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INTRODUCTION

Rapid industrialisation has resulted in re-
leasing harmful chemicals into the environment 
above permitted levels, which has contaminated 
the land, water, and air. Over time, these contam-
inants become more concentrated in ground and 
surface water due to anthropogenic activities. 
Because of the long-term and short-term impacts 
that heavy metals have on people and other spe-
cies, they have been classified as extremely harm-
ful contaminants. Chemical decomposition is not 
an option for heavy metals and can build up in 
the body, harming all life systems [Gautam et al., 
2015; Pujari and Kapoor, 2021]. Removing heavy 
metals from effluents is essential since they are 
primarily responsible for heavy metal pollution 
in the textile, electroplating, painting, dyeing, and 
chemical industries.

One of the top 25 elements by abundance 
in the Earth’s crust is nickel (Ni), which is dis-
charged into the environment due to nickel min-
ing or a number of industrial processes, including 
those used in plastic and rubber industries, elec-
troplating, and nickel-cadmium battery manufac-
turing. Nickel’s widespread presence in the work-
place and applications have both been shown to 
have negative effects on human health. Nickel 
is non-biodegradable and has carcinogenic, ter-
atogenic, and mutagenic properties. Long-term 
nickel exposure can lead to cancer, lung fibrosis, 
and dermatitis (eczema) [Das et al., 2019]. The 
World Health Organization (WHO) recommends 
keeping Ni(II) ion concentrations in industrial 
wastewater below 2.0 mg/L [Gupta and Kumar, 
2019]. As a result, getting rid of Ni(II) ions from 
industrialised wastewater before releasing it into 
the environment is a very important issue.
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ABSTRACT 
Aloe vera leaves (AVL), a by-product of agricultural waste, have been applied as a biosorbent for reducing Ni(II) 
ions in aqueous solutions. The biosorption capability of AVL powder was enhanced through chemical treatment 
with 0.10 M citric acid solution. Fourier-transform infrared (FTIR) spectrophotometer, scanning electron micro-
scope coupled with energy dispersive X-ray (SEM-EDX), pH of point-zero-charge (pHPZC), and pHslurry analyses 
were used to study the surface, and chemical properties of citric acid-treated Aloe vera leaf powder (CAAVLP). 
The setting for experiments such as pH solution, CAAVLP dose, initial concentration, and biosorption time was 
investigated. Maximum Ni(II) ion biosorption capability was determined to be 48.65 mg/g based on the Langmuir 
model at pH 6, a CAAVLP dose of 0.02 g, initial Ni(II) concentrations of 5 to 50 mg/L and biosorption time of 
120 min. The data for the isotherm and kinetics were well matched with the Freundlich and pseudo-second-order 
models, respectively, with high regression correlation (R2) and low chi-square (χ2) values. The presence of more 
-COOH groups after treating AVL with citric acid resulted in more Ni(II) ions being able to be removed.
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Ni(II) ions can be removed from industrial 
effluents through a number of different physic-
ochemical processes, all of which have varying 
degrees of success, such as electrocoagulation 
[Akbal and Camc, 2011], filtration [Vengatajala-
pathi et al., 2022], biosorption [Qu et al., 2019], 
ion exchange [Strauss et al., 2021], aerobic and 
anaerobic treatment [An et al., 2021, Costa et al., 
2022], solvent extraction [Zhang et al., 2021], 
and electrolysis [Wang et al., 2021]. Due to its 
many benefits over alternative techniques, such 
as its low cost, straightforward design, simplicity 
of use, and adaptability, the biosorption method 
has long attracted the attention of scientists. It is 
believed that biosorption technology has great 
potential for removing hazardous pollutants [Hu 
and Xu, 2020]. Biosorbents that are commonly 
used, for instance, activated carbon, metal nano-
particles, and graphene, are costly and have low 
recyclability [Ogunlalu et al., 2021]. As a result, 
there is a need to search for new biosorbents 
that are widely available, renewable and cheap. 
Agro-industrial waste products can meet these 
criteria because of their low cost and high abun-
dance [Rajczykowski et al., 2018, Hoang et al., 
2020, Chand et al., 2021]. Nevertheless, due to 
concerns like low metal removal efficiency, low 
surface area, and low biosorption dynamic sites, 
they need to be modified with other chemicals 
before they can be used [Ogunlalu et al., 2021]. 
Currently, potentially modified biosorbents in-
cluding plant biomass that is non-living [Tiwari et 
al., 2022], leaves [Gupta and Kumar, 2019], bark 
[Reddy et al., 2011, Qu et al., 2019], and peel 
wastes [Tejada-Tovar et al., 2021] have been used 
to treat aqueous solutions containing Ni(II) ions. 

