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a b s t r a c t 

The present work addresses the optimization of process parameters for adsorptive removal of α-toluic 

acid by calcium peroxide (CaO 2 ) nanoparticles using response surface methodology (RSM). CaO 2 nanopar- 

ticles were synthesized by chemical precipitation method and confirmed by Transmission electron mi- 

croscopy (TEM) and high-resolution TEM (HRTEM) analysis which shows the CaO 2 nanoparticles size 

range of 5–15 nm. A series of batch adsorption experiments were performed using CaO 2 nanoparticles 

to remove α-toluic acid from the aqueous solution. Further, an experimental based central composite 

design (CCD) was developed to study the interactive effect of CaO 2 adsorbent dosage, initial concentra- 

tion of α-toluic acid, and contact time on α-toluic acid removal efficiency (response) and optimization of 

the process. Analysis of variance (ANOVA) was performed to determine the significance of the individual 

and the interactive effects of variables on the response. The model predicted response showed a good 

agreement with the experimental response, and the coefficient of determination, ( R 2 ) was 0.92. Among 

the variables, the interactive effect of adsorbent dosage and the initial α-toluic acid concentration was 

found to have more influence on the response than the contact time. Numerical optimization of process 

by RSM showed the optimal adsorbent dosage, initial concentration of α-toluic acid, and contact time 

as 0.03 g, 7.06 g/L, and 34 min respectively. The predicted removal efficiency was 99.50%. The experiments 

performed under these conditions showed α-toluic acid removal efficiency up to 98.05%, which confirmed 

the adequacy of the model prediction. 

© 2017 Tomsk Polytechnic University. Published by Elsevier B.V. 
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. Introduction 

In recent years, the removal of organic pollutants and valuable

hemicals from the aquatic environment and waste solutions has

eceived a great interest. α-Toluic acid (phenylacetic acid) is an or-

anic compound with a phenyl functional group and a carboxylic

cid functional group. It is being produced by the hydrolysis of

enzyl cyanide [1,2] and catabolic activities of the microorganism

rom various synthetic and natural aromatic compounds, such as

romatic amino acids, lignin, styrene, etc. [3] . α-Toluic acid is ex-
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ensively used in the biotechnology and pharmaceutical industries

or the production of β-lactam, antibiotics, penicillin G, etc. [4] . It

as a wide range of biological activity, antibacterial, analgesic, and

irucidal properties [5] . It can be produced by the fermentation of

oya beans using Bacillus licheniformis [6,7] . The chemical structure

f α-toluic acid is shown in Fig. 1 . Its presence in water causes

bjectionable odor and harmful effects to the aquatic lives. There-

ore, α-toluic acid has to be removed from water through a suit-

ble technique. It is commonly removed from the waste streams

y various methods such as precipitation, distillation, membrane

eparation, adsorption, reactive extraction, reverse osmosis, etc. [8] .

mong these, adsorption is considered as a more feasible and re-

iable technique due to its high recovery, ease of operation, cost-

ffectiveness and less processing time [9] . 

Nanoadsorbents, nanocatalysts, nanopowders, nanotubes, 

anostructured catalytic membranes, etc. have been widely used

o resolve a lot of problems related to water treatments [10] . In

articular, nanoparticles have been widely used as adsorbents
n access article under the CC BY-NC-ND license. 
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Fig. 1. Chemical structure of α-toluic acid. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Structure of the present work. 
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due to their higher surface to the volume ratio [11] , which can

improve the adsorption capacity [12] . Calcium peroxide is white

or yellowish solid peroxide, considered as temperature stable

inorganic peroxide. It has been used as adsorbents for the removal

of arsenic from wastewater, removal of toluene from petroleum

products, and cleanup of oil spills, etc. [13–15] . 

The conventional method of optimization of the adsorption pro-

cess involves multiple experiments to determine the optimal con-

ditions showing maximum adsorption or removal efficiency [16] .

