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HEAT TREATMENT OP ALtnaNrOM-L1fillUM ALLOYS 

This invention relates to the heat treatment f 

aluminium-lithium alloys and in particular to 

treatment for the strengthening of such alloys the 

optimisation of such alloys• plane fracture 

toughness. Such alloys are known 

aircraft skin construction, and particularly for 

commercial aircraft and empennage 

construction. 

density, high 

In this 

of aluminium-lithium all 

in particular the low 

fatigue properties 

s enable weight savings to be 

achieved to maximise pr fitability of the aircraft. 

Prior Art relevant to this 

known 

performance 

the time of the invention are as 

of thermal exposure at 70°C on the 

damage tolerant aluminium-lithium alloy 

Reference DRA/SMC/WP952008 by D.S. 

•Mechanical properties of 2024-TJ aluminium 

December 1991. Reference TR91071 by D.S. 

d, C. E. Thomas and C. Wheeler. 

The aluminium-lithium (Al-Li) alloys 

the ALUM:tNUM ASSOCIATION as AA8090 

registered 

and AA2091 

referred to without the •AA• prefix} in 

recrystallised sheet form and under-aged tempers have been 

shown to possess attributes of •Damage Tolerance• in that 
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HEAT 'l'REA'l'MEN'l' OP ALUMDatJM-L1"J.mtJM ALLOYS 

This invention relates to the heat treatment of 

aluminium-lithium alloys and in particular to such heat 

treatment for the strengthening of such alloys and for the 

optimisation of such alloys• plane stress fracture 

toughness. Such alloys are known in particular for use in 

aircraft skin construction, and more particularly for 

commercial aircraft fuselage, wing and empennage 

construction. J:n this application in particular the low 

density, high stiffness and excellent fatigue properties 

of al\iminium-lithium alloys enable weight savings to be 

achieved to maximise profitability of the aircraft. 

Prior Art references which are relevant to this 

invention known at the time of the invention are as 

follows. •Effect of thermal exposure at 70°C on the 

performance of damage tolerant aluminium-lithium alloy 

sheet.• February 1995. Reference DRA/SMC/WP952008 by D.S. 

McDarmaid; •Mechanical properties of 2024-TJ aluminium 

alloy sheet. December 1991. Reference TR91071 by D.S. 

McDarmaid, C.E. Thomas and C. Wheeler. 

The aluminium-lithium {Al-Li) alloys registered 

with the ALUMJ:NUM ASSOCJ:ATJ:ON as AA8090 and AA2091 

(hereinafter referred to without the •AA• prefix) in 

recrystallised sheet form and under-aged tempers have been 

shown to possess attributes of •oamage Tolerance• in that 
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fatigue crack growth rates are commendably slow coupled 

with reasonably high levels of plane stress fracture 

toughness (Kc). A such, both products have been 

extensively investigated as potential alternatives to the 

currently most widely used materials for civil aircraft 

Skin applications I in particular for fuselages eg alclad 

2024 T3 and 2014A T4 sheet, where the density reduction 

associated with the lithium-bearing alloys would enable 

considerable amounts of weight to be saved. 8090 in plate .t 
form has ·also been investigated for upper and lower wing 

skin and e:q>ennage applications and may also be considered 

for upper wing skins. 

In addition to the requirement for damage 

tolerance there are several other necessary 

characteristics which any new skin material and 

particularly fuselage wing and empennage skin materials 

must possess. These include adequate strength, good 

corrosion resistance and an often· unstated but very 

important requirement of long-term thermal stability, ie 

the ability to withstand prolonged periods at moderately 

elevated temperatures without· · an appreciable or 

unacceptable loss -in any of the key attributes. For a 

sub-sonic civil aircraft fuselage the worst case from a 

consideration of thermal instability involves on the 

ground exposures to the combined effects of high ambient 

temperatures and intense solar radiation. It is generally 
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accepted that in tropical conditions fuselage skin 

temperatures of up to 70-85°C can be achieved when the sun 

is at or near its zenith. over the life of an aircraft 

this could, in the worst case, represent a cumulative high 

temperature exposure of approximately 65000 hours (eg 6 

hours per day for 30 years) although such an exposure 

would only be achieved for aircraft either stored in 

desert conditions or operated irregularly from tropical 

bases. Thermal stability is also one aspect of concern 

when considering the use of Al-Li alloys for wing and 

empennage skin applications. 

