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a b s t r a c t 
An experimental study on the adsorption of Methylene Blue (MB) onto Ziziphus lotus(ZL) leaves-
based raw and activated carbon (AC) is presented herein. The optimization of AC production condi-
tions and adsorption process parameters were performed by Box-Behnken design. Parameters tested 
for AC production optimization are chemical impregnation ratio (1–3 w/w), activation temperature 
(200–800°C), and holding time (30–120 min). While, the adsorption optimization parameters are pH 
(2–12), adsorbent dosage (10–100 mg), and contact time (10–80 min). The regression analysis showed 
a good fit of the experimental data to the second-order polynomial model. Optimal conditions of 
production of ZL AC were found to be a temperature of 413°C, an impregnation ratio of 2.76 w/w 
and a contact time of 71.85 min. Those of MB adsorption on raw material and AC successively are: an 
adsorbent dosage of 769/392 mg/L, a pH of 10.4/11.9 and a contact time of 38.60/32.75 min.
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1. Introduction

Industrial wastewater is the result of a number of 
processes. In Morocco alone, a total volume of 931 Mm3 

is rejected by the chemical and para-chemical industries 
every year [1]. One pollutant of interest that is commonly 
found in these wastewaters is dye. Among the 100,000 dyes 
commercially available, 70 wt% are synthetic azoic dyes [2], 
10% of which are released directly into the environment. 
Methylene blue (MB), a cationic dye which is the subject of 
this study, is most commonly used for coloring and in the 
textile industry. Owing to its high water solubility, waste-
water containing MB is hazardous to the environment 
and human health. It causes a noticeable coloration and 
is classified as a toxic colorant at concentrations as low as  

1 mg/L [3]; furthermore, it reduces light penetration and 
precludes the photosynthesis of aqueous flora and oxy-
genation of water reservoirs. Harmful impacts on health 
include eye irritation, gastrointestinal irritation and nausea 
upon ingestion, vomiting and diarrhea [4]. It is therefore 
clear that treatment of this hazardous dye is a real environ-
mental and health challenge.

To face this challenging situation, one must seek an 
appropriate method that takes into account local con-
straints and regulations. Dye removal techniques reported 
in the literature include coagulation, chemical oxidation, 
electrochemical methods [5], and finally adsorption which 
is attractive because of its lower cost, high efficiency and 
easy operation [5,6]. Nowadays, a wide range of applica-
tions has been found for activated carbons in adsorption 
processes in order to remove color, odor and taste from 
water and wastewater, to recover natural gas, to purify air 
in the chemical and petrochemical industries, and to act as 
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catalysts and catalyst supports [7,8]. Commercial activated 
carbons currently available in the market have proven to be 
effective in the removal of dyes from wastewater, but their 
high cost has brought about the search for more econom-
ically competitive alternatives [9]. Low-cost adsorbents, 
characterized by a large surface area and a good conductiv-
ity, have been highlighted in recent studies [10]; they can be 
produced from a variety of sources including Manihot escu-
lenta Crantz waste [11], rubber seed shell [12], walnut shell 
[13], chitosan derivatives [14], rice husk [15], herbs from the 
Apiaceae family [16], polyaniline coated calcined layered 
double hydroxides [17], modified bentonite [18], crushed 
bricks [19], alginate crosslinked Prunus avium leaves [20] 
and soybean straw [21].

Ziziphus lotus (ZL) is a deciduous, thorny shrub of the 
Rhamnaceae family, occurring throughout most of the 
Mediterranean region and eastward to the Red Sea coast 
[22,23]. Interestingly, valorization and usage of ZL leaves 
as adsorbents remains unreported to date. In fact, the only 
application of ZL reported in the literature in the field of 
wastewater treatment concerns the use of jujube shells of 
ZL as a sorbent in the removal of Congo red from aque-
ous solutions [24]. In that context, the study reported herein 
investigates the optimization of the preparation of a low-
cost and eco-friendly ZL-based activated carbon and its 
subsequent application in the treatment of MB wastewater.

