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Abstract
In this study, rice husk and jatropha shell were employed as precursors for the production of activated carbon by thermal and chemical
activation process using phosphoric acid (H3PO4). The thermally activated carbon derived rice husk (RH) and jatropha shell (JS) and
phosphoric acid activated derived rice husk (RH-Ac) and jatropha shell (JS-Ac) were characterized using BET, XRD, FTIR, Raman
spectroscopy, SEM and XPS analysis. It showed that the cavities developed on the surfaces of RH-Ac and JS-Ac were be more high than
those RH and JS. The BET surface area of RH, JS, RH-Ac and JS-Ac were 694.3 m2/g, 723.1 m2/g, 1261.3 m2/g and 1327.7 m2/g,
respectively. The XPS analysis revealed that RH and JS exhibited the relative lower contents of carbonyl and phenol carbon than RH-Ac
and JC-Ac. The as-prepared RH-Ac and JC-Ac were employed for the adsorption of Cu2+ and Fe2+ due to it better physicochemical
properties. The most important in�uencing factors the adsorption of these metal ions such as pH, contact time, initial concentration
were systematically studied. Experimental results were well analyzed by Langmuir model with the maximum adsorption ability of Cu2+

(22.773 mg/g), Fe2+ (25.431 mg/g) onto RH-Ac and Cu2+ (32.458 mg/g) and Fe2+ (56.179 mg/g) onto JS-Ac, which showed to be high
in comparison to the similar activated carbon available obtained by other researchers. The pseudo 2nd order model showed that
adsorption kinetic of Fe2+ and Cu2+ ions onto the JS-AC and RH-Ac has domination towards chemisorption. Moreover, thermodynamic
parameters suggested that RS-Ac and JS-Ac for Cu (II) and Fe (II) adsorption phenomenon was endothermic and spontaneous. The high
availability, facile production along with high performance of RH-Ac and JS-Ac make it an economically adsorbent for Fe (II) and Cu (II)
adsorption.

1. Introduction
As a result of quick industrialization and urbanization, water contamination is one of the most serious menaces humanity face. Water
contamination concerns all populations, living species, and the ecosystem that living in the waters. Among the diverse aqueous
pollutants, heavy metals are regarded to be one of the most dangerous contaminant due to the di�culty of their removal from water
system (not biodegradable nature and mobility)(Campos et al. 2020; Das and Mishra 2020; Meseldžija et al. 2020). Heavy metals are
extensively employed in many domains industry, such as metal plating, leather, petrochemical, paper and pulp, agriculture activities,
municipal wastewater and other environmental and global changes.

The aim of environmental research has extensively been focused on municipal or industrial wastewater due to the potential impact to
humanity. Industrial and municipal wastewater contains different toxic heavy metals namely chromium, mercury, silver, lead, copper,
cadmium, zinc, iron, arsenic, and the platinum group elements (Das and Mishra 2020; Kaya et al. 2020; Vunain, Kenneth, and Biswick
2017). Pouring these components into the surroundings provokes water and soil contamination. Among the above-mentioned metals,
copper and iron are the most earth plentiful, making up about 0.006% and 5.63% of the earth’s crust, respectively (Das and Mishra
2020).

The both presence of iron and copper ions can be observed in the most abundant and widely used materials notably in the smelting
procedures, agro-chemicals, mining, electronic and electrical industries, tra�c, mechanical manufacturing industry, steel and iron
industry units, and architecture (Campos et al. 2020). Low concentration of iron and copper can be found in all natural water sources
(Khatri, Tyagi, and Rawtani 2017). Nevertheless, when consumable water is stagnated for a long moment in household pipes in copper
or iron, the concentration of these components may increase due to leaching of the pipes. it is well documented that copper ion levels in
consumable water frequently rise during distribution, particularly in systems with heavy carbonate water along being an alkaline pH or
an acidic pH (Vunain et al. 2017). Copper and iron are indispensable to human health but like other heavy metals ions, they can cause
negative effect at high level. The maximum allowable limit of Fe and Cu in consumable water are 0.3 mg/L and 2 mg/L, respectively
(Khatri et al. 2017; Wang et al. 2020). Increasing the level of these metals in the water raises a grave problem to mankind as they are
toxic and non-degradable. Indeed, permanent consumption of such water with high concentrations of iron may result in a condition
namely iron overload (Zheng et al. 2017). In addition, excessive of iron in drinking water intake may result in life issues such as heart
failure, hypothermia, diabetes, deterioration of hematopoiesis, cirrhosis, liver damage, etc (Kaveeshwar et al. 2018; Tumampos et al.
2021). It can be even associated to different operational issues namely color, odor, and staining of laundry, bad taste, making the water
unserviceable for aesthetic considerations (Das and Mishra 2020; Khatri et al. 2017). Regarding copper, it dangerousness may result to
harsh mucosal irritation, capillary damage, renal damage, central nervous issues, gastrointestinal problems, depression, liver and kidney
damage (Fotsing et al. 2020; Vunain et al. 2017; Wang et al. 2020). Consequently, all of these trepidations necessitated urgent attention,
which has incited researchers to attenuate the concentration of Fe and Cu contamination. Several remediation methods namely
ultra�ltration (Aloulou et al. 2020), electrocoagulation (Kim, Kim, and Zoh 2020), coagulation �occulation (Sun et al. 2020), advanced
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oxidation (Liang et al. 2020), and membrane separation (Chen et al. 2020) are used for heavy metal removal. However, these
technologies have some drawbacks such as low e�ciency, production of secondary sludge, high cost operating cost, and sensitive
operating conditions (Kaya et al. 2020; Vunain et al. 2017).

