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Abstract
The study shows the application of Taguchi’s design of experiment method to optimize the parameters for adsorption of 
p-Nitrophenol (p-NP) on the surface of acacia glauca saw dust activated carbon (AGAC) and waste orange peels activated 
carbon (ACOP) from aqueous medium. The effect of adsorption parameters viz. adsorbent dose (m), temperature (T), 
initial concentration (C0) and contact time (t) on response characteristics i.e. adsorption capacity (qt) has been studied 
at three levels by using  L9 orthogonal array (OA) which further analysed by variance analysis (ANOVA) for adsorption 
data and signal/noise ratio data by using ‘larger the better’ characteristics. The ANOVA shows factor A (m) and B (C0) are 
the most significant parameters with the contribution of 51.27 and 11.40%, and 40.74 and 80.90% for AGAC and ACOP 
respectively. Factor C (T) and D (t) are found to be least significant parameters. The percent removal of p-NP at optimum 
condition was found to be 96.11 and 92.40% with 72.08 and 34.56 mg/g adsorption capacity at m = 2 and 4 g/L, C0 = 150 
and 150 mg/L T = 313 and 303 K and t = 90 and 90 min for AGAC and ACOP respectively.
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List of symbols
µ  Mean of response
ANOVA  Analysis of variance
C0  Initial concentration (mg/L)
Ce  Equilibrium concentration (mg/L)
DOF  Degree of freedom
E  Number of required experiments
fe  DOF error
k  Total numbers of factors and interactions
m  Adsorbent dose (g/L)
N  Total number of results
qt  Adsorption capacity (mg/g)
R  Sample size for confirmation experiment
S/N  Signal to noise ratio (db)
t  Contact time (min)
T  Temperature (K)
Ve  Error variance

1 Introduction

There is a lot of water scarcity and water pollution prob-
lems in India and worldwide. Development of civiliza-
tion and urbanization results in pollution and increasing 
the level of toxicity in the environment. Among them 
phenol and its derivatives are also very toxic and haz-
ardous substances and required special attention for 
removal and treatment from water and wastewater. The 
p-Nitrophenol (p-NP) is phenol derivative where nitro 
group and hydroxyl groups attached in benzene ring. 
p-NP is highly toxic in nature and found in the wastewa-
ters of many agricultural, petrochemicals, pharmaceu-
ticals, pesticides, coke oven, petroleum refineries, steel 
foundry, herbicides and insecticides industries etc. [1, 
2]. It also found in herbicides like nitrofen and bifenox, 
insecticides ethyl and methyl parathion and fluorodifen. 
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It is also an intermediate synthesized compound formed 
during the formation of paracetamol drug. The acute and 
prolong effects of p-NP on human health were observed 
like irritation of eyes and skin, blood disorder, respiratory 
disorder and malfunction, nervous disorder etc. It also 
reduces the oxygen carrying capacity of blood and cause 
methemoglobinemia blood disease. There are also other 
health effects like blue lips or finger nails, blue skin, con-
vulsions, confusion, cough, dizziness, nausea, headache, 
sore throat, unconsciousness, renal malfunctioning etc. 
USEPA listed p-NP as toxic pollutants. Its water solubility 
and toxicity destroys aquatic life and the living organ-
isms which depend on water and consumed water for 
survival. Hence it is priority to remove it from water or 
wastewater [3–5].

The chemical oxidation, biodegradation are economi-
cal methods but due to lower treatment efficiency and 
higher time of treatment these are not feasible tech-
niques. The advanced techniques like membrane filtra-
tion, advanced oxidation, electrochemical oxidation and 
photocatalytic removal are more efficient but are not cost 
effective. Among the available technologies, adsorption 
is feasible in terms of efficiency, cost and time point of 
view. Some adsorbent materials like charred saw dust [6], 
fly ash [7], antimony, zirconium ferrocynide and cadmium 
[8] activated carbon fibers [9, 10] acid activated jute stick 
char [11], babool saw dust [12], activated carbon of acacia 
glauca saw dust [5] and activated carbon prepared from 
waste orange peels [13], Fenton oxidation process [14], 
mild steel manufacture [15] and also its collaboration with 
genetic algorithm as hybrid optimization technique [16] 
etc. have been reported as effective adsorbents for the 
removal of p-NP from aqueous medium.

