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CHAPTER | INTRODUCTION

1.1 Rational

Advanced oxidation processes (AOPs) have been widely used for treating various
industrial wastewaters contaminated by organic compounds using hydroxy radical (OH")
and other reactive oxygen species (ROS). Fenton reaction is one of the most common
method for rapid degradation of organic contaminants.[1],[2] Layered double
hydroxides (LDH) are two-dimensional clay materials consisted of divalent and trivalent
cations located in edge-sharing octahedral structure and anion in the interlayer space.
LDH have applications in various fields including adsorbents, catalysis, photocatalysis,
photochemistry, electrochemistry, biomedical science, magnetization, polymerization
and environmental applications.[3] LDH have been considered as a catalyst on Fenton
process due to the highly dispersed metals, flexibility in composition, chemical
stability, unique structural and reusability of materials.[4] NiFe LDH was grained
attention owing to nontoxic nature, resource abundance and environmental-
friendliness for verification of catalytic degradation materials.[5] Metal sulfide has been
demonstrated to be excellent co-catalysts to enhance efficiency of H,0,
decomposition to generate reactive species. CuCo,S, has provided multiple redox
stage leading to benefit reaction process.[6] LDH containing heterostructure have
attracted attention because the composites can keep characteristic of each
component, enhance catalytic activity and increase the whole properties of the
composites.[7] In this work, CuCo,S¢/NiFe LDH composites were fabricated by
hydrothermal method. Degradation of methylene blue was performed through a

Fenton-like reaction.



1.2 Objectives
1. To synthesize and characterize CuCo,S4/NiFe LDH nanocomposites with various
wt% loading of CuCo,S4
2. To investigate the effect of H,0O, volume, catalyst dosage, methylene blue
concentration and pH on dye degradation of Fenton-like process.
3. To propose mechanism of CuCo,S4/NiFe LDH nanocomposites related to

Fenton-like reaction.

1.3 Expected beneficial outcome
CuCo,S¢/NiFe LDH nanocomposites will be successfully synthesized and can be
used as efficient catalyst for degradation of methylene blue through Fenton-like

reaction.



CHAPTER Il THEORY AND LITERATURE REVIEWS
2.1 Methylene blue
2.1.1 Properties
Methylene blue is an organic chloride salt with a formula CigH;gCIN3S.
Methylene blue has many synonyms such as methylthioninium chloride or Swiss blue.
Methylene blue is used as a potential dye in many applications such as textile,
pharmaceutical, paper, dyeing, printing, paint, medicine, and food industries. The

physical properties are shown in Table 1

Figure 1 The model and the structure of methylene blue [8]



Table 1 Physical properties of methylene blue dye [9]

Property

Value

Color Index (C.1.)

52030

Trade name

Methylene Blue

Scientific name

Basic Blue 9

Color

Dark green to blue crystals or powder

Maximum wavelength (\...) (nm)

665

Molecular diffusivity (D) (at 25°C)

4.7 x 10 (cm?/s)

Solubility in water

Soluble in water

Chemical formula

C1eH15N50S-3H,0

Molecular weight

373.5 (g/g mol)

Molecular volume

390.2 (cm? /g mol)

2.1.2 Toxicity

Methylene blue dyes from textile industries are important organic pollutant

which were released as wastewater to natural water sources leading to harmful effects

directly to human being and aquatic life. Due to the toxicity, carcinogenic substance

and non-biodegradable materials of the dyes, MB is considered as substantial toxicity.

For human health, MB causes nausea, diarrhea, vomiting, dizziness, headache, fever,

anemia, irritation of mouth, throat, esophagus and stomach, irritation of skin with

redness and itching, discoloration of urine, and bladder irritation as shown in Fig. 2.



Nausea,
diarrhea,

Discoloration ] vomiting
of urine, Dizziness,
bladder headache,
irritation ! fever

Harmful effects of
Methylene blue
dye

Irritation of
skin with
redness and o \
itching Irritation of °
' mouth,
throat,
esophagus
and stomach

Figure 2 Harmful effects of MB dye [10]

2.2 Advanced oxidation process

According to the harmful impacts of MB in wastewater from the textile
industries, wastewater treatment is considered as an important process for discharging
into the ecosystem. Advanced oxidation processes have been studied as a promising
method for organic pollutant removal from water. AOPs are oxidation chemical
processes generating reactive species such as hydroxy radical (sOH). The production of
hydroxy radicals can carry out the destruction of toxic pollutant (in Fig. 3) without

generating any additional harmful substances.

