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INTRODUCTION 

Chlorine is an oxidizing chemical that 
mainly used during the disinfection process of 
drinking water in purification units. This attrib-
uted to the chlorine low cost and powerful ef-
fects comparing with other disinfections. After 
the addition of any chlorine form to the water 
during the chlorination process, chlorine is dis-
solved to hydrochloric acid (HCl), and hypo-
chlorous acid (HOCl) that is hydrolyzed to hy-
pochlorite (OCl) and hydrogen (H) ions. Both 
hypochlorite ions and hypochlorous acid are 
termed free residual chlorine (FC). The three 
forms of free chlorine are presented below 
Equations (1) and (2) (Kamel & Ismael, 2004): 

	 Cl2 + H2O = HOCl + H+ + Cl- Eq. 	 (1)

	 HOCl = H+ + OCl- Eq. 	 (2)

The presence of FC is necessary during water 
transferring in the pipes for keeping the disinfec-
tion process continuous, as the water may be con-
taminated again after leaving the treatment plant. 
However, at point of use, the removal of FC to the 
recommended concentration is essential (Sheikhi 
et al., 2014). This because drinking water con-
taining FC at a level of higher than 0.5 mg/L 
leads to inadmissible taste and scent, and conse-
quently a humanity concern. Also, water linked 
with high concentration of FC could increase the 
risk of cancer or cause kidney, heart, lung, and 
liver illness. Additionally, excess FC damage the 
polyamide layer during the reverse osmosis stage 
in desalination units. Thus, the reduction of FC 
after disinfection is necessary and considered 
an important research area, especially in case of 
applying active and cost-effective technologies 
(Ogata et al., 2013). Water de-chlorination has 
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been accomplished via applying various tech-
nologies like electrolysis, reverse osmosis, ion 
exchange, and adsorption. However, the recent 
attention highlights the applying of efficient and 
cost-effective technologies for treating chlorine-
containing water. 

Recently, adsorption technology is consid-
ered the main focus of many researchers due to its 
low cost, easiness of usage, less chemical utiliza-
tion, and superior effectiveness (Mustapha et al., 
2019). Literature showed that several adsorbent 
materials have been used for free chlorine adsorp-
tion, like kaolinite clay (Kamel & Ismael, 2004), 
activated carbon derived from waste tires (Yousif, 
Yaseen, & Abu-Alhail, 2021), coal and coconut 
shell (Ogata et al., 2013) and bamboo charcoals 
(Asada et al., 2009). 

Nowadays, biochar has been widely pref-
erable for the adsorption of diverse water and 
wastewater pollutants. This attributed to the bio-
char features as an efficient and cheap material 
that utilizes simply and generates less by prod-
uct wastes comparing with conventional choic-
es.  (Komnitsas & Zaharaki, 2016). As well as, 
biochar is considered a carbon rich material that 
has more absorbent sites and several functional 
groups (Aylan et al., 2023). Numerous biochar 
sources have been used successfully for pollut-
ants adsorption, such as agricultural waste, shells, 
straws and woodchips. However, biochar derived 
from agricultural waste resources, such as grape 
seeds, grains, carob core, olive nucleus, walnut 
shells, and palm frond are well known as a cheap-
est option, especially in low income countries 
(Sklivaniotis et al., 2023). To achieve more up-
take capacity, amendment techniques for biochar 
by magnetic, impregnation, physical, or chemi-
cal modifications is advisable. Modification pro-
cess alerts the biochar properties by enhancing 
the surface area and porous structure of biochar, 
which is consequently increase the contaminants 
adsorption (Chemerys & Baltrėnaitė-Gedienė, 
2016; Dietrich et al., 2020; S. Wang et al., 2015). 

In this context, there are limited applications 
that utilized biochar derived from palm frond for 
pollutants elimination. In addition, biochar de-
rived from date palm for free residual chlorine 
adsorption has not been studied yet. Moreover, 
there is no available studies examined the role of 
chemically modified biochar for FC adsorption. 
Therefore, this study provides a valuable data re-
garding the role of using local and low cost bio-
char for free residual chlorine reduction.

The current paper purpose is to examine the 
adsorption efficiency of free residual chlorine from 
aqueous solution using non-amended and chemi-
cally amended biochar’s derived from date palm, 
based on kinetic and equilibrium tests. The impact 
of reaction time, mass and particle size of adsorbent 
materials, solution pH, and starting concentration on 
the FC reduction efficiency was also studied. 

