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ABSTRACT

In the present study statistical tool ResponsedsarMethodology — Central composite Design (RSM-C@&re

applied to optimize process parameters for the reaahof dye Congo red using Nano zero-valent iroZ\(N

impregnated cashew nut shell (NZVI-CNS). Centratposite Design (RSM-CCD) design was used to ogithiz
effect of process variables on the removal of Corggb dye. The NZVI-CNS prepared by simple liquidsegh
reduction method, namely, borohydride reductionhmet The results of RSM-CCD method showed thefisigmi

effect of pH (A), Dose (B), initial concentratioB)( time (D), and temperature (E) on Congo red mjraoval from
aqueous solution. The results of ANOVA and regoessf second order model showed that the lineacesfof
Dose (B) and Temperature (E) were more significAfitthe critical variables having greatest effeet the removal
of Congo red dye from Nano zerovalent iron impregdaashew nut shell. Thus the obtained nano zkrovaon

impregnated cashew nut shell successfully emplayedmove Congo red dye from aqueous solution.fatiers

optimized in the present work would helpful in Congd removal from aqueous solution.

Keywords. Cashew nut shell, nano zerovalent iron, CongoRedponse Surface Methodology - Central composite
Design

INTRODUCTION

Dyes are recalcitrant molecules that cannot be vethas easily. Synthetic dyes are used in indsslilke textile,
paper, plastic, cosmetic, and leather, pharmacedufmod. [1] Dyes are toxic and highly carcinogeini nature. A
major class of dye is azo dye includes mono, aszod triazo, and polyazo. They constitute abou?6% of total
dyes. [2]. Azo dye contains azo group of two nigegtoms (N=N). Azo dyes classified as direct, acidbasic.
Congo red is direct anionic azo dyes. It is thevkmoecalcitrant and carcinogenic compound. It &¢bmmon dye
used in the paper industry for coloration of paperducts. Therefore it is very important to remadlve dyes from
wastewater before disposal in to natural watersnyMeethods are available for treatment which ideki
coagulation and flocculation [3], biological tresnts [4), reverse osmosis [5], and adsorptiorAfGpng these
separation technologies mentioned above, adsorptiocess offers flexibility and simple in desigmneenience
and ease of operation, and effective in the remof/heavy metal ions especially at lower metal iooscentration
[7]. Nano Zero Valent Iron (NZVI) which is a prorimg technology is being used to successfully tvaaious dyes
in aqueous solution such as reactive blue 13 [8hg0 red [9], Acid orange Il [10], Basic yellow 88&.

The different methods were available for the prapan of ZVI such as sonochemical, chemical vapour
condensation, thermal decomposition and chemicduat®n. The main problem for using the ZVI is its
accumulation in the effluent after the treatmertie Tnain problem for using the ZVI is its accumuatiin the
effluent after the treatment. To overcome this f@ot) in the present study an attempt has been toagiepare the
nanoscale zero-valent iron (NZVI) impregnated cashat shell (CNS) with the help of the sonicatiqgemtion for
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better impregnation. The effect of various experitakparameters such as solution pH, NZVI-CNS doeatact
time, initial concentration and temperature hasnbésvestigated by the statistical tool Responsefasar
Methodology — Central Composite Design (RSM-CCD)

EXPERIMENTAL SECTION

Materials and M ethods

The preparation was carried out by simple liquiégshreduction. About 1g of Cashew Nut Shell in pawfdrm
was first washed with water and then soaked inratd FeSQ7H,O solution (6.5g in 25 ml with 2 drops of
concentrated §80Q,) for half an hour. After that, the soaked CNS glovith the saturated FeQ@H,O solution was
sonicated in an ultrasonic bath (Sonics Vibra @B watt) for another half an hour. During sonimatithe CNS
particle gets broken down to small pieces. Aftenisation, 0.1 mol/L NaBi was added slowly at ambient
temperature, pressure and atmosphere. The ferwousnpregnated into the CNS was reduced to NZVpersthe
following reaction (11).