Radical species reacts
with toxic pollutants

Radical species reacts
with biodegradable
intermediates/ products

sGenerates reactive
radical species

*Biodegradable
intermediates/
products

eCarbon dioxide, water
andinorganiic salts

Figure 3 Schematic diagram explaining the processes involved in AOPS [11]



2.3 Fenton process
Fenton reaction is a reaction of iron ions and oxidizing agent to enhance
oxidative potential of oxidizing agent. The general mechanism can be presented

following equations [12]

Fe” + H,0, — Fe’ + «OH + OH’
“OH + H,0, —> HOp + H,0

Fe’* + «OH — Fe* + OH

Fe* + HOp» — Fe' + O, + H'
OH + «OH — H,0,

Organic matter + «OH — degradation products

2.4 Fenton like reaction
Fenton like reaction is replacing of Fe*" by other metal such as copper and

cobalt.
Cu® + H,0, — Cu®" + «OH + OH"

2.5 Layered double hydroxides

Layered double hydroxides (LDH) are synthetic clay with two-dimensional
materials structure consisting of metal cation octahedrally coordinated by hydroxide
ions connected each other in the layer stacked together with anion in the interlayer
space for charge balance. The general formular of LDHs is [M**, M*",(OH),I“"[A 1™
-mH,0, where M?" and M*" are metal cations, A is an intercalate anion (COs*, SO/,

NOs, F or Cl) as shown in Fig. 4.
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Figure 4 Schematic representation of the classical LDHs structure [13]

LDH have been considered as a Fenton catalyst due to their ion exchange
properties and high surface area. R.G.L. Goncaves et al. [4] reported MgFe-LDH and
MnMgFe-LDH can be used as an efficient Fenton like catalyst for MB removal for 5

reaction cycles.

8

Removal (%)
H
o

2

1°cycle 2°cycle 3°cycle 4°cycle 5°cycle

Figure 5 Methylene bule removal percentages obtained in the LDH through Fenton-

like reaction.



S. G. Aragaw et al. [14] interested in CuAl-LDH/ MgO, composite for
degradation of methyl orange through Fenton-like process. CuAl-LDH/ MgO,

composite with 50:50 ratio of LDH and MgO, showed 97% MO degradation.

(@ 12

0.9 |

0.6 |

c/c,

[ —8— CuAI-LDH
0.3 F—*—Mg0,

+CuAI-LDH/Mg02-35

—¥—CuAl-LDH/Mg0,-50
0.0

[—— CuALLDH/Mg0,-65
A 1 A L A L L 1 L

-20 0 20 40 60 80 100
Time (min)

Figure 6 Degradation of methyl orange on different catalysts

They proposed mechanism as shown in Fig. 7. When MO dye is adsorbed on
the surface of the catalyst H,O, was generated from MgO, in aqueous system. CuAl

LDH activated H,02 to reactive species. Once the MO dye reacted with reactive

species, Degradation products were formed.

H,0 +CO,
MgO
Dye
Dye
CuAl LDH
H,0 +CO,

Figure 7 The degradation of MO on CuAl-LDH/ MgO,-50



Q. Wang et al. [15] prepared NiFe LDH with difference method for MB removal
in Fenton-like processes. NiFe LDH both which was prepared using coprecipitation and
hydrothermal process showed high performance for degradation of MB. The Addition

of NaN; and Kl into the system showed the decrease of dye removal indicating

formation of active radicals.

1091 38 8 s & & & &
80 -
v
60 - T > AT
=
v ¥
40+ S o

#— without scavenger

204 & NiFe-LDH HT with NaN,

Degradation efficiency/%

—4&—NiFe-LDH CP with NaN3

v NiFe-LDH HT with KI
<« NiFe-LDH CP with KI

T T T

0 10 20 30 40 50 60 70

Time/min

Figure 8 Effect of various scavengers on NiFe LDH for MB degradation

According to previous literature reviews, LDH can be active catalyst for Fenton-

like reaction. For this reason, LDH will be promising catalytic Fenton-like processes.

