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Abstract: The effectiveness of graphite in aniline removal through adsorption was studied in
batch mode based on four parameters: pH (3 to 11), temperature (30 to 50°C), initial aniline
concentration (5 to 25 ppm) and graphite dosage (0.5 to 2.5 g). Box-Behnken design was
adopted to build 27 experiments and investigated the manipulated parameters. Highest removal
efficiency (95%) of aniline was achieved for 15 ppm solution at temperature of 40 °C and pH
3 using 1.5 g of graphite. Confirmation studies was conducted to evaluate the regression
model’s reliability. Principal Component Analysis (PCA) was used to explore the significant
experimental variables and spot the outliers. Based on the research outcome, graphite can be

feasible for aniline removal as it requires simple processing and available richly in nature.
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1. Introduction

Aniline, an organic chemical raw material that is widely used in pharmaceutical industry,
agrochemical manufacture and material sciences (Deng, Chen, & Lei, 2018). The global
consumption of aniline is increasing tremendously at an average annual rate of 3.2%, reaching

more than 6.8 million metric tons in the year of 2021 (Markit, 2016). Excessive usage of aniline
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has not only led to the accumulation of aniline compound in the wastewater effluent but also
in the surface and ground water. Moreover, aniline is a threat to human health that particularly
affects the upper respiratory tract due to its high toxicity. Hence, strategies to remove aniline
has gained much attention from the public and researchers to remediate its adverse impact on
human and environment. However, aniline is difficult to be removed owing to its stable
component; moreover, aniline is readily adsorbed by the sediments, consequently becoming a
permanent pollutant in the aquatic environment. Therefore, further investigations are required
on the removal method to reduce the negative impact of aniline to human and environment (L,
Xu, & Yan, 2016).

Biological treatments (Jiang, Wang, Yu, & Yang, 2016), oxidation processes (Mohamed A.,
Mohamed F., Safinaz H., & Ahmed M., 2020), absorption (Coban, Biyik, & Saglam, 2020)
and adsorption (Xiao, Zhou, Mao, & Wang, 2015) are the treatment procedures applied widely
in the industry. Biological treatment of aniline effluent is conducted by growing specific
bacteria population that has the ability to degrade aniline, and biological treatment is commonly
applied for large volume treatment. Nevertheless, this treatment method is relatively time
consuming as the bacteria which is highly sensitive to surrounding conditions must be
cultivated (Wang, Barrington, & Kim, 2007).

Advanced oxidation process (AOPS) is another common aniline degradation method. AOP has
been widely employed for the degradation of harmful organic pollutants, mainly with the use
of hydroxyl radical derivatives during industrial effluent treatment (Anotai, Su, Tsai, & Lu,
2011) (Jin, Lee, Chang, Huang, & Swaminathan, 2006). Particularly, Fenton process is one of
the AOPs that involves catalytic reaction between ferrous ion and hydrogen peroxide to
generate hydroxyl radicals for wastewater treatment (Anotai, Su, Tsai, & Lu, 2010). Fenton
process has several distinct advantages, which include low capital cost and simple operations.
However, the process generates a huge quantity of ferric hydroxide sludge which in turn
requires further treatment before disposal to the environment (Anotai, Su, Tsai, & Lu, 2010).
Therefore, it limits the implementation of Fenton process in wastewater treatment and further

researches are required to increase the practicality of this technique.

Besides AOPs, adsorption is another alternative approach for the removal of aniline.
Adsorption has been regarded as an advantageous procedure for pollutant removal, especially
for the ones with low concentration due to its low cost and high efficiency (Deng, Chen, & Lei,
2018). In fact, numerous of adsorbents with different characteristics have been studied and

recommended by several researchers (Liu, Zhang, & Huang, 2015) (Deng, Chen, & Lei, 2018)
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(Verma, Thakur, Mamba, & Prateek, 2020). Selection of appropriate adsorbent is significant
as different adsorbents possess different removal efficiency towards specific components.
Activated carbon (Liu, Zhang, & Huang, 2015), graphene oxide (Deng, Chen, & Lei, 2018),
metal-organic framework materials (Chen, et al., 2017) and polymeric materials (Cai, et al.,

2005) are few of the popular adsorbents in waste removal.

