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bstract

A factorial experimental design technique was used to investigate the biosorption of reactive red RGB (λmax = 521 nm) from water solution on
ice husk treated with nitric acid. Biosorption is favored because of abundance of biomass, low cost, reduced sludge compared to conventional
reatment techniques and better decontamination efficiency from highly diluted solutions. Factorial design of experiments is employed to study
he effect of four factors pH (2 and 7), temperature (20 and 40), adsorbent dosage (5 and 50 mg/L) and initial concentration of the dye (50 and
50 mg/L) at two levels low and high. The efficiency of color removal was determined after 60 min of treatment. Main effects and interaction

ffects of the four factors were analyzed using statistical techniques. A regression model was suggested and it was found to fit the experimental
ata very well. The results were analyzed statistically using the Student’s t-test, analysis of variance, F-test and lack of fit to define most important
rocess variables affecting the percentage dye removal. The most significant variable was thus found to be pH.

2006 Elsevier B.V. All rights reserved.

ctoria

M
a
i
b
m
s

b
i
e
l
b
a

c
a

eywords: Rice husk; Biosorption; Reactive dye; Red RGB; Color removal; Fa

. Introduction

Synthetic dyes are widely used in industries such as textiles,
eather, paper, plastics, etc. to color their final products [1]. Reac-
ive dyes are the most common dyes used due to their advantages,
uch as bright colors, excellent colorfastness and ease of applica-
ion [2,3]. Colored dye effluents are highly toxic to aquatic life.
t reduces the photosynthetic activity and primary production.
hese dyes are mostly resistant to biodegradation and there-

ore are not removed by conventional treatment techniques. In
eneral, there are seven main methods used for the treatment
f dye-containing effluent: adsorption, oxidation, ozonation,
iological treatment, coagulation, flocculation and membrane
rocesses [4,5]. Adsorption technique has been proved to be an
xcellent way to treat dye effluents, offering advantages over
onventional process [6,7]. Adsorption is one of the most effi-

ient methods of removing pollutants from wastewater. Also,
he adsorption provides an attractive alternative treatment, espe-
ially if the adsorbent is inexpensive and readily available [8].
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any studies have been made on use of different adsorbents like
ctivated carbon [9,10], peat [11], coir pith [8], chitin [1,12], sil-
ca [13], fly ash [14], and many others like hardwood sawdust,
agasse pith, rice husk, rice hull, paddy straw, slag, fenugreek
ucilage and various blends of these [15–25,29,30]. However

earch for cost-effective, efficient adsorbent is continuing.
Carbon is widely used as an adsorbent for many species

ecause of its high efficiency. However because of the cost
nvolved search for alternative adsorbent that could provide an
conomical solution is very important in developing countries
ike India. In agricultural countries where abundant source of
iomass is available biosorption is becoming more and more
ttractive.

Rice husk can prove to be better alternative for sorption pro-
ess because it is freely available in countries like India where
griculture is among the major businesses. It is cheap and shows
ood sorption capacities when properly treated.

In a multivariate experiment, all of the important variables
re changed during each run of trials. The need for this arises

ecause the variables often interact with each other. For exam-
le, if pH conditions are optimized at one temperature, this work
ay have to be repeated if it is subsequently found that a different

emperature works better. In a multivariate approach, variation

mailto:vponnusami@hotmail.com
dx.doi.org/10.1016/j.jhazmat.2006.08.040
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Table 1
High and low levels of factors

Factor Low level (−1) High level (+1)

pH 2 7
Initial concentration (mg/L) 50 250
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f temperature is included in the first round of experiments. This
ill show the best direction to move within the multidimensional

pace defined by the major variables. There are several impor-
ant problems with the conventional approach of changing only
ne or two variables in a run. It may be take many rounds of
xperiments to find the optimum point. In cases where variables
ust be changed in large steps the optimum may not be found

t all. The factorial design would reveal the effect of the interac-
ion of process variables and improve optimization process. The
elative importance of all the factors can be evaluated simulta-
eously with less number of experiments [26–28].

Temperature, pH, initial concentration of dye and adsorbent
article dosage are important parameters in adsorption. Thus
n the present study capacity of rice husk to remove color was
nvestigated by varying these factors at two levels. Interaction
etween these factors were studied and optimization done.

. Materials and methods

.1. Preparation of adsorbent

Rice husk obtained from a nearby rice mill was screened and
hen washed with distilled water till the supernatant solution
ecomes clear. It was then soaked in 2.0 mol/L nitric acid for
n hour and then rinsed with distilled water till the supernatant
olution reached 7 pH. The washed husk was dried at 105◦ in
ven. The dried husk was screened and BSS −30/+36 mesh size
articles were collected and used for the study.

