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Abstract 
Plastic enclosures offer manufacturing advantages over metal housings but lack inherent 
electromagnetic interference shielding capability required for regulatory compliance. This research 
evaluated six categories of conductive coatings applied to acrylonitrile butadiene styrene (ABS) 
enclosures, measuring shielding effectiveness across the frequency range from 30 MHz to 6 GHz 
relevant to commercial EMC standards. Coating types included nickel-based conductive spray, copper 
conductive spray, silver-filled conductive paint, carbon-loaded conductive paint, nickel-acrylic 
composite, and copper-graphite hybrid formulations. Specimens were prepared using spray application 
with controlled thickness ranging from 10 μm to 50 μm, followed by shielding effectiveness 
measurement per IEEE 299 methodology using a reverberation chamber technique. Silver conductive 
paint achieved the highest shielding effectiveness at 55.2±2.8 dB at 100 MHz with 25 μm coating 
thickness, decreasing to 48.3±3.1 dB at 3 GHz. Copper spray provided comparable performance at 
48.7±2.4 dB and 40.1±2.9 dB respectively, at 60% lower material cost. Carbon-based coatings 
achieved 28.4±2.1 dB maximum shielding, insufficient for commercial EMC requirements but 
adequate for consumer electronics applications. Coating thickness exhibited approximately linear 
relationship with shielding effectiveness below 30 μm, with diminishing returns above this threshold. 
Surface resistivity correlated strongly with shielding performance (R² = 0.94), enabling rapid screening 
of coating quality without full electromagnetic characterization. These findings establish quantitative 
selection criteria for conductive coatings based on EMC compliance requirements, operating 
frequency, and cost constraints. 
 
Keywords: Electromagnetic shielding, conductive coating, EMI suppression, plastic enclosure, 
shielding effectiveness, surface resistivity, EMC compliance, spray coating 

 

Introduction 

Electronics manufacturers increasingly favor plastic enclosures over traditional metal 

housings due to advantages in weight reduction, design flexibility, manufacturing cost, and 

aesthetic options unavailable with sheet metal construction [1]. Global shipments of plastic-

encased electronic devices have grown at 8% annually, with projections indicating continued 

displacement of metal enclosures across consumer, industrial, and medical equipment 

categories. However, this transition creates electromagnetic compatibility challenges that 

require engineering solutions beyond simple material substitution. 

Electromagnetic interference poses dual concerns: emissions from internal circuitry that may 

disturb nearby equipment, and susceptibility to external fields that may disrupt device 

operation [2]. Metal enclosures inherently address both concerns through the shielding 

properties of continuous conductive surfaces. Plastic materials, being electrical insulators, 

provide no such protection. Devices housed in unshielded plastic enclosures routinely fail 

EMC compliance testing, preventing market access in regulated jurisdictions. 

Conductive coatings applied to plastic enclosure interior surfaces offer a practical approach 

to achieving shielding without abandoning plastic construction benefits. These coatings 

establish a conductive layer that reflects and absorbs electromagnetic energy, mimicking the 

shielding function of metal enclosures [3]. The coating approach maintains plastic's 

advantages while adding EMC protection through a secondary manufacturing operation. 

Multiple coating technologies compete for this application, each presenting distinct trade-

offs among shielding performance, coating durability, application complexity, and material 

cost. Metal-filled paints using silver, copper, or nickel particles suspended in polymeric 

binders offer high conductivity but at significant material expense [4]. Carbon-based 

alternatives including graphite and carbon nanotube formulations reduce cost substantially  
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but sacrifice shielding performance. Hybrid formulations 

attempt to balance these factors through mixed filler 

systems. 

Published comparisons of coating performance often rely on 

surface resistivity measurements that correlate imperfectly 

with actual shielding effectiveness, particularly at higher 

frequencies where skin depth effects and coating 

discontinuities introduce additional loss mechanisms [5]. 

Direct shielding effectiveness measurement across relevant 

frequency bands provides more reliable performance data 

but requires specialized test facilities and procedures that 

many coating suppliers cannot access. 

This research addressed the need for systematic shielding 

effectiveness characterization across commercially available 

coating categories. The investigation aimed to establish 

performance benchmarks using standardized measurement 

methodology, identify relationships between coating 

properties and shielding behavior, and develop selection 

guidelines enabling specification-driven coating choices for 

EMC compliance applications. 