The present study focused on the optimization of 
adsorption parameters for p-NP sorption onto acacia 
glauca saw dust activated carbon (AGAC) and waste 
orange peels activated carbon (ACOP) by Taguchi’s opti-
mization method. The adsorption parameters have been 
analysed by ANOVA for raw data and S/N data. Taguchi’s 
optimization is world widely used by many researchers 
and investigators in the field of manufacturing and indus-
trial production process optimization for best quality prod-
ucts [17–22]. Wu and Chen [20] used Taguchi’s model for 
optimization of saw mass sensing device manufacturing. 
There are other applications of Taguchi’s robust design like 
polymer optimization [21] optimization of polymer chain 
reaction in DNA [22], biotech process [23, 24], even in the 
field of animals and birds social behaviour called swarm 
optimization [25]. The electrodegradation of 2,4-dichlo-
rophenoxyacetic acid herbicides has also optimised by 
Taguchi method by Dargahi et al. [26]. But limited contri-
bution of researchers [27–30] for the use of this method in 
the field of adsorption for optimization of sorption process 

parameters impart large scope for its utilization and imple-
mentation for resources and energy conservation.

The main objective of Taguchi’s method is to optimize 
the effect of the most significant sorption process param-
eters finalised on the basis of batch adsorption study with 
minimum variance. In this method, a robust orthogonal 
array (OA) is used to optimize the raw data obtained from 
a limited number of experiments. The S/N ratio is also opti-
mized to minimise the effect of uncontrolled factors. The 
percent contribution of each parameter in the adsorption 
has been determined by ANOVA.

2  Materials and methods

2.1  Adsorbents

The adsorbents were prepared from acacia glauca saw 
dust and waste orange peels were collected from local saw 
mill and orange market of Nagpur (India). The raw mate-
rials were cleaned thrice with water for removal of dust, 
mud and other impurities. The washed material was sun 
dried for 2 days and then oven dried at 105 ± 5 °C for 5–6 h. 
The waste orange peels were crushed first and sieved to 
obtain size in the range of 300–600 μ while the acacia 
glauca saw dust was directly sieved for required particle 
size i.e. 300 to 600 μ. To chemically activate the materials 
for enhancement of its surface and pore properties, it was 
mixed with 1:0.5 (g: ml) orthophosphoric acid evenly and 
kept for 24 h at room temperature under mixed condition 
then after that it was filled in closed container and kept 
in muffle furnace (450 ± 10 °C for acacia glauca saw dust 
and 350 ± 10 °C for orange peels) for 1 h where they were 
converted into char. The developed char of both materi-
als were washed separately with 2 molar liquid ammonia 
solution and sequentially washed with distilled water to 
get neutral pH and then were kept in oven at 120 °C for 
6 h. The different physical and chemical properties were 
determined over this prepared activated carbon of acacia 
glauca saw dust (AGAC) and waste orange peels (ACOP) 
by standard procedures and then were further used in 
experiments.

2.2  Adsorbate and other chemicals

The analytical reagent (AR) grade chemicals have been 
used in the study. p-Nitrophenol (p-NP) was procured 
from Loba Chemie Pvt. Ltd. Mumbai (India). An accurate 
weight of 1 g p-Nitrophenol was mixed with doubled-
distilled water (DDW) for the preparation 1000 mg  L−1 
concentration of p-NP as a stock solution. The required 
concentration solutions were prepared by diluting stock 
solution with DDW. The other chemicals viz. NaOH, HCl, 
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NaCl,  KNO3 etc. were procured from Merck Specialities Pvt. 
Ltd. (Mumbai, India).

