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Abstract
The swift growth of sectors like steel and coal mining leads to a higher release of heavy metals like iron into aquatic  ecosystems,
resulting in water pollution.  In this study, the  kinetics and isotherms studies  were  applied to  pineapple peel waste based  adsorbent
for  iron  removal.  An  adsorbent  derived  from  discarded  pineapple  peels  was  created  through  a  chemical  activation  process,
employing zinc chloride (ZnCl2) as the activator.  By examining the effects of various experimental parameters, including contact
duration (30–240 min), concentration of iron (5–80 ppm), and the amount of adsorbent (2–24 g/L), the  behaviour  of the adsorbent
for  iron  adsorption  was  carefully  studied.  Maximum  iron removal  of  99.24%  efficiency  with  adsorbent  dosage  of 20 g/L  was
achieved  through  this  study.  The  iron  removal  process  was  most  accurately  represented  by  the  Freundlich  isotherm  model,
exhibiting an  R2  value of 0.985. Furthermore, the kinetics investigation demonstrated an excellent fit with the pseudo-second-order
model for iron adsorption, yielding an  R2  value of 0.999. These findings strongly indicate that pineapple peel waste holds 
promise as a viable adsorbent for eliminating iron from water bodies.

Keywords:  Pineapple peel waste, iron removal, adsorption isotherm,  adsorption  kinetic

Abstrak
Pertumbuhan pesat sektor-sektor seperti keluli dan perlombongan arang menyebabkan peningkatan pelepasan logam berat seperti
ferum  ke  dalam  ekosistem  akuatik,  yang  mengakibatkan  pencemaran  air.  Dalam  kajian  ini,  kajian  kinetik  dan  isoterma  telah
digunakan bagi penyingkiran ferum menggunakan penjerap berasaskan sisa kulit nanas. Penjerap yang diperoleh daripada kulit
nanas yang dibuang telah dihasilkan melalui proses pengaktifan kimia dengan menggunakan  zink  klorida (ZnCl2) sebagai pengaktif.
Dengan  mengkaji  kesan  pelbagai  parameter  eksperimen,  termasuk tempoh  penjerapan  (30–240  minit), kepekatan  ferum  (5–80
ppm), dan jumlah penjerap (2–24 g/L), tingkah laku penjerap untuk penjerapan ferum telah dikaji dengan teliti. Penyingkiran ferum
maksimum sebanyak 99.24% dengan dos penjerap 20 g/L telah dicapai melalui kajian ini.  Proses penyingkiran ferum paling tepat



Abd Ghapar et al.: AN INSIGHT INTO PINEAPPLE PEEL WASTE ADSORBENT FOR IRON CONTAMINATED 
WATER THROUGH KINETIC AND ISOTHERM STUDY 

398 
 

diwakili oleh model isoterma Freundlich, dengan nilai R2 sebanyak 0.985. Selain itu, penyiasatan kinetik menunjukkan kesesuaian 
yang sangat baik dengan model pseudo-tertib kedua untuk penjerapan ferum, menghasilkan nilai R2 sebanyak 0.999. Penemuan ini 
menunjukkan bahawa sisa kulit nanas berpotensi sebagai penjerap yang berkesan untuk menyingkirkan ferum dari air. 
 
Kata kunci: sisa kulit nenas, penyingkiran ferum, isoterma penjerapan, kinetik penjerapan

Introduction 
Iron stands as one of the most plentiful elements in the 
earth’s crust, occurring naturally in water in two primary 
forms: soluble ferrous iron, Fe(II) or Fe(OH)+, and 
complexed ferric iron, Fe(III), which precipitates as 
Fe(OH)3  [1]. Iron can also be found in water because of 
industrial activities like metal plating, mining, the iron 
and steel industry, and the corrosion of metal materials 
[1, 2]. As reported by Al-Anber, the safe level for Fe(III) 
ions for the human body is not more than 0.3 ppm and 
excessive iron ions may cause anorexia and oliguria. The 
high amount of iron can also give the water a metallic 
taste and odour [3]. To overcome these problems, 
special attention should be given to removing or 
reducing the amount of iron ions from industrial water 
effluents or water supply.  
 