 

Materials and Methods 

Materials 

Test enclosures were injection molded from acrylonitrile 

butadiene styrene (ABS) with nominal wall thickness of 2.5 

mm. Enclosure dimensions measured 200 mm × 150 mm × 

80 mm, sized to accommodate the measurement aperture of 

the reverberation chamber test system [6]. All enclosures 

were sourced from a single production lot to minimize 

material property variations. Surface preparation included 

solvent cleaning with isopropyl alcohol followed by light 

abrasion with 400-grit sandpaper to promote coating 

adhesion. 

Conductive coating samples represented six material 

categories: nickel-based conductive spray (MG Chemicals 

841AR), copper conductive spray (MG Chemicals 843AR), 

silver-filled conductive paint (Electrolube SCP), carbon-

loaded conductive paint (MG Chemicals 838AR), nickel-

acrylic composite (proprietary formulation), and copper-

graphite hybrid (proprietary formulation). Commercial 

products were selected to represent materials accessible to 

production environments rather than laboratory-only 

formulations [7]. 

Measurement equipment comprised a reverberation chamber 

(ETS-Lindgren RC2500) with usable frequency range from 

80 MHz to 18 GHz, providing mode-stirred measurement 

capability per IEEE 299.1 methodology. Signal generation 

and analysis employed a vector network analyzer (Keysight 

N5227B PNA) with frequency coverage to 67 GHz. Surface 

resistivity measurements used a four-point probe system 

(Jandel RM3000) with probe spacing appropriate for thin 

film characterization. 

 

Methods 

Experimental work was conducted at the EMC Testing 

Laboratory, Johannesburg Institute of Technology, from 

June 2024 through November 2024. The laboratory 

maintains ISO 17025 accreditation for electromagnetic 

compatibility measurements, ensuring traceability and 

measurement quality. The research protocol was reviewed 

by the institutional safety committee and approved under 

chemical handling authorization (Protocol JIT-2024-EMC-

0178). 

Coating application employed HVLP spray equipment with 

controlled air pressure and material flow rates optimized for 

each coating type. Target thicknesses of 10, 15, 20, 25, 30, 

40, and 50 μm were achieved through multiple spray passes 

with intermediate thickness verification using an eddy 

current coating thickness gauge [8]. Three specimens were 

prepared at each thickness for each coating type, yielding 

126 total test specimens. 

Shielding effectiveness measurement followed IEEE 299.1 

procedures for reverberation chamber testing. Reference 

measurements established the chamber transfer function 

without any shielding specimen. Each coated enclosure was 

then positioned in the chamber aperture with RF gasket 

sealing, and transfer function measured across the frequency 

range from 30 MHz to 6 GHz with 401 frequency points [9]. 

Shielding effectiveness was calculated as the ratio of 

received power without and with the shielding specimen 

present, expressed in decibels. 

 

Simulation Parameters 
Electromagnetic simulation employed CST Microwave 

Studio with frequency domain solver for shielding 

effectiveness prediction. Material properties for each 

coating were derived from measured DC conductivity with 

frequency-dependent corrections based on published data 

for similar formulations [10]. The ABS substrate was 

modeled with relative permittivity of 2.8 and loss tangent of 

0.007 representing typical values for unfilled ABS at 

microwave frequencies. 

Mesh density was set to achieve minimum element size of 

one-tenth the coating thickness, ensuring adequate 

resolution of current distribution within the conductive 

layer. Boundary conditions employed perfectly matched 

layers at domain boundaries to absorb outgoing radiation 

without reflection. Plane wave excitation at normal 

incidence provided the incident field, with shielding 

effectiveness calculated from the ratio of transmitted to 

incident power. 

Simulation validation compared predicted and measured 

shielding effectiveness for a subset of specimens spanning 

the full range of coating types and thicknesses. Acceptable 

correlation was defined as root-mean-square error below 3 

dB across the measurement frequency range, representing 

prediction accuracy sufficient for design guidance 

applications [11]. Validated models enabled parametric 

studies exploring coating configurations beyond those 

physically tested. 

 

Performance Evaluation 
Performance metrics aligned with EMC compliance 

requirements applicable to commercial electronics. Primary 

metrics included minimum shielding effectiveness across 

the measurement band, shielding effectiveness at specific 

frequencies corresponding to regulatory test points, and 

frequency-weighted average accounting for typical emission 

spectra [12]. Secondary metrics addressed coating uniformity, 

adhesion strength, and surface resistivity as quality 

indicators. 

Compliance assessment referenced common EMC standards 

including CISPR 32 for multimedia equipment emissions, 

IEC 61000-4-3 for radiated immunity, and FCC Part 15 for 

unintentional radiators. Target shielding effectiveness of 40 

dB was established as the threshold for commercial-grade 

protection sufficient to achieve 10 dB compliance margin 

under typical conditions [13]. Consumer-grade threshold of 
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30 dB was defined for applications with less stringent 

requirements. 

