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a b s t r a c t

The discoloration of a textile dye derivative bromothymol blue (BTB) in aqueous solution with Fenton 
process (FP) has been studied. The performance of the FP depends on various operating parameters 
such as the initial concentration of hydrogen peroxide [H2O2]0, the initial ferrous ion concentration 
[Fe2+]0 and the pH of the reaction medium. The optimal conditions of these variables, for the discolor-
ation of BTB with FP, have been investigated by the use of Doehlert matrix. It has been demonstrated 
that under the optimal conditions ([H2O2]0 = 1.61 mM, [Fe2+]0 = 0.18 mM and pH = 2.85), FP leads to 
a maximum discoloration yield of BTB (67.58%± 4.39) after 1 h of treatment. These values were also 
experimentally validated. The obtained discoloration yield was 70.4%. After 6 h of BTB treatment 
in aqueous solution by FP, the color removal achievement was 91.54% and, the chemical oxygen 
demand (COD) removal reached 63%. Carboxylic acids and inorganic ions have been identified and 
followed during the mineralization of BTB with FP.
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1. Introduction 

Worldwide, textile wastewaters represent a big problem 
for conventional treatment plants. Annually, over 800000 
tons of dyes are produced throughout the world [1,2]. It 
was indicating that approximately 15% of the synthetic 
textile dyes used is rejected in waste streams during manu-
facturing operations [3,4]. The release of these wastewaters 
into the environment is very dangerous to aquatic life [5] 
and mutagenic to human [6].

The issue of dyes removal from industrial effluents is 
receiving increasing attention as research area, as govern-
ment legislation on the release of contaminated effluent is 

becoming increasingly stringent. The traditional physical 
techniques applied to treat textile wastewaters are mainly 
based on a phase transfer for the pollutant and have a 
fairly high cost of investment [7]. Furthermore, biological 
treatment is ineffective in the presence of toxic dyes due to 
the biological resistance and produces large quantities of 
sludge [7]. 

Hence, the orientation towards to advanced oxidation 
processes (AOPs), like Fenton process (FP), could be a good 
alternative to treat and eliminate textile dyes. This process 
appears to have the capacity to discolor and mineralize the 
textile industry dyes in short reaction time, as it was related 
by some studies [8–10]. 

In the past few years, the FP has been used to treat recal-
citrant and toxic dyes and wastewaters [11–16]. This process 
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employs ferrous ions and hydrogen peroxide under acidic 
pH conditions. As shown in Eq. (1), very strong oxidative 
hydroxyl radical ·OH is produced which allow complete 
discoloration of the dye until its total mineralization to H2O, 
CO2 and inorganic ions. This is due to the high oxidation 
potential (E0(·OH/H2O) = 2.8 V/NHE) of the hydroxyl rad-
icals [17,18].

Fe2+ + H2O2 → Fe3+ + OH– + ·OH (1)

Bromothymol blue (BTB) also known as 3,3’-dibromo-
thymolsulfonephtalein (Fig. 1), is a textile dye derivative, 
often deployed as a pH indicator [19,20]. Due to its wide 
spread application [21,22] and hazards associated with dyes 
in general (especially azo based dyes), its mineralization is 
considered as necessary. In order to decrease risks of its tox-
icity in wastewaters, the discoloration of this molecule until 
its mineralization were investigated by several authors [23–
29]. To our knowledge, no one has systematically studied 
the discoloration of Bromothymol Blue by Fenton process 
using the experimental design methodology.

In the present work, the experimental design meth-
odology [30] was used to investigate the influence of the 
principal experimental parameters (hydrogen peroxide ini-
tial concentration [H2O2]0, ferrous ion initial concentration 
[Fe2+]0 and pH) on the efficiency of the FP for the discolor-
ation of BTB and then determine the optimal conditions. It 
was used for planning the experimentation and analyzing 
the experimental results. It was noted that this methodology 
is then more effective and leads to a considerable reduction 
of the number of experiments and a fast results interpre-
tation [31,32]. Under optimal conditions, mineralization of 
BTB by FP was followed. The color removal degree and the 
chemical oxygen demand (COD) removal percentage were 
determined. Inorganic ions and carboxylic acids were iden-
tified and quantified. 