.2. Preparation of dye solution

Reactive red RGB dye was collected from a textile
nit of Thirupur (India). It is a monoazo based, vinylsul-

hone/monochlorotriazine bifunctional dye. Stock solutions of
he dye were prepared in deionized water and were diluted
o working concentrations. pH was adjusted by adding either

2SO4 or Na2CO3 as required.

t
M
b
c

able 2
xperimental data

un pH D (g/L) C (mg/L) T (◦C)

1 −1 −1 −1 −1
2 1 −1 −1 −1
3 −1 1 −1 −1
4 1 1 −1 −1
5 −1 −1 1 −1
6 1 −1 1 −1
7 −1 1 1 −1
8 1 1 1 −1
9 −1 −1 −1 1
0 1 −1 −1 1
1 −1 1 −1 1
2 1 1 −1 1
3 −1 −1 1 1
4 1 −1 1 1
5 −1 1 1 1
6 1 1 1 1
osage (g/L) 5 50
emperature (◦C) 20 40

.3. Batch adsorption

Stock solution of 1000 mg/L of the dye was prepared and suit-
bly diluted to required initial concentrations (50 and 250 mg/L).
he four factors initial concentration of dye, pH, temperature
nd adsorbent dosage are varied at two levels as shown in the
able 1. For each run, 50 ml of dye solution taken in conical
asks were agitated in incubated shaker at 150 rpm for 1 h. After
ne hour of contact time samples were withdrawn and filtered.
bsorbance was determined using UV–vis double beam Spec-

rophotometer (Systronics 2201) at a maximum wavelength of
21 nm. Sixteen experiments with all possible combinations of
ariables were conducted in duplicate, and a matrix was estab-
ished according to their high and low levels, represented by +1
nd −1, respectively.

. Results and discussion

Results are shown in the Table 2. Removal efficiency was
efined as

=
(

Ci − Cf

Ci

)
× 100 (1)

here Ci is initial concentration and Cf is the final concentra-

ion of the dye in the solution. The results were analyzed using

INITAB 14 for windows. The main effects and interaction
etween factors were determined. The effect of a factor is the
hange in response, here, percentage color removal produced by

Removal efficiency (%) Removal efficiency (%)

Trial 1 Trial 2 Average

89.36 95.78 92.57
53.67 52.02 52.84
86.97 93.76 90.37
72.39 80.55 76.47
68.46 64.99 66.73
32.44 28.44 30.44
93.19 93.69 93.44
88.17 91.41 89.79
97.25 95.41 96.33
76.42 56.51 66.47
76.24 90.83 83.53
79.54 73.21 76.38
84.31 82.84 83.58
53.32 44.96 49.14
94.77 96.53 95.65
89.32 90.75 90.04
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Table 3
Statistical parameters for 24 design

Term Effects Coefficients Standard error T P

Constant 77.11 0.9506 81.11 0.000
pH −21.33 −10.66 0.9506 −11.22 0.000
D 19.70 9.85 0.9506 10.36 0.000
C −4.52 −2.26 0.9506 −2.38 0.030
T 6.06 3.03 0.9506 3.19 0.006
pH × D 13.75 6.87 0.9506 7.23 0.000
pH × C 1.33 0.67 0.9506 0.70 0.494
pH × T 2.06 1.03 0.9506 1.08 0.294
D × C 15.06 7.53 0.9506 7.92 0.000
D × T −7.18 −3.59 0.9506 −3.77 0.002
C × T 3.44 1.72 0.9506 1.81 0.089
pH × D × C 1.62 0.81 0.9506 0.85 0.408
pH × D × T −0.87 −0.43 0.9506 −0.46 0.655
pH × C × T −2.09 −1.05 0.9506 −1.10 0.288
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× C × T −1.10 −0.55 0.9506 −0.58 0.572
H × D × C × T −0.09 −0.04 0.9506 −0.05 0.964

change in the level of a factor, pH, temperature, initial concen-
ration of dye or adsorbent dosage from lower to higher level.
he codified model employed for 24 factorial designs was

= A0 + A1X1 + A2X2 + A3X3 + A4X4 + A5X1X2

+ A6X1X3 + A7X1X4 + A8X2X3 + A9X2X4

+ A10X3X4 + A11X1X2X3 + A12X1X2X4

+ A13X1X3X4 + A14X2X3X4 + A15X1X2X3X4 (2)

where A0 represents the global mean and Ai represents the
egression coefficient corresponding to the main factor effects
nd interactions. The effects, regression coefficients, standard
rrors, T and P are shown in Table 3. The main effects represent
eviations of the average between high and low levels for each

ne of them. When the effect of a factor is positive, removal effi-
iency increase as the factor is changed from low to high levels.
n contrast, if the effects are negative, a reduction in removal
fficiency occurs for high level of the same factor. Fig. 1 shows

i
l
T
s

Fig. 1. Main effects plot for perc
ig. 2. Pareto chart of standardized effects on the removal efficiency for reactive
ed RGB—full model.

