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In chemical processing industries, efficient separation and recovery of valuable compounds from
wastewater streams are crucial for both environmental compliance and economic viability. One such
common scenario involves the extraction of benzoic acid from wastewater using an organic solvent
like benzene. When a wastewater stream contains approximately 2% benzoic acid and needs to be
processed at a rate of 2000 kg/h, understanding the principles of solvent extraction, designing an
effective extraction process, and optimizing operational parameters become essential. This article
explores the detailed process of extracting benzoic acid from wastewater using benzene, including
theoretical background, design considerations, and practical insights to maximize efficiency and
safety.

Understanding the Context: Wastewater Containing
Benzoic Acid

What is Benzoic Acid?

Benzoic acid is an aromatic carboxylic acid widely used as a preservative in food, beverages, and
pharmaceuticals. Its chemical formula is C6H5COOH. In industrial processes, benzoic acid may be
present in wastewater streams resulting from manufacturing, formulation, or waste disposal
processes.

Why Extract Benzoic Acid from Wastewater?

Extracting benzoic acid from wastewater offers multiple benefits:

- Environmental Compliance: Reducing organic pollutants before discharge prevents environmental
contamination.

- Resource Recovery: Recovering benzoic acid reduces raw material costs.

- Process Purity: Purified benzoic acid can be reused or sold.

- Compliance with Regulations: Meets legal standards for effluent treatment.



Principles of Solvent Extraction

What is Liquid-Liquid Extraction?

Liquid-liquid extraction involves transferring a solute from one liquid phase to another based on
differential solubility. It is a widely used separation technique in chemical industries.

Key Factors in Extraction Process

- Partition Coefficient (Kd): Ratio of solute concentration in the extractant phase to that in the
aqueous phase.

- Solvent Selection: The solvent must selectively dissolve benzoic acid, be immiscible with water, and
be chemically compatible.

- Extraction Efficiency: The percentage of benzoic acid transferred from wastewater to benzene.

Why Benzene?

Benzene has favorable properties for extracting benzoic acid:
- High solubility for benzoic acid.

- Immiscibility with water.

- Suitable partition coefficient for efficient extraction.

Note: Due to health and safety concerns associated with benzene, modern alternatives like toluene or
ethylbenzene are often preferred. However, for this theoretical analysis, benzene is discussed.

Designing the Extraction Process

Input Data and Assumptions

- Wastewater flow rate: 2000 kg/h

- Benzoic acid concentration: 2% w/w

- Solvent (benzene) flow rate: to be determined

- Target: Maximize benzoic acid removal with minimal solvent usage

Calculating the Benzoic Acid Quantity

Total benzoic acid in wastewater:
- Mass of wastewater per hour: 2000 kg
- Benzoic acid content: 2% of 2000 kg = 0.02 x 2000 kg = 40 kg/h



Solvent-to-Feed Ratio and Extraction Stages

The extraction process often involves multiple stages to achieve desired purity and recovery.

Key points:
- Single-stage Extraction: Simpler but less efficient.
- Multi-stage Extraction: Higher efficiency, more complex.

Extraction Process Optimization

Partition Coefficient (K,) of Benzoic Acid in Benzene

The partition coefficient is essential for design calculations. Typical Kd values for benzoic acid in
benzene range from 5 to 10, depending on conditions.

Assuming Kd = 8 for this case, we proceed with calculations based on this value.

Determining Required Solvent Flow Rate

Using the extraction efficiency (E) formula:

\[

E = \frac{K d \times V_s}{K d \timesV s + V f}
\]

Where:

-\(V_s\): volume of benzene (extractant)
-\(V_f\): volume of wastewater (feed)

Rearranged for the solvent-to-feed ratio:

\[

\frac{V_s}{V f} = \frac{E}{K d(1 - E)}

\]

Suppose we aim for 95% removal of benzoic acid:

\[

E=0.95

\]

Thus:

\[

\frac{V_s}{V_f} =\frac{0.95}{8 \times (1 - 0.95)} = \frac{0.95}{8 \times 0.05} = \frac{0.95}{0.4}
\approx 2.375

\]

This indicates a solvent-to-feed volume ratio of approximately 2.375:1.

