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Material, grade, and coating must be selected as a system to meet specific corrosion resistance requirements.

Carbon steel with advanced coatings like zinc-nickel or zinc-flake can rival stainless steel in certain corrosive environments at a

lower cost.

Compliance with RoHS and REACH is critical for fasteners exported to global markets.

Salt spray testing (ASTM B117) provides comparative data but does not guarantee real-world performance.

Customized coating solutions, including controlled friction coefficients, are available to meet unique assembly and durability

needs.

Why Material, Grade, and Finish Selection Drives Fastener Performance
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Specifying the right combination of base material, mechanical grade, and surface treatment is not a matter of preference—it

determines installation reliability, service life under load, and resistance to environmental attack. A fastener that fails prematurely

due to corrosion or insufficient strength triggers costly rework, warranty claims, or even safety hazards. Procurement and

engineering teams therefore evaluate materials and coatings as an integrated system, not as line items. The following sections lay

out the practical options, their trade-offs, and how to align them with real-world operating conditions.
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► Watch video: https://www.youtube.com/watch?v=vP0Pl0-Gyug

Salt spray test to check corrosion resistance — by SAMA Tools on YouTubeWhat is the salt spray test? The salt spray test is a standardized test

method used to check corrosion resistance of coated samples.

Fastener Materials and Grades: An Overview of Options

Carbon steel remains the workhorse for general-purpose fastening, offered in property classes 4.8, 8.8, 10.9, and 12.9. Higher

digits indicate greater tensile and proof strength, with 10.9 and 12.9 typically used in automotive and structural joints. Alloy steel

(often heat-treated) pushes strength further for demanding drivetrain or heavy equipment assemblies, though it comes at a higher

raw material cost.

Stainless steel fasteners are grouped under austenitic grades A2 (304) and A4 (316). A2 provides good general corrosion

resistance; A4 adds molybdenum for improved resistance to chlorides and marine environments. Brass fasteners offer inherent

corrosion resistance and electrical conductivity, making them common in electronic and decorative applications but with limited

mechanical strength. Titanium combines high strength-to-weight ratio with excellent corrosion resistance in aerospace and medical

assemblies, at a significant price premium.

Strength, Corrosion Resistance, and Cost: Key Trade-offs by Material

Carbon steel fasteners at class 8.8 provide a cost-effective balance for indoor or low-moisture environments, but they require a

protective coating to resist rust. Class 10.9 and 12.9 alloys achieve high clamping loads but become susceptible to hydrogen

embrittlement if not processed correctly after plating. Stainless steel A2 and A4 eliminate the need for a coating in many

applications, though they are generally softer than high-strength carbon steels and can gall during assembly. Brass is non-

magnetic and spark-resistant but cannot match the tensile strength of steel. Titanium offers superior corrosion resistance even in
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acidic or high-temperature settings, yet it is the most expensive option and demands careful machining practices. Weight-sensitive

designs—such as in aerospace or motorsport—may justify the cost of titanium, while high-volume industrial assemblies typically

favor coated carbon steel.

Surface Finishes and Coating Options for Corrosion Protection

Zinc plating is the most widely used fastener coating, providing moderate corrosion resistance at low cost. Clear zinc offers

around 24–48 hours of salt spray protection before red rust; yellow zinc extends this somewhat. For higher performance, zinc-

nickel plating delivers up to several times the corrosion resistance of standard zinc, and it withstands elevated temperatures

without significant loss of protection. Hot-dip galvanizing (HDG) creates a thick, durable zinc layer suited for structural steel and

outdoor infrastructure; its rough surface may affect thread fit and torque-tension relationships.

Black oxide offers minimal corrosion protection on its own and is often used for aesthetic purposes or when paired with oil or wax

for lubricity. Zinc flake coatings (marketed as Dacromet or Geomet) are hexavalent-chrome-free and provide exceptional

corrosion resistance with consistent torque-tension properties, making them a standard in automotive and wind energy fasteners.

Phosphate coatings (zinc or manganese) serve primarily as a base for paint or oil and improve break-in performance but are not

standalone corrosion barriers.

