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Abstract:- It Is Well Known That The Alloy In The T6 Condition Is Characterized By The Highest Ultimate
And Yield Strengths, But, At The Same Time, By Poor Stress Corrosion Cracking (Scc) Resistance. For This
Reason, In The Aeronautic Applications, New Heat Treatments Have Been Introduced To Produce T7x
Conditions, Which Are Characterized By Lower Mechanical Strength, But Very Good Scc Behavior, When
Compared With The T6 Condition. The Aim Of This Study Is To Study The Tensile Properties And The Scc
Behavior Of 7075 Thick Plates When Submitted To A Single-Step Aging By Varying The Aging Times. The
Tests Were Carried Out According To The Standards And The Data Obtained From The Scc Tests Were
Analyzed Quantitatively Using An Image Analysis Software. The Results Show That, When Compared With
The T7x Conditions, The Two-Step Aging Performed In The Laboratory Can Produce Acceptable Tensile And
Scc Properties.
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l. INTRODUCTION

1.1 Aluminium Alloy 7075

Aluminum Alloy 7075 Is An Aluminum Alloy, With Zinc As The Primary Alloying Element. It Is
Strong, With A Strength Comparable To Many Steels, And Has Good Fatigue Strength And Average
Machinability, But Has Less Resistance To Corrosion Than Many Other Al Alloys. Its Relatively High Cost
Limits Its Use To Applications Where Cheaper Alloys Are Not Suitable.
7075 Aluminum Alloy's Composition Roughly Includes 5.6-6.1% Zinc, 2.1-2.5% Magnesium, 1.2-1.6%
Copper, And Less Than A Half Percent Of Silicon, Iron, Manganese, Titanium, Chromium, And Other Metals.
It Is Produced In Many Tempers, Some Of Which Are 7075-0, 7075-T6, 7075-T651.

Figure 1.1.1 Aluminium Alloy 7075

1.2 Mechanical Properties

The Mechanical Properties Of 7075 Depend Greatly On The Temper Of The Material.?
7075-0Un-Heat-Treated 7075 (7075-0 Temper) Has Maximum Tensile Strength No More Than 280 Mpa
(40,000 Psi), And Maximum Yield Strength No More Than 140 Mpa (21,000 Psi). The Material Has An
Elongation (Stretch Before Ultimate Failure) Of 9-10%. It Is Very Highly Corrosion-Resistant And Has Good
Strength.

7075-T6
T6 Temper 7075 Has An Ultimate Tensile Strength Of 510-540 Mpa (74,000-78,000 Psi) And Yield
Strength Of At Least 430-480 Mpa (63,000-69,000 Psi). It Has A Failure Elongation Of 5-11%.
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The T6 Temper Is Usually Achieved By Homogenizing The Cast 7075 At 450 °C For Several Hours,
Quenching, And Then Aging At 120 °C For 24 Hours. This Yields The Peak Strength Of The 7075 Alloy. The
Strength Is Derived Mainly From Finely Dispersed Eta And Eta' Precipitates Both Within Grains And Along
Grain Boundaries.
7075-T651

T651 Temper 7075 Has An Ultimate Tensile Strength Of 570 Mpa (83,000 Psi) And Yield Strength Of
500 Mpa (73,000 Psi). It Has A Failure Elongation Of 3—9%. These Properties Can Change Depending On The
Form Of Material Used. Thicker Plate May Exhibit Lower Strengths And Elongation Than The Numbers Listed
Above.
7075-T7

T7 Temper Has An Ultimate Tensile Strength Of 505 Mpa (73,200 Psi) And A Yield Strength Of
435 Mpa (63,100 Psi). It Has A Failure Elongation Of 13%."! T7 Temper Is Achieved By Overaging (Meaning
Aging Past The Peak Hardness) The Material. This Is Often Accomplished By Aging At 100-120 °C For
Several Hours And Then At 160-180 °C For 24 Hours Or More. The T7 Temper Produces A Micro-Structure
Of Mostly Eta Precipitates. In Contrast To The T6 Temper, These Eta Particles Are Much Larger And Prefer
Growth Along The Grain Boundaries. This Reduces The Susceptibility To Stress Corrosion Cracking. T7
Temper Is Equivalent To T73 Temper.
7075-Rra

