
 

 

 

  
Abstract—Adsorption capability of Sponge Iron Plant (SIP) 

waste was explored using Zn metal solution. Surface 
modification of sponge iron plant (SIP) waste was achieved by 
impregnation with dilute HCl which resulted in improvement of 
BET surface area by 29%. This surface modification is further 
authenticated by FTIR and SEM study. Influence of various 
parameters such as pH, Temperature, Initial Zn Concentration 
and Adsorbent Dosage on adsorption process was studied. A 24 
full factorial design of experiments (DOE) was used to ascertain 
the significance of each factor and their mutual interactions on 
the adsorption process. The two levels of pH, Initial metal 
Concentration, Temperature and Adsorbent Dosage considered 
were 6 & 8, 20ppm &100ppm, 30oC & 40oC and 0.5g/L & 1.5g/L 
respectively. All the main effects were found to be statistically 
significant while none of their interactions showed any 
significance. The difference between the average of 
combinations and the average of center points was found to be 
2.75% showing there was no significant curvature present. 
Among all the parameters pH was found to be most significant 
parameter while Adsorbent dosage was least affected. The 
experimental data were fitted to various isotherm models. 
Maximum adsorption capacity 128.20 mg/g was observed using 
Langmuir model at pH 8 and temperature 30◦C. The sorption 
reaction fitted well to a pseudo second-order rate model.  
 

Index Terms— Sponge Iron Plant Waste, Adsorption, 
Impregnation, DOE, Isotherm.  
 

I. INTRODUCTION 
Rapid industrialization and urbanization has lead to 

excessive release of heavy metals into aquatic systems. Due 
to their toxicity and non-biodegradability they can 
accumulate in food chain posing a severe damage to the 
living organisms. Thus, treatment of industrial wastewater 
containing soluble heavy metals has become essential in 
order to increase the quality of water. Conventional methods 
for the heavy metal removal from water and wastewater 
include hydrometallurgical techniques, oxidation, reduction, 
precipitation [1], electro dialysis, membrane filtration [2], 
flotation [3], ion exchange, reverse osmosis [4,5], and 
adsorption [6]. However, all these methods have their 
inherent advantages and limitations in application. 
Adsorption is considered quite attractive in terms of 
removing the metals from dilute solutions effectively and 
economically compared to other techniques [7, 8, 9]. 
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Although some of the metals are involved in the 
metabolism  
of human beings, ingestion of those metals in excess amounts 
will cause abnormalities in their bodies. One such metal is 
zinc. Zinc is an essential trace element used for enzymatic 
reactions in humans [10] and its extended and excessive 
ingestion may lead to toxic effects such as carcinogenesis, 
mutagenesis and teratogenesis as a result of its 
bioaccumulation [11]. Intake of zinc ranging from 100 to 150 
mg/day interferes with copper metabolism and causes low 
copper status, reduced iron function, red blood cell 
microcytosis, and neutropenia, reduced immune function, 
and reduced levels of high-density lipoproteins. Ingesting 
200–800 mg/day of zinc can cause abdominal pain, nausea, 
vomiting, and diarrhea. There are other reported effects 
including lethargy, anaemia, and dizziness [12]. According to 
the WHO standards the maximum contamination level of 
zinc is 5.0 mg/L. 

Zinc is one of the heavy metal which is often detected in 
industrial wastewaters, which originate from electroplating, 
mining activities, smelting, battery manufacture, 
metallurgical processes, galvanizing plants, stabilizers, 
thermoplastics, pigment manufacture, etc., in addition to the 
discharges of municipal wastewater treatment plants [13, 14]. 
Different adsorbents typically used to remove zinc from 
wastewater include activated carbon [15], modified flax 
shive [16], rice husk ash [17], waste biomass [14], waste 
activated sludge [14], wood sawdust Modified Sugarcane 
Bagasse [18] and Lignite [19]. In spite of several 
investigations using different adsorbents still new adsorbents 
are sorted due to increasing demand for treatment of 
industrial effluents. Some of the industrial solid waste 
materials are being used as adsorbents these days. One of 
such kind is the waste produced by sponge iron plants. 
Sponge iron plant waste is major dust pollution and it needs 
to be treated well before disposal. It has been found out that 
around 1.6-1.75 tonne of Fe, 1.2- 1.5 tonne of coal & 0.035 
tonne of dolomite are required for production of one tonne of 
sponge iron. This results in production of 0.54 tonne of solid 
waste which includes 0.25 tonne of dust and 0.29 tonne of 
coal char. Due to non- availability of good grade of coal, the 
amount of char fines increases. The size of char varies from 
0.5 mm to 3 mm causing difficultly to handle. Apart from this, 
it occupies a lot of area for disposal. A 100 TPD plants 
requires 10 acres of land annually for disposal of solid waste 
[20]. 

