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Abstract

Acrylonitrile Butadiene Styrene (ABS) is one of the most widely used engineering 
thermoplastics due to its excellent balance of impact resistance, mechanical 
strength, dimensional stability, surface quality, and processing versatility. As an 
amorphous polymer alloy consisting of acrylonitrile, butadiene, and styrene 
components, ABS combines the rigidity and chemical resistance of acrylonitrile, the 
toughness of butadiene rubber phase, and the processability and appearance 
characteristics of styrene.

Unlike semi-crystalline engineering plastics such as polyamide (PA) and 
polyoxymethylene (POM), ABS exhibits low shrinkage, excellent dimensional 
accuracy, and superior surface finishing capability, making it particularly suitable for 
injection molded components requiring complex geometries and aesthetic 
requirements.

ABS materials are extensively utilized in consumer electronics, automotive interiors, 
household appliances, industrial equipment, medical devices, and consumer 
products. Their ability to provide a cost-effective balance between performance and 
manufacturability has established ABS as a critical material solution for modern 
plastic product development.

This document provides a comprehensive technical overview of ABS, covering its 
chemical structure, thermal properties, mechanical performance, moisture 
absorption characteristics, processing methodologies, material modifications, and 
typical applications. The information is intended for engineering design and 
industrial material selection.

1. Chemical Structure
ABS is a terpolymer composed of three primary monomer components:

• Acrylonitrile
• Butadiene
• Styrene

The unique combination of these three components creates a multiphase polymer 
structure consisting of a continuous styrene-acrylonitrile (SAN) matrix containing 
dispersed polybutadiene rubber particles.

1.1 Acrylonitrile Component

Acrylonitrile contributes:

• Chemical resistance
• Thermal stability



• Surface hardness
• Mechanical rigidity

Higher acrylonitrile content generally improves resistance to chemicals and elevated 
temperatures while increasing stiffness.

1.2 Butadiene Component

Butadiene forms the rubber phase within ABS and provides:

• Excellent impact resistance
• Improved toughness
• Better low-temperature performance
• Increased resistance to sudden mechanical impact

The rubber phase allows ABS to absorb external energy without brittle fracture.

1.3 Styrene Component

Styrene contributes:

• Good processing characteristics
• Surface gloss
• Dimensional stability
• Ease of molding

The styrene component improves melt flow behavior, allowing ABS to fill complex 
mold structures efficiently.

1.4 Polymer Structure Characteristics

ABS is classified as an amorphous thermoplastic. Unlike semi-crystalline materials 
such as PA6 and PA66, ABS does not form highly ordered crystalline regions.

This structure provides:

• Low molding shrinkage
• Excellent dimensional accuracy
• Good surface appearance
• Stable processing behavior

However, the amorphous structure also results in lower heat resistance compared 
with high-performance crystalline engineering plastics.

2. Thermal Properties
Thermal performance is an important factor determining ABS application 
limitations, particularly in automotive, electrical, and industrial environments.

2.1 Glass Transition Temperature

ABS typically exhibits a glass transition temperature (Tg) between:

95–110°C

Above the glass transition temperature, molecular mobility increases and 
mechanical stiffness gradually decreases.



The relatively high Tg of ABS allows it to maintain structural performance in 
moderate-temperature applications.

2.2 Processing Temperature

The typical melt processing temperature range for ABS is:

220–260°C

The recommended temperature depends on:

• Material grade
• Additives
• Mold design
• Product thickness

Excessive processing temperatures may cause:

• Thermal degradation
• Surface discoloration
• Reduced mechanical performance

2.3 Heat Deflection Temperature (HDT)

Typical HDT values:

Material Grade HDT (1.8 MPa)

Standard ABS 75–100°C

Heat-resistant ABS 100–115°C

PC/ABS Alloy 120–140°C

Heat resistance can be improved through polymer modification, including PC 
blending and reinforcement.

2.4 Continuous Service Temperature

Typical continuous operating temperature:

80–100°C

For applications requiring higher thermal resistance, modified ABS grades such as 
PC/ABS are commonly selected.

3. Mechanical Properties
ABS provides a balanced combination of stiffness, toughness, and impact resistance.

Typical mechanical properties of standard ABS grades are shown below:



Property Typical Value

Tensile Strength 40–50 MPa

Tensile Modulus 1.8–2.5 GPa

Flexural Strength 65–80 MPa

Flexural Modulus 1.8–2.5 GPa

Elongation at Break 10–30%

Notched Izod Impact Strength 10–30 kJ/m²

Rockwell Hardness R90–R120

3.1 Impact Resistance

One of the most important advantages of ABS is its excellent impact resistance.

The dispersed rubber phase absorbs impact energy and prevents sudden cracking, 
making ABS suitable for:

• Protective housings
• Consumer electronics structures
• Automotive interior components

3.2 Mechanical Balance

Compared with other engineering plastics, ABS provides a balanced performance 
profile:

• Higher toughness than many rigid plastics
• Better surface quality than many reinforced materials
• Easier processing compared with high-performance polymers

This balance makes ABS one of the most versatile materials for injection molding.