The 8090 and 2091 alloys have been primarily 

investigated for fuselage skin applications in the T81 and 

T84 conditions respectively. The T8l. condition for 8090 

is achieved by artificial age hardening ( •ageing• } from 

the T31 condition (ie solution treated and controlled 

stretched) for 24 hours at 150°C whilst the T84 condition 

for 2091 is achieved by ageing from the T3 condition for 

12 hours at 135°C fo11owing a slow ramp up from ambient to 

135°C. These treatments are intended to produce products 

which mimic the mechanicai properties of alclad 2024 T3 

{ie the lower limit for 0.2% Proof Stress has been set as 

approximately 270 MPa) in order that substitutional 

applications can more easily be considered. There is, 

also, the widespread perception that Al-Li alloys require 

static strengths at least equivalent to alclad 2024 T3 to 
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be successful in the fuselage skin application. This is 

not necessarily so since the increase in Young's Modulus 

associated with the lithium content is capable of more 

than off-setting ·any slight reduction in strength which 

might now be seen to be required 

satisfy a real requirement for 

toughness and good impact resistance. 

in order to properly 

very high fracture 

Despite the use of artificial ageing treatments, 

both the Al-Li products referred to are known to lack . t . 
thermal stability in the temperature range 70-85°C and an 

increase in strength coupled with a disproportionately 

large reduction in Kc results after relatively shor.t 

isothermal exposures . ( ie a very significant effect after 

1000 hours) . This inverse relationship between strength 

and Kc for Al-Li alloys has been demonstrated on many 

occasions. Given that the initial toughness levels for 

both alloys aged to their respective prior art conditions 

(ie T81 and T84 for 8090 and 2091 respectively) are 

marginal for the intended application .when compared to 

alclad 2024 TJ (the current industry standard) this 

absence of thermal stability and the pernicious effect on 

toughness of even apparently very small increases in 

strength is· widely regarded as a major contributory factor 

accounting for the current lack of any significant civil 

aircraft fuselage applications. 
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The cause of thermal instability is attributed to 

an on-going precipitation of ~ ' (Al3Li). The reason for 

the continued precipitation of 6 ', and hence the thermal 

instability, is that there is an inverse relationship 

between the . equilibrium volume fraction of a· and 

temperature (ie the equilibrium volume fraction increases 

as temperature is reduced}. The high rate of diffusion of 

lithium in aluminium ensures that the formation of ~ • is 

not effectively diffusion rate controlled until the 

temperature falls some considerable way below the exposure 

temperature of concern. It therefore follows that even 

extensive ageing at the stated prior art ageing 

temperatures (ie 135-150°C} will never achieve anything 

approaching a complete precipitation of 6 • and a high 

thermodynamic driving force for on-going precipitation, 

coupled with adequate rates of lithium diffusion, will 

exist at temperatures at or close to (below) the maximum 

thermal exposure temperatures considered. Instead, 

extensive ageing at these •higher• temperatures only 

serves to increase the volume fraction of other phases 

such as s • (Al2CuMg) leaving a structure overly high in 

strength but relatively low in 6 1 
• Subsequent long-term 

thermal exposure therefore results in a large increase in 
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the 3 ' volume fraction, an increase in strength and 

embrittlement. 

To illustrate the effect of on-going a• 

precipitation duplicate samples of a batch of {hereinafter 

referred to as •aatch 1 11 material) . 8090 T81 were given a 

range of thermal treatments prior to being exposed to an 

elevated temperature for a considerable. length of time. 

The composition in weight percent of the Batch 1 material 

was: 

Li 

2.23 

Cu 

1.14 

Mg 

0.79 

Fe 

0.045 

Zr 

0.06 

Al 

Remainder 

The treatments chosen included a 10 minute 

•reversion• at 200°C from the T81 condition (ie causing a 

drop in 0.2% Proof Stress due to a I dissolution), 

followed by a re-age of 170°C for 4 hours (ie to achieve a 

recovery to approximately the original level of T81 0. 2% 

Proof Stress and,· finally, an extensive over-ageing 

treatment of 220°C for 12 hours in addition to the T81 

initial treatment. 

After tensile testing one long transverse (LT) 

oriented sample representative of each condition the 

duplicate samples of all conditions including the T81 

•control" condition were then exposed for 920 hours at 

100°C in order to crudely represent a lifetime• s e;cposure 

to tropical temperatures. The results of the mechanical 
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property tests and electrical conductivity measurements 

made are shown in Table l. 

It is clear from Table l that the on-going 

precipitation at 100°C results in a considerable increase 

in strength. The reverted material recovers to a higher 

strength than is the case for the Control condition 

indicating the ineffectiveness of reversion as a means of 

increasing the toughness of 8090 where consideration must 

also be made of thermal instability effects since the 

initial benefit of reversion is short-lived and the 

treatment can, ultimately, be expected to be harmful as it 

results in a higher final strength after thermal exposure. 