 In the present study the adsorption of zinc from aqueous 
solution using HCl treated sponge iron plant waste (char) as 
an adsorbent was investigated. One of best optimization tools 
being used now-a-days is statistical design of experiments 
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(DOE). The present article also reports the use of statistical 
design of the experiments to reduce the total number of 
attempts for optimizing the operating conditions of the batch 
adsorption system, and it is expected that this statistical tool 
will contribute in suggesting the best experimental conditions 
for removing the zinc from aqueous solution. Statistical 
design of experiments [21] determines the important effects 
of factors on a response as well as the interaction effects 
among the factors. Although statistical experimental design 
has largely been employed in the optimization of industrial 
processes [22], it has been rarely applied to adsorption [23, 
24]. So there is a need for more implementation to determine 
the potential of DOE in adsorption studies. The rate kinetics 
and adsorption isotherms have also been mentioned for the 
present adsorbent. 

 

II. MATERIALS AND METHODS 
2.1.  Preparation of adsorbent  

Sponge iron plant waste form a local sponge iron industry, 
Mahavir Fero Pvt. Ltd., situated at Kalunga was collected. 
The collected sample was pulverized to pass through a set of 
sieves according to the ASTM Method D 2013 and was dried 
in an oven at 100 ± 5◦C for 24 hr. It was then subjected to 
surface modification process by soaking in HCl, which 
increases the proportion of active surface [25]. The oven 
dried adsorbent was washed several times with distilled water, 
to remove any particles adhering to the surface. The dried 
adsorbent was added to 500ml conical flask containing 250 
ml of 1N HCl solution. The mixture was left overnight and 
filtered to remove the sorbent, followed by washing several 
times with distilled water to make it neutral. The adsorbent 
was again dried at an oven temperature of 85◦C for 2hr. 

2.2.  Chemicals  
All the chemicals used were of analytical reagent grade 

purchased from Merck, India. Zinc metal was used for 
preparation of zinc stock solution. Hydrochloric acid and 
Sodium hydroxide were used to adjust the solution pH. 
Distilled water was used throughout the experimental studies. 

2.3.  Stock solution preparation  
Stock zinc solution (100mg/L) was prepared by dissolving 

100 mg zinc dust powder in a slight excess of 1+1 HCl and 
diluted to 1000ml with distilled water.  

2.4.  Instrumentation 
Atomic Absorption Spectrophotometer (A Analyst 200, 

Perkin Elmer) operating with an air-acetylene flame was used 
to estimate zinc metal ion concentration. Solution pH was 
measured in a pH meter (EUTECH Instruments, model 510). 
Adsorption study was performed in a temperature controlled 
shaker (Lab Companion model SI-300R). Fourier transform 
infrared spectrometry (Perkin Elmer, resolution at  4cm-1) 
was used to analyze the organic functional groups present in 
the adsorbent. The surface texture and elemental analysis of 
the sample was displayed through Scanning electron 
microscope/Energy dispersive X-ray (SEM - JEOL, JSM 
6480 LV). The surface area of the adsorbent was determined 
by using BET (Autosorb-1, Quantachrome) 

2.5.  Adsorption Experiment 
Batch adsorption experiments were carried out in a shaker 

at room temperature using a series of conical flasks 
containing desired dose of adsorbent in a predetermined 
concentration of zinc metal solution for a fixed duration. 
Samples were collected at different time interval. The 
supernatant was separated by filtration and analyzed through 
AAS to estimate the zinc ion concentration. The percentage 
removal of metals from the solution was calculated by the 
following equation. 