2.6 Metal sulfide

Metal sulfide have attracted attention as excellent H,O, catalytic oxidation. Z.
Li et al. [16] investigated dye decolorization of methylene blue and rhodamine B on

CuS. The change in UV-vis spectra during the removal of MB and mixture of the mixed

solution (MB and Rh B) are shown in Fig. 9 and 10.
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Figure 9 UV-vis spectra on CuS during the degradation of MB
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Figure 10 UV-vis spectra on CuS during the degradation of the mixed solution of MB
and Rh B



11

Moreover, fabrication of metal sulfide with good conductivity materials
enhanced catalytic performance. M. Zhang et al. synthesized CuCo,S,/MWCNTSs for
catalytic MB degradation. The CuCo,S¢/MWCNTSs catalytic materials provide high

performance as shown in Fig. 11.

1.0

(a)

+CuCozS !
i CuCOZS/MWCNTs

—te— CuS
—p—CoS

0.8

0.6 |

C/C,

04}

0.2 F

0.0 A 1 A A A A 1 A 1 a 1 A 1 A 1 A
0 3 6 9 12 15 18 21 24 27 30

Time (min)

Figure 11 Degradation of MB on CuS, CoS, CuCo,S; and CuCo,S,/MWCNTs

Due to the efficient catalytic degradation of metal sulfide, It has been

considered to be co-catalysts to improve catalytic activity of Fenton-like processes.

According to benefit of LDH and metal sulfide, heterostructure of these two
materials are interesting to enhance catalytic performance for H202 decomposition.
This research aimed to preparation of nanocomposites of CuCo,S, and NiFe LDH for

catalytic degradation of MB dye.
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CHAPTER Il METHODOLOGY
3.1 Catalyst preparation

3.1.1 Materials

All chemicals are of analytical grade and used as received without further purification.

Table 2 Materials for CuCo,S, synthesis

Name Formular Company
Cobalt(ll) nitrate hexahydrate Co(NOs3), 6H,0 Merk
Copper(ll) nitrate trinydrate Cu(NOs), 3H,0 Merk
Thiourea CH4N,S TCl
Ethylenediamine C,yHgN, SRL

Table 3 Materials for NiFe LDH synthesis

Name Formular Company
Nickel(ll) nitrate hexahydrate Ni(NO3), 6H,0 Merk

Iron(lll) nitrate nonahydrate Fe(NOs); 9H,0 Merk

Uria CH4N,O Sigma-Aldrich

Table 4 Organic dye compound

Name Formular Company

Methylene Blue CigH18CINSS Sigma-Aldrich

Table 5 Materials for pH adjustment

Name Formular Company

Sodium chloride NaOH Ajax Finechem

Perchloric acid HClO, Loba Chemie
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3.1.2 Synthesis of CuCo,S,

CuCo,S4 was prepared by using simple hydrothermal method.[17] Firstly, a
mixture solution of 1 mmol of Cu(NOs), 3H,0 and 2 mmol of Co(NOs), 6H,0O was
dissolved in 40 mL of distilled water. The solution was stirred for 10 min. Then 4 mmol
of thiourea was added to the solution of metal precursors followed by vigorous stirring
for 15 min. 2 mL of ethylenediamine was added to the clear solution. The whole
brown solution was transferred to a 100 mL Teflon-lined autoclave. The autoclave was
sealed followed by heating at 200°C for 24 h. After hydrothermal treatment the vessel
was cooled down to room temperature naturally. The black-colored product was
collected by centrifugation and washing with distilled water and ethanol several times

before drying in an oven at 50 °C overnight.

3.1.3 Synthesis of CuCo,S,/NiFe LDH

In a typical preparation of CuCo,S, /NiFe LDH, an appropriate amount of
CuCo,S4 was added into 40 mL of distilled water with magnetic stirring for 10 min
followed by the addition of 0.9 mmol of Ni(NO3), 6H,0 and 0.3 mmol of Fe(NOs); 9H,0.
Then 0.12 mmol of urea was added to the black solution. After stirring for another 15
min, the whole solution was transferred to the 100 mL Teflon-lined autoclave. The
autoclave was sealed and kept at 120 °C for 24 h. The reaction mixture was allowed
to cool down to room temperature. The final solid product was washed with distilled
water and ethanol several times and dried in at 50°C overnight.[18] The CuCo,S4/NiFe
LDH composites at 1.8, 3.4, 5.2, and 9.9 wt% of CuCo,S4 loading were synthesized and
named as 18CuCo,Sy/NiFe LDH, 34CuCo,Sy/NiFe LDH 52CuCo,S./NiFe LDH and
99CuCo,S4/NiFe LDH, respectively.