Aloe vera is regarded as one of the most im-
portant medicinal plants with an extensive range 
of applications due to the abundance of bioactive 
compounds in its leaves. Since ancient times, it 
has been linked to various health benefits, includ-
ing the ability to treat wounds, fight free radicals, 
prevent cancer, modulate the immune system, and 
even act as a laxative. The use of Aloe vera ex-
tends far beyond the pharmaceutical and medical 
fields. As of late, Aloe vera and its wares have 
become increasingly popular for environmental 
applications [Giannakoudakis et al., 2018]. About 
65% of the fresh Aloe vera leaves are left as 
waste after they have been processed. Aloin has 
hydroxyl groups, and its derivatives are the ma-
jor components of Aloe vera leaf wastes. The use 
of aloin and its derivatives has been prohibited 

in the United States since 2002. Because of this, 
these industries consider this residue to be waste, 
and it can be used as a biosorbent [Gupta and Ku-
mar, 2019]. The waste can be used as is or after 
being modified. Both acid and alkaline chemicals 
can be used to modify raw waste biomass. For in-
stance, Gupta et al. (2019) used various acid and 
alkaline chemicals to treat Aloe vera waste and 
established that Aloe vera leaf waste had a low 
biosorption ability for Cd(II) ions and Ni(II) ions. 
In another study, Gupta et al. (2019) used a pres-
sure cooker to steam-heat Aloe vera waste for 20 
minutes at a high pressure of 15 psi, and the Ni(II) 
biosorption capacity was only 10 mg/g. However, 
when the steam-heated Aloe vera was mixed with 
0.10 mol/L aqueous solution of Na2CO3, the bio-
sorption capacity increased to 28.98 mg/g [Gupta 
et al., 2019]. 

For metal ions, citric acid, a common organic 
acid, has a strong chelating ability, which facili-
tates biosorption. Few works on the biosorption 
of Ni(II) ions onto citric-modified biosorbents, 
such as sugarcane bagasse [Hoang et al., 2020] 
and water hyacinth [Qu et al., 2019], have been 
conducted. To our knowledge, there has been no 
investigation into the efficacy of treating Aloe 
vera with citric acid to get rid of Ni(II) ions from 
wastewater. In light of the preceding observa-
tions, this research intends to examine the ef-
fectiveness of biosorption of Ni(II) ions from a 
synthetic watery medium by citric acid-modified 
Aloe vera leaf powder as a biosorbent. The effects 
of pH solution, biosorbent dose, initial Ni(II) ions 
concentration, and biosorption time on Ni(II) 
ions biosorption were investigated. The biosorp-
tion equilibria and kinetics parameters were also 
investigated. Furthermore, this biosorbent was 
characterised before and after treatment with cit-
ric acid throughout aspects of FTIR, SEM-EDX, 
pHPZC and pHslurry.

MATERIALS AND METHODS

Preparation of biosorbent

The Aloe vera (Aloe barbadensis Miller) 
leaves were obtained from a garden in Jengka, 
Malaysia. The gel and yellow saps were removed, 
leaving the green leaves used in the biosorption 
experiments. Numerous rinses with distilled wa-
ter were used to thoroughly clean the leaves be-
fore being dried in an electric oven at 110 °C for 
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24 h until they reached a constant weight. Before 
being labelled as Aloe vera leaf powder (AVLP), 
the leaves were crushed and sieved to get the par-
ticles down to 180 mesh. Then, 25.0 g of AVLP 
was treated with 500 mL of 0.10 M citric acid for 
1 h at room temperature, thoroughly mixed and 
agitated, and finally washed with distilled water 
to remove the excess acid and labelled as CAAV-
LP. To preserve it for future study, the CAAVLP 
was placed in an airtight container.

