion concentrations by using different adsorbents on the adsorption of Fe ions 
(Condition: 0.1 g of each adsorbent in 100 mL of Fe solution at pH 4 for 60 min)
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Adsorption Isotherms

Sorption data explain adsorbent performances while adsorption isotherms describe the 
equilibrium distribution of solute between solution and adsorbent. This can provide an 
estimation of adsorbent efficiencies and the market value. The Freundlich and Langmuir 
were tested and the results are presented in Figure 3 below.

Figure 3. (a) Linear Freundlich adsorption isotherm and (b) linear Langmuir adsorption isotherm for Fe 
ions adsorption by SCG

(a) (b)

The goodness of fit of the experimental data worked out for the two types of isotherms 
are summarized in Table 2. Both the Freundlich and Langmuir plots were linear with 
correlation coefficients of 0.991 and 0.999 (Figure 3) respectively. As a result, the data 
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according to the Freundlich model with a satisfactory value of R2 (0.991). However, the n 
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by the spent coffee grounds was not favorable to the studied conditions of the Freundlich 
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Table 2
The values of parameters for Freundlich and Langmuir isotherms

Freundlich Langmuir
KF N R2 KL (L mol-1) RL R2 qm (mg g-1)
0.530 1.796 0.958 2.803 0.263 - 0.543 0.9501 0.615

Adsorption Kinetics

There are a number of models that can be applied to demonstrate the mechanism of 
sorbent sorption by a solute. In order to conduct a better investigation of the mechanism, 
characteristic constants of Fe sorption by spent coffee grounds (SCG) were ascertained by 
applying both pseudo first-order equation and a pseudo second-order equation (Figure 4).

Figure 4. A pseudo first-order (a) and pseudo second-order (b) kinetic fit for adsorption of Fe ions onto SCG
(a) (b)

The values of K1, qe, R2 (correlation coefficient for pseudo first-order sorption kinetics) 
and qe, K2, H, and R2 (correlation coefficient for pseudo second-order sorption kinetics) 
have been tabulated in Table 3. Adsorption rates were found to conform to pseudo second-
order kinetics with good correlation. The use of the pseudo first-order equation proved to be 
less compatible through our experimental data with regard to values R2 = 0.815 (Table 3). 
Pseudo first-order showed a significant difference between experimental qe and calculated 
qe of this model. On the other hand, pseudo second-order seemed more compatible to the 
results (R2 = 0.993) where correlation coefficient of the curve t/qt according to t is close 
to the unit 1. There was no significant difference between experimental qe and calculated 
qe of pseudo second-order model (p-value = 0.2381 > 0.01). 
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Table 3
The values of parameters for pseudo first-order and pseudo second-order kinetic models
qe 
experimental 
(mg g-1)

Pseudo first-order constants Pseudo second-order constants
qe calculated 
(mg g-1)

K1 
(min-1)

R2 qe calculated 
(mg g-1)

K2 (g mg-1 
min-1)

H (mg g-1 
min-1)

R2

0.423 0.537 39.084 0.815 0.448 0.133 0.0268 0.993

Consequently, the pseudo second-order was selected in this study and it showed that 
adsorption might be restricted by valence forces (Ramana et al., 2012). According to 
Kɪrbɪyɪk et al. (2012), the biosorption process occurs on localized sites with no interaction 
between maximum biosorption and biosorbates. Thus, the reaction involved in this study 
corresponds to a saturated monolayer of biosorbates onto the biosorbent surface.

CONCLUSIONS

Results from this study have proven the ability of spent coffee grounds in removing 
total Fe ions. About 92.9% of Fe ions in the concentration of 0.5 mg/L were successfully 
adsorbed by 0.10 g of spent coffee grounds at optimum conditions of pH 4 in 60 minutes. 
The ability of spent coffee grounds in removing total Fe ions showed it to be suitable as 
an alternative material for replacing commercially available adsorbents for the removal of 
Fe ions in polluted water. This innovative green technology is necessary due to increasing 
environmental awareness for sustainable management processes. 
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