PLASTICS
ENGINEERING:
ESSENTIAL
VOCABULARY &
MATERIAL
CLASSIFICATION

Comprehensive introduction to plastics engineering
fundamentals families, and processing modifiers



WHY POLYMER CLASSIFICATION MATTERS

The foundation of material selection in injection molding

& Molecular Structure Impact ls Manufacturing Implications
Organization at the molecular level determines melting Dictates processing temperatures and cycles. Thermoplastics
behavior, recyclability, and processing requirements. differ vastly from thermosets in production.

|~ Performance Prediction & Cost and Sustainability
Enables prediction of shrinkage, warping, chemical resistance, Recyclability factors (thermoplastics vs. thermosets) directly
and mechanical properties before production. affect material costs and environmental compliance.

Real-World Application: Selecting the wrong polymer class can result in failed parts, production delays, and significant financial

losses.




THERMOPLASTICS VS. THERMOSETS

Molecular Structure Determines Recyclability and Processing

¢e Thermoplastics

 Structure: Linear/branched chains, weak secondary bonds.

* Processing: Can be melted & reshaped repeatedly. 101 MATERIAL CLASSI FlCATIONS

+ Recyclability: Fully recyclable (reprocess/reform). 1

ELASTOMERS

THERMOPLASTICS | THERMOSETS

’
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+ Cooling: Solidifies via physical cooling.
* Examples: PE, PP, PVC, Nylon, ABS.

* Use: High-volume, fast cycle times.

Can be remelted Cannot be remelted Rubber-like elastic

and reshaped : after curing properties
* Polyethylene (PE) » Epoxy » Natural Rubber
* Polypropylene (PP) !  Phenolic . * Silicone Rubber
P * Polystyrene (PS) « Polyurethane * Neoprene
= Thermosets * ABS » Melamine . « EPDM
» Nylon (PA) « Silicone » TPE/TPU
* Structure: Cross-linked 3D network, strong covalent bonds. BV ‘

* Processing: Irreversible cure; cannot be remelted.

* Recyclability: Non-recyclable (permanent structure).
* Curing: Solidifies via chemical reaction.

* Examples: Epoxy, Phenolic, Polyurethane.

+ Use: Heat resistance, dimensional stability. Key Distinction: Thermoplastics offer flexibility and sustainability;

Thermosets offer superior thermal and chemical stability.




AMORPHOUS VS. SEMI-CRYSTALLINE

Molecular Arrangement Controls Shrinkage, Clarity, and Chemical Resistance

Amorphous Semi-Crystalline =
«® STRUCTURE ®® STRUCTURE
Random, disordered chains. No regular pattern. Ordered crystalline regions mixed with disordered areas.
@ CLARITY R CLARITY
Transparent / Translucent. Opaque / Translucent (light scattering).
¥¢  SHRINKAGE ¥¢ SHRINKAGE
Low, uniform shrinkage (0.3-0.8%). Minimal warping. High, non-uniform (1-3%). Requires careful mold design.
§ THERMAL § THERMAL
Softens gradually (Glass Transition Tg). Sharp Melting Point (Tm). Stable at extremes.
Common Examples: Common Examples:
Polystyrene (PS), Polycarbonate (PC), ABS, PMMA (Acrylic) Polyethylene (PE), Polypropylene (PP), Nylon (PA), PET

Processing Implications: Semi-crystalline polymers require tighter temperature control and longer cooling times due to crystallization

heat; Amorphous polymers offer faster cycles but generally lower chemical resistance.




COMMON POLYMER FAMILIES

High-Volume, Cost-Effective Materials: Polyolefins & Styrenics

& P0|y0|eﬂ ns ~50% Market Share v‘ Styrenics ~10% Market Share
Polyethylene (PE) Polystyrene (PS)
Lowest cost, excellent chemical resistance, flexible. Used in films, Amorphous, brittle, excellent clarity, low cost. Packaging, disposable
containers, and consumer goods. cups, insulation.
Polypropylene (PP) ABS
Balance of cost, stiffness, and chemical resistance. Higher melting point. Tough, impact-resistant, good dimensional stability. Automotive trim,
Automotive & appliance standard. electronics, toys.
Characteristics: Semi-crystalline, low density, excellent processability, Characteristics: Amorphous, good processability, moderate temp
recyclable. resistance.

Cost-Effective Easy Processing Versatile Applications Established Supply Chains




ENGINEERING & HIGH-PERFORMANCE PLASTICS

Superior Properties for Demanding Applications

ENGINEERING HIGH-PERFORMANCE

Medium-High Performance Extreme Conditions

Nylon (PA) PEEK
High strength-to-weight ratio, excellent wear resistance. Used in gears and Exceptional thermal stability and chemical resistance for aerospace & oil/gas.
bearings.
Polyimide (PI)
Polycarbonate (PC) Extreme thermal and dimensional stability for high-temp electronics.
Exceptional impact resistance and clarity. Used in safety and medical
components. LCP
Anisotropic properties with excellent strength for advanced electronics.
PET
Good chemical resistance and mechanical properties for electrical parts. 8 Process Temp: >350°C

& Cost: Premium (10-100x)
B Process Temp: 250-320°C

S Cost: Moderate

Engineering plastics bridge the gap between cost and performance; High-performance plastics are selected when extreme specifications

cannot be met by other materials.




ADDITIVES AND FILLERS

— Glass Fiber

Function: Increases tensile strength (50-200%)
and stiffness.

Trade-off: Increases brittleness and reduces
impact resistance.

%° Flame Retardants

Function: Reduces flammability to meet safety
standards (UL-94).

Trade-off: Can reduce mechanical properties
and processability.

OTHER MODIFIERS

Transforming Base Resins into Application-Specific Materials

AVA

¥ Mineral Fillers

Function: Reduces material cost (20-40%) and
improves dimensional stability.

Trade-off: Reduced impact resistance.

== Plasticizers

Function: Increases flexibility and reduces
brittleness (e.g., in PVQ).

Trade-off: Reduces mechanical strength and
thermal stability.

@ Colorants 1 UV Stabilizers @ Antioxidants

Processing Context: Additives must be carefully selected to
balance property improvements with processing
capabilities.




KEY TAKEAWAYS: MASTERING MATERIAL SELECTION

Systematic selection prevents costly failures and optimizes production

«%» Classification Insights @& Market Segments A Customization

* Thermo vs. Thermoset: Determines * Polyolefins: High volume, low cost. + Additives: Modify base resins for specific
recyclability & processing method. - Engineering: Performance-critical. needs.

* Amorphous vs. Semi-Cryst: Predicts - High-Performance: Extreme conditions. * Balance: Weigh property improvements

shrinkage, clarity & chemical resistance. against processing complexity & cost.

PRACTICAL APPLICATION: THE SELECTION PROCESS

Define Requirements Select Family Refine Structure Validate

Temp, chemicals, load, cost target Commodity vs. Engineering vs. High-Perf Amorphous vs. Semi-Crystalline + Testing & Process Optimization
Additives



