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a b s t r a c t 

This study aims at optimizing the adsorption of heavy metal ions onto banana peel derived activated 

carbon (AC) using response surface methodology (RSM) involving central composite design (CCD). The 

cheap, non-toxic and locally available banana peel was subjected to carbonization and subsequently KOH- 

activation to produce the porous AC, which was then characterized by SEM and FTIR analyses. In RSM 

study, the individual and interactive effects of three critical variables including heavy metal ion concen- 

tration, pH of solution and AC dosage on the adsorption capacity were optimized. The maximum adsorp- 

tion capacity appeared to follow the order: Cu 2 + (14.3 mg/g) < Ni 2 + (27.4 mg/g) < Pb 2 + (34.5 mg/g) that 

agreed well with the verification experiments, revealing the reliability and suitability of the optimization 

approach. In addition, the results of isotherm study show that the Langmuir model can be used to best 

describe the adsorption behavior of Cu 2 + and Ni 2 + onto the banana peel derived activated carbon. 

© 2016 Elsevier B.V. All rights reserved. 
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. Introduction 

In recent years, removal of pollutants using activated carbons

ACs) fabricated from low-cost natural resources has been real-

zed as a green and cost-efficient solution to the currently chal-

enging environmental problems [1–3] . Many studies have demon-

trated the possibility of converting a variety of non-toxic, cheap

nd abundant agricultural wastes, such as coconut shell, tea waste,

ice husk, sugar cane bagasse, fruit peels, into low-cost but high-

erformance ACs [4–8] . Some agriculture waste derived activated

arbons with outstanding properties like large surface area, di-

erse functional groups, and high porosity were reported to exhibit

igh efficiency in adsorption of various organic and inorganic toxi-

ants [9,10] . Hence, they are concerned as appropriate alternatives

o costly commercial activated carbons which are often produced

rom non-renewable and expensive precursors. 

Hazardous metal contamination in water has long existed as a

erious threat to human health and aquatic life due to the per-

istence of the heavy metals in nature. The discharge of heavy

etals into water sources is often resulted from leaks of chemical

ollutants, mineral processing and many other kinds of manufac-

uring activities. Although trace amounts of some transition met-
∗ Corresponding author. Fax: + 84 83940 4759. 
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ls, e.g. copper, nickel and lead, are essential for living organisms,

heir excessive levels may cause very harmful effects like neuro-

ogical disorders, respiratory failure, birth defects or even death

n extreme poison [11] . The major obstacle to decontamination of

eavy metals is either the high-cost or low-efficiency of conven-

ional treatment methods, including oxidation/reduction, coagula- 

ion and flocculation, reverse osmosis, membrane filtration, ion ex-

hange and electrochemical techniques [12,13] . However, adsorp-

ion process using activated carbon adsorbent is especially favored

ue to its high efficiency, easy operation, insensitivity to toxic sub-

tances, the possibility of reuse and large scale promotion [14] . The

fficiency of adsorption process crucially depends on the property

f adsorbents and selection of suitable operation conditions. The

rst factor is normally controlled by the nature of source materi-

ls and fabrication strategy while the latter requires an appropriate

ombination of different influential factors which often needs to

e determined via a large number of tests. However, by applying

ptimization tools, a number of experiments can be significantly

educed. Response surface methodology (RSM) involving a group

f mathematical and statistical techniques that are based on the

t of empirical models to the experimental data obtained from a

et of designed experiments is considered as one of the most rel-

vant multivariate techniques used in analytical optimization [15] .

mong several matrix designs with different properties and char-

cteristics, CCD is more commonly applied to define which experi-

ents should be carried out in the examined experimental region

http://dx.doi.org/10.1016/j.surfin.2016.10.007
http://www.ScienceDirect.com
http://www.elsevier.com/locate/surfin
http://crossmark.crossref.org/dialog/?doi=10.1016/j.surfin.2016.10.007&domain=pdf
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Table 1 

Independent variables matrix and their encoded levels. 

No Independent factors Code Levels 

−α −1 0 + 1 + α

1 M (II) concentration (ppm) x 1 8 .0 25 50 75 92 .0 

2 Dosage of AC (g/L) x 2 0 .8 2 .5 5 7 .5 9 .2 

3 pH of solution (–) x 3 0 .6 2 4 6 7 .4 
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to evaluate individual and interaction effects of independent vari-

ables with least number of experiments [16] . 

