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Abstract
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Aim: Grey relational analysis was applied to optimize the removal of copper and zinc ions from textile
industry waste water.

G. Manjula* and S. Revathi
Department of Civil Engineering,
SVS College of Engineering,
Coimbatore-642 109, India

Methodology: Experiments were conducted based on orthogonal array and the optimal set of process
parameters such as adsorbent dosage, contact time and rotational speed were investigated to identify the
performance characteristics, copper and zinc removal efficiency.
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Results: Based on the experimental results, analysis was carried out by Grey Relational Analysis.
Response tables were used to find the optimal levels of parameters in adsorption process. The confirmation
experiments were carried out to validate the optimal results.
Interpretation: The adsorption process was optimized for achieving the combined objectives of higher rate
of copper and zinc removal from textile waste water. The experimental results showed that parameter,
contact time of adsorbent with waste water has the most significant effect on the multiple performance
characteristics. Taguchi Grey relational analysis can be used as an effective technique to optimize the
parameters for adsorption process.
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Introduction
Over the past few decades rapid industrialization has
contributed to high economic growth. However it has also lead to
severe environmental pollution. Heavy metals that are released
into the environment pose a significant threat to the environment
and public health because of their toxicity and bioaccumulation in
the food chain (Bahadir et al., 2007). Heavy metals like lead,
mercury, copper, cadmium, zinc, nickel and chromium are among
the most common pollutants found in industrial effluents which
cause serious threat to environment, animals and humans
because of their extreme toxicity (Liu et al., 2006). A number of
technologies have been developed over the years to remove
heavy metals from industrial wastewater. The most important
technologies for heavy metal removal include adsorption and
flocculation (Abdel et al., 1996; Amuda et al., 2006). The key
benefit of adsorption method for heavy metal removal is less initial
cost as well as operation cost and unproblematic design (Acar
and Eren, 2006).

Statistical design of experiments is a useful technique for
obtaining valuable and statistically significant models of
phenomenon by performing minimum number of experiments. An
experimental design methodology should be applied such that
complex information are processed easily resulting in significant
reduction of experimental time (Kincl et al., 2005). The most
common techniques used for optimization are Taguchi method
and Response Surface Methodology. Response Surface
Methodology is a statistical method based on the multivariate
non-linear model that has been widely used for optimization of
process variables of adsorption (Zulkali et al., 2006; Goel et al.,
2006). Taguchi methods have proved to be a useful approach for
improving product quality at a relatively low cost (Tzeng and
Chen, 2006). The results of several investigations have revealed
that process parameters such as initial concentration, speed,
dosage, pH and adsorbent type significantly affect adsorption
process (Cojocaru and Zakrzewska-Trznadel 2007; Wachter and
Cordery 1999; Egirani et al., 2005; Goyal et al., 2001; Ajmal et al.,
1198; Ravikumar et al., 2005).
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The major industries have required advanced treatment
facilities for treating their industrial effluents. However, the small
scale industries do not have such costly pollution control
equipments or facilities to treat its effluent. The toxic metals cause
physical discomfort and sometimes life threatening illness and
irreversible damage to vital body systems (Malik, 2004). Some
studies indicate that moderate lead poisoning can result in
neurobehavioral and intelligence deficits (Selatnia et al., 2004).
The removal and recovery of heavy metals is important from the
point of resource recovery also (Puranik et al., 1999). It is
therefore regulated by many countries that heavy metal ions must
be treated to certain levels before they are discharges into
watercourses (Chen et al., 2007). The present day scenario of
tremendous industrial pollution has prompted this experimental
investigation for a systematic and detailed study of adsorption of
toxic heavy metals in water samples collected from a textile
industry in Tiruppur located in the state of Tamilnadu, India.
Tiruppur is considered as one of the fastest developing industrial
zone in the state. Use of agricultural byproducts as adsorbents for
heavy metal removal from industrial waste water has been
studied extensively. Rice husk is found to be an effective
adsorbent for the removal of arsenic from groundwater (Amin
2006). 'Rice polish' (an agricultural residue) was utilized
successfully for the removal of arsenic from aqueous solution
(Ranjan, 2009). A novel orange peel adsorbent developed from
an agricultural waste material was characterised and utilised for
the removal of Remazol Brilliant Blue from an artificial textile-dye
effluent (Mafra et al., 2013). Most of the studies have focused on
organic wastes such as rice husk and neem bark (El-Said et al.,
2012; Bhattacharya et al., 2006). Black gram husk (Saeed and
Iqbal 2003), Waste tea, Walnut shell has also been used
effectively (Orhan and Büyükgüngör et al., 1993). Experimental
studies on adsorbents like maize leaf (Babarinde et al., 2006),
teak leaf powder (King et al., 2006), Coraindrum sativum