Converting to mass:
Assuming densities:
- Water: 1000 kg/m3



- Benzene: 876 kg/m3

Calculate benzene flow rate:

\[
\text{Benzene flow} = 2.375 \times 2000\, \text{kg} = 4750\, \text{kg/h}

\]
This corresponds to a benzene flow rate of approximately 5,420 liters per hour.

Note: Adjustments should be made based on actual densities and process specifics.

Extraction Stages and Equipment

- Number of Stages: More stages improve recovery but increase costs.
- Mixer-Settler Units: Common for continuous extraction.
- Counter-Current Operation: Maximizes efficiency.

Separation and Recovery of Benzoic Acid

Back-Extraction (Stripping)

After extraction, benzoic acid-rich benzene solution undergoes stripping with water or another
suitable solvent to recover benzoic acid.

Steps:
1. Transfer benzoic acid from benzene to a stripping solvent.
2. Recover pure benzoic acid via crystallization or filtration.

Solvent Recycling

- Benzene is recovered via distillation.
- The process minimizes solvent losses and environmental impact.

Environmental and Safety Considerations

- Benzene is carcinogenic; proper handling and disposal are essential.
- Use of closed systems, proper ventilation, and PPE are mandatory.
- Consider safer alternatives where possible.



Process Control and Optimization Strategies

Key Parameters to Monitor

- Solvent-to-feed ratio.

- Temperature and pressure (affecting Kd).
- Phase separation efficiency.

- Benzoic acid recovery percentage.

- Solvent loss and purity.

Optimization Techniques

- Adjusting number of extraction stages.

- Modifying solvent flow rates.

- Employing advanced separation equipment.

- Implementing real-time monitoring and automation.

Economic Considerations

Cost Factors

- Cost of benzene and its recovery.

- Operating costs for equipment and energy.
- Waste management and disposal costs.

- Value of recovered benzoic acid.

Benefits of Effective Extraction

- Reduced wastewater treatment costs.

- Reuse of benzoic acid.

- Compliance with environmental regulations.
- Potential revenue from recovered products.

Conclusion

Extracting benzoic acid from wastewater streams containing 2% concentration at a rate of 2000 kg/h
is @ complex yet manageable process that requires careful design, optimization, and safety
considerations. By leveraging principles of liquid-liquid extraction, selecting appropriate solvents like



benzene, and optimizing operational parameters such as solvent-to-feed ratio and number of stages,
industries can effectively recover benzoic acid, reduce environmental impact, and improve economic
efficiency. Although benzene has been traditionally used due to its favorable solvent properties,
modern practices often favor safer alternatives to mitigate health risks. Continuous process
monitoring and optimization ensure maximum recovery, regulatory compliance, and sustainable
operations.
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Frequently Asked Questions

What is the primary purpose of extracting wastewater
containing 2% benzoic acid with benzene at a rate of 2000
kg/h?

The primary purpose is to separate and recover benzoic acid from the wastewater to reduce
environmental pollution and reclaim valuable chemicals through solvent extraction.

How is the efficiency of benzoic acid extraction with benzene
typically evaluated in this process?

The extraction efficiency is evaluated using the distribution coefficient (K_d), which measures the
ratio of benzoic acid concentration in the benzene phase to that in the aqueous phase, along with the
phase ratio and extraction percentage.

What factors influence the choice of benzene as an extractant
for benzoic acid in wastewater treatment?

Factors include the high partition coefficient of benzoic acid in benzene, immiscibility with water, ease
of recovery through distillation, and compatibility with downstream processing, although safety and
environmental concerns also play a role.

What are the environmental and safety considerations when
using benzene for extracting benzoic acid from wastewater?

Benzene is a toxic and carcinogenic solvent, so proper handling, containment, and disposal are
crucial. Ventilation, protective equipment, and adherence to safety regulations are necessary to
prevent health hazards and environmental contamination.

What is the typical process flow for extracting benzoic acid



from wastewater using benzene at a rate of 2000 kg/h?