Liquid-phase adsorption is one of the most common 
methods used to remove heavy metals from wastewater 
due to the proper design of the adsorption process that 
will produce a high-quality treated effluent [2]. 
However, the adsorption of heavy metals such as iron by 
commercial adsorbent is expensive; therefore, research 
studies focus on developing adsorbents from agricultural 
waste to remove iron from the aqueous system [3]. 
Among these various adsorbents, including rice hull [2], 
rice husk ash [4], orange peel [5], olive stones [1, 6], 
wild jack, and jambul barks [7] have been employed for 
the purpose of eliminating iron ions from aqueous 
solutions. Based on recent works, adsorbent from 
pineapple peel waste can be considered an agricultural 
waste that shows remarkable potential towards the 
adsorption of toxic heavy metals from the aqueous 
solutions. For instance, Zn, Cr, Cd, Pb, Mn, and Cu ions 
have been removed from aqueous solutions [8–11]. 
 
Malaysia’s pineapple (Ananas comosus) industry was 
ranked 18th world’s largest pineapple producer with 
334,400 metric tonnes produced by 13,733 hectares of 
planted area. As reported by Ahmad Zamri et al., about 
335,488 tonnes of pineapple produced in Malaysia 
yielded 137,550 tonnes of pineapple peel [12]. Pineapple 
fruit typically consists of around 60% edible flesh and 

approximately 35% skin or peel, which is considered 
waste material. This peel is primarily composed of 
cellulose, hemicellulose, lignin, and pectin substances. 
With certain modifications, pineapple peel can be 
repurposed and utilised as an adsorbent material [10, 
11]. Previous studies reported adsorbent from pineapple 
peel waste showed very high removal efficiencies of 
heavy metals such as Cd(II), Pb(II), Cu(II), Zn(II), and 
Cr(VI). For example, Turkmen et al. reported that the 
pineapple peel waste which was carbonised using 
microwave at 800 W yielded a maximum Zn(II) removal 
efficiency of 93% for both types of activating agent: 
ZnCl2 and H2SO4 [13]. The similar result reported by 
Olowu et al. (2022) when pineapple peel adsorbent was 
used to remove Zn(II) and Cr(VI) from the aqueous 
solution with the maximum percentage removals of 89% 
and 91.2%, respectively [8]. Hence, considering both 
economic and environmental aspects, pineapple peel 
waste may serve as an effective adsorbent for the 
removal of iron from aqueous solutions. 
 
Solid waste derived from processed pineapple peel 
waste has previously been employed as an adsorbent, 
demonstrating considerable potential for adsorbing 
harmful pollutants, including heavy metals. In this 
study, we assessed the capability of pineapple peel waste 
as an adsorbent for capturing Fe(III) ions from aqueous 
solutions. The investigation involved the assessment of 
various operational factors such as contact time, 
adsorbent quantity, and initial iron concentration 
through a batch adsorption study. Furthermore, we 
delved into the sorption mechanism by examining 
different kinetic models, including the pseudo-first- and 
pseudo-second-order models. To evaluate various 
isotherms and their capacity to correlate with 
experimental data, three isotherm models—Langmuir, 
Freundlich, and Temkin—were employed. 
 

Materials and Methods 
Materials 
Iron standard solution, Fe(NO3)3, sulfuric acid, H2SO4, 
and zinc chloride, ZnCl2, of analytical grade were 
procured from Merck chemicals. A stock iron solution 
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with a concentration of 1,000 mg/L was employed as the 
adsorbate, and different concentrations were prepared by 
diluting the stock solution with distilled water. pH 
measurements were conducted using the pH meter pH 
150 from Eutech Instruments. 
 