2. Materials and methods 

2.1. Chemicals 

BTB reagent was purchased from REACTIFS RAL. The 
chemical structure and the characteristics of BTB are given 

respectively in Fig. 1 and Table 1. Hydrogen peroxide (H2O2) 
30% and heptahydrated ferrous sulfate (FeSO4·7H2O), used 
as Fenton reagent, were supplied by VWR BDH Prolabo. 
Analytical grade diluted sulfuric acid (H2SO4) and sodium 
hydroxide (NaOH) were used to regulate the pH (Sig-
ma-Aldrich). All the other chemicals were bought from Sig-
ma-Aldrich.

2.2. Experimental procedure

Dye solution (1.6 × 10–4 M) was prepared using 100 
mg BTB in 1 L distilled water. The experiments were per-
formed in an open, undivided and cylindrical cell contain-
ing 250 mL of BTB synthetic solution. Solution pH values 
were adjusted to the desired level using dilute sulfuric acid 
(0.18 M) and sodium hydroxide (0.01 M), which were mea-
sured by a Mettler Toledo EL20 pH-meter. An appropriate 
amount of ferrous ion source was added to the solution. 
The reactions were initiated by adding hydrogen peroxide 
to the beaker. Samples were taken out from the beaker peri-
odically and immediately analyzed.

2.3. Analytical determinations 

2.3.1. Color removal measurements 

The intensity of color removal was monitored by mea-
suring the decrease in absorbance using Jouan VP1020 
UV spectrophotometer at an absorbance detection of 433 
nm which is the maximum wavelength of the acid form 
of BTB. 

The color removal degree of the investigated solutions 
was determined using the following formula: 

% Color removal = −














 ×1 100

0

C
C

t  (2)

where C0 is the initial concentration of BTB and Ct is its con-
centration at treatment time t (min).

2.3.2. COD measurements 

COD measurements were taken every 1 h of treatment, 
by sampling 2 mL of the treated solution. Aliquots of an 
acidic solution (1 mL) containing K2Cr2O7 and HgSO4 were 
added to the treated samples followed by the addition (3 
mL) of concentrated H2SO4 containing AgSO4. These solu-
tions were heated at 150°C for 2 h in a COD block reactor 
to complete the oxidation of the remaining organic matter. 
Finally, the COD value was monitored using HANNA pho-
tometer COD. 

Fig. 1. Chemical structure of BTB.

Table 1
Characteristics of BTB

Characteristics Data

Molecular formula C27H28Br2O5S
Molecular weight (g mol–1) 624.381
Solubility in water (g L–1) 10
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COD removal percentage was estimated using the fol-
lowing formula:

%  removalCOD
COD
COD

t= −














 ×1 100

0

 (3)

where COD0 and CODt are the measures of the chemical 
oxygen demand at reaction time (0 and t) of BTB Fenton 
treatment. 

2.3.3. Ion chromatography 

Generated inorganic ions were identified and quantified 
by DIONEX DX120 ion chromatography equipped with a 
conductivity detector, using an anion-exchange column 
AS18 (4 × 250 mm) as the stationary phase, and a solution 
of Na2CO3 (9 mM) in water as the mobile phase. The flow 
rate was set at 1 mL min–1. 

2.3.4. High performance liquid chromatography (HPLC)

The identification and the quantification of the carbox-
ylic acids were monitored by thermo separation products 
(TSP) high performance liquid chromatography (HPLC) 
using Spectra system P1000, equipped with an isocra-
tic pump and UV/Visible detector model Spectra series 
UV100, fitted with reversed phase C-18 analytical column 
Agilent (5 μm, 4.6 × 250 mm). The detection was performed 
at 210 nm with a mobile phase of 4 mM H2SO4 at a flow rate 
of 1 mL min–1. The injection volume was 20 μL.

2.3.5. Doehlert experimental design 

Doehlert experimental design [33] was used to deter-
mine the optimal operating conditions for the discolor-
ation of BTB by FP. The influence of three factors (hydrogen 
peroxide initial concentration [H2O2]0 (U1), ferrous ion ini-
tial concentration [Fe2+]0 (U2) and pH (U3)) was studied. 
The response (Y) was the discoloration yield of BTB. The 
Doehlert design consists on N experiments with N = K2 + 
K + 1, where K is the number of variables. For K = 3, the 
matrix comprised 13 experiments which were uniformly 
distributed within the space of the coded variables (Xi). 
The number of replicates of the center point was fixed at 6 
(experiments 13–18) in order to obtain an estimation of the 
experimental error. 

For the Doehlert experimental design construction, the 
retained domain for each variable was determined based on 
literature [34,35]. The experimental domain is summarized 
in Table 2. 