Activation of the ZL raw material was done chemi-
cally using H3PO4. Indeed, to reach a high performance, 
biomass-based adsorbents should be activated either by 
physical or chemical means. On the one hand, physical 
activation generates large amounts of volatile matter and 
requires high energy consumption. On the other hand, 
chemical activation which is a process involving dehydro-
genation reactions reduces significantly the amount of vol-
atile substances generated [25]. The activating agent helps 
to develop the activated carbon porosity by dehydration 
and degradation. Certain dehydrating agents affect the 
temperature of pyrolysis and inhibit the formation of tar, 
thus increasing the carbon yield [26]. Examples of chemi-
cal activating agents include phosphoric acid (H3PO4), zinc 
chloride (ZnCl2) and potassium hydroxide (KOH) among 
others. H3PO4 and ZnCl2 have been used extensively for 
biomass precursors while KOH is rather preferred for 
coal-based precursors. H3PO4 acts as a dehydrating cat-
alyst that promotes the decomposition of the cellulosic 
precursor at relatively low activation temperatures, 
which restricts tar formation, cross-linking, and inhibits 
the shrinkage of the precursor particle [27]. In addition, 
this acid is environmentally friendly, easy to recover, and 
amenable to recycling [28–30]. Finally, another import-
ant asset of H3PO4 activation is the development of mes-
oporous carbons, which is suitable for the adsorption of 
large molecules [31].

In this work, conditions of MB adsorption, on both raw 
and chemically activated carbon adsorbents made from 
ZL, were determined using the response surface meth-
odology (RSM) by altering three parameters. RSM uses a 
Box-Behnken experimental design, a standard statistical 
tool mostly used for process optimization with a minimum 
number of experiments; it evaluates simple and combined 
effects of different variables on the response of several dye 
removal processes [32,33].

Characterization of the adsorbents by Fourier Transform 
Infrared Spectroscopy (FTIR), Scanning Electron Microscopy 
(SEM), BET surface area and X-Ray Diffraction (XRD) was 
performed to get insight on their efficacy for MB removal.

2. Materials and methods

2.1. Raw material

ZL leaves were obtained from the Settat-Casablanca 
region located in Morocco. These leaves were washed sev-
eral times with distilled water to remove residues, and 
dried at 75°C in an oven for 24 h. The bio-material was then 
ground and stored in a closed glass container for later use 
as adsorbent, as is [34] or in the activated form using phos-
phoric acid. 

2.2. Preparation of activated carbon

ZL activated carbon was prepared using the raw 
ground and sieved material. To determine the optimal pro-
duction conditions of the sorbent, three factors influencing 
the preparation were selected: impregnation ratio material: 
H3PO4 (1–3 w/w), temperature interval (200–800°C), and 
contact time (30–120 min). The percentage of dye removal 
was the parameter chosen as a “response”, in order to opti-
mize the activated carbon preparation conditions.

2.3. Reagents

The dye used in this study is Methylene Blue (MB) 
C16H18ClN3S, an azoic dye characterized by a maximum 
absorbance wavelength of 663 nm. Reagents employed in 
the various steps of this process are: H3PO4, 0.1 N HCl and 
0.1 N NaOH.

2.4. Adsorption experiments

Adsorption experiments were performed in a batch-ad-
sorption system. MB removal experiments were conducted 
by varying the process parameters: pH, adsorbent dosage 
and contact time. pH of the solution was adjusted with 
0.1 N aqueous solutions of NaOH and HCl. Different adsor-
bent doses of Ziziphus Lotus raw material or activated car-
bon were added to 100 mL of MB solution (100 mg/L), then, 
the samples were withdrawn at appropriate time intervals, 
and centrifuged at 7500 rpm for 2 min. The residual MB 
concentration was determined using a UV/VIS spectropho-
tometer set at 663 nm. The percentage of MB removal was 
calculated according to Eq. (1): 

R
C C

C
t(%) =

−
×0

0

100   (1)

where C0 is the initial concentration of MB solution (mg/L) 
and Ct is the MB concentration at time t (mg/L).

2.5. Response surface modeling

Response surface modeling (RSM) is an empirical 
statistical technique that uses quantitative data obtained 
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from appropriately designed experiments to determine 
a regression model and operating conditions [35,36]. 
The main objective of RSM is to determine the optimum 
set of operational variables of the process [37], and its 
approach has been widely applied in chemical engineer-
ing and adsorption process optimization [38]. In light of 
these assets, RSM was utilized in this study as an optimi-
zation tool for the production of ZL activated carbon and 
its application in the removal of MB from aqueous solu-
tion. Experiments were carried out according to a Box–
Behnken design to obtain the experimental data which 
would fit an empirical full second-order polynomial 
model representing the response surface over a relatively 
broad range of parameters. The Box-Behnken design 
of the activated carbon preparation conditions and MB 
decolorization efficiency are shown in Table 1 and Table 6 
respectively. The data was evaluated by analysis of vari-
ance (ANOVA) using NemrodW® version 2007.3. A total 
of 17 experiments were necessary to estimate the model 
with: three factorial points, five central points and a 99% 
confidence interval.