Process optimization using the conventional approach of one fac-

tor at a time (OFAT) involves variation of one parameter at a time

while other parameters are involved at an unspecified constant

level [17] . It does not represent the combined effect of all the fac-

tors involved. The limitation of OFAT method can be eliminated

by optimizing all the affecting parameters collectively by using

the statistical experimental design. Response surface methodology

(RSM) is one of the statistical techniques widely used to (i) design

experiments, (ii) study the interactive effect of various parameters

on the response, and (iii) predict the optimum conditions to show-

ing a maximum response [18] . It is very useful for the enlargement

of a process by improving the yield, reducing time, and lowering

the operational cost [19] . The multiple regression analysis in the

RSM helps to build a model that represents the actual experimen-

tal response. The analysis of variance (ANOVA) is incorporated in

the RSM to evaluate the adequacy of the model and to test the

significance of the model terms [18,20] . This method is appropri-

ate for fitting a non-linear quadratic correlation, and for calculating

the response surface correlation between the input and obtained

parameters [20] . 

To the best of our knowledge, the literature on optimization

of α-toluic acid adsorption process by RSM is not available. This

is a first of its kind experimental study that deals with opti-

mization of the adsorption of α-toluic acid using CaO 2 nanopar-

ticles as adsorbent using RSM. In the present work, optimization

of the process was carried using RSM to study the interactive ef-

fects of independent variables on α-toluic acid removal efficiency

(response). The RSM predicted response was compared with our

experimental data to understand the predictive capacity of the

model. Fig. 2 shows the detailed structure of the overall present

work. 

2. Experimental 

2.1. Materials 

α-Toluic acid (98.5%) was received from Acros organics, New

Jersey, USA. Calcium chloride (CaCl 2 , 99.5%), hydrogen peroxide

(H 2 O 2 , 35%), polyethylene glycol (PEG 200) solution, ammonia

(NH 3 .H 2 O, 25%) solution, and sodium hydroxide (NaOH) were re-

ceived from Merck, India. All the chemicals were used as received

without purification. Double Distilled water obtained from Double

Distillation unit (Remi India Ltd.) was used to prepare the aqueous

solutions. 0.1 M NaOH was used to adjust the pH of the aqueous

solutions. 
.2. Equipment 

X-Ray Diffractometer (XRD) [PANalytical X’pert Pro] analysis of

he particles was performed in the range 20 ° to 70 ° (2 θ range)

ith a step size of 0.01 ° using Cu target ( λ= 1.5406 Å). Trans-

ission Electron Microscopy (TEM) analysis of particles was per-

ormed in PHILIPS-CM 200, operated at 20–200 kV. High Resolu-

ion transmission electron microscopy (HRTEM) of particles was

erformed using JEOL JEM-2100. A digital pH meter (Spectral Lab

nstrumental Pvt. Ltd., India) was used to measure the pH. 

.3. Synthesis of CaO 2 nanoparticles 

The detailed CaO 2 nanoparticle synthesis procedure is given in

ur earlier article [21] and elsewhere [13,22] . Briefly, 3 g CaCl 2 
as first dissolved in 30 mL water, followed by addition of 15 mL

H 3 .H 2 O (1 M) and 120 mL PEG-200 solution. The mixture was al-

owed to stir at 250 rpm, and 15 mL H 2 O 2 was immediately added

o it at the rate of three drops per minute for about 1 h. The stir-

ing was continued, and the pH of the mixture was adjusted to

1.5. The formation of CaO 2 nanoparticles was indicated by the

hange in color of the suspension from yellow to white. The sus-

ension was centrifuged at 10,0 0 0 rpm for 5 min, and the CaO 2 

anoparticles were collected. Finally, the particles were washed

hrice using 0.1 M NaOH solution, and then twice with distilled

ater, and dried at 80 °C for 120 min in a vacuum oven. The dried

aO nanoparticles were later used for the adsorption experiments.
2 
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Table 2 

Central composite design of experiments by RSM and α-toluic acid removal effi- 

ciency. 

Run 

no. 