(Karunasagar et al., 2005), lalang (Imperata cylindrica) leaf
powder (Hanafiah et al., 2007), peanut hull pellets (Johnson et al.,
2002), saltbush (Atriplex canescens) leaves (Sawalha et al.,
2007), tree fern (Ho and Wang, 2004; Ho et al., 2004; Ho, 2003),
grape stalk wastes (Villaescusa et al., 2004), etc. have also
proved to be successful for removal of heavy metals.
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The classical optimization technique of changing one
parameter at a time to study the effect of parameters on the
response is time consuming and expensive. Taguchi Method is
generally used to analyze optimal process parameters of a single
quality characteristic. This method focus on optimizing a single
quality response (Lin, 2004). However, products in some
processes have more than one quality response which should be
considered. Taguchi method is used to decide optimal factor
levels for multi-responses which may increase uncertainty during
the decision-making process (Balasubramanian and Ganapathy,
2011). This problem can be solved by the grey system theory
introduced by Deng (1989). It proposes integration of Grey
relational analysis and Taguchi Method to resolve multiple quality
characteristics. This method transforms multiple quality
characteristics into single grey relational grades. By comparing
the computed grey relational grades, the arrays of respective
quality characteristics are obtained in accordance with response
grades to select an optimal set of process parameters. In this
study, different process parameters of adsorption process such
as speed of rotation, dosage of coagulant and contact time were
optimized to achieve the best multiple quality characteristics
using the Grey Relational method.
Materials and Methods

Experimental setup: The samples were collected from textile
industry effluent, located in Tiruppur district of Tamilnadu state in
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Table 1: Process parameters and their limits
Level 1

Level 2

Level 3

Adsorbent
Dosage(mg l-1)
Speed(rpm)
Time (min)

Rice husk
2
100
30

Orange peel
4
150
60

Neem leaf
6
200
90

Table 2: Orthogonal array of the Experimental Runs
Run No.

1.
2.
3.
4.
5.
6.
7.
8.
9.

Co
py

Parameter

Levels of Parameters
Adsorbent

Dosage (mg l-1)

Rice husk
Rice husk
Orange peel
Rice husk
Orange peel
Neem leaf
Neem leaf
Neem leaf
Orange peel

6
2
6
4
2
2
4
6
4

Time (min)

200
100
150
150
200
150
200
100
100

90
30
30
60
60
90
30
60
90

optimization of a single response characteristic with Grey
relational grade as an objective function. In the present study, the
objectives were to maximize the removal efficiency of copper and
zinc in adsorption process. Hence, removal efficiency of copper
and removal efficiency of zinc as multi-responses were combined
by Grey relational grade using Grey relational analysis.
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India. The initial concentration of heavy metals (chromium,
copper and zinc) present in waste water sample was tested using
AA301 Atomic Adsorption Spectrophotometer. Sampling
procedure was done as per code IS 3025 part-1. From the initial
test results it was found that chromium (VI) ions are present within
permissible limit in the waste water samples. Copper (II) and Zinc
(II) ions were present in initial concentrations of 41.3 ppm and
36.1 ppm respectively. The adsorption process was carried out as
batch process using orbital shaker. Dried rice husk, orange peel
and neem leaf powder were used as adsorbents. After the
experiments, the samples were filtered through quantitative filter
papers and the samples were tested for heavy metals (Copper
and Zinc) using AA301 Atomic adsorption spectrophotometer.