Activated carbon is an outstanding adsorbent ascribable to its high adsorption capacity and
excellent resistance to abrasion. Nonetheless, the low dispersibility possessed by activated
carbon powder limits its adsorption performance towards pollutant. One of the practices in
enhancing dispersibility is to coat the activated carbon with biological materials (Liu, Zhang,
& Huang, 2015). Apart from that, graphene oxide-modified attapulgite composite is another
prominent adsorbent in aniline degradation. Graphene oxide (GO) is a compound with unique
two-dimensional structure, featuring high surface area and abundant oxygen functional groups
with excellent adsorption performance in aniline removal (Deng, Chen, & Lei, 2018).
Nonetheless, the practical implementations of GO composites as an adsorbent are limited due
to exorbitant cost of GO (Liu, et al., 2018).

In present work, graphite was selected as an alternative adsorbent and its effectiveness towards
aniline removal was systematically assessed through process optimization using response
surface methodology (RSM) and principal component analysis (PCA). Graphite is a 3D
structure with layers of graphene sheet stacked together and it possesses attractive chemical
properties, thermal stability, and mechanical strength. The fabrication process of graphite is
comparatively simpler as compared to that of GO, where further oxidation of graphite oxide
using intensive amount of solvent is required (Smith, LaChance, Zeng, Liu, & Sun, 2019).
Hence, it has the potential to be an excellent adsorption material in waste removal process (Mah
et al., 2023) (Verma, Thakur, Mamba, & Prateek, 2020).

2. Materials and Methods
2.1 Materials

Graphite powder (< 44pum; 99 %), aniline (99 %, MW: 93.13 g/mol), sodium hydroxide (99 %,
MW: 39.99 g/mol) and hydrochloric acid (99 %, MW: 36.46 g/mol) were purchased from
Sigma-Aldrich, Germany. Distilled water was used throughout the experiments. All chemical

reagents were of analytical grade (AR) and applied without further purification.
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2.2 Batch Adsorption Process

One hundred millilitres (100 mL) of 10 ppm aniline solution were prepared in a conical flask
with its initial absorbance measured. An amount of 0.5 g fresh graphite powder was then added
into the conical flask. Following that, the conical flask containing graphite-aniline suspension
was transferred into the incubator shaker (IKA KS 4000 i control shakers, Malaysia) at 30 °C,
200 rpm for 6 hours. For each sample, three identical sets were prepared, and their absorbance
measurements were averaged to ensure the accuracy of this study. The absorbance of each
aniline solution was measured at 230 nm using the UV-Vis spectrophotometer (HACH
DR6000, USA). Three millilitres (3 mL) of the sample were collected from each conical flask
and centrifuged (Eppendorf Centrifuge 5430) at 10000 rpm for 3 mins to separate the graphite
from aniline solution prior to its absorbance measurement. The absorbance of the aniline
solution was measured at every 1-hr interval for a total duration of 6 hrs. The removal

percentage of fresh graphite was calculated using equation (1) (Naga Babu, et al., 2017):

Removal Percentage (R %) = % x100% 1)
where R % is the aniline removal percentage (%), Co is the initial concentration of aniline

solution (ppm), and C: is the concentration of aniline solution at time t (ppm).
2.3 Response Surface Methodology (RSM)

In present study, Box-Behnken, a four independent variables fractional factorial design was
chosen due to the fewer experimental sequences of the variables to evaluate potential complex
response functions. The pH value of aniline solution, temperature of incubator shaker, initial
aniline concentration and dosage of graphite were the four variables studied in the optimization
study. Levels of the 4 different factors were shown in Table 1 and were applied to generated
experimental matrix using Design of Experiment (DOE) based on Box-Behnken experimental
design under RSM in Minitab 19. A total of 27 sets experiments were required to justify the
optimum conditions. Different dosage of graphite and 60 mL of aniline solutions with different
pH and initial aniline solutions were put into 100 mL conical flask and swirled with an
incubator shaker (IKA KS 4000 i control shakers, Malaysia) at 200 rpm and at different
temperature range for 6 hours. The pH of dye solution was adjusted by adding either 0.05 M
of NaOH or 0.05 M of HCI and measured by using a pH meter (Eutech pH 150, Singapore)
before the graphite powder was added. The removal percentage was selected as the output
objective function which was calculated by using Equation (1).
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Table 1. Levels of the 4 different factors.