2.3  Taguchi’s design methodology

The followings steps have been implemented for Taguchi 
experimental methodology: (1) selection of output vari-
able, (2) identification of input parameters and their lev-
els, (3) selection of orthogonal array (OA), (4) assignment 
of factors to the array columns i.e. Design of Experiment 
(DOE), (5) performing experiments, (6) statistical analysis 
by ANOVA and the signal to noise ratio (S/N) and determi-
nation of the optimal condition and (7) to perform confir-
mation experiments, if required [31]. This process is shown 
in the Fig. 1.

The qt i.e. adsorption capacity (mg g−1) was the out-
put parameter (response characteristic) to be optimized 

by Taguchi’s method. The four most influencing input 
variables (factors/parameters) majorly responsible for 
adsorption on the basis of our previous work [5, 13] viz. 
adsorbent dose (m), temperature (T), initial concentration 
of p-NP (C0), and time of contact (t) at three different lev-
els were selected for optimization (shown in Table 1). The 
other parameters like initial pH and agitating speed which 
play a major role in sorption process were not considered 
because in our previous work it was observed that for p-NP 
adsorption on to AGAC and ACOP not much affected by 
these parameters [5, 13]. Almost the adsorption capacity 
was same from varying the initial pH from 2 to 10.

On the basis of partial factorial method of Taguchi’s 
optimization, the number of experiments, E can be deter-
mined by E = 2 k + 1, where k is total factors and interaction 
if any (i.e. for 4 factors, E = 9) hence,  L9 orthogonal array 
(OA) for three level has selected (shown in Table 2) [22]. 
The properties of an OA are such that within the columns, 
each combination of levels (1, 2 or 3) occurs at an equal 
number of times. The OA reduces the  34 = 81 sets of experi-
ments into 9 runs only.

As per the selected factors in Table 1, Design of Experi-
ment (DOE) was prepared by putting the factors level 
value into Table 2 (shown in Table 3).

OUTPUT VARIABLE 
SELECTION

INPUT VARIABLE 
IDENTIFICATION

LEVEL SELECTION OA SELECTION

STATISTICAL 
ANALYSIS

EXPERIMENTATION

CONFIRMATION 
EXPERIMENTS

OPTIMAL 
CONDITION 

DETERMINATION

Fig. 1  Taguchi’s methodology Flow sheet

Table 1  Selection of factors 
and levels for sorption of 4-NP 
over AGAC and ACOP

Factors Parameters Units Levels

AGAC ACOP

1 2 3 1 2 3

A Dose (m) g/L 2 3 6 4 5 6
B 4NP Initial Concen-

tration  (C0)
mg/L 50 100 150 50 100 150

C Temperature (T) °C 20 30 40 10 20 30
D Shaking Time (t) min 30 60 90 30 60 90

Table 2  Taguchi’s  L9  (34) 
orthogonal array for sorption 
of 4-NP over AGAC and ACOP

Run Factors

A B C D

m C0 T t

1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3 1 3 2
8 3 2 1 3
9 3 3 2 1
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2.4  Experimental programme

As per DOE (Table 3a, b), each run of experiment among 9 
runs were repeated three times to eliminate the experimen-
tal and analysis errors. All the experiments were performed 
in 250 mL glass conical flasks with fixed (50 mL) volume 
of p-NP adsorbate solution with varying ‘C0’ and ‘m’ as per 
DOE run in triplicate and kept in an orbital shaking incuba-
tor (Remi Instruments, Mumbai) at set temperature ‘T’ and 
constant shaking speed of 150 RPM for required time ‘t’. The 
residual concentration of p-NP was determined by taking 
absorbance on SHIMADZU double beam UV–Vis Spec-
trophotometer (model UV-2450) at 318 nm wavelength. 
Adsorption capacity qt was calculated by formula:

where, qt = amount of p-NP adsorbed by the adsorbent at 
equilibrium (mg g−1), Co = initial concentration (mg  L−1) 
and Ce = equilibrium concentration (mg  L−1) of p-NP solu-
tion and m = mass of the adsorbent (g  L−1).