4. Moisture Absorption Behavior
ABS exhibits relatively low moisture absorption compared with polyamide materials.

Typical water absorption:

Condition Water Absorption

24 hours immersion Approximately 0.2–0.5%

Saturation absorption Approximately 0.5–1.0%

4.1 Dimensional Stability

Due to its low moisture absorption, ABS provides:

• Stable dimensions
• Low environmental expansion
• Consistent assembly performance

This characteristic is particularly important for precision plastic components.

4.2 Processing Considerations

Although ABS absorbs less moisture than nylon materials, proper drying is still 
recommended before injection molding.



Typical drying conditions:

• Temperature: 70–80°C
• Time: 2–4 hours

Insufficient drying may result in:

• Silver streaks
• Surface defects
• Reduced mechanical properties

5. Processing Methods
ABS is widely processed through injection molding due to its excellent melt flow 
characteristics.

5.1 Injection Molding Parameters

Typical processing conditions:

Parameter Recommended Range

Drying Temperature 70–80°C

Drying Time 2–4 hours

Melt Temperature 220–260°C

Mold Temperature 40–80°C

Injection Pressure 60–150 MPa

Holding Pressure Medium

Cooling Time Depends on part thickness

5.2 Mold Design Considerations

ABS has good flow characteristics, allowing relatively complex part designs.

Important design considerations include:

Wall Thickness

Recommended wall thickness:

1.2–3.5 mm

Uniform wall thickness helps reduce:

• Sink marks
• Warpage
• Internal stress

Gate Design

Proper gate positioning improves:

• Filling performance
• Surface appearance
• Weld line control

Cooling System



Balanced cooling channels are important to achieve:

• Dimensional stability
• Reduced deformation
• Improved cycle efficiency

6. Common Injection Molding Defects and Solutions

6.1 Warpage

Causes:

• Uneven cooling
• Internal stress
• Improper processing parameters

Solutions:

• Optimize cooling system
• Adjust mold temperature
• Improve part design

6.2 Sink Marks

Causes:

• Excessive wall thickness
• Insufficient holding pressure
• Poor cooling

Solutions:

• Optimize wall thickness
• Increase holding pressure
• Improve cooling efficiency

6.3 Weld Lines

Causes:

• Multiple melt flow fronts
• Poor gate location

Solutions:

• Optimize gate design
• Increase melt temperature
• Improve mold flow analysis

6.4 Surface Defects

Causes:

• Moisture
• Material degradation
• Improper injection parameters

Solutions:

• Improve drying process



• Adjust processing temperature
• Optimize injection speed

7. ABS Material Modification
To meet different engineering requirements, ABS can be modified through blending 
and reinforcement technologies.

7.1 PC/ABS Alloy

Combining ABS with polycarbonate improves:

• Heat resistance
• Impact strength
• Dimensional stability

Applications:

• Automotive components
• Electronic housings
• Industrial equipment

7.2 Flame Retardant ABS

Flame retardant additives improve fire safety performance.

Applications:

• Electrical enclosures
• Electronic equipment
• Power-related components

7.3 Glass Fiber Reinforced ABS

Glass fiber reinforcement improves:

• Mechanical strength
• Rigidity
• Dimensional stability

Applications:

• Structural components
• Industrial parts

8. Typical Applications

8.1 Consumer Electronics

ABS is widely used in:

• Electronic device housings
• Keyboard components
• Chargers
• Smart device accessories
• Computer peripherals

Its excellent surface finish and processing performance make it ideal for appearance-
sensitive products.



8.2 Automotive Industry

Applications include:

• Interior trim components
• Instrument panels
• Control panels
• Decorative parts

Modified ABS grades are often selected for higher temperature requirements.

8.3 Household Appliances

ABS is commonly used for:

• Appliance housings
• Control panels
• Small appliance components

8.4 Industrial Equipment

Applications include:

• Equipment covers
• Protective enclosures
• Control system housings

8.5 Medical Devices

Due to its appearance, processability, and chemical resistance, ABS is used in:

• Medical equipment housings
• Diagnostic device covers
• Instrument components

9. Comparison with Other Engineering Plastics

Material ABS PC PA66

Impact Resistance Excellent Excellent Good

Heat Resistance Medium High Very High

Dimensional Stability Excellent Good Medium

Moisture Absorption Low Very Low High

Surface Finish Excellent Good Medium

Processing Difficulty Easy Medium Medium

10. Summary
ABS remains one of the most important engineering thermoplastics due to its 
excellent balance of impact resistance, mechanical properties, surface quality, 
dimensional stability, and processing performance.

Its versatility allows ABS to support a wide range of applications, from consumer 
electronics and automotive components to industrial equipment and medical 
devices.



Through advanced material selection, precision mold development, and optimized 
injection molding processes, manufacturers can fully utilize ABS performance to 
create reliable and cost-effective plastic components.
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