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& Phenolic Pollutants

1. Petrochemical ~ chemical and pharmaceutical
industries.

2. Non-biodegradation.

3. Chemical carcinogenesis * gene mutation and
bioaccumulation.

4. It has been listed as the priority pollutant in the
list of USEPA.
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Degradation of Phenolic Pollutants

Method Catalyst  Oxidizing agent Advantage Disadvantage
Photocatalytic
iy TiO air T t, [m], E
degradation 2 > [ml;
Catalytic wet air .
S Mo, air [m] t, T,P, E
oxidation
Ultrasonic
. - air, O, or H,O T, P. t, [m], E
degradation >3 e > > [ml;
Fenton oxidation Fe** I1,0, T,P,E [m], Fe?*
Electrochemical )
e - free radical T, P, [m], E
oxidation
T: temperature P: pressure E: energy
t: time [m]: concentration 3
Pollutant Method Catalyst Activity Author
phenol Catalytic oxidation CoO/FeO 8 min, 85 %, 200 ppm Christoskova et.al.
phenol Catalytic oxidation NiO, 30 min, 10093, 200 ppm Christoskova et.al.
phenol Photocatalytic oxidation Tio, 6 h, 88 %, 50 ppm Tryba et.al.
Phenol Ultrasonic oxidation 0, 120 min, 97 %, 115 ppm Mahamuni et.al.
phenol ‘Wet air oxidation Fe/AC 0.5 h, 95 %, 1000 ppm Quintanilla et.al.

2-chlorophenol
2-chlorophenol
2-chlorophenol

3-chlorophenol
3-chlorophenol
4-chlorophenol
4-chlorophenol
4-chlorophenol

4-chlorophenol

4-chlorophenol
4-nitrophenol

4-nitrophenol

4-nitrophenol

Photo-Fenton degradation

Ozonation

Photocatalytic oxidation

Ultrasonic oxidation
UV-assisted degradation
Photocatalytic oxidation

Microwave-enhanced AOP

Catalytic oxidation

Photochemical electron-transfer

processes
Photocatalytic oxidation

Photocatalytic oxidation

Microwave-assisted photocatalytic

degradation

Electro-Fenton degradation

[ Fe?* ] 70 ppm
(H,0, ] 700 ppm

[0;] 12.3 ppm

Co-TiO,

air
TiO,/AC
Pt/TiO,
AOP
NiO,
TiO,/CdS
TiO,
Tio,

TiO,

Felt

11

15 min, 96.4 %, 124 ppm

60 min, 100 %, 97 ppm

180 min, 100 %, 12.5 ppm

9 h,90 %, 10 ppm

2 h, 100 %, 40 ppm
60 min, 100 %, 1 ppm
60 min, 100 %, 30 ppm

20 min, 100%, 200 ppm

4 h,90 %, 26 ppm

90 min, 100 %, 64 ppm

150 min, 50 %, 14 ppm

120 mnin, 100 %, 30 ppm

120 min, 100 %, 28 ppm

Moya et. al.

Sung et. al.

Barakat et. al.

Serpone et. al.
El-Sheikh et. al.
Hiigiil et.al.
Horikoshi et. al.

Christoskova et.al.

Horikoshi et. al.

Moonsiri et. al.

San et. al.

Ai et. al.

Yuan et. al.



& Motivation and Purpose of Research

Motivation

Abatement of phenolic compounds

Purpose

MECD ( Microwave-Enhanced Catalysis Degradation )
method is being substituted for the conventional
methods.

Low temperature to degrade the phenolic compounds.

Large scale development of a MECD by optimal
experimental design.

iMicrowave-assisted Preparation of NiO,

Ni(NO,), * 6H,0

3.2 M NaOH
100 W, 10 min
Ni(OH), Ni(OH),
\12 % NaOCl 12 % NaOCl
NiO, (PO) NiO,

(PMO) \aw\,

100 W, 10 min
NiO

X

(POM)
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XRD Characterization

Temperature (°C)

13

PMO
. POM
.gw
wn
=]
£
=
Mw;’&_
NiOOH (Aldrich)
[ [ 1 [ [ 1 [ 1 [ 1
10 20 30 40 50 60 70 80
20
TPR Characterization
3.1*10" mole HK"
I o NN,
157 277
= |pmo 1.58
= _
= 176 351
§ POM 1.38
wn
§ 145 290
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Intensity