Characterisation of biosorbent

FTIR (PerkinElmer, Spectrum 100, USA) and 
SEM (Carl Zeiss SMT, Germany) coupled with 
energy dispersive X-ray (EDX, Oxford Instru-
ment, UK) instruments were applied to examine 
the functional groups and surface possessions 
of the AVLP and CAAVLP, as well as the Ni(II) 
ions-loaded CAAVLP biosorbent. Mixing 0.50 g 
of CAAVLP with 50 mL of distilled water for 24 h  
at 29 °C allowed for the calculation of the slurry’s 
pH. After filtration using No. 42 Whatman filter 
paper, the final pH was determined using a pH 
meter. The pHPZC of CAAVLP was conducted by 
preparing a series of 50 mL (0.01 M) NaCl solu-
tions with initial pH (pHi) values ranging from 2 
to 10 in 50 mL conical flasks. After adding 0.50 
g of CAAVLP to the NaCl solutions, the mixture 
was stirred for 24 h using a magnetic stirrer. The 
solution’s final pH (pHf) was determined after fil-
tration. The curve that intersected the pHi axis in 
the pHi–pHf versus pHi plot represented the value 
of pHPZC of CAAVLP.

Preparation of adsorbate

Water-based solutions containing 97% pure 
Ni(II) ions in the form of Ni(NO3)2.6H2O were 
utilised in biosorption experiments. By dissolving 
4.995 g of Ni(NO3)2.6H2O in 1 L of purified wa-
ter, 1000 mg/L standard solution Ni(II) ions was 
produced. Unless otherwise specified, all chemi-
cals used in this study were of analytical reagent 
grade.

Batch biosorption studies

Batch biosorption tests were done in conical 
flasks with lids, stirred at 200 rpm with a mag-
netic stirrer for 120 min using 50 mL of Ni(II) 
ions from the standard solution. The pH ranged 
from 2 to 6, and the CAAVLP amount ranged 

from 0.02 to 0.10 g were selected to investigate 
the effects of pH and biosorbent dosage on the 
ability of CAAVLP to biosorb 20 mg/L of Ni(II) 
ions, respectively. The working solutions’ pH was 
initially adjusted with 0.10 M HCl or NaOH so-
lutions using a pH meter (EUTECH Instruments, 
USA). As Ni(II) ions precipitation could occur at 
a pH above 6 [Gupta and Kumar, 2019], higher 
pH values were not chosen for the current study. 
The biosorption kinetics of CAAVLP at different 
biosorption times ranging from 5 to 120 min at pH 
6 were studied using three Ni(II) concentrations 
of 5, 10, and 20 mg/L. The Ni(II) ion concentra-
tions selected were 5 to 50 mg/L in the isotherm 
study. After reaching equilibrium, the concentra-
tion was determined using an Atomic Absorp-
tion Spectrometer (PerkinElmer, PinAAcle 900T 
model, USA). All of the biosorption experiments 
were done twice, and the results are presented as 
the average. The following equation was used to 
find out how effectively CAAVLP could biosorb 
Ni(II) ions:

𝑞𝑞𝑞𝑞𝑒𝑒𝑒𝑒 =
(𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖− 𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒)  × 𝑉𝑉𝑉𝑉

𝑊𝑊𝑊𝑊
 

 

𝑞𝑞𝑞𝑞𝑡𝑡𝑡𝑡 = 𝑞𝑞𝑞𝑞𝑒𝑒𝑒𝑒(1 − 𝑒𝑒𝑒𝑒𝑘𝑘𝑘𝑘1𝑡𝑡𝑡𝑡) 

 

𝑞𝑞𝑞𝑞𝑡𝑡𝑡𝑡 =
𝑞𝑞𝑞𝑞𝑒𝑒𝑒𝑒2𝑘𝑘𝑘𝑘2𝑡𝑡𝑡𝑡

(1 + 𝑘𝑘𝑘𝑘2𝑞𝑞𝑞𝑞𝑒𝑒𝑒𝑒𝑡𝑡𝑡𝑡)
 

 