The process involves mixing the wastewater with benzene in an extraction vessel, allowing the
benzoic acid to partition into the benzene phase, then separating the phases via phase separation,
and finally recovering benzoic acid from benzene through distillation or crystallization.

Additional Resources

Extraction of Wastewater Containing 2% Benzoic Acid Using Benzene at 2000 Kg/h: An In-Depth
Analysis

Introduction

In the realm of chemical engineering and environmental management, the efficient removal of
organic contaminants from wastewater is a critical concern. Among various pollutants, benzoic acid is
a common aromatic carboxylic acid found in industrial effluents, especially from the pharmaceutical,
dye, and food industries. Its presence in wastewater not only poses environmental hazards but also
complicates water treatment processes. To address this, solvent extraction has emerged as a
preferred method for recovering benzoic acid from aqueous streams.

This review focuses on the process of extracting wastewater containing 2% benzoic acid with benzene
at a rate of 2000 Kg/h. We will explore the principles of liquid-liquid extraction, operational
parameters, safety considerations, and environmental implications associated with this process. The
goal is to provide a comprehensive guide for engineers, environmental managers, and researchers
involved in designing or optimizing such extraction systems.

Understanding the Composition and Requirements

Wastewater Characteristics

- Benzoic Acid Concentration: 2% by weight, equivalent to 20 g of benzoic acid per 1 kg of
wastewater.

- Flow Rate: 2000 Kg/h of wastewater entering the extraction system.

- Total Benzoic Acid Load: 2000 kg/h 2% = 40 kg/h.

This relatively high concentration necessitates efficient extraction techniques to recover benzoic acid
effectively while minimizing waste and environmental impact.



Goals of Extraction

- Maximize the recovery of benzoic acid from wastewater.

- Achieve high selectivity to prevent co-extraction of unwanted impurities.
- Minimize solvent losses and environmental footprint.

- Ensure safe operation considering the solvents involved.

Principles of Liquid-Liquid Extraction

Fundamentals

Liquid-liquid extraction involves transferring a solute from one immiscible liquid phase (aqueous
wastewater) to another (organic solvent). The key factors influencing extraction efficiency include:

- Distribution Coefficient (Kd): Ratio of solute concentration in organic phase to that in aqueous phase
at equilibrium.

\[
K d = \frac{C_{organic}}{C _{aqueous}}
\]

- Partitioning Behavior: Driven by differences in solubility and affinity of benzoic acid for benzene
versus water.

- Mass Transfer: Occurs across the interface, influenced by contact area, phase ratios, and agitation.

Choice of Solvent: Benzene

- Advantages:
- Good solubility for benzoic acid.
- Immiscible with water, enabling phase separation.

- Disadvantages:
- Toxicity and carcinogenicity pose health risks.
- Environmental concerns due to volatility and persistence.

- Alternatives: Toluene, xylene, or greener solvents like methyl tert-butyl ether (MTBE) are sometimes
considered, but benzene remains a classic choice historically.



Extraction Process Types

- Batch Extraction: Suitable for small-scale or batch operations.
- Continuous Extraction: Preferred for large-scale, steady-state processes like the 2000 kg/h flow.

Design Considerations and Operational Parameters

Solvent-to-Aqueous Ratio (S/A)

- The ratio influences the extent of extraction.
- Typical S/A ratios range from 1:1 to 3:1, depending on solubility and economic factors.
- Higher ratios improve extraction but increase solvent usage.

Number of Extraction Stages

- Multiple stages enhance recovery efficiency.
- Calculated using McCabe-Thiele diagrams or stage-wise mass balances.
- For 2% benzoic acid, at least 2-3 stages are often necessary to achieve desired purity.

Mass Balance Calculations

- Initial Data:

- Wastewater flow: 2000 kg/h

- Benzoic acid: 40 kg/h

- Assume initial aqueous concentration: 20 g/kg

- Assuming equilibrium data:

- Kd for benzoic acid in benzene-water system is typically around 2-3.
- To maximize recovery, the process is designed to operate near the equilibrium point.

