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Key Takeaways
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e Matching the fastener coating to the service environment prevents premature failure and reduces lifecycle costs.

Zinc-nickel coatings offer superior corrosion resistance with minimal thickness compared to traditional zinc.

ASTM B117 salt spray testing provides a standardized method to compare coating performance, but real-world performance
may vary.

e Stainless steel fasteners gain corrosion resistance from their inherent chromium oxide layer and can be passivated for
enhanced protection.

e Specifying coatings according to ISO 4042 or ASTM F1941 ensures consistent quality and traceability.

Why Material, Grade and Finish Selection Directly Affects Fastener Performance
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When specifying fasteners for manufacturing lines, MRO inventory or structural assemblies, the base material, strength grade and
surface finish together determine how a bolted joint will withstand environmental attack, mechanical load and time. A high-strength
alloy steel bolt without an appropriate coating can rust within hours in a coastal installation, while a stainless steel anchor may be
over-engineered for a dry indoor application. Matching these three elements from the outset avoids premature replacement, safety
risks and unplanned downtime. This article walks through the material and finish choices that industrial buyers commonly evaluate,

so you can make a defendable specification for your next project.
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EXPLAINED

» Watch video: https://www.youtube.com/watch?v=KBHo4Km1FnY

Available Materials and Grades as Labelled Options

e Carbon steel: The workhorse of industrial fasteners. Metric property classes include 4.8 (low strength), 8.8 (medium strength)
and 10.9/12.9 (high strength). Inch equivalents follow ASTM grades such as Grade 2, Grade 5 and Grade 8. Carbon steel almost

always requires a protective coating.

e Alloy steel: Similar to carbon steel but with chromium, molybdenum or nickel additions for improved hardenability and
toughness at high strengths. Often supplied to Grade 10.9 or 12.9 equivalents, or ASTM A574 for socket-head products.

o Stainless steel: Two predominant fastener grades are A2 (often 304) for general corrosion resistance and A4 (often 316) for
enhanced pitting resistance in chloride-heavy environments. Property class markings (e.g., 50, 70, 80) indicate tensile strength
in 100 MPa increments.

e Brass: A copper-zinc alloy offering good corrosion resistance in non-marine settings, electrical conductivity and a distinctive
appearance. Lower strength limits its use to light-duty fastening.

o Titanium: Used where weight reduction is critical. Exceptional corrosion resistance in seawater and many acids, with tensile

strengths comparable to alloy steel but at a higher material cost.

Properties and Trade-Offs of Each Material

Carbon and alloy steels deliver the highest tensile and proof strengths, with alloy grades extending this performance to elevated

temperatures. Their primary limitation—corrosion susceptibility—is compensated through coatings. Stainless A2 resists oxidation
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and organic chemicals but will pit in salt spray; A4 resists that pitting at a moderate cost premium. Brass offers spark resistance
and lubricity but deforms under moderate load. Titanium is non-magnetic, suitable for high-cycle fatigue and handles temperatures
up to about 400 °C, but its price per piece is typically several times that of stainless. When magnetic response matters (e.g.,

proximity sensors), note that A2 stainless is slightly magnetic while A4 is essentially non-magnetic in annealed condition.

Surface Finish and Coating Options as Labelled Choices

Zinc electroplating: Clear, yellow or black passivations provide 24-72 hours of salt-spray resistance to white corrosion.

Economical, widely used for indoor or mild outdoor exposure.

Zinc-nickel plating: A zinc alloy with 12-15% nickel offering significantly longer corrosion protection than pure zinc, often

exceeding 720 hours to red rust. Maintains lubricity and is hex-Cr-free compatible.

Hot-dip galvanizing: Immersion in molten zinc creates a thick, metallurgically bonded coat. Performs well in exterior,

structural and road-infrastructure applications; may require post-treatment for thread fit.

Black oxide: A thin conversion coating with limited corrosion resistance unless accompanied by oil or wax. Chosen for

appearance and minimal dimensional change, often on internal components.