3.2 Catalyst characterization

3.2.1 X-ray diffraction (XRD)

The crystallinity and phase identification were investigated using X-ray powder

diffractometer (XRD) on a Rigaku SmartLab 30kV with Cu KQl radiation, which was set

an accelerating voltage of 40 kV and applied current of 30 mA.
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3.2.2 Scanning electron microscope (SEM)
The morphology of the catalysts was observed using a scanning electron

microscope (SEM) on JEOL JSM-IT100 at 20kV.

3.2.3 Inductively coupled plasma optical emission spectroscopy (ICP-OES)
Metal content and Metal leaching are determined by ICP-OES, Thermo
Sciencetific, iCAP 6500.

3.3 The reaction study in catalytic degradation of methylene blue

3.3.1 Catalytic degradation of methylene blue procedure

10 mg of the catalyst was added into a bottle containing of 50 mL 10 ppm
methylene blue. The reaction was stirred in the dark for 1 h to reach adsorption-
desorption equilibrium. 200 pL of H,O,was added to the solutions to start the reaction.
UV visible spectrophotometer (Agilent HP 8453) was performed to monitor methylene
blue degradation. The blue dye solution absorbed at 664 nm. The spectra were

recorded in the range 400-800 nm.
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CHAPTER IV RESULTS AND DISCUSSION
4.1 X-ray diffraction (XRD)

The XRD patterns of CuCo,S4in Fig.12 showed peaks at 16.13°, 26.59°, 31.27°,
37.97°,46.99°, 49.99° and 54.73° indicating (111) (022), (113), (004), (224), (115) and (044)
planes, respectively, which agrees with the CuCo,S, standard pattern (JCPDS card
no.42-1450). The diffraction pattern of NiFe LDH showed peaks at 11.35°, 22.74° and
35.42° corresponding to (003), (006) and (009) planes, respectively, which are
characteristic of an LDH phase. The CuCo,S¢/NiFe LDH showed no impurity peaks

confirming successful synthesis of the composites.

(113)

(042)
(022) (0?4) (115) ) Cu C 02 84

lll \ A g - } \.‘_ ok T
wy quw v Nomyre! v
99CuCo,S,/NiFe LDH
WWWWWMMWMMMMWWWM

1w 52CuCo,S,/NiFe LDH
34CuCo,S,/NiFe LDH

i W . lscucos, /NiFe LDH

(012)

Intensity (a.u.)

(018) (110) (113)  NiFe LDH

T T T T T T T T T T T T T T T

0 10 20 30 40 50 60 70 80
2Theta (degree)

Figure 12 XRD patterns of CuCO,S,, NiFe LDH and CuCo,S4/NiFe LDH composites
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4.2 Scanning electron microscope (SEM)

The SEM images of the as-prepared CuCo,S4, NiFe LDH and 18CuCo,S4/NiFe
LDH composites are shown in Fig. 13 a)-f). CuCo,S4 presented rough surface with the
sizes of 350-450 nm, whereas NiFe LDH showed more smooth surface with average
sizes in range of 2200-3500 nm. After loading of CuCo,S, to NiFe LDH, the surface of
composites became rougher indicating deposition of CuCo,S, on the surface of NiFe

LDH.
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Sample 0000 Jan 18, 2022
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Figure 13 SEM images of a) NiFe LDH, b) CuCo,S,, c) 18CuCo,S4/NiFe LDH,
d) 34CuCo,S4/NiFe LDH, e) 52CuCo,S,/NiFe LDH and f) 99CuCo,S,/NiFe LDH

4.3 Energy dispersive X-ray spectroscopy (EDS)

EDS elemental mapping images showed the clear dispersion and uniformly
distribution of Ni, Fe, O and C for NiFe LDH and CuCo,S4/NiFe LDH composites. The
presence of Cu, Co and S was confirmed in CuCo,S, and CuCo,S4/NiFe LDH composites.
Due to the less loading of CuCo,S,4 in 18CuCo,S4/NiFe LDH, no Cu and Co presented in

EDS result. In addition, the elemental percentages were shown in Table 6-11.