Fe'2+ +ZBH4_9FeO +ZB3++ H2 (1)
The percentage removal of Congo red was estimatélebfollowing equation
%Removalzw i

o

Where G (mg/L) and G (mg/L) is the initial and equilibrium concentratiof Congo red solution, respectively. The
concentration of Congo red in the experimental tsmiuwas determined from the calibration curveparred by
measuring absorbance of different determined cdramions of dye solutions &ty,.x 497 nm using a UV-vis
Spectrophotometer (Shimadzu, Japan).The pH of tletien was measured with a Hanna pH meter using
combined glass electrode (Model HI 9025C , Singapor

RESULTSAND DISCUSSION

Response Surface M ethodology
Response Surface Methodology is a statistical éxmetal technique applied under appropriate expamtail
design to resolve multi-variable equations.

Table:1 Independent variablesand their coded levelsused in RSM studiesfor optimizing cong red dye removal

Factor Name Low Actual | High Actual | Low Coded | High Coded | Mean | Std. Dev.
A pH 4 8 -1 1 6 1.861477
B Initial concentration 20 100 -1 1 60 37.22954
C Dose 1 3 -1 1 2 0.93073P
D Temperature 30 50 -1 1 40 9.307385
E Time 10 50 -1 1 30 18.6147[7

Statistical analysis RSM was used to investigate rtiain effects of dependable variables on the atlsor of
Congo red dye using cashew net shell impregnatéd Mano zero valent iron particles. pH (A), DoB3, (initial

Concentration (C), time (D), and temperature (Ejenselected as independent variables. Central csiteptesign
(CCD) was used for the experimental data and data ¥itted to a second order polynomial model agtession
coefficients obtained [12- 15].

Prominent factors were standardized using Desigaxperiment (DOE) suggested by Design Expert so#wan
the basis of various combinations, the reaction feasniulated and analysis was performed and theltsestere
tabulated in table-2. Several works were formulaiétth respect to RSM and different parameters vesralyzed
[12-15].
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Table 2: Independent variablesand their coded levels used in RSM

Factor 1 . Factor 3 | Factor 4 | Factor 5 | Response Response
Sid A:pH Factor 2B: Initial Concen. C:Dose | D:Temp | E:Time (:f:[t)ual) (Prfgicted)
1 4 20 1 30 10 87.17 87.62
2 8 20 1 30 10 86.06 85.95
3 4 100 1 30 10 82.77 82.98
4 8 100 1 30 10 85.77 85.07
5 4 20 3 30 10 90.82 90.95
6 8 20 3 30 10 90.46 90.36
7 4 100 3 30 10 82.61 82.78
8 8 100 3 30 10 87.36 87.45
9 4 20 1 50 10 87.12 87.55
10 8 20 1 50 10 89.23 89.57
11 4 100 1 50 10 82.02 82.59
12 8 100 1 50 10 89.24 89.62
13 4 20 3 50 10 89.34 89.78
14 8 20 3 50 10 92.20 92.79
15 4 100 3 50 10 82.42 83.01
16 8 100 3 50 10 90.39 90.45
17 4 20 1 30 50 89.57 89.88
18 8 20 1 30 50 88.16 88.46
19 4 100 1 30 50 84.86 85.02
20 8 100 1 30 50 88.55 88.97
21 4 20 3 30 50 89.73 89.98
22 8 20 3 30 50 89.08 89.99
23 4 100 3 30 50 83.20 83.62
24 8 100 3 30 50 87.66 87.98
25 4 20 1 50 50 85.61 85.89
26 8 20 1 50 50 87.42 87.81
27 4 100 1 50 50 82.19 82.55
28 8 100 1 50 50 89.10 89.97
29 4 20 3 50 50 85.34 85.81
30 8 20 3 50 50 87.90 87.99
31 4 100 3 50 50 80.11 80.77
32 8 100 3 50 50 87.77 88.01
33 1.24317 60 2 40 30 73.05 73.55
34 10.7568 60 2 40 30 80.85 81.02
35 6 -35.1366 2 40 30 88.00 88.52
36 6 155.1366 2 40 30 80.24 80.74
37 6 60 0.37841 40 30 90.33 90.89
38 6 60 4.378414 40 30 91.90 91.99
39 6 60 2 16.21586 30 89.67 89.95
40 6 60 2 63.78414 30 88.56 88.91
41 6 60 2 40 -17.5683 89.84 89.98
42 6 60 2 40 77.56828 88.39 88.68
43 6 60 2 40 30 97.55 97.91
44 6 60 2 40 30 95.95 95.99
45 6 60 2 40 30 97.15 97.63
46 6 60 2 40 30 98.15 98.72
47 6 60 2 40 30 97.55 97.85
48 6 60 2 40 30 96.55 96.88
49 6 60 2 40 30 96.55 96.79
50 6 60 2 40 30 96.55 96.98
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Table 3: Analysisof Variance (ANOVA) for congo red dye removal