The experimental response associated to the Doehlert 
matrix is represented by a quadratic polynomial model: 

Y = b0 + b1X1 + b2X2 + b3X3 + b11X1
2 + b22X2

2 + b33X3
2 + 

b12(X1X2) + b13(X1X3) + b23(X2X3) (4)

Where Y is the experimental response, b0 is a constant of the 
model, bi is the estimation of the main effects of the factor, 
bii is the estimation of the second order effects and bij is the 
estimation of the interactions between factors i and j. 

The calculation of coefficients is carried out through the 
least squares method [36]: 

B X X X YT T= −( ) 1  (5)

where B is the vector of estimates of the coefficients, X is the 
model matrix, XT is the transposed model matrix and Y is 
the vector of the measured response. 

The transformation of natural variables (Ui) into coded 
variables (Xi) was made according to Eq. (6) [37]: 

X
U U

Ui

i i

i

=
−











( )0

Δ
 (6)

where Ui(0) is the value of Ui at the center of the study 
domain and ΔUi is the variation step.

U
upper limit of U lower limit of U

i
i i

0 2( ) =
+  (7)

ΔU
upper limit of U lower limit of U

i
i i=
−
2

 (8)

The statistical significance of the model was checked 
using the variance analysis (ANOVA). The relationship 
between the response and the experimental variables was 
graphically illustrated by plotting the three-dimensional 
(3D) response surface and the two-dimensional (2D) iso-
response curves. NEMRODW Software was used for data 
calculation and treatment. 

3. Results and discussion 

3.1. Optimal conditions for discoloration of BTB by FP 

The performance of the FP depends on various operat-
ing parameters such as hydrogen peroxide initial concen-
tration [H2O2]0, ferrous ion initial concentration [Fe2+]0 and 
pH. The optimal conditions of these variables, for the dis-
coloration of BTB by FP during 1 h, have been investigated 
by the use of Doehlert matrix. The Doehlert matrix experi-
ments and experimental results are represented in Table 3. 

The obtained responses (BTB discoloration yields (%)) 
were used to compute the polynomial model coefficients, 
leading to propose the following model equation: 

Y = 47.11 + 9.63 X1 + 23.51 X2 – 13.96 X3 – 8.08 X1
2 – 12.37 

X2
2 – 15.18 X3

2 + 5.01 X1X2 – 9.69 X1X3 + 1.24 X2X3 (9)

The negative coefficients for the model components X3, 
X1

2,X2
2,X3

2and X1X3 indicate the unfavorable effects on the 
BTB discoloration yield. While, the positive coefficients for 

Table 2
Experimental region investigated for BTB discoloration by FP

Variables Factors Unit Center Variation step

U1 [H2O2] mM 1.05 0.95
U2 [Fe2+] mM 0.11 0.10
U3 pH – 3.50 1.50
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X1,X2,X1X2 andX2X3 indicate favorable effects on the BTB dis-
coloration yield. 

The statistical significance of the second-order poly-
nomial model to predict the BTB discoloration yields was 
tested by the analysis of variance (ANOVA). The ANOVA 
results given in Table 4 indicated that the fitted model 
presents a significant correlation with the experimental 
data (p-value < 0.1%). The best fit was also justified by a 
high value of the determination coefficient (R2 = 0.96). This 
implies that 96% of the response variability was explained 
by the second-order polynomial predicted Eq. (9). 

Consequently, we can conclude that the response Y is 
adequately described by the polynomial model, and that 
the generated regression Eq. (9) can be used to predict the 
Y-values in the studied domain. The BTB discoloration 
yields calculate by this equation are presented in Table 3. 
These results are in good agreement with the experimental 
values of BTB discoloration yields. 

Fig. 2 shows iso-response curves and the correspond-
ing three-dimensional representations associated to BTB 
discoloration yields as a function of the real and coded 
variables using Eq. (9). The graphic analysis of Fig. 2a and 
2b shows that increasing hydrogen peroxide initial con-
centration and ferrous ion initial concentration enhanced 
the discoloration of BTB. This is due to an increased 
production of hydroxyl radicals. In addition, it could be 
noticed from Fig. 2c and 2d that when the initial concen-
tration of hydrogen peroxide increases at an acidic pH (~ 
3), the discoloration yield of BTB increases. It could be also 
noticed from Fig. 2e and 2f that when the pH of the reac-
tion medium is approximately equal to 3 and the initial 
concentration of ferrous ion increases, the BTB discolor-
ation yield increases. 

