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ABSTRACT

This paper exemplifies the application of artificial neural network (ANN) for prediction
of performances in adsorption of phenylic acid from waste water by conventional and low cost
Lantana camara activated carbon as adsorbent material. To estimate the removal efficiencies of
phenylic acid, a three-layer feed-forward neural network using a back propagation algorithm was
utilised in the MATLAB environment. The initial concentrations (mg/L) of phenylic acid, amount (g/L)
of adsorbent and pH are the input parameters utilised to train the neural network. The output of the
neural network was taken to be the effectiveness of phenylic acid removal. Statistical measures like
root mean square error and linear regression were also used to evaluate the effectiveness of the
proposed ANN models. Based on the comparison of the removal efficiencies of contaminants using
ANN models and empirical results, ANN modelling for the adsorption of phenolic compounds was
found to be reasonably consistent with the empirical results.

Keywords: Artificial neural network, Lantana camara, Feed forward neural network,
Phenylic acid, Adsorbent.

INTRODUCTION

The growth in industrial activity is polluting
the water supplies. The chemical industry discharges
wastewater that contains a variety of contaminants'.
One significant pollutant that has been introduced
into water supplies is phenylic acid. Phenylic acid
is one of the significant pollutants in wastewater
and is ranked 11" out of the 126 priority pollutants
according to environmental laws. Prior to being

released into the water sources, its permissible
concentration should be lower than 0.1 mg/L. Water
that contains phenylic acid has an unpleasant flavour
and smell. Other hazardous chemicals might arise as
a result of it. Due to its cancer-causing qualities, it is
dangerous even at very low quantities. Both humans
and aquatic life are negatively impacted by it2.

Phenylic acids and their derivatives are
consistently found in the effluents from firms that
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manufacture a broad range of chemicals, especially
plastics, dyes, and facilities that treat coal thermally.
Even in little amounts, many of these phenylic acids
are cancer-causing agents®. There is ample evidence
of the poisonous and dangerous properties of
phenylic acids and their derivatives*®. Wastewater
from the varnish, denatured alcohol, petrochemical,
coal conversion, pharma, plastic, iron-steel, paper-
and-pulp, and pulp and paper industries typically
contains phenolic acidic compounds. Charcoal,
Silicone, glass powder, polymeric resins, fly ash,
and many others are just some of the adsorbent
solids that can be used’. The workers exposure to
phenylic acid through inhalation, ingestion, eye or
skin contact may lead to various harmful effects.
It can also lead to other health effects such as
coma, convulsion, cyanosis etc®. To safeguard the
environment and public health, phenylic acid from
wastewater must be removed. So, before wastewater
is released into the water source, it needs to be
treated to remove phenylic acid. To eliminate phenylic
acid from wastewater and lessen its damaging
impact on the environment, a variety of techniques
have been explored. The numerous treatment
techniques include electrochemical processes,
biodegradation, biosorption, pervaporation,
membrane separation processes®, extraction, ion
exchange methods®1?, distillation, adsorption'"'® and
oxidation procedures"".

Lantana camara

Lantana camara is a plant that can grow
up to 6 feet tall and has sharp thorns. The stems
are square in cross-section, hairy, armed, or armed
with scattered spikes, and bristly. It refers to having
a deep and robust root system. Even after constant
digging up of the roots, a new flush of shoots will
emerge from the existing ones. They feature simple
leaves that look like long petals with margins that
are serrated in a blunt manner. There is a pungent
odour coming from the leaves of the plant. They
have a dense covering of blooms that are all different
colours and are quite little. The flowers undergo a
transformation in hue as they come into bloom. The
yellow hue of the bloom serves as a visual indicator
to potential pollinators, and the colour of the blossom
alters when it has been fertilised. They bear fruits that
are initially green, then turn purple, and finally turn
a dark blue-black colour. The seeds in these fruits
are quite small. The fruits are toxic, but they bring in
animals and birds due to their attractiveness.

The introduction of the South and Central
American invasive weed Lantana camara had
devastating effects on the natural diversity of the
terrestrial ecosystem. Several plants have been
documented as effective insecticides, antifeedants,
insect development regulators, and repellents,
demonstrating the importance of biopesticides as
alternatives to synthetic pesticides. Sustainable
pest management is possible with biopesticides
rather than chemical pesticides. In addition to the
resistance issues that plague chemical pesticides,
there is also the troublesome residual that makes
using them a cause for consumer worry. In contrast
to chemical pesticides, biopesticides have limited
success. One such plant that have potential as a
bioinsecticides is Lantana camara'. Around 60
countries have been invaded by this weed, making
it one of the 100 worst parasitic weeds in the world.
In 1809, the British brought it to India specifically for
the calcutta botanical garden as a decorative shrub.
It can be found in any type of Indian landscape, from
cultivated fields to grazing lands to abandoned lots
to the woods. The loss of native species variety, as
well as changes to the ecosystem and its function,
pose a risk to the natural environment as a result
of its introduction.