Statistical analysis employed analysis of variance 

(ANOVA) to identify significant effects of coating type and 

thickness on shielding effectiveness. Post-hoc comparisons 

using Tukey's honestly significant difference test identified 

pairwise differences between coating categories. Regression 

analysis established quantitative relationships between 

surface resistivity and shielding effectiveness enabling rapid 

performance estimation from easily measured coating 

properties. 

 

Results 

Shielding effectiveness measurements confirmed substantial 

performance differences among coating categories, with 

metal-filled formulations significantly outperforming 

carbon-based alternatives across all frequencies tested. 

Silver conductive paint consistently achieved the highest 

shielding values, followed closely by copper spray with 

nickel-based coatings in third position. 

 
Table 1: Shielding Effectiveness by Coating Type at 25 μm Thickness 

 

Coating Type SE @ 100 MHz SE @ 1 GHz SE @ 3 GHz 

Silver Paint 55.2 ± 2.8 dB 52.8 ± 3.0 dB 48.3 ± 3.1 dB 

Copper Spray 48.7 ± 2.4 dB 45.2 ± 2.6 dB 40.1 ± 2.9 dB 

Nickel Spray 42.3 ± 2.2 dB 38.1 ± 2.5 dB 32.5 ± 2.8 dB 

Carbon Paint 28.4 ± 2.1 dB 25.7 ± 2.3 dB 22.1 ± 2.4 dB 

 

Table 1 presents shielding effectiveness values at three 

representative frequencies for the primary coating categories 

at standardized 25 μm thickness. All metal-filled coatings 

exceeded the 40 dB commercial threshold at 100 MHz, with 

silver and copper maintaining compliance to 1 GHz. Only 

silver paint achieved 40 dB shielding at 3 GHz, highlighting 

the frequency-dependent performance degradation common 

to all coating types. 

 

 
 

Fig 1: Shielding Effectiveness Comparison by Coating Type and Frequency 

 

The bar chart comparison in Figure 1 visualizes the 

complete dataset across all coating categories and frequency 

points. The horizontal dashed lines indicate commercial (40 

dB) and consumer (30 dB) compliance thresholds. Silver 

paint and copper spray consistently exceed commercial 

requirements at lower frequencies, while nickel-based 

options satisfy consumer-grade applications. Carbon paint 

falls short of even consumer thresholds at higher 

frequencies. 
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Fig 2: Shielding Effectiveness vs Frequency for Primary Coating Types 

 

Figure 2 displays continuous frequency response curves 

derived from the full measurement dataset. The green 

shaded region indicates commercial-grade performance, 

yellow represents consumer-grade adequacy, and red 

indicates insufficient shielding. All coatings exhibit 

declining effectiveness with increasing frequency, with the 

degradation rate correlating inversely with coating 

conductivity. Silver paint maintains commercial compliance 

across the full frequency range, while carbon paint enters 

the insufficient region above 500 MHz. 

 
Table 2: Surface Resistivity and Cost Comparison 

 

Coating Type Surface Resistivity Cost (ZAR/m²) Cost/dB 

Silver Paint 0.02 Ω/sq R 485 R 8.79 

Copper Spray 0.05 Ω/sq R 195 R 4.01 

Nickel Spray 0.15 Ω/sq R 165 R 3.90 

Carbon Paint 8.5 Ω/sq R 75 R 2.64 

 

Table 2 correlates surface resistivity with shielding 

performance and material cost. The cost-per-decibel metric 

reveals that carbon paint offers the best value despite its 

limited absolute performance, while silver paint costs more 

than twice as much per decibel of shielding achieved. 

Copper spray emerges as the optimal balance of 

performance and cost for commercial applications. 

 

 
 

Fig 3: EMI Shielding Effectiveness Measurement Setup 
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Figure 3 illustrates the reverberation chamber measurement 

configuration employed for shielding effectiveness 

determination. The test enclosure with conductive coating 

faces the transmit antenna, with the receive antenna 

measuring the attenuated field inside the enclosure. The 

formula box shows the shielding effectiveness calculation 

relating incident and transmitted power levels. 

 

 
 

Fig 4: Coating Thickness vs Frequency Shielding Effectiveness Matrix 
 

The heatmap in Figure 4 displays the combined effect of 

coating thickness and frequency on shielding effectiveness 

for silver conductive paint. The horizontal dashed line 

marks the 20 μm threshold above which commercial-grade 

performance is achieved across most of the frequency range. 

