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Background & Aims of the Study: In this study, 4-(2-pyridylazo) resorcinol (PAR) as model
azo dye was used. In spectroscopic measurements and studies of PAR reagent as a ligand are
used to formation a complex with toxic metals. So, removal and degradation these
compounds of wastewaters are necessary. The aim of this study is the degradation of PAR
from aqueous solutions in circulating fludized bed photo reactor (CFBPR) using ZnO
powder. The UV/O; system was used for dye degradation.

Materials & Methods: ZnO powder used a catalyst for the degradation of dye in aqueous
solution. ZnO powder has been characterized by scanning electron microscopy (SEM) and
Fourier transform infrared (FT-IR). The effect of operational parameters such as: pH, catalyst
dosage and temperature were studied. The effect of UV irradiation, UV/O; and UV/O2/ZnO
on photocatalytic degradation of PAR were studied. The reaction kinetic was studied. The
optimum conditions were determined using design of experimental based one factor at the
time (OFAT) method.

Results: The optimum conditions for this reaction were obtained at pH=10, catalyst
dosage=20 mg/L, and temperature=40°C. The pseudo first order reaction with rate constant
(k=0.0105 min™Y) in T=40°C was observed for the photocatalytic degradation of PAR.
Activation energy (Ea) for the degradation of PAR was obtained as 48.12 (kJ/mol). These
experiments demonstrated that UV/O2 and ZnO catalyst were needed for the effective
degradation of dye.

Conclusions: The results showed that the photocatalytic process can be suitable to
degradation PAR dye from aqueous solutions using ZnO catalyst.

Please cite this article as: Moradi R, Bodaghi A, Hosseini J, Ganjali A. Study Degradation of 4-(2-Pyridylazo)
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Background

solution with heterogeneous semiconductor such
as ZnO catalyst was studied by many
investigators (7-9). The techniques for the

Dyes and pigments used in industries for
applications such as textiles, leathers, papers,
foodstuffs,  additives, etc  (1,2). In
spectrophotometric methods of PAR reagent as
a ligand are used to formation a complex with
toxic metals (3,4). Zinc oxide is a semiconductor
having many applications, such as being
photocatalyst and transparent conductor (5,6).
The degradation of dye wastewaters in aqueous

synthesis of ZnO powder including chemical
deposition (10), sol-gel process (11), chemical
vapor decomposition (12), hydrothermal method
(13,14) and precipitation method. In this study,
of precipitation method for synthesis ZnO was
used with simple, fast, low cost process. The
UV/ZnO process is due to the well-known
electron promotion from the valance band to the
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conduction band of the semiconducting oxide to
give electron-hole pairs. The valance band hole
(hve™) potential is positive enough to generate
hydroxyl radicals at the surface. Also, the
conduction band electron (ecs”) is negative
enough to reduce the oxygen molecules, present
in the solution. The generated hydroxyl radicals
are powerful oxidizing agents and attack organic
pollutants, present at the surface of ZnO and of
course the reaction rate of hydroxyl radicals with
pollutants decreases as the distance from surface
increases. The mechanism degradation of dye
usually described by the following (Egs. 1-8)
(15-17):

ZnO + hv —> ZnO (e + hg) (1)
hyg +H20 4y —H +OH 4y (2)
his + OH 49 — OH 4y (3)
€cs * Ospai9 = "0y 4)
'O .. T dye— dye-O0° (5)

2(ads)

h,; +dye—dye*" — oxidation of the dye  (6)

- ) +
0 2(ads) +HO 2(ads) +H" —>H0 2(ads) +0 2(ads) (7)

"OH 4y +dye —degradation of the dye  (8)

Aims of the study:

In this study, ZnO catalyst was characterized by
SEM and FT-IR. The reaction Kkinetic was
studied. The effects of operational parameter
such as pH, catalyst dosage and temperature on
the process were studied and optimized. The
results indicated that the UV/O2/ZnO could be
used as process to degrade PAR.

