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The thermal-pressure-mediated hydrolysis rates and the degradation kinetics of environmentally persis-
tent Reactive Blue (RB) 19 dye were studied. The dye decomposition was studied at 40-120°C, pH 2-10,
and atmospheric pressure range of 1-2 atm. The intermediates and end products formed during the
degradation were identified using gas chromatography/mass spectrometry and a possible degradation
pathway of RB 19 was proposed. The stability of the dye in aqueous solution was influenced by changes
in pH. At pH 4, half-life was 2247.5 min at 40°C and it reduced to 339.4 min when the temperature was
D . increased to 120°C. Acidic conditions were more conducive to enhance hydrolysis rate than basic ones
ecomposmon s . . . . . . .
Hydrolysis kinetics as the decomposition was optimum at pH 4. The kinetic studies indicated that the rate of hydrolysis
pH apparently followed first order reaction. A linear relationship was observed between hydrolysis rate
of RB 19 dye and increasing temperatures and pressures. Overall, 23% dye decomposition occurred in
120 minutes at pH 4, 120°C and pressure of 2 atm. Along with thermal-pressure, a combination of tech-
niques like physico-chemical, biological, enzymatic etc. may be more suitable choice for the effective
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treatment of RB19 dye.
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1. Introduction

Dyes are used in a number of industries such as textile, leather,
food, pharmaceutical, plastics, cosmetics and paper printing [1,2].
There exist various classes of dyes, like azo, anthraquinone, reac-
tive, acidic, basic, neutral, disperse and direct dyes. But the most
commonly used dyes are azo and anthraquinone dyes [3-5]. They
constitute more than 60% of reactive dyes. Wastewater discharged
from Textile industries contains high concentrations of reactive
dyes and other contaminants that pose serious threats to sus-
tainability of natural ecosystems [6]. Further, dyes disturb aquatic
ecosystems by obstructing light penetration and oxygen transfer
into water bodies [ 7]. Moreover, the contamination of reactive dyes
may present a risk to the aquatic living organisms through bioac-
cumulation thus entering into food chain [8,9]. Toxicity of reactive
dyes has been reported at concentrations as low as 5.2mgL~1[10].

Recently, different methods dealing with treatment of textile
wastewater like conventional methods including physico-chemical
treatment [6], biological oxidation [11], adsorption and advanced
oxidation processes (AOPs), e.g. ozonation, photolysis, electro-
chemical, sonolysis [12,13] etc., have been investigated. Usually,
these processes lead to the release of more toxic products than
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the parent compound that prove fatal for the living creatures [14].
Hydrolysis is one of the principal detoxification mechanisms for
organic compounds. At high temperature and pressure, pure liquid
water becomes surprisingly effective medium for the degradation
of organic compounds. By increasing pressure the rate of chemical
reaction increases due to increase in dissociation constant of water.
Rapid conversions are observed for the majority of organic com-
pounds [15]. Also hydrolysis by-products are normally less toxic to
the environment than parent compound [16].

Water at high temperature and pressure simultaneously acts
as a solvent, catalyst and reagent for reactions that are typically
catalyzed by acids or bases. By using this process very selective
transformations are accessible by reactions in pure, hot water with-
out using toxic and environmentally destructive materials [15].

The objective of the present study was to investigate the rate
of hydrolysis at different pH, pressure and temperature conditions
and its kinetics to comprehend the degradation of RB 19 dye. The
intermediates and end products were identified and a possible
degradation pathway was proposed.

2. Experimental
2.1. Synthetic dye solution

The commercial color index (CI) Reactive dye (Reactive Blue (RB)
19, molecular weight=626.54) was generously provided by Arzoo
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Textile Mills, Faisalabad, Pakistan which was used without further
purification. The stock solution of RB19 was prepared at lab scale
by dissolving 1000 mg in a liter of distilled water. For the hydrolysis
studies the stock solution was further diluted as per requirements
of the experiment.

2.2. Experimental procedure

Synthetic dye solution was distributed into different flasks (1L
capacity) and then pH was adjusted as per requirements of the
experiment with the help of pH meter (HANNA of model HI 99003).
The initial pH of the sample was set by using dilute sodium hydrox-
ide (1 M) or hydrochloric acid (1 M). The initial dye concentration
in each sample was 100mgL-! after dilution contained in 200 mL
of the sample. The hydrolysis experiments were conducted in auto-
clave under different conditions of temperatures (40, 60, 80, 100,
120°C) and pressures (1 and at 2 atm pressure). Various pH condi-
tions used were 2, 4, 6, 8 and 10. Each experiment was conducted
for 2 h and samples were drawn at time intervals of 30, 60, 90 and
120 minutes to measure the dye decomposition. Each experiment
was performed in duplicates.