Banana is a kind of tropical fruit massively cultivated and con-

sumed in hundreds of countries. Recently, cheap and abundant ba-

nana tree originated agricultural wastes have also attracted much

attention for their potential applications in remediation of waste

water contaminated by heavy metals, dyes and various organic pol-

lutants [8,17–19] . However, as far as we are concerned, few re-

search has focused on the fabrication and exploration of adsorp-

tion characteristics of the banana peel derived activated carbon.

Therefore, this study aims at employing the RSM involving CCD to

study the individual and interactive effects of influential factors on

the adsorption of heavy metals using the banana peel derived ac-

tivated carbon, thereby defining the optimum region for maximum

adsorption capacity. In the fabrication process, chemical activation

using KOH was applied to form porous carbon structure as it has

been well-known to be efficient and eco-friendly [20–22] . The ad-

sorption tests were performed with three common heavy metals

including Cu 

2 + , Ni 2 + , Pb 2 + ions. The quadratic polynomial regres-

sion model involving three independent variables, i.e. concentra-

tion of heavy metal ions, adsorbent dosage, pH and taking adsorp-

tion capacity of the synthesize-AC as the main response were suc-

cessfully developed. The goodness of fit of the model and the sig-

nificance of influential variables were evaluated via the analysis of

variance (ANOVA). 

2. Experimental procedure 

2.1. Fabrication of activated carbon from banana peel 

The banana peels were collected from the local markets,

washed with distilled water for several times, dried under the sun-

shine and ground into small pieces with less than 1.0 mm in di-

ameter. The precursor was then carbonized under a nitrogen at-

mosphere at 500 °C for 1 h with a heating rate of 10 °C/min. The

resulting char was soaked with potassium hydroxide solution for

24 h The ratio between the char and KOH was 1:1 (wt%). The KOH-

impregnated char was further heated under nitrogen at 500 °C for

0.5 h Finally, the as-received KOH-activated carbon was repeatedly

washed with deionized water until approaching neutral pH fol-

lowed by drying at 105 °C for 24 h 

2.2. Instruments and techniques 

The X-ray powder diffraction (XRD) of AC was implemented on

D8 Advance Bruker powder diffractometer with a Cu–K α excitation

source. The diffraction spectra were recorded with a scan rate of

0.02 °/s. The angle range (2 θ ) was investigated between 0 ° and 50 °.
The morphological study of the material surface was identified by

scanning electron microscope (SEM) technique on an S4800 instru-

ment, Japan at an accelerating voltage source of 10 kV. The FT–IR

spectra were recorded using the Nicolet 6700 spectrophotometer

instrument. 

2.3. Batch adsorption experiments 

The adsorption experiments were carried out in the Erlen-

meyer flasks containing 50 mL of aqueous solution of M (II) ions

(M = Cu, Pb, and Ni) and the synthesized activated carbon. In-

put factors were investigated including initial M (II) concentration

(8.0–92.0 ppm), adsorbent dosage (0.8–9.2 g/L) and pH of the solu-

tion (0.6–7.4). The mixture was mixed thoroughly until obtaining

the adsorption equilibrium. The residual concentrations of heavy

metals were confirmed by AAS analysis. The removal efficiency and
he adsorption capacity were calculated as follows: 

 ( II ) remov al ( % ) = 

C o − C f 

C o 
. 100 (1)

here C o and C f are the initial and equilibrium M (II) concentra-

ions (ppm) respectively. 

 f ( mg/g ) = 

C o − C f 

W 

.V = 

C o − C f 

d AC 

(2)

here V (mL) is the volume of the M (II) solution, W (g) is the

eight of the adsorbent, d AC (g/L) is the dosage of the AC. 