MATERIALS AND METHODOLOGY 

The biochar used in this research was col-
lected and produces from the date palm fronds 
(Phoenix dactylifera L.) in Abu Al-Khaseeb re-
gion (Basra City, Iraq). The source of the chlo-
rine used in this study was Calcium hypochlo-
rite Ca(OCl)2, CAS number; 7778-54-3), which 
is supplied from Nirou Chlor Co. (Iran). The FC 
stock solution of 50 mg/L was able by melting 
an exact weight of Ca(OCl)2 in distilled water 
of 1 liter, and placed in darkness at temperature 
of 4 °C. The required concentration of FC (1–20 
mg/L) was prepared by additional dilution. The 
solutions of sodium hydroxide (NaOH) and hy-
drochloric acid (HCl) supplied from local shop 
in Basrah. The reagents and chemicals uti lized 
in this work were analytical grade

The prepared (non- modified) biochar (PB) 
was made according to (Salem et al., 2021). The 
fronds of the date palms (Phoenix dactylifera L.) 
washed with tap water and dried under the sun 
heat for 15 days. Then, the dried fronds were 
chopped and placed in the furnace for around 
two hours (500–600 °C). After that, the biochar 
cooled, ground, and sieved based on the desired 
sizes (4.75, 2.36, 1.18, and 0.6 mm). 

The modified biochar (MB) was prepared 
based on (Dietrich et al., 2020), by mixing the 
NM-B (5 g) with 0.1 M C₂H₆O, with ratio of 1:9. 
A magnetic stirrer at speed of 30 rpm was used 
to agitate the solution for 1 day at room tempera-
ture. Then, the resulted biochar was dried at tem-
perature of 80°C until getting a stable weight. The 
non-modified (NM-B) and modified (M-B) were 
used for the adsorption of FC. 

STUDY DESIGN

Batch experiments of FC adsorption 

The batch works were operated for assessing 
the uptake capacity of FC on biochar surface based 
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on different contact time, adsorbent load, adsorbent 
particle size, solution pH, and initial FC concentra-
tion. All experiments were operated triplicate. 

The experiments of optimum contact time 
and adsorbent load were operated by mixing 0.1 
g, 0.5 g, and 1 g of NM-B and M-B, individually, 
with 100 ml of FC solution. The initial FC con-
centration was 2.75 mg/L. This concentration was 
chosen as higher than the permissible limits that 
set by Water and Health Organization (Sarbatly 
& Krishnaiah, 2007) , between 0.2 and 0.3 mg/L. 
The solution pH was kept without adjustment 
(8.49 ± 0.01), and the adsorbents (biochar) par-
ticle size was 1.18 mm. Each solution was shaken 
using magnetic stirrer (at 150 rpm) at heating 
degree of 30 °C in 300 ml beaker. Each specific 
interval (1 to 35 min), sample 10 ml was taken, 
filtered by Whatman filters (0.45 µm), and tested 
to compute the remaining FC.

The study of optimum adsorbents size (4.75 
and 0.6 mm) was conducted using the optimum 
dose of biochar at initial concentration of 2.75 
mg/L. The solution pH was kept without amend-
ment. The study of optimum solution pH 4–9 
was conducted using the optimum dose and size 
of biochar at initial concentration of 2.75 mg/L. 
Both 0.1 M HCl and 0.1 M NaOH were used 
to adjust the solution pH, which is tested by 
HQ40d Portable Multi-Parameter Meter (www.
hach.com). The impact of initial FC concentra-
tion study 0.5–20 mg/L was conducted based on 
the optimum pH, biochar size and dose. Each so-
lution was shaken 150 rpm at heating degree of 
30 °C in 300 ml beaker. After equilibrium time 
has achieved, samples were withdrawn, filtered, 
and tested for the determination of the remain-
ing FC concentration. The removal (%) and ad-
sorbed amount (mg/g biochar) of FC were deter-
mined by equations 3 and 4, respectively. The 
concentrations of FC tested by HANNA instru-
ment (catalog number HI 93711), Free and Total 
Chlorine Photometer. 
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where:	C1 and C2 – the starting and final FC con-
centrations (mg/L); Ce – the final concen-
tration at equilibrium time (mg/L); vol – 
the volume of FC solution (ml); m – the 
biochar weight (g); Qe – the uptake of FC 
at equilibrium time.