2.6. Characterization of adsorbents

The morphology and microstructure of the ZL raw mate-
rial and activated carbon were studied by scanning electron 
microscopy (FEI FEG 450 microscope) and the surface prop-
erties and surface area were determined by a Micromerit-
ics analyzer model 3Flex 3500. Surface functional groups 
of adsorbents were characterized using Fourier Transform 
Infrared Spectroscopy using a SHIMADZU FTIR-8400S 
spectrometer. Finally, X-ray diffraction measurements were 
done using a D2 PHASER-BRUKER diffractometer.

3. Results and discussion

3.1. Optimization of activated carbon preparation conditions

3.1.1. Box-Behnken design and variables levels

In the present work, 17 experiments using the Box-
Behnken design with three factors and five central points 
were studied. Variables of the activated carbon prepara-
tion were: chemical impregnation ratio (X1), activation 
temperature (X2), and holding time (X3). Factors affecting 
the production of activated carbon from ZL leaves were 
studied with standard RSM in order to identify and opti-
mize the effective process parameters [39]. The upper 
limit, central point and lower limit of the variables coded 
‘1’, ‘0’, and ‘-1’ are [1, 2, 3 w/w], [200, 500, 800°C] and  
[30, 75, 120 min] respectively. Conditions and results of the 
experiment are listed in Table 1. The linear equation, which 
is expressed by Eq. (2), assumes a relationship between the 
three factors and the experimental response (percentage of 
MB removal).

Y b biXi biiXi bijXiXj
i

n

i

n
= + + +

= =∑ ∑∑0 1 1
²   (2)

where Y is the experimental response; Xi,Xj are coded inde-
pendent variables; b0 is the constant coefficient; bi is the 
linear term coefficient; bii is the squared effect; and bij is the 
interaction coefficient.

3.1.2. Statistical validation of the Box-Behnken model

The adequacy of the selected model and statistical sig-
nificance of the regression coefficients were tested using 
ANOVA and the F-test [40]. The analysis of variance for the 
response is predicted in Table 2. To evaluate the model, the 
coefficient of Response Surface Modeling of ZL activated 
carbon preparation, the ratio of the standard error of esti-
mate of the mean value and F-value tests were also per-
formed. As a general rule, if p-value is less than 0.05, the 
model parameter is significant. On the basis of ANOVA, it 
can be concluded that the selected model adequately rep-
resents the data for activated carbon preparation. Compar-
ison of the experimental values with the predicted ones 
shows a perfect match, with a value of R2 of 0.99, meaning 
that 99% of the results are explained by the model. The larger 
value of F and the smaller p-value indicate that most of the 
variation in the response can be explained by the regression 
equation. From the ANOVA results, it can be concluded that 
the model predictions using the Box-Behnken mathematic 
model is suitable and can be utilized to identify the opti-
mum process conditions.

This model shows that the impregnation ratio, time 
and temperature have a negative effect on the percentage 
of MB removal (Table 3). An increasing impregnation ratio 
decreases the MB removal efficiency while increasing car-
bon burn-off. When a higher H3PO4 impregnation ratio 
was used, weight losses were due to the increase of volatile 
products released as a result of intensification in the dehy-
dration and elimination reactions [36]. As for the detrimen-
tal effect of temperature, it is explained by the fact that, at 
higher temperature more volatiles are released, and impuri-
ties in the sample generated by thermolysis result in a lower 
MB removal capacity. This phenomenon has been described 

Table 1 
Box-Behnken design matrix with experimental responses

Experiment Impregnation 
ratio  
(X1)

Activation 
temperature  
(X2)

Holding 
time  
(X3)

MB 
Removal 
(%)

1 –1 –1 0 45.00
2 1 –1 0 96.11
3 –1 1 0 97.98
4 1 1 0 99.25
5 –1 0 –1 98.26
6 1 0 –1 96.98
7 –1 0 1 0.51
8 1 0 1 22.28
9 0 –1 –1 97 .63
10 0 1 –1 96.81
11 0 –1 1 0.26
12 0 1 1 53.37
13 0 0 0 98.23
14 0 0 0 98.24
15 0 0 0 98.22
16 0 0 0 98.23
17 0 0 0 98.24
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in the literature; in studies employing ZnCl2 chemical acti-
vation for example [41,42]. A statistical analysis of the Box-
Behnken model can be used for modeling the experimental 
system. The model can be described by Eq. (3).