2.3. Analytical procedures

The color and concentration of dye in the treated effluents were
determined by using UV Spectrophotometer (IRMECO of Model
U2020) at scanning spectrum of 200-800 nm [17].In order to deter-
mine the percentage decolorization, following formula was used.

Dye decolorization(%) = (1 - %) x 100 (1)
0

where, C; and C, are the concentrations (mgL-1) of dye at reac-

tion time t and 0, respectively [17]. Residual dye concentrations

were determined by using the value of absorbance at the char-

acteristic wavelength (Amax =256) from the spectrum. Changes in

concentration in the solution were calculated by Beer-Lambert law.

A=lsC (2)

where A is the absorbance, [, the path length (cm), &, the molar
extinction coefficient (mol~! cm~1) and C, the dye concentration at
time t (mol/dm3) [18,19].

The total organic carbon (TOC) of the samples was determined
using TOC analyzer (Shimadzu, model TOC-V CSH). The instrument
was operated at 680°C furnace temperature and 20 mL sample
injection. Reduction in percentage total organic carbon content was
measured using following equation [19,20].

TOC(%) = (TOGipitial — TOCfinal
TOCGpitial) x 100

The degradation products were identified using gas chromatog-
raphy/mass spectrometry (GC-MS) (PerkinElmer Clarus 600). The
samples were collected at different time intervals and were
extracted according to the procedure reported in the literature [21].
The GC was equipped with an Elite-xIb column (30 m x 0.25 mm)
and 0.25pm film thickness and connected directly to MS. The
GC column was operated at 40°C for 1.50 min which was than
increased to 300 °C at the rate of 20 °C/min. The other experimental
conditions were: helium as a carrier gas with the flow rate of 1 mL,
sample volume 1 pL, injection temperature 200 °C, injection mode
split, and split ratio is 50.

(3)

2.4. Statistical analysis and graphical work

All determinations were performed in duplicate and mean val-
ues are presented in the results. Statistical comparisons of the mean
values were performed by analysis of variance (ANOVA), followed

by Duncan’s multiple range test (p <0.05), using SAS 8.3 software
(SAS Ins. Inc., Cary, USA). Graphical work was carried out using
computer program Sigma Plot™ v.10.

3. Results and discussions
3.1. Effect of pH

The decomposition rate of the dye under investigation was
highly influenced by the reaction pH as shown in Fig. 1. A signif-
icant increase (p<0.05) in the percentage decomposition of dye
was observed with the decreasing pH and the highest value was
obtained in acidic conditions. It seemed that the hydrolytic reaction
might have been catalyzed by hydronium ions in acidic medium.
Since hydrogen ions (H*) are not consumed during hydrolysis and
just act as a catalyst, so they acts as a better catalyst as compared
to OH~ for the conversion of RB 19 dye in to inorganic compounds
[22].

Moreover, the H* ions not only act as catalysts but also enhance
the electro negativity of the leaving group in acidic conditions,
which helps in breaking of the bonds in the RB 19 dye. Thus, the
rate of hydrolysis continues to increase with increasing H* ion
concentrations [15]. The present experiment had an interesting
observation that hydrolytic rate did not increase further when pH
was lowered below 4. Insignificant difference for dye degradation
was observed for pH 2 and 4, but we considered pH 4 as optimum
experiment due to convenience. Our results are in agreement with
Rajkumar et al. [21].

3.2. Effect of temperature and pressure

As the temperature and pressure were increased from 40 to
120°C and atmospheric pressure to high pressure, the rates of
decomposition were also significantly (p<0.05) increased Fig. 2.
Water provides more suitable and favorable reaction medium at
high temperature than boiling water at atmospheric pressure for
organics. With the increase in temperature from 40 to 120°C, the
ionic product (dissociation constant) of water increases and the
dielectric constant of water falls rapidly. These changes in the phys-
ical properties alter the solvent properties of water [15].

At high temperature and pressure, water acts simultaneously
as a convenient solvent, catalyst and reagent for reactions that are
typically catalyzed by the acid or base. High temperature and pres-
sure makes the water as the most effective medium for reactions
of the organic compounds. Moreover, the chances of pollution are
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Fig. 1. Effect of pH on the hydrolysis of RB 19 dye at 120°C and 2 atm pressure.
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Fig. 2. Effect of different temperatures on the percentage decomposition of RB 19
dye.
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Fig. 3. Determination of order of reaction at 40°C.

also less and it is an environmental friendly process of treating the
organic compounds.

