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ABSTRACT

Online spectrophotometric method was employed to monitor the degradation of Reactive Dark
Blue B-2GLN (RDB B-2GLN) solution with Fenton oxidation process. The effect of initial FeSO,
concentration, initial H,O, concentration, pH value, and initial dye concentration on chroma
removal has been studied. The kinetic mechanics was estimated. The results show that: under the
preparation conditions of the optimum dosage of H,0,2.635 mM, pH 2.7, Fe** dosage 0.0696 mM,
and the initial dye concentration 16 mg/L, the color removal rate of Reactive Dark Blue B-2GLN
is about 85.04% after 300 s. The intrinsic reaction rate constant of -OH with RDB B-2GLN in aque-
ous solution is 2.62 x 10" M s™". The molecule structure of RDB B-2GLN is decomposed and not
mineralized completely by Fenton’s reagent (300 s). The intermediate product and possible deg-
radation mechanism of RDB B-2GLN is predicted by GC-MS analysis. Online spectrophotometric
method is an accurate, quick, and feasible technique to monitor color removal rate of RDB B-2GLN
in Fenton process.

Keywords: Fenton oxidation, Reactive Dark Blue B-2GLN, Spectrophotometry, kinetics, degradation,

wastewater

1. Introduction

Reactive azo dyes are extensively used in textile
industry due to their chemical stability and versatility
[1,2]. They contain one or more azo groups with aro-
matic rings mostly substituted by sulfonate groups [3].
Azo dyes are resistant to water, light, oxidizing agents
and biodegradation under aerobic conditions [4,5]. The
reactive dye wastewater discharged from various chem-
ical industries contains a great deal of organic effluent
[6]. The very low concentrations dyes in effluent can also
give rise to visible chroma and undesirable feeling in our
living environment [7]. Moreover, some are toxic and car-
cinogenic and mutagenic for human beings [1]. Because
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of the inability of conventional physical, chemical and
biological methods to degrade completely dye waste-
water [1,7], it is very necessary to find an effective treat-
ment method of azodye wastewater in order to degrade
organic pollutants.

Advanced oxidization processes (AOPs) are prom-
ising technique for the degradation of organic contam-
inants in industrial wastewater [8-16]. Such oxidation
mechanisms produce strong oxidants such as hydroxyl
radicals (-OH) [17-19]. Hydroxyl radicals are powerful
non-selective oxidants with high oxidizing potential, and
react with dissolved species, removing chromaticity and
reducing chemical oxygen demand. The hydroxyl radi-
cals easily attack the unsaturated functional group of dye
molecule and the chromophore is destroyed and decolor-
ized [20]. Ultimately, AOPs decompose organic pollutants
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to CO,, H,O and inorganic salt within aqueous environ-
ments [21-23].

The Fenton oxidation process is a homogeneous
advance oxidation process and an attractive treatment for
the decolorization and degradation of reactive dyes due
to its efficiency, fast reaction speed and moderate invest-
ment. The Fenton process can produce highly oxidative
hydroxyl radical from an acidic mixture of hydrogen per-
oxide (H,0,) and ferrous ions (Fe**) [20] by the reaction
Fe** + H,O,— Fe* + -OH + OH". Some studies have been
investigated on the decolorization and degradation of
dyes using the Fenton oxidation process. For example, Sun
et al. [24] discussed the effect of some parameters on the
decolorization of azo dye Orange G using Fenton reagent
and determined the optimum decolorization parameters.
Fu et al. [25] reported the decolorization kinetics of Acid
Red 73 follows the first-order kinetic model. Karatas et al.
[23] used Fenton reagent to treat Reactive Blue 114 dye in
aqueous solutions and obtained 90% decolorization rate.
Su et al. [26] studied Fenton process to treat Reactive Black
5, Reactive Blue 2, and Reactive Orange 16 and all dyes
were decomposed under the optimized experimental con-
ditions. Xu et al. [8] investigated Fenton oxidation kinetics
of mixed dyes wastewater and salt effect by online spec-
trophotometry.