R(%) = 98.23+ 8.48X1 + 13.42X2 – 39.40X3 – 11.21X1X2 + 
5.76X1X3 + 12.98X2X3 – 10.455X1

2 – 3.44X2² – 33.272X3²  (3)

3.1.3. Three-dimensional response surface plots

The three-dimensional surface and contour map of 
interactions between pairs of factors varying within their 
experimental ranges, while maintaining all others param-

eters at fixed levels (center), provides information on the 
relationship between factors, and their interaction effects 
[43]. Fig. 1 shows the response plot indicating the effects of 
ratio (X1), temperature (X2) and time (X3) on the percentage 
of MB removal.

Fig. 1a suggests that the interaction between effect of 
time and ratio influences the percentage of MB removal 
negatively. The 3D plot showing the effect of tempera-
ture (X2) and time (X3) on MB removal is shown in Fig. 1b; 
according to this plot, increasing the temperature at a 
fixed impregnation ratio value will decrease the MB 
removal percentage due to excessive carbon burn-off, 
thus resulting in the widening of pores and even the loss 
of walls between these pores [44]. Finally, Fig. 1c shows 
the 3D plot of ratio and temperature; it indicates that 
increasing temperature and time increase the percentage 
of MB removal.

3.1.4. Preparation optimization and experimental model 
validation of ZL activated carbon

The RSM could therefore be successfully applied to 
find the optimum process parameters at which the acti-
vated carbon produced has its highest MB removal capac-
ity. Optimized conditions were found to be: a ratio of  
2.76 w/w, a temperature of 413°C, and a time of 71.85 
min to reach a MB removal of 99.59%. To finalize the 
modeling process, model validation was carried out. To 
this end, five experiments were run using the optimal 
conditions previously determined. A mean value of 99.59 
± 0.1% was found, which is in agreement with the pre-
dicted value. The results confirm that the model is very 
significant to optimize the activated carbon preparation 
conditions.

3.2. Characterization of Ziziphus lotus raw material and 
 activated carbon

3.2.1. FTIR spectroscopy analysis

FTIR spectra were obtained to evaluate qualitatively the 
chemical structures of the ZL raw material and activated 
carbon (Fig. 2).

The FTIR spectrum of the raw material (Fig. 2a) 
shows various surface functional groups. It reveals a 
broad band around  3300  cm−1  that can be attributed to 
the hydroxyl groups –OH of lignin [45] and the hydro-
gen-bonded OH vibration of the cellulosic structure [46]. 
Bands at around 2900 cm−1 correspond to C–H stretch-
ing vibration, while those at around 1618 cm−1 could 
be attributed to the stretching of aromatic rings (C=C) 
[47]. The stretching vibration of the molecular plane of 
C-C bands, characteristic of aromatic rings arises in the 
region of 1465 cm−1 [48]. The band between 1300 cm−1 and 
1100 cm−1 is partly associated with C-O stretching and  
O-H bending modes in the functional group [49,50]; the 
band at around 1028 cm−1 can be attributed to the C–OH 
stretching of phenolic groups [51]. The band caused by 
O–H of cellulose is located between 400–700 cm−1 [52].
The presence of carbonyl group, hydroxyl groups, and 
aromatic compound is a confirmation of the lignocellu-
losic structure. The FTIR spectrum of the activated carbon 

Table 3 
Estimation of coefficients

Name Coefficient Standard 
deviation

Significance 
(%) 

b0 98.234 0.00244948 < 0.01 
b1 8.484 0.00193649 < 0.01 
b2 13.426 0.00193649 < 0.01
b3 –39.408 0.0019364 < 0.01 
b1-1 –10.455 0.00266926 < 0.01 
b2-2 –3.445 0.00266926 < 0.01 
b3-3 –33.272 0.00266926 < 0.01
b1-2 –11.210 0.00273861 < 0.01 
b1-3 5.763 0.00273861 < 0.01
b2-3 12.982 0.00273861 < 0.01