Recently, the utilization of carbonaceous based materials as adsorbents for heavy metals treatment from wastewater has grown an
advantageous �eld for scienti�c studies (Liu et al. 2018; Maguana et al. 2019; H. Wu, Li, and Liu 2018). Activated carbon is regarded as
an effective and eco-friendly adsorbent because it has distinctive structure, well-developed pore volume, large surface area, and
important number of active sites to adsorb heavy metal ions (Astuti et al. 2019; Ipeaiyeda, Choudhary, and Ahmed 2018; Peng et al.
2017). Commercial activated carbon is considered as one of the most used adsorbents for eradication of heavy metals from e�uent,
however it is sometimes limited due to higher cost (Daouda et al. 2019; Kaya et al. 2020). After all, the activated carbon is synthesized
from peat, coal, lignite, and wood which is very exhaustible and expensive and is regarded as an inconvenience (Zhang et al. 2017).

Therefore, this situation has guided many researchers to explore cheaper carbonaceous based materials for activated carbon
fabrication from cellulose, hemicelluloses and lignin biomass (Jagadeesh et al. 2017; Kalagatur et al. 2017; Li, Zhang, and Liu 2018).
Indeed, disposal of agricultural wastes being greatly available such as walnut shell (L. Wu et al. 2018), palm kernel shell and coconut
shell (Ipeaiyeda et al. 2018), cotton cakes (Daouda et al. 2019), lemon peel (Meseldžija et al. 2020), pecan shell (Kaveeshwar et al.
2018), corn cob (Campos et al. 2020), xhanthoceras sorbifolia (Zhang et al. 2017), jatropha shell (Habaki et al. 2019) and, rice husk
(Roy, Das, and Sengupta 2017), etc. have been studied.

Whereas, in many countries, tons of rice husk and jatropha shell are emerging every year as waste over the world. Cameroon was ranked
�rst among the central African countries having rice industry and the Far-North Region of Cameroon has the highest rice production area
and account about 85% of the total production (Goufo 2008). Tons of rice husk are abounding more and more as waste over the
country. These waste by-products are utilized as fuel or directly poured in the environment involving it pollution. Thus, conversion of
agricultural wastes namely rice husk and jatropha shell for the generation of sustainable carbon based materials is greatly important in
order to reduce the pollution of environment. Additionally, it can boost the economy by the conversion of these natural resources
e�caciously into some highly value-added by-products. In this present work, the activated carbon was prepared from jatropha and rice
husk which was used to adsorb heavy metal ions, including iron and copper present in aqueous solutions.

Activated carbon can be synthetized, by physical or chemical activation, from several carbonaceous materials. The physical activation
achieved by high temperature range of 800°C to 1100°C, in inert atmosphere. In the contrast to physical activation, the chemical
activation required low temperature and higher product yield comprises one step that requires the impregnation of the raw
carbonaceous materials using activating agent such as ZnCl2, NH3, KOH, and H3PO4 (Ipeaiyeda et al. 2018; Li et al. 2018; Liu et al.
2018).

Activated carbon with high surface area and good adsorption capacity of metal ions can be fabricated by H3PO4 activation of several
lignocellulosic compounds. Nevertheless, little information is available about the attainment of the production of excellent adsorbents
from polyhydric alcohols (organic monomer) and H3PO4 as carbon precursor and activation agent, respectively. It is well documented
that alcohols can interact easily with phosphoric acid to form organic phosphates with low polymerization degree. These compound
can be decomposed easily at low temperature (about 473 K) (H. Wu et al. 2018). This process is producing a large number of oxidizing
agents, which can enhance the carbonization of polyhydric alcohols and raise the oxygen content of the produced carbonaceous based
materials (Liu et al. 2015). Therefore, this work is aimed: (1) to evaluate the feasibility of production of functional carbonaceous based
materials from jatropha and rice husk and polyhydric alcohols with phosphoric acid activation; (2) to characterize the as synthesized
carbon materials; (3) to study the e�ciency of the as prepared activated carbon to adsorb heavy metal ions, including iron (II) and
copper (II) present in aqueous solutions.

2. Experimental

2.1 Materials
Rice husk (RH) and Jatropha Curcas shell (JS) were selected as the precursors for the synthesis of activated carbon and were collected
in the district of Bourha, Mayo-Tsanaga division, Far-North region of Cameroon. CuCl2.2H2O (97%), FeSO4.7H2O (98%), Na2S2SO3 (98%),
H2SO4 (98%), I2 (99.5%), H3PO4 (85%) and CH3COONa.3H2O (99%) were obtained from Riedel-de-Haen. C5H12O5 (99%) was purchased
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from Fischer. In this study, all reagents were analytical grade and the solutions required for experiments were prepared using distilled
water.