Zinc flake coatings (Dacromet, Geomet): Non-electrolytic, chromium-free systems that eliminate hydrogen embrittlement

risk while providing >1,000 hours of salt-spray protection. Common in automotive and wind-energy assemblies.

Phosphate: Manganese or zinc phosphate coatings promote oil retention for lubricated torque control and provide mild

protection, frequently used as a base for adhesive bonding.

How to Match Material and Finish to Application and Environment

Begin by defining the operating atmosphere: interior, dry and climate-controlled environments often require only a zinc or black
oxide finish on carbon steel. Exterior or humid surroundings call for zinc-nickel, hot-dip galvanizing or stainless A2. Marine splash
zones, chemical plants or food-processing washdowns push the choice toward A4 stainless, geomet-coated alloy steel or titanium.
Next, evaluate mechanical demands: structural joints typically dictate a property class and steel family, then a coating must deliver
the required corrosion performance without compromising torque-tension behavior. Finally, consider galvanic compatibility with the
clamped materials—an insulating topcoat or a non-conductive finish can break the electrical path and postpone bimetallic

corrosion.

Compliance and Environmental Considerations

Global regulations increasingly restrict hexavalent chromium (CrVI). Traditional yellow zinc passivation often relied on CrVI, but
today many suppliers have switched to trivalent chromium or zinc flake systems. Confirm that the chosen finish meets RoHS and
REACH requirements for your destination market. Zinc flake coatings (Geomet, Dacromet) are inherently CrVI-free and satisfy
vehicle end-of-life directives. Phosphate and black oxide finishes are generally compliant, but each batch should be verified if a

formal certificate of compliance is required.
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| Customization of Materials and Finishes on Request

Beyond off-the-shelf catalog items, manufacturers routinely supply fasteners in non-standard materials (e.g., duplex stainless,
Monel, Hastelloy) and can tailor coating thickness, lubricant topcoats or partial-thread masking to your drawing. If your application

demands a specific coefficient of friction or a certified salt-spray threshold, communicate those parameters during inquiry.

| Ask for a Material and Finish Recommendation

Every application has a unique balance of load, environment and budget. Send your fastener requirement to our engineering

support team for a no-obligation material and finish recommendation matched to your operating conditions.

Selecting a Corrosion Resistant Coating: Key Decision Factors

The optimal fastener coating balances corrosion resistance, mechanical performance, and cost for a specific operating
environment. An informed selection considers exposure conditions, substrate material, assembly process, and regulatory

requirements.

Key Facts for Coating Selection

« Environment: Indoor, rural, industrial, marine, or chemical exposure dictates the necessary protection level.

o Temperature: High-temperature applications may degrade organic coatings; zinc diffusion coatings withstand up to 500 °C.

¢ Galvanic compatibility: Mating materials must be evaluated to avoid accelerated corrosion from dissimilar metals.

e Coating thickness: Thicker layers generally improve durability but may interfere with thread fit; common ranges are 5-25 pm
for electroplated zinc and 40-85 um for hot-dip galvanizing.

e Hydrogen embrittlement risk: High-strength fasteners (> 1SO 898-1 property class 10.9) require careful processing during

electroplating to prevent embrittlement.

e Lubricity: Some coatings (e.g., zinc flake with integral lubricant) control friction for consistenttightening torque.

Coating Standards and Corrosion Testing

Standardized tests allow objective comparison of coating performance. The most widely referenced method for fastener coatings is
ASTM B117 (neutral salt spray, NSS), which subjects samples to a continuous 5% NaCl fog at 35 °C. ISO 9227 is the international
equivalent. Hours to first red rust (for ferrous substrates) or white rust (for zinc coatings) are typical metrics. For electroplated
fasteners, ASTM F1941 specifies coating requirements and test methods. Salt spray results should be interpreted alongside real-

world exposure data, as the test does not replicate cyclic wet/dry or UV effects.