.4. Experimental design with RSM 

Response surface methodology, which combines the advantages

f mathematical and statistical techniques, is widely applied as a

owerful tool to obtain responses over the entire factor space and

etermine the region of optimal or near-optimal response using

 sequence of designed experiments. The concept of a typical re-

ponse surface method involves an independent variable “y ” called

he response variable and several independent variables x i ( i = 1,

, 3, 4…. k ). Second order polynomial model is usually utilized to

stablish the functional relationship between y and the set of in-

ependent values “x i ”. Generally, the main steps of RSM are as fol-

ows: (1) the selection of independent variables representing major

ffects on the system; (2) the choice of the experimental design

nd accordingly conducting the experiments; (3) the mathematic–

tatistical treatment of the obtained experimental data through the

t of a polynomial function; (4) the evaluation of the model’s fit-

ess, and (5) the determination of the optimum values [23,24] . In

he present study, RSM superimposed with central composite de-

ign (CCD) was employed to study the significance of independent

ariables and thereby determining optimal conditions for adsorp-

ion process. In details, metal ions (Cu 

2 + , Pb 2 + , Ni 2 + ) concentration

 x 1 ), the dosage of adsorbent ( x 2 ), and pH ( x 3 ) were taken as three

nput variables and the adsorption capacity ( y ) of the activated car-

on towards metal ions was taken as the response ( Table 1 ). The

CD for three independent variables was designed based on 4 ax-

al points, 8 factorial points, and 6 replicates at the center points;

he total number of experiment is calculated using the following

quation: 

 = 2 

k + 2 k + c = 2 

3 + 2 . 3 + 6 = 20 (3)

here k is the number of factors, c is the number of center points.

The adsorption capacity is correlated to the independent vari-

bles using the following second order polynomial model that

akes into account the individual, interactive and quadratic terms

s follows [25] : 

 = βo + 

k ∑ 

i =1 

βi x i + 

k ∑ 

i =1 

k ∑ 

j=1 

βi j x i x j + 

k ∑ 

i =1 

βii x 
2 
i (4)

here y is the predicted response; x i and x j are the indepen-

ent variables. The parameter βo , β i , β ij, and β ii , are the regres-

ion coefficients for intercept, linear effect, double interaction, and

uadratic effect, respectively. 

Analysis of variance (ANOVA) of the quadratic polynomial re-

ression models was utilized to identify the significance of input
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Fig. 1. (A) XRD spectra, (B) FT-IR spectra, (C) SEM micrograph and (D) pore size distribution of the AC. 
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ariables as well as the relationship between the responses and

he influential factors [26] . In this study, the ANOVA was calculated

sing Design-Expert version 9.0.5.1 (DX9). 

. Results and discussion 

.1. Characterization of the banana peel derived activated carbon 

AC) 

The structure of banana peel based AC was first characterized

sing XRD analysis as presented in Fig. 1 A. The presence of a broad

eak in the range of 20 °–30 ° demonstrates the typical amorphous

tructure of amorphous carbon [27–29] . Moreover, the absence of

harp peaks indicates the negligible existence of residual ash in the

tructure. 

The as-synthesized AC was found to possess a complex sur-

ace structure containing various kinds of functional groups ac-

ording to the FT-IR analysis ( Fig. 1 B). The broad adsorption band

rom ca. 3330 cm 

−1 to ca. 3450 cm 

−1 is attributable the stretch-

ng vibrations of free and intermolecular bonded O–H groups. The

resence of the C 

= O group and O–N asymmetric stretch can be

erified by the adsorption bands at 1700 cm 

−1 and 1541 cm 

−1 ,

espectively. A minor peak at 2916 cm 

−1 identified the presence
f stretching vibration of the C–H group. Moreover, the peak at

640 cm 

−1 may correspond to the C 

= C stretching or to the asym-

etric and symmetric stretching vibrations of C 

–O while that de-

ected at 2353 cm 

−1 could be ascribed to the C 

≡C [30–32] . 

The synthesized banana peel derived AC has a highly porous,

ich-defect structure as revealed by SEM analysis ( Fig. 1 C). The

easurement of N 2 adsorption/desorption isotherm at –196 °C pro-

ided the BET surface area of 63.5 m 

2 /g. According to the pore dis-

ribution determined via DA method ( Fig. 1 D), the radii of micro-

ores and mesopores in the AC ranged from around 5 Å to 20 Å

ith the average pore radius at 11.1 Å and micropore volume of

.014 cm 

3 /g. As expected, the formation of pore system of the AC

esulted from the rapid emission of species during carbonization

rocess and from the development of new micropores induced by

OH activation. It was suggested that KOH could promote both the

eneration of new micropores and the enlargement of as-existing

icropores to mesopores [33] . 