2.2 Preparation of activated carbon
Activated carbon was synthetized according to the method reported by Wu and al. with some modi�cation (H. Wu et al. 2018). Brie�y,
the precursors were washed with distilled water several times and then dried under sunlight for 2 days. In the next step, the sample was
grinded followed by washing several times with distilled water and then oven dried at the temperature of 105°C for 24 hours. 50 g of
each precursor (rice husk or jatropha shell) was mixed with 5 g of xylitol. Then, the mixture was mixed with 57.7 mL of phosphoric acid
solution at an impregnation weight ratio of 1.5 (H3PO4: (xylitol + precursor)). The precursor materials were submitted to a carbonization
under a nitrogen atmosphere up to temperature of 350°C for 2 hours. The carbonisation temperature of 350°C was reported as the
optimized fabrication of activated carbon. The carbonized samples were cooled to room temperature and washed several times with
distilled water until the pH of the supernatant reached a steady value (6–7) and then dried at 120°C for 24h. The activated carbon
product was referred as to RH-Ac and JS-Ac for rice husk activated carbon and jatropha shell activated carbon, respectively. Other
samples were synthetized by fallowing same procedure but without phosphoric acid (RH and JS). The resulted RH-Ac and JS-Ac
materials were characterized and used for Cu 2+ and Fe 2+ adsorption studies.

2.3 Synthetic pollutant solutions
Copper and iron are positively charged heavy metals whose densities exceed 5 g/mL. The stock solutions of Cu2+ and Fe2+, 1000 mg/L
each, were prepared from copper (II) chloride salt dihydrate CuCl2.2H2O and iron (II) sulfate salt heptahydrate FeSO4.7H2O and the
secondary solutions were prepared from these.

2.4 Physicochemical characterization
A powder X-ray diffraction (XRD) measurement has been utilized to assess the phase purity and lattice space of the samples using
Bruker D8 Advance X-ray Diffractometer in the 2θ range from 10 to 70°. Fourier Transform infrared (FT-IR), Bruker spectrometer (Model
no TENSOR 27) has been used to determine the functional groups located in RH, JS, RH-Ac and JS-Ac. Mixture of potassium bromide
(KBr) and sample have been used to make the pellet and the analysis were performed in the range from 400 to 4000 cm− 1. Laser Raman
microscope (633 nm wavelength) has been used to determine the disorder/defects band in the samples using LabRam HR, Horiba. The
spectra were recorded in the range from 1000 to 3000 cm− 1. Scanning electron microscopy (SEM) analysis has been used to determine
the morphology and structure of the RH, JS, RH-Ac and JS-Ac using Tescan Vaga 3 microscope (accelerating voltage of 0.3–30 kV). The
elemental composition of RH, JS, RH-Ac and JS-Ac was analyzed by X-ray photoelectron spectroscopy (XPS) using Escalab 250Xi
model.

2.5 Adsorption study
Batch mode adsorption experiments of Cu2+ and Fe2+ on RH-Ac or JS-Ac were conducted. The study was assessed by mixing
adsorbents (0.1 g of RH-Ac or JS-Ac) with Cu2+ or Fe2+ solutions (100 mL) of desired concentration and sealed followed by agitation for
120 minutes at room temperature. Afterward, suspended solid was �ltered and the �ltrate was analyzed using UV-visible
spectrophotometer (CORNING) at wavelength of 600 or 510 nm for Cu2+ or Fe2+ solution, respectively. In this study, the suitable pH of
the solution was adjusted with HCl (0.1 mol L− 1) or KOH (0.1 mol L− 1). The adsorption isotherms were studied as the initial
concentration of Cu2+ and Fe2+ started from 0 to 150 mg.L− 1. Some others factors effecting adsorption including contact time (15–135
min), adsorbent dosage (0.1–0.6 g) and pH (2 − 9), were studied. The amount of pollutant (Cu2+ and Fe2+) adsorbed per gram of
adsorbent (RH-Ac or JS-Ac) at equilibrium, qe is calculated as follow (Maguana et al. 2019):

qe =
Co −Ce

m V (1)

Where Co(mg L− 1) refers to the initial concentration of Cu2+ or Fe2+, Ce represent the concentration of Cu2+ or Fe2+ in the solution at

equilibrium (mg. L− 1), V represent the volume of Cu2+ or Fe2+ solution (L) and m (g) refers to the mass of adsorbent .

3. Result And Discussion

3.1. Adsorbents characterization
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Table 1

Speci�c area and iodine indices values.
Adsorbents Speci�c Area (m2.g− 1) Iodine indice (mg.g− 1)

RH 694.3 800.100

JS 723.1 838.200

RH-Ac 1261.3 900.3

JS-Ac 1327.7 1008.45

The speci�c surface areas of RH, JS, RH-Ac and JS-Ac are 694.3 m2/g, 723.1 m2/g 1261.3 m2/g and 1327.7 m2/g respectively (Table 1).
It revealed that the chemically activated carbon developed high surface areas compared to the thermally activated carbon. The iodine
indexes values, situated between 500 mg/g and 1000 mg/g, go up the presence of micro and mesopores on the area of our adsorbents.
The development of this heterogeneous porosity would be due to the nature of our precursors and the method of synthesis of
adsorbents.