Matching Material and Finish to Your Application Environment

Selecting the optimal fastener system begins with the environment. Indoor, climate-controlled settings with minimal humidity allow

coated carbon steel or even plain black oxide with supplemental lubricant. Outdoor exposure, especially in coastal or industrial

areas, demands stainless steel A4 or heavy zinc-based coatings. Fasteners in contact with dissimilar metals require attention to

galvanic compatibility; for example, stainless steel near aluminum can accelerate aluminum corrosion unless isolated. High-

temperature applications—exhaust systems, engine components—rule out standard zinc platings in favor of zinc-nickel or

specialized stainless steels. When electrical conductivity is essential, plating choices like tin or silver may replace corrosion-focused

coatings. For structural bolting, standards such as ASTM A193, A320, or ISO 898 guide material and coating selection to ensure

joint integrity under load.

Compliance and Environmental Standards

Modern fastener supply chains must align with global environmental regulations. The EU’s RoHS and REACH directives restrict

hazardous substances, pushing the industry toward trivalent chromium passivations and zinc flake systems free of hexavalent

chromium. Leading manufacturers provide certifications that confirm compliance and offer documentation for customers’ own

regulatory filings. Even where regulations are not mandated, specifying hex-chrome-free coatings reflects a commitment to

sustainable practices and simplifies future access to regulated markets.

Custom Material and Coating Specifications

Standard catalog fasteners do not always meet the exact requirements of complex assemblies. Many B2B suppliers offer custom

heat treatment, alternate base materials (such as duplex stainless or nickel alloys), and proprietary or blended coatings.

Customization can include controlled friction coefficient coatings to achieve precise clamp loads, multi-layer systems that combine
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corrosion protection with lubricity, or non-standard thread geometries paired with specific finishes. These solutions are typically

developed through engineering collaboration, with sample lots and testing reports provided before full-scale production.

Request a Material and Finish Recommendation

Given the interplay between substrate, coating, and operating conditions, a tailored recommendation can save significant trial and

error. Our engineering team can evaluate your application—including load requirements, environmental exposure, assembly

method, and budget—to propose a fastener material and finish combination that balances performance, compliance, and total cost.

Reach out with your specifications to start the conversation.

How to Select a Corrosion-Resistant Fastener Coating

Choosing the right coating for a fastener requires balancing corrosion resistance, mechanical compatibility, assembly requirements,

and total cost. The correct coating acts as a barrier or sacrificial layer, protecting the base metal from environmental attack while

maintaining clamp load and dimensional fit. This selection process starts with identifying the specific corrosive agents—salt spray,

industrial chemicals, humidity, or galvanic couples—and then matching a finish that delivers adequate protection without

compromising joint integrity.

Key Facts for Coating Selection

Sacrificial vs. Barrier Protection: Zinc-based coatings (zinc plating, zinc-nickel, hot-dip galvanizing) corrode preferentially to

protect the steel substrate, while barrier coatings like black oxide rely on surface sealing and are not recommended for

corrosive environments alone.

Salt Spray Performance: Zinc plating typically provides 24–72 hours to red rust in ASTM B117 testing, zinc-flake basecoats

(Dacromet, Geomet) can exceed 500–1,000 hours, and hot-dip galvanizing often achieves several hundred hours.

Thread Fit Considerations: Thick coatings such as hot-dip galvanizing require over-tapped nuts or post-coating thread

chasing to ensure proper assembly; electroplated finishes are more predictable for thread tolerances.

Environmental Compliance: Coatings containing hexavalent chromium are restricted under RoHS and REACH; trivalent

passivates and Cr(VI)-free topcoats meet global regulatory standards.

Application-Specific Customization: Controlled friction coefficient coatings, multi-layer systems combining corrosion

protection with lubricity, and non-standard thread geometries paired with specific finishes are available through engineering

collaboration.

Comparative Coating Performance and Attributes

Each coating option presents distinct trade-offs that influence performance in the field. The table below consolidates the key

aspects covered in this article, helping procurement teams and engineers compare materials, grades, coatings, and their expected

behavior.