Preparation of adsorbent from pineapple peel waste 
The adsorbent was prepared using a method reported by 
Rozaidi & Abu Samah with some modifications [14]. 
Pineapple peel waste collected from Pekan Pina Sdn. 
Bhd. was washed with distilled water. The peels were 
oven-dried at 80 °C for 24 h. Then, the dried peels were 
ground and sieved using a sieve with 300 µm size to 
obtain the particle size of less than 300 µm. After that, 
chemical activation was performed by mixing 30 g of 
sieved pineapple peels with 1.0 M of ZnCl2. The 
procedure involved stirring the mixture for 24 h at room 
temperature using a magnetic stirrer, followed by 
filtration. The filtered peels were then dried in an oven 
at 80 °C overnight. Subsequently, the sample was placed 
in a sealed crucible and subjected to carbonisation at 800 
°C for 1 h, with a heating rate of 10 °C per min. After 
cooling to room temperature, the sample was immersed 
in a 0.5 M H2SO4 solution for 30 min to remove the 
excess ZnCl2. Following this, the sample was once again 
dried in an oven at 80 °C for 24 h after being filtered and 
washed with distilled water until the wash water reached 
a pH of 7. The samples were then transferred to a 
desiccator and stored in sealed plastic bags for future use 
[15]. 
 
Characterisation of adsorbent 
To identify the primary functional groups, present in the 
adsorbent, Fourier transform infrared spectroscopy 
(FTIR) was employed, utilising a Nicolet AVATAR 370 
DTGS, UK instrument. The analysis covered the 
functional groups within the samples across a range of 
500–4500 cm−1. FTIR analysis allows the samples to be 
absorbed at different wavelengths with characteristic 
beams produced at different wavelengths which will 
later be analysed and computerised in the form of wave 
numbers, expressed in cm−1. All spectra included the 
wave numbers from 4000 to 500 cm−1 with 128 scans at 
a resolution of 2.0 cm−1. 
 
Furthermore, the adsorbents were pretreated by 
degassing at 200 °C for 2 h, in a vacuum condition, then 
the specific Brunauer–Emmett–Teller analysis (BET, 

Micromeritics ASAP 2010, USA) was used to determine 
the surface area (SBET) of the samples. 
 
Additionally, the morphology of the adsorbent was 
examined through scanning electron microscopy (SEM, 
JEOL JSM-7800F, Japan). The adsorbent was mounted 
using a carbon conductive pad on a metal stub and silver 
metals were placed at both sides of the samples. In a 
vacuum condition of an argon atmosphere, the samples 
were coated with gold for observation and analysis. 
When the scanning completed, the results were shown 
based on image formed at SEM display unit. 
 
Batch adsorption study 
Batch adsorption experiments were performed under 
standard conditions, where 2 g/L of the pineapple peel 
waste adsorbent was mixed with an iron-containing 
aqueous solution. The stirring process took place at 
ambient temperature and pressure. The mixture was 
continuously stirred magnetically for a duration of 240 
min. To monitor the adsorption process over time, 10 
mL of the mixture were withdrawn at 30-min intervals, 
and the amount of iron in these samples was analysed. 
The iron content was determined by using an atomic 
absorption spectrometer (AAS AAnalyst 400, Perkin 
Elmer). The experiment was repeated with different 
amounts of adsorbent (2–24 g/L) and different initial 
concentrations of iron (5–30 ppm). The removal of iron 
by the adsorbent was calculated using Equation 1. 
 
(%) ݈ܽݒܴ݉݁ =  ି 


 × 100 %                            (1) 

 
Ci represents the initial iron concentration in the sample 
(measured in mg/L), while Ct denotes the concentration 
of iron at a particular time during the experiment (also 
measured in mg/L). 
The amount of iron adsorbed on the adsorbent at certain 
time was calculated using Equation 2: 
 
௧ݍ = ( ି )

ெ
                                           (2) 

 
Here, qt represents the iron adsorption on the adsorbent 
at any given time (measured in mg/g), V indicates the 
volume of the solution in litres (L), and M signifies the 
mass of the adsorbent in grams (g). 
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Kinetic modeling  
Pseudo-first- and pseudo-second-order kinetic models 
are commonly used to describe the adsorption kinetics 
[16]. The pseudo-first-order equation is given by 
Equation 3: 

 
ௗ
ௗ௧

= ݇ଵ (ݍ  ௧)                                                        (3)ݍ −
 
where qt  and qe are the amount of solute adsorbed 
(mg/g) at time t and equilibrium, respectively and k1 is 
the rate constant of the kinetic model (min−1). The 
linearised equation of pseudo-first-order can by 
expressed by Equation 4: 
log(ݍ − (௧ݍ  = log  ݍ − భ

ଶ.ଷଷ
 (4)                                ݐ

 
A plot of log(qe−qt) versus t can be used to obtain the 
rate constant.   
         