Figure 1a shows typical XRD pattern of RH, JS, RH-Ac and JS-Ac synthesized with different technique. In the diffraction pattern of the
four samples, the broad peak at 2θ = 24° ascribe to the (002) re�ection of parallel stacking of the graphene sheets in the graphite
structures and the calculating interlayer spacing is d = 3.6 Å (H. Wu et al. 2018). In addition, XRD patterns of carbonaceous materials
indicate the presence of the weak peak near at 44° assigned to the (100) plane re�ection indicating the presence of honeycomb
structures formed by sp2-hybrided carbons. In addition, the XRD patterns with any evident peaks ascribed that all samples showed the
typical characteristics of amorphous carbonaceous material.

FTIR spectra of RH, JS, RH-Ac and JS-Ac are presented in Fig. 1b. In the spectra of the thermally activated carbon samples (RH, JS) was
observed a band around 3340 cm− 1 attributing to the bonded –OH of phenols and alcohols groups or adsorbed water, while bands at
2924 cm− 1 and 2855 cm− 1 can be attributed to C-H stretching of aliphatic carbon (Kristianto et al. 2017). The peaks at 1740 cm− 1and
1630 cm− 1 could be ascribed to stretching vibration of bond C = O of carbonyl groups or ketone, and the peaks at 1245 cm− 1 and 1038
cm− 1 to bond C-H of heterocyclic rings (Abdessemed et al. 2019; Campos et al. 2020). After H3PO4 activation, the spectrum of RH-Ac

and JS-Ac revealed the broad band at 3450–3700 cm− 1. This can be attributed to the presence of more of –OH group or adsorbed water
as compared to the thermally activated carbon (Astuti et al. 2019). The peak at 2929 cm− 1 can be ascribed to C-H stretching of aliphatic
carbon. The bands near at 1638, 1563, 1417 cm− 1 can be attributed to C = O stretching vibration mode of ketone, carboxyl or lactonic
(Chen et al. 2015; Roy et al. 2017). The peaks around 1083 cm− 1 could be referred to the ring vibration in a large aromatic structure
present in carbon material, namely the activated carbon. In addition, for chemically activated carbon the number of carboxyl groups is
greater than the lactonic and phenolic groups. It’s well documented that when carboxyl groups are highly available on the surface of
carbonaceous material, in comparison to the other functional groups, the adsorption process can be improved, particularly in acidic pH
solution, which favours the protonation of these functional groups as mentioned by Campos et al. (Campos et al. 2020). Similarly, Chen
et al. observed an increase in the content of carboxyl groups (C = O and C-O) after treatment of activated carbon with H3PO4 which are
bene�cial (Chen et al. 2015).

In the Raman spectroscopy of carbonaceous based material, the main characteristic are the D and G bands as shown in Fig. 1c. The D
band ascribed to the disorder-induced in carbonaceous based material appearing around 1340 cm− 1; while the G band is usually
assigned to the in-plan vibrational mode appearing at 1580 cm− 1(Domga et al. 2020). As expected, all the samples possessed two
bands at 1345 and 1585 cm− 1 corresponding to D and G band respectively. It is also well documented that the integral intensity ratio of
D and G band noted ID/IG is used for estimating the degree of defects and imperfect structures in carbonaceous based materials (Roh
2008). Generally, the addition of functional groups into the surface of activated carbon is expressed by the formation of defect inducing
to an augmentation of the intensity of D band which increase the ID/IG (Domga et al. 2021). Here, the integral intensity ratio (ID/IG) of RH
and JS are 0.84 and 0.82 respectively indicating the presence of functional groups interacting with carbon and generating disorder in
carbonaceous material. After H3PO4 activation, the ID/IG ratio of RH-Ac and JS-Ac are 0.98 and 1.01 respectively which are relatively
larger than that of RH and JS. The enhanced value of ID/IG ratio of chemical activated carbon materials in comparison to thermally
activated carbon is due to the H3PO4 activation process indicating the low graphitization or some damage of the carbonaceous
structure and inducing an increase in the intensity of D band.
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The surface morphology of RH (Fgure 2a) and JS (Fgure 2b) are smooth with the size around 2–3 µm. Interestingly, the SEM
micrograph of RH-As (Fgure 2c) and JS-Ac (Fgure 2d) delivered porous structural system and well developed pore morphology which is
in a good agreement with the surface area as shown in Table 1. As we can observe, RH-As and JS-Ac surface morphology show much
more macropores and mesopores than RH and JS. These pores structures will allow the activated carbon to have high metals ions
adsorption capacity. Additionally, SEM micrograph of RH-As and JS-Ac displays a layer on their surface which may be due to the
functionalization of the carbon material with H3PO4. In comparison, it observes that the cavities on the surfaces of chemical activated
carbon synthesized from rice husk observed to be more than those synthesized from jatropha shell.

EDX analysis was done for thermal and chemical characterization of the prepared samples and the results are summarized in the table
S1. As a result, the surface of the samples was dominated by carbon and oxygen element, as can be seen in the �gure S1. Presence of
one new element phosphorous in RH-Ac and JS-Ac con�rms the successful phosphoric acid functionalization of carbonaceous
materials.