The Retrogression And Reage (Rra) Temper Is A Multistage Heat Treatment Temper. Starting With A
Sheet In The T6 Temper, It Involves Overaging Past Peak Hardness (T6 Temper) To Near The T7 Temper. A
Subsequent Reaging At 120 °C For 24 Hours Returns The Hardness And Strength To Or Very Nearly To T6
Temper Levels. Rra Treatments Can Be Accomplished With Many Different Procedures. The General
Guidelines Are Retrogressing Between 180-240 °C For 15 Min 10 S.

1. EXPERIMENTAL WORK AND METHADOLOGY
2.1 Experimental Procedure

7075 Aluminium Alloy Has Been Used For More Than 50 Years In Aeronautics For The Production
Of Critical Parts, And Only Recently It Has Also Been Used In Mechanical Applications, Because Of Its High
Mechanical Strength. The Earlier Applications In Aeronautics And Almost All The Mechanical Applications
Use The Alloy In The T6 Condition, Which Is Characterized By The Highest Ultimate And Yield Strengths,
But, At The Same Time, Especially In The Case Of Heavy Sections, By Poor Stress Corrosion Cracking (Scc)
Resistance. For This Reason, In New Projects In The Aeronautic Applications, The Use Of 7075-T6x Plates
And Bars Has Been Forbidden Since 1975, And New Heat Treatments Have Been Introduced To Produce T7x
Conditions.

The Alloy In The T7x Condition Is Characterized By Lower Mechanical Strength, But Very Good Scc
Behavior, When Compared With The T6 Condition. That Is Why Most Of The Mechanical Designers Are
Considering The Possibility Of Expressly Making The T7x Condition A Requirement, Instead Of The T6
Condition, When Using The 7075 Alloy. One Important Difficulty Which Shall Not Be Neglected In
Performing This Conversion Is The Poor Availability Of Semi-finished Products Ex Stock In T7x Condition In
The Market, Out Of The Aeronautic Circuit. In The Technical Literature, The Problem Of Scc Of 7075
Aluminium Alloy Was Considered In Ref 1 And Widely Investigated For Many Applications. The Influence Of
The Heat Treatment Parameters Was Demonstrated Experimentally In Ref 2-4, And Some Models Theoretically
Describing The Behavior Were Introduced In Ref 5. All The Main Results Were Collected In Ref 6 And 7.
According To The Technical Literature (Ref 6), The Scc Behavior Of 7075 Aluminum Alloy Can Be
Summarized As Reported In Table 1, Where The Letter Describing The Corrosion Rating Refers To The
Maximum Stress Which Can Be Applied With No Evidence Of Fracture Or Cracks. The Military Handbook 5j
(Ref 6) Specifies The Scc Resistance Classes As Follows: A § 75% Of The Specified Minimum Yield Strength.
A Very High Rating. Scc Not Anticipated In General Applications If The Total Sustained Tensile Stress Is Less
Than 75% Of The Minimum Specified Yield Stress For The Alloy. B I 50% Of The Specified Minimum Yield
Strength. A High Rating. Scc Not Anticipated If The Total Sustained Tensile Stress Is Less Than 50% Of The
Specified Minimum Yield Stress. C § 25% Of The Specified Minimum Yield Stress Or 100 Mpa, Whichever Is
Higher. An Intermediate Rating. Scc Not Anticipated If The Total Sustained Tensile Stress Is Less Than 25%
Of The Specified Minimum Yield Stress. D = Fails To Meet The Criterion For The Rating C. A Low Rating Scc
Failures Have Occurred In Service Or Would Be Anticipated If There Is Any Sustained Tensile Stress In The
Designated Test Direction.