Speed (rpm)

On

Design of experiments : Special design of orthogonal arrays
was used to study the entire parameter space in Taguchi method
with a limited number of experiments (Lin, 2004). The
experiments were carried out by using the standardized Taguchi
based experimental design, L9 orthogonal array with three levels
(coded by: 1, 2 and 3) of four main parameters, namely, adsorbent
material, dosage of adsorbent, rotational speed and contact time
as shown in Table 1.
Grey relational generation : The Grey relational analysis for
optimization of process parameters was proposed by Deng
(1989). It was used for measuring the degree of relationship
between sequences by Grey relational grade. Tzeng and Chen
(2006) used grey relational analysis to optimize the process
parameters in turning of tool steels. By employing Grey relational
analysis associated with the Taguchi method, optimization of
complicated multi-response characteristics can be converted into

In Grey relational analysis, the first step was to perform
the Grey relational generation in which the results of the
experiments were normalized in the range between 0 and 1, due
to different measurement units. Data pre-processing converts the
original sequences to a set of comparable sequences.
Normalizing the experimental data for each quality, characteristic
was done according to the type of performance response. Thus,
the normalized data processing for maximizing the removal
efficiency corresponding to larger-the-better criterion can be
expressed as:
xi (k) = [yi (k) - min. yi (k)] / [max. yi (k) - min. yi (k)]

where, i = 1, 2, 3, ..., m, m is the number of experimental runs in
Taguchi orthogonal array. In the present L9 orthogonal array was
selected (m = 9). k = 1, 2, ...,n, n is the number of quality
characteristics or process responses, In the present study
removal efficiency of copper and zinc are selected (n = 2); Min. yi
(k) is the smallest value of y(k)
for the kth response; Max. yi (k) is
i
th
the largest value of yi (k) for k response; xi (k) is the value after
Grey relational generation.
The normalized values of copper and zinc removal
efficiency are shown in Table 3.
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Table 3: Normalized values and deviation sequences (h- Removal efficiency)
Run no.

Deviation Sequences Doi (k)

Cu h

Zn h

Cu h

Zn h

0.44
0.75
1.00
0.46
0.86
0.00
0.28
0.44
0.47

0.13
0.00
0.79
0.96
0.51
0.37
0.69
0.82
0.93

0.56
0.25
0.00
0.54
0.14
1.00
0.72
0.56
0.53

0.87
1.00
0.21
0.04
0.49
0.63
0.31
0.18
0.07

GRG

RANK

0.4325
0.5137
0.8797
0.7422
0.6638
0.4064
0.5368
0.6346
0.7143

8
7
1
2
4
9
6
5
3

Table 4: Calculated GRC & GRG
Run no.
Copper removal h

Zinc removal h

0.4705
0.6673
0.9998
0.4821
0.7809
0.3333
0.4109
0.4707
0.4851

0.3945
0.36
0.7596
1.0041
0.5466
0.4794
0.6627
0.7985
0.9434
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1.
2.
3.
4.
5.
6.
7.
8.
9.

GRC

Co
py

1
2
3
4
5
6
7
8
9

Normalized values for response

On

Grey relational coefficient and Grey relational grade: The
second step is to calculate the Grey relational coefficient based
on the normalized experimental data to represent the correlation
between the desired and actual experimental data. The average
of Grey relational coefficient corresponding to each performance
characteristic was calculated to determine overall grey relational
grade. The optimal combination of process parameters was
evaluated considering the highest Grey relational grade by using
the Taguchi method. Based on the normalized experimental data,
the Grey relation coefficient can be calculated using the following
equation:

relational coefficients, the Grey relational grade ¡i can be
calculated as follows:
yi =

1
n

n

S

ei = (k)

k=1

where, i = 1, 2, 3 ... 9, (L9 orthogonal array is selected), ei = (k) is
the Grey relational coefficient of kth response in ith experiment and
n is the number of responses.
Results and Discussion

Where, Δoi = ||x0 (k) − xi (k) || is difference of absolute value
between x0 (k) and xi (k), x0(k) is the reference sequence of kth
quality characteristics. Δmin and Δmax are respectively the minimum
and maximum values of absolute differences (Δoi) of all comparing
sequences. e is a distinguishing coefficient, 0£ e £ 1, the purpose
of which was to weaken the effect of Δmax when it gets too big, and
thus enlarges the difference significance of relational coefficient.
If all parameters are given equal preference, e is taken as 0.5.