100%
0

0 ×
−

=
C

CC
removal e

         (1) 
Where C0 (mg/L) is the initial metal ion concentration and 

Ci (mg/L) is the final metal ion concentration in the solution. 
Isotherm studies were recorded by varying the initial 
concentration of metal solution from 10 to 100 mg/L. The 
amount of the metal uptake was calculated by the difference 
between the equilibrium concentration and the initial 
concentration. The amount of metal retained in the solid 
phase qe (mg/g) was calculated using the relation: 
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          (2) 
Where m is the mass of adsorbent (g), V is the volume of 

the solution (L), C0 is the initial concentration of metal (mg 
L-1), Ce is the equilibrium metal concentration (mg L-1) and qe 

is the metal quantity adsorbed at equilibrium (mg/g). 

2.6. Statistical design of experiments 
Statistical design of experiments is a simultaneous study of 

several process variables [22, 26]. Several factors were 
changed in a systematic way so as to ensure the reliable and 
independent study of the main factors and interactions which 
are sensitive to the process. The present study focused on the 
influence of factors on the adsorption of zinc metal ions on 
SIP waste. The purpose was to identify only the important 
variables that affect the response variable i.e. percentage 
removal and their interactions if any which may alter the 
response significantly [22, 26]. The significance of each 
factor and their interaction effects were evaluated by using 
two-level full factorial design of experiments. This study 
determines the influence of some of the factors in the 
adsorption of zinc on SIP waste and quantifies them to ensure 
that the influence is getting transformed into a measurable 
response. The potential factors (or parameters) were 
classified as controlled factors and held-constant factors. The 
controlled factors were those selected for this study (Table I). 
The held-constant factors like speed of agitation and contact 
time were held at a specific level i.e. 120 rpm and 10 min 
respectively, though their effect on the response cannot be 
completely overruled. Each variable was kept at three levels, 
high level (+1), center point (0) and a lower level (-1) as 
listed in Table I. After conducting all the runs according to 
the design of experiments, the results were analyzed using 
Analysis of Variance (ANOVA) technique. Statistica 9.0 
software was utilized for statistical and mathematical 
calculations. 
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TABLE I:  VARIABLES CONSIDERED FOR THE DESIGN OF EXPERIMENTS AND 
THEIR LEVELS. 

Variables Low 
level (-1) 

Center 
point (0) 

High 
level (+1) 

pH 6 7 8 
Initial metal 

concentration(mg/L) 20 60 100 

Temperature(◦C) 30 35 40 
Adsorbent Dose(g/L) 0.5 1 1.5 

a) Normal Probability Plots of effects
When analyzing data from factorials, occasionally, 

high-order interactions occur, and as such, normal 
probability plots are used to estimate the significant factors 
[27]. This is the plot of the actual value of the estimated 
effects against their cumulative normal probabilities [27]. 
The nominal effects are normally distributed with mean zero 
and variance (σ2) and will tend to fall along a straight line, 
whereas significant effects will have nonzero means and will 
not lie along the straight line. Effects in the statistical designs 
are done by averaging the responses that are applicable to the 
level of each factor. The difference between the average 
responses at the two levels of each factor is an indication of 
the significance of that factor in influencing the response 
measured. Expressed mathematically, the single effects 
caused by the variation of the input parameters are calculated 
with the help of the following formula: 

Effect= ∑ =

m

im 1

2
(Algebraic sign of constant × Ri, observed)

   (3) 
Where m is the number of runs and R is the response. 

b) Pareto Plots of Effects 
A Pareto chart is a special type of bar chart where the 

values being plotted are arranged in descending order. As we 
study the effects of different factors on the response, it will 
give us the descending order of effects exerted by different 
variables and the interactions between them. It helps us to set 
the priority levels while designing the process. These Pareto 
charts were prepared based on 80-20 rule, which states that 
80% of effects come from 20% of the various causes [28].

c) Graphical Residual Analysis 
The normal plotting of residuals provides a diagnostic test 

for any uncertainly diverted model [22, 29]. The normal 
probability plots of the residuals for the data test the 
hypothesis that the residuals have a normal distribution. This 
should be a straight line if the residuals have a normal 
distribution. A plot of residuals versus fits (fitted model 
values) tests the assumption or the hypothesis that the 
variations are the same in each combination. 

d) Test for Curvature Using ‘Centre Points’
Adding centre points to the design provides protection 

against curvature from second-order effects as well as allows 

an independent estimation of error [22]. If CY is the average 

percentage leaching of zinc from CN runs at the centre, FY
the average percentage leaching of zinc from the runs at the 

factorial points under study, and the difference ( )CF YY − is 
small, then the centre points lie on or near the plane passing 
through the factorial points, and hence, there is no quadratic 

curve. On the other hand, if ( )CF YY − is large, then 
quadratic curvature is present [28].

