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Abstract. Basic blue 41 is a very stable dye using in wool weaving industry. Fenton reaction is
often used to decompose stable substances in wastewater. In this study planed experiments method
was used to investigate the effect of three factors, that are pH, H,O, and Fe* concentration on
COD reduction. The response surface was determined by program Modde 5.0, the optimal reaction
conditions was: Fe?* concentration is 120 mg/L, H,O, concentration is 10 mM, pH is 4.

1. Introduction

Dyes and pigments released into the
environment mainly in the form of wastewater
effluents by textile, leather and printing
industries cause severe ecological problems.
These compounds have a great variety of colors
and chemical structures and are recalcitrant to
microbial attack. Most of the dyes are non-
toxic, except for azo-dyes which comprise a
large percentage of synthetic dyes and are
degraded into potentially carcinogenic amines
[1-3]. Most of the dyes are non-toxic, except for
azo-dyes which comprise a large percentage of
synthetic dyes and are degraded into potentially
carcinogenic amines [2].

Textilewastewaters  offer  considerable
resistance to biodegradation due to presence of
the dyestuffs which have a complex chemical
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structure and are resistant to light, heat and
oxidation  agents. Biological treatment
processes such as aerated lagoons and
conventional activated sludge processes are
frequently used to treat textile effluents. These
processes are efficient in the removal of
suspended solids but largely ineffective in
removing dyes from wastewater [3]. Chemical
treatment systems, on the other hand, are
generally more effective with respect to
biological processes in decolorization of textile
dyestuffs although their application is limited
with their high costs [2-5].

The combination of hydrogen peroxide and
a ferrous salt has been referred to as “Fenton’s
reagent”. The primary oxidant in Fenton’s
reagent is the hydroxyl radical (*OH) generated
by the reaction of hydrogen peroxide with
ferrous ion [6]. The hydroxyl radical is very
active and can react unselectively with the
compounds in the reaction mixture including
hydrogen peroxide and ferrous salt. Therefore
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ferrous salt and  hydrogen  peroxide
concentrations have great influence on the
effiency of Fenton reaction [7]. In this paper we
used planned experiments to find out the
optimum condition for Fenton reaction.

2. Material and methods

Wastewater containing basic blue 41 dye
was purchased from the company “Det len Mua
dong”.

FeS04.7H,0, H,0O, are pure chemicals
(analytical grade).

Experimental procedure

200 ml textile wastewater was spilled to
a glass, pH was adjusted by H,SO, 98%), Fe™,
H,0, were added at studying concentration, the
mixture was stirred during 180 min. Afterthat
the pH was adjusted to the value of 11-12,
anticipated Fe’* was removed by filtration. The
solution was boiled under reflux to get rid of
residual H,0,. COD of the wastewater was
analysed according to the standard methods [8].

The factors influent on the Fenton reaction
was investigated by planned experiments
method.

COD removal efficiency depends on three
factors: Fe** concentration, H,O, concentration
vu pH. We have chosen the ranges to
investigate as follows: pH = Z; = 2 — 6; H,0O,

concentration: Z, = 5 - 15 mM; Fe**
concentration: Z3 = 50 — 150 mg/1.

The statistic model illustrating COD
removal efficiency was as follows:

A

y=b, +bx, +b,x, +bx; +b,xx, +b,xx; +
2 2 2

+by3%,%;, + by X7 + Dyy Xy + iy Xy + byyy X, X, X,

A

y: response surface, COD removal
efficiency (%).

x;: coded variable of pH; x,: coded variable
of H,0, concentration; X;: coded variable of
Fe’* concentration;

3. Results and discussion

In this experiments we investigated the
influence of three factors on the COD removal
efficiency of  wastewater: pH, H,0,
concentration, Fe** concentration. According to
the previous research the investigating range
was chosen: pH from 2 to 6, H,O, concentration
from 5 to 15 mM, Fe** concentration from 50 -
150 mg/l. The experiments were carried out as
plan in the table 1. The fitted parameters and
student errors are in Table 2. The parameter of
term pH*[Fe2+] is invalid so it was removed.
The model validity R* and reproducibility Q*
are close to 1 so we can conclude the model is
fitted well.