Materials & Methods

Materials

The azo dye, PAR obtained from Sigma-Aldrich
Company and was used without further
purification. The structure and characteristics of
PAR is shown in Table 1. The pH values were
adjusted at desired level using dilute NaOH and
H2SO4. Zn(CH3COO), and ethanol were all
Merck products (Germany). Double distilled
water was used for preparation of requisite
solutions.

Table 1) The structure and characteristics of PAR.

Name Formula Structure hmax MW
(nm) (9/mol)
| OH
4-(2-Pyridylazo) C11H9N302 - N
Resorcinol (PAR) N N 390 215.21
OH

Apparatus

Fig. 1 shows the schematic diagram of
circulating fludized bed photo reactor (CFBPR)
which  was used for  photocatalytic
decomposition method of PAR. In this
equipment, capacity 0.5 L with a low mercury
pressure lamp Philips 15W (UV-C) was used in
photo reactor. UV/Vis Spectrophotometer,
Jenway (6505) was employed to measure the
absorbance using glass cells of path length 1 Cm.
For the chemical oxygen demand (COD)
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measurement, COD meter analyzer model
AL250 AQUALYTIC was used. The
morphologies of the catalyst were taken by SEM
model (Philips XL30 microscope). The FT-IR
spectroscopy was measured on PerkinElmer
Spectrometric Analyzer using KBr pellets. pH
values were measured with Horiba M12 pH
meter.
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Figure 1) Schematic diagram of photo reactor
1) tank (Pyrex), 2) pump, 3) temperature controller,
4) condenser, 5) UV lamp, 6) reaction flask, 7) air

pump.
Synthesis of ZnO powder

ZnO powder was prepared by precipitation
method (18). In this procedure, 50 mL of 4 M
NaOH was added drop by drop into 50 mL of 2.5
M  Zn(CH3COQ), aqueous solution under
magnetic stirring at 80 °C. Then, the reaction
mixture was further stirred for 120 min
constantly, and naturally cooled to room
temperature. The resultant solid products were
filtered and washed with ethanol for several
times. Finally, the obtained white precipitate
ZnO was dried in an oven at 100 °C for 1 h, and
then calcined at 400 °C for 2 h. The precipitation
was sieved using 100 mesh standard sieve.
Procedures

For the photodegradation of PAR, a solution
containing known concentration of dye (35 ppm)
and catalyst was prepared. The suspension pH
values were adjusted at the desired level using
dilute NaOH 0.1N and H2SO4 0.1N and were
allowed to equilibrate for 30 min in darkness.
Then, the prepared suspension was transferred to
reaction flask. The degradation reaction took
place under the radiation of a mercury lamp. The
aeration operation was used an air pump with
constant flow rate into reaction flask. The
temperature was adjusted using the temperature
controller. The concentration of the samples was
determined (at 25 min intervals) using a
Spectrophotometer(UV-Vis Spectrophotometer,
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Jenway (6505) at Amax=390 nm. The degree of
photodegradation (X) as a function of time is
given by (Eq.9)

x-S =-C )

C.
where Co and C are the concentration of PAR at
t =0 and t, respectively.
The optimum conditions were determined using
design of experimental based one factor at the
time (OFAT) method.

Results

The characterization of ZnO powder

Fig. 2 shows the SEM image of ZnO particles.
Regarding to the specified scale in the Fig. 2 size
of the particles is nanometer. The size and
morphology of ZnO powder were characterized.
FT-IR spectrum of ZnO particles was recorded
in the wave number range from 400 of 4000 cm™
Lis shown in Fig. 3.