.2. Quadratic models for adsorption of heavy metal ions onto the 

anana peel derived activated carbon (AC) 

CCD design matrix was established to investigate the contribu-

ion of three influential factors including metal ion concentration,
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Table 2. 

Matrix of observed and predicted values. 

Run Independent factors Experiment of removal (%) Experiment of uptake (mg/g) Prediction of uptake (mg/g) 

x 1 x 2 x 3 Cu 2 + Ni 2 + Pb 2 + q C u 2+ q N i 2+ q P b 2+ q C u 2+ q N i 2+ q P b 2+ 

1 25 2 .5 2 19 .0 3 .6 41 .2 1 .90 0 .36 4 .12 1 .74 0 .64 2 .11 

2 75 2 .5 2 7 .7 31 .7 55 .3 2 .32 9 .52 16 .60 2 .96 9 .07 13 .73 

3 25 7 .5 2 8 .1 27 .9 88 .5 0 .27 0 .93 2 .95 0 .23 1 .38 1 .89 

4 75 7 .5 2 11 .6 74 .3 27 .7 1 .16 7 .43 2 .77 1 .94 7 .44 1 .77 

5 25 2 .5 6 71 .7 96 .4 94 .2 7 .17 9 .64 9 .42 7 .89 10 .62 9 .56 

6 75 2 .5 6 47 .3 71 .0 92 .7 14 .2 21 .3 27 .80 11 .55 21 .85 29 .13 

7 25 7 .5 6 98 .1 98 .7 99 .9 3 .27 3 .29 3 .33 3 .53 1 .75 2 .16 

8 75 7 .5 6 72 .4 98 .9 100 7 .24 9 .89 10 .00 7 .68 10 .61 9 .98 

9 8 5 4 98 .1 96 .9 100 1 .57 1 .55 1 .60 0 .99 1 .93 1 .12 

10 92 5 4 64 .1 99 .2 99 .7 11 .8 18 .26 18 .35 5 .50 16 .46 17 .47 

11 50 0 .8 4 13 .6 21 .8 36 .0 8 .5 13 .60 22 .50 9 .62 14 .89 21 .43 

12 50 9 .2 4 98 .3 98 .8 99 .9 5 .34 5 .37 5 .43 5 .10 6 .06 5 .14 

13 50 5 0 .6 1 .8 0 .2 2 .6 0 .18 0 .02 0 .26 -1 .02 -1 .10 -2 .59 

14 50 5 7 .4 98 .8 98 .9 90 .9 9 .88 9 .89 9 .09 8 .97 9 .95 10 .58 

15 50 5 4 75 .4 97 .7 99 .2 7 .54 9 .77 9 .92 7 .64 9 .87 9 .96 

16 50 5 4 77 .4 93 .1 100 7 .74 9 .31 10 .00 7 .64 9 .87 9 .96 

17 50 5 4 73 .8 93 .8 95 .1 7 .38 9 .38 9 .51 7 .64 9 .87 9 .96 

18 50 5 4 75 .6 97 .9 96 .5 7 .56 9 .79 9 .65 7 .64 9 .87 9 .96 

19 50 5 4 80 .3 94 .2 100 8 .03 9 .42 10 .00 7 .64 9 .87 9 .96 

20 50 5 4 72 .2 97 .3 95 .8 7 .22 9 .73 9 .58 7 .64 9 .87 9 .96 

x 1 : Initial concentration, x 2 : adsorbent dosage, x 3 : pH of solution . 
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N  
pH and dosage of banana peel based activation carbon the adsorp-

tion of Pb 2 + , Cu 

2 + , and Ni 2 + . Five levels of the variables including

the low (encoded −1), high (encoded + 1) and rotatable (encoded

±α) one were defined. The adsorption capacity, taken as the main

response, was predicted using polynomial regression equation in

which the main, interaction and quadratic effects of the variables

were modeled. 

