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2. Wet Air Oxidation

Aoddio -
o jlame (6l oz g cle @ o glacdLSL
3590 sl 03yl 3Ll Ceodls b alasl ) 1 05940 S g g0 (]
e Sl sl S S oyl el dng
s o o il T 5 ee 0S5 i slaggedsd
Fernandes 5 Boczkaj) ol o SU ks Ol o o] coldl>
Siloon et slp (VL 5 (s slaazly 53 (VY
S Seee 5 same by Sl 35 slagh >
Sg o odlaiul (Jig doyo Vo= ) (NAOH) SoulS Jglono
5 S aenSles Sldes opl o (YVY (,Ken g Marco)
s 5 Lokl pe 039,000 deilgw wiile (69,555 bS5
Josis Suls” OB o dgi crge 5 0ol SulS Qi
Uyt ladlols 552 Jarios el HLOG 05,5 o
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1. Introduction

Fresh caustic scrubbing is commonly applied in petrochemical and refinery plants for sweetening process.
The wastewater produced is known as spent caustic wastewater. Spent caustic contains noxious components
such as sulfur compounds, phenol, mercaptans, and high COD. Various treatment methods exist. Treatment of
spent caustic can be carried out by either biological or oxidation, each of which can be divided into
subcategories. The chemical oxidation is divided into three way wet air oxidation (WAO), advanced oxidation
(AOP), and catalytic oxidation (CAO) (Karimi et. al, 2016; Alniazy, 2008). In this work, the treatment
methodology of spent caustic wastewater was investigated by applying the analytic hierarchy process (AHP)
and finally is the simulated optimal method via Aspen Hysys software.

2. Methodology
2.1. Experimental study

The base of the purpose of this research, the AHP process is used for collaborative decision-making
(Ramanathan, 2001; Jaafarzadeh et al, 2016). AHP addresses the influencing criteria and alternatives that use
of the software. For this goal, Expert Choice software was selected. The main criteria are developed in
accordance with the spent caustic treatment process, which consists of technical, management, cost,
environmental issues and efficiency. The four alternatives selected are wet air oxidation, advanced oxidation,
biological methods, and catalytic oxidation.

Sulfate sodium and caustic concentration in treatment solution are chosen as objective functions. Aspen
Hysys software (ver. 7.3) was used to simulate the spent caustic treatment process.

3. Results and discussion

3.1. AHP results

A pairwise comparison was made based on the results for methods and criteria. The priority and importance
of the alternatives and criteria were compared pairwise. Fig. 1 illustrated the results of the pairwise
comparison (both of methods and criteria). The greatest preference was for cost at 28.3% and environmental
issue ranked a strong second after cost.
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Fig. 1. The result of pairwise comparison in expert choice software: a) Criteria factor, b) Alternatives

3.2. Aspen Hysys results

By entering the initial specifications of spent caustic feed in software under the real operating conditions,
the result shows that there is a slight difference between the qualities of the output of products. This
correspondence between the product data obtained is due to the Sulfate sodium and caustic concentration of
the wastewater. Fig. 2 shows a schematic of the process. Fig. 3 shows the weight percent of sodium sulfate
versus temperature change. At 150°C, Sodium sulfate increases to 12% by weight, after this point, the
production of sodium sulfate decreases linearly.
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Fig. 2. The schematic of the process
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Fig. 3. The result of sodium sulfate concentration with temperature

4. Conclusions

This work was divided into two parts: the AHP followed by a simulation study. The purpose of AHP was to
specify the optimum method for treating spent caustic wastewater. The evaluation indicated that cost ranked
first among criteria at 28.3%. Also, results indicate that the CAO was more effective. After selecting the
appropriate method, the process is simulated in the Aspen Hysys software. The optimal conditions of the
process were established based on two objective functions. The best operating temperature and pressure are
150°C and 5 bar, respectively.
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