AccV Spot Magn Det WD Exp |
30.0kV 2.0 20000x SE 49 1

Figure 2) SEM image of ZnO

The band observed at 3490 cm™ was due to
vibration stretching mode of O-H group. The
absorption band at 1686 cm™ corresponds to H-
O-H bending vibration of free or absorbed water
(19,20). The two peaks observed at 1524 cm™
and 1015 cm™ were due to stretching mode of
vibration of C=0 and C-O respectively (21,22).
The peak corresponding to the stretching
vibration of ZnO is observed at 419 cm™ (22).
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Figure 3) FT-IR spectrum of ZnO

The Kinetic of photocatalytic degradation of
PAR

Photocatalytic degradation reaction kinetic of
PAR completely correspond the Kkinetic of
pseudo-first-order reaction model reaction (23,
24). In the kinetic equation of pseudo-first-order
relationship between COD and time (t) is in
Eq.10:
—d[coD]

=Kk|COD|, 10

. [cop] (10)

the integral Eq.10 is in Eg.11:

flcicle) Y 1)
[coD]

in which k is the apparent pseudo-first-order
rate constant (that is affected by COD) and t the
reaction time.

A plot of |, [coDl, | versus t for optimum
[coD]

condition of photocatalytic degradation of PAR
is shown in Fig. 4. The linear plot suggests that
the photodegradation reaction approximately
follows the pseudo-first-order kinetic with rate
constant k= 0.0105 mint in T=40°C.
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Figure 4) Kinetic for degradation of PAR (pH=10,
catalyst dosage=20 mg/L, dye concentration=35 ppm,
irradiation time=175 min).

The effect of pH
pH is one of the main factors influencing the
rate of degradation of organic compounds in the
photocatalytic process. The effect of pH on
degradation rate was studied from pH 4 to 12.
The results pH using photocatalytic process is
shown in Fig. 5. It can be seen that the best
results obtained in alkaline solution, (pH=10,
X=70.12%). The degradation rate in alkaline
solution is higher than that in acidic condition.
80 1
70 A
60 A
50 A

§4o—
30 -

20 A
10 A
0 T T T T ]

2 4 6 8 10 12

pH

Figure 5) Effect of pH on the degradation of PAR

(catalyst dosage=20 mg/L, dye concentration=35 ppm,
T=40°C, irradiation time=175 min).

The effect of catalyst dosage
Fig. 6 showed the effects of catalyst dosage on
dye degradation percent. At this stage, the
effect of different catalyst dosage between 10 to
30 mg/L was tested. The results in Fig. 6 shows
that increasing the catalyst dosage to 20 mg/L
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degradation percent increased and with the
increase more than this dosage, degradation
percent decreased.

80 1
70 A
60 -
50 A
40 A
30 A
20 A
10 4
0 T T T T T ]

5 10 15 20 25 30 35

Catalyst dosage (mg/L)

X%

Figure 6) Effect of catalyst dosage on the degradation
of PAR (pH=10, dye concentration=35 ppm, T=40°C,
irradiation time=175 min).

The effect of temperature

Effect of temperature on the degradation
process was tested in the range of 15-40 °C is
shown in Fig. 7. The positive influence of the
temperature can be observed. It can be seen that
the best results obtained in (T=40°C,
X=69.93%). Thus, increasing temperature of
15-40°C indicated that the degradation rate of
PAR increased with increasing temperature.
A correlation between k and the process
temperature (T) can be expressed by the
Arrhenius is Eg.12:

k=Aexp (12)
the Eq.12 can be linearized by taking logarithms
as:

—Ink =—In A+E(£j,
R\T

where k is pseudo-first-order rate constant min-
1, A'is frequency factor, T temperature (K), Ea
(kJ/mol) the activation energy and R the gas
constant 8.314 J/(mol K)). Activation energy
(Ea) was obtained through fitting the rate

(13)

{ Moradi R, et al. / Arch Hyg Sci 2019;8(1):1-8

constants into the Arrhenius equation. Fig. 8 is a
plot of —In k versus 1/T at 15-40 (°C) when the
obtained Ea value was 48.12 (kJ/mol). The
results shown in Fig. 8, indicates that the
reaction rate increases when the photocatalytic
reaction temperature rises. Table 2 shows the

calculated Ea value and A for PAR.
Table 2) The Ea value and A for PAR.