For structural assemblies requiring high strength and moderate corrosion protection, carbon steel fasteners with Bolt Property

Classes 8.8 or 10.9 are commonly paired with zinc-nickel plating, which offers a balance of cost and 500+ hours of salt spray

resistance. In marine or chemical processing environments, stainless steel A4 (316) fasteners are frequently specified without

additional coatings due to their inherent molybdenum-enhanced pitting resistance. When budget constraints rule out stainless, a

July 22, 2026

Engineering Hardware — https://engineeringhardware.com 4 / 0

https://engineeringhardware.com/fastener/bolt-property-classes/
https://engineeringhardware.com/fastener/bolt-property-classes/


zinc-flake system on alloy steel can approach similar corrosion performance at a lower material cost.

Testing regimes such as ASTM B117 salt spray, ISO 9227 cyclic corrosion tests, and automotive OEM-specific standards (e.g.,

GMW3359, VDA 233-102) are commonly used to validate coating performance. However, laboratory results do not directly translate

to service life; exposure to UV, thermal cycling, and mechanical abrasion must also be assessed.

Fastener Material, Grade, and Coating Selection Summary

Material &

Grade
Typical Coatings

Corrosion Resistance (Salt

Spray)
Trade-offs

Carbon Steel 8.8
Zinc plating, trivalent

passivate
24–72 hours to red rust Low cost, limited lifespan in outdoor exposure

Carbon Steel

10.9
Zinc-nickel, zinc-flake 500–1,000+ hours Higher cost, risk of hydrogen embrittlement

Alloy Steel

10.9/12.9
Hot-dip galvanizing 200–600 hours

Thick coating may affect thread fit; requires over-

tapped nuts

Stainless A2

(304)
None, or passivated

Hundreds of hours in mild

environments

No coating needed but lower strength than alloy

steel

Stainless A4

(316)
None

1,000+ hours, excellent seawater

resistance
Higher cost, limited strength above 8.8 equivalent

Brass (C2700)
None, sometimes nickel-

plated
Good atmospheric resistance Low tensile strength, not for structural joints

Titanium (Grade

5)
None, or anodized

Excellent in chloride and oxidizing

media

Very high cost, lightweight, galvanic pairing with

steel must be managed

To discuss a coating solution that matches your operational environment, submit your fastener specifications or drawings for a

detailed technical proposal. Our engineering team can evaluate load requirements, exposure conditions, assembly methods, and

budget to recommend a material and finish combination that optimizes performance and total cost of ownership.

Frequently Asked Questions

What is the most corrosion-resistant coating for steel fasteners?

Zinc-flake basecoats (e.g., Dacromet, Geomet) with integrated topcoats can provide over 1,000 hours of salt spray protection,

exceeding traditional zinc plating. For maximum corrosion resistance in harsh marine environments, stainless steel (A4) fasteners

without coating often outperform coated carbon steel.

How does hot-dip galvanizing compare to zinc plating for outdoor use?

Hot-dip galvanizing typically offers a thicker, more durable layer (50–85µm) than electroplated zinc (5–15µm), providing several

hundred hours of protection versus 24–72 hours. However, the thicker coating may affect thread tolerance and requires over-

tapping of nuts.
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Can stainless steel fasteners eliminate the need for coatings?

Austenitic stainless steels (A2/A4) are inherently corrosion-resistant and often used uncoated in many environments. In extreme

chloride-rich settings like seawater, A4 (316) is preferred, but even stainless can suffer crevice corrosion, so coatings are

sometimes still applied.

What testing standards apply to fastener coatings?

ASTM B117 (salt spray), ISO 9227, and ASTM B695 for mechanical zinc coatings are common standards. Salt spray hours are

indicative but do not directly equate to real-world service life; environmental factors like humidity, temperature, and chemical

exposure must also be considered.

Are there environmental restrictions on fastener coatings?

Yes, regulations like RoHS and REACH restrict substances such as hexavalent chromium, often found in older chromate conversion

coatings. Modern trivalent passivates and Cr(VI)-free topcoats meet environmental compliance while maintaining corrosion

resistance.
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