Table 2 
ANOVA regression for Ziziphus lotus activated carbon

Source DF Adj SS(a) Adj MS(b) F-value p-value

Model 9 21274.9 2363.9 65.12 0
Linear 3 14399.3 4799.8 132.23 0
A 1 663.8 663.8 18.29 0.004
B 1 1469.1 1469.1 40.47 0
C 1 12266.5 12266.5 337.93 0
Square 3 5394.7 1798.2 49.54 0
A×A 1 471.1 471.1 12.98 0.009
B×B 1 39.6 39.6 1.09 0.331
C×C 1 4625.6 4625.6 127.43 0
2-way 
interaction

3 1480.9 493.6 13.60 0.003

A×B 1 621 621 17.11 0.004
A×C 1 132.8 132.8 3.66 0.097
B×C 1 727.1 727.1 20.03 0.003
Error 7 254.1 36.3   
Lack-of-fit 3 0 84.7 1693942.17 0
Pure error 4 21529 0   
Total 16

(a) Adjusted sums of squares 
(b) Adjusted mean squares
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Fig. 1. 3D response surface plots showing the interactive effect of: (a) time and ratio, with temperature at the level of 0; (b) tempera-
ture and time, with ratio at the level of 0; (c) ratio and temperature, with time at the level of 0.
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obtained is shown in Fig. 2b. Comparison of the spectra 
of the activated carbon and the raw material indicates that 
bands located at 1028, 2900, 1465 and 1300 cm−1 have disap-
peared, thus providing evidence that chemical bonds were 
broken during the activation and carbonization processes. 
In addition, evidence of a decrease in the functionality of 
the raw material is given by the decrease in the number 
of the other IR bands. The presence of lignin and cellulose 
structures suggest a lignocellulosic structure of raw and 
activated carbon from ZL; this structure is also observed 
in other carbon sources such as Brazilian coconut shell [53] 
and Tunisian olive-waste cakes [54]. It is known that active 
sites whereby attachment of ions occurs are polyphenolic 
compounds like the lignin groups present in lignocellulose 
[55]. Use of these materials in their natural state, without 
any treatment, has been reported to cause problems of 
lower durability, leaching of soluble organic components 
in strong acidic and basic media, and lower adsorption 
capacity [56].

3.2.2. XRD analysis

XRD spectra of untreated ZL (Fig. 3a) and activated 
carbon (Fig. 3b) adsorbents were acquired; they display a 
broad diffraction background and the absence of a sharp 
peak reveals a predominantly amorphous structure [57]. 
Amorphous peaks with equivalent Bragg angles (2θ) of 20° 
and 25° for raw material and activated carbon respectively 
were recorded. The amorphous structure of activated car-
bon has been reported for several products such as oil palm, 
empty fruit brunch and coconut shell [58].

3.2.3. BET analysis

Adsorption-desorption studies of nitrogen on ZL adsor-
bents were conducted to characterize their pore structure. 
Nitrogen adsorption and desorption isotherm curves are 
shown in Fig. 4. Nitrogen adsorption isotherms show a typ-
ical International Union of Pure and Applied Chemistry 
(IUPAC) type I pattern for ZL activated carbon (Fig. 4b) and 
an IUPAC type III pattern for the raw material (Fig. 4a). Fig. 
4b illustrates a monolayer adsorption and suggests that the 
ZL activated carbon material is a microporous solid having 
relatively small external surfaces and that the limiting uptake 
is governed by the accessible micropore volume rather than 
the internal surface area. The ZL raw material is character-
ized by a type III isotherm, with a hysteresis loop, showing 
the presence of micropores. The Brunauer–Emmett–Teller 
(BET) surface area was calculated by the multiple-point 
method and was found to be 0.678 and 553.39 m2/g for the 
ZL raw material and activated carbon respectively.

It should be noted that the surface area of ZL activated 
carbon is higher than that of the raw material; this result is 
due to the H3PO4 activation process. Comparison between 
the surface areas of the prepared activated carbon and other 
types of activated carbons is given in Table 4. SBET of the pre-
pared material is higher than the value of 377 m2/g reported 
by Wang et al. [59] using activated carbon from sewage 
sludge. It is however closer to commercial activated carbon 
which has reportedly a value of 564 m2/g [60]. Comparatively, 
Anisuzzaman et al. [61] found 966.74 m2/g using activated 
carbon from Typha orientalis leaves. Generally, adsorption 
capacities increase with the increase of this parameter, so we 
can predict the effectiveness of the activated carbon [62]. 