Online spectrophotometric monitoring technique is an
accurate, fast and convenient method to investigate instan-
taneous absorbance variation of dye at different reaction
time during dye wastewater treatment [1,8]. It can reduce
the experimental error and improve experimental efficiency.
In the present paper, we choose Reactive Dark Blue B-2GLN
(RDB B-2GLN) as a model pollutant which used in textile
industry of Hebei. The RDB B-2GLNdye is an aromatic azo
compound and one of tricolor reactive dye. Fenton oxida-
tion was applied for decomposition of RDB B-2GLN solu-
tion and online spectrophotometric method was selected as
the analysis method to monitor color removal. The exper-
imental condition was controlled by various parameters,
including the ferrous ions catalyst (Fe**) dosage, hydrogen
peroxide (H,O,) dosage, initial dye concentration, and the
pH value. The decolorization kinetics performance of Fen-
ton oxidation was studied based on experimental data. The
kinetic model of azo dye degradation with Fenton’s reagent
was established. The possible degradation mechanism
of RDB B-2GLN was predicted based on the degradation
intermediate products that were determined by GC-MS
analysis.
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Fig. 1. Reactive Dark Blue B-2GLN (RDB B-2GLN).
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2. Experimental Section
2.1. Reagents

Reactive Dark BlueB-2GLN (RDB B-2GLN) was pur-
chased from Shijiazhuang Dyestuffs Company (China),
and the RDB B-2GLN solution was prepared by dissolv-
ing a requisite quantity of dye in double-distilled water.
The structure of RDB B-2GLN is listed in Fig. 1. Hydrogen
peroxide H,O, (30% in water), ferrous sulfate heptahy-
drate (FeSO,-7H,0), and sulfuric acid H,SO,were of reagent
grade and purchased from Shijiazhuang Xiandai Chemical
Reagent Company (China).

2.2. Apparatus set-up

Fig. 2 shows the online spectrophotometric system.
Reaction unit (degradation device) includes a digital mag-
netic stirrer apparatus (Shanghai Instrument company,
China), and 250 mL beaker. Optical measuring unit contains
UV-Vis spectrometer (UNICO 2802, Shanghai, China), cycle
peristaltic pump and cuvette (1 mL). The velocity of the
model wastewater in system was 22 mL/min. Recording
unit was a computer and the monitoring frequency was 12
min™' during the reaction process.

2.3. Degradation procedures

The amount of 200 mL simulated wastewater, which
was made up with certain concentration of RDB B-2GLN
and ferrous ion, was added into a 250 mL vessel. The
designed pH value was adjusted with H,SO,. The pH-me-
ter was used to monitor the pH value. Meanwhile, the
magnetic stirrer and pump were employed. With the help
of peristaltic pump, the simulated dye wastewater was
pressed into the cuvette of the UV-Vis spectrophotome-
ter. The maximal absorption peak of dye was recorded by
spectrophotometer. The certain concentration H,O, was
added into the wastewater, and the computer began to
record experimental absorbance results.

2.4. IC method

Inorganic ions (CI-, NO, and SO,*) in aqueous solution
were measured by Metrohm-881 Ion Chromatography (IC)
with conductivity detector, tower type IC column (4 x 250
mm) and MagIC Net software. The eluent was a mixture

l
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Fig. 2. Online spectrophotometric system.

of Na,CO, (1.8 mmol/L) and NaHCO, (1.7 mmol/L). The
eluent flow rate was 1.0 mL/min.

2.5. GC-MS analysis

Organic matter in the sample was measured by gas
chromatography-mass spectrometry (Thermo THER-
MOFISHER ISQ GC-MS). The analytical conditions are as
follows: 60°C, 10°C/min, 240°C, 15 min, column flow rate
1.0 mL/min, ion source 250°, transmission line 250°, vapor-
ization 250°. Scanning mode: full scan, scan range: 25-450.
Four bar mass analyzer with EI source and SIM mode,
scanning rate: up to 11,111 u/s in the whole mass range
(1.2-1100 w).