Figure 14 EDS elemental mapping images of NiFe LDH

Table 6 Elemental percentages of NifFe LDH

Formula | mass% | Atom9% | Sigma Net K ratio Line
C 8.58 17.6 0.06 2199 | 0.000703 | K
@) 5 7.71 0.05 10017 | 0.010869 | K

Si 83.93 73.63 0.12 | 1554558 | 0.60598 | K
Fe 0.93 0.41 0.03 4423 1 0.006146 | K

Ni 1.56 0.66 0.04 5449 1 0.010648 | K
Total 100 100
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Figure 15 EDS elemental mapping images of CuCo,S,

Table 7 Elemental percentages of CuCo,S4

Formula | mass% | Atom% | Sigma Net K ratio Line
C 9.19 19.57 0.07 2169 | 0.000693 | K

Si 83.7 76.21 0.13 | 1502340 | 0.585549 | K

S 3.22 2.57 0.03 26182 | 0.012314 | K
Co 2.65 1.15 0.04 10254 | 0.016797 | K
Cu 1.24 0.5 0.05 3454 | 0.007841 | K
Total 100 100
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Figsure 16 EDS elemental mapping images of 18CuCo,S,/NiFe LDH
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Table 8 Elemental percentages of 18CuCo,S4/NiFe LDH

Formula | mass% | Atom% | Sigma Net K ratio Line
C 9.48 19.62 0.04 4408 | 0.001397 | K

O 17.89 27.79 0.07 | 47427 | 0.051048 | K

Si 46.16 40.85 0.11 | 627704 | 0.24273 | K

S 0.87 0.67 0.02 8393 | 0.003917 | K
Fe 10.42 a.64 0.06 | 49901 | 0.068789 | K
Ni 15.18 6.43 0.09 | 52635 |0.102038 | K
Total 100 100
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Figure 17 EDS elemental mapping images of 34CuCo,S,/NiFe LDH
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Table 9 Elemental percentages of 34CuCo,S,/NiFe LDH

Formula | mass% | Atom% | Sigma Net K ratio Line
C 7.55 17.47 0.04 4510 | 0.001427 | K

O 18.62 32.36 0.06 | 56682 | 0.060908 | K

Si 23 22.76 0.08 | 268323 | 0.103585 | K

S 8.55 7.41 0.04 | 92383 | 0.043038 | K
Fe 6.19 3.08 0.05| 30404 | 0.041842 | K
Co 10.17 4.8 0.07 | 41247 | 0.066921 | K

Ni 21.7 10.27 0.11 | 76442 |0.147944 | K
Cu 4.21 1.84 0.07 | 12091 | 0.027186 | K
Total 100 100
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Figure 18 EDS elemental images of 52CuCo,S,/NiFe LDH
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Table 10 Elemental percentages of 52CuCo,S4/NiFe LDH

Formula | mass% | Atom% | Sigma Net K ratio Line
C 6.96 14.78 0.04 3544 1 0.001124 | K

O 20.31 32.35 0.07 | 62551 |0.067389 | K

Si 42.01 38.12 0.1 | 609645 | 0.235959 | K

S 3.46 2.75 0.03 | 37282{0.017413 | K
Fe 10.65 4.86 0.06 | 55660 | 0.076796 | K
Co 3.84 1.66 0.05| 16708 | 0.027178 | K

Ni 11.01 4.78 0.07 | 41641 |0.080799 | K
Cu 1.74 0.7 0.05 5340 | 0.012038 | K
Total 100 100
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Figure 19 EDS elemental images of 99CuCo,S,/NiFe LDH
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Table 11 Elemental percentages of 99CuCo,Ss/NiFe LDH

Formula | mass% | Atom% | Sigma Net K ratio Line
C 5.06 13.48 0.03 3016 | 0.000951 | K