The pseudo-second-order equation is expressed by 
Equation 5: 
ௗ
ௗ௧

= ݇ଶ(ݍ −  ௧)ଶ                                                     (5)ݍ 
 
where k2 is the pseudo-second-order rate constant 
(g/mg∙min) and the linearised form is expressed in 
Equation 6: 
 
௧


=  ଵ

మ
మ +  ଵ


 (6)                                                         ݐ

 
A plot of t/qt versus t gives the pseudo-second-order rate 
constant. 
 
Adsorption Isotherms 
Langmuir, Freundlich, and Temkin isotherms are 
commonly used to determine the adsorption isotherms. 
These equations explain the relationship between the 
solute concentrations in both liquid and adsorbent 
surface equilibrium. Equation 7 represents the Langmuir 
isotherms: 
 
ݍ = ಽ

ଵାಽ
                                                                (7) 

 
where qe is the quantity of the adsorbed adsorbate bound 
per unit amount of adsorbent (mg/g), qm is the maximum 
adsorption capacity, KL is the affinity constant for 
Langmuir isotherm (L/mg), and Ce is the adsorbate 
equilibrium concentration (mg/L). 

To determine the values of maximum adsorption 
capacity (qm) and the Langmuir affinity constant (KL), 
Equation 7 can be linearised into several form as shown 
in Equation 8. 



=  


+  ଵ
ಽ

                                                          (8) 

 
A plot of Ce/qe versus Ce was plotted to determine the 
values of qm and KL. 
 
Freundlich isotherm does not predict the saturation 
binding of the adsorption. It assumes a logarithmic 
relationship between the adsorption equilibrium and the 
solute concentration as shown in Equation 9. 
 
ݍ = ܥிܭ

ଵ/                                                              (9) 
 
where KF is known as the Freundlich constant (mg/g) 
and 1/n is a constant reflecting the solute affinity 
towards the adsorbent.  
 
By taking logarithmic on both sides of the equation, a 
linearised form of Freundlich isotherm can be used as 
shown in Equation 10 to determine the adsorption 
constant (KF) and its affinity (1/n) by plotting log qe 
versus log Ce. 
ݍ ݈݃ = ிܭ ݈݃  +  ଵ


log                                      (10)ܥ

 
The Temkin isotherm model infers that the adsorption 
energy decreases linearly with the surface coverage 
caused by adsorbent–adsorbate interactions [3]. The 
Temkin isotherm is described in Equation 11: 
 
ݍ = ܣ݈݊ ܤ + ܤ ln                                                 (11)ܥ
 
where Ce is the adsorbate equilibrium concentration 
(mg/L) and qe is the quantity of metal adsorbed per gram 
of the adsorbent (mg/g). 
 
The Temkin isotherm equation can be linearised to 
Equation 12: 
 
ݍ = ோ்


ܥ݈݊  + ோ்


 (12)                                           ்ܭ݈݊

 
where RT/b = B (J/mol) and KT = A (L/g) are the Temkin 
constants. R (8.314 J/mol∙K) represents the universal gas 
constant at T (K) which is the absolute solution 
temperature.  
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A plot qe versus ln Ce was plotted to determine the 
Temkin constant. 
 

Results and Discussion 
Characterisation of pineapple peel waste adsorbent: 
BET analysis 
The Brunauer–Emmett–Teller (BET) surface area 
measurement was utilised to assess the adsorption 
capacity of the adsorbent. This measurement operates on 
the principle that a greater surface area of the adsorbent 
corresponds to a higher adsorption capacity. In other 
words, as the surface area of the adsorbent increases, its 
ability to adsorb substances, in this case, iron, also 
increases. This relationship underscores the importance 
of surface area in determining the effectiveness of the 
adsorbent in adsorbing the target substance [17]. After 
chemical treatment followed by carbonisation at 800 °C 
for 1 hour, the surface area of pineapple peel waste 
adsorbent obtained was 1080.91 m2/g. A prior study 
documented that following the activation and 
carbonisation procedures applied to raw pineapple peel 
waste, there was a noteworthy enhancement in the 
surface area of the prepared adsorbent [18]. Besides, the 
surface area of raw pineapple peel waste was 7.9348 

m2/g [14]. The carbonisation process conducted at 800 
°C had the effect of improving the elimination of volatile 
compounds. Additionally, the inclusion of ZnCl2 as an 
impregnation agent heightened the heat energy within 
the process. This, in turn, led to the creation of new pores 
and an accelerated development of porosity in the 
adsorbent. Consequently, these factors collectively 
contributed to an increase in the surface area of the 
adsorbent. [19]. 
 
