
Fastener Coatings: How to Choose Corrosion-
Resistant Finishes for Industrial Applications
Engineering Hardware  ·  engineeringhardware.com/fastener-coatings-how-to-choose-corrosion-resistant-finishes-for-industrial-applications

Home/ Blog/ Fastener Coatings: How to Choose Corrosion-Resistant Finishes for Industrial Applications

July 21, 2026 ·loginxiao@gmail.com

Key Takeaways

Push-In Pneumatic Fittings — Industry standard
Push-In Pneumatic Fittings — Industry standard

For demanding outdoor environments, zinc flake coatings offer superior corrosion resistance without risk of hydrogen

embrittlement.

Hot-dip galvanizing provides robust protection for structural fasteners but can alter thread dimensions; nuts may need over-

tapping.

Zinc-nickel alloy plating balances high corrosion resistance with cost-effectiveness for automotive and hydraulic applications.

Black oxide and phosphate coatings are primarily for appearance or lubricity, not severe corrosion protection.

Always consider post-assembly accessibility; coatings that degrade in UV or require reapplication may not be suitable.

Why Material, Grade, and Finish Choices Are Critical for Fastener Reliability

Tab Lock Washer for Round Nut — GB - T 858 (Series 072) — GB - T 858
Tab Lock Washer for Round Nut — GB – T 858 (Series 072) — GB – T 858

Selecting a fastener’s base material and surface coating is not a secondary specification—it directly determines service life,

corrosion resistance, assembly torque-tension behavior, and total cost of ownership. A high-strength bolt can fail prematurely in a

mildly corrosive atmosphere if the coating is mismatched, while an over-specified stainless alloy may waste budget where a

properly coated carbon steel would perform equally well. Answering this challenge upfront prevents unplanned downtime, safety

incidents, and expensive rework in B2B supply chains.
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► Watch video: https://www.youtube.com/watch?v=n_LWw1fIJ_Q

Fastener Focus: Corrosion — by Fastenal on YouTubefastenal #engineering #corrosion Learn about the pros and cons of different treatments to

prevent fasteners from rusting. Includesu00a0…

Available Material and Grade Options for Industrial Fasteners

Manufacturers typically offer fasteners in several material families, each with defined property classes or grades that indicate

mechanical performance:

Carbon steel – property classes 4.8, 8.8, 10.9, and 12.9 (ISO 898-1). Class 8.8 is widely used for general machinery, while 10.9

and 12.9 serve high-strength structural and automotive joints. All require a protective coating to prevent corrosion.

Alloy steel – often heat-treated to achieve strength beyond 12.9; used in high-load, high-temperature environments where

carbon steel would soften.

Stainless steel – A2 (304) and A4 (316) are prevalent. A2 offers good atmospheric corrosion resistance, and A4 adds

molybdenum for enhanced chloride resistance in marine or chemical settings. Lower strength compared to heat-treated carbon

steel but inherently rust-resistant without external coating.

Brass – non-magnetic and conductive, typically for electronic hardware and decorative applications; limited strength.

Titanium – exceptional strength-to-weight ratio and corrosion resistance, used in aerospace, medical, and high-end motorsport.

High material cost.

Material Trade-offs: Strength, Corrosion Resistance, Cost, and More

Each material brings a distinct balance that procurement teams evaluate:
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Tensile/proof strength: Carbon steel with heat treatment achieves the highest strengths; stainless is generally lower. Brass

and titanium fall in intermediate ranges.

Corrosion resistance: Stainless steel is self-protecting, carbon steel relies on coatings. Brass resists atmospheric corrosion but

may dezincify. Titanium is inert in most aggressive media.

Cost: Carbon steel is most economical; stainless adds roughly 2-4× material cost; titanium is significantly more expensive.

Weight: Titanium and aluminum (not listed) are lightweight; steel is denser.

Magnetic/temperature: Stainless A2 is lightly magnetic after cold working, A4 is effectively non-magnetic. Carbon and alloy

steels are magnetic. High temperatures degrade zinc coatings above ~200°C, while stainless and alloy steels retain strength at

higher thresholds.

Surface Finish and Coating Options for Corrosion Protection

For carbon and alloy steel fasteners, the surface coating is the primary barrier against corrosion. The following are common options

in industrial supply:

Zinc plating – electroplated zinc with clear or yellow passivation. Moderate corrosion resistance, low cost, uniform appearance.

Suitable for indoor or temporary outdoor exposure. Typically meets 96–240 hours salt spray (ASTM B117) depending on

thickness and passivation.