The increase in strength of the reverted material over and 

above the un-reverted material at the conclusion of the 

thermal exposure is attributed to the additional s• 

precipitated during the reversion process. Similarly, 

the additional increase in strength of the reverted and 

re-aged material following thermal exposure compared with 

either of the T81 and T84 plus reversion conditions is 

attributed to the increased s• associated with 4 hours at 

l 70°C. 

Finally, the use of over-ageing is seen to be 

completely ineffective at achieving stability with a 48 

MPa rise in 0.2% Proof Stress being apparent at the 

conclusion of the 920 hour exposure. Similar results for 

all starting conditions would be anticipated for exposure 
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at, say, 70°C and an even higher equilibrium volume 

fraction of 3• would be realisable at this temperature than 

at 100°C although the exposure time required to achieve 

saturation would be that much greater at the lower 

temperature due to the reduced diffusion rates. 

It should be noted that the Batch 1 8090 sheet had 

a TSl LT O. 2% Proof Stress of 293 MPa and which then 

reached what is believed to be a a I -saturated 0.2% Proof 

Stress of 320 MPa following 920 hours thermal exposure at 

100°C , ie a rise of 27 MPa. 

According to the invention an improved method of 

heat treating Aluminium-Lithium alloy includes carrying 

out a succession of at least two artificial ageing steps, 

the first such step being carried out within a first 

temperature range and at least one further step being 

carried out within a successively reduced temperature 

range. 

The specific promotion of 8 1 precipitation is thus 

achieved and for appropriately selected temperature ranges 

capping of the S' volume fraction is achieved in 

conjunction with this to a·ttain a condition of use with 

adequate but not excessive initial strength which is 

compatible with the requirement of high fracture 

toughness, with the ability to retain adequat_e fracture 

toughness following long term exposure to moderately 

elevated temperatures. Where other appropriate temperature 
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ranges are selected according to the invention it is 

possible to combine the promotion of B• precipitation with 

high levels of S • volume fraction thereby resulting in a 

level of strength that is higher than otherwise would be 

possible for an alloy of this· composition for a given 

total ageing treatment time. 

The conclusion reached was that thermal stability 

at, say, 70-85°C can only be achieved by the realisation 

of an equilibrium volume fraction of a• for this 

temperature. The achievement of a I saturation needs to 

be achieved without realising too high a 0.2% Proof Stress 

level which would otherwise be incompatible with the 

omnipresent requirement for high fracture toughness. 

Ageing trials according to the invention were then 

conducted using an 8090 T31 starting condition material 

which was arrived at by re-solution treatment and 

controlled stretching of some Batch 1 8090 T81 material. 

NB Re-solution treatment was carried out at 505°C to avoid 

grain growth. Ageing commenced at 150°C but for a short 

duration (very much less than the prior art 24 hours at 

150°C) followed by progressive reductions in temperature 

and increases in ageing time in order that the volume 

fraction of s 1 and phases other than B • could be capped 

and a high volume fraction of S• realised. 
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In this way it is now believed that a condition with a 

superior balance between 8• and S' precipitate volume 

fractions and precipitate size distribution can be 

achieved with a relatively low level of 0 .2i Proof Stress 

(and, hence, high fracture toughness) and with limited 

capacity for further strengthening by on-going 

precipitation of 3 •. 

The adoption of this form of retrogressive 

step-wise (RS-W) ageing treat:Jnent according to the 

invention fully recognises the need to precipitate 

sufficient s• to prevent what would otherwise be a plastic 

deformation mechanism dominated by intense planar slip - a 

deformation mechanism which would, if not properly 

inhibited by the presence of$', then result in low levels 

of ductility, particularly in the longitudinal direction. 

During this initial work with re-solution treated 

Batch l material a large number of temperature/time RS-W 

ageing combinations were studied. Of particular note were 

treatments based around a 4-step RS-W ageing sequence 

comnencing with either 1 hour or 3 hours at 150°C followed 

by periods at 135°C, 120°C and 100°C as shown below: 

l hour/150 + 6/135 + 3/120 + 50/100°C (see Table 2A) 

1 hour/150 + 6/135 + 8/120 + 50/100°C (see Table 2B) 
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.t 



W096/18752 PCI'/GB95102878 
- 11 -

l hour/150 + 6/135 + 16/120 + 50/100°C (see Table 2C) 

1 hour/150 + 12/135 + 6/120 + 50/100°C (see Table 2D) 

1 hour/150 + 12/135 + 16/120 + 50/100°C(see Table 2E) 

3 hours/150 + 12/135 + 6/120 + 50/100°C(see Table 2F) 

3 hours/150 + 6/135 + 16/120 + 50/100°C(see Table 2G) 

These treatments and the resulting mechanical 

properties and electrical conductivity results, both 

during the ageing sequence and as a result of various 

periods of thermal exposure at 85°C and 70°C, are shown in 

Tables 2A-2G. 