Factors Levels

pH 3 7 11
Initial Aniline Concentration (ppm) 5 15 25
Dosage of Graphite (g) 0.5 1.5 2.5
Temperature of Incubator Shaker (°C) 30 40 50

2.4 Regression Analysis and Confirmation Studies of Experiment

The experimental results from the 27 sets of optimisation experiments were computed into
Minitab 19 to generate the regression equation with confidence level of 95% for all intervals.
Stepwise of 0.15 was applied to maintain a hierarchical model to assure all the possible terms
were shown in the model. Furthermore, a best-fit of transformation was generated by omitting
the insignificant parameters which had P-value greater than 0.05 that results in an increase of
the predicted proportion of variance, R?. Therefore, the regression equation generated was used
to calculate the predicted value for each variable. Confirmation of experiments was also carried
out to examine the accuracy of regression equation generated from the regression analysis. The
predicted values from the regression analysis were evaluated as well. Three sets of
confirmation experiments under different experimental conditions were conducted and

compared to the predicted values determined from the regression equation in previous section.
2.5 Multivariate Analysis: Principal Component Analysis (PCA)

The individual and combined influence of the variables on aniline adsorption using graphite
was elucidated using PCA in present studies. The objective of the PCA analysis was to reduce
the steps required for the machine learning algorithms to explore and visualize the outcome of
the input (Jaadi, 2021). The first step for PCA was to determine the number of principal
components and it can be done by looking at the proportion of variance that the components
explain, eigenvalues and also scree plot. Subsequently, each principal component was

interpreted by examining the magnitude and direction of the coefficients for the parameters.
3. Results and Discussion

3.1 Optimization Studies: Response Surface Methodology (RSM)

In Table 2, it was observed that set 14, 16 and 24 displayed the higher R% (> 90%) of aniline

among other experimental runs. Therefore, the experimental conditions of each set-up were
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reviewed to determine the optimal removal condition for aniline. The first parameter
investigated was the pH value of the aniline solution, where the experiment was conducted at
pH 3, pH 7 and pH 11. Based on the sets with highest R% of aniline, all 4 sets of experiments
were carried out at pH 3, where large amount of H* ions were present in acidic condition. The
deposition of H* ions on the graphite surface turned graphite into positively charge as the pH
value is lower than its point of zero charge (PZC ~ pH 6.2) as shown in Figure 1. The positively
charged graphite possessed high affinity towards aniline which was categorised as a weak
anionic base (Deng, Chen, & Lei, 2018). In contrast, the adsorptive interaction between

graphite and aniline was prohibited by electrostatic repulsion force at pH 11.

11

05 1

Delta pH

Initial pH

Figure 1. Zero-point measurement of graphite at different initial pH (temperature: 30°C;
NaCl concentration: 0.01 M; dosage: 0.5 g).

The subsequent parameter was the initial aniline concentrations which were adjusted to 5 ppm,
15 ppm and 25 ppm in this study. Based on the 4 sets of experiments with highest R%, it
observed that the optimum adsorption happened at 5 ppm and 15 ppm; 3 out of the 4 sets of
experiments that have the highest R% were conducted at 15 ppm. Subsequently, 15 ppm was
chosen as the optimal initial aniline concentration in this study as graphite was ineffective to
remove a higher concentration (>15 ppm) of aniline due to limited adsorption capacity per one
molecule of graphite (Oetjik & lbrahim, 2021). Furthermore, the third parameter was the
graphite dosage where 0.5 g, 1.0 g and 1.5 g were the dosages applied in the experiment. A
higher R% of aniline was achieved as the graphite dosage increased, however, at dosage of 2.5
g, an increase in dosage led to a reduction in R% attributed to the excessive active sites, hence,
1.5 g of dosage was chosen (Padmavathy, Madhu, & Haseena, 2016). The medium temperature
was studied in this adsorption procedures where the temperatures investigated were set at 30