2.7. Adsorption isotherms 
The study of the adsorption equilibrium was carried out for 

metal concentrations varying from 10 to 100mgL-1. The 
obtained experimental data were fitted with the linearized 
form of Langmuir, Freundlich, Dubinin-Radushkviech (D-R) 
and Temkin models.

a) Langmuir isotherm model
Langmuir adsorption isotherm model exhibits the 

monolayer coverage of the sorption surfaces and assumes 
structurally homogeneous adsorbent. It also assumes that all 
the adsorption sites as energetically identical. The Langmuir 
equation is given by [30]. 

eL

eLm
e CK

CKq
q

+
=

1           (4) 
The linearization of it leads to the following form: 

meLme qCKqq
1111

+=
          (5) 

Where Ce, equilibrium metal concentration, qm and KL are 
the Langmuir constants related to maximum adsorption 
capacity (mg/g), and the relative energy of adsorption (1/mg), 
respectively. The essential characteristics of Langmuir 
isotherm model can be explained in terms of a dimensionless 
constant separation factor, RL, defined by: 

01
1

CK
R

L
L +

=
          (6) 

The values of RL indicates the type of Langmuir isotherm 
to irreversible (RL=0), favorable (0<RL<1), linear (RL=1) or 
unfavorable (RL>1). 

b) Freundlich isotherm model
Freundlich equation is derived to model the multilayer 

adsorption and for the adsorption on heterogeneous surfaces. 
The Freundlich equation is given by [31]: 

n
eFe CKq
1

=            (7) 
The logarithmic form of equation: 

eFe C
n

Kq ln1lnln +=
          (8) 

Where qe is the amount of metal ion adsorbed per specific 
amount of adsorbent (mg/g), Ce is equilibrium concentration 
(mg/L),KF and n are freundlich equilibrium constants. 

c)Dubinin –Radushkevich isotherm(D-R) 
The D-R isotherm is more general than the Langmuir 

isotherm, because it does not assume a homogeneous surface 
or constant sorption potential. The D-R equation is: 
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The linear form of this model is expressed by [32]: 
2lnln βε−= me qq           (10) 

Where β is a constant related to the adsorption energy, R 
(8.314 Jmol−1 K−1) is the gas constant, and T (K) is the 
absolute temperature; and ε = RT ln (1 + 1/Ce). The constant 
β (mol2 KJ−2) reflects the mean free energy E (KJ mol−1) of 
sorption per molecule of the adsorbate when it is transferred 
to the surface of the solid from infinity in the solution and can 
be computed using the relationship. 

( ) 2/12 −= βE            (11) 
This parameter gives information about chemical or 

physical adsorption. With the magnitude of E, between 8 and 
16 KJ mol−1, the adsorption process follows chemical 
ion-exchange, while for the values of E< 8KJmol−1, the 
adsorption process is of a physical nature. 

d)Temkin isotherm 
Temkin isotherm assumes that decrease in the heat of 

adsorption is linear and the adsorption is characterized by a 
uniform distribution of binding energies. Temkin isotherm is 
given by the following equation [33]: 

( )ee aC
b

RTq ln=
          (12) 

Linear form of Temkin isotherm is given by the following 
equation: 

ee Cbaq ln+=            (13) 
Where qe is the amount of metal ion adsorbed per specific 

amount of adsorbent (mg/g), Ce is equilibrium concentration 
(mg/L), a is equilibrium binding constant (g-1) and b is 
related to heat of adsorption (J/mol) which are Temkin 
constants.  

2.8.  Adsorption kinetics model: 
Kinetic models such as pseudo-first order and 

pseudo-second order; etc are available to find out the best fit 
kinetic model for adsorption of Zn on SIP waste. 

a)Pseudo-first order model 
The model of the pseudo-first order used is that of 

Lagergren given by the following equation [34]: 

( )te qqk
dt
dq

−= 1
          (14) 

Where k1 (min−1) is the rate constant of the 
pseudo-first-order adsorption, qt (mg/g) denotes the amount 
of adsorption at time t (min) and qe (mg/g) is the amount of 
adsorption at equilibrium. 

After definite integration by application of the conditions 
qt =0 at t = 0 and qt = qt at t = t, Eq. (14) becomes. 