Experimental design α-Toluic acid 

removal (%) 
Independent variables 

CaO 2 adsorbent 

dosage (g) 

x 1 

Initial α-toluic acid 

concentration (g/L) 

x 2 

Contact 

time (min) 

x 3 

Experimental Predicted 

1 −1 −1 −1 25.00 29.20 

2 +1 −1 −1 93.00 94.54 

3 −1 +1 −1 48.99 37.91 

4 +1 +1 −1 71.21 65.74 

5 −1 −1 +1 45.00 42.07 

6 +1 −1 +1 98.00 107.41 

7 −1 +1 +1 58.08 50.78 

8 +1 +1 +1 81.82 78.61 

9 −α 0 0 8.78 19.41 

10 + α 0 0 98.65 97.76 

11 0 −α 0 89.39 80.32 

12 0 + α 0 49.13 63.42 

13 0 0 −α 45.27 47.76 

14 0 0 + α 70.95 69.41 

15 0 0 0 58.78 58.59 

16 0 0 0 58.78 58.59 

17 0 0 0 58.78 58.59 

18 0 0 0 58.78 58.59 

19 0 0 0 58.78 58.59 

20 0 0 0 58.78 58.59 

±α = axial central point = 1.682. 
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ew milligrams of the dried particles were used for characteriza-

ion by XRD, TEM, and HRTEM. 

.4. Adsorption study 

Batch adsorption experiments for the removal of α-toluic acid

rom aqueous solutions using CaO 2 nanoadsorbent were designed

sing response surface methodology using Design Expert (7.0.0)

oftware (trial version). The interactive effects of CaO 2 adsorbent

osage, initial α-toluic acid concentration, and contact time on

he α-toluic acid removal efficiency were studied in the range of

.008–0.03 g, 6.8–13.47 g/L, and 5–60 min respectively ( Table 1 ). A

otal of 20 experiments were carried out based on the experiment

esign ( Table 2 ). In a typical adsorption experiment, 10 mL aqueous

-toluic acid solution of known concentration was taken in 100 mL

rlenmeyer flask containing a known mass of CaO 2 nanoadsorbent.

he flask containing the suspension was kept in a water bath con-

rolled shaker (REMI, RSB-12, India) and shaken at 22 ± 2 °C for

 specified time for α-toluic acid adsorption. The suspension was

hen centrifuged at 30 0 0 rpm for 5 min and the CaO 2 nanoparticles

ere collected. The supernatant was filtered using 0.45 μm filter

Whattman) and the residual CaO 2 nanoparticles were separated.

he α-toluic acid concentration in the supernant was determined

y NaOH titration using the phenolphthalein indicator [21] . The

onsistency of the titration was observed within ±2% by repeating

he experiments thrice and average values were reported. 

The α-toluic acid removal efficiency was calculated as: 

 α-toluic acid removal = 

(C 0 − C t ) 

C 0 
× 100 (1) 

here C 0 (g/L) is the initial concentration of α-toluic acid and C t 
g/L) is the α-toluic acid concentration at time t , after adsorption. 

.5. Response surface methodology (RSM) 

RSM is an effective experimental design technique used to de-

ermine the main, quadratic and interactive effects of independent

ariables on the response [23,24] . It is widely used to improve and

ptimize the processes. It requires only minimal numbers of ex-

eriments to evaluate the interactive effects of multiple variables

n the response. The quantitative data obtained from the experi-

ents that were used as input to the RSM to develop a regres-

ion model equation were then used to predict the response [25] .

n the present work, the central composite design (CCD) of RSM

as used to investigate the interactive effects of independent vari-

bles on the α-toluic acid removal efficiency (response) using CaO 2 

anoparticle as an adsorbent. The independent variables selected

ere adsorbent dosage ( x 1 ), initial concentration of α-toluic acid

 x 2 ), and adsorption contact time ( x 3 ). In a 2 3 fractional factorial

CD for three independent variables, the number of experiments

 N ) required to carry out was calculated using the below equation

26] : 

 = 2 

n + 2 n + n c (2) 
able 1 

xperimental range and the levels of the independent variables. 

Independent variables Range and level 

Low High 

−1 +1 

CaO 2 adsorbent dosage, g (x 1 ) 0.008 0.03 

Initial α-toluic acid concentration, g/L (x 2 ) 6.8 13.47 

Contact time, min (x 3 ) 5 60 

d  

a  

t  

e  

M  

p  

w  

m  

u  

e  

r

here n is the number of independent variables ( n = 3), n c is the

umber of central points ( n c = 6). Hence, 20 experiments were per-

ormed (see Table 2 ) to develop a model equation and determine

he optimal conditions showing the maximum response. The inde-

endent variables were coded with low level as −1 and high level

s +1 ( Table 1 ). The axial points kept were ( ±α, 0, 0), (0, ±α, 0),

nd (0, 0, ±α), where α is the distance between the axial point

nd the center point which equals to 1.682 (rotatable). 