𝜒𝜒𝜒𝜒2 = ∑
(𝑞𝑞𝑞𝑞𝑒𝑒𝑒𝑒

𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 − 𝑞𝑞𝑞𝑞𝑒𝑒𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐)2

𝑞𝑞𝑞𝑞𝑒𝑒𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
 

 

𝑞𝑞𝑞𝑞𝑒𝑒𝑒𝑒 =
𝑄𝑄𝑄𝑄𝑚𝑚𝑚𝑚𝑐𝑐𝑐𝑐𝑒𝑒𝑒𝑒𝐾𝐾𝐾𝐾𝐿𝐿𝐿𝐿𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒
1 + 𝐾𝐾𝐾𝐾𝐿𝐿𝐿𝐿𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒

 

 

𝑞𝑞𝑞𝑞𝑒𝑒𝑒𝑒 = 𝐾𝐾𝐾𝐾𝐹𝐹𝐹𝐹𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒
1/𝑛𝑛𝑛𝑛 

(1)

where: qe (mg/g) is the quantity of Ni(II) ions 
biosorbed at equilibrium state;    
Ci (mg/L) is the initial concentration of 
Ni(II) ions;      
Ce (mg/L) is the equilibrium concentration 
of Ni(II) ions;      
W (g) is the quantity of CAAVLP;   
V (L) is the volume of Ni(II) ions solution.

RESULTS AND DISCUSSION 

Characterisation of biosorbent 

Figure 1(a, b) depicts Aloe vera before and 
after treatment with citric acid. It can be seen 
that AVLP (before citric acid treatment) is darker 
than CAAVLP (after treatment with citric acid). 
The FTIR spectra of AVLP, CAAVLP, and Ni-
overloaded CAAVLP were measured in the 4000 
to 600 cm-1 wavenumber range and are depicted 
in Figure 2 and Table 1. The FTIR spectrum of 
AVLP showed numerous distinct groups to a cer-
tain extent of 3500 cm-1 to 3200 cm-1 indicating 
the existence of stretching O-H groups. The bio-
sorption peaks in 2917 to 2851 cm-1 as a result of 
vibration stretching of C-H groups. The biosorp-
tion peak at 1731 cm-1 represents –C=O stretching 
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carbonyl groups. Functional groups around 1600 
cm-1 are indicative of carboxylic acid groups. The 
biosorption peak at 1418 cm-1 signifies aromatic 
ring C-H bending. The strong peak at 1020 cm-1 
indicates -C-O-C- while the biosorption peak at 
768 cm-1 aromatic ring C-H bending (getting of 

the plane) [Gupta et al., 2019, Ezeonuegbu et al., 
2021]. The same characteristic bands were found 
in the CCAVLP spectrum. Thus, hydroxyl, car-
boxylic, aldehydes, phenol, ketones, ester, and 
aromatic rings are all present in both AVLP and 
CAAVLP (i.e. derived from polysaccharides such 

Table 1. FTIR Characteristics of CAAVLP before and after Ni(II) ions uptake
Wavenumber range (cm-1) Before uptake After uptake Difference in shift Assignment

3500–2500 3333 3334 +1 -OH. -NH and COOH groups

2950–2800 2920 2919 -1 -C-H stretching

1740–1680 1731 1730 -1 -C=O carbonyl group

1670–1500 1623 1620 -3 -COO- carboxylic and C=C 
aromatic groups

1150–1020 1012 1019 +7 -C-O-C stretching bond

Figure 1. Aloe vera leaf powder (a) AVL powder (before treatment with citric 
acid) and (b) CAAVLP powder (after treatment with citric acid)

Figure 2. FTIR spectra of the AVLP and CAAVLP (before and after Ni(II) ions biosorption)
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as glucans, lignin, anthraquinones and uric acid) 
[Gupta et al., 2019, Ezeonuegbu et al., 2021]. 
After loading the CAAVLP with Ni(II) ions, the 
biosorbent’s peak intensities either increased or 
shifted slightly as shown in Table 1. These ob-
servations highlighted that carboxyl, hydroxyl, 
and aromatic groups were all involved in Ni(II) 
biosorption, which could occur via ionic attrac-
tion and weak electrostatic attraction in addition 
to complexation interactions [Gupta et al., 2019, 
Ezeonuegbu et al., 2021].

