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Abstract

AN

Introduction: Recently, adsorption-based wastewater treatment 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 sh&ﬂd be optimized by a reliable optimization process. In this
regard, the response surface methed (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: Multivar?ate optimization and modeling of gas refinery wastewater treatment were
performed by utﬂizing 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 m? g!. 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 wastewater of gas refineries using Design-
Expert software.
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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
Conclusion: Based on the results, the developed process showed excellentﬁotential for the

treatment of real gas refinery wastewater, hence, the authors strongly recommended se for this

aim on a large scale.
Keywords: Gas refinery wastewaters; Activated carbon;yltivariat I N ponse
surface method; Adsorbent; Water treatment
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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 wasﬂs f petroleum

industries which contains petroleum and oil components. Therefore, the desi d ment,
of new, simple, fast, and highly efficient methods for the tregment o e te r are
damned by several researchers. There are different chemic hysica ds for wastewater

treatment, however, the physical-based method is more attrac

due to its safety and cost-

efficiency. Among the physical methods, adsorption is aWell st-effective, and efficient

method for wastewater treatment. To reach an effici théadsorption process should
be optimized. Design experimental-based optimization i ost attractive method due to the

evaluation of factors interactions, reducing th experimental runs, time-saving, and

cost-efficiency.

Methods

e

The adsorbent and-ﬂ othe obtained from Merck co. (Germany). The oily
mef(southern outskirts of Fars province, Iran) was used as
the waste ﬁmple . wastewaters of the output and input of the gravity pool of the
API were utiliz D removal. To prepare the adsorbent, a certain amount of adsorbent was
-fold diluted sample of modifiers (i.e., sulfuric acid (95%) and nitric acid
ed 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 amounts 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
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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 wastewater 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 usingiactivated carbon

\

thodS. The SEM

as the adsorbent, the zero and first-order kinetic models were checked.

Results J ;
izatio

Initially, the adsorbent was characterized by different cha
over1-5 um for the adsorbent.

imagining revealed a highly porous structure with a caviy si

XRD spectrum showed the adsorbent characteristic pe

a—‘I)-30° which is close to the
previous studies. Moreover, the BET surface an ed a surface area of 897 m?> gt and a
pore diameter of 2.0 nm. The adsorbent astewater treatment following the RSM
modeling upon CCD design with Opti od-( runs) using Design-Expert software. The
an S

RSM modeling provided a@2FIl m ecommended transformation for API input and

a linear model with an inv oriffation for the API output wastewater. To evaluate the

u _ _ . . .
accuracy c{the els, se ation protocols including normal plots, histogram of residuals

distribution, th s vs. experimental runs, and Box-Cox plots were used which
racy of the recommended models. Besides, to investigate the interactions
ent 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 AP output wastewater, the results exhibited

that there is on significant variable interacting effect on the %COD removal which confirms the
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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; pHk 6; t: 37 °C, and
contact time: 58.0 min. Moreover, the adsorption kinetics evaluation for CO mo om the
input and output of the gravity pool of the APl was perforrrWMoreov , W were
i 0

cess‘followed the

performed for both collected wastewaters, which revealed that sorpti
intraparticle diffusion kinetics for the COD removal frdfn bothyinputiand output wastewaters of

L

the API gravity pool.

Conclusion

Multivariate optimization and m w refinery wastewater treatment were
performed utilizing activated caN bent.Fhe adsorbent was characterized by SEM
for size and morphology#-lR unetion , and XRD for crystalline characteristics. The
BET&BJH analysis reveale swce area as high as 897 m? g for the adsorbent. Factors

affecting the C% adsorbent dosage, time, temperature, and pH were optimized

utilizing Design- y a response surface method upon CCD design (21 runs) for

two ty ater of gas refineries. Moreover, kinetic studies were performed for both
ewater. At optimal conditions, the method showed a COD removal of 65.8% and
93% astewaters 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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