( ) tkqqq ete ⎟
⎠
⎞

⎜
⎝
⎛−=−

303.2
loglog 1

       (15) 
The adsorption rate constant, k1, can be calculated by 

plotting log (qe −qt) versus t. 

b) Pseudo-second order model
The pseudo-second-order equation can be written as [35, 

36]:  

( )2
2 te qqk

dt
dq

−=
          (16) 

Integration of Eq. (16) and application of the conditions qt 

=0 at t = 0 and qt = qt at t = t, gives 

( ) eet q
t

qkq
t

+= 2
2

1

          (17) 
Where k2 (g / (mg min)) is the rate constant, k2 and qe can 

be obtained from the intercept and slope.

III. RESULTS AND DISCUSSION

3.1. Characterization of adsorbent: 
The physical properties of the adsorbent before and after 

the acid treatment were presented in Table II. The results 
clearly indicate an increase in the available surface area of the 
adsorbent. 

TABLE II: CHARACTERISTICS OF UNTREATED AND HCL TREATED SIP
WASTE. 

Property Untreated SIP waste HCl treated SIP 
waste 

Moisture (%) 2.49 2.46 
Volatile matter (%) 1.9 1.85 
Ash content (%) 69.9 60.2 
Fixed Carbon (%) 25.71 35.49 
Iodine no(mg/g) 141 145 
BET surface area 
(m2/g) 118.5 143.3 

a)FTIR analysis: 
The FTIR results for both HCl treated and untreated SIP 

waste were presented in figures 1(a) & (b). It was observed 
that the acid treatment process did not affect the 
contentedness of functional groups in the adsorbent. 

Figure 1. FTIR Spectrum of (a) Untreated SIP waste. (b) HCl treated SIP 
waste. 

The four major peak ranges were almost unchanged before 
and after the treatment. The peaks in the ranges 
1000-1300cm-1 and 1600-1750cm-1 is attributed to the C-O 
and C=O of esters and ketones groups respectively. A very 
broad band near to the 3600cm-1 indicates the presence of 
hydrogen bonded OH group which is due to the adsorption of 
water on the adsorbent [37,38].The peaks near to 2300cm-1
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are attributed to the presence of nitrile (C≡N) groups to some 
extent. The presence of C=O shows very high affinity 
towards metal adsorption [39], that reflects the sorption 
capacity of the adsorbent. 

b)Analysis of SIP waste by SEM/EDX: 
Scanning electron microscopic photographs of SIP waste 

and impregnated SIP waste illustrated the figure 2 reveal the 
structure and indicates that the adsorbents had a porous and 
homogeneous structure with a deep pore. A progressive 
change in the surface of the particles had been observed (fig 
2(a) & 2(b).) 

Figure 2. Scanning electron micrographs of the adsorbent, (a) untreated 
SIP waste, (b) HCl treated SIP waste. 

The energy dispersive X-ray microanalysis of both the 
samples were shown in Table III & indicate the presence of 
carbon and oxygen in larger percentage with other metals 
such as Al, Si and Fe etc. 

TABLE III:  ELEMENTAL COMPOSITION OF ADSORBENTS. 
Elements C O Al Si Fe S 

SIP waste (wt %) 53.06 31.61 2.36 3.67 7.16 0.68
Impregnated SIP 
waste (wt %) 67.37 19.79 3.31 5.31 1.18 -- 

3.2.  Assessment of effects of parameters using Design 
of Experiments: 

The matrix for four variables varied at two levels (+,-) and 
corresponding metal removal percentage YZn is shown in 

Table IV. According to the DOE principle, six experiments 
were carried out at base level i.e. at center points to estimate 
error and standard deviation. The regression model equation 
with interaction terms can be written using Taylor series of 
expansion as: 

43211234432234

421124321123

433442243223

411431132112

443322110

xxxxbxxxb
xxxbxxxb

xxbxxbxxb
xxbxxbxxb

xbxbxbxbbY

+
+++

++
++++

++++=

(18) 

where Y=% of metal adsorbed; b=model coefficients; and 
x1,x2,x3, and x4 = dimensionless coded factors for pH, initial 
Zn concentration, adsorbent dose and temperature 
respectively. 

TABLE IV:  ZN ADSORPTION RESULTS FROM THE EXPERIMENTAL RUNS OF 
24FULL FACTORIAL DESIGN. 