Figure 3a and 3b shows SEM and EDX im-
ages of CAALVP and Ni(II)-exhausted CAALVP, 
respectively. Because of the presence of longitu-
dinal tissue, the CAAVLP biosorbent has a porous 
and irregular surface, as shown in Fig. 3A1. It also 
has essential elements such as Ca2+, C, O, and Au 
on its surface, as shown in Figs. 3 (A2, A3). After 
CAAVLP was loaded with Ni(II) ions, the bio-
matrix sorbent’s surface’s layers shrank and new 
shiny bulky layers appeared (Fig. 3B1), which 
were not present in the raw CAAVLP biosorbent 

Figure 3. SEM images (1000x magnification) and EDX images of CAAVLP 
(A 1-3) and Ni(II)-loaded CCAVLP (B 1-3), respectively
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Figure 4. pHPZC plot of CAAVLP (CAAVLP weight – 0.5 g, working 
volume – 50 mL, [NaCl] – 0.01 M, contact time – 24 h)

Figure 5. Effect of pH on Ni(II) biosorption (CAAVLP weight – 0.02 g, pH – 2–6, 
working volume – 50 mL, [Ni2+] – 20 mg/L, contact time – 120 min)

Figure 6. Effect of CAAVLP dosage on Ni(II) biosorption (CAAVLP weight – 0.02–0.1 g,  
pH 6, working volume – 50 mL, [Ni2+] – 20 mg/L, contact time – 120 min)

(Fig. 3A1). This morphological shift can be at-
tributed to the robust cross-linking of Ni(II) ions. 
The SEM-EDX images, as presented in Figure 
3 (B2 and B3), also confirmed the presence of 
Ni(II) on CAAVLP. The pHslurry of the CAAVLP 
biosorbent was 4.56. The carboxylic acid groups 

were responsible for the acidic nature of CAAV-
LP, as established by the FTIR spectrum. Figure 4 
depicts the pHPZC plot with a value of 4.0. At pH 
greater than pHPZC, the biosorption of Ni(II) ions 
would be aided by the increased negative charge 
on the CCAVLP surface.
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EFFECT OF OPERATIONAL PARAMETERS

Effect of pH

The pH is the most influential parameter on 
metal ion solubility, counter ion concentration 
on biosorbent functional groups, and adsorbate 
ionization during a chemical reaction. Figure 
5 depicts the effect of pH solution on the bio-
sorption of Ni(II) ions onto CAAVLP. Ni(II) 
biosorption increases with increasing solution 
pH, with maximum removal occurring at pH6. 
Nickel uptake was inhibited at low pH levels, 
possibly owing to biosorption site competition 
between hydrogen and nickel ions [Beidokhti et 
al., 2019].

Effect of biosorbent dosage

Figure 6 depicts the influence of biosorbent 
dose on the CAAVLP-mediated biosorption of 
Ni(II) ions. It can be seen that once the CAAV-
LP amount was arrised up from 0.02 g to 0.1 g, 
the biosorption efficiency improved gradually 
from 53.60% to 81.48%. It could be ascribed 
to the presence of extra biosorption sites on the 
bio-surface [Ezeonuegbu et al., 2021]. With in-
creasing CAAVLP dosage, the amount of Ni(II) 
ions biosorbed by the CAAVLP decreased. It 
could be attributed to biosorption site overlap-
ping or aggregation at increased biosorbent 
dosages, the exposed surface area for adsor-
bate biosorption decreased [Ezeonuegbu et al., 
2021]. Thus, the following kinetics and iso-
therm experiments were conducted using 0.02 g  
of CAAVLP.