The optimum level of process parameters is the level with
highest Grey relational grade. The higher value of Grey relational
grade indicates an intense relational degree between the
reference sequence x0(k) and the given sequence x(k).
The Grey
i
relational coefficients (GRC) and Grey relational grade (GRG) are
presented in Table 4. The highest GRG of 0.8797 was obtained for
experiment number 3 and it was ranked 1 among other Grey
relational grades. Therefore, the experiment number 3 was the
best combination of adsorption process for removal of copper (II)
and zinc (II) among the nine experiments.

The Grey relation coefficient of each performance
characteristic is shown in Table 4. After averaging the Grey

Grey relational analysis is used to convert the multiobjective optimization problem into a single equivalent objective

ei (k) = (Dmin + e Dmax ) / (Doi (k) +e Dmax)
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Table 5: Response table for GRG

A
B
C
D

Parameters

GRG

Adsorbent
Dosage
Time
Speed

Level 1

Level 2

Level 3

0.5628
0.5279
0.6434
0.6207

0.6383
0.6644*
0.6802*
0.6761*

0.6402*
0.6489
0.5177
0.5449

Total mean value of GRG (ãm) = 0.8183; *Levels for optimum GRG

Table 6: Improvement in GRG with optimized control parameters

Main effect

Rank

0.0774
0.1365
0.1625
0.1312

4
2
1
3

Co
py

Symbol

Optimal control parameters
Taguchi orthogonal array
Levels
GRG

Grey theory prediction design

C2 B3D1 A2
0.1332

C2B2D2A3
0.206

Improvement in GRG = 0.0728

Confirmation experiment : The improvement of performance
characteristics in adsorption process parameters was verified
using confirmation test. Optimal parameters were selected for the
confirmation test (Table 6). Estimated GRG γi using optimal level
of process parameters was calculated by using Equation
q

å

On

g = gm +

process were significantly improved by increase in Grey relational
grade of 0.0728.
The process parameters with multiple performance
characteristics of copper and zinc removal efficiency was optimized
using grey relational grade obtained from grey relational analysis.
The experimental results indicate that contact time has the most
significant effect on the multiple performance characteristics
followed by coagulant dosage whereas rotational speed of orbital
shaker has the least significant effect on the performance
characteristics. The obtained results showed that dried orange peel
powder is good adsorbing medium for copper and zinc ion present
in textile wastewater. The level of three variable, dosage of
coagulant orange peel , 6 mg l-1; speed of rotation, 150 rpm; contact
time, 30 min, were found to be optimum for maximum copper and
zinc ion removal efficiency. The result of confirmation tests yielded
an improvement of 0.0728 in grey relational grade, after validation.
Integration of grey relational analysis and Taguchi method can be
effectively applied for the optimization of process parameters and
help to improve process efficiency.
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function. The highest Grey relational grade is considered for
evaluating optimal combination of process parameters using the
Taguchi method (Balasubramanian and Ganapathy, 2011). The
mean values of Grey relational grade for each level of process
parameters are calculated and summarized in Table 5. The larger
the Grey relational grade, the better the multiple quality
characteristics (Hasani et al, 2012). Therefore, the optimal
parameter for better copper and zinc removal efficiency is
(A3B2C2D2).

(g i - g m )

i=1

Where, γm is the total mean of GRG, γi is the mean of GRG at
optimal level, and q is the number of parameters that significantly
affect multiple-performance characteristics.
The C2B2D2A3 was an optimal combination of parameters
by Grey relational analysis. Therefore, the C2B2D2A3 optimal
combination of parameters was regarded as the confirmation test.
Table 6 shows the comparison of experimental results by
using the initial (OA, C2B3D1A2) and optimal (grey theory prediction
design C2B2D2A3) process parameters. In conclusion, it is clearly
shown that the multiple performance characteristics in adsorption
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