2.6. Feasibility analysis of online spectrophotometric technique

The decolorization of RDB B-2GLN dye was analyzed
by online spectrophotometry method during Fenton oxida-
tion process. RDB B-2GLN has a maximum adsorption peak
at 600 nm.

After adding H,SO,, Fe*, Fe**, the absorption ranges
have almost no change (Fig. 3). Therefore, we chose 600
nmas monitoring wavelength in the present study. Instant
absorbance results recorded by computer were transformed
to concentrations of dye based on the criterion equation.
The relationship of the absorbance (A) at 600 nm against
concentration (C) of RDB B-2GLN is C = 47.94503A +2.24749
(R =0.99993).

3. Results and discussion
3.1. Time-dependent degradation of RDB B-2GLN

The change of C/C, value of RDB B-2GLN dye against
reaction time is listed in Fig. 4. C ;and C represent the initial
concentration and the instant concentration of reactive azo
dye, respectively. As seen from Fig. 4a, Fenton oxidation
process of RDB B-2GLN solution undergoes two stages.
The decolorization is very fast at the first stage (less than
25 s), and it is fairly slow at the second stage. This experi-
mental phenomenon may be explained from two reasons.
Firstly, the catalyst FeSO, and hydrogen peroxide insolution
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Fig. 3. Comparison of dye UV-Vis spectra between dye and dye
(+H,SO,+ Fe**+ Fe™).
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Fig. 4. Relation of time and degradation of RDB B-2GLN ([RDB
B-2GLN], = 16 mg/L, [ Fe*] = 0.0696 mM, [H,0,],= 2.635 mM,
pH=27T=27°C).

is consumed during Fenton oxidation. Secondly, interme-
diate products or byproducts that produced in the reaction
decreased apparent rate of dye degradation. We can see from
Fig. 4b, at the first stage (during the first 25 s) the Fenton
oxidization process obviously abode by first-order kinetics
(In(C,/C) =k, t) The slope (k, )represents the first-order rate
constants. In this paper, the decolorlzmg reaction rate con-
stant (k, ) and decolorization rate [R = (C,— C)/C,x 100%]
were examined in 300 sunder various reaction condltlons
such as the FeSO, concentration, initial dosage of H,0,, pH
value, and initial concentration of RDB B-2GLN.

3.2. Influence of FeSO  concentration

The relationship of different FeSO, concentrations
and the rate constant kﬂp and the decolorization rate R of
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Fig. 5. Influence of initial Fe** concentration ([RDB B-2GLN] =
16 mg/L, [H,0,],=2.635 mM, pH = 2.7, T = 27°C).

RDB B-2GLN is shown in Fig. 5. When Fe** concentration
increases from 0.0167 to 0.0696 mM, the decolorization
rate R increases from 33.19% to 85.04%, and the rate con-
stant k_increases from 0.01443 to 0.06265 s™. However, the
decolorization rate R first slows down and then levels off
when Fe?* concentration continues to increase, while rate
constant K_has a slight increase at higher Fe** concentra-
tion during Fenton oxidation. This experimental phenom-
enon manifests that high Fe?* concentration does not effect
decolorization of RDB B-2GLN in the Fenton oxidation
process. This may be because the excess ferrous ion Fe*
competes with the dye molecules for the hydroxyl radical
‘OH (Fe** + -OH — Fe** + OH") [11,27]. Therefore, the ini-
tial Fe?* concentration of 0.0696 mM can be chosen as an
optimum dosage for efficiently RDB B-2GLN decolorizing
from aqueous solutions.