ANOVA for Response Surface Quadratic Model |
Analysis of variance table [Partial sum of squar&gpe Ill]
Sum of Mean F p-value

Source Squares df Square Value Prob > F
Model 1326.754] 20 66.33760 275.6158 < 0.0001 Sigamif
A-pH 113.2452| 1| 113.2452 470.5041 < 0.0001
B-Initial concentration| 105.6518 1 105.6513 438%53< 0.0001
C-Dose 5.3926479 1] 5.392647 22.40504 <0.0001
D-Temperature 1.909786 1 1.909786 7.934661  0.0086
E-Time 3.433537] 1| 3.433537 14.26545  0.0007
AB 49.67311| 1| 49.67311 206.3788 < 0.0001
AC 1.544819| 1| 1544819 6.4183p 0.0170
AD 22.32641| 1| 22.32641 92.76037 <0.0001
AE 0.062207| 1| 0.062207 0.2584%4  0.6150
BC 9.564907| 1| 9.56490y 39.73968 < 0.0001
BD 1.694226| 1| 1.694226 7.039065 0.0138
BE 3.421139| 1| 3.421139 14.21394  0.000Q7
CD 0.622479| 1| 0.622479 2.586237 0.1186
CE 13.62826] 1| 13.6282p 56.62183 < 0.0001
DE 18.46033| 1| 18.46038 76.69785 <0.0001
A2 718.3359| 1| 718.3359 2984.498 < 0.0001
B"2 301.3674| 1| 301.3674 1252.103 <0.0001
Ccr2 66.18721| 1| 66.18721L 274.9905 < 0.0Q01
D"2 116.0159] 1| 116.0159 482.01%7 < 0.0001
EN2 116.0159] 1| 116.015p 482.01%7 <0.0001
Residual 6.979983 29 0.240689
Lack of Fit 3.319855 23 0.150903 0.2886p1  0.9882 t sigmificant
Pure Error 3.660127 7 0.5228715
Cor Total 1333.734 44

Std. Dev.| 0.490601 R-Squared 0.994767
Mean 88.3617| Adj R-Squared 0.991157

CV.% 0.555219| Pred R-Squared  0.986429
PRESS 18.09993 Adeq Precisign  76.06479

Equation
% Removal =+96.94 +1.62 A-1.56 B +0.35 C-0R210.28 E+1.25 A B+0.22 A C+0.84 A @044 A

E-0.55 B C+0.23 B D+0.33 B E-0.14 CB®.C E-0.76 D E-3.60 22.33 B-1.09 G-1.44 [$-1.44
E2
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Fig. 1: Response surface graph for congo red dye removal by NZVI-CNS showing variable interactionswith respect to different

parameters
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CONCLUSION

Adsorption of Congo red dye from an aqueous salutith a low-cost nano-adsorbent (NZVI-CNS) prepairem
an agricultural waste was successfully applieddéonoval of congo red dye. Batch studies were peworto found
out the influence of various process parameters siscpH, adsorbent dose, initial dye concentratiome, and
temperature. Response surface central compositgndesethodology was used to find the interactioroagithe
variables and to determine the optimum conditiansards the adsorption of congo red dye from theeags
solution. The optimum values of pH, adsorbent dosgal dye concentration, time, and temperatusrenfound to
be 6, 2 g/L, 40 mg/L, 30 min, and 40°C for complet¢enoval of Congo red dye, respectively. The expenital
values were in good agreement with predicted valvigh R is 0.9948.
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