3.3. Decomposition kinetics of RB 19 dye

Under different conditions of temperatures (40, 60, 80, 100 and
120°C) and pressures (1 and 2 atm) the reaction order was deter-
mined as a function of pH by plotting a graph between the reciprocal
of remaining dye concentrations against time at pH values 2-10.
The dye decomposition followed 1st order of kinetics as shown
previously [23] (Figs. 3 and 4).

Table 1
Determination of rate constant (k) for 1st, 2nd and 3rd order of reaction at pH 4.

Time (min)

In (C/Co)

¢ 2pH 0O 4pH A 6pH X 8pH O 10pH

Fig. 4. Determination of order of reaction at 120°C.
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Fig. 5. First order kinetic plot of RB19 dye degradation by hydrolysis process at
different concentrations at 120°C.

The decomposition kinetics were determined for different RB
19 dye concentrations for various time intervals, temperatures and
pressures (Table 1). Values of rate constant (k) for first, second and
third order showed that the reaction followed first order for various
experimental conditions under investigation.

The order of reaction was confirmed by plotting the graph
between the In(C;/Cq) against time (Fig. 5) at different initial con-

Concentrations (mgL-!) Reaction time (min) Ist order kinetics k=2.303/tloga/a—x 2nd order kinetics k=1/at-x/a(a—x) 3rd order kinetics k=1/t-x(2a — x)/2a*(a — x)?

50 30 0.04
60 0.04

90 0.04

120 0.04

100 30 0.04
60 0.39

90 0.04

120 0.04

0.1x1073 03 %107
0.1x1073 0.2x10°°
0.1x1073 0.2 x 1077
0.1x1073 0.2x 107
0.7 x 104 0.5x1073
0.6 x 104 0.5%x 1076
0.5x 1074 0.5x 1076
0.6 x 10~4 0.3x10°4

Note: temperature: 120°C, pressure: 2 atm.
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Table 2
Integrated rate law and regression coefficient for first order reaction at different
concentrations of RB19.

cmg! First order InC=—k;t+C R?
50 InC=-0.1528t+0.1574 0.99

100 InC=-0.1304t+0.1294 0.99

150 InC=-0.125¢t+0.1418 0.99

Note: temperature: 120°C, pressure: 2 atm.

centrations, by employing first order rate equation.

In (%) — _kt 3)

(0]

where, Cis the dye concentration at time t and o is the concentration
(mgL-1), kis first order rate constant (min—!) and Tis reaction time
in minutes [24].

The correlation between In (C;/C,) and treatment time was lin-
ear (straight line). This was a typical first order reaction plot (Fig. 5).
The slopes of the lines gave the apparent rate constant (k). The
regression coefficient R? obtained (Fig. 5) for first order reaction
at different concentrations of RB 19 is shown in (Table 2). The R?
values ranged from 0.9998 to 0.995, confirming that hydrolysis of
RB 19 followed the first order reaction.

Carneiro et al. [19,20] evaluated the dependence of initial
decomposition rate on the RB 4 dye concentration from slopes of
the curves In(A —Aoco) as a function of time. The results obtained
from his study showed that the curves of In(A —Aco) vs. time are
linear and the degradation followed a first order kinetic with a rate
constant. The results described in Fig. 5 are in good agreement with
those reported in literature [25].

Table 3
Effect of different conditions of temperature on half-life reduction.

The reaction kinetics describes the reaction rates while the
reaction order defines the dependence of the reaction rate on the
concentrations of reacting species. The reaction order is determined
experimentally and not necessarily related to the stoichiometry of
the reaction. However, it is governed by the mechanism of the reac-
tion, that is, by the number of chemical species that must collide
for the reaction to occur [26]. The reaction rate for first order kinet-
ics depends on one species. Thus the mechanism involved in the
thermal-pressure hydrolysis of RB 19 was the first order reaction.

3.4. Half-life reduction

Increasing temperature from 40 to 120 °C resulted in the signifi-
cant (p <0.05) decrease of half-life. At pH 4, half-life was 2247.5 min
at 40°C which reduced to 339.4min when the temperature was
increased to 120°C. The values of rate constant and half-life at
different temperatures and pH 4 are shown in (Table 3). Because
the reaction order for the RB 19 decomposition was first order,
therefore following equation was used to determine the half-life.