Fig. 2. FTIR spectra of ZL leaves: (a) raw material, (b) activated 
carbon.

Fig. 3. XRD spectra of ZL: (a) raw adsorbent and (b) activated carbon.
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3.2.4. SEM analysis

Fig. 5 presents SEM micrographs of ZL raw adsorbent 
and activated carbon. 

Concerning activated carbon prepared from ZL leaves 
(Fig. 5b), the excellent capacity for removing pollutants 
from solution using the activated carbon is presumably 
due to the peculiar pore size distribution in this adsorbent 
developed during the chemical activation step [63].

3.3. Optimization of Methylene Blue adsorption parameters

pH of the solution, adsorbent dosage and contact 
time are three important factors affecting the adsorption 
process. Consequently, these parameters were selected 
as the independent variables to determine the best MB 
removal conditions using the ZL raw material and acti-
vated carbon as a low-cost adsorbent. An initial MB 
concentration of 100 mg/L was taken as a fixed input 

Fig. 5. SEM micrographs of ZL leaves: (a) raw material, (b) activated carbon.

 

Fig. 4. Nitrogen adsorption-desorption isotherms of ZL: (a) raw material, (b) activated carbon.

Table 4
Comparison of the surface areas of activated carbons

Product Preparation conditions and method Surface area Reference

Activated carbon from  
Ziziphus lotus leaves

H3PO4 chemical activation. Impregnation ratio: 2.76 (w/w), 
temperature: 413°C, time: 71.85 min.

553.39 m2/g This work

Activated carbon from  
Typha orientalis leaves

Physical and H3PO4chemical activation. Semi-carbonization stage 
at 200°C for 15 min followed by activation at 500°C for 45 min.

966.74 m2/g [62]

Commercial activated carbon:  
high-purity powder (Sigma Aldrich)

– 564 m2/g [61]

Activated carbon from sewage 
sludge

H3PO4 chemical activation. Impregnation ratio: 1.5 (w/w), drying 
at 105°C for 24 h, and heating in a microwave furnace at 800 W 
under a nitrogen flow of 10 mL/min for 10 min.

377 m2/g [60]
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parameter (Table 5). Experimental results are shown in 
Table 6.

3.3.1. Statistical analysis

The analysis of variance for the response is given in 
Table 7. The good fit of the models for the raw and activated 
carbon was tested by the correlation coefficient (R2).

The high values of R2 of 0.998 and 0.991 for the activated 
carbon and the raw material respectively indicate that most 
of the data variation is explained by the regression model 
[64]. Also, we observed high values in the F-test and very 
low probability values (p < 0.01), which demonstrates that 
the model is highly significant [65].

3.3.2. Three-dimensional response surface plots

To understand the interaction effects of the parame-
ters influencing the adsorption process, three-dimensional 
response surfaces were developed for the raw material (1) 
and ZL prepared activated carbon (2). Response surface 
plots are shown in Fig. 6.

Fig. 6a shows the combined effect of pH and adsorbent 
dosage on the adsorption of the dye at constant contact 
time for the raw and activated ZL leaves. The dye adsorp-
tion increases with both the solution pH and adsorbent 
dosage within their respective experimental range; the 
positive effect of adsorbent dosage can be explained by the 
increase of the number of binding sites for the dye mole-
cules on the adsorbent surface [66]. The combination of the 
effects of pH and time (Fig. 6b) shows that the removal of 
MB increases with the increase of both pH and time; this 
phenomenon may be simply explained by the existence of 
a coulombic attraction between the positive charges of MB 
and the negative charges of the adsorbent as pH increases. 
The interactive effect of contact time and adsorbent dosage 
on adsorption at constant pH is shown in Fig. 6c; it is evi-
dent that adsorption increases with increasing contact time 
and adsorbent dosage.