Lantana camara was chosen as an
adsorbent for the investigation when looking for
a plant weed. An invasive poisonous weed called
Lantana camara spreads quickly, kills native species,
threatens the ecology, and reduces biodiversity'®: 2.
As a result, the ecosystem may be preserved through
the use of Lantana camara as an adsorbent, and the
challenge of properly managing the disposal of waste
from the forest can be addressed. The tropical moist
deciduous woods of the Western Ghats, Coorg, and
Karnataka in India were the locations where the
dried bark of Lantana camara was collected. Our
research highlights the use of Lantana camara as
an adsorbent to extract phenylic acid from waste
water. Lantana camara is one of many plant weeds
that are utilised as an adsorbent.

Phenylic acid as adsorbate

Phenylic acid is a chemical that has a
fragrant odour. In normal conditions, it takes the
shape of a solid crystal and is capable of absorbing
moisture. In most cases, pure phenylic acid will
have a white appearance, but impure phenylic acid
will be coloured and have an unpleasant smell. It
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dissolves well in polar solvents like ethanol and
ether, although it has a lower solubility in water
than those other solvents. It smells strongly
of a smelly substance. In addition to being a
germicide and anaesthetic, phenylic acid is
utilised for disinfection. Because of its uses, it is
sometimes prescribed as medicine for animals.
The examination of chemical substances benefits
greatly from it. phenylic acid-formaldelyde resin
is made using a significant amount of phenylic
acid (Bakelite). In the adhesive, building, and
automotive industries, the resin becomes a crucial
fundamental component.

MATERIALS AND METHODS

Phenylic acid Removal Batch Studies Using
Lantana camara

As a result, in this experiment, chemically
treated Lantana was used as an adsorbent for the
removal of phenylic acid in the batch investigations.
The impact of a variety of operating circumstances,
including pH and starting concentration, as well as
adsorbent quantity and contact time, was investigated.

Preparation of the adsorbent from Lantana camara
activated Carbon

All of the earthy material was completely
removed from the raw material by properly
cleaning it with distilled water. The stem with the
leaves of the plant was washed, let to dry for
two days in direct sunlight, cut into small pieces,
ground into a fine powder, and then sorted into
particles smaller than 0.075mm. In order to
enhance the surface qualities, the raw powder
underwent chemical treatment. In a 1:1 ratio, it
was treated with 1N HCI and stirred for 6 h at a
constant temperature of 85°C. Enough water was
added to the mixture in order to wash off the extra
chemicals in the powder. It was thoroughly rinsed
with water three to four times until the pH reached
seven. For the studies, the powder was finally
dried in an oven at 120°C for 8 h and stored in
an airtight container named as Lantana camara
activated carbon (LCAC). The characteristics
of the chemically treated adsorbent LCAC, was
tested for the physical parameters as given in
the Table 1. The adsorbent (LCAC) that had been
treated with Hydrochloric acid was employed
for batch studies after taking into account the
preliminary results.
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Table 1: Physical Characteristics of the

adsorbent
S. No Physical parameters Value
1 Volatile matter in percentage 43.57
2 Moisture in percentage 6.38
3 Ash matter in percentage 4.78
4 Fixed Carbon in percentage 41.26
5 Particle size 75

Preparation of adsorbate

Analytical grade phenylic acid purchased
from Precision scientific, Tiruchirappalli, of Sigma
Aldrich make was used. The phenylic acid of different
concentration was prepared using de-ionised water.

Use of batch studies to characterize the
adsorbent and phenylic acid removal It is a well-
known fact that the removal of phenylic acid by
the use of traditional adsorbents is an expensive
process. As a result, it is necessary to manufacture
adsorbents out of natural resources that are available
at a reasonable cost. The removal of phenylic acid
involves a number of different processes that use
plant products as adsorbent. An effort has been
made to eliminate phenylic acid from wastewater
by employing Lantana camara activated carbon as
an adsorbent. The characteristics of the adsorbent
determine the adsorption capacity achieved.

Through the addition of either 0.1M HCI or
0.1M NaOH, the pH of the solution was changed in
the batch studies from 2.5 to 12. The temperatures
were maintained between 25°C and 55°C while the
dosages of both adsorbents were added in the range
of 0.25 to 3 gram.