3.3. Influence of initial H,O, concentration

The high oxidative hydroxyl radical is generated by
the reaction of ferrous ion Fe** with H,O, [28,29]. Fig. 6 dis-
plays the effect of the decolorization rate R of RDB B-2GLN
and the decolorizing rate constant k_on various H,O, con-
centrations. The decolorization rate increases from 44.26%
to 85.04% with the H,O, concentration rising from 0.907
to 2.635 mM. The range of k, is between 0.03637 s and
0.06265 s' with H,O, concentration from 0.907 to 2.635
mM. The experlmental result suggests that R and k  of
reactive azo dye RDB B-2GLN increase remarkably under
certain concentration. This result can be explained by the
enhancement in the quantum yield of formation of -OH
radical [1,30]. However, when H,O, concentration further
increases to 4.508 mM, the decolorization rate and decol-
orizing rate constant go down to 76.30% and 0.05277 s,
respectively. Both fluctuate at higher H,O, concentration
in oxidation process. At the higher H,O,concentrations
(greater than 2.635 mM), the decrease of the decoloriza-
tion rate is due to excess H,O, consuming -OH (H,O, +
‘OH —-OO0H + H,0) [31] and generating the hydroperoxyl
radical -OOH (-OOH as a scavenger of hydroxyl radical,
‘OH + -OOH — H,O + O,) [30,32]. Hydroperoxyl radical
promotes the radical chain reactions, but its oxidation
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Fig. 6. Influence of initial H,0, concentration ([RDB B-2GLN] =
16 mg/L, [ Fe*] = 0.0696 mM, pH = 2.7, T = 27°C).

potential is much lower than that of -OH. For this reason,
hydroperoxyl radical does not contribute to the oxidative
destruction of RDB B-2GLNdye molecule in the aqueous
solution [30]. Therefore, we choose 2.635 mM as an opti-
mum H,O, dosage of the decolorization of azo dye RDB
B-2GLN in Fenton oxidation process.

3.4. Influence of initial RDB B-2GLN concentration

In order to investigate the influence of initial dye concen-
tration on decolorization rate and the decolorizing reaction
constant k_ the azo dye concentrations ranging from 8.4 to
29.8 mg/L are listed in Fig. 7. When the RDB B-2GLN con-
centration is 8.4, 16.0, 23.6, and 29.8 mg/L, the decoloriza-
tion rate and the decolorizing reaction constant are 87.7%,
85.0%, 80.0%, 79.1% and 0.066, 0.063, 0.060, 0.058, respec-
tively. As seen from Fig. 7, there is a slight change in the
decolorization rates in the selected dye concentration range.
It is also observed that the lower the dye concentrations
were, the higher the decolorization rate and the decoloriz-
ing reaction constant would be. This is because the rise of
dye concentration in aqueous solution increases the number
of dye molecules in the aqueous, while the hydroxyl radical
concentration keeps the same. So the decolorizing rate (k)
and the apparent decolorizing constant (k, ) decrease with
increasing dye concentration [33].

3.5. Influence of pH value

The pH value plays an important role on dye degra-
dation in Fenton process [33]. The influence of pH value
on decomposition of RDB B-2GLN by Fenton oxidation is
shown in Fig. 8. When the pH value increases from 2 to 2.7,
the dye decolorization rate and k  increase from 76.57% to
85.04% and from 0.04229 to 0.06265 s™, respectively. How-
ever,when the pH value further increases to 5.0, the decol-
orization rate and k, decrease to be 64.32% and 0.04716
s™, respectively. The decolorization rate of RDB B-2GLN at
pH 2.7 is higher than those of other pH values. Therefore,
the pH value of 2.7 is considered the optimum value for
the decolorization of azo dye RDB B-2GLN during Fenton
oxidation. The reason may be explained as below. When
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Fig. 7. Influence of initial dye concentration ([Fe*'] = 0.0696 mM,
[H,0,],= 2.635 mM, pH = 2.7, T = 27°C).
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Fig. 8. Influence of pH value ([RDB B-2GLN] = 16 mg/L, [Fe*'],
=0.0696 mM, [H,0,],=2.635 mM, T = 27°C).