Run 
number

pH 
(X1)

Initial 
Concentrati

on (X2) 

Adsorbe
nt 

Dosage 
(X3) 

Temper
ature 
(X4) 

% 
Adsorptio

n 
(YZn) 

15 - + + + 43.62 
19 

(C) 0 0 0 0 57.28 

21 
(C) 0 0 0 0 57.9 

14 + - + + 91.12 
5 - - + - 41.125 
7 - + + - 35.9 
9 - - - + 48.75 
8 + + + - 75.89 

12 + + - + 76.54 
2 + - - - 74.77 
3 - + - - 33.31 

20 
(C) 0 0 0 0 56.75 

16 + + + + 80.25 
18 

(C) 0 0 0 0 59.02 

17 
(C) 0 0 0 0 57.63 

13 - - + + 51.21 
11 - + - + 39.24 
6 + - + - 82.2 
1 - - - - 38.825 
4 + + - - 67.93 

22 
(C) 0 0 0 0 58.7 

10 + - - + 90.22 

a)ANOVA (Analysis of the variance)  
The determination of the significant factors affecting the 

removal efficiency was done by performing two-way 
analysis of variance (ANOVA). In Table V, the column 
labeled ‘‘F ’’ presents the F statistic for testing the null 
hypothesis that states that the main effects and the two-way 
are equal to zero, respectively. The column labeled ‘‘P’’ 
presents the P-value for the F test. The small P values (<0.05) 
mean that not all the main effects and interactions are zero at 
the 5% significance level. In other words, there is reasonably 
strong evidence that at least some of the main effects and 
interactions are not equal to zero. 
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 The data given in Table IV was used to estimate the main 
and binary interaction effects, as plotted in figure 3. The 
determination of the significant effects as analyzed by the 
probability plots are shown in the figure. When the effects of 
the individual factors were assessed using the factorial design 
pH, Initial concentration, Adsorbent dosage and Temperature 
showed that they were statistically significant factors since 
they have nonzero means. All the binary interactions were 
statistically insignificant because they did not differ much 
from normal distribution (zero mean). So, there were no 
significant interactions between individual factors. 

TABLE V:  ZN ANOVA TABLE FOR ZN ADSORPTION. 
Factors/ 
Interactions SS df MS F P 

(1)pH 5888.2
60 1 5888.260 1277.761 0.000000 

(2)Initial 
Concetration 

268.46
8 1 268.468 58.258 0.000010 

(3)Adsorbent 
Dosage 62.925 1 62.925 13.655 0.003531 

(4)Temperature 315.06
3 1 315.063 68.369 0.000005 

1 by 2 6.076 1 6.076 1.319 0.275211 
1 by 3 4.275 1 4.275 0.928 0.356186 
1 by 4 0.846 1 0.846 0.184 0.676510 
2 by 3 1.925 1 1.925 0.418 0.531310 
2 by 4 19.714 1 19.714 4.278 0.062957 
3 by 4 4.873 1 4.873 1.057 0.325877 

Error 50.691 1 
1 4.608   

Total SS 6623.1
15 

2 
1    

Figure 3. Normal Plot of Effects of Main Factors and Their Interactions. 
Produced by Statistica 9.0 

Figure 4 shows the Pareto chart of standardized effects. It 
gives the factors which have a standardized effect beyond 
95% confidence level (beyond the line at 2.10). The figure 
represents the descending order of significant factors; hence 
pH is the most significant factor in adsorption of Zinc using 
SIP waste. 

Figure 4.  Pareto Chart of standardized effects generated by 
STATISTICA 9.0 

From both the figures 3&4 one can say that no interaction 
term is statistically significant in influencing the Zn 
adsorption. The standardized effects, standardised errors and 
coefficients of equation (18) (up to 2-way interactions) are 
presented in the Table VI.  

TABLE VI: STANDARDIZED EFFECTS, STANDARDISED ERRORS AND MODEL 
COEFFICIENTS 

Factors Effect Std. Err. Coefficients (b Std.Err. 
(Coeff.) 