In 2
tl/z = T (4)

Half-life has been calculated for the degradation of organophos-
phorous pesticides, under natural conditions and under
high temperatures and pressures. It was found that half-
life decreased with increasing temperatures and pressures
[15-22].

Temperature °C

40 60 80 100 120
k (min~1) 0.31x10 3 0.42 x 10 3 0.87 x10 3 1.02x10 3 2.04x10 3
ty2 (min) 22475 1630.5 792 681.6 3394
Note: dye concentration=50mgL"!, time= 20 min, pH 4.
Table 4
Intermediates identified by GC-MS analysis.
Compounds Structure Time (min)
10 20 30 45 60 120
(@]
©)
Benzaldehyde P P P A A A
©/COOH
Benzoic acid P A A P P A
0}
Acetophenone ©/lk P A A A A A
0O
©§«°
Isobenzofuran-1,3-dione O P A A
Acetic acid CH,COOH A P P P P P
(IZOOH
Oxalic acid COOH A A P P P P

P: present, A: absent. Note: dye concentration=500mgL-!, temperature: 120°C and pressure: 2 atm, pH 4.
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3.5. Total organic carbon (TOC) reduction

The most common way of estimating the dye degradation in
its intermediates and end products is to monitor the reduction in
TOC. In our experiment, almost 32.8% TOC reduction was attained
from the treated samples under following optimized conditions:
dye concentration 100mgL~!, initial pH 4, temperature 120°C,
pressure 2atm and reaction time 120 min. The reduction in TOC
indicated the loss of reactive group during the reduction process.
Although we obtained considerable reduction of TOC (32%) which
was comparable to previous studies [21,27,28]; however, it was
also noted that dye oxidation takes longer time compared with
previous studies.

3.6. GC-MS analysis of degradation products

The products which were formed during the degradation of RB
19 were identified by GC-MS as shown in Table 4. Samples at dif-
ferent intervals were collected during the hydrolysis of 500 mg L1
RB 19 at pH 4.0. The degradation pathway was proposed and
illustrated in Fig. 6. In this process of oxidation the C(5)-C(6),
C(13)-C(14), C(6)-C(7), C(12)-C(13), C(8)-N, C(9)-S, C(11)-N, C(17)-
S, C(15)-N bonds were prone to cleave. The treatment of dye
after 10 min showed the formation of benzaldehyde, acetophe-
none, benzoic acid and isoindoline-1,3-dione. Benzaldehyde was
formed through the cleavage of C(6)-C(7)and C(13)-C(14), whereas

RB 19

benzoic acid was formed after the oxidation of benzaldehyde.
The isobenzofuran-1,3-dione may be formed after the cleavage of
C(6)-C(7) and C(12)-C(13) bonds. The compounds identified after
20 min treatment were similar except the appearance of acetic
acid peak and disappearance of isoindoline-1,3-dione. The samples
at 30 min showed the presence of benzaldehyde, acetic acid, and
newly appeared oxalic acid peak. The formation of oxalic acid and
acetic acid resulted from the ring cleavage and its further oxida-
tion was also evident by the products determined after the final
treatment for 120 min.

3.7. Correlation of decolorization with GC-MS degradation
products

It was observed that a maximum of 31% decolorization took
place with first 30 minutes of treatment (Table 5). GC-MS results
showed that RB19 dye broke into benzaldehyde, benzoic acid,
acetophenone, isobenzofuron-1,3-dione by the cleavage of its chro-
mophores within first 30 minutes which might have caused a
maximum decolorization within this time period. Moreover, the
benzoic acid, acetophenone and isobenzofuron-1,3-dione were
decomposed into either acetic acid or oxalic acid that might
have resulted in decolorization. However, ultimate decolorization
occurred was 74% due to RB19 decomposition after 120 minutes as
indicated by GC-MS results.

@i
Acetophenone
Benzaldehyde
(0]

|
©) COCH
CH3;COCH I

Benzaldehyde acetic acid

CH,COOH

acetic acid

(0]
' COOH
9 °
Isobenzofuran-1,3-dione

Benzoic acid

o]

o]

©/COOH

Benzoic acid
COOH

oxalic acid

COOH

COOH
oxalic acid

Fig. 6. Proposed degradation pathway of RB 19 dye by thermal pressure-mediated hydrolysis at pH 4, conc: 500 mg~"', temp: 120°C, pressure: 2 atm.
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Table 5
Percentage decolorization (%) of Reactive Blue 19 dye at pH 4.