°C, 40 °C and 50 °C. Based on the results, it showed that the medium temperature has least
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impact towards the aniline adsorption as similar R% was observed even with a change in

temperature.
Table 2. RSM results based on four experimental conditions.
Initial Concentration Graphite Dosage
Set pH Temperature (°C) R%
(Ppm) 9
1 11 30 15 15 16.6
2 7 40 15 15 38.8
3 7 50 15 2.5 58.3
4 3 40 15 2.5 85.1
5 7 40 15 15 354
6 11 40 5 15 27.1
7 7 40 5 2.5 60.8
8 7 50 15 0.5 44.0
9 11 40 15 0.5 29.4
100 7 40 5 0.5 32.9
11 7 50 5 15 65.2
12 7 50 25 15 46.5
13 7 40 25 2.5 324
14 3 40 5 15 96.5
15 7 30 25 15 18.0
16 3 30 15 15 93.7
17 11 40 15 2.5 37.0
18 7 30 5 15 30.2
19 7 30 15 0.5 16.6
20 3 40 25 15 80.3
21 7 30 15 2.5 32.6
22 7 40 25 0.5 33.0
23 3 40 15 0.5 85.3
24 3 50 15 15 91.2
25 11 50 15 15 50.4
26 7 40 15 15 36.5
27 11 40 25 15 21.6
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3.2 Regression Model

A second order regression equation was generated for aniline R% at using Minitab 19. The
regression equation was shown in Table 3. Several statistics were included in the model
summary table generated along the regression equation to justify the accuracy of the regression
model. One of it was the S-value which served as an indicator of deviation for the input data
from the fitted values. A minimum S-value revealed that the regression model has characterized
the response well. In this scenario, the S-value obtained for 230 nm was 4.967 which
represented that 95% of the data points were £ 5% from the fitted value. However, S-value
should not be the sole indicator to prove that the regression model failed in satisfying the model
assumptions. Thus, the residual plot was constructed to determine the consistency and

reliability of the regression model.

Table 3. Model summary table for aniline removal regression model at Amax 0f 230 nm.

R% (230 nm) = 153.6 - 34.55 pH - 0.357 Temperature +0.396 Initial Conc. +16.12
Dosage + 1.298 pH? + 0.2272 pH*Temperature - 0.714 Initial Conc.* Dosage

S R-sq R-sq (adj) PRESS R-sq (pred)
4.967 97.21% 96.18% 1126.59 93.30%

Residual

Figure 2. Normal probability plot for R% at 230nm.

Referring to Figure 2, the residual plot for R% at 230 nm displayed most of the residuals were
well distributed, Therefore, the regression model generated satisfied the model assumptions.
The adjusted R-sq value was 96.18% which proved that the predictors involved had significant
impact. Moreover, the predicted R-sq value was applied to examine the over-fitting of the
model. The predicted R-sg value was typically calculated using PRESS value where a low
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PRESS value indicated that the model has a better predictive ability. A model with high R-sq
value but low predicted R-sq value has the possibility of over-fitting. Based on the model
summary table, the predicted R-sq value was 93.30%, validating that the model was not over-
fitted.

3.3 Analysis of Variance (ANOVA) Results

The significance and contribution percentage of each combination was determined through
ANOVA in Minitab 19. As presented in Table 4, contribution percentage, F- and P-value were
listed accordingly. F-value was evaluated to determine the significance level of the parameters
involved in the adsorption experiment and similarly used for the calculation of P-value. A high
F-value implies that any changes of the particular parameter will have significant impact on
the adsorption performance. Likewise, P-value was evaluated to determine the significance of
respective parameter. A P-value of 0.05 or less indicated the parameter was significant to the
adsorption performance and it was considered to be against the null hypothesis. Additionally,
contribution percentage of each parameter or a combination thereof illustrated the capability of
each parameter on explaining the response variability. A higher percentage indicated the

parameter, or the combination of parameters was dominant in the response.

Table 4. ANOVA results for R% at wavelength of 230 nm.