One Of The Main Results Of The Study Published In Ref 9 Was That A Single-Step Aging To The
T73 And T76 Tempers Could Be Considered As A Good Approach For Obtaining An Acceptable Scc Behavior
And Mechanical Properties Typical Of The Above Mentioned Tempers. That Is Why The Effect Of Time
During A Single-Step Aging At 163 C Was Considered To Be An Interesting Topic Of Investigation,
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Especially For The Mechanical Applications Where The Two Aging Steps, Typical Of T7x, Are Often
Thought As A Heavy Charge In The Production Management. Starting From The first Encouraging Results
Published In Ref 10, The Authors Extended The Investigation On The Influence Of The Time Both On The
Tensile And Scc Strengths Of 7075 Aluminium Alloy After A Single-Step Aging. The Samples Obtained From
Scc Tests Were Analyzed Using An Image Analysis Software, Their Residual Strength Was Tested By Tensile
Tests, And The Fracture Surfaces Were Analyzed By A Stereomicroscope.

The Nominal Chemical Composition Of The Investigated Alloy Is Reported In Table 2. The Material
Was Delivered As T651 Thick Plate (90-Mm Thickness). The Samples For The Mechanical And Corrosion
Tests Were Machined In The St Direction, As Reported In Fig. 1. The Tensile And The Scc Samples Were
Solutionized At 480 C For 60 And 30 Min, Respectively, Following The Requirements Reported In Ref 7;
The Different Aging Conditions Are Reported In Table 3. The Choice Of The Soaking Durations Of The One-
Step Aging At 163 C Is Justified While Considering The Results Of The Hardness Measurements As Reported
In Fig. 2, Where The Selected Times Correspond To The Peak Hardness And To The Steady-State Condition
Of The Curve. The Scc Tests Were Carried Out According To The Requirements Reported In Ref 11 And 12.
The Tests Were Performed In A Salt Fog Chamber At 35 C For 480 H Using A 5% Nacl Aqueous Solution.
The Samples Were Prisms With The Following Dimensions: 25 Mm990 Mm93 Mm. Two Specimens Per
Aging Condition Were Tested. The Samples Were Tested By Four Point Bending Loading (Fig. 3) At A Stress
Level Equal To 85% Of The Measured Yield Stress. This Was Found To Be A Suitable Stress Level When
High Corrosion Resistance Alloys Or Tempers Have To Be Compared. The Tensile Specimens Had A Round
Section With Diameters Equal To 8 And 40 Mm As Useful Lengths (Ref 13).

2.2 Alloy At T7x Condition

The Alloy In The T7x Condition Is Characterized By Lower Mechanical Strength, But Very Good Scc
Behavior, When Compared With The T6 Condition. That Is Why Most Of The Mechanical Designers Are
Considering The Possibility Of Expressly Making The T7x Condition A Requirement, Instead Of The T6
Condition, When Using The 7075 Alloy. One Important Difficulty Which Shall Not Be Neglected In
Performing This Conversion Is The Poor Availability Of Semi-finished Products Ex Stock In T7x Condition In
The Market, Out Of The Aeronautic Circuit. In The Technical Literature, The Problem Of Scc Of 7075
Aluminium Alloy Was Considered In Ref 1 And Widely Investigated For Many Applications. The Influence Of
The Heat Treatment Parameters Was Demonstrated Experimentally In Ref 2-4, And Some Models Theoretically
Describing The Behavior Were Introduced In Ref 5. All The Main Results Were Collected In Ref 6 And 7.
According To The Technical Literature (Ref 6), The Scc Behavior Of 7075 Aluminum Alloy Can Be
Summarized As Reported In Table 1, Where The Letter Describing The Corrosion Rating Refers To The
Maximum Stress Which Can Be Applied With No Evidence Of Fracture Or Cracks. The Military Handbook 5j
(Ref 6) Specifies The Scc Resistance Classes As Follows: A § 75% Of The Specified Minimum Yield Strength.
A Very High Rating. Scc Not Anticipated In General Applications If The Total Sustained Tensile Stress Is Less
Than 75% Of The Minimum Specified Yield Stress For The Alloy. B § 50% Of The Specified Minimum Yield
Strength. A High Rating. Scc Not Anticipated If The Total Sustained Tensile Stress Is Less Than 50% Of The
Specified Minimum Yield Stress. C  25% Of The Specified Minimum Yield Stress Or 100 Mpa, Whichever Is
Higher. An Intermediate Rating. Scc Not Anticipated If The Total Sustained Tensile Stress Is Less Than 25%
Of The Specified Minimum Yield Stress. D = Fails To Meet The Criterion For The Rating C. A Low Rating Scc
Failures Have Occurred In Service Or Would Be Anticipated If There Is Any Sustained Tensile Stress In The
Designated Test Direction.