To predict the response, a quadratic polynomial equation was

eveloped by the RSM involving the interactions of the indepen-

ent variables: 

 = β0 + 

k ∑ 

i =1 

βi x i + 

k ∑ 

i =1 

βii x 
2 
i + 

k ∑ 

i ≤i ≤ j 

βi j x i x j (3) 

here Y is the predicted response (removal efficiency), β0 is the

odel constant, β i the linear terms, β ii the quadratic terms, β ij 

he interaction terms, x i and x j (i = 1 → 3: j = 1 → 3: i � = j) represent

he coded form of independent variables. 

The relationship below the coded ( x i ) and the real values ( X i ) is

epresented as: 

 i = 

X i − X 0 

�X 

(4) 

here x i and x j are the dimensionless coded values of the in-

ependent variables, X 0 is the center point of X i and �X is the

tep change in X i . To obtain the quadratic model, each indepen-

ent variable was varied over levels, i.e., axial points (+ and –)

nd the center point. Analysis of variance (ANOVA) was performed

o evaluate the adequacy of the model, and to determine the co-

fficients of the individual and the interactive model parameters.

odel terms which are of significance were selected based on the

 -value and F -value [27] . The goodness of the quadratic model fit

ith the experimental α-toluic acid removal efficiency was deter-

ined by the correlation coefficient ( R 2 ). Design Expert 7.0.0 was

sed for the regression analysis, statistical significance of model

quations, and optimization of the process variables to achieve the

esponse. 
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3. Results and discussion 

3.1. XRD, TEM and HRTEM analysis of CaO 2 nanoparticles 

Fig. 3 shows the XRD of synthesized CaO 2 nanoparticles. The

presence of peaks at 2 θ = 30.4 °, 35.9 °, 47.7 °, 53.5 °, and 60.7 ° im-

plicates the synthesized nanoparticles of CaO 2 , as the peak posi-

tions are the same as that of standard JCPDS card (No. 03-0865)

of CaO 2 [21] . The average particle size ( D ) of CaO 2 was calculated

from the highest intensity peak (002) using the Debye–Scherrer

equation [28] : 

D = K λ/ ( β cos θ ) (5)

where K is the Debye–Scherrer constant equal to 0.89, λ is the

X-ray wave length equal to 1.5406 Å, β is the full width at half

maximum of (002) peak and θ is the Bragg angle (in radians). The

calculated average CaO 2 particle size was 16.8 nm. 

Fig. 4a shows the size and morphology of CaO 2 nanoparticles

examined by TEM. In Fig. 4a the particles are seen spherical, single

and isolated which is due to the presence of PEG-200 stabilizers

on CaO 2 nanoparticle surface resulting due to steric stabilization

in the dispersed form. The observed size range of particles is 5–

15 nm, which is in closer agreement with the XRD particle size.

Fig. 4b shows the HRTEM image of a single CaO 2 nanoparticle. The

presence of multiple planes in a single particle at different orienta-

tions suggests that the synthesized CaO 2 nanoparticles are highly

polycrystalline in nature. 

3.2. Adsorption isotherm 

The initial α-toluic acid concentration ( C 0 ) was varied from 6.8

to 13.47 g/L, at a constant contact time of 60 min, with 0.01 g CaO 2 

nanoparticles at 25 °C. The equilibrium adsorption capacity of α-

toluic acid ( q e ) on the CaO 2 nanoadsorbent was calculated as: 

q e = 

C 0 − C e 

W 

× V (6)

where q e is the equilibrium capacity of α-toluic acid on the ad-

sorbent (g/g), C e is the equilibrium concentration of α-toluic acid

in solution after adsorption (g/L), V is the volume of solution (L),

and W is the mass of CaO 2 nanoparticles in (g). The Freundlich

isotherm is applicable to both the monolayer and multilayer ad-

sorption, which assumes that adsorption occurs on heterogeneous
2  (degree)
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Fig. 3. X-ray diffraction of CaO 2 nanoparticles. 
urface. The linear form is expressed as [29] : 

n q e = ln K F + 

1 

n 

ln C e (7)

here K F is the Freundlich isotherm constant and n is the Fre-

ndlich isotherm exponent. The values of K F and n were calculated

rom the intercept and slope of the linear plot of ln q e (g/g) versus

n C e (g/L) [figure not shown]. 