The N2 adsorption isotherms for the adsorbent are 
depicted in Figure 1. The behaviour of the adsorbent 
corresponds to a Type I isotherm, indicating that the 
adsorbent possesses microporous characteristics. A 
Type I isotherm typically exhibits a convex curve, and 
its plateau is either horizontal or nearly horizontal. In 
this type of isotherm, the adsorption curve directly 
intersects with the line P/P0 = 1 [18]. The amount of 
adsorption experienced a rapid increase in a region of 
low relative pressure (P/P0 < 0.2) during the initial stages 
of adsorption. This observation suggests that the primary 
location for nitrogen molecule adsorption was within the 
microporous structure of the adsorbent [18].

 

 
Figure 1. N2 adsorption–desorption isotherms of adsorbent

Scanning electron microscopy (SEM) of adsorbent 
Figure 2 shows the SEM images of raw pineapple peel 
waste, the prepared pineapple peel waste adsorbent, and 
the adsorbent after the adsorption process. SEM analysis 
was employed to observe the surface morphologies of 
the raw pineapple peel waste, the prepared adsorbent at 
800 °C for 1 h, and the adsorbent after adsorption. The 

surface of raw pineapple peel waste is naturally uneven 
and features creases. However, the surface of the 
adsorbent exhibits a more intricate and porous structure 
after the modification process. This transformation can 
be attributed to the removal of volatile substances during 
carbonisation and activation, resulting in a stable carbon 
mass and the widening of pore networks within the 
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adsorbent sample, as documented in reference [20]. The 
porous nature of the adsorbent plays a significant role in 
facilitating the adsorption of heavy metals in 
wastewater. These pores serve as active sites for 
adsorption and increase the overall surface area of the 
adsorbent, as discussed in reference [21]. Furthermore, 
in this study, it was noted that the adsorbent's surface 
featured densely packed bundles of elongated 
cylindrical pores, signifying a strong adsorption 

capacity. This configuration provides an abundance of 
sites for capturing heavy metal ions, such as iron. This 
could be explained by the morphology of the adsorbent 
after adsorption where the surface morphology became 
rougher or more irregular due to the formation of metal 
ion complexes or precipitates on the surface of the 
adsorbent. It was observed that there are some cavities 
on the surface of the adsorbents [22].

 

 
Figure 2. SEM images (1000× magnification) of (a) raw pineapple peel waste, (b) pineapple peel waste adsorbent 

and (c) adsorbent after adsorption 

FTIR analysis  
FTIR analysis was conducted to qualitatively identify 
the primary functional groups present on the surface of 
the adsorbent derived from pineapple fruit peel. Figure 
3 displays the FTIR spectra of both the adsorbent and the 
raw pineapple peel. In the spectrum of the raw pineapple 
peel, a broad band appearing around 3,300 cm−1 is 
primarily associated with hydrogen bonds (O–H or NH2) 
symmetrical stretching variations. Additionally, the 
peak at 2,917 cm−1 corresponds to aliphatic CH groups. 