XPS was used to determine the functional states and binding energy pro�le of the compound existing on the surface of activated
carbon as shown in Figure S2. Herein, the survey of RH and JS doesn’t show any P 2p in its survey spectrum just carbon (around 285
eV) and oxygen (around 534 eV) are present. Whereas, the relative atomic percentages of C 1s, O 1s and P 2p were identi�ed on the
surface of both activated carbon (RH-Ac and JS-Ac). The high presence of C 1s at 283.08 eV and O 1s at 537.26 eV agree to the
preparation of activated carbon (Peng et al. 2017). Figure 3 indicated the presence of several functional groups of carbon, oxygen and
phosphorus found by the deconvolution of the XPS spectrum. The C 1s state of RH-Ac shown of 4 different elements (Fig. 3a). The
peaks observed at the binding energy around 284 and 285 eV could be assigned to components containing C = C-C and C-C/C-P and the
peaks observed around 287 and 289 eV could be attributed to C-O/C = O and O-C = O component respectively (Mohammed, Chen, and
Zhu 2019). The C 1s peaks of JC-Ac also showed the same trends as that of C1s peaks of RH-Ac (Fig. 3d). Interestingly, after H3PO4

activation the C-O peak on chemically activated carbon shifted to the left, demonstrating that part of graphite C, C-C and C-H were
transformed into C-O during the process activation, which was in agreement with the FTIR results. The deconvolution of the O 1s
(Fig. 3b) spectra of RH-Ac could be �tted into 3 peaks, at 531.7, 532.9, and 533.7 eV, which are corresponding to C = O (oxygen double
bond in carboxylic groups) and P = O (non-bridging oxygen in the phosphate group), singly bonded oxygen in C-O-P and C-O groups, and
–O-H, respectively (Peng et al. 2017). This supported that phosphoric acid could interact with phenol and carbonyl groups of activated
carbon. For JS-Ac (Fig. 3e), the O 1s peaks, revealed the same trends as that of RH-Ac with three peaks referred to C = O, P = O and C-O-P,
C-O and –O-H groups, equivalent to the binding energies revealed at 531.32, 532.77, and 533.84 eV, respectively (Chen et al. 2015).
However, RH-Ac exhibited the relative lower contents of carbonyl and phenol carbon than JC-Ac. Figure 3c, f shows the deconvoluted
spectra of P 2p in RH-Ac and JC-Ac, respectively. The deconvoluted spectrum showed the presence of two peaks appearing at binding
energies around 133 and 134 eV, referred to C–P and C–O–P groups, respectively (Liu et al. 2018). It has been reported that, the
interaction of phosphoric acid with the phenolic and carbonyl groups may be the reason for the formation of C–P and C–O–P at the
surface of carbonaceous materials. In addition, the formation P-containing species would augment the surface area and pore volume of
activated carbon (Peng et al. 2017). These studies further demonstrated that the formation of carbonaceous-P-containing species was
essential, which in�uenced the surface structure and pore of activated carbon.

4.2. Effect of contact time
It is well documented that contact time is a major parameter because it de�nes the equilibrium period during the process of adsorption.
It is well known that, the characteristics of adsorbent and its free adsorption sites in�uence the time required to attain equilibrium. In this
work, the adsorption of metal ions was experienced as a function of time in the interval of 15–135 min and the results are presented in
Fig. 4. It is observed that adsorption of metal ions takes place at a very rapid rate and followed by a slower adsorption rate. The
adsorption Cu2+ increased with increase in reaction time for both JS-AC and RH-Ac. The results denote that highest quantities of Cu2+

were adsorbed by JS-Ac and RH-Ac in the �rst 75 min. This observed trend can be justi�ed by the fact that at the start of the adsorption,
the whole adsorption sites on the area of the JS-Ac and RH-Ac were available and thus the gradient of concentration of solute was
slightly important. For the adsorption of Fe2+, the results of the studies, revealed the same trends as that of Cu2+ adsorption where the
equilibrium was reached between 90–135 min by using both JS-Ac and RH-Ac. Experimental results showed that Cu2+ was adsorbed
faster when using JS-Ac as adsorbent while Fe2+ was adsorbed faster when using RH-Ac as adsorbent. Vunain et al. noticed that the
adsorption of Cu2+ ions with a minimum contact time of 75 min for Malawian baobab fruit shells activated carbon (Vunain et al. 2017).
From the adsorption trend followed by RH-Ac during Cu2+ adsorption process, it can be denote that in comparison with the Fe2+ it took
more time to attain its maxima making a �rst delayed step followed by a relative rapid step. The �rst rapid step observed for Fe (II) and
Cu (II) might be due to surface adsorptive and physical phenomenon owing to the whole adsorption sites on the surface of the JS-Ac
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and RH-Ac were available. This surface sorption of the metal ions onto activated carbon surface might have covered up the pores thus
retarding the adsorption rate. Based on the experimental results, 90 min was chosen as the equilibrium time for the next studies.

4.3. Effect of adsorbent dosage
Adsorbent dosage is another major factor which is used to determine the ability of the adsorbent. In order to assess the effect of the
adsorbent dosage on adsorption of Cu2+ and Fe2+, the study was realized within the adsorbent mass of 0.1–0.6 g of activated carbon
and keeping constant the others working parameters and results are reported in Fig. 5. It can be observed from this �gure that the metal
ions adsorption decreases with increase in adsorbent dosage from 0.1 to 0.5 g and remained unchanged upon additional decrease of
the activated carbon dose. At a higher dosage of JS-Ac and RH-Ac, the adsorbing species available is limited for the relatively larger
number of surface area or surface sites on the adsorbent. JS-Ac was found to be more e�cient adsorbent for Cu (II) adsorption in
comparison with RH-Ac. The results indicate that at higher adsorbent dosage, there would be a high availability of exchangeable sites. It
is reasonable to say that after an adsorbent dosage of 0.5 g, the adsorption capacity did not decrease signi�catively suggesting the
saturation of the adsorption sites. Similar remarks have been indicated by Meseldžija et al. (2020) for the uptake of iron onto green
lemon peel waste activated carbon (Meseldžija et al. 2020).