Table 2 exhibits the experimental design of 20 runs along with

the experimental and predicted adsorption results for Pb 2 + , Cu 

2 + , 

and Ni 2 + . It can be observed that the adsorption capacities vary

strongly depending on the values of the influential factors. How-

ever, the results at center points demonstrated nearly 100% re-

moval of Pb 2 + and Ni 2 + while the elimination of Cu 

2 + was lower

at around 70–80%. The main contents of Table 3 include the re-

sults of the analysis of variance (ANOVA) fitted to the second-

order polynomial equations and the corresponding regression co-

efficients. Statistical significance and accuracy of the models can

be confirmed via high F , low p -value, correlation coefficient ( R )

close to 1, and the results of lack of fit (LOF) test. A p -value less

than 0.05 demonstrates the statistical significance of factor effect

(at 95% confidence level). The LOF value parameter showed the

variation of response around the fitted model; this parameter ap-

pears insignificant if the model fits data well. According to these

standards, the high F -values of all three models with Prob. > F val-

ues lower than 0.0 0 01 as presented in Table 3 suggest the statisti-

cal significance of the models. Note that the proposed models fit-

ted to the real responses for Ni 2 + and Pb 2 + better than that for

Cu 

2 + . The values of R 2 and adjusted R 2 are higher than 0.99 for

Ni 2 + , Pb 2 + while those for Cu 

2 + were lower, at 0.9394 and 0.8849

respectively. Moreover, the lack of fit tests suggests the statistical

significance of the models for Ni 2 + and Pb 2 + . In the case of Cu 

2 + ,
the significance of LOF may occur due to the involvement of other

influential factors. 

The regression analysis of CCD afforded the following sec-

ond order polynomial equations for Cu 

2 + , Ni 2 + , and Pb 2 + respec-

tively: 

q C u 2+ = 7 . 61 + 2 . 38 x 1 − 1 . 17 x 2 + 3 . 34 x 3 + 0 . 05 x 1 x 2 

+ 1 . 59 x 1 x 3 − 0 . 63 x 2 x 3 − 0 . 54 x 2 1 − 0 . 46 x 2 2 − 1 . 12 x 2 3 (5)

q N i 2+ = 9 . 56 + 4 . 30 x 1 − 2 . 42 x 2 + 3 . 11 x 3 − 0 . 97 x 1 x 2 

+ 0 . 33 x 1 x 3 − 2 . 03 x 2 x 3 − 0 . 21 x 2 1 − 0 . 003 x 2 2 − 1 . 61 x 2 3 (6)
 P b 2+ = 9 . 77 + 4 . 80 x 1 − 4 . 95 x 2 + 2 . 85 x 3 − 3 . 05 x 1 x 2 

+ 1 . 59 x 1 x 3 − 1 . 11 x 2 x 3 + 0 . 09 x 2 1 + 1 . 51 x 2 2 − 1 . 78 x 2 3 (7)

The statistical significance of each variable and the possible in-

eractions can be seen at different degrees of probability in Table 3 .

he initial ion concentration, pH, and activated carbon dosage af-

ect significantly on the adsorption capacities of all three metals.

t is worth noting that all these factors also showed significant

uadratic effects on the adsorption of Pb 2 + and Ni 2 + . 
Fig. 2 shows the graphs of actual versus predicted data ob-

ained from the adsorption of three metals. The graph of Cu 

2 + as

isplayed in Fig. 2 A show some deviations between the expected

nd observed values. However, they were still closely distributed

o the line indicating a relative compatibility. On the other hand,

he plots for Ni 2 + and Pb 2 + ( Fig. 2 B and C) reveal the well-fitting

ith high correlation coefficients suggesting a high adequacy of

he models. The above evaluations demonstrate that the derived

uadratic equations are suitable to predict the adsorption of such

on metals under the examined conditions involving the effects of

etal ion concentration, the dosage of banana raw based activated

arbon and pH value. 

.3. Effect of influential factors on the adsorption of heavy metal ions

nto the banana peel derived activated carbon (AC) 

Three-dimensional curves were plotted to clarify the effects of

rocess variables, with two factors for each graph, on the predicted

etal uptake and to locate the optimal or near-optimal adsorp-

ion regions. The combined effect of ion concentration (8–92 ppm),

nd AC dosage (0.8–9.2 g/L) on the Cu 

2 + , Ni 2 + , and Pb 2 + uptake

t pH = 4 is exhibited in Fig. 3 . For all three metals, it is gener-

lly found in all three metals that the adsorption efficiency ap-

ears inappreciable in the low concentration range ( < 25 ppm) but

he higher initial concentration affords more considerable uptake

apacity at all levels of AC dosages. This is well consistent with

he assumption that active sites of the AC can capture more metal

ons when their densities in the solution get higher thus leading

o increase in adsorption capacities [34,35] . According to Fig. 3 A,

he adsorption capacity for Cu 

2 + generally decreases with increas-

ng adsorbent dosage at various concentrations and the metal up-

ake went up as the concentration rises from 8 ppm to around

6 ppm before dropping down at all dosages of AC. In terms of

i 2 + and Pb 2 + , the effect of AC dosage increases as the concen-
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Table 3 

ANOVA for absorption of Cu 2 + , Ni 2 + and Pb 2 + . 