However, after the modification process, several peaks 
within the range of 1,560–1,300 cm−1 can be attributed 
to CH2 bending vibrations, O–H bending, and O–H 
stretching or C-– bending vibrations. Furthermore, a 
strong band at 1,089 cm−1 is attributed to the C–O of the 
–OCH3 group, aligning with the lignin structure present 
in pineapple fruit peel [10] and [21]. The slight shift in 
absorption bands indicates the successful transformation 
of the raw pineapple peel into the adsorbent. 
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Figure 3. FTIR spectra for the raw pineapple peel waste and pineapple peel waste adsorbent

Batch adsorption studies: The effect of contact time 
One of the most critical factors affecting adsorption 
performance is the contact time, as it illustrates the 
removal percentage of metal ions from the solution over 
time [24]. The effect of contact time on iron adsorption 
onto the pineapple peel waste adsorbent is shown in 
Figure 4(a). In the initial stages, the rate of adsorption 
exhibited a substantial increase and gradually reached 
equilibrium around the 150-min mark, achieving an 
efficiency of approximately 48.86% removal. Then, the 
final Fe(III) ions concentration became almost similar 
until 240 min. Therefore, the process was at steady state 
at 150 min. This situation happened when the metal ions 
rapidly adsorbed onto the adsorbent at the beginning 
caused by the availability of the empty active sites. In 
addition, the uptakes were gradually slower due to the 
decrease in vacant active sites [10]. It was reported that 
the properties of the adsorbent and its existing active 
sites are known to affect the time needed to reach 
equilibrium [23, 24].  
 

The effect of adsorbent dosage 
The impact of adsorbent dosage on the adsorption of iron 
onto the pineapple peel waste adsorbent was explored, 
as adsorbent dosage is recognised as another key factor 
influencing the adsorbent's capacity to adsorb metal ions 
at a given initial concentration [25–27]. In Figure 4(b), 
the removal percentage of Fe(III) ions and the 
adsorption capacity of the pineapple peel waste 
adsorbent are depicted across various dosages, all while 
maintaining a constant initial concentration of 5 ppm Fe 
solution. The graph demonstrates that 20 g/L gave the 
highest iron removal up to 99.24% and remained 
constant till 24 g/L. A higher amount of adsorbent 
dosage will increase the number of active sites since the 
adsorption depends on the availability of binding sites 
for iron [30].  
 
The effect of initial iron concentration 
In batch adsorption processes, the adsorption rate is a 
function of the initial concentration of heavy metal ions; 
hence it is a principal factor for a successful adsorption 
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process [31]. The percentage removal of iron at different 
initial concentrations from 5 to 80 ppm is shown in 
Figure 4(c). The removal efficiency increased drastically 
at 5 ppm before increasing gradually until 80 ppm with 
the highest removal of 80.13%. It shows that the 
pineapple peel waste adsorbent had a higher magnitude 
for Fe(III) ions adsorption. This may also be related to 

an increase in the concentration gradient driving force 
with the increase in metal ions concentration [4]. A 
comparable result was also reported where the 
adsorption of iron using rice husk ash gave higher iron 
adsorption capacity than manganese, which means that 
increasing the initial concentration of iron also improves 
the removal efficiency of iron [4]. 

 

  

 
Figure 4. The effect of (a) contact time, (b) adsorbent dosage, and (c) initial iron concentration on the iron removal 

efficiency

Adsorption kinetic 
Adsorption kinetics are used to explain the adsorption 
mechanism and characteristics. The pseudo-first- and 
pseudo-second-order kinetics models were applied to 
the adsorption data to specify the rate of adsorption of 

iron onto the pineapple peel waste adsorbent. Constants 
of pseudo-first- and pseudo-second-order were 
determined from the slope and intercept of the linear 
plots as shown in Figure 5(a) and 5(b), respectively. 
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Figure 5. The plots of (a) pseudo-first- and (b) pseudo-second-order kinetic models for iron removal 

 
Table 1. Pseudo-first- and pseudo-second-order parameters for iron removal 

Model Intercept Slope qe (exp) (mg/g) qe (cal) (mg/g) q2e k R2 
Pseudo-first-order 0.01535 −0.01228 

1.198 
−4.17664  0.028281 0.93689 

Pseudo-second-order 14.19527 0.75037 1.332676 1.776025 0.039665 0.99872 

Table 1 presents the parameters and regression 
coefficients (R2) for both the pseudo-first-order and 
pseudo-second-order kinetic models. It is noteworthy 
that the pseudo-second-order model demonstrates a 
notably higher correlation coefficient (R2 > 0.9987) in 
comparison to the pseudo-first-order model. This high 
R2 value, close to unity, signifies a robust relationship 
between the parameters and underscores the suitability 
of the pseudo-second-order kinetic equation for 
describing the uptake of Fe(III) by the pineapple peel 
waste adsorbent [32]. Meanwhile, the equilibrium 
removal capacity calculated (qe, cal) of the pseudo-
second-order model was much closer to the equilibrium 
removal capacity experimental (qe, exp) representing that 
the pseudo-second-order rate model gives a better 
summary of iron removal from solution to the pineapple 

peel waste adsorbent. This conveys that the pseudo-
second-order model can assume a chemically rate-
controlling removal process [33].   
 
