
Nickel Aluminum Bronze vs. High-Strength 
Brass (ZCuZn25Al6Fe3Mn3):  A First-Principles 
Engineering Comparison

Compare ZCuAl10Fe5Ni5  (nickel aluminum bronze) and ZCuZn25Al6Fe3Mn3  (high-strength brass) from atomic structure to cost. Get data on strength, 
corrosion resistance, machinability,  and welding to choose the right alloy for marine, heavy machinery, and industrial applications.

Introduction: Two High-Performance Copper Alloys, Two Different “Genomes”

In heavy machinery, marine engineering, and high-end manufacturing,  material selection is not about guesswork. It demands 
a first-principles approach – understanding how atomic bonding, crystal structure, and phase diagrams dictate real-world 
performance.

ZCuAl10Fe5Ni5  (nickel aluminum bronze, NAB) and ZCuZn25Al6Fe3Mn3  (high-strength aluminum brass, also known as 
“high-tensile brass”) are both premium copper-based alloys. But their internal “personalities” are fundamentally different:
• Nickel aluminum bronze – FCC matrix + self-healing aluminum oxide film → champion of seawater corrosion resistance and 
impact toughness.
• High-strength brass – β’ phase (ordered BCC) + low-cost zinc → champion of compressive strength and cost-effective 
heavy load capacity.

Below, we break down every critical engineering parameter: mechanical properties, corrosion resistance, thermal processing, 
machinability, and cost – all backed by materials science.
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1. Mechanical Properties: Strength vs. Toughness

Both alloys exceed ordinary bronze and brass, but their strengthening mechanisms differ.

Property Nickel Aluminum Bronze 
(ZCuAl10Fe5Ni5)

High-Strength Brass 
(ZCuZn25Al6Fe3Mn3) First-Principles Insight

Tensile 
Strength (MPa) 590 – 680 725 – 785

Brass achieves higher strength 
via ordered BCC β’ phase (fewer 
slip systems).

Yield Strength (MPa) 250 – 480 380 – 440
Brass resists permanent 
deformation better under static 
overload.

Hardness (HBW) 150 – 220 210 – 270
Brass is significantly harder – 
ideal for dry or boundary-
lubricated wear.

Elongation (%) 10 – 18 6 – 12
NAB retains ductility (FCC matrix) 
– better for impact and shock 
loads.

Takeaway:
• Choose high-strength brass for slow-speed, heavy-load bearings, press machine bushings, or excavator joints.
• Choose nickel aluminum bronze when impact resistance, fatigue strength, or shock loading matters (e.g., gears, marine 
propellers).

2. Corrosion Resistance: The Great Divide

This is the single most decisive factor for many applications.

Nickel Aluminum Bronze – The Marine King

Aluminum and nickel form a dense, adherent γ-Al₂O₃ / 
Al(OH)₃ passive film that heals rapidly when damaged. 
First-principles calculations show that nickel doping 
reduces oxygen vacancy diffusion, making the film 
highly protective.
• Seawater corrosion rate: < 0.05 mm/year
• Resistance: Excellent against pitting, crevice 
corrosion, and stress corrosion cracking (SCC) in 
chloride environments.
• Applications:  Propellers, seawater pump valves, 
offshore platforms, desalination plants.

High-Strength Brass – Industrial Workhorse, but 
Watch for Dezincification

The standard electrode potential of zinc (−0.76 V vs. 
SHE) is far below copper (+0.34 V). In acidic or chloride-
rich environments,  zinc leaches out selectively, leaving a 
porous copper skeleton – this is dezincification.
• Risk threshold:  pH < 6 and Cl⁻ > 100 ppm → rapid 
dezincification.
• Al and Mn additions slow but do not eliminate the 
process.
• Safe environments:  Fresh water, atmospheric 
exposure, dry industrial air, non‑chlorinated oils, and 
some dilute acids (where both alloys perform similarly).

Takeaway:
• Never use high-strength brass in seawater, brackish water, or acidic chloride solutions.
• Nickel aluminum bronze is mandatory for long-term marine or chemical service.