Many studies have revealed that the solution pH can 
dramatically influence the discoloration of synthetic dyes 
in water by Fenton oxidation and the optimal solution pH 
values were approximately equal to 3 [38–41].

At low pH, the reaction according to Eqs. (10) and (11) 
could be slowed down because hydrogen peroxide can stay 
stable probably by solvating a proton to form an oxonium 
ion (Eq. (12)). An oxonium ion makes hydrogen peroxide 
electrophilic to enhance its stability and presumably to 
reduce substantially the reactivity with ferrous ion [42]. 
Simultaneously, the formed complex species [Fe(H2O)6]

2+ 
and [Fe(H2O)6]

3+ also react slower with hydrogen peroxide 
[43]. In addition, the scavenging effect of the ·OH radical by 
H+ is severe (Eq. (13)) [44,45]. 

Fe2+ + H2O2 + H+ → Fe3+ + ·OH + H2O  (10)

Fe3+ + H2O2 → Fe2+ + ·OOH + H+  (11)

H2O2 + H+ → H3O2
+  (12)

·OH + H+ + e– → H2O  (13)

Table 3
Doehlert matrix experiments, experimental and calculated results for BTB discoloration by FP

Experiment 
number

Coded variables Natural variables Response BTB discoloration 
yields (Y (%))

X1 X2 X3 [H2O2] (mM) [Fe2+] (mM) pH Experimental Calculated

1 1.0000 0.0000 0.0000 2.00 0.11 3.50 53.52 48.66
2 –1.0000 0.0000 0.0000 0.10 0.11 3.50 24.54 29.40
3 0.5000 0.8660 0.0000 1.52 0.20 3.50 60.60 63.16
4 –0.5000 –0.8660 0.0000 0.58 0.02 3.50 15.37 12.81
5 0.5000 –0.8660 0.0000 1.52 0.02 3.50 14.32 18.11
6 –0.5000 0.8660 0.0000 0.58 0.20 3.50 52.98 49.19
7 0.5000 0.2887 0.8165 1.52 0.14 4.72 28.89 31.19
8 –0.5000 –0.2887 –0.8165 0.58 0.08 2.28 33.10 30.80
9 0.5000 –0.2887 –0.8165 1.52 0.08 2.28 45.82 46.89
10 0.0000 0.5774 –0.8165 1.05 0.17 2.28 56.03 57.26
11 –0.5000 0.2887 0.8165 0.58 0.14 4.72 29.11 28.04
12 0.0000 –0.5774 0.8165 1.05 0.05 4.72 8.54 7.31
13 0.0000 0.0000 0.0000 1.05 0.11 3.50 43.62 47.11
14 0.0000 0.0000 0.0000 1.05 0.11 3.50 44.74 47.11
15 0.0000 0.0000 0.0000 1.05 0.11 3.50 45.04 47.11
16 0.0000 0.0000 0.0000 1.05 0.11 3.50 47.59 47.11
17 0.0000 0.0000 0.0000 1.05 0.11 3.50 47.97 47.11
18 0.0000 0.0000 0.0000 1.05 0.11 3.50 53.72 47.11

Table 4
ANOVA results for BTB discoloration yields by FP

Source of 
variation

Sum of 
squares

Degrees of 
freedom

Mean 
square

F-ratio p-value 
(%)

Regression 4037.88 9 448.654 20.9020 p < 0.1***
Residual 171.717 8 21.4647 – –
Total 4209.60 17 – – –

*** Significant at 99.9% confidence level
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Fig. 2. (a) Contour plot of BTB discoloration yields vs. [Fe2+]0 (mM) and [H2O2]0 (mM), (b) Corresponding 3D plot, (c) Contour plot of 
BTB discoloration yields vs. pH and [H2O2]0 (mM), (d) Corresponding 3D plot, (e) Contour plot of BTB discoloration yields versus 
pH and [Fe2+]0 (mM), (f) Corresponding 3D plot.



M. Maamar et al. / Desalination and Water Treatment 83 (2017) 244–252 249

In the case of pH higher than 4, the oxidation efficiency 
rapidly decreased, not only by decomposition of hydrogen 
peroxide but also by desactivation of the ferrous catalyst 
with the formation of ferric hydroxide complexes leading 
to a reduction of ·OH [46].