The comparison of kinetics results with values from 
other studies is listed in Table 2. Iron adsorption onto the 
pineapple peel waste adsorbent was inferred to follow 
pseudo-second-order kinetics. These findings suggest 
that the rate-limiting step in the adsorption process is 
chemisorption, which entails valency forces, including 
the sharing or exchange of electrons between the 
adsorbent and the adsorbate [31, 34]. These results are 
consistent with previous literature, which also indicated 
that the adsorption kinetics of Fe(III) ions by distinct 
types of adsorbents typically adhere to the pseudo-
second-order model [4, 32].

Table 2. Kinetic parameters comparison of iron adsorption onto various adsorbents 

Adsorbent Pseudo-first-order model Pseudo-second-order model References 
k1 (min−1) R2 k2 (g/mg·min) qe R2 

Pineapple peel 0.0283 0.9369 0.0397 1.33 0.9987 This study 
Natural Clay 0.056 0.986 0.02 7.42 0.998 [35] 
Acid–activated clay 0.058 0.991 0.007 11.41 0.994 [35] 
Natural zeolite 4.9 0.8558 0.22 8.70 0.9985 [36] 
Orange peel 0.001 0.032 0.068 13.44 0.996 [5] 
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Adsorbent Pseudo-first-order model Pseudo-second-order model References 
k1 (min−1) R2 k2 (g/mg·min) qe R2 

Limestone 0.069 0.919 5.913 0.019 0.997 [37] 
Rice hull 0.017 0.90 0.000813 22.73 0.99 [2] 
Natural feldspar 0.0283 0.83 0.0352 8.72 0.9987 [3] 
Rice husk ash - - 0.033 1.340 0.995 [4] 

 
Adsorption isotherms 
An isotherm characterises the equilibrium association 
between the solute molecules bound to the adsorbent's 
surface and those remaining unbound in the liquid phase. 
In this study, Langmuir, Freundlich, and Temkin 
isotherms were employed to elucidate the equilibrium 

relationship between the concentration of solute in the 
liquid phase and its interaction with the adsorbent's 
surface. Batch adsorption isotherm experiments were 
conducted to investigate iron adsorption using the 
pineapple peel waste adsorbent at room temperature. 
The results of these adsorption isotherms are visually 
presented in Figure 6(a-c).

 

 

 
Figure 6. The plots of (a) Langmuir, (b) Freundlich, and (c) Temkin isotherms 
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Table 3. Langmuir, Freundlich, and Temkin isotherms parameters for iron removal 
Isotherms Constants Value 
Langmuir 1/qm 0.0624 

qm (mg/g) 15.9288 
KL (L/mg) 0.0255 

RL 1.1459 
R2 0.8265 

Freundlich 1/n 1.1942 
n 0.83737 

log KF 0.4526 
KF (L/mg) 2.8349 

R2 0.9854 
Temkin Slope = RT/B 4.1858 

Intercept = RT/B (ln A) −3.749 
B 597.8651 

A (L/mol) 0.3274 
R2 0.8379 

The results for all the parameters obtained from the 
Langmuir, Freundlich, and Temkin isotherms are 
summarised in Table 3. The Langmuir isotherm model 
was employed to fit the experimental data, yielding a 
correlation regression coefficient (R2) of 0.8265. The 
maximum sorption capacity (qm) was determined to be 
15.94 mg/g using this model. However, it is evident that 
the data does not align well with the Langmuir model. 
This deviation may be attributed to interactions between 
the adsorbate or the fact that the adsorption process is 
not monolayer adsorption involving just one adsorbate 
molecule per adsorption site [38]. In this case, iron can 
be said to be adsorbed in inhomogeneous distribution to 
the adsorbent surface due to the irregular surface. So, 
there might be a ‘favoured’ point of strong adsorption 

