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1.1 Metallurgical Profile and Strengthening Mechanism

Aluminum 6061 stands as the preeminent alloy in the 6000 series, distinguished by its 

precipitation-hardening mechanism derived from Magnesium ($Mg$) and Silicon 

($Si$). The formation of Magnesium Silicide ($Mg_2Si$) precipitates during the aging 

process is the primary driver of its mechanical strength.
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 Unlike alloys dependent solely 

on solution heat treatment, 6061 achieves a balance of strength, formability, and 

weldability that renders it the �jack-of-all-trades� in precision engineering.
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The alloy is available in multiple tempers, with T6 (Solution Heat Treated and Artificially 

Aged) and T651 (Stress Relieved by Stretching) being the industry standards for CNC 

machining.
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 The T651 temper is particularly critical for machining operations, as the 

mechanical stretching process (typically 1.5% to 3% permanent set) relieves internal 

residual stresses, thereby minimizing the risk of warping or dimensional instability 

during material removal―a significant pain point in the manufacturing of thin-walled 

components.
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1.2 Chemical Composition Analysis

The chemistry of 6061 is tightly controlled to ensure the consistent formation of 

strengthening phases while managing impurity levels to maintain corrosion resistance.



Note: The presence of Chromium is vital in 6061 to offset the potentially adverse effects 

of Copper on corrosion resistance, creating a protective oxide layer that performs well 

in atmospheric conditions.
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1.3 Mechanical Properties and Temper Variances

The mechanical behavior of 6061 is heavily dictated by its temper state. The distinction 

between the annealed (O temper) and heat-treated (T6) states is profound, with the T6 

temper nearly quadrupling the yield strength of the annealed material.

Element Weight Percentage 

(%)

Role in Alloy Microstructure

Magnesium (Mg) 0.80 ‒ 1.20 Forms $Mg_2Si$ for precipitation 

hardening; increases strength.

7

Silicon (Si) 0.40 ‒ 0.80 Combines with Mg; essential for heat 

treatment response.
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Copper (Cu) 0.15 ‒ 0.40 Increases strength and hardness; slight 

reduction in corrosion resistance.
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Chromium (Cr) 0.04 ‒ 0.35 Controls grain structure; improves 

corrosion resistance.

7

Iron (Fe) Max 0.70 Impurity; kept low to prevent formation of 

brittle intermetallics.

Zinc (Zn) Max 0.25 Trace element; restricted to maintain 

weldability.

Titanium (Ti) Max 0.15 Grain refiner during casting.

Manganese (Mn) Max 0.15 Increases strength; controls grain size.

Aluminum (Al) Remainder (95.8 ‒ 98.6)

Base matrix.
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Insight: While 6061-T6 offers a robust yield strength of 276 MPa, it is significantly lower 

than the 7xxx series alloys. However, its fatigue strength of 96.5 MPa is sufficient for 

structural frames, bicycle components, and automotive chassis parts where extreme 

cyclic loading is not the primary failure mode.
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 The elongation of 12-17% in the T6 

condition indicates a moderate ductility, allowing for some deformation before failure, 

which is a safety factor in structural design.
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1.4 Manufacturing Characteristics

•
Machinability: 6061-T6 is rated as �Good,� typically scoring around 50% on 

machinability indices relative to free-machining brass.
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 It produces continuous chips

that can be readily managed with chip breakers. The material finishes to a high 

standard, though it can be slightly �gummy� compared to the harder 7075 or 2024 

alloys.
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Property 6061-O 

(Annealed)

6061-T4 

(Naturally 

Aged)

6061-T6 / T651 

(Artificially 

Aged)

Unit

Ultimate 

Tensile 

Strength

124 (18) 241 (35) 310 (45)

MPa (ksi) 
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Yield Strength 

(0.2% Offset)

55 (8) 145 (21) 276 (40)

MPa (ksi) 
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Elongation at 

Break

25 ‒ 30% 22% 12 ‒ 17%

% 

5

Hardness 

(Brinell)

30 HB 65 HB 95 HB

HB 
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Shear Strength 83 (12) 165 (24) 207 (30)

MPa (ksi) 
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Fatigue 

Strength

62 (9) 97 (14) 96.5 (14)

MPa (ksi) 
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Modulus of 

Elasticity

68.9 68.9 68.9

GPa 
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•
Weldability: This is 6061�s defining advantage over the 2xxx and 7xxx series. It is 

readily weldable using Gas Tungsten Arc Welding (GTAW/TIG) or Gas Metal Arc 

Welding (GMAW/MIG). However, welding locally reduces the strength in the Heat 

Affected Zone (HAZ) to near-O temper levels, often necessitating post-weld heat 

treatment to restore T6 properties.

6

•
Surface Finishing: 6061 is an excellent candidate for anodizing (Type II and Type III 

Hardcoat). The oxide layer builds uniformly, and the alloy accepts dyes well, making 

it ideal for consumer electronics and cosmetic parts.
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1.5 Applications

•
Industrial 

Automation:

Robot arms, 

base plates, and 

custom fixtures.
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•
Transportation:

 Truck frames, 

railway rolling 

stock, and 

bicycle frames.
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•
Consumer 

Electronics:

Camera lenses, 

chassis for 

laptops (often 

competing with 

6063).
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•
Fluid Power:

Hydraulic 

manifolds and 

valve bodies.
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