Moreover, the effect of increasing initial concentration 
of hydrogen peroxide from 0.1 to 1.61 mM was positive for 
the discoloration of BTB. This is due to the oxidation power 
of FP which improved with increasing ·OH amount in the 
solution resulting from the decomposition of an increasing 
amount of [H2O2]0. But for a high initial concentration of 
hydrogen peroxide ([H2O2]0 > 1.61 mM), the discoloration 
yield of BTB by FP decreases. This may be explained by the 
fact that the very reactive ·OH could be consumed by H2O2 
and results in the generation of less reactive ·OOH radical 
(Eq. (14)) [47]. 

H2O2 + ·OH → ·OOH + H2O (14)

It is important to control the initial concentration of 
hydrogen peroxide because the amount of H2O2 should be 
sufficient for the discoloration of BTB. In contrast a high 
concentration would be adverse to the discoloration of dye 
and would increase the cost of the dye treatment. 

Furthermore, the discoloration yield of BTB increases 
when initial concentration of ferrous ion increases. This is 
due to the increase of ·OH production with the increase of 
[Fe2+]0 according to Eq. (10). Moreover, many studies have 
revealed that the use of a much higher concentration of Fe2+ 
(Eq. (15)) induces the decrease in discoloration yield of dyes 
[48]. 

·OH + Fe2+ → Fe3+ + OH– (15)

Based on the different results obtained previously, we 
were able to determine the conditions for a maximum BTB 
discoloration yield. The optimal values are shown in Table 5.

These values were experimentally validated. A discolor-
ation yield of 70.41% was achieved after 1 h of BTB treatment 
by FP. This result confirms the maximum discoloration yield 
obtained by statistical calculations (Table 5). Indeed, statisti-
cally, the discoloration yield of BTB after 1 h of treatment by 
FP is equal to 67.58% with an error range of 4.39. This error 
of prediction is automatically generated by the NEMROD 
software. It is given by the following formula: 

σpred = σR x √(d(Ypred)) (16)

where σpred is the error of the prediction value, σR the 
residual error and d(Ypred) the prediction variance function 
at the considered experimental point. 

Experimentally, the result obtained was 70.41% which 
confirms the statistical result because this value belongs to 
the interval [67.58–4.39 < experimental value found = 70.41 
< 67.58 + 4.39]. 

3.2. Mineralization of BTB by FP 

Mineralization of aqueous BTB synthetic solution was 
monitored by solution color intensity and COD abatement 
during FP treatment. These experiments were carried out 
under optimal operating conditions determined previ-
ously as described above in this work. Each experiment 
was carried out in triplicate and the values are reported 
average of three readings. The measurement uncertainly 
is 4.5%. 

The evolution of the color removal percentage during 
the mineralization of BTB in aqueous solution by FP is 
shown in Fig. 3. A color removal of 91.54% was achieved 
after 6 h of treatment of BTB synthetic solution by FP. Sim-
ilar observations were already reported for the mineraliza-
tion of 20 different dyes by FP [49].

The evolution of the COD removal percentage during 
the mineralization of BTB in aqueous solution by FP is 
presented in Fig. 4. The initial COD value decreased 
quickly at the beginning of the treatment giving rise 
to a removal of more than 30% in only 1 h whereas the 

Fig. 4. Evolution of the COD removal percentage of BTB in aque-
ous solution treated by FP([H2O2]0 = 1.61 mM, [Fe2+]0 = 0.18 mM 
and pH = 2.85).

Fig. 3. Evolution of the color removal percentage of BTB synthet-
ic solution treated with FP ([H2O2]0 = 1.61 mM, [Fe2+]0 = 0.18 mM 
and pH = 2.85).

Table 5
Optimal conditions for BTB discoloration by FP

Coded 
Variables

Factors Coded 
values

Natural 
values

Discoloration 
yield of BTB (%)

X1 [H2O2] (mM) 0.591359 1.61 67.58 ± 4.39
X2 [Fe2+] (mM) 0.678029 0.18
X3 pH –0.436546 2.85
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removal gradually slows reaching a poor removal yield 
at the end of treatment. This is due to the formation of 
hardly oxidizable compounds such as short-chain car-
boxylic acids [50]. Nevertheless, an abatement of 63% of 
the initial COD value is reached at the end of 6 h of treat-
ment. The final value of COD (44 mg O2 L–1) obtained 
complies with the Tunisian regulations (NT.106.002) for 
effluent discharges into the aquatic environment which 
sets a value of 90 mg O2 L

–1 for maritime public domain 
and public hydraulic areas and a value of 1000 mg O2 L

–1 
for the utility pipes [51].