O 18.31 36.63 0.07 | 51067 | 0.054706 | K

Si 2.29 261 0.04 | 18684 | 0.007191 | K

S 15.26 15.23 0.05 | 143345 | 0.066574 | K
Fe 10.5 6.02 0.07 | 41070 | 0.056346 | K
Co 24.55 13.33 0.11 | 78896 | 0.127611 | K
Ni 14.65 7.98 0.11 | 40834 | 0.078786 | K
Cu 9.37 a.72 0.11 | 21171{0.047455 | K
Total 100 100

4.3 Inductively coupled plasma optical emission spectroscopy (ICP-OES)

The molar ratios of Ni to Fe and Cu to Co in materials were investigated by
ICP-OES and EDS elemental mapping in Table 12-13. The result in Table 8 showed
the maintenance of the molar ratios of Cu to Co in catalyst indicating preparation of

composite using hydrothermal method have not be effected to CuCo,S,

Table 12 The molar ratios of Ni:Fe of initials and final value

The molar ratio of Ni:Fe

Sample name Initial value Final value (ICP)
NiFe LDH 3:1 1.25:1
18CuCo,5S4/NiFe LDH 3:1 1.58:1
34CuCo,Sy/NiFe LDH 3:1 2.55: 1
52CuCo,S4/NiFe LDH 3:1 091:1
99CuCo,S4/NiFe LDH 3:1 0.88:1




Table 13 The molar ratios of Cu:Co of initials value and final value

The molar ratio of Cu:Co

Sample name Initial value Final value (ICP)
CuCo,S, 1:2 1:1.77
18CuCo,S4/NiFe LDH 1:2 1:2.00
34CuCo,S4/NiFe LDH 1:2 1:1.89
52CuCo,S4/NiFe LDH 1:2 1:1.98
99CuCo,Sy/NiFe LDH 1:2 1:191

4.4 Catalytic performance
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Degradation of methylene blue was evaluated as shown in Fig. 20. Methylene

blue self-degradation was almost negligible which can be seen from the blank

experiment. Pure NiFe LDH showed a slow dye degradation to 19.4%. Loading of

CuCo,S4 displayed superior degradation percentage to pure NiFe LDH. 18CuCo,S4/NiFe

LDH was found to be the highest catalytic performance with 97.9% of methylene blue

degradation. Over loading of CuCo,S4 contributed to reduce of catalytic activity.

However, activity of all of composites was higher than pure CuCo,S4 based on the

same Cu content.
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4.4.1 Effect of H,O,
To identify the optimal reaction conditions for the methylene blue degradation,

18CuCo254/NiFe LDH was used as a catalyst.

Effect of H,O, volume on dye degradation was investigated. Fig. 21 showed that
addition of 100 uL of H,O, provided 65% dye degradation, while the addition in the
rage of 200-600 pL of H,O, reached almost 98% in dh. Excess of H,O, may cause

decomposition of CuCo,S,4. Therefore, 200 pyL of H,O, was set as an optimized

condition.
1.0
0.8
L\)O 0.6 1
©)
0.4
e 100 uL
0.2
200 uL
600 uL
0.0 . . I : , 400 uL
0 60 120 180 240
Time (min)

Figure 21 Effect of H,O, volume on dye degradation
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4.4.2 Effect of catalyst dosage

Effect of catalyst dosage in Fig. 22 showed that 5 mg of catalyst performed 85%
of dye degradation. 10 mg of catalyst caused higher dye removal efficiency due to the
increasing of active site of catalyst. When the catalyst dosage was increased higher

than 10 mg, no significantly changes occurred according to saturation of catalyst

dosage.
1.0 H
0.8 1
Qo 0.6 1
@)
0.4 4
5 mg
0.2 1 10 mg
15 mg
20 mg

0.0

T T T T T
0 60 120 180 240

Time (min)

Figure 22 Effect of catalyst dosage on dye degradation
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4.4.3 Effect of dye concentration
Effect of dye concentration in Fig. 23 indicated that methylene blue

degradation decreased with the increase of the dye from 5-20 ppm

1.0
0.8 1
QO 0.6 1
@)
0.4 1
0.2 1 20 ppm
15 ppm
10 ppm
0.0 . T y T g T " T 5 ppm
0 60 120 180 240

Time (min)

Figure 23 Effect of methylene blue concentration on dye degradation
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4.4.4 Effect of pH