he main effects of the four factors on percentage color removal.
ubstituting the regression coefficients in Eq. (2) we get model
quation relating the level of parameters and color removal
fficiency:

= 77.11 − 10.66X1 + 9.85X2 − 2.26X3 + 3.03X4

+ 6.87X1X2 − 0.67X1X3 + 1.03X1X4 + 7.53X2X3

− 3.59X2X4 + 1.72X3X4 + 0.81X1X2X3

− 0.43X1X2X4 − 1.05X1X3X4

+ 0.55X2X3X4 − 0.04X1X2X3X4 (3)

.1. Student’s t-test

The Pareto chart (Fig. 2) gives the relative importance of the
ndividual and interaction effects. Student’s t-test was performed
o determine whether the calculated effects were significantly
ifferent from zero and these values for each effect are shown

n Pareto chart by horizontal columns. For a 95% confidence
evel and sixteen degrees of freedom t-value is equal to 2.12.
he vertical line in the chart indicates the minimum statistically
ignificant effect magnitude for 95% confidence level.

entage dye removal (%R).
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Table 4
Analysis of variance—full model fitting

Source Degrees of freedom Sum of squares (SS) Mean square (MS) F P-value

pH 1 3639.32 3639.32 125.85 0.000
D 1 3103.37 3103.37 107.31 0.000
C 1 163.40 163.40 5.65 0.030
T 1 293.63 293.63 10.15 0.006
pH × D 1 1512.19 1512.19 52.29 0.000
pH × C 1 14.18 14.18 0.49 0.494
pH × T 1 33.97 33.97 1.17 0.294
D × C 1 1815.10 1815.10 62.77 0.000
D × T 1 411.88 411.88 14.24 0.002
C × T 1 94.87 94.87 3.28 0.089
pH × D × C 1 20.89 20.89 0.72 0.408
pH × D × T 1 6.00 6.00 0.21 0.655
pH × C × T 1 34.96 34.96 1.21 0.288
D × C × T 1 9.64 9.64 0.33 0.572
pH × D × C × T 1 0.06 0.06 0.00 0.964
Error 16 462.69 28.92
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did not have statistical significance. The residues should also be
examined for normal distribution. Fig. 5 shows normal probabil-
ity plot of residual values. It could be seen that the experimental
points were reasonably aligned suggesting normal distribution.
otal 31 11616.16

= 5.37758; R2 = 96.02%; R2
(adj) = 92.28%; F = adj. MSfactor/adj. MSError.

.2. Analysis of variance (ANOVA)

In Table 4 the sum of squares used to estimate the factors’
ffects and F-ratios are shown. Since F0.05,1,16 = 4.49, all the
ffects with F value higher than 4.49 are significant. The effects
re statistically significant when P-value, defined as the smallest
evel of significance leading to rejection of null hypothesis, is
ess than 0.05.

Based on the student’s t-test and F-test, few interaction
ffects which seem insignificant compared to other effects, were
eglected and the effects, regression coefficients, standard error,
and p-value were recalculated with remaining variables. Resul-
ant values are shown in Table 5. Fig. 3 shows the student’s t-test
esults. Reduced model equation with resultant coefficients was

= 77.11 − 10.66X1 + 9.85X2 − 2.26X3 + 3.03X4

+ 6.87X1X2 + 7.53X2X3 − 3.59X2X4 (4)

For the reduced model ANOVA and F-test and were per-

ormed and results of ANOVA are given in Table 6. Interaction
lot of effects is shown in Fig. 4. Lack of fit associated elimi-
ation of few factors was F = 0.93. This was very much lower
ompared to tabulated value F = 2.59. Therefore, these factors

able 5
tatistical parameters for 24 design—reduced model

erm Effect Coefficient Standard error T P

onstant 77.11 0.9391 82.11 0.000
H −21.33 −10.66 0.9391 −11.36 0.000

19.70 9.85 0.9391 10.49 0.000
−4.52 −2.26 0.9391 −2.41 0.024

6.06 3.03 0.9391 3.23 0.004
H × D 13.75 6.87 0.9391 7.32 0.000
× C 15.06 7.53 0.9391 8.02 0.000
× T −7.18 −3.59 0.9391 −3.82 0.001
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ig. 3. Pareto chart of standardized effects on the removal efficiency for reactive
ed RGB—reduced model.
able 6
nalysis of variance for percentage color removal—reduced model

ource Degrees of
freedom

Sum of
squares (SS)

Mean
square (MS)