The linearized form of Langmuir isotherm model equation is

iven as below [30] : 

C e 

q e 
= 

1 

K L q m 

+ 

C e 

q m 

(8)

here q m 

is the adsorption capacity of α-toluic acid correspond-

ng to complete monolayer coverage on the CaO 2 surface (g/g) and

 L is the Langmuir adsorption constant (L/g). The q e values were

alculated using Eq. (6) . The values of q m 

and K L were determined

rom the slope and the intercept of the linear plot C e /q e versus C e 
figure not shown]. Based on Eq. (8) , Langmuir isotherm shows the

est fit to the experimental data. Thus, this study confirms that

dsorption of α-toluic acid takes place on the CaO 2 nanoparticles,

nd follows the Langmuir adsorption isotherm model. It assumes
Fig. 4. (a) TEM and (b) HR-TEM images of the PEG-200 coated CaO 2 nanoparticles. 
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Fig. 5. Correlation of the predicted and the experimental α-toluic acid removal ef- 

ficiency. 
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hat monolayer adsorption of α-toluic acid takes place over the ho-

ogeneous CaO 2 nanoparticle adsorbent surface [31,32] . 

.3. Response surface modeling using central composite design 

Adsorption experiments were carried out by varying three inde-

endent variables’ CaO 2 nanoparticle dosage (0.008–0.03 g), initial

oncentration of α-toluic acid (6.8–13.47 g/L), and contact time (5–

0 min) ( Table 1 ). Using CCD, the predicted and the experimental

esponse for varying conditions are shown in Table 2 . Based on the

equential model sum of squares, models such as linear, quadratic,

ubic models, etc. were listed by the software. Among these, the

uadratic model was recommended as it had the highest order

olynomial with the additional terms significant, and the model

as not aliased. 

The quadratic model in terms of coded factors after excluding

he insignificant terms is expressed below to predict the response

 Y ): 

 = 20 . 16 + 4708 . 92 x 1 − 5 . 21 x 2 + 0 . 23 x 3 − 255 . 69 x 1 x 2 + 0 . 42 x 2 2 

(9)

The result of ANOVA test for the model Eq. (9) is summarized in

able 3 . A p value less than 0.05 was chosen as the criteria which

how the statistical significance of a variable of an effect at 95%

onfidence level [33] . F value is the ratio of mean square value of

ach source variable to the residuals [34] . The higher the F value,

he greater the significance of the corresponding source variables.

ased on F and p values the significant variables x 1 , x 2 , x 3, x 1 x 2 ,

nd x 2 
2 

were selected and the above model Eq. (9) was developed.

he correlation between the predicted and the experimental re-

ponse is shown in Fig. 5 . Experimental values are the measured

alues for a run arranged by the CCD, and the predicted values are

rom the model Eq. (9) . The predicted and the experimental re-

ponse show a very good agreement with each other, and the co-

fficient determination ( R 2 ) of 0.92 implicates a good adequacy of

he model. Hence, the developed model is capable of relating the

esponse and the significant variables. 

The interactive effects of initial concentration of α-toluic acid

nd CaO 2 adsorbent dosage on the α-toluic acid removal efficiency

t a constant contact time of 32.5 min is shown as 3D response

urface plot ( Fig. 6a ). It can be observed that at low adsorbent

osages, the α-toluic acid removal efficiency decreases with in-

reasing the concentration, whereas, at higher adsorbent dosages,

he removal efficiency increases with the initial α-toluic acid con-

entration. The increase in removal efficiency with an increase in

dsorbent dosage is attributed to the increase in a number of bind-

ng sites of the adsorbent surface. Singh et al. [23] also showed

hat the Rhodamine B removal efficiency increases with an in-

rease in magnetic nanocomposite (adsorbent) dosage. Similarly,

bdel-Ghani et al. [35] reported that the removal efficiency of
able 3 

nalysis of variance (ANOVA) for a response surface quadratic model. 

