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Abstract— The dechlorination sequence of polychlorinated phenolic compounds and phenol (4-CP, 2.4-DCP, 2.4.6-TCP, 
PCP and Phenol) in aqueous mixed reactor systems was investigated under photocatalytic conditions. It was found that in 
simultaneous compound degradation experiments the higher chloride substituted phenol complex compounds were 
dechlorinated with better efficiency than the lower polychlorinated phenolics, with the least reduction efficiency recorded for 
phenol. An accumulation of lower-level substituted compounds at the expense of higher-level substituted compounds with the 
exception of PCP was recorded at progressive intervals. Singular batch chlorophenol time course representations depicted 
near total oxidation of each compound in the order CP; DCP; TCP; PCP; Phenol, while the simultaneous batch chlorophenol 
oxidation sequence was PCP; TCP; DCP; CP; Phenol. 
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I. INTRODUCTION 
 
Advanced oxidation process (AOP) have found 
widespread applications in the water and wastewater 
treatment disciplines [1-2], as a result of their ability 
to treat environmentally persistence pollutants. 
Photocatalysis is one of the champion technologies at 
degradation of organic compounds that has been 
demonstrated to completely mineralise aromatic 
chemical groups [3]. The oxidation mechanism is not 
completely understood on-route to complex structured 
chemicals mineralisation, harmful intermediate may 
be produced in the oxidation process that may be 
persistent and challenging to remove. 
Chloro-substituted phenols were the pollutants of 
interest in this study, and are reported to be 
carcinogenic and mutagenic to human and animals 
when present in water in excessive concentrations [4]. 
The treatment process is expected to undergo 
progressive step-wise dechlorination. Dehalogenation 
of ions is one of the highly important degradation 
reactions for halogenated organic compounds and 
model studies are vital component in the 
understanding process kinetics [5]. Using 
semiconductor heterogeneous oxidation studies, it has 
been found that reductive dehalogenation is a useful 
strategy for destroying toxic halogenated organic 
compounds, this is because of the highly reactive 
conductive band hydrated electrons that can degrade 
and detoxify a wide variety of contaminants including 
phenols [6]. This results in high  
 
oxidation-potential sources that react rapidly, and 
unselectively, with most organic compounds [7] 
 
This study investigates the photocatalytic 
dehalogenation sequence of multi-chlorinated phenols 
and phenol in aqueous batch systems. Singular 

compound batch determinations are performed to 
elucidate reaction efficiency time course of each 
compound versus chlorophenols simultaneously 
degraded in batches. The oxidation sequence will be 
discussed in light of similar studies performed. 
 
II. EXPERIMENTAL 
 
Materials 
4-chlorophenol (4-CP) 99% purity, 
2.4-dichlorophenol (2.4-DCP) 99%, 
2.4.6-trichlorophenol (2.4.6-TCP) 98%, 
pentachlorophenol (PCP) 97%, and anatase 99.7% 
titanium dioxide (TiO2) were purchased from 
Sigma-Aldrich Logistik GmbH (Schnelldorf, 
Germany). Phenol and GC grade methanol were 
purchased from Merk (South Africa). Ultra-pure (UP) 
water was dispensed by the Millipore Direct Q3 with 
pump instrument. Reference standard were purchased 
from PerkinElmer (South Africa division). 
Contributions to the congress are welcome from 
throughout the world. 
 
Photocatalytic reactors installation and setup 
 
The setup was installed in a temperature regulated 
walk-in reactor room that is wall-connected to a 
cold-room of 4 ◦C set temperature, the wall connection 
has port-openings that allow transfer of cooled air. 
The photocatalytic process was conducted in the setup 
presented in Fig.1. The reactor vessel had a 1 L 
capacity up to the solution level, it rested on a 
magnetic stirrer with an rpm setting of 200. 15 cm on 
either side of the vessel were quarts sleeved long-arc 
UV lamps (Phillips HOK 4/120 SE, 400 Watts). A 
fizzling oxygen tube attached to a flow regular, sensor 
probe (HQd MTC 101), and glass sampling tube 
attached to precision pump tubing (Masterflex) on top 
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end were immersed into the vessel. The setup was 
installed in a temperature regulated walk-in reactor 
room that is wall-connected to a cold-room of 4 ◦C set 
temperature, the wall connection has small 
port-openings that allow transfer of cooled air. The 
reactor  
 

 
Fig.1. Schematic of the laboratory photocatalytic reactor setup 

 
room has a driven air-vacuum that constantly drives 
the cooling system. 
 
Analysis 
Polychlorinated phenolics and derivative products 
were analysed using a gas chromatography (GC) 
system comprising of a clarus 600 GC, clarus 600T 
mass spectrometer (MS), attached to a turbomatrix 40 
trap headspace sampler (PerkinElmer, South Africa 
division). The chemical separation component was the 
Elite 5MS GC system capillary column (30 m, 250 
µm) from PerkinElmer. Helium (He) carrier gas of 
99.999% purity and applied at a flow rate of 1 
mL/min. MS interface comprised of an Electron 
Ioniser (EI) and a high performance mass analyser. 
 