F P-value

H 1 3639.3 3639.3 128.97 0.000
1 3103.4 3103.4 109.97 0.000
1 163.4 163.4 5.79 0.024
1 293.6 293.6 10.41 0.004

H × D 1 1512.2 1512.2 53.59 0.000
× C 1 1815.1 1815.1 64.32 0.000
× T 1 411.9 411.9 14.60 0.001
esidual error 24 677.3 28.22
ack of fit 8 214.6 26.82 0.93 0.520
ure error 16 462.7 28.92

otal 31 11616.2

= 5.31219; R2 = 94.17%; R2
(adj) = 92.47%; F = MSfactor/MSerror.
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Fig. 4. Interaction effects for percentage dye removal.

of re

P
c
a
P

Fig. 5. Normal probability plot of residual values for removal efficiency
lot of percentage dye removal versus residual (Fig. 6) indi-
ated the outliers if any. Except for two points (run number 10)
ll other points were found to fall in the range of +2 to −2.
oints corresponding to run 10 were slightly out of this range.

Fig. 6. Percentage dye removal (predicted) vs. residual.
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active red dye vs. their expected values when the distribution is normal.

owever, elimination of these points did not reduce but increase
he lack of fit suggesting that they were not really outliers.

.3. Effect of pH

pH plays a major role in removal of red dye. P < 0.05, as indi-
ated in Table 3, shows that pH has a significant effect. Increase
n pH from 2 to 7 decreases the adsorption efficiency by about
1.33%. Low pH favors adsorption of reactive red dye on rice
usk treated with nitric acid. Similar trends biosorption were
eported for three similar reactive dyes by Gong et al. [35] in
erms of dye adsorption ratio.

.4. Effect of temperature
Adsorption is favored by increase in temperature. This in an
nexpected behavior, but it has been reported by some authors
hen studying the adsorption of different type of dyes and other
rganic compounds over several adsorbents McKay et al. [31,
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oreira et al. [32–34], Ravikumar et al. [27], Asfour et al. [19].
cKay et al. [31] suggested that this behavior is due to the pos-

ibility of an increase in the porosity and total pore volume of
he adsorbent with the increase of the temperature. Ravikumar et
l. [27] suggested that increase in temperature produce swelling
f the internal structure of the adsorbent causing increased pen-
tration of the larger dye molecules. The increase of the color
emoval efficiency with the increase of the temperature is still
ot well understood and it is a phenomenon worthy of further
nvestigation. The observations of strong influence of the effects
H, and increase in percentage color removal with temperature
uggest ion-exchange mechanism [36].

.5. Effect of adsorbent dosage and initial concentration of
ye

Adsorption rate increase, as expected, with increase in adsor-
ent dosage. Increase of adsorbent dosage from 5 to 50 g/L
ncreases adsorption rate by 19.7%. This is due to the fact that,
ncrease in adsorbent dosage increase area available for adsorp-
ion. Also as expected increase of initial concentration decrease
dsorption rate. Increase from 50 to 250 mg/L result in decrease
f decolorisation efficiency by 4.52%. At higher concentration
dsorption efficiency decrease due to saturation of all adsorption
ites.

Apart from these linear effects of the parameters used, the
nteraction between these parameters gives better explanation of
he process. As mentioned above F-test and student’s t-test were
sed to study the interaction effects. Interaction plot (Fig. 4)
learly indicates strong interaction between adsorbent dosage
nd initial concentration of dye, pH and adsorbent dosage and
ose and temperature. When pH is decreased from 7 to 2, decol-
risation efficiency increases from 49.72 to 84.80% at 5 g/L
ose and 83.17 to 90.75% at 50 g/L. That is the effect of pH
s high when the dosage is low, but at higher dosage pH effects
re not that high. Similarly at low concentration color removal
fficiency was only 77.05 and 81.69% at 5 and 50 g/L dosage
evel, respectively. But at higher initial concentration, 250 mg/L,
hange of adsorbent dosage from 5 to 50 g/L increases color
emoval efficiency by 34.76%, i.e. from 57.47 to 92.23%. Sim-
larly change adsorbent dosage produced 26.87 and 12.52%
ecrease in percentage color removal at lower and higher tem-
eratures respectively. In conventional design of experiments
hese interaction will not be revealed, and so missed.

. Conclusion

The results of present study clearly show that nitric acid
reated rice husk is effective in removal of reactive dye and
an provide an economical solution for removal of such dyes
rom aqueous solutions. Up to 96.33 and 95.65% color removal
ould be achieved in 1 h contact from aqueous solutions with ini-
ial concentrations 50 and 250 mg/L, respectively. For 50 mg/L

olution maximum color removal 96.33% achieved with 2 pH,
g/L dose, and 40 C. Like wise for 250 mg/L solution maximum
olor removal was achieved with 2 pH, 50 g/L dose and 40 C.
he most significant effect was found to be pH. Then adsorbent

[

[

us Materials 142 (2007) 397–403

osage, adsorbent dosage and initial concentration of dye inter-
ction and pH–initial concentration of dye interaction were also
ound highly significant.
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