XRD Characterization

200 JCPDS 47-1049
(200) ) NiO
(111) i
2200 |58 ‘
C500 16.6 nm JL T s "
¥ mf hk
7243 B 111
43276 100 200
14.4 nm 62873 3/ 2210
C300 _ﬂd//\\_d/\\h_SQIun AN
POM
10 20 30 40 50 60 70
20
TPR Characterization
C500
= 334
= 370
=B
z
= 1.13
= 306 o0
=]
= |cz00 j//f“,/ﬁf\\\\\\_h_k 1.10
178 351
POM 1.38
[ | [ | [ | [ | [ |
100 200 300 400 500 600

Temperature (°C)

14



Microwave-Enhanced Catalysis Degradation (MECD) System

200 ppm phenolic, 60ml

Bubbling air 30 min

Added 0.12 g NiO, catalyst

Microwave irradiation

Filter

HPLC and UV analysis

MECD

Phenol (200
enol (200 ppm) — 0 o ofNIO.

v

1.0

<
&

e PO > C300 > C400 > C500

04} (o) PO
() C300
ool (o) C400
' (&) C500
0.0 A 4
0 10 20 30 40

Time (min)
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Table 1 Catalyst characterization and rate constants of the phenol degradation over nickel oxides at 40°C

XRD SBET TPR Degradation of phenol
Catalyst
Structure d (nm) m?/g T. .0 N,/ N~i o, (%0) k (min1)
PO  Hexagonal 1.8 201 145,290 1.20 100 0.646
C300 cubic 3.5 104 280 0.94 26.3 0.007
C400 cubic 7.7 52 290 0.95 18.9 0.006
C500 cubic 15.0 27 295 0.99 6.7 0.003
* Degree of phenol conversion is determined at 20 minute.
MECD
2-CP (200 ppm) ;
pH =4, 40 'C, variation of NiO_
1.0

PMO > C300 > C400>C500 —°—PMO

cic,

0.2}

0.0 Clm C
0 5 10 15 20 25 30

Time (min)
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Table 2 Catalyst characterization and rate constants of the 2-chlorophenol degradation over nickel oxides at 40°C

XRD SgeT TPR Degradation of 2-CP
Catalyst
Structure d (nm) m?*/g T, . (O Nz, / Nxi 0,5y~ (%) k (min™)
PMO Hexagonal 2.1 156 157,277 1.58 100 0.385
C300 cubic 4.1 135 301 1.09 59 0.020
C400 cubic 9.4 117 385 1.11 54 0.015
C500 cubic 12.0 59 391 1.11 51 0.014

* Degree of 2-chlorophenol conversion is determined at 20 minute.

MECD _
pH = 4, 40 °C, variation of NiO____

3-CP (200 ppm)

UC
o POM > C300 ~ C400 > C500 &— POM
0.6 —O— (300
—8— (C400
— = C500
04 H
02k
0.0 - — A F |
0 5 10 15 20 25 30

Time (min)
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Table 3 Catalyst characterization and rate constants of the 3-chlorophenol degradation over nickel oxides at 40°C

XRD SBEI' TPR Degradation of 3-CP
Catalyst
Structure d (nm) m?/g T, (O Nz, / Nxi a5~ (%) k (min!)
POM Hexagonal 2.2 211 176, 351 1.38 100 0.273
C300 cubic 5.2 139 306, 356 1.10 12 0.006
C400 cubic 14.4 89 334, 370 1.13 5 0.003
C500 cubic 16.6 33 334, 378 1.13 0 0

* Degree of 3-chlorophenol conversion is determined at 15 minute.

