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2. Mechanical Performance

1. Introduction

Polycarbonate (PC) is classified as an amorphous thermoplastic engineer‑
ing polymer, distinguished by its exceptional balance of mechanical robust‑
ness, optical clarity, dimensional stability, and inherentflame retardancy. These
characteristics stem from its unique molecular structure, which features aro‑
matic carbonate linkages that confer high rigidity and thermal resistance. PC
exhibits a glassy morphology in its solid state, lacking a distinct melting point
due to its non‑crystalline nature, which facilitates processing while maintain‑
ing structural integrity over a broad temperature range.

The material demonstrates outstanding impact resistance, often exceed‑
ing that of other transparent polymers such as acrylic or glass, making it suit‑
able for safety‑critical applications. Its transparency, combined with excellent
formability via injection molding and extrusion, enables complex part geome‑
tries in precision components. Furthermore, PC possesses good electrical in‑
sulation properties and maintains performance under humid conditions, pro‑
vided prolonged exposure to hot water is avoided. These attributes collectively
establish PC as a preferred material across diverse sectors including automo‑
tive glazing, electronic enclosures, medical devices, construction panels, and
consumer optics.

2. Mechanical Performance

Polycarbonate exhibits a high tensilemodulus, typically ranging from 2200
to 2400 MPa, indicating significant stiffness and resistance to elastic deforma‑
tion under load. This property is critical in structural applications where di‑
mensional fidelity under stress is required. The tensile strength at yield av‑
erages between 65 and 78 MPa, while the ultimate tensile strength at break re‑
mainswithin a similar range, reflectingminimal post‑yield softening. More no‑
tably, the elongation at break exceeds 78%, with values often surpassing 120%
depending on grade and testing conditions, confirming the ductile nature of
standard PC formulations.
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3. Thermal Stability

Impact toughness represents oneof themost definingmechanical attributes
of PC. Notched Izod impact strength values are consistently reported between
640 and 737 J/m, demonstrating superior resistance to crack propagation ini‑
tiated by stress concentrators. In unnotched configurations, PC frequently re‑
sults in“no break”outcomes during standardized impact tests, underscoring
its extraordinary overall toughness and ability to absorb energy without catas‑
trophic failure. This behavior is particularly advantageous in applications sub‑
ject to dynamic loading or accidental impacts.

Hardness, measured using ball indentation methods, typically falls within
the range of 115–128 N/mm², providing adequate surface resistance to abra‑
sion and indentation. Additionally, PC shows favorable creep resistance; under
sustained loading, the creep modulus after 1000 hours remains approximately
1900MPa, indicating stable long‑term dimensional performance in static load‑
bearing components. These combined mechanical properties make PC ideal
for parts requiring durability, resilience, and reliability under variable me‑
chanical stresses.

3. Thermal Stability

Thermal performance is a keydeterminant of PC’sapplicability in elevated‑
temperature environments. The glass transition temperature (Tg), marking the
onset of large‑scale segmental motion in the polymer chains, is typically ob‑
served between 144 °C and 147 °C. This relatively high Tg underpins the mate‑
rial’s ability to retain its rigid, glassy state and associatedmechanical proper‑
ties well above ambient temperatures.

Theheat deflection temperature (HDT), a practicalmeasure of load‑bearing
capability under thermal stress, ranges from 125 to 129 °C when tested under a
flexural stress of 1.8MPa. At a reduced load of 0.45MPa, HDT increases to 131–
141 °C, highlighting the influence of applied stress on thermal deformation. As
a result, PC components can maintain functional shape and performance in
service environments up to approximately 135 °C, which is essential for appli‑
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4. Optical Properties

cations in electronics and under‑the‑hood automotive systems.

Vicat softening temperature, another indicator of thermal resistance, aligns
closelywith Tg values, generally falling between 144 °C and 150 °C. The continu‑
ous service temperature range for standardPCgrades is established from–40 °C
to +135 °C, enabling reliable operation across extreme climatic conditions. Re‑
garding flammability, PC displays inherent self‑extinguishing behavior due to
its aromatic structure. It commonly achieves a UL 94 V‑0 rating at thicknesses
of 1.5 mm or greater, with limiting oxygen index (LOI) values between 26% and
32%, confirming its classification as a flame‑retardant material without requir‑
ing additional additives inmany cases. Thermal decomposition initiates above
220–230 °C, releasing carbon dioxide and phenolic compounds, necessitating
careful consideration of processing temperatures and end‑use thermal limits.

4. Optical Properties

Optical clarity is a hallmark feature of polycarbonate, positioning it as a
leading choice for transparent applications. For thin sheets (e.g., 1–3mmthick‑
ness), initial light transmittance exceeds 89%, with optical‑grade formulations
achieving values above 90%. This level of transparency rivals that of soda‑lime
glass, yet with significantly lower density and higher impact resistance, offer‑
ing a compelling alternative in weight‑sensitive designs.