Name Catalyst Ea(kJ/mol) A
4-(2-Pyr|d)g::?;%ResorC|nol 710 4812 1.26x10%

100

90 N 3

80 e g

70 o £
x 60 E
sl | &

40 “

30

20

10

(T 20 25 30 40

Temperature

Figure 7) Effect of temperature on the degradation of
PAR (pH=10, catalyst dosage=20 mg/L, dye
concentration=35 ppm, irradiation time=175 min).

4 y=5787.9x - 14.049

R?=0.9575

-Lnk
o - N w H [¢21 (o2} ~
ey

0.00315 0.0032 OAOO'325 0.0(')33 OAOO'335 0.0('J34 OAOO'345 0.0(')35
1T
Figure 8) Arrhenius plot for photocatalytic
degradation of PAR (pH=10, catalyst dosage=20
mg/L, dye concentration=35 ppm, irradiation
time=175 min).
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The effect of UV irradiation, UV/O2 and
UV/O2/Zn0O

The effect of UV irradiation, UV/O2 and
UV/O2/Zn0O in degradation process PAR are
shows in Fig. 9. This figure indicates that in the
presence of UV/O2/ZnO 71.2% of PAR was
degraded at the irradiation time of 175 min while
it was 44% for UV/O>. This was contrasted with
13.3% degradation for the same experiment
performed under only UV irradiation. It is
observed that the simultaneous use of UV
irradiation, ZnO catalyst and O were needed for
the effective degradation of dye.

0.8 1
0.7 A
0.6
05 4
X 0.4 A

—e—only UV
—e— UV/ZnO
—A— UV/O2

031 —m— UV/O2/Zn0

0.2 1
0.1 4
0

0 2'5 5'0 7'5 1(30 1;5 léO 1;5
time(min)

Figure 9) Effect of UV irradiation, UV/O: and
UV/02/Zn0O on the degradation of PAR (pH=10,
catalyst dosage=20 mg/L, dye concentration=35 ppm,

T=45°C, irradiation time=175 min).

Discussion

In this study, the degradation of dye in water
solutions in photocatalytic process applied using
CFBPR. In this process the effect of operational
parameters such as: pH, catalyst dosage and
temperature were studied.

pH is one of the effective parameter in this
process. Fig. 5 shows the degradation of dye
with ZnO catalyst which, first increases and then
decreases with increasing pH. There is also the
photocatalytic degradation of dye in alkaline
solution, which is probably due to the formation
of hydroxide radical as it can be inferred from
the reactions (14-15) (25).
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h\J;B + OH (_ads) — OH (ads) (14)
"OH .4y +dye —degradation of the dye 15)

So, maximum dye degradation was obtained in
pH= 10.

The catalyst dosage results in Fig. 6 shows that
increasing the catalyst dosage to 20 mg/L
reaction rate increased and with the increase
more than this dosage, reaction rate decreased.
The reduction in photocatalytic activity in
amount more than 20 mg/L it is that with
increasing the catalyst particles, the light
scattering phenomenon occurred in a collision
with catalyst particles in solution and lose the
number of light photons energy and thus
decreases the photocatalytic reaction rate (26-
28).

The positive influence of the temperature is
shown in Fig. 7. The best results obtained in
T=40°C. The increasing temperature of 15-40°C
indicated that the degradation rate of dye
increased with increasing temperature (29,30). It
IS necessary to cause the temperature more than
40°C was not selected was that at higher
temperatures possible vaporization of the dye
solution increases and caused change the
concentration of dye. However, an increase in
temperature helps the degradation reaction to
compete more effectively with valance band
hole (h*ve) and conduction band electron (e cg)
recombination. On the other hand, the increase
in temperature decreases the solubility of
oxygen in water which is not desirable for
photocatalytic processes (31). Therefore, the
temperature of 40°C can be applied as a mild
temperature with significant conversion of
substrate.