Table 1. The COD reduction achieved from the planned experiments

Number of exp. pH

H,0, conc. (mM)

Fe”* conc. (mg/l) COD reduction (%)

2 5
6 5
2 15
6 15
2 5
6 5
2 15
6 15
0.636 10

O 01NN AW~

50 56.3
50 50.4
50 55.1
50 47.2
150 68.2
150 64.2
150 65

150 55.8

100 61
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10 7.364 10
11 4 1.59
12 4 18.41
13 4 10
14 4 10
15 4 10
16 4 10
17 4 10

100
100
100
15.9
184.
100
100
100

1

48.6
64.5
59.2
52.35
68.2
79
76.9
77.8

Table 2. Regression coefficients and response

COD reduction Coeff. SC Std. Err. P Conf. int(+)
Constant 77.9036 0.560401  2.62951e-013 1.32516
pH -3.50388 0.263151  3.15525e-006  0.622262
[H,0,] -1.82414 0.263151  0.000224801 0.622262
[Fe™] 5.18805 0.263151  2.15807¢-007  0.622262
pH*pH -8.1777 0.289605  1.79551e-008  0.684816
[H,0,]*[H,0,] -5.68577 0.289605  2.22113e-007  0.684816
[Fe**]*[Fe*] -6.24248 0.289605  1.16604e-007  0.684816
pH*[H,0,] -0.899997  0.343842  0.0345357 0.813066
pH*[Fe?*] 0.0749973  0.343841  0.833561 0.813066
[H,0,]* [Fe'] -0.899998  0.343842  0.0345356 0.813066
y=77.90 - 3.50x, - 1.82x, + 5.18x; - 8.18x,” - 5.69x,”- 6.24x5” - 0.90x,x, — 0.90x,X3
N=17 Q*=0.975 Cond. no. =4.9932

DF =7 R*=0.996 Y-miss =0

Conf. level = 0.95 R? Adj. =0.991 RSD =0.9725

Table 3. Analysis of variance

COD reduction DF SS MS F p SD
(variance)

Total 17 664323  3907.78
Constant 1 64822.1  64822.1
Total Corrected 16 1610.22  100.639 10.0319
Regression 9 1603.6 178.178 188.385  0.000 13.3483
Residual 7 6.62071  0.945816 0.972531
Lack of Fit 5 440072  0.880143  0.792923 0.640 0.93816
(Model Error)
Pure Error 2 2.22 1.11 1.05356
(Replicate Error)
N=17 Q?=0.975 Cond. no. = 4.9932
DF=7 R*=0.996 Y-miss = 0

R”Adj. =0.991 RSD =0.9725

2717



278

CCD recudion

Fig. 1. Dependence of COD reduction on pH and
H,0, concentration when Fe®* concentration remains
constant.

D redudtian

Fig. 2. Dependence of COD reduction on pH and
Fe?* concentration when H,O, concentration remains
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CiCD reduction

Fig. 3. Dependence of COD reduction on Fe**
concentration and H>O, concentration when pH
remains constant.

The response illustrated dependence of
COD reduction efficiency on pH, H,O, and Fe*
concentration can be formulated as follows:

y=77.90 - 3.50x, - 1.82x, + 5.18x; - 8.18x,’
- 5.69%,% 6.24%5% - 0.90%,%X, — 0.90%,X3

According to the response and the fig. 1 — 3
we can notice that Fe’* concentration had
greatest influence on COD reduction efficiency,
meanwhile H,O, concentration had smallest
influence. From the figures we can also deduce
the optimal zone, the calculated results are

listed in the table 4.

constant.
Table 4. Optimal reaction conditions

pH H,0, conc.(mM) Fe (I) conc. (mg/l) COD reduction
3.6554 8.9843 120.215 79.5149
3.6326 8.9826 120.843 79.522
3.6532 8.9693 120.47 79.5159
3.6407 8.9901 120.359 79.5191
4 10 120 78.9801
4 10 120 78.9801
4 10 120 78.9801
4 10 120 78.9801
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Therefore we chose the optimal conditions
for further studies as follows: Fe**
concentration of 120 mg/L, H,O, concentration
of 10 mM, pH of 4.

Conclusion

The planned experiments allowed us to
reduce the number of experiments and find out
the optimal condition for the Fenton reaction
which is used to degrade the basic blue 41 dye.
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Nghién ctru phan huy pham nhudm basic blue 41
bang phan tng Fenton

Nguyén Pic Vinh', Nguyén Bin?
'Khoa Hod hoc, Truong Pai hoc Khoa hoc Ty nhién, DPHQGHN
*Khoa Cong nghé Hod hoc, Truong Dai hoc Bdach khoa Ha N¢i, Dai Co Viet, Ha Noi, Viét Nam

Basic blue 41 1a mdt loai phém nhudm cation rat bén, duoc sir dung trong cong nghiép dét len.
Phan tng Fenton thuong dugc st dung dé phan huy céc hop chit bén trong nudc thai. Trong cong
trinh nghién ciru nay chiing toi da sir dung phuong phap qui hoach thuc nghiém dé khao sit anh huong
cua ba yéu td 1a pH, néng d6 H,0,, néng d6 Fe?* t6i hiéu sudt xu ly COD. Ham muc tiéu da dugc xac
dinh bang phuong phép hdi qui, didu kién téi wu cua phan tng xdc dinh dugc bang thyc nghiém la:
ndng do Fe** 1a 120 mg/L, ndng d6 H,0, 1a 10 mM, pH bing 4.

Keywords: textile wastewater, Fenton reaction.
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