Zinc-nickel plating – alloy coating offering significantly higher resistance (commonly 500–1,000+ hours to red rust) and good

temperature stability. Preferred in automotive and hydraulic applications where standard zinc is insufficient.

Hot-dip galvanizing – immersion in molten zinc yields a thick, rugged coating (45–85 µm). Excellent for outdoor structural

steel, marine, and utility environments. Can cause thread clearance issues on small fasteners.

Black oxide – chemical conversion coating that provides minimal corrosion protection; mainly used for appearance and

lubricity in oiled assemblies.

Zinc flake coatings (Dacromet®, Geomet®) – non-electrolytic, chrome-free systems that eliminate hydrogen embrittlement

risk. Provide high corrosion resistance (up to 1,000 hours), consistent friction coefficients, and are widely used in automotive

safety components and wind energy fasteners.

Phosphate – conversion coating often used with a supplementary oil or wax for moderate corrosion protection and improved

torque-tension control; common in engine and transmission hardware.

Matching Coating and Material to Application Environments

A systematic approach pairs environment with cost-effective protection:

Indoor, controlled humidity: plain or lightly oiled steel, or minimal zinc plating.

Outdoor rural/urban: zinc plating with trivalent passivation or hot-dip galvanizing for structural assemblies.

High humidity or moderate salt spray: zinc-nickel or zinc flake coatings.

Direct saltwater/offshore: hot-dip galvanizing, zinc flake, or inherently resistant A4 stainless steel.

High temperature (>200°C): avoid zinc; use uncoated alloy steel, stainless, or high-temperature ceramic coatings.

Food, pharmaceutical, medical: stainless steel (often electropolished) without top coatings that could flake.
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Environmental and Regulatory Compliance for Fastener Coatings

Global regulations shape available coating chemistries. RoHS and REACH restrict hazardous substances, notably hexavalent

chromium (Cr6+) used in older passivations. Modern trivalent passivates are now standard for zinc and zinc-alloy platings. Zinc

flake systems are engineered to be hex-chrome-free by design. Compliance documentation—such as third-party test reports to ISO

4042 or ASTM F1941—should be available from reputable manufacturers to support buyers’ quality management systems.

Custom Material and Finish Requests for Specialized Applications

Beyond catalogue standards, many projects require tailored solutions. Manufacturers can adjust coating thickness, combine base

materials with unusual platings (e.g., zinc flake plus PTFE for controlled friction), or match colors for identification. Engineering

teams assist with specification, prototyping, and testing to validate performance against project-specific requirements.

Get a Material and Finish Recommendation

Because the optimal combination depends on load, environment, assembly method, and lifecycle cost, a blanket answer is rarely

adequate. Contact your supplier’s technical team with dimensional drawings, environmental conditions, and performance

expectations to receive a data-backed recommendation that balances corrosion resistance, mechanical requirements, and budget.

Selecting the Right Fastener Coating: A Decision Framework

For the majority of industrial applications where corrosion resistance is required, a zinc-nickel alloy or zinc flake coating applied

over carbon steel fasteners often delivers the optimum balance between upfront cost, long-term protection, and mechanical

performance. The final choice, however, must account for the specific service environment, temperature range, assembly torque,

and any post-coating processing the fastener will undergo.

Corrosion Resistance by Environment

Standard zinc electroplating provides moderate protection suitable for indoor or sheltered outdoor use, while zinc flake systems are

specified for severe outdoor and marine environments. Salt spray testing per ISO 9227 or ASTM B117 typically shows zinc flake

coatings exceeding 1,000 hours to red rust, compared to dozens to a few hundred hours for conventional zinc. Hot-dip galvanizing

builds a thick, metallurgically bonded zinc layer that withstands physical damage and offers decades of protection in rural or mild

urban conditions, though its thickness can affect thread fit. For marine or chemical exposures, stainless steel fasteners (A4) or

coated alloy steel with zinc-nickel (12–15% Ni) are preferred.

Maintenance and Inspection Considerations

After hot-dip galvanizing, nuts may require over-tapping or re-tapping to assemble smoothly, and re-torquing after initial loading is

often necessary due to coating compression. Zinc flake coatings, in contrast, provide consistent torque-tension relationships and

are less prone to thread binding. When coatings wear or are scratched, the sacrificial nature of zinc-based systems continues to

suppress rust, but regular inspection is advised for critical joints. For high-strength fasteners (property class 10.9 and above),

avoiding hydrogen embrittlement is paramount; alkaline zinc, mechanical plating, or zinc flake are preferred over acidic

electroplating. Manufacturers often bake coated fasteners to drive out hydrogen, but the most reliable approach is selecting a
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process with inherently low hydrogen intake.