Other relevant standards include ISO 4042 for electroplated coatings on fasteners and EN 13858 for zinc flake coatings. When

specifying, request a certificate of conformance referencing the applicable standard and test report.
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| Long-Term Maintenance and Inspection

Properly coated fasteners require minimal maintenance, but periodic inspection is recommended in critical joints. Look for signs of
coating degradation such as blistering, discolouration, or red rust. Sacrificial coatings like zinc and zinc-nickel will gradually

consume themselves while protecting the base steel; timely touch-up with zinc-rich paint can extend service life. For stainless steel
fasteners, passivation treatments can be reapplied after aggressive cleaning. Documented coating integrity is especially important

in structural and safety-related assemblies.

Consolidated Material and Finish Overview

Material / Finish

Carbon Steel + Zinc Plating

Carbon Steel + Zinc-Nickel

Carbon Steel + Hot-Dip

Galvanizing

Stainless Steel A2 (304)

Stainless Steel A4 (316) +

Passivation

Alloy Steel + Zinc Flake

(Dacromet/ Geomet)

Corrosion Resistant Fastener Options at a Glance

Corrosion Resistance

Moderate (indoor/ mild

outdoor)

High ( = 500 h NSS)

Very high (thick layer,

cathodic protection)

Good (urban/rural); poor in

chlorides

Excellent (marine/ chemical)

High (no hydrogen

embrittlement)

Key Trade-off

Cost-effective; thin coating may degrade

quickly in aggressive environments

Higher cost than pure zinc; excellent for

automotive and electronics

Coating thickness may affect threads; not

suitable for delicate assemblies

No additional coating needed; susceptible to

pitting in marine environments

Higher cost and lower strength than some

alloy steels

Higher cost; ideal for high-strength

applications

Typical Use

General machinery,

consumer goods

Engine components,

underhood

Structural steel, outdoor

infrastructure

Food processing,

architectural

Marine hardware,

chemical plants

Wind turbines, heavy

machinery

Send your specifications or engineering drawings to our team for a detailed coating recommendation and a no-obligation quotation

tailored to your production volumes and delivery schedule.

Frequently Asked Questions

Which fastener coating offers the best corrosion resistance for marine environments?
For direct seawater exposure, hot-dip galvanized steel or A4 (316) stainless steel with passivation are common choices. Hot-dip
galvanizing provides a thick, sacrificial zinc layer, while A4 stainless offers inherent resistance. In the most demanding applications,

duplex stainless steels or specialized nickel alloys may be specified.

How does zinc-nickel coating compare to hot-dip galvanizing for automotive applications?
Zinc-nickel plating provides high corrosion resistance in a thin, uniform layer ideal for precision threads and under-hood
components. Hot-dip galvanizing is thicker and more robust for chassis and underbody parts but may cause thread fit issues. Zinc-

nickel also offers better control of friction for torque-critical joints.
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What is the ASTM B117 salt spray test and how is it used for fastener coatings?
ASTM B117 is a standardized test that exposes coated samples to a continuous salt fog at 35°C to evaluate corrosion resistance.
For fasteners, the time to first appearance of red rust (on steel substrates) or white rust (on zinc coatings) is recorded. It is widely

used for quality control and coating comparison, though it does not replicate all real-world conditions.

Can stainless steel fasteners be coated for extra corrosion protection?
Yes, stainless steel fasteners can receive additional coatings like PTFE, Xylan, or ceramic coatings for enhanced chemical resistance
or lubricity. However, the primary corrosion resistance of stainless steel comes from its self-healing chromium oxide layer. Coatings

are usually applied to address specific issues such as galling or galvanic compatibility.

What environmental regulations affect fastener coatings?
Regulations such as EU RoHS and REACH restrict hazardous substances like hexavalent chromium (Cr VI), which was traditionally
used in chromate conversion coatings. Modern alternatives include trivalent chromium passivates and hex-chrome-free zinc flake

systems. Compliance certificates can be provided upon request to verify conformity with these directives.
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