Mean 59.91727 0.457675 59.91727 0.457675 
(1)pH 38.36750 1.073343 19.18375 0.536672 

(2)Initial 
Concentration -8.19250 1.073343 -4.09625 0.536672 

(3)Adsorbent 
Dosage 3.96625 1.073343 1.98313 0.536672 

(4)Temperature 8.87500 1.073343 4.43750 0.536672 

1 by 2 -1.23250 1.073343 -0.61625 0.536672 
1 by 3 1.03375 1.073343 0.51688 0.536672 
1 by 4 0.46000 1.073343 0.23000 0.536672 
2 by 3 0.69375 1.073343 0.34687 0.536672 
2 by 4 -2.22000 1.073343 -1.11000 0.536672 

3 by 4 -1.10375 1.073343 -0.55187 0.536672 

Neglecting the coefficients of non significant terms at 95% 
confidence level, the regression equation (18) becomes 

4321 4.437501.983134.09625-19.1837559.91727 xxxxY +++=  (19) 

b) Graphical analysis:  
Figure 5 shows the normal plot of residuals and figure 6 

shows the residuals vs. predicted values. Figure 5 depicts that 
all residuals lie on a straight line with linear correlation 
coefficient of 0.9639, which shows that the residuals were 
distributed normally. A plot of residuals vs. predicted values 
tests the assumptions that the variations are the same in each 
combination (Figure 4). Figure 4 shows that all the residuals 
were distributed between –3 and +3. Since the residuals were 
distributed normally with constant variance, mean zero and 
independently (Figures 5 and 6); it can be concluded that 
Equation (19) was in excellent agreement with the 
experimental data. In other words, the underlying 
assumptions about the errors were satisfied.  
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Figure 5. Normal plot of residuals. 

Calculated from Table IV the difference ( FY - CY ) is found to 
be 2.8% which confirms that there is no much significant 
curvature present. 

Figure 6.  Residuals vs predicted values. 

c)Effects of Factors on Adsorption: 
The effects of all the four individual factors used for the 

study are shown in figure 7. From the figure it can be said that 
except initial concentration all other parameter have positive 
effect on Zn adsorption percentage. Among the four factors 
pH has highest significance on Zn adsorption with 38.36% 
increase from lower level to higher level and adsorbent dose 
has lowest significance with only 3.966% change from lower 
level to higher level. The pH of solution has significant 
impact on the uptake of metals as it determines the surface 
charge of the adsorbent and degree of ionization and 
specification of the adsorbent [40].The effect of initial metal 
ion concentration is negative because at low concentrations, 
metals will be adsorbed by specific sites, while with 
increasing metal ion concentration the specific sites are 
saturated and are filled [41]. 

3.3. Adsorption isotherms: 
The equilibrium data for the adsorption are commonly 

known as adsorption isotherms. It is essential to know them 
so as to compare the effectiveness of different adsorbent 
materials under different operational conditions and also to 
design and optimize an adsorption system. Heavy metal 

adsorption is usually modeled by the classical adsorption 
isotherms. In this study, four isotherms models were used, 
Langmuir, Freundlich, Dubinin-Radushkviech (DR), Temkin 
isotherms using Eqs (4),(7),(9),and(12) respectively. The 
values of various constants of the four models were 
calculated and were represented in the Table VII. 

Figure 7. Main effect plots for Adsorption of Zn on SIP waste. Developed by 
using STATISTICA 9.0 

TABLE VII:  ISOTHERM CONSTANTS OF ZN ADSORPTION 

Isotherms 8pH 

Langmuir

qm (mg/g) 128.20 

KL(L/mg) 0.076 

R2 0.9783 
Freundlich

KF(mg/Kg) 9.397 

N 2.24 

R2 0.991 
Temkin

A 1.005 

B 107.41 

R2 0.9517 
D-R

β(mol2kJ2) 1.3206 

qm (mg/g) 65.32 
R2 0.9021 

Adsorption isotherms for Zinc (II) adsorption from 
aqueous solution on SIP waste is presented in figure 8. It 
indicates that the experimental data fitted well to all the 
isotherm models expect D-R model. The adsorption 
constants and correlation coefficients of different isotherms 
studied are given in Table VII. 

It is observed that the value of n is greater than unity, 
indicating that Zn was favorably adsorbed on the adsorbent. 
The maximum adsorption capacity of zinc from Langmuir 
isotherm was found to be 128.20mg/g and all the RL values 
are within the favorable range (0<RL<1). The free energy 
estimated from D-R model indicates E value as 
1.6736(KJ/mol) which was less than 8 KJ/mol. It suggests 
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