2.5  Experimental data analysis

The data obtained from experimental programme was ana-
lyzed by ANOVA for raw data, and S/N. S/N ratio reduced the 
variability of uncontrollable factors (or factors of noise) [22]. 
The S/N ratio is defined as signal to noise ratio which shows 
the quality of functions if the ratio is more, then the function 
quality will be better. It is also defined as the good to error ratio. 
There are three conditional types of S/N ratio are as follows:

Smaller the better

(1)qt =
(C0 − Ce)

m

(2)
S

N
= −10 log

[

1

n

n
∑

i=1

y2
i

]

Larger the better

and Nominal the better

where µ2 = square of mean, σ2 = variance of observations 
and yi = observation of response variables for ‘n’ trials.

Equation (3) i.e. larger the better S/N condition was 
used to calculate the variance of data. The S/N data were 
further optimized by ANOVA. Each column of OA is associ-
ated with two DOF (number of levels minus one) and can 
be assigned one factor. The array should satisfy the condi-
tion, total degree of freedom for OA should always greater 
or equal to the total DOF of experiment. The raw data were 
used for the results analysis and to calculate the adsorp-
tion performance. After determination of optimum condi-
tion the mean of response (µ) is predicted. ANOVA gives 
the optimized factors at significant level. The detailed 
methodology for the analysis of experimental data is given 
elsewhere [27, 29]. Suppose if  A1,  B2,  C3 and  D3 are the 
factors optimized at level second then the mean of the 
response (µ) at the optimal condition was estimated as:

where T̄  is the overall response mean, and Ā1 , B̄2 , C3 and 
D3 represent average response values at the first level of 
factor A, second level of factor B, third level of factors C 
and D respectively.

The determination of µ is based on the average results 
obtained from the experiments. The optimized result was 

(3)
S

N
= −10 log

[

1

n

n
∑

i=1

1

y2
i

]

(4)S

N
= 10 log

�2

�2

(5)
𝜇 = T̄ + (Ā

1
− T̄ ) + (B̄

2
− T̄ ) + (C

3
− T̄ ) + (D

3
− T̄ )

= Ā
1
+ B̄

2
+ C

3
+ D

3
− T̄

Table 3  Design of experiment 
(DOE) for sorption of 4-NP over 
AGAC and ACOP

Run Factors

AGAC ACOP

A B C D A B C D

m C0 T t m C0 T t

1 2 50 20 30 4 50 10 30
2 2 100 30 60 4 100 20 60
3 2 150 40 90 4 150 30 90
4 3 50 30 90 5 50 20 90
5 3 100 40 30 5 100 30 30
6 3 150 20 60 5 150 10 60
7 6 50 40 60 6 50 30 60
8 6 100 20 90 6 100 10 90
9 6 150 30 10 6 150 20 10
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checked at confidence interval (CI) which represents the 
value of statistical parameter lies between true mean, � 
should fall at some stated confidence level. The CI char-
acterized in two types, CIPOP which is confidence interval 
for entire population and  CICE which is for only a sample 
group or group of experiments at specified conditions. 
These confidence intervals are defined as:

where Fα(1, fe) = the F-ratio at a confidence level of ( 1 − � ) 
against DOF 1 and error of DOF (fe) its value can find in F 
table, Ve = error variance (from pooled ANOVA)

where N = total number of results and R = sample size for 
confirmation experimentIt can be seen from Eq. (7), that as 
R approaches infinity, i.e. the entire population, the value 
1/R approaches zero and CICE = CIPOP . As R approaches 1, 
CICE becomes wider [28, 29]. The confirmation experiment 
will be carried out at optimized condition for parameters 
and the average of result checked at 95% CI. If the Tagu-
chi’s model value and confirmation experiments value lies 
in 95% CI confirm the validity of optimal parametric values 
determined by Taguchi’s design.