Source Sum of squares df Mean squ

Model 9347 .40 5 1869 .48 

x 1 7409 .42 1 7409 .42 

x 2 344 .68 1 344 .68 

x 3 565 .60 1 565 .60 

x 1 x 2 703 .88 1 703 .88 

323 .82 1 323 .82 

Residual 742 .71 14 53 .05 

Lack of fit 742 .71 9 82 .52 

Pure error 0 5 0 

Cor total 10090 .11 19 

f = degree of freedom. 

 

2 = 0.92. 
ead increases with increasing adsorbents such as rice husk, maize

obs and saw dust. From Fig. 6a , a maximum of 98.65% removal

fficiency can be observed at an initial α-toluic acid concentra-

ion = 10.135 g/L, and adsorbent dosage = 0.037 at a constant con-

act time of 32.5 min. 

The combined effect of CaO 2 adsorbent dosage and contact time

t a constant initial α-toluic acid concentration of 10.135 g/L on

he α-toluic acid removal efficiency is shown in Fig. 6b . It could

e noted that for both an increase in contact time and the adsor-

ent dosage the removal efficiency increases. An increase in ad-

orbent dosage results in more of binding sites available for the

-toluic acid molecules to adsorb, whereas, an increasing contact

ime provides enough time for the molecules to bind on the ad-

orbent sites. Similar results were reported by Arulkumar et al.

36] for the Orange G dye removal by adsorption on the activated

arbon. Garg et al. [37] showed that the malachite green dye re-

oval efficiency increases with increase in both sawdust and time.

rom Fig. 6b , a maximum of 98.65% α-toluic acid removal effi-

iency can be observed at contact time = 32.5 min and adsorbent

osage = 0.037 g for a constant initial α-toluic acid concentration of

0.135 g/L. 

Fig. 6c shows the interactive influence of initial α-toluic acid

nd contact time on the α-toluic acid removal efficiency at a con-

tant CaO 2 adsorbent dosage of 0.019 g. It is evident that at a con-

tant adsorbent dosage, an increase in the initial concentration de-

reases the removal efficiency. Increasing the contact time did not

how any pronounced effect as the rate of adsorption is faster and
ares F-value p-Value Remark 

35 .24 < 0 .0 0 01 Significant 

139 .67 < 0 .0 0 01 Significant 

6 .50 0 .0232 Significant 

10 .66 0 .0056 Significant 

13 .27 0 .0027 Significant 

6 .10 0 .0270 Significant 
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Fig. 6. 3D surface plot showing the effect of (a) CaO 2 adsorbent dosage and the initial α-toluic acid concentration at constant contact time = 32.5 min, (b) contact time and 

CaO 2 adsorbent dosage at constant initial concentration of α-toluic acid = 10.135 g/L, and (c) initial α-toluic acid concentration and contact time at constant CaO 2 adsorbent 

dosage = 0.019 g on α-toluic acid removal efficiency (%E). 
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equilibrium adsorption took place much faster on the limited num-

ber of active sites available. Sen [38] also found that the initial

concentration of methylene blue dye has more influence on the re-

moval efficiency than the contact time. Similar results were shown

by Ansari and Mosayebzad [39] for the removal of methylene blue

from aqueous solution using sawdust. From Fig. 6c , a maximum

of 89.39% removal efficiency can be observed at an initial α-toluic

acid concentration = 10.135 g/L and contact time = 32.5 min for a

constant adsorbent dosage of 0.019 g. 

From the above, it is to be noted that among the variables’

CaO 2 adsorbent dosage, initial concentration of α-toluic acid, and

contact time, the interactive effect of adsorbent dosage and initial

concentration of α-toluic acid was found to have more influence

on the response than the contact time. This implies that the rate

of adsorption of α-toluic acid is faster, and the removal efficiency

mainly depends on CaO 2 adsorbent dosage and initial concentra-
tion of α-toluic acid. “
.4. Optimization of process conditions using desirability function 