Conclusion

Azo dyes and pigments have been extensively
are used in various industries. The industries
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color wastewater cause environmental pollution
problems. So, wastewater treatment these
industries are necessary. ZnO particles have
been characterized by SEM and FT-IR. In this
study, degradation of dye was investigated by
photocatalytic process (UV/O2/Zn0). Various
factors affecting in the degradation process such
as: pH, catalyst dosage, and temperature were
analyzed and optimized. The results showed that
pH=10, catalyst dosage=20 mg/L, and
temperature 40°C was optimum conditions for
this reaction. Also the results showed that
simultaneous utilize of UV irradiation, ZnO
catalyst and O oxidation were needed for the
effective degradation of dye. The results showed
that in the presence of UV/O2/Zn0O 71.2% of dye
was degraded at the irradiation time of 175 min.
Pseudo-first-order model reaction corresponds
to the experiment data of photocatalytic
degradation of dye. Activation energy (Ea) and
frequency factor (A) values for the degradation
of dye respectively, 48.12 and 1.26x10*5 was.

Footnotes

Acknowledgements

The authors wish to acknowledge members of
the Research Laboratory of Islamic Azad
University, Tuyserkan Branch and Tuyserkan,
Iran.

Conflict of Interest:

The authors declared no conflict of interest.

References

1. Bayramoglu G, Arica MY. Enzymatic removal of
phenol and p-chlorophenol in enzyme reactor: horseradish
peroxidase immobilized on magnetic beads. J Hazard
Mater 2008;156(1-3):148-55. Link

2. Tepe O, Dursun AY. Combined effects of external mass
transfer and biodegradation rates on removal of phenol by
immobilized ralstonia eutropha in a packed bed reactor. J
Hazard Mater 2008;151(1):9-16. Link

3. Ghasemi J, Peyman H, Meloun M. Study of complex
formation between 4-(2-Pyridylazo) Resorcinol and Al*",
Fe®*, Zn? and Cd?* ions in an aqueous solution at 0.1 M
ionic strength. J Chem Eng Data 2007;52(4):1171-78.
Link

{ Moradi R, et al. / Arch Hyg Sci 2019;8(1):1-8

4. Deng Sh, Zhang G, Wang P. 4-(2-Pyridylazo)-
Resorcinol functionalized polyacrylonitrile fiber through
microwave irradiation method for the simultaneous optical
detection and removal of heavy metals from water.
Environ Sci Water Res Technol 2018;4(4):487-92. Link
5. Hsu Ch-Ch, Wu NL. Synthesis and photocatalytic
activity of ZnO/ZnO, composite. J Photochem Photobio A
Chem 2005;172(3):269-74. Link

6. Look DC. Recent advances in ZnO materials and
devices. Mater Sci Eng B 2001;80(1-3):383-7. Link

7. Sun J-H, Dong S-Y, Wang Y-K, Sun S-P. Preparation
and photocatalytic property of a novel dumbbell-shaped
ZnO microcrystal photocatalyst. J Hazard  Mater
2009;172(2-3):1520-6. Link

8. Kansal SK, Singh M, Sud D. Studies on
photodegradation of two commercial dyes in aqueous
phase using different photocatalysts. J Hazard Mater
2007;141(3):581-90. Link

9. Dargahi A, Samaghandi M, Vaziri Y, Ahmadidoost G.
Photocatalytic Activity of Zinc Oxide Nanoparticles
Coated on Activated Carbon Made from Mango Seed in
Removing Acid Black 1 from Aqueous Solutions. Arch
Hyg Sci 2018;7(4):242-50. Link

10. Lindross S, Leskela M. Growth of zinc peroxide
(Zn0O2) and zinc oxide (ZnO) thin films by the successive
ionic layer adsorption and reaction-SILAR-technique. Int
J Inorg Mater 2000; 2(2-3):197-201. Link

11. Uekawa N, Kajiwara J, Mochizuki N, Kakegawa K,
Sasaki Y. Synthesis of ZnO nanoparticles by
decomposition of zinc peroxide. Chem  Lett
2001;30(7):606-7. Link