3  Results and discussion

3.1  Characterisation of adsorbents

The BET surface area for AGAC and ACOP were determined 
by adsorption of  N2 gas on their surface at controlled con-
dition. For AGAC and ACOP adsorbents, BET surface area 
was found to be 788.93 m2 g−1 and 540.61 m2 g−1 before 
adsorption which were decreased after adsorption of p-
NP and was found to be 223.83 m2 g−1 and 84.81 m2 g−1 
respectively. There was decreased in 565.10 m2 g−1 (i.e. 
71.63%) and 455.80  m2  g−1 (i.e. 84.31%) surface area 
of AGAC and ACOP after adsorption. The pore surface 
area of AGAC and ACOP i.e. iodine number were found 
755.10 mg g−1 and 420.14 mg g−1. As per BIS 1350-I (1984) 
[32] the proximate analysis was done and the results are 
given in Table 4. The ash content i.e. non-carbonate con-
tents and fixed carbon contents of AGAC and ACOP were 
found to be 20.23 and 23.60% and 55.38 and 48.20% 

(6)CIPOP =

√

F�(1, fe)Ve

neff

(7)CICE =

√

F�(1, fe)Ve

[

1

neff
+

1

R

]

(8)

neff =
N

1 + [Total DOF associated in the estimate of themean]

respectively. The presence of fixed carbon indicates ligno-
cellulose in organic materials which shows that raw form 
of AGAC and ACOP are rich of lignocellulose. The inversely 
affecting parameters which reduce the adsorption capac-
ity like moisture and volatile content were observed to 
be 10.07 and 9.67% and 14.32 and 18.87% for AGAC and 
ACOP. Figure 2a, b are the SEMs of AGAC and ACOP. The 
rough surface texture and irregular size micropores were 
observed before adsorption of p-NP which gets clogged 
after the adsorption of p-NP. The point of zero charge for 
the AGAC and ACOP were found to be 6.15 and 6.50 (Fig. 3) 
by solid addition method [5, 13, 33].  

3.2  L9 OA experimental results

Experiments were performed for p-NP adsorption onto 
AGAC and ACOP at specified conditions as mentioned in 
Table 3. The experiments were repeated three times and 
average of qt was used for Taguchi’s design. The experi-
mental output for runs and S/N calculated for larger the 
better condition shows in Table 5.

3.3  Effect of adsorption parameters

Factors m, T, C0, and t at various levels significantly affect 
the response values qt (shown in Table 5). The qt consid-
ered as final response characteristic for optimization and 
the factor A (m) shows highest influence at level 1, factor 
B (C0) shows highest influence at level 3, factor C (T) shows 
highest influence at level 3 and factor D (t) shows highest 
influence at level 3 (shows in Fig. 3a, b and Table 6) for 
both adsorbents AGAC and ACOP. The difference between 
the level 1 and level 2 (i.e.  L2–L1) and level 2 and level 3 
(i.e.  L3–L2) shows the influence of one level over another. 
Higher the difference indicate greater will be the impact of 
level. Table 6 indicates that factor B (C0) shows the highest 
impact on qt values. qt values increases with increase in C0 
because of more mass driving force and less resistance to 
the sorption uptake of p-NP over AGAC and ACOP surface 
[28].

Figure 4a, b show the effect of factors on adsorption 
capacity. It was observed that with increase of factor A 
(m) from level 1 to 3 there was decrease in qt values from 
48.53 to 16.54 mg g−1 and 22.47 to 16.20 mg g−1 for AGAC 

Table 4  Proximate analysis of AGAC and ACOP

Sr. no. Characteristics AGAC (%) ACOP (%)

1 Moisture content 10.07 9.67
2 Ash content 20.23 23.26
3 Volatile matter 14.32 18.87
4 Fixed carbon 55.38 48.20
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and ACOP respectively. This is because of decrease in 
adsorbate to adsorbent ratio with increase in m values. 
As the value of factor B (C0) increases from level 1 to level 
3 the qt values also increases from 15.07 to 44.69 and 
from 10.54 to 27.57 mg g−1 for AGAC and ACOP respec-
tively, due to increase in mass transfer driving force and 
decreased in uptake resistance of p-NP over ACOP surface 