Experiments were carried out in a
shaker with a temperature control at a rate of
140 revolutions per minute and a temperature
of 25 degrees Celsius for 8 h, respectively, for
HCI treated adsorbent. After establishing the
equilibrium conditions, the samples were taken,
filtered, and a UV spectrophotometer was used
to determine the phenylic acid concentrations at
270nm. The thermodynamic study was carried out
in conical flasks with a capacity of 250 mL and
200 mL, each of which contained phenylic acid
solution with varying initial concentrations of 25,
50, 100, 150, 200, and 250 mg/L. Varying the
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temperature from 25 degrees to 55 degrees Celsius
produced optimal conditions for the experiment.

Experiment layout and planning

The analysis of variance and regression
models are both determined with the assistance of
the experimental statistics. The adsorbent dosage
(five to ten grams), the pH of the solution (five to
eight), the starting concentration (twenty-five to two
hundred milligrams per litre), and the contact period
are the parameters that are used as input (70 to 140
minute). The Box-Behnken design and the response
surface methodology have both been utilised in the
course of the optimization procedure. There were
a total of 17 separate experiments carried out, and
both the lowest and highest possible values were
determined by analysing the results of the trials. The
response of the system has been determined to be
the amount of phenylic acid that has been removed
as measured in percentage (%), and the ranges of
these values are presented in Table 2.

RESULTS AND DISCUSSION

Surface morphology study

Analysis using a scanning electron
microscope was performed on the plant material, raw
adsorbents, and adsorbents that had been treated
with acid to determine their characteristics (Fig. 1a
and b). It should come as no surprise that the figure
reveals a very porous network, and that treating it
with acid results in the appearance of additional
pores, which demonstrates the incorporation of
phenylic acid into the LCAC. It can be seen that the
pores are not distributed in a consistent manner
and that they are scattered throughout the entire
structure. Following adsorption, the surface of the
material will have expanded pores as a result of the
loss of organic volatiles (Figure 2).
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@ (b)
Fig. 1. Scanning Electron Micrograph Images of Lantana
camara activated carbon

a. Before acid treatment b. After acid treatment

175

L
>

A

Fig. 2. Phenylic acid adsorbed carbon

The impact of pH
Because carbon is amphoteric, pH affects
adsorption. Phenylic acid has a 9.8 pKa. When the
pH is higher than its pKa, phenylic acid dissociates
into phenoxide ion. When the pH level is high, there
is a higher concentration of the negatively charged
phenoxide ion. As a result, there is an increase in
the amount of electrostatic repulsion that occurs
between the negatively charged surface of the
carbon and the phenoxide anions that are in solution.
Phenylic acidic compounds exist as the unionised
acidic compounds at lower pH values, and this
increases the attraction between charged particles
caused by electrostatic force between the phenylic
acid and the adsorption sites. Fig. 3 indicates that
the adsorption capacity of HCI-treated adsorbents
grows steadily up to pH 7, but then quickly declines
above pH 7 due to the attraction seen between
the negatively charged carbon surface and the

phenoxide ions?'22,
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Fig. 3. Percentage removal of phenylic acid with varying pH

Adsorbent dose effects

Experiments were conducted with phenylic
acid at an initial concentration of 200 mg/L to
determine the effect of adsorbent dose on phenylic
acid adsorption. Fig. 4.5 and 4.6 illustrate how the
dosage of the adsorbent affects the elimination of
phenylic acid. It was discovered that as the adsorbent
dose is increased, the %removal rises. The percent
removal ranged from 58.6 to 89.6% for adsorbent
dosage of 0.25 to 0.75 g for adsorbent treated with
HCI. Since more sorption surface and adsorption
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sites are now available, more phenylic acid is being
removed from the water. It was also known that a
higher ratio of dosage to solute concentration would
lead to a lower solute concentration in the solution
due to increased sorption onto the adsorbent. It was
determined through study that the optimal doses of
HCI- and KOH-treated adsorbent were 0.75 g and
1 g, respectively®.

Effect of initial concentration and contact time
The initial concentration provides crucial
information about the driving power necessary to
overcome all molecules' mass transfer resistances
between the liquid and solid phases. The fluctuation
of percent elimination with beginning concentration is
shown in Fig. 4. The influence of initial concentration
was tested by varying the concentration from
25-250 mg/L under the optimal circumstances. Fast
adsorption occurs in the first period, followed by
progressive adsorption that achieves equilibrium
at 7 and 8 hours. This is because there are more
unoccupied sites available in the early stages, which
causes a higher adsorption rate. Adsorption starts
to decline after a while as adsorbate builds up in
the empty sites?. The figure also revealed that the
interaction between phenylic acid and the active
sites on the adsorbent surface increases as the
initial phenylic acid concentration rises. As a result,
phenylic acid molecules need additional active
sites, which lowers the percentage of phenylic acid
elimination. Therefore, phenylic acid absorption is
decreased by an increase in starting concentration.
The authors of the investigation observed similar
types of outcomes.
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Fig. 4. Percentage removal of phenylic acid with
varying concentration (mg/L)
Modeling ANN
Modeling and simulating the adsorption
mechanism is difficult due to its very non-linear
relationship. ANN can optimise processing
settings for this non-linear connection with a good