4.4. Effect of pH
It is well documented that the pH of solution is considered to be one of the major factor in the adsorption mechanism because the
behaviour of metals ions in solution and the textural propriety of the adsorbents are affected by it. It is well documented that at basic
pH, the metal ions in the aqueous solution interact with OH− ions and precipitate as metal hydroxide (Kaya et al. 2020). Therefore, the
in�uence of solution pH was analysed in the range of pH 2.0–7.0 and the results are shown in Fig. 6. It was seen that the adsorption of
Cu2+ and Fe2+ onto JS-Ac adsorbent increases from 10.46 to 27.13 mg/g and 5.80 to 24.12 mg/g respectively when the pH augment
from 2.0 to 5.3. The results show that the highest adsorption of Cu2+ ions (27.13 mg/g) and Fe2+ ions (24.12 mg/g) were attained at the
pH 5.3. By augmenting the pH of solution from 5.3 to 7.0, a decrease in adsorption ability was obtained. A similar tendency was
obtained by Kaya et al. (2020), where the uptake of Cu (II) onto hazelnut and walnut shells derived activated carbon was augmenting
with increase in pH from 2.5 to 5.0, and a decrease was obtained with pH higher than 5.0 (Kaya et al. 2020). In our study, the minimum
adsorption capacity of JS-Ac noticed at pH 2.0 is certainly due to the fact that a maximum mobility and concentration of hydronium
ions available in the solution advantaged the adsorption of hydronium ions compared to Cu (II) and Fe (II) ions. In other words, at lower
pH the adsorbent surface area is saturated by H+ ions thereby hindering the Cu2+ and Fe2+ ions from approaching the adsorption sites
of the adsorbent; while, as the pH augment, the surface becomes more negatively charged and free thus making easy copper and iron
adsorption. A similar trend was obtained for the adsorption of Cu2+ and Fe2+ onto RH-Ac adsorbent. Same decreased phenomenon of
pH values (but more than 6.0) in the adsorption ability of baobab fruit shells derived activated carbon is noticed (Vunain et al. 2017).
This phenomenon is due to generation of Cu (OH)+ and Cu(OH)2 where are adsorbed at the area of the adsorbent by hydrogen bonding
or by ion-exchange mechanism. Therefore, in this work all further adsorption experiences were performed at pH 5.3 where the maximum
adsorption was obtained.

4.6. Adsorption kinetics
The study of the kinetic of Cu2+ and Fe2+ adsorption onto JS-Ac and RH-Ac were performed to determine the in�uence in concentration
overtime to attain equilibrium in the area. It used to explain the mechanism participated in the adsorption of total iron and copper ions
from solution by adapting the experimental data obtained from various adsorptions time. To this aim, four kinetic models are used:
Lagergren’s pseudo-�rst order, pseudo second order, Elovich model and intra-particle diffusion model and their linear forms. These
models can be expressed through the following equations in which qt represents the quantity adsorbed per gram of the adsorbent.

The pseudo 1st order model

log (qe − qt) = log qe –
t

2.303k1, (2)

where K1 (min− 1) is the pseudo 1st order rate constant and t (min) is the contact period.

The pseudo 2nd order model

t
qt

=
1

k2q2
e

+
1
qe

t
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3,
where k2 (g.mg− 1.min− 1) is the pseudo 2nd order rate constant and the other terms have the same meaning as in the Eq. (2).

The Elovich model

qt =
1
β ln(αβ) +

1
β lnt, (4)

where α (mg.g− 1.min− 1) is an initial rate adsorption; β (mg.g− 1) is adsorption constant.

The Weber–Morris intraparticle diffusion model

qt = k3t1∕2 + C’, (5)

where k3 (mg.g− 1.min− 1/2) is the intraparticle diffusion rate constant and C’ is the intercept.

The linear forms of these four aforementioned models were then assumed by plotting in �gures a-d: ln (qe-qt) vs t, t/qt vs t, qtvs t0.5 and
qt vs ln t for pseudo 1st order, pseudo 2nd order, intraparticle diffusion and Elovich model, respectively. The kinetic constraint values, the

regression coe�cients (R2) and the root mean square errors on the linear regressions, for the four models found from the linear plots are
reported in Table 2. According to the attained kinetic model parameters mentioned in Table 2, and from analysing the experimental
equilibrium adsorption ability, the pseudo 2nd order model gives the highest linear correlation coe�cient in comparison to the pseudo
1st order model, the intraparticle diffusion model and the Elovich model, in all studied cases. Therefore, the pseudo 2nd order model is
the best model describing the kinetic of adsorption. The rate controlling the adsorption kinetic of Fe2+ and Cu2+ ions onto the JS-AC and
RH-Ac has a domination towards chemisorption implying the interaction between the valence forces of copper and iron ions and surface
of the adsorbent (Moussa, Ali, and Sheha 2021). Similar mechanism results was also reported by Kaveeshwar et al. (Kaveeshwar et al.
2018) and Jagadeesh et al. (Jagadeesh et al. 2017).