the pH value is lower than 2.7, the -OH is consumed by the
excessive hydrogen ion (-OH + H* + e-— H,0) [27,33,34],
and thus the decolorization rate and rate constant k_ are
relatively small. When the pH value is higher than 2.7
in Fenton process, because of the self-decomposition of
hydrogen peroxide (H,O,) and deactivation of the fer-
rous catalysts, which formed ferric hydroxide complexes
leading to a reduction in the amount of -OH radical [35],
the Fenton oxidizing ability also decreased. The dye color
removal decreases rapidly after pH 3. These results show
that the Fenton oxidation has the best activity in a weakly
acidic environment. Similar experimental results are
reported Table 1. We have compared various initial dye
concentrations, H,O, dosages, pH value and Fe** dosages
with Fenton oxidation in the papers.

3.6. Kinetics study

The kinetics can be described as pseudo-first order
with respect to the dye concentration. That is: —dc/dt =k t,
ap
InC,/C=k,t.
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Table 1
The results of various azo dyes in Fenton oxidation process

Dye type Initial concentration Optimum H,O, Optimum Optimum Fe**  Sources
dosage pH dosage

Reactive Red 6B 4 x10°M 25x10°M 3.85 3.5 x10°M [11]
Peach Red 0.2 mM 30 mM 3.0 0.6 mM [15]
Orange G 6.63 x 10°M 1.0 x 10°M 4.0 3.5x10°M [24]
C.I Acid Red 73 200 mg/L 2.0 mM 3.0 [zZV1] =03 g/L  [25]
Reactive Yellow B-4RFN 16 mg/L 3.98 mM 3.8 0.0512 [36]
Disperse Yellow 119 and Disperse Red 167 100 mg/L 75mg/L 3 50 mg/L [37]

100 mg/L 100 mg/L 3 75mg/L
Acid Red 66 and 294 x 10°M 7.50 x 10*M 35 2.50 x 10°M [1]
Direct Blue 71 5.00 x 10°*M
Amido Black 10B 50 mg/L 0.50 mM 35 0.025 mM [35]
Reactive Black 5 and Reactive Orange 16 74.07 100 mg/L 3.0 2mg/L [26]

g carrier/L,
Reactive Dark Blue B-2GLN 16 mg/L 2.635 mM 2.7 0.0696 mM This study

The mechanism for degradation of RDB B-2GLN dye is
expressed in Egs. (1)—(9) [38]. The reactions rate of degrada-
tion of dye may be defined as:

Fe*+ H,0, __k_ Fe*+OH + OH, k,=76 M7's® (1)

RDB B-2GLN +OH — 5 Product_, @)
Fe* +OH —% 5 Fe*+ OH-, k,= 3.2 x 10° M1 5! ©)

H,0,+OH —% 5 .OOH + H,0, k,= 45 x 10" M's™  (4)
.OH +OOH — 5 H0+0, k.=6.6 x 10" M's?  (5)
Fe+H,0, _k o Fe*+H +-OOH, k = 0.02M's"  (6)
Fe* + - OOH —X 5 Fe* + H'+ O, k,=3.1 x 10°M's! (7)
Fe* +-O0H —X 3 Fe* + HO, k,= 12 x 10°M s (8)

The reaction rate of dye can be defined as:

-@:kz[ . OH][RDB B-2GLN] )
According to the steady-state assumption, we can

obtain [-OH] as follow:

dl '§H] =k, [Fe?'][H,0,]-k,[- OH][RDB B-2GLN]-k,[Fe* ][ - OH]-
k,[H,0,][- OH]-k,[ - OH][- OOH]=0

(10)

M=k4[HZOZ][ -OH]+k,[Fe’'][H,0,]-k,[- OH][- OOH]
dt (11)