Time (min) Percentage decolorization
30 31.05
60 48.28
90 61.47

120 74.39

Note: dye concentration=100mgL~!, temperature: 120°C and pressure, 2 atm.

4. Conclusions

1. The rate of hydrolysis of RB 19 dye increased with increas-
ing temperatures and pressures. Decomposition of dye was
optimum at pH 4. Kinetics studies indicated that the rate of
hydrolysis apparently followed the 1st order reaction. At pH 4,
half-life was 2247.5min at 40°C and it reduced to 339.4 min
when the temperature was increased to 120°C.

2. The major intermediate and end products formed during the
degradation were identified through GC-MS as benzaldehyde,
acetophenone, benzoic acid and isoindoline-1,3-dione, acetic
acid and oxalic acid. The degradation pathways was pro-
posed after careful examination of degradation products, further
research is required to find out the precise mechanism of the
degradation pathways of RB19 dye through thermal-pressure-
mediated hydrolysis.

3. Overall, 23% dye decomposition occurred in 120 minutes at
pH 4, 120°C and pressure of 2 atm. It implies that this tech-
nique alone is not sufficient to deal with the treatment of RB19
dye containing wastewaters. A combination of techniques like
physico-chemical, biological, enzymatic, etc. is required for the
effective treatment of RB19 dye.

References

[1] A. Ozcan, C. Omerogluy, Y. Erdoglan, A.S. Ozcan, Modification of bentonite with
a cationic surfactant: an adsorption study of textile dye Reactive Blue 19, J.
Hazard. Mater. 140 (2007) 173-179.

[2] A. Stolz, Basic and applied aspects in the microbial degradation of azo dyes,
Appl. Microbial Biotechnol. 56 (2001) 69-80.

[3] A.P. Carneiro, R.F.P. Nogueira, M.V.B. Zanoni, Homogeneous photodegradation
of C.I. Reactive Blue 4 using a photo-Fenton process under artificial and solar
irradiation, Dyes Pigm. 74 (2007) 127-132.

[4] S. Song, H.P. Ying, Z.Q. He, ].M. Chen, Mechanism of decolorization and degra-
dation of CI Direct Red 23 by ozonation combined with sonolysis, Chemosphere
66 (2007) 1782-1788.

[5] J. Axelsson, U. Nilsson, E. Terrazas, T.A. Aliaga, U. Welander, Decolorization of
the textile dyes Reactive Red 2 and Reactive Blue 4 using Bjerkandera sp. Strain
BOL 13 in a continuous rotating biological contactor reactor, Enzyme Microb.
Tech. 39 (2006) 32-37.

[6] H. Zhigiao, L. Lili, S. Shuang, X. Min, X. Lejin, Y. Haiping, C. Jianmeng, Min-
eralization of C.I. Reactive Blue 19 by ozonation combined with sonolysis:
Performance optimization and degradation mechanism, Sep. Purif. Technol. 62
(2008) 376-381.

[7] WJ]. Epolito, Y.H. Lee, LA. Bottomley, S.G. Pavlostathis, Characterization
of the textile anthraquinone dye Reactive Blue 4, Dyes Pigm. 67 (2005)
35-46.

[8] M.A. Khalaf, Biosorption of reactive dye from textile wastewater by non-viable
biomass of Aspergillus niger and Spirogyra sp, Bioresour. Technol. 99 (2008)
6631-6634.

[9] A. Ozer, G. Akkaya, M. Turabik, Biosorption of acid red 274 (AR 274) on
Enteromorpha prolifera in a batch system, ]J. Hazard. Mater. B126 (2005)
119-127.

[10] S. Nilratnisakorn, P. Thiravetyan, W. Nakbanpote, Synthetic reactive dye
wastewater treatment by narrow-leaved cattails (Typha angustifolia Linn.):
effects of dye, salinity and metals, Sci. Total. Ent. 384 (2007) 67-76.

[11] L.S.Andrade, L.A.M. Ruotolo, R.C. Rocha-Filho, N. Bocchi, S.R. Biaggio, J. Iniesta, V.
Garciia-Garcia, V. Montiel, On the performance of Fe and Fe, F doped Ti-Pt/PbO,
electrodes in the electro oxidation of the Blue Reactive 19 dye in simulated
textile wastewater, Chemosphere 66 (2007) 2035-2043.

[12] O.T. Can, M. Bayramoglu, M. Kobya, Decolorization of reactive dye solutions by
electro coagulation using aluminum electrodes, Ind. Eng. Chem. Res. 42 (2003)
3391-3396.