Biosorption kinetic studies

Figure 7 depicts the time-dependent changes 
in the quantity of Ni(II) ions biosorbed on CAAV-
LP at different initial concentrations of Ni(II) 
ions, namely 5, 10, and 20 mg/L. Early on in the 
biosorption process (between 0 and 5 minutes), a 
substantial change in the quantity of Ni(II) ions 
biosorbed was noticed, indicating that the biosor-
bent had a high availability of free binding sites. 
Following that, the slow biosorption process 
was observed between 5 and 20 minutes due to 
the intense competition between Ni(II) ions re-
garding the rest of the biosorption sites that are 
functional. Finally, the steadiness biosorption 
progression was completed in 20 to 120 minutes, 
there was just slight shift in the total quantity of 
Ni(II) ions biosorbed after the biosorption sites 
became fully saturated. Similar outcomes were 
observed when Ni(II) was biosorbed using pis-
tachio hull waste [Beidokhti et al., 2019], Lyco-
persicum esculentum (tomato) [Yuvaraja Gutha 
et al., 2014] and Moringa oleifera bark [Reddy 
et al., 2011]. In addition, the quantity of Ni(II) 
ions biosorbed increased with the increase of the 
initial Ni(II) ions concentration. This may be due 
to the fact that higher Ni(II) ion concentrations 
have a stronger driving force, allowing them to 
overcome the biosorbent-liquid mass transfer re-
sistance [Hanafiah et al., 2022].

To investigate further the biosorption rate 
of Ni(II) ions, the biosorption data in Figure 7 
were analysed using non-linear kinetics models. 
Pseudo-first order (PFO) [Lagergren, 1898] and 
pseudo-second-order (PSO) [Ho and McKay, 
1999] in nonlinear systems were given by Eqs. 

Figure 7. Effect of contact time using three different initial concentrations on Ni(II) biosorption on CCAVLP
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2 and 3, respectively. The determiner coefficient 
(R2) and the chi-square test (χ2), Eq. 4, were ap-
plied to ascertain which model was most effec-
tively fitted to the experimental data [Ezeonueg-
bu et al., 2021].

𝑞𝑞𝑞𝑞𝑒𝑒𝑒𝑒 =
(𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖− 𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒)  × 𝑉𝑉𝑉𝑉

𝑊𝑊𝑊𝑊
 

 

𝑞𝑞𝑞𝑞𝑡𝑡𝑡𝑡 = 𝑞𝑞𝑞𝑞𝑒𝑒𝑒𝑒(1 − 𝑒𝑒𝑒𝑒𝑘𝑘𝑘𝑘1𝑡𝑡𝑡𝑡) 

 

𝑞𝑞𝑞𝑞𝑡𝑡𝑡𝑡 =
𝑞𝑞𝑞𝑞𝑒𝑒𝑒𝑒2𝑘𝑘𝑘𝑘2𝑡𝑡𝑡𝑡

(1 + 𝑘𝑘𝑘𝑘2𝑞𝑞𝑞𝑞𝑒𝑒𝑒𝑒𝑡𝑡𝑡𝑡)
 

 

𝜒𝜒𝜒𝜒2 = ∑
(𝑞𝑞𝑞𝑞𝑒𝑒𝑒𝑒

𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 − 𝑞𝑞𝑞𝑞𝑒𝑒𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐)2

𝑞𝑞𝑞𝑞𝑒𝑒𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
 

 

𝑞𝑞𝑞𝑞𝑒𝑒𝑒𝑒 =
𝑄𝑄𝑄𝑄𝑚𝑚𝑚𝑚𝑐𝑐𝑐𝑐𝑒𝑒𝑒𝑒𝐾𝐾𝐾𝐾𝐿𝐿𝐿𝐿𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒
1 + 𝐾𝐾𝐾𝐾𝐿𝐿𝐿𝐿𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒

 

 

𝑞𝑞𝑞𝑞𝑒𝑒𝑒𝑒 = 𝐾𝐾𝐾𝐾𝐹𝐹𝐹𝐹𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒
1/𝑛𝑛𝑛𝑛 
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where: qe and qt (mg/g) refer to the quantity of 
Ni(II) ions at steadiness state at time, t, 
respectively.      
The k1 and k2 characterise the total rate 
constants of PFO (1/min) and PSO 
(g.mg/min) models.     
The qe

exp
 and qe

cal (mg/g) symbolise the 
quantity of Ni(II) ions biosorbed at stead-
iness state dogged as of the experimen-
tal and calculated one from the model,  
respectively. 