-k, [Fe**][- OOH]-k,[Fe**][- OOH]=0

On account of k, being negligible, compared with k, k k,
and k;, so Eq. (11) can be written as:

k[ OH][- OOH]=k,[H,0,][- OH]-k,[Fe**][- OOH]-k,[Fe*'][-OOH] (12)

k,and k, were also negligible compared with k,, Eq. (12) can
be written as:

k,[-OH][- OOH]=k,[H,0,][- OH] (13)
According to Egs. (10) and (13), we obtain:
dl '(EH] =k,[Fe*'][H,0,]-k,[- OH][RDB B-2GLN]-k,[Fe*'] (14)
[- OH]'2k4[Hzoz][ -OH]=0
k,[Fe*][H,O
[OH]= 1[ € ][ 2 gi] (15)
k,[RDB B-2GLN]+k,[Fe*"]+2k,[H,O,]

Combining Egs. (9) with (15), we obtained:
_d[RDBB-2GLN] _ kk,[Fe*][H,0,][RDB B-2GLN] (16)
dt " k,[RDB B-2GLN]+k,[Fe? ]+2k,[H,0, ]

Thus, Eq. (16) deduces to
[H,0,][RDB B-2GLN] _[RDBB-2GLN] | k;  2k,[H,0,] (37,

(-d[RDB B-2GLNJ/dt)  k,[Fe®]  k,k, kk,[Fe’]

Fenton oxidation process follows first-order kinetics, it
can be described:

_d[RDB B-2GLN]
dt

The k,  is apparent reaction rate constant, we combine
Egs. (17) with (18) and obtain:

=k, [RDB B-2GLN] (18)

[H12<02]0 — (19)

k[RDB B-2GLN],+B
ap

_ k, +2k4[H202]0
kk, kzkl[FeB]o
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Fig. 9. The relationship between [H,0,]/ kﬂp and [RDB B-2GLN],
([Fe*],= 0.0696 mM, [H,0,],= 2.635 mM, pH = 2.7, T = 27°C).

The experimental results are displayed in Fig. 9. The lin-
ear relationship between [H,0,],/ kﬂp and [RDB B-2GLN] (R*
> 0.99) fits well. According to the intercept (B), the intrinsic
rate constant (k,) of RDB B-2GLN reacting with -OH is 2.62
x 10"M gL,

3.7. Product analysis of Fenton oxidation

In order to analyze the products of the Fenton oxida-
tion for RDB B-2GLN, the UV-Vis spectrum, ion chroma-
tography (IC), and gas chromatography-massspectrometry
(GC-MS)were used to investigate intermediates or byprod-
ucts. We chose the reaction conditions as: the dosage of Fe**
is 0.0696 mM; the dosage of H,O,is 2.635 mM; RDB B-2GLN
concentration is 16 mg/L; pH value is 2.7; temperature is
27°C; the reaction time is 300 s.

3.7.1. UV-Vis spectrum

Fig. 10 lists the UV-Vis spectra of dyes before and after
the Fenton oxidation process.

Before the reaction (at 0 s), RDB B-2GLN dye has the
intensive absorption in the range of 500-700 nm with the
maximum absorbability at A = 600 nm. However, after
the Fenton oxidation reaction (at 300 s), there is no absorb-
ability in visible area (400-700 nm), but only observed in
UV range. The chemical structure of RDB B-2GLN dye is
destroyed by Fenton reagent, and degradation of RDB
B-2GLN wastewater can effectively be realized. However,
strong absorbance in ultraviolet region indicates that some
intermediates or byproducts may be produced after Fenton
oxidation process. Therefore, RDB B-2GLN dye is not min-
eralized completely by Fenton reagent.

