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Revised: 2022/12/21 : Introduction: Recently, adsorption-based wastewater treatment
Accepted: 2023/04/07 had been utilized as a cost-effective, high-throughput, and efficient
method. It is reported that to reach an efficient treatment process,
the adsorption process should be optimized by a reliable
optimization process. In this regard, the response surface method
(RSM) is a high throughput approach due to evaluating factors
interactions and reducing the number of experimental runs, as well
as, time- and cost-saving.

Methods: Multivariate optimization and modeling of gas refinery
wastewater treatment were performed by utilizing activated carbon
(AC) as a high throughput adsorbent through an adsorption
mechanism. The AC was characterized by SEM, FT-IR, and XRD
analysis. The specific surface area of AC as one of the most important
factors that affect the adsorption yield was calculated by BET&BJH as
high as 897 m2 g-1. The factors affecting the removal yield including
adsorbent amount, treatment time, temperature, and pH were
optimized by multivariate optimization upon a response surface
method (21 runs) for two types of wastewaters of gas refineries
using Design-Expert software.

Findings: At optimal experimental conditions, the method revealed
an %COD removal of 93.0% and 87.0% for output and input
wastewater API gravity pool, in turn. Besides, the kinetic studies
were performed for both output and input wastewaters, revealing
that the adsorption process followed the intraparticle diffusion
kinetics for the COD removal from both output and input
wastewaters API gravity pool.
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Multivariate optimization and modeling of gas refinery oily wastewaters treatment utilizing activated...

Extended Abstract

Introduction

The development of wastewater treatment
methods is an attractive research field due to
the problem of water shortage and explosive
growth of industrial pollution. Among the
different pollutions, the most dangerous
wastewater resource for life safety is the
wastes of petroleum industries which
contains petroleum and oil components.
Therefore, the design and development, of
new, simple, fast, and highly efficient
methods for the treatment of petroleum
wastewater are damned by several
researchers. There are different chemical
and physical methods for wastewater
treatment, however, the physical-based
method is more attractive due to its safety
and cost-efficiency. Among the physical
methods, adsorption is a well-known, cost-
effective, and efficient method for
wastewater treatment. To reach an efficient
treatment, the adsorption process should be
optimized. Design  experimental-based
optimization is the most attractive method
due to the evaluation of factors interactions,
reducing the number of experimental runs,
time-saving, and cost-efficiency.

Materials and Methods

The adsorbent and all other materials were
obtained from Merck co. (Germany). The oily
wastewater of the Farashband gas refinery
(southern outskirts of Fars province, Iran)
was used as the waste samples for all tests.
Two wastewaters of the output and input of
the gravity pool of the API were utilized for
COD removal. To prepare the adsorbent, a
certain amount of adsorbent was introduced
to a ten-fold diluted sample of modifiers (i.e.,
sulfuric acid (95%) and nitric acid (65%)),
followed by stirring at ambient temperature
for about 24 hours. After that, the activated
carbon (AC) was collected, washed, and
calcinated at 400.0 °C for 2 hrs under a
nitrogen atmosphere. Afterward, the as-
prepared adsorbent was used for COD
removal from wastewater samples. To do
this certain amount of adsorbent were
incubated with 100 mL of the waste samples
of output and input of the gravity pool of API
in certain reaction conditions and the COD of

the treated samples was measured. To
obtain an efficient method, the effective
factors were optimized by multivariate
optimization utilizing Design-Expert
software by a response surface method upon
CCD design (21 runs) for two types of
wastewaters of gas refineries. Moreover, to
investigate the rate-controlling step of
adsorption process reactions occurring
during COD removal from both the input and
output wastewaters of the gravity pool of the
API using activated carbon as the adsorbent,
the zero and first-order kinetic models were
checked.

Findings

At optimal experimental conditions, the
method revealed an %COD removal of
93.0% and 87.0% for output and input
wastewater API gravity pool, in turn.
Besides, the kinetic studies were performed
for both output and input wastewaters,
revealing that the adsorption process
followed the intraparticle diffusion kinetics
for the COD removal from both output and
input wastewaters API gravity pool.