Effect of pH is considered as the main parameter in catalytic process. Fig. 24
clearly showed the highest performance at pH 3, which means that catalyst performed
mainly through the active sites. Under acidic condition, concentration of H* ion in the
reaction system increased leading to enhancing of reaction between active site on the
surface of CuCo,S; and H' to produce active species for degradation resulting in low
concentration of methylene blue'*2. However, at acidic system provided solubility of
metal ions during the reaction time of 4 h as shown in Table 14. pH 3 may not the
best condition due to the highest metal leaching, which could affect to the

environment. Therefore, neutral pH could be used as the optimal condition.

pH 5
pH 9
pH 7
' : S : pH 3
0 60 120 180 240
Time (min)

Figure 24 Effect of pH on dye degradation



Table 14 Metal leaching in the reaction mixture at different pH after Fenton
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reaction
pH Cu Co Ni Fe
(ppm) (ppm) (ppm) (ppm)
3 12.22 8.38 117.30 nd
5 0.73 3.62 21.40 nd
7 0.46 3.74 22.81 nd
9 0.48 3.46 19.26 nd

nd= not detected
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4.5 Catalytic mechanism

In order to propose the catalytic mechanism, the different scavengers were
added to the system to capture reactive species such as IPA, DMSO, and p-BQ for
scavenging «OH, e” and «O,", respectively. Addition of 5 mmol of IPA, DMSO, and p-BQ
as shown in Fig 25, showed the decrease of methylene blue degradation from 98 to
16, 11 and 94, respectively. As a result, <OH, e and +O, were formed in the Fenton

solution reaction.

Blank
1.0
DMSO
0.8 4 IPA
QO 0.6 —
©)
0.4 1
0.2 1
p-BQ
No scavenger
0.0 . . . . . .
0 60 120 180 240

Time (min)

Figure 25 Effect of various scavengers on dye degradation
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On the basis of effect of pH and different trapping agents, the mechanism

related to Fenton reaction were demonstrated following equations [19]

=Cu" + HO0, +H"  —»  =Cu® +«OH + H,0 (1)
=Cu® + H,0, >  =Cu' +«00H + H* (2)
=Co®™ + HO,+ HY — % =Co® + «OH + H,0 (3)
=Co* + H,0, > =(Co™ + +O0H + H* (4)
=Cut + =Co* -  =Cu*+ ECo* (5)
HOO- T O+ H ©)
«OH + MB —®  degradation product (7
‘O, + MB —®  degradation product (8)

=Cu*was oxidized by H,0, to produce =Cu®* and H,0, was activate to «OH as
equation (1). =Cu** activated H,0, to «OOH and =Cu* was formed by reduction
reaction of =Cu®* as equation (2). =Co”" was reacted similarly to =Cu* as equation (3)
and (4). In acidic condition, H" in the system enhanced production of «OH and «OOH
as equation (1), (3) and (6). *OH and +O, oxidized MB to degradation product as
equation (7) and (8).
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Moreover, electron from CuCo,54 can move to NiFe LDH due to the excellent
electron conductivity of NiFe LDH, which promotes the redox rate of the Fenton-like
reaction cycle leading to the increase in the degradation of the dye. The scheme with

mechanism as shown in Fig. 26.

Figsure 26 Scheme illustrating the mechanism of the enhance catalytic process of

CuCo,S, /NiFel DH
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CHAPTER V CONCLUSION

5.1 Conclusion

CuCo,Sy/NiFe LDH composites with varied content of CuCo,S4 from 1.8 wt% to
9.9 wt% over NiFe LDH were successfully synthesized using hydrothermal process. XRD
suggested co-existence of CuCo,Ss and NiFe LDH for the composite catalysts. SEM
images showed uniformly distribution of elementals. 18CuCo,S4/NiFe LDH was found
to be the best catalyst for methylene blue degradation through Fenton reaction. The
highest efficiency of 98% was achieved at pH value of 7 with low metal leaching during
240 min of reaction time. The mechanisms were studied by addition of various
scavengers to trap active radicals. *OH, electron and O, were found in the solution

system confirming decomposition of H,O, through Fenton-like processes.

5.2 Recommendations for future work

1. Various of dyes should be studied.

2. Determination of catalytic active site should be reported.
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