3.7.2. Analysis of IC

Inorganic products were analyzed by ion chroma-
tography. We find that there are a number of SO,* ions
in solution. SO,* concentration is 11.7 mg/L. It illustrates
that the chemical structure of RDB B-2GLN is damaged

25

20

05

Wavelenth/(nm)

Fig. 10. UV-Vis spectral of dyes during Fenton oxidation.

by Fenton process. A certain amount of NO,” and Cl" ions
exists in oxidation process. Cl~ concentration is 3.57 mg/L.
NO," concentration is 5.38 mg/L and NO, concentration
is less than 0.002 mg/L indicating that the oxidation reac-
tion is not thorough in less than 300 s in aqueous solution.
Therefore, RDB B-2GLNhas not been mineralized in 300 s
by Fenton oxidation process.

3.7.3. Analysis of GC-MS and the possible degradation
pathway of RDB B-2GLN

In order to predict the degradation pathway of azo
dye RDB B-2GLN, the intermediate and by-products were
analyzed by GC-MS after Fenton oxidation and the results
are shown in Table 2. The GC-MS analysis indicates that
the molecule structure of RDB B-2GLN can be effectively
destroyed. However, several colorless intermediate or
by-products are produced, the intermediates are dimethyl
phthalate and benzoic acid, 2-(1-oxopropyl)-, methyl ester
(retention time: 15.67). There were also less by-products
such as 1,2-diacetylenzene (6.86), and 2,4-dinitrobenzoic
acid (17.43) in aqueous. According to GC-MS results, RDB
B-2GLN isn’t completely mineralized by Fenton’s reagent
in limited 300 s. The possible pathway of degradation of
RDB B-2GLN is as follows: the Reactive Dark Blue B-2GLN
dye contains some C-N and C-S bonds which have low
bond energy. When -OH reacts with RDB B-2GLN, it is easy
to be destroyed, including the cleavage of a nitrogen double
bond. Therefore, the highly active hydroxyl radicals firstly
attack and oxidize these chemical bonds, and then decom-
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Table 2
Identified intermediates of degradation of RDB B-2GLN
withFenton oxidation

Structure
skeleton symbol

Retention n/min Chemical formula

6.86 1,2-diacetylenzene o
o
15.67 dimethyl phthalate i
4
C i{k IO
o]
15.67 benzoic acid,
2-(1-oxopropyl)-, o
methyl ester
o
1743 2,4-dinitrobenzoic acid "“02
; "NO,
COOH

pose RDB B-2GLN to produce derivatives of naphthalene,
benzene and triazine.Secondly, the derivatives of naphtha-
lene were further oxidized by hydroxyl radical to form a
product dominated by dimethyl phthalate, 2-(1-oxopropyl)-,
methyl ester, and 1,2-diacetylenzene. The benzene-based
compounds can be further degraded to 2,4-dinitrobenzoic
acid and aliphatic compounds. The derivatives of triazines
reacted to produce 2, 4, 6-hydroxyl-1, 3, 5-triazine, and ulti-
mately could be further mineralized to produce CO, and
H,0.

4. Conclusions

Online spectrophotometric technique is a feasible
and convenient monitoring technique for studying color
removal of reactive azo dye RDB B-2GLN by Fenton pro-
cess. The color removal process can be divided into two
stages: the first stage (25 s) has faster decolorization, while
the second stage is fairly slower.

The optimum conditions are found that initial H,0,
concentration is 2.635 mM, the optimal FeSO,(Fe**) concen-
tration is 0.0696 mM, and the pH value is 2.7. The lower
the dye concentration, the higher the decolorization rate
and k. According to the mechanism of Fenton oxidation
process, a kinetic modeling has been obtained to acquire
intrinsic reaction rates of -OH and dyes. The intrinsic rate
constant of RDB B-2GLN in solution is 2.62 x 10" M s
with Fenton process.

Fenton oxidation process can rapidly decompose RDB
B-2GLN in 300 s, and decolorization of dye wastewater is
measured by the UV-Vis, IC, and GC-MS analysis. How-
ever, there are some intermediates or byproducts existing
in the Fenton oxidation process. The possible degradation
mechanism is discussed. The mineralization is not com-
pletely performed in limited 300 s with Fenton oxidation
process.
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