3. Thermal Processing & Machinability: Practical Workshop Truths

Hot Working – A Critical Warning for Brass

High-strength brass suffers from intermediate temperature brittleness (200°C – 700°C). In this range, the β phase 
decomposes into α + γ (brittle intermetallic).
Solution: Heat rapidly to 1080–1120°C and forge/extrude immediately.  Never dwell in the 200–700°C zone.
Nickel aluminum bronze has a wider hot working window (850–950°C) without a severe brittle range, though surface 
oxidation requires attention.
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Machinability – Both Are Challenging

Alloy Machinability Rating (vs. C36000 = 100%) Main Issue

High-strength brass ~60% Hard Al₂O₃ particles from 6% Al accelerate 
tool wear.

Nickel aluminum bronze ~50% Work hardening and “gummy” behavior.

Recommendation:  Use carbide tools, positive rake angles, and rigid setups. Neither alloy is “free-cutting” – expect shorter 
tool life than with ordinary brass.

Weldability

Property NAB High‑strength brass

Gas/TIG welding Good (with proper filler) Poor – porosity & hot cracks

Strength retention after welding High Low

4. Cost & Economy: Where Brass Wins

High-strength brass is significantly cheaper due to zinc (USD ~2.5–3.5/kg) replacing nickel (USD ~15–20/kg)

Factor NAB High-strength brass

Raw material cost (per kg) High 20–35% lower

Density (g/cm³) ~7.6 ~8.0

Volume cost ratio 1 ~0.65 – 0.75

For large production runs (thousands of bushings, bearings, nuts, or wear plates), high-strength brass can save tens of 
thousands of dollars while delivering higher surface hardness than NAB.
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5. First-Principles Selection Guide (Decision Tree)

Use this logic to avoid costly mis-selection:

1. Is the service environment  seawater, brackish, or acidic chloride?
→ YES → Nickel aluminum bronze (dezincification will destroy brass within 
months)
→ NO → Continue.

2. Will the part experience strong impact, shock, or high cyclic fatigue?
→ YES → Nickel aluminum bronze (FCC matrix absorbs energy)
→ NO → Continue.

3. Do you need extreme compressive strength / wear resistance at low sliding 
speeds?
→ YES → High-strength brass (higher hardness, lower material cost)
→ NO → Nickel aluminum bronze (safer all-round choice).

4. Does the part require welding?
→ YES → Nickel aluminum bronze (brass is nearly unweldable)
→ NO → Either alloy, based on previous steps.

6. Real-World Applications

Application Recommended Alloy Why

Marine propeller, seawater pump NAB Passive film integrity, SCC resistance

Injection molding machine toggle 
bush High-strength brass High compressive strength, low cost

Offshore platform bearing NAB Salt spray + impact loads

Slow-speed excavator joint 
(greased) High-strength brass Wear resistance, cost saving

Desalination plant valve stem NAB Chloride corrosion + fretting

Large, complex machined part 
(non-marine) High-strength brass Lower volume cost, adequate corrosion 

resistance

7. Conclusion: Respect the Atomic Blueprint

• Nickel aluminum bronze (ZCuAl10Fe5Ni5)  = FCC ductility + self-healing oxide film → marine, impact, welding, long-life applications.
• High-strength brass (ZCuZn25Al6Fe3Mn3)  = β’ phase strength + low zinc cost → heavy static loads, dry wear, cost-sensitive industrial parts.
Never rely on marketing slogans like “premium alloy vs. economy alloy”. Instead, match the microstructural  genome to your actual service conditions – pH, chloride level, 
load type, temperature,  and required fabrication method.

Need Custom Castings or Technical Consultation?

We supply ZCuAl10Fe5Ni5  and ZCuZn25Al6Fe3Mn3  in standard and custom dimensions – bushings, bearings, flanged sleeves, wear plates, and complex CNC-
machined parts.
� Contact us with your drawing and operating conditions – we will perform a first-principles material recommendation  and provide a free cost-performance analysis.
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