representative model. Artificial Neural Networks
(ANNs) use artificial neurons to simulate biological
networks. Multilayer feed-forward back-propagation
neural networks anticipate optimal responses. This
study used a feed-forward neural network with
20 hidden neurons. This network is depicted in Fig. 5,
and all of the ANN calculations were carried out with
the help of the neural network toolbox in MATLAB. The
backpropagation method was utilized for the model
in which the pH, initial concentration and adsorbent
amount were fed into the ANN model as its input layers.

Fig. 5. The proposed feed-forward back-propagation
neural network structure

The effective elimination of phenylic acid
served as the model's output layer. The learning rate
(n) and momentum () were set to values of 0.95 and
0.5 respectively', and the performance metrics that
are being assessed are RMSE, correlation coefficient
(R?) and determination coefficient (DC) shown in Table
2.The R and DC values for the effect of pH, adsorbent
and the initial concentration are all closer to 1, and
the RMSE is on the lower side. The ANN model's
predicted values for phenylic acid are confirmed to
be extremely close to the experimental values.

Table 2: RMSE, R? and DC

RMSE R? DC
pH 0.007379 0.9999 0.9999
Adsorbent amount 0.001693 0.9992 0.9998
Initial Concentration 0.008429 0.9991 0.9982

The formula that is used to compute the
percentage of variation between the experimental
and ANN projected values for the elimination of
phenylic acid can be found below:

Experimental value-ANN Predicted value)

Mean average %%Error (MAPE) = { x100 (1)

Experimental Value
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Table 3 shows that the average error
percentage for all runs is 0.50%, which means that
the ANN models are able to accurately forecast the
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adsorption of phenylic acid. This is demonstrated by
the fact that the error percentage is equal to 0.00%
for many runs and nearer to zero in other runs.

Table 3: Removal of phenylic acid using by artificial neural network (ANN)

Expt. No Effect of pH on the removal

of Phenylic acid

Effect of adsorbent on the removal

Effect of initial concentration on

of Phenylic acid the removal of Phenylic acid

Experimental ANN Predicted MAPE Experimental ANN Predicted MAPE  MAPE  ANN Predicted MAPE

1 92.3 92.3 0.06% 53.7 53.7 0.00% 29.4 29.93 1.80%
2 93.6 93.6 0.16% 66.4 66.392 0.01% 45.7 44.673 2.25%
3 94.2 94.2 0.09% 69.3 69.315 0.02% 56.9 58.568 2.93%
4 94.6 94.6 0.11% 771 77.08 0.03% 67.4 66.807 0.88%
5 94.8 94.8 0.10% 78.3 78.341 0.05% 73.5 73.346 0.21%
6 95.4 95.4 0.01% 89.7 89.504 0.22% 78.9 77.66 1.57%
7 95.8 95.8 0.00% 91.5 91.809 0.34% 80.7 81.748 1.30%
8 86.8 86.8 0.00% 91.8 91.977 0.19% 84.6 84.807 0.24%
9 78.7 78.7 0.02% 92.1 91.852 0.27% 88.3 87.45 0.96%
10 67.6 67.6 0.04% 89.6 89.19 0.46%
11 55.7 55.7 0.03% 90.9 91.341 0.49%
12 46.4 46.4 0.02% 92.2 92.727 0.57%
13 93.5 93.631 0.14%
14 94.8 94.995 0.21%
CONCLUSION the modelling process, feed forward networks that

Batch study reports revealed that the
equilibrium was achieved after a contact period of
8 h at a buffer of pH 7 for the initial concentration of
phenol of 25 mg/L each. The removal efficiencies
for LCAC were found to be 94.8% at pH 7, 89.6%
for 114.3 mg/g gram of the adsorbent and higher
adsorption at initial concentration of the solution and
later on the adsorption of phenylic acid decreases
due to the unoccupied sites on the adsorbent.
Using the batch studies experimental data the
prediction of phenylic acid removal efficiency using
ANN technique is employed. In order to simplify

incorporate a backpropagation learning algorithm
were designed and developed. According to the
findings, the margin of error for the ANN model
output was considerably under 5%. Also the R? and
DC values are more than 0.95 which could forecast
phenylic acid removal efficiently. In adsorption, ANN
can forecast pollutant removal effectiveness.
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