12. Ogawa MF, Natsume Y, Hirayama T, Sakata H.
Preparation and electrical properties of undoped zinc-
oxide films by CVD. J Mater Sci Lett 1990;9(11):1351-3.
Link

13. Liu B, Zeng HC. Hydrothermal synthesis of ZnO
nanorods in the diameter regime of 50 nm. J Am Chem
Soc 2003;125(15):4430-1. Link

14. Music S, Popovic S, Maljkovic M, Dragcevic D.
Influence of synthesis procedure of the formation and
properties of zinc oxide. J Alloy Comp 2002;347(1-
2):324-32. Link

15. Nishio J, Tokumura M, Znad HT, Kawase Y.
Photocatalytic decolorization of azo-dye with zinc oxide
powder in an external UV light irradiation slurry
photoreactor. J Hazard Mater 2006;138(1):106-15. Link
16. Irani M, Mohammadi T, Mohebbi S. Photocatalytic
degradation of Methylene Blue with ZnO nanoparticles; a
joint experimental and theoretical study. J Mex Chem Soc
2016;60(4):218-25. Link

17. Lin H-F, Liao S-C, Hung S-W. The dc thermal plasma
synthesis of ZnO nanoparticles for visible-light
photocatalyst. J Photochem Photobiol A Chem
2005;174(1):82—7. Link

Archives of Hygiene Sciences

®
E © 2019 Publisher: Research Center for Environmental Pollutants, Qom University of Medical Sciences. All rights reserved.


https://www.sciencedirect.com/science/article/pii/S0304389407017529
https://www.sciencedirect.com/science/article/pii/S0304389407007571
https://pubs.acs.org/doi/abs/10.1021/je060325g
https://pubs.rsc.org/en/content/articlelanding/2018/ew/c8ew00045j/unauth#!divAbstract
https://www.sciencedirect.com/science/article/abs/pii/S1010603004005672
https://www.sciencedirect.com/science/article/pii/S0921510700006048
https://www.sciencedirect.com/science/article/pii/S0304389409013016
https://www.sciencedirect.com/science/article/pii/S030438940600817X
http://jhygiene.muq.ac.ir/article-1-329-en.html
https://www.sciencedirect.com/science/article/abs/pii/S1466604900000179
https://www.journal.csj.jp/doi/abs/10.1246/cl.2001.606
https://link.springer.com/article/10.1007%2FBF00726543?LI=true
https://pubs.acs.org/doi/10.1021/ja0299452
https://www.sciencedirect.com/science/article/abs/pii/S0925838802007922
https://www.sciencedirect.com/science/article/pii/S0304389406005127
http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S1870-249X2016000400218
https://www.sciencedirect.com/science/article/abs/pii/S1010603005001097

Moradi R, et al. / Arch Hyg Sci 2019;8(1):1-8 J «Study Degradation of 4-(2-Pyridylazo)Resorcinol Dye...

18. Xu Y, Xu H, Li H, Xia J, Liu Ch, Liu L. Enhanced
photocatalytic  activity of new  photocatalyst
Ag/AgCl/Zn0O. J Alloys Compd 2011;509(7):3286-92.
Link

19. Yuvaraj S, Manikandan N, Vinitha G. Investigation on
the behavioral difference in third order nonlinearity and
optical limiting of Mn0.55Cu0.45Fe;04 nanoparticles
annealed at different temperatures. Mater Res Express
2017;4(11):115027. Link

20. Pang H, Zhang Y, Cheng T, Lai W-Y, Huang W.
Uniform manganese hexacyanoferrate hydrate nanocubes
featuring  superior  performance  for  low-cost
supercapacitors and nonenzymatic electrochemical
sensors. Nanoscale 2015;7(38):16012-9. Link

21.Chang J, Waclawik ER. Experimental and theoretical
investigation of ligand effects on the synthesis of ZnO
nanoparticles. J Nanopart Res 2012;14(8):1012. Link

22. Bomila R, Venkatesan A, Srinivasan S. Structural,
luminescence and photocatalytic properties of pure and
octylamine  capped ZnO  nanoparticles.  Optik
2018;158:565-73. Link