Haze, ameasureof scattered light transmission, is exceptionally low—typically
less than 0.8% for thicker sheets and below 0.2% for films—ensuring excellent
visual clarity and minimal distortion. The refractive index of PC is approxi‑
mately 1.586, a value relevant for optical design involving lenses, prisms, and
light‑guiding elements, where precise control of light paths is necessary.

Despite these advantages, PC is inherently susceptible to ultraviolet (UV)
radiation. Prolonged exposure to sunlight induces photo‑oxidative degrada‑
tion, leading to yellowing, surface microcracking, and gradual reduction in
mechanical performance. This limitation is mitigated through the incorpora‑
tion of UV stabilizers into the resinmatrix or the application of protective coat‑
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6. Processability and Physical Characteristics

ings. Such modifications enable extended outdoor service life in applications
such as architectural glazing, lighting fixtures, and automotive lenses, thereby
preserving both aesthetic and functional integrity over time.

5. Chemical Resistance

Chemical resistance in polycarbonate is selective and must be evaluated
based on specific environmental exposures. The material demonstrates good
stability against dilute acids, aliphatic alcohols (e.g., ethanol, isopropanol),
and aliphatic hydrocarbons (e.g., hexane, mineral oil), allowing safe contact
in various industrial and consumer settings without significant degradation.

In contrast, PC exhibits poor resistance to strong alkalis such as sodium
hydroxide and ammonia solutions. These agents can catalyze hydrolysis of the
carbonate ester bonds in the polymer backbone, resulting in chain scission,
loss of molecular weight, and embrittlement. Similarly, aromatic hydrocar‑
bons (e.g., benzene, toluene), ketones (e.g., acetone), esters (e.g., ethyl acetate),
and chlorinated solvents (e.g., dichloromethane) pose severe risks. Exposure
to these chemicals, especially under mechanical stress, can induce environ‑
mental stress cracking (ESC), swelling, or even complete dissolution.

Hydrolytic stability is limited under prolonged exposure to hot water or
steam. Standard PC grades are prone to hydrolytic degradation at temperatures
above 60 °C in high‑humidity environments, rendering them unsuitable for
repeated autoclave sterilization unless specifically stabilized. Consequently,
chemical compatibility must be rigorously assessed during material selection,
particularly for applications involving cleaning agents, disinfectants, or ag‑
gressive process fluids.

6. Processability and Physical Characteristics

From a physical standpoint, PC has a density range of 1.18–1.22 g/cm³, con‑
tributing to a favorable strength‑to‑weight ratio compared to metals and some
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7. Conclusion

other engineering plastics. However, the material is hygroscopic, with equi‑
librium moisture absorption of approximately 0.12% at 50% relative humidity
and 23 °C, increasing to about 0.30% at saturation. Due to the risk of hydrolytic
degradation during melt processing, thorough pre‑drying is mandatory prior
to molding or extrusion.

Melt flow rate (MFR), a key indicator of processability, typically ranges
from 6.5 to 23 g/10 min when measured at 300 °C under a 1.2 kg load. Higher
MFR values correspond to lower melt viscosity, facilitating easier filling of in‑
tricate molds and thin‑walled sections, which is beneficial in high‑volume in‑
jectionmolding operations. The linear coefficient of thermal expansion (CLTE)
is approximately 6.5 × 10��/K, a relatively moderate value among thermo‑
plastics, supporting dimensional stability during thermal cycling and reducing
the likelihood of warpage or fit issues in assembled components.

PC is readily processed using conventional techniques such as injection
molding and extrusion. Its high melt strength allows for the production of
thick‑section parts and large sheets without sagging. Furthermore, the ab‑
sence of crystallinity eliminates concerns related to shrinkage anisotropy, sim‑
plifying mold design and improving part consistency. These processing ad‑
vantages, combined with excellent dimensional stability and surface finish,
make PC highly versatile for manufacturing complex, high‑precision compo‑
nents across multiple industries.

7. Conclusion

Polycarbonate stands out as a high‑performance engineering thermoplas‑
tic due to its balanced combination ofmechanical strength, thermal resilience,
optical transparency, and processability. Its exceptional impact resistance,
high heat deflection temperature, and inherent flame retardancy render it in‑
dispensable in safety‑critical and demanding applications. While limitations
exist in terms of UV sensitivity and chemical resistance to certain solvents and
alkalis, these can be effectively managed through formulation modifications
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7. Conclusion

and protective treatments.

The material plays a vital role in modern industrial design, serving as a
structural and functional component in automotive systems, electronic hous‑
ings, medical instrumentation, architectural glazing, and optical devices. Its
ability to maintain performance under diverse environmental conditions, cou‑
pled with ease of fabrication, ensures continued relevance and widespread
adoption. When selecting PC for a given application, engineers must consider
the interplay between mechanical demands, thermal exposure, chemical en‑
vironment, and long‑term durability requirements to ensure optimal perfor‑
mance and service life.
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