Key Facts for Procurement Teams

Zinc flake coatings (such as Dacromet or Geomet) provide cathodic protection and routinely exceed 1,000 hours in neutral salt

spray testing (ASTM B117).

Hot-dip galvanizing (HDG) bonds a thick zinc layer to steel, offering robust outdoor durability but can cause thread binding;

tapping after coating may be required.

Zinc-nickel alloys (Zn-Ni 12–15%) provide superior corrosion resistance compared to pure zinc and are RoHS and REACH

compliant.

High-strength bolts (property class 10.9 and 12.9) are susceptible to hydrogen embrittlement; mechanical zinc flake or alkaline

zinc processes are preferred. Refer to bolt property class standards for strength details.

Stainless steel fasteners typically do not require additional coating, but passivation or electropolishing enhances their natural

passive layer.

Consolidated Coating Comparison for Industrial Fasteners

Coating Type
Corrosion Performance

(ASTM B117 Salt Spray)

Suitable Base

Materials
Key Applications Trade-offs

Zinc Electroplating

(Clear/Blue)

Low (white rust quickly,

red rust after 24–48 hours)

Carbon steel,

low-alloy steel

Indoor, electronics,

general purpose

Thin coating; not for outdoor

exposure; hydrogen embrittlement

risk on hardened steel

Zinc Electroplating

(Yellow, Trivalent)
Moderate (96–200 hours)

Carbon steel,

alloy steel

Automotive interiors,

machinery

Not marine; RoHS compliant

passivation required

Zinc-Nickel (12–15%

Ni)
High (500–1,500+ hours)

Carbon steel,

alloy steel

Automotive underhood,

hydraulic fittings

Higher cost; precise plating

thickness control needed

Hot-Dip Galvanizing

(HDG)

Very high (500–1,000+

hours in aggressive

environments)

Carbon steel,

structural steel

Construction, utility

structures, outdoor

equipment

Thick coating (45–85 µm) disrupts

thread fit; dull finish

Zinc Flake (e.g.,

Dacromet, Geomet)

Excellent (720–1,000+

hours)

Carbon steel,

alloy steel,

stainless

Automotive chassis,

high-torque assemblies

No hydrogen risk; consistent

friction; limited colors

Black Oxide (oil/wax

supplemented)
Minimal

Carbon steel,

alloy steel,

stainless

Hand tools, firearms,

light lubrication

Almost no corrosion protection

alone; oil film required

Phosphate (Zinc or

Manganese)

Minimal (improves oil

retention)

Carbon steel,

alloy steel

Engine components,

gears, break-in

lubrication

Not a standalone barrier; often a

base for paint or oil
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Request a Coating Recommendation for Your Specification

Because each assembly operates under unique conditions, off-the-shelf advice rarely fits. Send your dimensional drawings,

environmental conditions, and performance expectations to your supplier’s technical team. They can provide a data-backed

recommendation that balances corrosion resistance, mechanical requirements, and budget.

Frequently Asked Questions

How do I select the right corrosion-resistant coating for fasteners?

Start by defining the service environment (indoor, coastal, chemical), temperature range, and mechanical stresses. Then compare

coatings based on salt spray test performance, hydrogen embrittlement risk, and compatibility with your fastener material and

property class. Ask the supplier for trade-offs between cost and lifespan.

What is the most durable fastener coating for outdoor use?

Zinc flake systems (Geomet, Dacromet) and hot-dip galvanizing are among the most durable. Zinc flake coatings excel in cyclic

corrosion tests and maintain consistent friction, while hot-dip galvanizing provides a thick, metallurgically bonded layer that

withstands physical damage.

Can high-strength bolts be coated without weakening them?

Yes, but the process must avoid hydrogen embrittlement. For property class 10.9 and 12.9, alkaline zinc, zinc flake, or mechanical

plating are preferred. Acidic electroplating processes introduce hydrogen that can embrittle the steel unless baked properly.

Does coating affect bolt torque values?

Coating can change the coefficient of friction, altering the torque-tension relationship. Zinc flake coatings are known for consistent

friction and are often used with torque-controlled tightening. Always refer to supplier torque charts for coated fasteners.

Are all fastener coatings compliant with environmental regulations like RoHS and REACH?

Not all. Hexavalent chromium passivations are restricted under ROHS and REACH. Modern alternatives use trivalent chromium or

non-chrome passivations. Check with your supplier for compliance documentation.
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