From Table 2 , it can be observed that the response depends on

he set of experimental conditions chosen. However, the condition

or a specific run is not an optimum order to showing the maxi-

um response. Hence, the optimization of process has to be car-

ied out to determine the optimal conditions showing maximum

esponse. To achieve this, numerical optimization using Design Ex-

ert 7.0.0 was performed. Desirability function ranging from 0.0

o 1.0 was set as the criteria for determining the optimum condi-

ions showing the maximum response. A desirability function value

loser to 1 gives the optimized conditions with a maximum re-

ponse [40] . The overall desirability function depends on the goal

et. The goals are “maximize, minimize, target, is in range, and

one.” In our case, the goal “is in range” was set for each inde-

endent variable with a lower limit and a higher limit. The goal

maximize” was set for the response. The lower limit for the CaO 2 
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Table 4 

Conditions set to determine the overall desirability functions for optimization of α-toluic acid removal via adsorption using CaO 2 nanoparticles. 

Name Goal Lower limit Upper limit Lower weight Upper weight Importance 

CaO 2 adsorbent dosage (g) Is in range 0.008 0.03 1 1 3 

Initial α-toluic acid concentration (g/L) Is in range 6.8 13.47 1 1 3 

Contact time (min) Is in range 5 60 1 1 3 

Response ( α-toluic acid removal efficiency, %) Maximize 8.78 98.65 1 1 3 

Table 5 

Comparison of RSM predicted and the experimental α-toluic acid removal efficiency (in %) at the optimal conditions. 

CaO 2 adsorbent 

dosage (g) 

Initial α-toluic acid 

concentration (g/L) 

Contact 

time (min) 

Predicted removal 

efficiency (%) 

Experimental removal 

efficiency (%) 

0.03 7.06 34 99.50 98.05 

Adsorbent dosage = 0.03

0.01 0.03

Initial concentration = 7.06

6.80 13.47

Time = 34.00

5.00 60.00

Removal efficiency = 99.5079

8.78 98.65

Desirability = 1.000
Fig. 7. Desirability ramp obtained from the numerical optimization. 
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dsorbent dosage, initial concentration of α-toluic acid, and con-

act time kept were 0.008 g, 6.8 g/L, and 5 min respectively. The

igher limit for the CaO 2 adsorbent dosage, initial concentration

f α-toluic acid, and contact time kept were 0.03 g, 13.47 g/L, and

0 min respectively. The upper and the lower weights (used to ad-

ust the shape of desirable function) for each goal was set as 1.

able 4 shows all the conditions set to determine the overall desir-

bility function. To achieve the goals, the programs begin at a ran-

om starting point and proceed up the steepest slope to a max-

mum. The numerical optimization gave a point where the desir-

bility function was 1. At this point, the best local maximum from

he ramp desirability function for each independent variable was

ound ( Fig. 7 ). From this study, the desired optimal conditions for

he CaO 2 adsorbent dosage, initial concentration of α-toluic acid,

ontact time and the target response were found to be 0.03 g,

.06 g/L, 34 min and 99.50% respectively. 

In order to validate the predicted optimal conditions, experi-

ents were carried out under these conditions and 98.05% α-toluic

cid removal efficiency was achieved. Table 5 shows the compar-

son of predicted and the experimental response at the optimal

onditions. A good agreement between the predicted and the ex-

erimental response confirms the adequacy of the model. 

. Conclusion 

CaO 2 nanoparticles were prepared by chemical precipitation

ethod and characterized using different techniques XRD, TEM,

nd HR-TEM. CCD proved to be very effective in predicting the

-toluic acid removal efficiency. The model showed that the ini-

ial concentration of α-toluic acid and CaO adsorbent dosage has
2 
ore influence on α-toluic acid removal efficiency than the con-

act time. ANOVA test showed the significance of the developed

SM model. The predicted optimal conditions for CaO 2 adsorbent

osage, initial concentration of α-toluic acid, and contact time

ere found to be 0.03 g, 7.06 g/L, and 34 min respectively, which

howed experimental removal efficiency up to 98.05%. Compari-

on of the model predicted and experimental response gave R 2 of

.92, proving the model as efficient in determining the α-toluic

cid removal efficiency using CaO 2 nanoparticles as an adsorbent.

aO 2 nanoparticles were used as adsorbent for effective removal

-toluic acid from its aqueous solution. 
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