Response Source Sum of squares Degree of freedom Mean square F -value Prob > F Comment 

Cu 2 + uptake (mg/g) Model 293 .64 9 32 .63 30 .42 < 0 .0 0 01 s SD = 1.04 

x 1 77 .41 1 77 .41 72 .17 < 0 .0 0 01 s Mean = 6.16 

x 2 18 .66 1 18 .66 17 .40 0 .0019 s CV = 16.8 

x 3 151 .92 1 151 .92 141 .65 < 0 .0 0 01 n Press = 78.89 

x 1 
2 0 .021 1 0 .021 0 .020 0 .8915 s R 2 = 0.9648 

x 2 
2 20 .13 1 20 .13 18 .77 0 .0015 n R 2 (adj.) = 0.9330 

x 3 
2 3 .21 1 3 .21 3 .00 0 .1142 n AP = 21.469 

x 1 x 2 4 .21 1 4 .21 3 .92 0 .0759 s 

x 1 x 3 3 .01 1 3 .01 2 .81 0 .1248 n 

x 2 x 3 18 .23 1 18 .23 16 .99 0 .0021 n 

Residuals 10 .73 10 1 .07 − −
Lack of fit 10 .33 5 2 .07 25 .84 0 .0014 n 

Pure error 0 .40 5 0 .080 − −
Ni 2 + uptake (mg/g) Model 543 .16 9 60 .35 438 .10 < 0 .0 0 01 s SD = 0.37 

x 1 251 .95 1 251 .95 1828 .98 < 0.0 0 01 s Mean = 8.32 

x 2 80 .33 1 80 .33 583 .11 < 0 .0 0 01 s CV = 4.46 

x 3 132 .03 1 132 .03 958 .40 < 0 .0 0 01 n Press = 10.12 

x 1 
2 7 .45 1 7 .45 54 .08 < 0 .0 0 01 s R 2 = 0.9975 

x 2 
2 0 .85 1 0 .85 6 .13 0 .0327 n R 2 (adj.) = 0.9952 

x 3 
2 32 .97 1 32 .97 239 .31 < 0 .0 0 01 n AP = 80.416 

x 1 x 2 0 .62 1 0 .62 4 .52 0 .0594 s 

x 1 x 3 0 .0 0 012 1 0 .0 0 012 0 .0 0 08 0 .9774 n 

x 2 x 3 37 .18 1 37 .18 269 .89 < 0 .0 0 01 n 

Residuals 1 .38 10 0 .14 – –

Lack of fit 1 .14 5 0 .23 4 .74 0 .0565 n 

Pure error 0 .24 5 0 .048 – –

Pb 2 + uptake (mg/g) Model 951 .54 9 105 .73 775 .64 < 0 .0 0 01 s SD = 0.37 

x 1 314 .34 1 314 .34 2306 .09 < 0 .0 0 01 s Mean = 9.64 

x 2 334 .60 1 334 .60 2454 .70 < 0 .0 0 01 s CV = 3.83 

x 3 111 .15 1 111 .15 815 .40 < 0 .0 0 01 n Press = 9.02 

x 1 
2 74 .24 1 74 .24 544 .63 < 0.0 0 01 s R 2 = 0.9986 

x 2 
2 20 .32 1 20 .32 149 .08 < 0 .0 0 01 n R 2 (adj.) = 0.9973 

x 3 
2 9 .88 1 9 .88 72 .48 < 0 .0 0 01 n AP = 107.26 

x 1 x 2 0 .12 1 0 .12 0 .88 0 .3705 s 

x 1 x 3 32 .51 1 32 .51 238 .48 < 0 .0 0 01 n 

x 2 x 3 45 .80 1 45 .80 335 .98 < 0 .0 0 01 n 

Residuals 1 .36 10 0 .14 – –

Lack of fit 1 .12 5 0 .22 4 .54 0 .0612 n 

Pure error 0 .25 5 0 .049 – –

Note: s significant at p < 0.05, n insignificant at p > 0.05 . 
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ration increases; the higher concentration and lower AC dosage