 
Table 2

Pseudo 1st order, pseudo 2nd order, Elovich and intraparticle diffusion (IP) kinetic parameters.
Modèles Pseudo-�rst order Pseudo-second order Elovich IP

Parameters K1

(min− 

1)

qe

(mg.g− 

1)

R2 K2

(mg.g− 

1.min− 

1)

qe

(mg.g− 

1)

R2 α β R2 C
(mg.g− 

1)

Kint

(mg.L.min− 

1)

R2

RH-
Ac

Cu2+ 0.189 15.863 0.958 2.201
10− 3

26.178 0.998 3.459 0.181 0.971 -0.644 3.273 0.953

Fe2+ 0.066 25.088 0.977 5.713
10− 4

59.880 0.984 5.167 0.097 0.852 -2.454 5.821 0.918

JS-
Ac

Cu2+ 0.155 17.513 0.974 4.396
10− 3

25.773 0.986 5.670 0.159 0.921 0.016 4.162 0.949

Fe2+ 0.150 15.253 0.961 3.544
10− 3

23.866 0.995 4.307 0.185 0.973 -0.224 3.457 0.971

4.7. Adsorption isotherm studies
In order to study the relationship between the adsorption process and nature of adsorption for an RH-Ac or JS-Ac and Cu (II) or Fe (II)
system since it help to understand the mechanism of adsorption, the adsorption isothermal studies were realized. Two adsorption
isothermal forms were analyzed: Freundlich and Langmuir. As per Freundlich isotherm, adsorption takes place at heterogeneous area of
adsorbent with non-speci�c uniform distribution of heat of adsorption upon the surface, while Langmuir model presumes homogenous
sites of adsorbent (Domga et al. 2015). The validity of the isotherm equation is then analyzed by comparing the correlation coe�cients
evaluated between the predicted results and the experimental ones (Chen et al. 2021). Freundlich and Langmuir isothermal forms are
expressed by equations (6) and (7) respectively.
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The Langmuir isotherm is (Chen et al. 2021):

Ce
qe

=
Ce

qmax
+

1
KL. qmax

6,
where Ce (mg.L− 1) is the concentration of metal ions (Cu2+ ion or Fe2+ ion) in the medium at equilibrium, qe (mg.g− 1) represent the

concentration of metallic ions (Cu2+or Fe2+ ion) on the adsorbent at equilibrium, qmax (mg.g− 1) refers to the adsorption ability of the

adsorbent and KL (L.mg− 1) represents the Langmuir adsorption constant. The Langmuir isotherm suggests then that the plot of Ce/qe as
a function of Ce is a straight line where 1/qmax is a slope and 1/qmax.KL is an intercept. The favorability of the adsorption mechanism
was also analyzed by doing the calculation of the equilibrium parameter (RL) represented by the Eq. (7):

RL =
1

1+KL .Co , (7) where C0 refers to the maximum initial concentration of metallic ions in the medium. The adsorption mechanism is

favorable when RL value falls between 0 and 1, that is to say (0 < RL <1), linear if RL = 1, irreversible if RL = 0 and unfavorable if RL > 1.

The Freundlich equation was also used for the adsorption of Cu2+ ion or Fe2+ on the RH-Ac and JS-Ac adsorbent.

The Freundlich isotherm is expressed by the fallowing equation (Kaewprachum, Wongsakulphasatch, and Kiatkittipong 2020):

logqe =
1
nlogCe + logKF,

8
where qe (mg.g− 1) refers to the quantity adsorbed at equilibrium, Ce is the equilibrium concentration of the Cu2+ ion or Fe2+ ion, KF

represents the Freundlich constant and n refers to the constant connected to the intensity of adsorption associated with the
heterogeneity factor. In this model, the plots of log qe vs log Ce should give a linear graph where the value of n is obtained from the slope
and KF obtained from intercept of the graph.

Table 3

Parameters for the Langmuir and Freundlich adsorption isotherms for the adsorption of Cu2+ and Fe2+

onto rice husk and jatropha shell derived activated carbon.
Adsorbents Ions Langmuir Model Freundlich Model

qmax (mg/g) KL (L/mg) RL R2 1/n KF (mg/g) R2

RH-Ac Cu2+ 22.773 7.710 10− 3 0.992 0.991 4.037 7 10− 8 0.934

Fe2+ 25.431 1.261 10− 2 0.073 0.981 3.672 2.952 10− 6 0.740

JS-Ac Cu2+ 32.458 7.782 10− 3 0.113 0.968 3.228 5.309 10− 6 0.892

Fe2+ 56.179 2.912 10− 3 0.255 0.978 1.404 4.259 10− 2 0.933

The results summarized in Table 3 show that the Langmuir model �ts better the mechanism of adsorption of metals ions than the
Freundlich model, as represented by the highest R2 value and the RL value situated between 0 and 1 (Jagadeesh et al. 2017; Kaveeshwar
et al. 2018). The results connote that the adsorption phenomenon is a monolayer of Cu (II) and Fe (II) on the surface of the RH-Ac and
JS-Ac, which is in good agreement with the functional groups being responsible for the ion adsorption found in the FTIR analysis
(Fig. 1). As a matter of facts, the results proved that Fe2+ or Cu2+ was chemically adsorbed to separate sites of the RH-Ac and JS-Ac,
where each site can only associate one ion, and ions cannot interact reciprocally as previously suggested by Chen, Y. and al (Chen et al.
2021). In addition, the maximum adsorption quantity by Langmuir model augmented gradually when the temperature increased. It
demonstrated that the adsorption mechanism was endothermic and the bonds established between RH-Ac or JS-Ac and Cu2+ or Fe2+