with increased in C0. It is also observed that adsorption of 
p-NP increases with the increase in factor C (T) for both 
adsorbents from level 1 to level 3. The higher tempera-
ture reduces the viscosity of p-NP and increases mobil-
ity of molecules and kinetic energy which increases the 
probability of p-NP molecule to adsorb over AGAC and 
ACOP which ultimately increased the diffusion rate [34]. 
It also confirmed that the adsorption of p-NP over AGAC 
and ACOP is endothermic in nature. With the increase in 
time of contact (t) from level 1 to 3, initially it was found 
that from level 1 to 2 rapid increase in qt from 24.67 to 
28.73 mg g−1 for AGAC and 16.79 to 19.72 mg g−1 for ACOP 
due to availability of large vacant sites for sorption of p-
NP but in later phase i.e. from level 2 to level 3 number of 
vacant sites decrease with time of contact which retard the 
uptake capacity (shown in Fig. 4a, b) and it were found that 
only 2.22 and 0.72 mg g−1 increase in adsorption capacity 
from level 2 to 3 for AGAC and ACOP respectively.

Figure 5a, b and Table 7 show the percentage contri-
bution of various factors in overall sorption of p-NP over 
AGAC and ACOP. The first most affecting factor on sorp-
tion of p-NP over AGAC is factor A (m i.e. adsorbent dose) 
with 51.3% contribution while factor B (C0 i.e. initial con-
centration) with 80.9% contribution in case of ACOP were 

Fig. 2  SEMs picture of A AGAC 
and B ACOP
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Fig. 3  Point of Zero Charge of AGAC and ACOP
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observed. The second most influencing factor is B (C0 i.e. 
initial concentration) in case of AGAC and factor A (m i.e. 
adsorbent dose) in case of ACOP with 40.70% and 11.40% 
contribution. After that factor D (t i.e. time) which shows 
4.1% and 4.2% contribution for AGAC and ACOP materials. 
Factor C (T i.e. temperature) shows least effect in sorption 
process with only 3.9 and 3.5% contribution for AGAC and 
ACOP respectively.

3.4  Selection of optimized level and estimation 
of optimized response characteristics

To optimize the response value i.e. qt, the maximum val-
ues of qt at certain level for particular factor has been 
selected. From response curve (Fig. 3a, b) and Table 6 it 
was observed that first level of factor A (m) and third level 
of factor B (C0), C (T) and D (t) have higher values of qt for 
AGAC and ACOP both. The average values of qt (mg g−1) 
for optimal level of factors are as given:

A1 = 48.53, B3 = 44.69, C3 = 35.00 andD3 = 33.69 for AGAC and

A1 = 22.47, B3 = 21.02C3 = 21.02 andD3 = 20.44 and for ACOP (fromTable 6)

Table 5  Taguchi  L9 OA with 
experimental qt values and S/N 
ratio data for sorption of 4-NP 
by ACOP

Adsorbent Run Factors Experimental results S/N ratio

A B C D qt (mg/g)

m C0 T t R1 R2 R3

AGAC 1 2 50 20 30 37.19 37.18 37.18 31.41
2 2 100 30 60 24.67 24.66 24.66 27.84
3 2 150 40 90 8.25 8.25 8.24 18.33
4 3 50 30 90 48.95 48.99 48.99 33.80
5 3 100 40 30 16.58 16.58 16.57 24.39
6 3 150 20 60 24.79 24.80 24.80 27.89
7 6 50 40 60 72.09 72.07 72.09 37.16
8 6 100 20 90 12.41 12.40 12.41 21.87
9 6 150 30 10 24.56 24.50 24.56 27.80

ACOP 1 4 50 10 30 10.61 10.62 10.59 20.51
2 4 100 20 60 22.32 22.16 22.28 26.95
3 4 150 30 90 34.62 34.54 34.50 30.77
4 5 50 20 90 10.47 10.47 10.47 20.40
5 5 100 30 30 17.96 18.02 17.96 25.09
6 5 150 10 60 26.36 26.33 26.42 28.42
7 6 50 30 60 10.54 10.54 10.53 20.45
8 6 100 10 90 16.28 16.29 16.28 24.24
9 6 150 20 10 21.81 21.81 21.78 26.77

Table 6  Average and main 
effects of qt values for AGAC 
and ACOP: Raw and S/N data

Adsorbent Factor Raw data, average 
value

Main effects 
(raw data)