ead to higher metal uptake over the examined ranges ( Fig. 3 B and

). The correlation of pH (0.6–7.4) and metal ion concentration (8–

2 ppm) is presented in Fig. 4 . The adsorption of Cu 

2 + hardly oc-

urs in strongly acidic solution (pH < 2) regardless of initial con-

entration. A similar picture is observed for Ni 2 + and Pb 2 + in low

oncentration range but the concentration higher than 75 ppm can

fford considerable adsorption. The adsorption appears to be more

avored as pH approaches neutral value (5.7–7.4). This can be ex-

lained that higher pH value supports higher concentration and

igh mobility of the H + that is preferably adsorbed onto the AC

hus resulting in less adsorption of heavy metal ions. 

Fig. 5 illustrates the remarkable relation between AC dosage and

H value with relatively similar trends observed for all three met-

ls. In strongly acidic solution (pH < 2) the metal uptake is almost

ndetected regardless of the AC amount added. The increase of ad-

orption capacity due to the increase of pH value (pH > 2) is more

ignificant as the AC dosage decreases. In other words, the change

f pH affects more significantly with low AC dosage. According to

he above results, the operation conditions to obtain maximum

dsorption capacities were predicted and presented in Table 4 .

he maximum adsorption capacities for Cu 

2 + , Ni 2 + , and Pb 2 + are

redicted to be obtained at (14.3 mg/g) < Ni 2 + (27.4 mg/g) < Pb 2 + 

34.5 mg/g) using the initial concentration of 85 ppm, 90.3 ppm,

4.4 ppm, AC dosage of 2.4 g/L, 1.8 g/L, 0.9 g/L and pH values of

.5, 6.4, 6.1, respectively. In experiments for model confirmation,

he real adsorption capacities at the RSM derived optimum con-
itions were obtained at 14.3 mg/g, 27.4 mg/g and 34.5 mg/g for

u 

2 + , Ni 2 + , Pb 2 + respectively which are close to the predicted val-

es, indicating the suitability and accuracy of the suggested mod-

ls. In good agreement with other studies, the adsorption capacity

or Pb 2 + on activated carbon is stronger as compared to those for

i 2 + and Cu 

2 + [36–38] . 

.4. Adsorption isotherm study 

The adsorption isotherm models were also employed to ex-

lore the adsorption behaviors of the heavy metals onto the ba-

ana peel-derived activated carbon. Among a number of isotherm

odels, Langmuir and Freundlich’s isotherms are most commonly

sed ones for describing the adsorption of heavy metals and or-

anic compounds on ACs [34] . The Langmuir model is based on

he assumption that monolayer adsorption occurs on a homoge-

eous surface with a finite number of adsorption sites and negli-

ible mutual interactions between the adsorbed molecules [39,40] .

he linear form of Langmuir equation is given as: 

1 

q e 
= 

1 

q m 

K L C e 
+ 

1 

q m 

here C e (mg/L) and q e (mg/g) are equilibrium concentration and

dsorption capacity, respectively. q m 

(mg/g) and K L (L/mg) are the

aximum adsorption capacity and rate of adsorption (Langmuir

onstant), respectively. 
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Table 4 

Model confirmation. 

Sample Concentration (ppm) Dosage (g/L) pH Capacity (mg/g) Removal (%) 

Predicted Tested Predicted Tested 

AC–Cu 85 .0 2 .4 6 .5 16 .4 14 .3 46 .3 40 .4 

AC–Ni 90 .3 1 .8 6 .4 26 .2 27 .4 52 .2 54 .6 

AC–Pb 74 .4 0 .9 6 .1 36 .2 34 .5 43 .8 41 .7 

Fig. 2. Actual versus predicted data of Cu 2 + , Ni 2 + and Pb 2 + adsorption. 