Kinetic study 

The kinetic study was applied using 100 of 
FC solution mixed with 1 g of biochar (NM-B 
and M-B, separately). The FC solution at normal 
pH of 8.49 (non-neutralize) and concentration of 
2.75 mg/L was shake for specific contact time, as 
mentioned before. The kinetics results were used 
to apply the pseudo-first order, pseudo-second 
order, and the intra-particle diffusion model, as 
described by the linear Equations 5, 6, and 7, 
respectively.
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where: Qt – the amount of adsorbed material at time 
t (mg/g); b1, b2, and b3 – the kinetic con-
stants of pseudo first-order (min-1), pseudo 
second order (g/mg·min), intra-particle dif-
fusion (g/mg·min0.5), respectively; t – the 
time (min); C – the constant linked with the 
boundary layer thickness (mg/g).

Isotherm study

Different isotherm models were used for de-
termination the adsorption parameters and ex-
plain the adsorption processes. These isotherms 
are Langmuir (Equation 8). Freundlich (Equa-
tions 9), and Temkin (Equations 10). Equation 11 
was used to determine the dimensionless equilib-
rium factor (EP), which used in Langmuir model 
to specify the nature of adsorption process. 
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where: Qmax – the maximum quantity of the FC 
adsorbed per mass of biochar (mg/g); b4 
– the Langmuir constant linked with the 
adsorption energy (L/mg); D – the Freun-
dlich constant of uptake (mg/g); n –  the 
dimensionless parameter of adsorption 
intensity; k1 – the constant depends on the 
adsorption temperature (L/g); k2 – the di-
mensionless constant of Temkin isotherm; 
EP – the equilibrium parameter. 
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RESULTS AND DISCUSSION

Characteristics of biochar derived 
from date palm

In general, biochar has high BET surface area 
and carbon content, and rich with aromatic and 
aliphatic structure, and therefore being a perfect 
adsorbent material (Davidson, 2023; Tahir, Al-
Obaidy, & Mohammed, 2020). Date palm is a 
common tree that widespread in Gulf region. The 
moisture and ash contents of date palm biomass 
were approximately 8.4% and 5.2%, respectively. 
After date palm pyrolysis at temperature between 
500 and 600 ºC for biochar production, the mois-
ture content was ranged from 2.55% to 2.01%, and 
ash content was ranged from 18.44% and 19.9%. 
Modification process increases the moisture and 
ash contents to 3.42% and 44.6%, respectively. 
Both moisture and ash contents of biochar were 
measured based on (Inegbedion & Ikpoza, 2022)

Parameters affecting FC adsorption 
on biochars

Impact of Biochar mass and contact time 

Quantity of biochar and contact time for op-
timum FC adsorption has crucial role during the 
adsorption process. Outcomes displayed that the 
removal rates of FC using NM-B were increased 
with the time for all masses, especially during the 
first five minutes (Fig. 1). After equilibrium time 
has reached, the FC reduction was lower (48%) 
using the smaller adsorbent concentration (1 g/L). 
However, the removal was increased to 56% and 
61% using 5 g/L and 10 g/L of NM-B, in that or-
der. Similarly, the reduction rate of FC using M-B 
was increased with time. Also, the removal rate af-
ter the equilibrium time was higher 67% and 72% 
using 5 g/L and 10 g/L, in that order, and lower 
(59%) using 1 g/L of M-B (Fig. 2). The lower ad-
sorption rate by the lower adsorbent dosage in case 
of using NM-B or M-B interpreted by the presence 
of less surface area, and therefore less adsorption 
sites due to the low amount of biochar (Ambaye et 
al., 2021; Komnitsas & Zaharaki, 2016; X. Wang 
et al., 2006). All the removal values of FC using 
the three dosages of adsorbents were higher using 
M-B compared with the corresponding values us-
ing NM-B. This because the chemical modification 
increased the biochar porosity and surface area, 
improving the biochar chemical functional group, 
as well as increasing the sorption sites that boosted 

the chemical binding with pollutants (S. Wang et 
al., 2015; X. Wang et al., 2020).

Overall, M-B was improved the removal of 
FC. In addition, 10 g/L was the optimum dosage 
for higher FC adsorption by both adsorbents, which 
was selected for the further experiments.The con-
tact time study showed that the reduction rate of 
FC by NM-B and M-B was increased noticeably 
with increasing the interaction time. This was due 
to the occurrence of adsorption process by the ac-
tive sites on the adsorbents, as these sites enable 
the FC to bind onto the biochar surface (Jaguaribe 
et al., 2005). The interaction time highly affect the 
adsorbate transmission onto the positions of bio-
char. Regarding the NM-B, the removal increment 
has stopped after 6 min when applying NM-B dos-
age of 1 g/L, and 20 min in case of applying NM-B 
dose of 5 g/L and 10 g/L, which indicates that the 
equilibrium time has achieved (Fig. 1). However, 
the removal increment has stopped after 4 min 
when applying M-B dosage of 1 g/L, and 8 min 
in case of applying M-B dosage of 5 g/L and 10 
g/L (Fig. 2). At equilibrium time, the removal rate 
reach to a stable magnitude because the adsorption 
rate of FC onto biochar was same as the desorption 
rate (Sahu et al., 2021).