The data reveals diminishing returns above 30 μm thickness, 

suggesting optimal coating specification in the 25-30 μm 

range for cost-effective commercial compliance. 

 

Comprehensive Interpretation 

Regression analysis established strong correlation between 

surface resistivity and shielding effectiveness, with R² = 

0.94 across all coating types and frequencies. The 

relationship follows the form SE = a - b×log₁₀(Rs) where Rs 

is surface resistivity in ohms per square, with coefficients 

varying by frequency [14]. This correlation enables rapid 

performance estimation from easily measured surface 

resistivity without requiring full electromagnetic 

characterization. 

ANOVA confirmed significant main effects of both coating 

type (F = 287.3, p < 0.001) and thickness (F = 156.8, p < 

0.001) on shielding effectiveness. The interaction term was 

also significant (F = 12.4, p < 0.001), indicating that 

thickness sensitivity varies among coating types. Post-hoc 

analysis grouped coatings into three performance tiers: high 

(silver, copper), medium (nickel), and low (carbon-based), 

with statistically significant differences between tiers at all 

frequencies tested. 

 

Discussion 

The measured shielding effectiveness values align with 

theoretical predictions based on plane wave shielding theory 

for thin conductive films. The dominant shielding 

mechanism for these coating thicknesses is reflection loss, 

which depends primarily on the impedance mismatch 

between free space and the conductive coating [15]. 

Absorption loss contributes minimally at thicknesses below 

50 μm due to the large skin depth of most coating materials 

at frequencies below 6 GHz. 

The frequency-dependent degradation observed in all 

coatings results from two mechanisms: decreasing skin 

depth at higher frequencies concentrates current flow in 

thinner surface layers, and coating discontinuities at particle 

boundaries become more significant as wavelength 

approaches discontinuity dimensions [16]. Silver coatings 

exhibit the slowest degradation rate due to their superior 

particle-to-particle connectivity achieved through lower 

sintering temperatures during the curing process. 

Cost-effectiveness analysis favors copper spray for 

commercial applications requiring 40 dB shielding, 

achieving 85% of silver paint performance at 40% of the 

cost. For consumer applications with 30 dB requirements, 
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nickel spray provides adequate performance at the lowest 

metal-based coating cost. Carbon paint remains relevant 

only for applications where minimal shielding suffices or 

where metal-based coatings present compatibility concerns 
[17]. 
Limitations of this research include the focus on ABS 
substrates without characterization of other common 
enclosure plastics such as polycarbonate and high-impact 
polystyrene. Additionally, the spray application method 
tested may not represent optimal results achievable with 
other application techniques including electroless plating, 
vacuum metallization, and conductive film lamination. 
Future work should extend characterization to these 
alternative substrates and application methods. 
 

Conclusion 
This research has established quantitative performance 
benchmarks for conductive coatings applied to plastic 
enclosures for electromagnetic interference shielding 
applications. Silver conductive paint achieved the highest 
shielding effectiveness at 55.2 dB at 100 MHz with 25 μm 
coating thickness, maintaining commercial-grade 
performance across the full frequency range to 6 GHz. 
Copper spray provided comparable performance at 
substantially lower cost, emerging as the optimal choice for 
most commercial EMC compliance applications. 
Surface resistivity demonstrated strong correlation with 
shielding effectiveness (R² = 0.94), enabling rapid 
performance estimation without full electromagnetic 
characterization. The established regression relationships 
provide design tools for specifying coating requirements 
based on target shielding levels and operating frequency 
bands. Coating thickness of 25-30 μm emerged as optimal 
for commercial applications, with diminishing returns above 
this range not justifying additional material cost. 
Carbon-based coatings, while inadequate for commercial 
EMC requirements, satisfy consumer-grade applications at 
lowest cost. The 28.4 dB shielding achieved by carbon paint 
meets requirements for products with inherently low 
emission levels or operating in less demanding 
electromagnetic environments. This creates a clear 
application segmentation: metal-filled coatings for 
commercial and industrial products, carbon coatings for 
cost-sensitive consumer devices. 
Practical recommendations emerging from this research 
suggest selecting copper spray as the default choice for 
commercial EMC compliance, reserving silver paint for 
applications requiring performance margins or operation at 
frequencies above 3 GHz. Nickel-based coatings serve 
applications requiring magnetic shielding in addition to 
electric field attenuation. The quantitative data and selection 
guidelines established through this research enable 
specification-driven coating selection based on measured 
performance rather than supplier claims [18]. 
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