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1. Introduction
Polystyrene (PS) is a commonly utilized thermoplastic material synthesized from the monomer

styrene. Due to its versatility, ease of processing, and cost-effectiveness, polystyrene finds
applications in packaging, consumer goods, electronics, and construction. Its ability to be molded

into various shapes and forms makes it essential in both rigid and foam forms.

2. Applications of Polystyrene
» Packaging Industry: Used extensively in food containers, disposable cutlery, and cushioning

materials.
» Used in consumer goods such as toys, cosmetic packaging, and home appliances.
» Construction: Used in insulation boards, lighting panels, and decorative elements.
» Electronics: Applied in CD/DVD cases, housing for electronic equipment, and insulation

components.

3. Properties of Polystyrene
» Thermoplastic Nature: It softens on heating and hardens on cooling, enabling repeated

molding.
» Low Density: Contributes to its lightweight nature, especially in foam form.
» Transparency: The general-purpose grade (GPPS) is clear and rigid.
» Brittleness: Can be modified by copolymerization or blending with rubber to enhance

toughness.

4. Monomer - Styrene
Styrene is the essential building block of polystyrene. It is an aromatic hydrocarbon with the
formula CgHg and is produced commercially via the dehydrogenation of ethylbenzene. Because
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styrene is toxic, flammable, and prone to evaporation, it must be stored and processed under
controlled safety conditions.

5. Polymerization of Styrene
Polystyrene is produced using free-radical polymerization techniques.

5.1 Bulk Polymerization

» Conducted without solvents.
» Yields high-purity products.
» Requires effective heat removal.

5.2 Suspension Polymerization
» Involves dispersion of styrene droplets in water with stabilizers.
» Facilitates better heat control.
» Produces spherical beads of polystyrene.

5.3 Emulsion Polymerization
» Employs water, emulsifiers, and initiators.
» Common in producing high-impact polystyrene (HIPS).

6. Safety Factors
» Flammability: Polystyrene is highly flammable; storage and handling must minimize fire

risk.
» Toxic Emissions: Styrene monomer is harmful; proper ventilation and protective equipment

are mandatory.
» Environmental Impact: Non-biodegradable; contributes to long-term plastic pollution.

7. Material Balance
Assumptions:

» 1000 kg/hr of polystyrene production
» Styrene conversion rate: 95%

» Inert content: 2%

» Recycle stream included

Input:

» Styrene feed: 1050 kg/hr (based on conversion and losses)
» Initiator: 2 kg/hr
» Water and additives: 150 kg/hr (for suspension polymerization)

Output:

» Polystyrene: 1000 kg/hr
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» Unreacted styrene: 50 kg/hr (to be recycled)
» Waste: Minimal due to recycling loop

8. Energy Balance
Key Considerations:

» Exothermic polymerization: Requires continuous heat removal.
» Pre-heating of reactants: Estimated energy demand ~75 kW.
» Reactor cooling systems: Water jackets or internal coils used.

Estimation:

» Heat of polymerization of styrene: ~70 kJ /mol
» Energy removal required: ~81 M]/hr (based on 1000 kg/hr throughput)

9. Process Design
9.1 Reactor Design

» Type: Continuous Stirred Tank Reactor (CSTR) or tubular reactor

» Volume: Determined by conversion rate and residence time

» Material: Stainless steel with heat control systems

9.2 Downstream Equipment

» Separators: Remove unreacted styrene
» Dryers: Eliminate moisture from product
» Pelletizers: Shape product into granules

9.3 Process Flow Diagram (PFD)

- Styrene feed — Reactor — Separator — Dryer — Extruder/Pelletizer — Final Product

10. Cost Estimation

Component Estimated Cost (USD) |
Reactor 500,000

Heat Exchangers 150,000

Storage Tanks 100,000

Separators & Dryers 250,000

Control Systems 80,000
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Utilities (5 years) 300,000
Labor and Maintenance 150,000/year
Total Capital Investment ~1.5 million

11. Plant Location and Layout
Criteria for Site Selection:

>

YV V V

Proximity to Raw Materials: Close to ethylbenzene/styrene suppliers.

Utilities Availability: Power, water, and steam supply.

Logistics: Near transport hubs (rail, road, ports).

Environmental Compliance: Regulatory permits, waste disposal infrastructure.

Layout Considerations:

» Zoning: Separate areas for storage, processing, and packaging.

» Safety Zones: Adequate spacing between hazardous operations.
» Accessibility: Clear routes for maintenance and emergency evacuation.
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