S/N data, average 
value

Main effects 
(S/N data)

L1 L2 L3 L2–L1 L3–L2 L1 L2 L3 L2–L1 L3–L2

AGAC A 48.53 24.75 16.54 − 23.78 − 8.21 32.92 27.04 23.53 − 5.88 − 3.51
B 15.07 30.07 44.69 15.01 14.62 22.67 28.68 32.15 6.01 3.47
C 26.10 28.73 35.00 2.63 6.27 27.86 27.85 27.77 − 0.01 − 0.08
D 24.67 31.47 33.69 6.80 2.22 27.84 27.84 27.81 0.00 − 0.04

ACOP A 22.47 18.27 16.20 − 4.20 − 2.07 26.08 24.64 23.82 − 1.44 − 0.82
B 10.54 18.84 27.57 8.30 8.73 20.45 25.43 28.65 4.97 3.23
C 17.75 18.17 21.02 0.42 2.85 24.39 24.71 25.44 0.32 0.73
D 16.79 19.72 20.44 2.93 0.72 24.12 25.27 25.14 1.15 − 0.14
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Grand total of all results T = 808.43 and 512.56 mg g−1 for 
AGAC and ACOP respectively, and total number of results 
(N) = 27 for both adsorbents.

Therefore T  = T/N = 29.94 and 18.98 for AGAC and ACOP 
respectively

Hence,

and

were computed.
The confidence interval of 95% for the population 

mean and three confirmation experiments (CIPOP and 
CICE) are calculated by substituting N = total number of 
results = 9 × 3 = 27, fe (DOF error) = 26 − 8 = 18, Ve (recalcu-
lated error variance after pooling ANOVA) = 18.82 for AGAC 
and 2.85 for ACOP (from Table 7) in Eqs. 6–8.

𝜇
AGAC

= T̄ + (Ā1 − T̄ ) + (B̄3 − T̄ ) + (C3 − T̄ )

+ (D3 − T̄ ) = 72.08mgg−1

𝜇
ACOP

= T̄ + (Ā1 − T̄ ) + (B̄3 − T̄ ) + (C3 − T̄ )

+ (D3 − T̄ ) = 34.56mgg−1

F0.05 (1, 18) = 4.4139 (from standard F-distribution table)
Therefore,

Similarly for ACOP, 

neff =
N

1 + [Total DOF associated in the estimate of themean]
= 3

CIPOP(AGAC) =

√

F�(1, fe)Ve

neff
= ±5.26

CICE(AGAC) =

√

F�(1, fe)Ve

[

1

neff
+

1

R

]

= ±5.546

CIPOP(ACOP) =

√

F�(1, fe)Ve

neff
= ±2.046

CICE(ACOP) =

√

F�(1, fe)Ve

[

1

neff
+

1

R

]

= ±2.157
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Fig. 4  Effect of adsorption parameters for sorption of p-NP on A 
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The predicted range of qt for sorption of p-NP onto ACOP 
at 95% confidence interval for  CIPOP and  CICE for both AGAC 
and ACOP are shown in Table 8.

3.5  Confirmation experiment

A1B3C3D3 run already exists in OA i.e. run number 3 and 
the average of qt of the three repetitions is 72.08 mg g−1 
for AGAC and 34.55 mg g−1 for ACOP (from Table 2). This 
average value lies in the range of 95% CI for  CICE (shown 
in Table 8). This shows the applicability of Taguchi’s pro-
cess parameters optimization method for sorption.

3.6  Mechanism of adsorption

The molecular structure of p-NP shows aromatic ben-
zene ring with nitro and hydroxyl group. The π elec-
tron present in the benzene ring have strong affinity 
towards the π electron of AGAC and ACOP resulted to 
π- π bonding. The nitro group which is electron with-
drawing groups boosted the π- π interaction and also 

reduces the repulsive forces between π electrons of two 
consecutive benzene rings and resulted into enhance-
ment of adsorption of p-NP on AGAC and ACOP surface 
[5, 13, 35].