So, the optimum contact time achieving 
maximum rate of FC adsorption using 10 g/L of 
NM-B (61%) and MB (72%) was 20 min and 8 
min, respectively. The optimum time was consid-
ered for the further studies. The adsorption value 
of FC of more than 60% using both modified and 
non-modified biochar may belong to the pyrolysis 
temperature chosen in this study, which was 500-
600° C. This because the sorption efficiency of 
pollutants increased using biochar prepared under 
fast pyrolysis (500–700 °C) conditions (Murtaza 
et al., 2022; Shen et al., 2017), which alert the 
chemical bonds arrangement in the raw material 
and create new functional groups.

Impact of particle size

The particle size study of NM-B and M-B for 
optimum FC reduction was examined depending 
on the results of optimum biochar dose and con-
tact time. Therefore, residence time of 20 min 
and 8 min were applied during the examination 
of different sizes of NM-B and M-B, respectively. 
A biochar dose of 10 g/L was mixed with 100 ml 
of FC solution at concentration of 2.75 mg/L us-
ing magnetic stirrer at 150 rpm till the equilibri-
um time has reached. The solution heating degree 
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was kept 30 °C, the pH value of FC solution was 
not adjusted. The selected diameters of biochar 
particles were 4.75, 2.36, 1.18, 0.6, and 0.2 mm. 
The outcomes presented those lower particles 
sizes of both biochar were linked with higher FC 
adsorption (Fig. 2). Same results confirmed (Ali 
& Gupta, 2006), authors mentioned that the small 
grain size may be minimized the stagnant film 
depth that surrounding the particle, and as a re-
sult the distances inside the voids reduced. Also, 
small particle sizes provide extra surface area for 
pollutant adsorption (Yousif et al., 2021). The 
highest FC removal values were not significant 
in case of using 0.6 mm or 0.2 mm of biochar 
particles, for both NM-B and M-B. Therefore, a 
size of 0.6 mm was chosen for further study as the 
optimum size of biochar particles. 

Impact of pH

In general, biochar surface has a negative 
charge and a high pH value, which resulting 

much adsorption for cations, and weak adsorption 
for anions (X. Wang et al., 2020). Therefore, at 
natural conditions the adsorption rate of FC may 
be due to the endothermic reaction mechanism 
or belong to the impact of fast pyrolysis of more 
than 500 °C during biochar preparation, which 
helps to enhance the removal of pollutants, com-
pared with the slow pyrolysis of less than 400 °C 
(Shen et al., 2017). However, pH modification is 
also required to increase the removal of FC. In 
this study the solution pH without adjustment was 
8.49. The pH study was conducted using different 
pH solutions of 4, 5, 6, 7, 8 and 9, to cover the 
acidic, neutral, and basic conditions. The other 
parameters were remained same (biochar dose of 
10 g/L was mixed with 100 ml of FC solution at 
concentration of 2.75 mg/L using magnetic stirrer 
at 150 rpm till the equilibrium time has reached, 
the solution temperature was maintained at 30°C, 
and particles size of 0.6 mm). 

Results showed that the removal was in-
creased from 56% to 78% by NM-B (Fig. 3a), and 

Figure 2. Rate of free residual chlorine reduction (FC) at different biochar particle size. 
(Concentration; 2.75 mg/L, Dose; 10 g/L, pH; 6.5-7, Speed; 150 rpm). (a) non-modified 

biochar at time 20 min (NM-B), (b) modified biochar (M-B) at time 8 min

Figure 1. Rate of free residual chlorine reduction (FC) at different doses and time by 
(a) non-modified biochar (NM-B), (b) modified biochar (M-B) (concentration – 2.75 mg/L, 

particle size – 1.18 mm, pH – 6.5-7, speed – 150 rpm).
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from 64% to 87% by M-B (Fig. 3b). The notice-
able improvement of biochar adsorption capac-
ity at low pH values was because the negatively 
charged chlorine was attracted by the positively 
charged biochar surface due to H+ ions enhance-
ment in the acidic solution (Sahu et al., 2021). 
This because the adsorption process by biochar 
is affected by the oxygen-containing functional 
groups that is linked with the solution pH (Am-
baye et al., 2021).