3.3. Identification of intermediates of BTB mineralization by FP

During the Fenton treatment, the oxidation reactions 
produced intermediates such as inorganic ions and carbox-
ylic acids. 

The BTB molecule contains an atom of sulfur (S) and 
two atoms of bromine (Br). Consequently, its mineraliza-
tion by FP induced the progressive generation of inor-
ganic ions such as sulphates (SO4

2–) and bromides (Br–). 
The results of the quantification of these inorganic ions 
are presented in Fig. 5. They show that the mineralization 
was accompanied by the conversion of its heteroatoms 
into inorganic ions. These ions started to be formed from 
the beginning of treatment and increased progressively as 
function of time. At the beginning of the mineralization of 
BTB by FP, bromides concentration was more important 
than that of sulphates. The final concentration of sulphates 
produced after 6 h of treatment reached a value of 5 mg 
L–1. This value corresponds to 33% of the total sulphur of 
the initial molecule. The final concentration of bromides 
reached 9.92 mg L–1 which corresponds to 39% of the 
total bromine contained in the initial molecule. It may be 
explained by the presence of sulphates and bromides in 
some BTB intermediates structure [52,53].

Carboxylic acids are known to be the ultimate organic 
by-products of aromatic ring opening reactions [54]. In 
order to identify and follow the evolution of the carboxylic 
acids generated during the mineralization of BTB by FP, dif-
ferent standard solutions have been injected in the HPLC 
such as acetic acid, ascorbic acid, citric acid, formic acid, 
glycolic acid, oxalic acid and succinic acid. The carboxylic 
acids detected are acetic acid, formic acid, glycolic acid and 
oxalic acid (Table 6). 

Acetic, glycolic and oxalic acid were identified at sig-
nificant concentration and their evolution as function of 
treatment time is presented in Fig. 6, while formic acid 
was detected at a low concentration. As can be seen on 
Fig. 6, glycolic and acetic acid are generated as soon as 
the treatment is started reaching their maximum after 3 h. 
They disappeared completely respectively within 5 and 6 
h. Although, oxalic acid decreased weakly with the treat-
ment time, it remained present even at the end. This is due 
to the presence of stable ferric-oxalate complexes formed 
in the bulk, which are persistent and slowly destroyed by 
hydroxyl radicals [55].

The above results indicate that FP is effective to discolor 
as well aromatic compounds as aliphatics which are known 
as resistant to hydroxyl radical oxidation. 

Fig. 5. Quantification of inorganic ions([H2O2]0 = 1.61 mM, [Fe2+]0 
= 0.18 mM and pH = 2.85), () sulphates and (◊) bromides.

Fig. 6. Quantification of carboxylic acids([H2O2]0 = 1.61 mM, 
[Fe2+]0 = 0.18 mM and pH = 2.85),(Δ) acetic acid, (◊) glycolic acid 
and () oxalic acid.

Table 6
The detected carboxylic acids during BTB mineralization with 
FP

Carboxylic acid Molecular 
formula

Chemical structure

Acetic acid C2H4O2

Formic acid CH2O2

Glycolic acid C2H4O3

Oxalic acid C2H2O4
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4. Conclusions

In this study, we demonstrated that bromothymol blue, 
a textile dye derivative widely used in many areas, can be 
discolored in aqueous medium with FP. Indeed, 67.58% (± 
4.39) of 100 mg L–1 of BTB was discolored in 1 h under opti-
mal conditions ([H2O2]0 = 1.61 mM, [Fe2+]0 = 0.18 mM and 
pH = 2.85) determined with Doehlert matrix. These values 
were also experimentally validated and the obtained discol-
oration yield was 70.4%.

Concerning the mineralization of the synthetic solution 
of BTB under optimal operating conditions, it was found 
that 91.54% of color removal and 63% of COD removal 
were achieved within 6 h of treatment by FP. Sulphates 
and bromides are the inorganic ions which appeared in 
BTB synthetic solution during its mineralization by FP. The 
carboxylic acids identified are acetic, formic, glycolic and 
oxalic acid.

The obtained results confirm that the treatment by FP 
is a good removal pathway for dyes because of its rela-
tively low cost and efficiency without adding harmful 
chemical reagents to the solution to be treated. But, these 
results could be improved by coupling this process to 
another one. 
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