4  Conclusions

The surface area by BET for AGAC and ACOP were found 
788.93 and 540.61 m2 g−1 respectively, which is decreased 
by 71.63 and 88.93% after p-NP adsorption showing good 
removal capacity of p-NP. Internal pores area represented 
by iodine value 755.10 and 420.14 mg g−1 for AGAC and 
ACOP respectively indicated the availability of pore surface 
area and pore volume space for diffusion. SEM images of 
ACOP showed rough surface with vacant internal pores of 
varying sizes and the proximate characteristics reflects the 
good adsorption capacity of AGAC and ACOP for adsorp-
tion of p-NP. The higher value of fixed carbon (i.e. 55.38 
and 48.20%) shows the better sorption ability of AGAC and 
ACOP. Application of the Taguchi orthogonal array design 
methodology on adsorption of p-NP by AGAC and ACOP is 

Table 7  ANOVA for 4-NP adsorption on AGAC and ACOP

S∇sum of squares, DOF degree of freedom, V variance, F variance ratio, and P  % contribution

Adsorbent Factors ANOVA qt Pooled ANOVA qt

S DOF V F P S DOF V F P

AGAC A 4970.08 2 2485.04 10,376,110.94 51.27 4970.08 2 2485.04 132.07 50.88
B 3949.03 2 1974.52 8,244,449.42 40.74 3949.03 2 1974.52 104.94 40.35
C 376.31 2 188.15 785,617.54 3.88 0.00 0 0.00 0.00 0.00
D 397.92 2 198.96 830,738.83 4.11 397.92 2 198.96 10.57 3.72
Error 0.004 18 0.002 1 0.002 376.31 20 18.82 1.00 5.05
Totals 9693.34 26 4846.67 100 9693.34 26 4677.33 100.00

ACOP A 183.74 2 91.87 55,199.5 11.38 183.74 2 91.87 32.26 11.03
B 1306.46 2 653.23 392,485 80.93 1306.46 2 653.23 229.40 80.58
C 56.92 2 28.46 17,100.3 3.53 0.00 0 0.00 0.00 0.00
D 67.07 2 33.53 20,147.9 4.15 67.07 2 33.53 11.78 3.80
Error 0.03 18 0 1 0 56.95 20 2.85 1.00 4.59
Totals 1614.22 26 807.09 100 1614.22 26 781.48 100.00

Table 8  Predicted optimal qt 
values, confidence interval 
and result of confirmation 
experiment

Adsorbent Optimal level pro-
cess parameters

Predicted opti-
mal value (mg/g)

Confidence interval 95% Average of 
confirmation 
(mg/g)

AGAC A1B3C3D3 72.08 CIPOP(AGAC): 66.82 < µAGAC  < 77.35 72.06
CICE (AGAC): 66.54 < µAGAC  < 77.63

ACOP A1B3C3D3 34.56 CIPOP(ACOP): 32.51 < µACOP < 36.60 34.55
CICE(ACOP): 32.40 < µACOP < 36.72
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very economical in cost, time and resources point of view. 
The 81 sets of experiment are reduced to 9 sets only. The 
major responsible factors for sorption such as adsorbent 
dose (m), initial concentration of p-NP (C0), temperature 
(T) and time of contact (t) at three levels are optimized 
in only nine runs. The parameter adsorbent dose (m) and 
initial concentration of p-NP (C0) were found to be most 
significant factors with 51.27 and 40.74% for AGAC and 
80.9 and 11.4% contribution for ACOP. The time of contact 
(t) and temperature (T) found to be least significant factor 
in overall sorption. The optimized factors at different levels 
found to be  A1,  B3,  C3,  D3 for AGAC and ACOP both. The 
predicted value of qt by Taguchi’s optimization method 
is found to be 72.08 and 34.56 mg/g for AGAC and ACOP 
respectively. The confirmatory experiment i.e. run number 
3, average value of sorption capacity lies in the range of 
95%  CICE indicated the applicability of Taguchi’s optimiza-
tion method for p-NP sorption onto AGAC and ACOP. The 
percentage removal at optimum condition is found to be 
96.11% for AGAC and 92.15% for ACOP.
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