Discussion

Initially, the adsorbent was characterized by
different characterization methods. The SEM
imagining revealed a highly porous
structure with a cavity size of over 1-5 um
for the adsorbent. XRD spectrum showed the
adsorbent characteristic peak over 2theta=
20-30° which is close to the previous studies.
Moreover, the BET surface analysis revealed
a surface area of 897 m2 g-1 and a pore
diameter of 2.0 nm. The adsorbent was used
for wastewater treatment following the RSM
modeling upon CCD design with the I-
Optimal mode (21 runs) using Design-
Expert software. The RSM modeling
provided a 2FI model with an Sqrt
recommended transformation for API input
and a linear model with an inverse
transformation for the APl output
wastewater. To evaluate the accuracy of the
models, several validation protocols
including normal plots, histogram of
residuals distribution, the plot of residuals
vs. experimental runs, and Box-Cox plots
were used which confirmed the accuracy of
the recommended models. Besides, to
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investigate the interactions between
different effective factors, the 3D plots were
constructed by the Design-Expert analyzing
software. The results for API input
wastewater showed that the %COD removal
was increased by increasing the adsorbent
dose at a fixed pH. While at a fixed adsorbent
dose, %COD removal increased by
increasing the content time. Regarding API
output wastewater, the results exhibited
that there is on significant variable
interacting effect on the %COD removal
which confirms the accuracy of the
recommended linear model. The results for
the multivariate optimization of COD
removal from the input of the gravity pool of
the API showed an optimal condition (i.e,
65.8% removal): as follows; adsorbent dose:
3.4 g/100 mL; pH: 5.6; t: 32 °C, and contact
time: 36.0 min. In contrast, regarding the
output wastewater, the RSM optimization
method recommended an optimal condition
(i.e, 93% removal) as follows; adsorbent
dose: 4 g/100 mL; pH: 6; t: 37 °C, and contact
time: 58.0 min. Moreover, the adsorption
kinetics evaluation for COD removal from
the input and output of the gravity pool of
the APl was performed. Moreover, the
kinetic studies were performed for both
collected wastewaters, which revealed that
the adsorption process followed the
intraparticle diffusion kinetics for the COD
removal from both input and output
wastewaters of the API gravity pool.

Conclusion

Multivariate optimization and modeling of
gas refinery wastewater treatment were
performed utilizing activated carbon as the
adsorbent. The adsorbent was characterized
by SEM for size and morphology, FT-IR for
functionality, and XRD for crystalline
characteristics. The BET&BJH analysis
revealed a specific surface area as high as
897 m2 g-1 for the adsorbent. Factors
affecting the COD removal including
adsorbent dosage, time, temperature, and
pH were optimized utilizing Design-Expert
software by a response surface method upon
CCD design (21 runs) for two types of
wastewater of gas refineries. Moreover,
kinetic studies were performed for both
collected wastewater. At optimal conditions,

the method showed a COD removal of 65.8%
and 93% for wastewaters of input and
output of API, in turn. In conclusion, the
developed process showed excellent
potential for the treatment of real gas
refinery wastewater, hence, the authors
strongly recommended its use for this aim
on a large scale.
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Source 552 MS® F-Value pvalue  Senificance
of source
Model 0.49 0.070 19.45 Prob > F Significant
A 0.073 0.073 20.25 < 0.0001 Significant
B 0.049 0.049 13.54 0.0008 Significant
C 0.017 0.017 4.63 0.0012 Significant
D 0.11 0.11 31.71 0.0001 Significant
AB 0.20 0.20 10.78 <0.0001 Significant
AC 0.053 0.053 14.70 < 0.0001 Significant
AD 0.20 0.20 55.09 0.0416 Significant
BC 0.02 0.020 5.63 0.0031 Significant
BD 0.049 0.049 13.33 0.0021 Significant
CcD 0.056 0.056 15.25 < 0.0001 Significant
Lack of Fit 0.079 0.003 0.49 <0.0001 . '\.I?t
significant
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Source Ss® MmsP F-Value P-value Significance of source

Model 0.57 0.065 24.36 Prob > F Significant

A 0.22 0.22 59.91 <0.0001 Significant

B 0.11 0.11 31.71 0.003 Significant

C 0.19 0.19 51.74 <0.0001 Significant

D 0.09 0.09 24.51 <0.0001 Significant

Lack of Fit 0.09 0.004 0.41 0.001 Not significant
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