Fig. 3. Effect of initial concentration and dosage on Cu 2 + , Ni 2 + , Pb 2 + uptake. 
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Fig. 4. Effect of pH solution and initial concentration on Cu 2 + , Ni 2 + , Pb 2 + uptake. 
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Fig. 5. Effect of dosage and pH solution on Cu 2 + , Ni 2 + , Pb 2 + uptake. 
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Term of dimensionless equilibrium parameter ( R L ) is one of the

ssential characteristics of the Langmuir isotherm modeling, which

s defined as the following equation: 

 L = 

1 

1 + K L C o 

here K L (L/mg) is the Langmuir constant and C o (mg/L) is

he highest metal ion concentration. The type of the adsorp-

ion isotherm is determined by the value range of R L : unfavor-

ble ( R L > 1), linear ( R L = 1), favorable (0 < R L < 1) and irreversible

 R L = 0) [40] . 

On the other hand, the Freundlich model assumes that

olecules are adsorbed on the heterogeneous surfaces of adsor-

ate based on different sites with different adsorption energies
41,42] . This model takes into account the mutual interaction be-

ween adsorbed molecules. The application of the Freundlich equa-

ion also suggests that sorption energy exponentially decreases

pon the completion of the sorption centers of the adsorbent. The

inear form of Freundlich equation is given as: 

n q e = ln K F + 

1 

n 

ln C e 

here 1/ n and K F [(mg/g) � (L/mg) 1/ n ] are Freundlich constants re-

ated to the favorability of adsorption process and the adsorption

apacity of the adsorbate, respectively. 1/ n is the heterogeneity fac-

or indicating the adsorption intensity of the adsorbent [43] . 
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Fig. 6. Langmuir and Freundlich isotherm plots for adsorption of Cu 2 + , Ni 2 + and Pb 2 + onto the AC. 

Table 5 

Langmuir and Freundlich isotherm constants for Cu 2 + , Ni 2 + , Pb 2 + . 

Ions Langmuir isotherm coefficient Freundlich isotherm coefficient 

q m (mg/g) K L (L/mg) R 2 R L K F [(mg/g) �(L/mg)] 1/ n 1/ n R 2 

Cu 2 + 13 .81 0 .6902 0 .9343 0 .0282 4 .1305 0 .3279 0 .7773 

Ni 2 + 20 .88 0 .3236 0 .9531 0 .0582 4 .7086 0 .6105 0 .8017 

Pb 2 + – – 0 .8328 – 9 .8434 0 .3165 0 .3381 
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The plot of C e against C e / q e and the plot of log C e against

logq e were constructed to determine the parameters of Langmuir–

Freundlich equations as displayed in Fig. 6 and Table 5 . It was

found that the Langmuir equation is more suitable than Freundlich

model in the description of the adsorption behavior of Cu 

2 + and

Ni 2 + on the banana-derived ACs with higher values of correlation

coefficients ( R 2 of 0.93 and 0.95, respectively), while the adsorp-

tion of Pb 2 + appeared less fitted with R 2 = 0.83. Moreover, values

of R L were found to be lower than 1, suggesting that the adsorption

processes are favorable. 
m  

t

. Conclusion 

The porous activated carbon fabricated from banana peel pre-

ursor through KOH activation was found to be an effective adsor-

ent for removal of Cu 

2 + , Ni 2 + and Pb 2 + ions from aqueous so-

ution. The RSM involving CCD was successfully applied to exam-

ne the impact of independent variables, including metal ion con-

entration, pH and AC dosage on the removal of Cu 

2 + , Ni 2 + , and

b 2 + and to determine the optimum adsorption conditions. The

uadratic equations developed to model the adsorption of all three

etals on the banana peel based activated carbon were proved sta-

istically significant. It is noted that the quadratic models for Ni 2 + 
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nd Pb 2 + had the higher goodness of fit than that for Cu 

2 + . Accord-

ngly, the maximum adsorption capacities for Cu 

2 + , Ni 2 + , and Pb 2 + 

ere obtained at (14.3 mg/g) < Ni 2 + (27.4 mg/g) < Pb 2 + (34.5 mg/g)

sing the initial concentration of 85 ppm, 90.3 ppm, 74.4 ppm, AC

osage of 2.4 g/L, 1.8 g/L, 0.9 g/L and pH values of 6.5, 6.4, 6.1, re-

pectively. In addition, the adsorption isotherms of Cu 

2 + and Ni 2 + 

ere found to follow well the Langmuir adsorption principle. The

btained results proved a great potential to apply the low-cost ba-

ana peel-derived activated carbon with the well-defined adsorp-

ion characteristics for environmental treatment. 
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