side. The results indicate that the Freundlich isotherm 
best fitted the iron adsorption on pineapple peel waste 
adsorbent with R2 of 0.9854. However, with 1/n > 1, it is 
best described by the S-type isotherm. This experiment 
agrees with the hypothesis that at low concentrations, 
such compounds compete with water for the adsorption 
sites. It means that the surface has a low affinity for the 
adsorptive at low concentrations, which then increases 
at higher concentrations [39]. On the other hand, the 
Temkin isotherm model moderately fitted the 
experimental data for iron adsorption onto pineapple 
peel waste adsorbent as the R2 value is 0.84. The 
comparison of the adsorption capacity of other 
adsorbents for iron removal from aqueous solutions is 
tabulated in Table 4.

 
Table 4. Comparison of adsorption isotherms for iron removal using other adsorbents 

Adsorbents 
Langmuir Freundlich Temkin References 

q 
(mg/g) 

KL 
(L/mg) 

R2 Kf 
(L/mg) 

1/n R2 A B R2  

Pineapple peel 15.93 0.0255 0.827 2.835 1.194 0.985 0.327 597.87 0.838 This study 

Natural Clay 18.86 0.044 0.990 0.805 0.543 0.985 

- - - 

[35] 

Acid–
activated clay 

25.00 0.09 0.998 5.96 0.312 0.993 [35] 
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Adsorbents 
Langmuir Freundlich Temkin References 

q 
(mg/g) 

KL 
(L/mg) R2 Kf 

(L/mg) 1/n R2 A B R2  

Natural zeolite 6.13 17.92 0.977 6.04 0.3497 0.945 - - - [36] 

Spent coffee 
grounds 0.615 2.803 0.999 0.530 0.6606 0.991 - - - [28] 

Chitosan 133.3 0.0643 0.93 3.807 0.388 0.979 - - - [40] 

Limestone 0.018 140.31 0.923 0.029 0.216 0.753 - -  [37] 

Rice hull 45.45 0.03 0.99 1.07 0.68 0.97 32.27 28.36 0.79 [2] 
Natural 
feldspar 25.00 0.046 0.936 1.701 0.622 0.997 - - - [3] 

Orange peel 8.35 0.15 0.998 4.97 0.0937 0.900 - - - [5] 

Rice husk ash 66.66 0.026 0.927 1.0739 0.916 0.908 54.5 101.76 0.93 [4] 

Palm oil mill 
effluent 1.116 0.25 0.998 0.376 0.281 0.966 - - - [41] 

Proposed mechanisms of iron adsorption 
Adsorbent from pineapple peel waste consists of three 
main components: cellulose, hemicellulose, and lignin. 
These cellulosic components contain a majority of the 
oxygen functional groups, such as hydroxyl, ether, and 
carbonyl, that influence the adsorption properties of the 

iron onto the adsorbent [42]. The adsorbent after 
adsorption was examined using SEM analysis in Figure 
2 and showed that the morphology of the adsorbent 
changed with the presence of some precipitation. The 
binding mechanism of the adsorbent and iron ions is 
proposed in Figure 7.

 

 
Figure 7. Binding mechanism of adsorbent and Fe(III) ions

Conclusion 
In this study, the adsorbent from pineapple peel waste 
can potentially remove iron from wastewater. The 
results show that the adsorbent could remove 48.86% 
iron when 2 g/L of the adsorbent was used and increased 
to 99.24% when 20 g/L of the adsorbent was used. The 
adsorption isotherm study shows that iron adsorption 
fitted the experimental data of the Freundlich isotherm 

rather than Langmuir and Temkin isotherms due to the 
highest R2 value of 0.985. From the Langmuir model, the 
maximum iron adsorption capacity of the adsorbent was 
15.93 mg/g. The adsorption kinetics study shows that 
iron adsorption followed the pseudo-second-order 
kinetics model, indicating that chemisorption was the 
mechanism of adsorption that contributed to the iron 
removal from the aqueous solution. Based on the results 
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of this study, pineapple peel waste adsorbent was found 
to be effective in removing iron from an aqueous 
solution. 
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