Source DF Contribution F-Value P-Value
Regression 7 97.21% 94.63 0.000
pH 1 60.74% 130.76 0.000
Temperature 1 10.85% 0.61 0.445
Initial Conc. 1 3.25% 0.98 0.333
Dosage 1 2.09% 16.31 0.001
pH?2 1 17.10% 116.55 0.000
pH*Temperature 1 1.96% 13.39 0.002
Initial Conc. * 1 1.21% 8.27 0.010
Dosage
Error 19 2.79% - -
Total 26 100.00% - -

Based on Table 4, it can be concluded that the medium temperature and aniline initial

concentration were the least significant as the P-value for the respective parameter were larger
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than 0.05. On the other hand, the medium pH was identified as the most significant parameter

in aniline adsorption.
3.4 Deviation between Experimental Data and Predicted Value

The predicted values were determined using the regression model derived in section 3.2. The
predicted values and experimental results were plotted as Figure 3 (a) and (b). Based on Figure
3 (@), the distribution of predicted values was well-distributed over the experimental data
points. The deviation between the predicted values and experimental data for each set were
plotted as in Figure 3 (b) and the deviation is considerably negligible. A confirmation study
was conducted to further evaluate the accuracy of the regression model using different

experimental conditions.
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Figure 3. (a) Distribution of actual values over experimental data and (b) R% deviation
between predicted value and experimental data for each set.

3.5 Confirmation of Experiments
Table 5 listed on three sets of experimental conditions for respective confirmation experiment
and its’ predicted adsorptive performance results. Similar values were observed for both

experimental data and predicted values for aniline removal at wavelength of 230 nm. Hence,

the R% of aniline was well described by the regression equation generated with Minitab.

Table 5. Experimental conditions for confirmation studies.

Set pH Temperature Initial Dosage of  Experimental Predicted
(°C) Concentration Graphite R% R%
(ppm) (@)
1 11 40 5 1 31.99 30.83
2 7 40 15 2.5 39.73 44.15

63



Tan et al. JETA 2023, 8 (2) 54-68

3 3 40 25 1.5 87.90 81.92

3.6 Multivariate Analysis: Principal Component Analysis

PCA was carried out to determine a smaller number of correlated variables, commonly known
as the principal components from a large pool of data. The four manipulated variables and
aniline R% at 6™ hour were included as the analysis variables in present study. Based on the
cumulative percentage in Table 6, it was shown that 77.5% of the variation is included in the

first three principal components.

Table 6. Eigenanalysis of the correlation matrix at wavelength of 230 nm.

PC1 PC2 PC3 PC4 PC5
Eigenvalue 1.877 1 1 1 0.1229
Proportion 0.375 0.2 0.2 0.2 0.025
Cumulative 0.375 0.575 0.775 0.975 1

Table 7. Eigenvectors at wavelength of 230 nm.

Variable PC1 PC2 PC3 PC4 PC5
pH -0.628 0.029 -0.327 0.321 -0.628
Temperature 0.266 0.318 -0.86 0.136 0.266
Initial Conc. -0.145 0.828 0.136 -0.504 -0.145
Dosage 0.117 0.462 0.368 0.79 0.117
R% (t=6 hr) 0.707 0 0 0 -0.707
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Figure 4. (a) Loading plots and (b) Outlier plots for wavelength of 230 nm.
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Based on Table 7, the first principal component (PC 1) was strongly correlated with pH and
aniline R% based on the distribution of each variable. PC 1 was interpreted as when the pH
value decreased, it resulted in an increase of aniline R%. For the second principal component
(PC 2), it correlated with the initial concentration of aniline only as the variable possessed the
largest value among all the other variables. Nonetheless, the R% was 0 in PC 2 where it showed
that the initial concentration of aniline has little impact on the aniline removal. Similar scenario
happened to PC 3, where the medium temperature was the dominant variable for PC 3 and the
R% has zero contribution percentage as well. Hence, a deviation in the medium temperature

has little impact towards the aniline removal.

Outlier plot was plotted to determine outliers by referring to the reference line in the plot. Any
point lied above the reference line was regarded as an outlier and it has significant impact
towards the analysis results. According to the outlier plot in Figure 4 (b), there were no outlier
from the data points as all the points were below the reference line. Therefore, no correction

was needed as all the data points were regarded as significant in the analysis.
4. Conclusion

The aniline adsorption performance of fresh graphite was systematically investigated.
According to ANOVA analysis, pH was determined to be the most significant parameter that
possessed a percentage contribution of 60.74%. Moreover, confirmation of studies was
conducted to evaluate the reliability of the regression model generated from Minitab and the
model was accepted as the deviation between the predicted value and experimental value was
negligible. PCA supported that pH of aniline solution was the most significant factor in aniline
adsorption process which the medium temperature was revealed as the least significant

parameter.
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