MECD
4-CP (200 -
(200 ppm) pH = 4, 40 'C, variation of NiO_
1.0
b9 .‘ RS KRy SRR doathl i SR
0.8
o
@)
. (m) POM
POM > C300 > C400 > C500 (.) €300
(a) C400
! (v) C500
02 b
0.0 = ” '
0 5 10 15 20 25 30

Time (min)
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Table 4 Catalyst characterization and rate constants of the 4-chlorophenol degradation over nickel oxides at 40°C

Catal XRD SBET TPR Degradation of 4-CP
atalyst
Structure d (nm) m?/g T, (0O Naz, / Nxi a5 (%) k (min1)
POM Hexagonal 2.2 211 176, 351 1.38 100 0.146
C300 cubic 5.2 139 306, 356 1.10 16 0.003
C400 cubic 14.4 89 334,370 1.13 13 0.002
C500 cubic 16.6 33 334, 378 1.13 11 0.002
* Degree of 4-chlorophenol conversion is determined at 5 minute.
4-CP (200 ppm) MECD/POM catalyst
| 40 °C, variation of pH
1.0
(a)pH=4
pH4~pH7 > pH10 (o) pH=7
] (m) pH=10
S
)
i = =
]
0.2 i
“v
oA "
o4
0.0 R RO T A £ i
0 ] 10 15 20 25 30

Time (min)
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Phenol (200 ppm)

MECD

Cc/C,

1.0 |

0.8

0.6

pH = 4, 40 C, variation of NiO

—=—PO

PO > PMO > POM  ——PMO
POM

— —— S— F S

S 10 15 20 25

Time (min)

30

MECD
:-‘ 2-CP (200 :
(200 ppm) pH = 4, 40 C, variation of NiO_

CIC,

1.0

0.8 |-

0.6 |

0.4

0.2
|

0.0

—=— PO
PMO > PO > POM ——pPMmO

POM
5 10 15 20 25

Time (min)
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30



MECD
3-CP (200 ¢ :
i (200 ppm) pH = 4, 40 ‘C, variation of NiO_

1.0 ¢
—=— PO
i POM > PMO > PO ——rwmo
' POM
o
o
0.0 ' - a
0 5 10 15 20 25 30

Time (min)

4-CP (200 ppm) MECD —
pH =4, 40 C, variation of NiO_

1.0
—=—PO
. POM > PMO > PO pyo
i ' POM
®

) 5 10 15 20 25 30

Time (min)
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CP (200 ppm) ALLLS
pH=4,40 C, variation of NiO_

2CP > 3CP > 4CP

The higher the pK, of the chlorophenols,
the stronger the surface bond.

2CP  3CP 4Cp
pPK, 8.48 9.12 9.38

MECD
4-NP (200 py 3
i (200 ppm) [H*] = 1 M, 40 °C, variation of NiO,

1.0

—— PO
0.8 —— POM
—/— PO

cIC,

0.6
04

0.2 ML\A\L&

0.0

15 20 25 30

Time(min)
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Optimized MECD Conditions

Phenol 2CP 3CP 4CP 4NP
PO 0.646" 0.115 0.044 0.010 0.185
(pPH7,40°C) (pH4,40°C) (pH4,40°C) (pH4,70°C) (pHO, 40 C)
PNIO 0.301 0.385 0.034 0.135 0.371
(pH7,40°C) (pH4,40°C) (pH4,40°C) (pH4,70°C) (pHO,40 C)
POM 0.043 0.133 0.273 0.637 0.185
(pPH7,40°C) (pH4,40°C) (pH4,40°C) (pH4,70°C) (pHO0,40C)
* : Rate constant (min!)
Pollutant Method Catalyst Activity Author
_g_unj_ C?;]g;i;on NiO, 30 min, 100%, 200 ppm  Christoskova et.al.
=
pheno] MECD NiO_(PO) 8 min, 100 %, 200 ppm Lai et.al.
2-CP Ph';?g'f:(’;;'t’i"‘m [[HFE; g TP 15 min, 96.4 %, 124 ppm Moya et. al.
2-CP MECD NiO_(PMO) 10 min, 100 %, 200 ppm Lai et.al.
3-CP UVeassisted TiO,/AC 2 h, 100 %, 40 ppm El-Sheikh et. al.
degradation
- MECD NiO_(POM 10 min, 100 %, 200 ppm Lai et.al.
3-CP (POM) PP
Microwave-
4-CP enhanced AOP 60 min, 100 %, 30 ppm Horikoshi et. al.
AOP
4-CP MECD NiO_(POM) 5 min, 100 %, 200 ppm Lai et.al.
4-NP Elec;sgiggi?:n FeX* 120 min, 100 %, 28 ppm Yuan et. al.
- MECD NiO_(PMO 15 min, 100 %, 200 ppm Lai et.al.
4-NP (PMO) PP
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