The kinetic constants calculated using the 
nonlinear models are shown in Table 2, as well as 
the regression correlation coefficient (R2) and chi-
square (χ2) values. As can be seen, the PSO mod-
el fit the experimental data well. The calculated 
values of qe for the PFO model did not match 
the experimental values, while R2 was lower and 
higher χ2 than for the PSO model. This demon-
strated that the PFO model was ineffective in 
explaining the kinetics of the biosorption pro-
cess. Researchers who used the same methodol-
ogy reached the same conclusions [Reddy et al., 
2011, Ezeonuegbu et al., 2021].

Biosorption isotherm studies 

In this study, the experimental data were 
modeled using two isotherms, namely [Langmuir, 
1918] through Eq. 5 and [Freundlich, 1926] by 
Eq. 6 isotherms.
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where: Qmax (mg/g) is the theoretical biosorption 
capability;      
KL (L/mg) is the Langmuir isotherm para-
meter which is proportional to the strength 
of the interaction between the biosorbent 
and the adsorbate;     
KF and n are the Freundlich parameters 
concerning the biosorption capability and 
intensity, respectively. 

Table 3 displays the Langmuir and Freundlich 
parameters derived for each model using nonlinear 
regression. Figure 8 demonstrates that the Freun-
dlich model is a well fit for the investigational 

Table 2. Pseudo-first-order and pseudo-second-order kinetics parameters calculated for Ni(II) ions biosorption on 
CAAVLP biosorbent

Ni(II) (mg/L) 5 10 20

Pseudo-first-order

qe, exp (mg/g) 10.66 21.27 30.40

qe 10.17 19.58 28.99

k1 0.24 0.44 0.24

R2 0.82 0.29 0.69

χ2 0.15 0.41 0.84

Pseudo-second-order

qe, exp (mg/g) 10.66 21.27 30.40

qe 10.73 20.24 30.48

k2 0.04 0.05 0.02

R2 0.98 0.62 0.87

χ2 0.02 0.22 0.34

Table 3. Isotherm parameters of Ni(II) ions biosorption 
deduced from the nonlinear Langmuir and Freundlich 
models

Isotherm model Parameter Value

Langmuir

Qmax, (mg/g) 48.65

KL, (L/mg) 0.10

R2 0.94

χ2 6.55

Freundlich

KF, (L/mg) 8.79

n 0.43

R2 0.99

χ2 0.45
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data of Ni(II) ion biosorption on CAAVLP than 
the Langmuir model. Additionally higher R2 and 
lower χ2 values confirm that Freundlich model ac-
curately represents the experimental data as shown 
in Table 3. The CAAVLP bio-surface sorbent’s ac-
tive sites are not uniformly distributed, suggesting 
instead the formation of multilayers with varying 
activation energies that extend from the surface 
into the pores. Similar findings were reported for a 
biosorption process that is very similar to it [Ezeo-
nuegbu et al., 2021]. The Langmuir model’s Qmax 
is closer to the qexp value, and the value of n was 
less than 1, showing that the biosorption of Ni(II) 
ions was satisfactory. The Langmuir model was 
used to figure out that the biosorption capacity of 
CAAVLP was 48.65 mg/g, which was higher than 
other studies that used Aloe vera as a biosorbent 
for Ni(II) biosorption, as depicted in Table 4. As a 
biosorbent, CAAVLP shows promise for cleaning 
up wastewater with Ni(II) ions.

CONCLUSIONS

The citric acid-treated Aloe vera biomass 
(CAAVLP) had effectively reduced Ni(II) ion 

concentrations in aqueous solutions. The investi-
gation confirmed that the addition of 0.10 M citric 
acid to Aloe vera leaf powder increased its biosorp-
tion capacity for Ni(II) ions relative to other previ-
ously reported modifications. Groups of hydroxyl, 
amino, aromatics, ether and carboxyl were possibly 
involved in the Ni(II) ions binding route, as revealed 
by the FTIR spectra. The batch research parameters, 
including pH solution, CAAVLP dosage, initial 
Ni(II) concentration, and biosorption time, had a 
substantial influence on the Ni(II) ions biosorption 
process. The biosorption process was found to be 
directed by the PSO kinetic model and the Freun-
dlich model. The maximum biosorption capacity for 
CAAVLP towards Ni(II) ions was 48.65 mg/g at pH 
6.0. The results indicate that CAAVLP is a promis-
ing biosorbent for Ni(II) ions removal. 
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