23. Muruganandham M, Swaminathan M. Photochemical
oxidation of reactive azo dye with UV-H,O; process.
Dyes Pigments 2004;62(3):269-75. Link

24. Amin MM, Golbini Mofrad MM, Pourzamani H,
Sebaradar SM, Ebrahim K. Treatment of industrial
wastewater contaminated with recalcitrant metal working
fluids by the photo-Fenton process as post-treatment for
DAF. J Ind Eng Chem 2017;45(1):412-20. Link

25. Height M, Pratsinis S, Mekasuwandumrong O,
Praserthdam P. Ag-ZnO  catalysts for UV-
Photodegradation of Methylene Blue. Appl Catal B
Environ 2006;63(3-4):305-12. Link

26. Huang M, Xu C, Wu Z, Huang Y, Lin J, Wu J.
Photocatalytic discolorization of Methyl Orange solution
by Pt modified TiO loaded on natural zeolite. Dyes Pigm
2008;77(2):327-34. Link

27. Zhu C, Wang L, Kong L, Yang X, Wang L, Zheng S,
Chen F, Maizhi F, Zong H. Photocatalytic degradation of
azo dyes by supported TiO, + UV in aqueous solution.
Chemosphere 2000;41(3):303 -9. Link

28. Torkaman M, Moradi R, Keyvani B. Photocatalytic
degradation azo dye Direct Red 23 using carbon nanotubes
particles by UV/H;0, process in batch photoreactor.
Revue Roumaine De Chimie 2016;61(10):763-72. Link
29. Sun JH, Sun SP, Wang GL, Qiao PL. Degradation of
azo dye Amido Black10B in aqueous solution by Fenton
oxidation process, Dyes Pigm 2007;74(3):647-52. Link
30. Tunc S, Gurkan T, Duman O. On-line
spectrophotometric method for the determination of
optimum operation parameters on the decolorization of
Acid Red 66 and Direct Blue 71 from aqueous solution by
Fenton process. Chem Eng J 2012;181-182(2): 431-42.
Link

Archives of Hygiene Sciences

31. Saien J, Soleymani AR. Degradation and
mineralization of Direct Blue 71 in a circulating upflow
reactor by UV/TiO; process and employing a new method
in Kinetic study. J Hazard Mater 2007;144(1-2):506-12.
Link

Volume 8, Number 1, Winter 2019

®
E © 2019 Publisher: Research Center for Environmental Pollutants, Qom University of Medical Sciences. All rights reserved. 8


https://www.sciencedirect.com/science/article/abs/pii/S0925838810029592
https://iopscience.iop.org/article/10.1088/2053-1591/aa97eb
Uniform%20manganese%20hexacyanoferrate%20hydrate%20nanocubes%20featuring%20superior%20performance%20for%20low-cost%20supercapacitors%20and%20nonenzymatic%20electrochemical%20sensors
https://link.springer.com/article/10.1007/s11051-012-1012-4
https://www.sciencedirect.com/science/article/pii/S0030402617317795
https://www.sciencedirect.com/science/article/abs/pii/S0143720803002572
https://www.sciencedirect.com/science/article/pii/S1226086X16303896
https://www.sciencedirect.com/science/article/pii/S0926337305003887
https://www.sciencedirect.com/science/article/abs/pii/S0143720807001283
https://www.sciencedirect.com/science/article/pii/S0045653599004877
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjq18mSw73hAhVJUlAKHaLcCdkQFjAAegQIBRAC&url=http%3A%2F%2Frevroum.lew.ro%2Fwp-content%2Fuploads%2F2016%2F10%2FArt%252005.pdf&usg=AOvVaw1D_q7ns_0ywfWzOiSS11EQ
https://www.sciencedirect.com/science/article/abs/pii/S014372080600132X
https://www.sciencedirect.com/science/article/pii/S1385894711015117
https://www.sciencedirect.com/science/article/pii/S0304389406012908