[13] F. Robina, R. Faiza, B. Sofia, S. Maria, K. Sajjad, F. Umar, R. Abdur, F. Ather,
P. Arshed, M. al Hassan, S.F. Shaukat, The effect of ultrasonic irradiation on
the anaerobic digestion of activated sludge, World Appl. Sci. J. 6 (2) (2009)
234-237.

[14] F. Robina, LF. Kai, S.F. Shaukat, ]J.J. Huang, Sonochemical degradation of
organophosphorus pesticide in dilute aqueous solutions, J. Environ. Sci. 5 (15)
(2003) 710-714.

[15] F. Robina, S.F. Shaukat, Pressure hydrolysis for degradation of omethoate pes-
ticide in water, J. Shanghai Univ. 8 (2) (2004) 221-226.

[16] W.R.Mabey, T. Mill, Critical review of hydrolysis of organic compounds in water
under environmental condition, J. Phys. Chem. 7 (1978) 383-415.

[17] S. Enes, Optimization and modeling of decolorization and COD reduction of
reactive dye solutions by ultrasound-assisted adsorption, Chem. Eng. J. 119
(2006) 175-181.

[18] M.S. Lucas, J.A. Peres, Degradation of Reactive Black 5 by Fenton/UV-C and
ferrioxalate/H, 0, /solar light processes, Dyes Pigm. 74 (2007) 622-629.

[19] A.P.Carneiro, N. Boralle, N.R. Stradiotto, M. Furlan, M.V.B. Zanoni, Decolouriza-
tion of anthraquinone reactive dye by electrochemical reduction on reticulated
glassy carbon electrode, ]. Braz. Chem. Soc. 15 (4) (2004) 587-594.

[20] A.P. Carneiro, C.S. Fugivara, R.F.P. Nogueira, N. Boralle, M.V.B. Zanoni, A com-
parative study on chemical and electrochemical degradation of reactive Blue 4
Dye, Portugal. Electrochim. Acta 21 (2003) 49-67.

[21] D. Rajkumar, B.J. Song, J.G. Kim, Electrochemical degradation of Reactive Blue
19 in chloride medium for the treatment of textile dyeing wastewater with
identification of intermediate compounds, Dyes Pigm. 72 (2007) 1-7.

[22] F.Robina, S.F. Shaukat, U. Farooq, Ultrasonic induced decomposition of methi-
adation pesticides, J. Appl. Sci. 8 (1) (2008) 140-145.

[23] Z. Wang, M. Shao, ]. Shao, Study on the hydrolysis kinetics of vinylsulfone
reactive dyes with HPLC analysis, Fangzhi. Xuebao. 27 (9) (2006) 9-13.

[24] P.C. Fung, K.M. Sin, S.M. Tsui, Decolorisation and degradation kinetics of reac-
tive dye wastewater by a UV/ultrasonic/peroxide system, JSDC 116 (2000)
1170-1173.

[25] S.Kaur, V. Singh, Visible light induced sonophotocatalytic degradation of Reac-
tive Red dye 198 using dye sensitized TiO,, Ultrason. Sonochem. 14 (2007)
531-537.

[26] Z.Zainal, C.Y. Lee, M.Z. Hussein, A. Kassim, N.A. Yusof, Electrochemical Assisted
Photodegradation of Mixed Dye and Textile Effluents using TiO, Thin Films,
Department of Chemistry, Universiti Putra Malaysia, 43400 UPM, Serdang,
Malaysia, 2006.

[27] S. Shuang, J. Yao, Z. He, ]. Qiu, ]. Chen, Effect of operational parameters on the
decolorization of C.I. Reactive Blue 19 in aqueous solution by ozone-enhanced
electrocoagulation, J. Hazard. Mater. 152 (2008) 204-210.

[28] P.Ronaldo, P.P. Zamora, A.R. de Andrade, J. Reyes, N. Duran, Electrochemically
assisted photocatalytic degradation of reactive dyes, Appl. Catal. B: Environ. 22
(1999) 83-90.



	Thermal-pressure-mediated hydrolysis of Reactive Blue 19 dye
	Introduction
	Experimental
	Synthetic dye solution
	Experimental procedure
	Analytical procedures
	Statistical analysis and graphical work

	Results and discussions
	Effect of pH
	Effect of temperature and pressure
	Decomposition kinetics of RB 19 dye
	Half-life reduction
	Total organic carbon (TOC) reduction
	GC-MS analysis of degradation products
	Correlation of decolorization with GC-MS degradation products

	Conclusions
	References