were reinforced at high temperature. It is well documented that, based on the material used, the qmax �uctuates due to the differences in
the method of activation; the chemical composition, and the adsorption mechanism (Kaveeshwar et al. 2018). As summarized in
Table 3, the qmax of Fe2+ and Cu2+ on JS-Ac and RH-Ac in this work were much higher and better than that of similar activated carbon
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studied for the same applications (Table S3). Thus, the high availability, facile production along with high performance of RH-Ac and JS-
Ac make them an economically adsorbent for Fe (II) and Cu (II) adsorption.

4.8. Adsorption thermodynamics
Thermodynamic parameters, like ∆H°, ∆G° and ∆S° are major to determine the spontaneity, feasibility and the nature of interactions
between metallic ions and the surface of activated carbon. The mathematical relations are:

ΔrG ∘ = − RTlnK c (9)

Kc =
qe
Ce

10

lnKc =
ΔrS ∘

R −
ΔrH ∘

RT

11
Where Kc refers to the equilibrium constant, qe (mg/g) is quantity adsorbed and Ce (mg/L) represents the concentration of solution at
equilibrium. R (8.314J /mol/K) is the ideal gas constant and T (K) refers to the temperature. The entropy change (∆S°) and the enthalpy
change (∆H°) parameters are determined from the intercept and slope of the plot of lnKc against 1/T, respectively. ∆G° was then
calculated using the Eq. (9). The experimental results were presented in Table 4.

 
Table 4

Thermodynamic parameters for the adsorption of Cu2+ and Fe2+ onto different activated
carbon

Adsorbent Ions T (K) ∆G° (kj.mol− 1) ∆H° (kj.mol− 1) ∆S° (kj.mol− 1.K− 1)

RH-Ac Cu2+ ion 303 -1.93 15.43 0.05

318 -2.79

333 -3.65

Fe2+ ion 303 -1.77 63.89 0.21

318 -5.02

333 -8.27

JS-Ac Cu2+ ion 303 -0.63 22.50 0.07

318 -1.83

333 -2.97

Fe2+ ion 303 -1.23 9.44 0.03

318 -1.76

333 -2.29

As shown in Table 4, the negative values of the standard Gibbs energy indicate that the adsorption Fe (II) and Cu (II) on RH-Ac and JS-Ac
is spontaneous physical type. Based on the positive values of the enthalpy (∆rH°) found for the uptake of Fe (II) and Cu (II) ions onto
both adsorbents denote that the adsorption phenomenon is endothermic in nature. In addition, the positive values of ∆rS° demonstrate
an increase of the disorder at the solution /adsorbent interface during the adsorption of metal ions on RH-Ac and JS-Ac.

5. Conclusion
In this study, agricultural waste namely rice husk and jatropha shell and xylitol were used to prepare thermally and chemically activated
carbon using phosphoric acid (H3PO4). The as-prepared activated carbons were characterized by different physicochemical techniques
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and utilized for iron (II) and copper (II) adsorption from aqueous medium. The speci�c surface area of rice husk (RH), jatropha shell (JS)
thermally prepared, rice husk (RH-Ac) and jatropha shell (JS-Ac) chemically prepared are 694.3 m2/g, 723.1 m2/g, 1261.3 m2/g and
1327.7 m2/g, respectively. The effects of various contact time, pH and adsorbent dosage on adsorption capacity were studied.
Experimental results were well analyzed by Langmuir model with the maximum adsorption ability of Cu2+ (22.773 mg/g), Fe2+ (25.431
mg/g) onto RH-Ac and Cu2+ (32.458 mg/g) and Fe2+ (56.179 mg/g) onto JS-Ac, which showed to be high in comparison to the similar
activated carbon available obtained by other researchers. The pseudo 2nd order model showed that adsorption kinetic of Fe2+ and Cu2+

ions onto the JS-AC and RH-Ac has domination towards chemisorption. The thermodynamic parameters suggested that RS-Ac and JS-
Ac for Cu (II) and Fe (II) adsorption phenomenon was endothermic and spontaneous. The high availability, facile production along with
high performance of the as prepared activated carbon makes it an economically adsorbent for Fe (II) and Cu (II) adsorption.
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Figures

Figure 1

(a) XRD, (b) FTIR and (c) Raman spectra of RH, JS, RH-Ac and JS-Ac
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Figure 2

SEM micrograph of (a) RH, (b) JS, (c) RH-Ac and (d) JS-Ac
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Figure 3

Deconvoluted spectrums of carbon, oxygen and phosphorus of (a-c) RH-Ac and (d-f) JS-Ac 

Figure 4

Effect of contact time on the adsorption of Cu2+ and Fe2+ onto jatropha shell and rice hush activated carbon.
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Figure 5

Effect of adsorbent dose of RH-Ac and JS-Ac on adsorption of Cu2+and Fe2+.

Figure 6

In�uence of pH ofCu2+ and Fe2+ ions adsorbedby RH-Ac and JS-Ac.
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