Impact of initial FC concentration 

The impact of starting FC concentration was 
assessed using FC concentrations ranging be-
tween 0.5 and 20 mg/L. The other parameters 
were kept as determined by earlier experiments. 
The biochar dose of 10 g/L at size of 0.6 mm was 
mixed with 100 ml of FC using magnetic stirrer 
at 150 rpm till the equilibrium time has reached. 
The solution temperature and pH were kept 30°C 
and 4, in that order. 

The outcomes declared that the reduction of 
FC was decreases with increasing the starting 
concentration using modified or non-modified 
biochar (Fig. 4). This because when active sites 
on the biochar surface reached to the saturation 
point, and consequently the available sites num-
ber was not enough to adsorb more chlorine at 
higher concentrations (Sahu et al., 2021; Suneetha 
et al., 2015).

Adsorption kinetic of free residual chlorine

Free chlorine adsorption on both non-modi-
fied and modified is shown in Figure 5. The high-
er uptake of 0.132 mg/g NM-B and 0.166 mg/g 
M-B was reached after 20 min and 8 min, respec-
tively. Modified biochar was the best FC adsorp-
tion performance. 

The kinetic results were fitted with mathemat-
ical equations related to different kinetic models, 
for understanding the FC adsorption mechanisms 

Figure 3. Rate of free residual chlorine (FC) reduction using different values of pH 
(concentration; 2.75 mg/L, dose; 10g/L, speed; 150 rpm; particle size, 0.6 mm). (a) non-

modified biochar at time 20 min (NM-B), (b) modified biochar (M-B) at time 8 min

Figure 4. Rate of free residual chlorine (FC) removal at different concentrations 
(dose; 10g/L, Speed; 150 rpm; particle size, 0.6 mm; pH, 4). (a) non-modified biochar 

at time 20 min (NM-B), (b) modified biochar (M-B) at time 8 min
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and the pathway of the occurred reactions during 
the process of transferring FC from liquid phase 
to the solid phase. Table 1 presents the kinetic of 
FC adsorption and the parameters calculated from 
the three models. The schemes of pseudo first-or-
der model for the time against log (Qe –Qt) us-
ing NM-B and M-B are shown in Figs. 6a and b, 
in that order. The magnitudes of b1 and predicted 
Qe are calculated based on the slope and inter-
cept of the plot, in that order. The plot of pseudo 
second-order model for the time versus t/Qt using 
NM-B and M-B are presented in Figs.6 c and d, 
respectively. The values of b2 and predicted Qe are 
calculated based on the slope and intercept of the 
plot, in that order. The plots of Intra-particle dif-
fusion model between t0.5 versus Qt using NM-B 
and M-B are shown in Figs 6e and f. The values 
of b3 was calculated based on the slope of the plot. 

The low values of b1 and b3 linked with pseu-
do-first order model and intra-particle model indi-
cated the occurrence of slow adsorption processes 
using both NM-B and M-B. However, the values 
of b2 resulted by pseudo-second order model was 
higher using both NM-B and M-B, confirming the 

occurrence of high rate of adsorption. Also, the 
correlation coefficient value (R2) was higher by 
applying pseudo-second-order model compared 
with other models. Furthermore, the value of ex-
perimental Qt was more in accordance with the Qt 
calculated from the equation of pseudo-second 
order model. Therefore, the adsorption data of 
FC adsorption is more fitted with pseudo-second-
order model (Figure 6). This confirmed the occur-
rence of chemical adsorption process. Also, the 
valence forces between biochar and FC could be 
part of the adsorption (Ünlü & Ersoz, 2007).

Adsorption isotherm modeling

Three common equations were used to under-
stand the adsorption isotherm of FC on biochar, 
and each model depends on specific assumptions. 
The Langmuir model assumed that the maximum 
adsorption capacity depends on the saturated 
monolayer of FC molecules on the homogeneous 
biochar surface. The Freundlich model assumed 
the occurrence of multilayer adsorption process 
on a heterogeneous surface of the adsorbent. The 

Figure 5. Uptake capacity of free chlorine on both non-modified (NM-B) and modified (M-B) biochar 

Table 1. Kinetic parameters of the three models for the adsorption of FC on to biochar
Kinetic models Parameters NM-B M-B

Pseudo-first-order

Qe(exp.) 0.132 0.166

Qe(cal.) 0.087 0.169

b1 2.540 0.539

R2 0.852 0.976

Pseudo second-order

Qe(cal.) 0.133 0.168

b2 29.573 28.761

R2 0.999 1.000

Intra-particle diffusion

b3 0.014 0.017

C 0.074 0.097

R2 0.425 0.405

Note: NM-B; non-modified biochar, M-B; modified biochar.
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Tompkins model assumed that the binding ener-
gies are distributed homogeneously, as well as 
all FC molecules on the adsorbent surface shows 
a linear decline in terms of the adsorption heat 
(Yousif et al., 2021).

