Understanding Static Electricity on Surfaces:
Formation, Mechanics, and Impact on Painting
Metallics

Introduction

Static electricity is a common but often misunderstood phenomenon that can significantly
affectindustrial processes, particularly in automotive and industrial painting. In paint shops,
static buildup on surfaces can lead to defects, increased rework, and compromised finish
quality, especially with metallic paints. This white paper explores the scientific principles
behind static electricity, how it forms on surfaces, and the technical mechanisms by which it
impacts paint application.

What is Static Electricity?

Static electricity refers to the build-up of electric charge on the surface of materials, typically
caused by friction or contact between two different substances. Unlike current electricity,
which flows continuously through conductors, static electricity is a localized charge imbalance
that remains until it is discharged.

How Static Charge Forms
Static charges are generated through a process known as triboelectric charging:

e Contact and Separation: When two materials come into contact and then separate,
electrons may transfer from one material to the other.

e Electron Affinity: Different materials have different tendencies to gain or lose electrons.
This is quantified in the triboelectric series—a ranking of materials by their electron
affinity.

¢ Resulting Charge: One surface becomes positively charged (loss of electrons), while
the other becomes negatively charged (gain of electrons).

Surfaces such as plastics and rubbers are insulators and tend to hold static charges longer,
while metals are conductors and generally dissipate charges quickly unless isolated.

Localization of Static Charges on Surfaces

Static electricity is often localized rather than evenly distributed across a surface. For
example, if a section of a plastic bumper has been repaired and rubbed, the static charge in that
area will be stronger compared to other parts of the bumper.

e Mechanical actions such as rubbing or sanding create friction that causes electrons to
transfer and accumulate at specific spots.

e Variations in the condition, texture, or contamination of the surface can influence where
static accumulates.



e These localized "hot spots" result in uneven electrostatic forces across the surface.

Impact of Static Electricity on Painting, Especially Metallic Finishes
Dust and Contamination Attraction

Static charges create an electrostatic field that attracts dust, airborne particles, and other
contaminants to the surface. This contamination leads to defects in the paint finish.

Paint Application and Flow Disruption

o Electrostatic Repulsion/Attraction: During spray painting, static charge canrepel or
attract paint particles unpredictably, causing uneven coverage or striping.

e Film Thickness Variations: Uneven static charges lead to inconsistent paint film
thickness, critical for colour consistency.

o Effect on Metallic Paints: Metallic paints rely on uniform orientation of metal flakes
within the paint layer to reflect light correctly. Static interference causes metal flakes to
cluster or misalign, resulting in mottling, colour shifts, or shimmer variations.

The localized static charges—such as those on repaired or rubbed areas of plastic bumpers—
can cause uneven paint application, leading to visible defects and compromised finish quality.

Increased Rework and Costs

Defects caused by static lead to increased sanding, polishing, and repainting, driving up labour
costs and reducing shop efficiency.

Solutions to Static Problems in Paint Shops
lonization Techniques

The most effective way to neutralize static charges is through bipolar ionization — emitting
both positive and negative ions to balance the charge on surfaces.

Tools like ULTRASTAT®

Cordless anti-static guns using advanced bipolar ionization technology effectively neutralize
static on plastics and metal parts, reducing contamination and improving finish quality. Their
portability and long battery life enable practical use across paint shops.

Conclusion

Static electricity on surfaces is a complex but manageable challenge in paint shops, especially
for metallic coatings where finish quality depends on precise paint application. Understanding
the formation, localization, and technical mechanisms of static helps professionals implement
effective solutions like ionization tools to ensure flawless finishes, reduce rework, and optimize
productivity.