1. RESULTS AND DISCUSSION
3.1 Stress Corossion Cracking Test

The Nominal Chemical Composition Of The Investigated Alloy Is Reported In Table 3.1.1. The
Material Was Delivered As T6 Thick Plate (6-Mm Thickness). The Samples For The Mechanical And
Corrosion Tests Were Machined In The St Direction. The Tensile And The Scc Samples Were Solutionized At
480°% For 60 And 30 Min, Respectively, The Different Aging Conditions Are Reported In Table 3.1.2. The
Choice Of The Soaking Durations Of The Two-Step Aging At 110% And 165°% Was Justified While
Considering The Results Of The Hardness Measurements As Reported, Where The Selected Times Correspond
To The Peak Hardness And To The Steady-State Condition Of The Curve. The Scc Tests Were Carried Out
According To The Requirements. The Tests Were Performed In A Salt Fog Chamber At 35 ° For 480 H Using
A 5% Nacl Aqueous Solution. The Samples Were Prisms With The Following Dimensions:
80mmx40mmx6mm. The Specimens Per Aging Condition Were Tested.

Table 3.1.1 Chemical Composition Of Considered Material
Si Fe Cu Mn Mg Zn Cr Ti Al
020 |030 |1.60 |[0.10 |550 |250 |[0.22 |0.10 | Bal
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Table.3.1.2 Aging Condition At 225°f/110°c And 325°f/165°%

Sample Temperature Time Temper
1 225°f 24h T6
2 225°f+325°f 8h+16h T73
3 225°f+325°f 8h+24h T76
4 325°f 4h T76
5 325°f 8h T76
6 325°f 16h T76
7 325°f 24h T76

Table 3.1.3.Scc Resistance After 360 Hrs.In Salt Fog Chamber
Temper Outcome Time To Failure
T6 Failed 30
T73 Passed | ..
T76 Passed | .
T76 (325°f-4h) Failed 180
T76 (325°F-8h) Passed | L.
T76 (325°f-16h) Passed | ..

Table 3.2.1 Tensile Test

Specimen Ultimate Tensile Yield Strength Relative Elongation
Strength (Mpa) (Mpa) (%A)
T76(24h) 480 420 12
600

UTS(Mpa)  YS(Mpa)  RE/FE(%A)
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Figure 3.2.1 Tensile Test Comparison For Nominal And Aged Specimen

(A) Temper T6
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(C) Temper T76 (D) T76 (325°-4h)
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(E) T76 (325%-8h) (F) T76 (325°F-16h)
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(G) T76 (325°f-24h)
Figure 3.3.1 Sem Images Of Different Tempered Specimens

HARDNESS TEST

Figure 3.3.2 Images Of Hardness Test And Stress Corrosion Crack

From The Above Figure, That Shows The Good Corrosion Resistance And The Lower Mechanical
Strength At Two-Step Precipitating Hardening Which Converts T6 Temper Into T7x Condition.

IV. CONCLUSION
The Stress Corrosion Behaviour Of 7075 Aluminium After Two Step Aging At 225 F And 325f Is
Investigate And Study The Tensile Properties, Hardness And The Scc Behaviour Of Aa7075 Thick Plates When
Submitted To A Two-Step Aging By Varying The Aging Times. The Alloy In The T6 Condition Is
Characterized By The Highest Ultimate And Yield Strengths, But At The Same Time, By Poor Stress Corrosion
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Cracking (Scc) Resistance And New Heat Treatments Has Been Introduced To Produce T7x Conditions, Which
Are Characterized By Lower Mechanical Strength, But Good Scc Behaviour, When Compared With The T6
Condition. From That Condition T76(8h) And T76(24h) Having Much Lower Mechanical Strength And Very
Good Stress Corrosion Cracking Resistance.
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