Table 2 presents the correlation coefficients 
(R2) values and the determined constants related 

to the three studied models. The values of Qmax and 
b4 were calculated from the slope and intercept of 
Ce against Ce/Qe, respectively, based on Fig. 7a 
(NM-B) and Fig. 7b (M-B). Both n and D val-
ues were determined from the slope and intercept 
of log Ce against log Qe, respectively, based on 
Fig. 7c (NM-B) and Fig. 7d (M-B). Both K1 and 

Figure 6. Plots of pseudo first-order kinetics (a and b), pseudo second-order kinetics (c and d), and intra-particle 
diffusion model (e and f) for FC adsorption on non-modified (a, c, and e), and modified (b, d, and f) biochar

Table 2. Constants of the adsorption isotherms for FC adsorption on non-modified and modified biochar (Note: 
NM-B; non-modified biochar, M-B; modified biochar)

Isotherm Parameters NM-B M-B

Langmuir

Qmax 0.208 0.215

b4 1.838 4.853

R2 0.980 0.998

EP 0.165 0.069

Freundlich

n 3.504 6.570

D 0.135 0.176

R2 0.787 0.832

Temkin

K1 0.043 0.028

K2 23.216 598.800

R2 0.810 0.846
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K2 values were calculated based on the slope and 
intercept of ln Ce against Qe, respectively, based 
on Fig. 7e (NM-B) and Fig. 7f (M-B). Results 
showed that R2 linked with Langmuir model for 
both NM-B and M-B was higher than other mod-
els. These results confirmed that Langmuir equa-
tion is best fitted with the experimental outcomes 
as the predominated model for demonstrating FC 
adsorption on the biochar surface. 

The higher Qmax was linked with the adsorp-
tion process by M-B, indicating that chemical 
modification of biochar was successful to en-
hance the reduction of FC. The values of equilib-
rium factor (EP) for both NM-B and M-B were 
between zero and 1 (Table 2), demonstrating that 
the adsorption of FC is favorable at the study 
conditions (Fierro, Torné-Fernández, Montané, 
& Celzard, 2008; Hameed, Tan, & Ahmad, 2008; 
Tie et al., 2017). The data indicated that the low-
est EP magnitude was belong to M-B confirming 
its favorable behavior for the adsorption of FC. 

Note that, the high adsorption capacity of FC 
by biochar derived from date palms is very ben-
eficial and cost effective because Iraq is one of the 
largest date producers in the world. 

CONCLUSIONS

The adsorption study using biochar derived 
from date palm concluded that the FC adsorption 
onto both non-modified and modified biochar was 
successfully achieved. The optimum contact time 
for higher FC uptake was reached after 20 min 
using NM-B and 8 min using M-B, with a biochar 
dose of 10 g/L. The optimum pH values and bio-
char size for higher FC adsorption was 4 and 0.6 
mm, respectively. Higher removal was reached to 
88% using NM-B and 96% using M-B. Pseudo-
second order model fits best with the kinetic data, 
and Langmuir adsorption isotherm was fitted well 
with the experimental data of FC adsorption on 
NM-B and M-B with the regression coefficient 
(R2) of 0.98 and 0.998, respectively. The adsorp-
tion behavior was within the limits of favorable 
adsorption by both NM-B and M-B. The higher 
uptake capacity was linked with the M-B, indi-
cating that chemical modification of biochar was 
beneficial to enhance the removal of FC from 
aqueous solutions. 

This study suggests that date palm biochar 
is a feasible approach that offers an economical 

Figure 7. Plots of Langmuir (a and b), Freundlich (c and d), and Temkin (e and f) isotherms 
for FC adsorption on non-modified (a, c, and e), and modified (b, d, and f) biochar
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solution for water de-chlorination and agricul-
tural waste management. This approach is widely 
recommended in countries that commonly known 
as a date producer. 
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