- Extraction efficiency:
- For a single stage with Kd = 2:

\[
\text{Fraction extracted} = \frac{K d \timesV o}{K d\timesV o +V a}
\]

where \(V_o\) and \(V_a\) are the organic and aqueous phase volumes respectively.

- Design Objective:



- Extract at least 95% of benzoic acid, i.e., recover 38 kg/h out of 40 kg/h.

Equipment Selection and Design

- Extractor Type: Counter-current extraction columns are standard.
- Phase Mixing: Achieved via mixers or paddles to improve contact.
- Settling Devices: Decanters or settlers facilitate phase separation.

Safety and Environmental Aspects

Handling Benzene

- Toxicity: Benzene exposure can cause serious health issues, including leukemia.
- Safety Measures:

- Use of closed systems to prevent vapor release.

- Adequate ventilation and explosion-proof equipment.

- Personal protective equipment (PPE) for operators.

- Regulatory Compliance: Strict adherence to OSHA, EPA, and local regulations regarding benzene
handling.

Environmental Concerns and Waste Management

- Solvent Losses:
- Minimize through efficient phase separation and solvent recovery.
- Use of condensers and recovery units.

- Wastewater Treatment:
- Post-extraction water may contain residual benzene.
- Implementing advanced treatment such as activated carbon adsorption or incineration.

- Solvent Recovery:
- Distillation units to reclaim benzene from the organic phase.
- Ensure minimal environmental release and economic reuse.



Process Optimization and Troubleshooting

Maximizing Recovery

- Adjust phase ratios based on empirical data.
- Increase the number of stages if necessary.
- Optimize mixing intensity and contact time.

Addressing Challenges

- Phase Emulsification: Prevent formation of stable emulsions by controlling agitation speed.
- Solvent Purity: Regularly monitor benzene purity and contamination levels.
- Corrosion and Material Compatibility: Use appropriate materials resistant to benzene and acids.

Monitoring and Control

- Continuous analysis of inlet and outlet streams.
- Use of process control systems for flow rates, temperature, and phase separation parameters.

Recovery of Benzoic Acid and Solvent Regeneration

Back-Extraction (Stripping)

- The organic phase containing benzoic acid is sent to a stripping column.
- A suitable stripping agent (e.g., dilute NaOH solution) converts benzoic acid to its sodium salt, which
is then recovered via crystallization.

Solvent Recycling

- Benzene is distilled from the organic phase.
- Purified benzene is recycled back to the extractor, reducing costs and environmental impact.

Product Purity and Quality Control



- Crystallized benzoic acid must meet purity standards.
- Regular analysis ensures process consistency.

Conclusion and Final Remarks

Extracting 2% benzoic acid from wastewater using benzene at a rate of 2000 kg/h is a complex
process that demands careful consideration of chemical, engineering, safety, and environmental
factors. While benzene offers excellent solubility and extraction efficiency for benzoic acid, its toxicity
necessitates rigorous safety protocols and waste management strategies.

By optimizing the number of extraction stages, solvent-to-feed ratios, and implementing robust
solvent recovery and waste treatment systems, it is possible to achieve high recovery rates of benzoic
acid while safeguarding health and the environment. Advances in solvent selection, process
automation, and environmental controls continue to enhance the feasibility of such extraction
processes.

Given the environmental and health risks associated with benzene, ongoing research into greener
solvents and alternative extraction techniques is encouraged. Nonetheless, understanding the
fundamental principles, design considerations, and operational strategies outlined here provides a
solid foundation for effective extraction of benzoic acid from wastewater streams at industrial scales.

In summary:

- The process involves liquid-liquid extraction with benzene, leveraging the favorable partitioning of
benzoic acid.

- Proper stage design, phase ratios, and equipment selection are critical to achieving high recovery.
- Safety and environmental management are paramount due to benzene's toxic nature.

- Solvent recovery and waste treatment ensure process sustainability and compliance.

- Continuous process monitoring and optimization are necessary for consistent performance.

This comprehensive understanding serves as a valuable resource for implementing effective benzoic
acid extraction systems in industrial environments.
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