III. RESULTS AND DISCUSSION 
Each chloro-substituted phenol compound 
photocatalysed individually recorded efficiency of 
concentration versus time-based profiles related to the 
number of substituted halogens. Increases in 
complexity of the molecular structure are paralleled 
with decreases in oxidation efficiency. Figs.2a to 2d 
shows the graphical representations of the four 
chlorophenols and Fig.2e shows the phenol 
photocatalytic behaviour in aqueous matrices. Kinetic 
reaction orders were determined and the plotted 
logarithm of concentration versus reaction time 
yielded linear fittings for PCP, DCP and 4-CP while 
the inverse of concentration versus reaction the 
achieved improved linearity for TCP and phenol. The 
oxidation rate constants for each analyte are provided 
in the minor graphical inserts in each figure. The 
kinetic rate constants calculated from the data plots 
correlate to the oxidation profile time course, where 

excluding phenol, the values descend with increased 
chlorohalogenated substitution. 
Studies including those by Song-hu and Xiao-hua [8], 
Bandara et al. [9] and Benitez et al. [10] present an 
unclear picture of the degradation sequence of the on 
chloro-subtituted phenolics when simultaneously 
degraded using AOPs. This study’s hypothesised 
mechanism is that the degradation processes of 
individual compounds are coupled with the 
conversion and formation of derivative species. A 
higher-level substituted chlorophenol is expected to 
undergo oxidation resulting in the decrease in its 
concentration and a subsequent formation of a lower 
level substituted compound in combination with other 
unrelated derivative species. This is in contrast to 
findings in studies where the photocatalytic process 
resulted in higher chloride halogenated phenols 
recording slower rates of degradation and contrary to 
expectation where simpler organic compound 
complexes are typically broken down faster and easier 
than the higher complexes of organic groups.  
Experimental batch reactor investigations were 
conducted to determine the photocatalytic 
dehalogenation sequence of the four chloride 
substituted phenolics and phenol in aqueous systems. 
Fig.3 shows the acquired oxidation profiles of all 
analytes with initial chemical concentrations of 5 mg 
L-1. It is evident from Fig.3 that PCP has the highest 
degradation efficiency, recording near 100 percent 
reduction in 180 minutes of irradiation. TCP follows 
in sequence, achieving over 60 percent reduction in 
210 minutes of radiation exposure, while DCP and 
4-CP managed reduction percentages of 50 and 54 
respectively in the same period. Phenol expectedly 
was oxidised the poorest in comparison to the 
chlorinated phenolics, recording only 10 percent 
reduction. 

 
Figs.2a. Fitted kinetic rate constants of PCP photocatalytic 

oxidation 
 

 
Figs.2b. Fitted kinetic rate constants of TCP photocatalytic 

oxidation 
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Figs.2c. Fitted kinetic rate constants of DCP photocatalytic 

oxidation 
 

 
Figs.2d. Fitted kinetic rate constants of 4-CP photocatalytic 

oxidation 
 

 
Figs.2e. Fitted kinetic rate constants of phenol photocatalytic 

oxidation 
 

 
Fig.3. Photocatalytic degradation profiles of polychlorinated 

phenolics, Co 5 mg L-1 
 

 
Fig.4. Photocatalytic degradation profiles of polychlorinated 

phenolics, [PCP]o 15 mg L-1 

It should be noted that the calculated reduction 
percentage values of the analytes are done so strictly 
using the differences between initial instruments 
detected concentrations and the final recorded values, 
not taking into account the differential increases in 
concentrations of individual compounds from 
transformative contribution in the oxidation process. 
It stands to reason that without as much an 
accumulative influence the recorded values might not 
read the same, but the dehalogenation sequence order 
should not be impacted to the point of change, 
especially for PCP, TCP, and Phenol. 
 
DCP and 4-CP profiles show a less definite order of 
oxidation. To further interrogate the findings depicted 
in Fig.3 and to verify the hypothesised idea that 
higher-level substituted polychlorinated phenolics and 
better efficiently photocatalysed than lower-level 
substituted chloro-phenolics, the PCP initial 
concentration was tripled to 15 mg L-1 while the other 
analyte initial concentration were kept at 5 mg L-1. 
Fig.4 shows the resulting oxidation profiles of the 
tripled PCP initial concentration. Even with initial 
chemical concentration three-times that of the 
remaining analytes, PCP was reduced to near 
completeness in 200 minutes of irradiation. TCP only 
manage near 100 percent reduction in 270 minutes of 
light exposure. The phenol profile similarly to Fig.3 
recorded the least reduced compound, and 
interestingly its percentage reduction was calculated 
to be 14 percent, which is not far off from the value 
recorded earlier. DCP and 4-CP profiles, though better 
pronounced in favour of the additional chloride do not 
represent conclusive substitution dependant 
oxidation. This inconclusiveness is validated by the 
deduced knowledge and expectation that 4-CP is a 
subsequent derivative of the oxidation degradation 
process of 2.4-DCP that would fractionally increase 
the presence of 4-CP in solution. Perhaps the chemical 
kinetic modelling determinations explain the 
indifference between the dehalogenation  
sequence order between DCP and 4-CP. 
 
CONCLUSION 
 
The study investigated the dechlorination oxidation 
sequence of multi-substituted chlorophenols in 
photocatalytic applications of simultaneous batch 
systems. Singular compound reduction profiles 
indicated that the oxidation time course efficiency of 
chlorophenols is greater in smaller compounds and 
decreases with progressive chlorination substitution. 
In simultaneous studies the influence of the number of 
substituted chloride ions favoured the most substituted 
compounds ahead of less chloride populated 
compounds. The sequence order was found to follow 
PCP > TCP > DCP > 4-CP > Phenol in aqueous 
systems. 
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