3.3.3. Optimization and validation of MB adsorption  conditions

Optimal conditions for the adsorption process using the 
ZL leaves raw material and activated carbon were deter-

Table 5 
Variables and levels considered for percentage of removal of MB

Factor Unit ZL raw material ZL activated carbon

High level (+1) Low level (–1) High level (+1) Low level (–1)

pH – 12 2 12 2
Adsorbent dosage mg/100 mL 100 10 40 10
Contact time min 80 10 60 10

Table 6
Box-Behnken design for the optimization of the MB removal process

Experiment Impregnation ratio  
(X1)

Activation 
temperature (X2)

Holding 
time (X3)

MB removal (%)  
with raw material

MB removal (%)  
with activated carbon

1 –1 –1 0 2.85 15.5
2 1 –1 0 36.80 35.2
3 –1 1 0 80.00 90.8
4 1 1 0 98.19 90.4
5 –1 0 –1 45.28 44.9
6 1 0 –1 84.40 53.4
7 –1 0 1 58.90 43.0
8 1 0 1 84.90 61.1
9 0  –1 –1 17.10 2.8
10 0 1 –1 90.29 87.0
11 0 –1 1 23.90 15.8
12 0 1 1 96.20 92.1
13 0 0 0 60.40 87.1
14 0 0 0 60.39 87.2
15 0 0 0 60.39 87.2
16 0 0 0 60.40 87.1
17 0 0 0 60.39 87.2
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mined by using the quadratic model. pH, adsorbent dosage 
and contact time defining these conditions are shown in 
Table 8.

Table 8 summarizes values corresponding to optimal 
conditions. For their validation, five experiments were 
conducted using the optimized parameters obtained. 
A mean value of 99.56 ± 0.10% and 99.19 ± 0.12% were 
found experimentally, which is in accordance with the 
predicted value. So the model is very significant to opti-
mize the MB adsorption conditions.

4. Conclusion

This study was carried out to prepare activated 
 carbon from ZL leaves and identify the optimal condi-
tions to remove MB from aqueous solutions using the 
ZL raw  material and activated carbon using the RSM 
method:

The optimum conditions of preparation of ZL activated 
carbon were found to be a ratio of 2.76 w/w, a temperature 
of 413°C, and a time of 71.85 min.

Table 7
ANOVA analysis of ZL raw and activated carbon

Source DF Adj SS(a) Adj MS(b) F-value p-value

Raw material Model 9 12441 1382.3 353.84 0

Linear 3 11892.8 3964.3 1014.75 0

A 1 1718.7 1718.7 439.95 0

B 1 10084.1 10084.1 2581.28 0

C 1 90 90 23.03 0.002

Square 3 442.9 147.6 37.79 0

A×A 1 32.6 32.6 8.34 0.023

B×B 1 319.8 319.8 81.87 0

C×C 1 113.6 113.6 29.08 0.001

2-way interaction 3 105.3 35.1 8.99 0.008

A×B 1 62.1 62.1 15.89 0.005

A×C 1 43 43 11.02 0.013

B×C 1 0.2 0.2 0.05 0.828

Error 7 27.3 3.9   

Lack-of-fit 3 27.3 9.1 303848.61 0

Pure error 4 0 0   

Total 16 12468.4    

Activated 
carbon

Model 9 15430.6 1714.5 86.91 0

Linear 3 10919.9 3640 184.52 0

A 1 263.4 263.4 13.35 0.008

B 1 10585.1 10585.1 536.60 0

C 1 71.4 71.4 3.62 0.099

Square 3 4371.1 1457 73.86 0

A×A 1 825.9 825.9 41.87 0

B×B 1 970.2 970.2 49.19 0

C×C 1 2142 2142 108.59 0

2-way interaction 3 139.6 46.5 2.36 0.158

A×B 1 101 101 5.12 0.058

A×C 1 23 23 1.17 0.316

B×C 1 15.6 15.6 0.79 0.403

Error 7 138.1 19.7   

Lack-of-fit 3 138.1 46 15341.39 0

Pure error 4 0 0   

Total 16 15568.7    

(a) Adjusted sums of squares (b) Adjusted mean squares
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The optimal conditions of MB removal by adsorption using 
raw and activated Ziziphus lotus material are respectively: an ini-
tial pH of 10.4/11.9, an adsorbent dosage of 760.9/390.2 mg/L, 
and a contact time of 38.60/32.75 min. The result of the RSM 
methodology based on validation data showed a R2 of 0.99 for 
both the raw material and the activated carbon.
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