Subsequently, a new batch of 8090 sheet was 

obtained (hereinafter referred to as •Batch 2•) which had 

not been previously solution heat treated. This material 

was used for solution heat treatment and ageing trials in 

order to optimise the process of RS-W ageing. The 

composition in weight percent of the Batch 2 sheet 

material was: 

Li Cu Mg Fe Zr Al 

2.26 1.21 0.69 0.047 0.06 Remainder 

From the results of the Batch 1 trials it was 

realised that the 135°C step was apparently resulting in 

excessive ageing of the non- S• phases and so might be 

discontinued. It was also recognised that if the fuselage 
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structure was to be adhesively bonded ( ie the attachment 

of stringers to skins) then either a 150°C or a 120°C 

curing resin system such as REDUX (registered trade mark) 

775 (CIBA} or AP163-2 (3M}, or similar, would most likely 

be used. In the case of REDUX 775 (150°C cure) the cure 

cycle could be combined with the 150°C RS-W ageing step· and 

all subsequent steps would then be applied to the bonded 

skin/stringer assembly. In which case there would be an 

economic advantage in reducing · the temperature of the . t 
second step such that the assembly would not reqliire an 

over-pressure to protect the (phenolic) adhesive. This 

would be achieved by reducing the temperature of the 

second step from 135°C to 125-120°C whereas the continued 

use of a 135°C ageing step would necessitate that this 

ageing step took place in an autoclave or bonding press. 

If a 120°C cure resin system such as AP163-2 was to be used 

then the cure cycle could be introduced after completion 

of all ageing steps of greater than i20°C. No 

over-pressure would be required for any selection of 

ageing temperature equal to or less than 120°C. 

A series of RS-W ageing trials was undertaken 

using Batch 2 material which had been solution treated at 

530°C and controlled stretched 1.75% ± 0.25%. Of note are 

the following RS-W treatments: 
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1 hour/150 + 6/135 + 8/120 + S0/120°C (included to 

bench-mark Batch 2 material with Batch l) {See Table 3A) 

1 hour/150 + 8/120 + 24/105 + 24/95°C 

1 hour/150 + 16/120 + 24/105 + 24/95°C 

1 hour/150 + 8/125 + 24/105 + 24/95°C 

l hour/150 + 16/125 + 24/105 + 24/95°C 

1 hour/135 + 8/120 + 24/105 + 24/95°C 

1 hour/135 + 16/120 + 24/105 + 24/95°C 

2 hour/120 + 32/105 + 24/95°C 

8 hour/120 + 24/105 + 24/95°C 

{See Table 3B) 

(See Table 3C) 

(See Table JD) 

(See Table 3E) 

(See Table 3F) 

(See Table JG) 

(see Table 3H) 

(see Table 3J) 

These trials showed that the 135°C step was 

superfluous and that a direct transition from about 150°C 

to about 120°C (or 125°C) was preferable. The treatments 

commencing at 135°C and 120°C had some merit but produced a 

fully heat treated condition that was low in strength but 

which ultimately1 on thermal exposure, rose to levels 

comparable with the treatments which commenced at 150°C and 

so there was expected to be no benefit in terms of usable 

toughness. 
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On the basi~ of t~e tensile test data from the 

above tests the sequence lhour/l50°C + 8/120°C + 24/105°C + 

24/95°C was selected for further investigation and 

refinement. This included ageing full-sized sheets to 

enable wide panel fracture toughness testing to be carried 

out. 

The result of the first fracture toughness test 

carried out on 1.9mm thick Batch 2 material aged 1 

hour/150°C + 8 .120°C + 24/105°C + 24/95°C is shown in Figure t 
1 in the form of a fracture resistance curve (R-curve) . 

The result is compared to R-curves applicable to prior art 

8090 T81 and reverted 8090 T81 (Reference 1), an unstable 

condition previously shown to produce improvements in 

toughness together with alclad 2024 T3 (Reference 2). 

It can be seen that the application of the RS-W 

treatment of the. invention has produced a condition .of 

very high toughness and which is comparable to, or better 

than, alclad 2024 T3. This is the first known reported 

occurrence of 8090 sheet exceeding the toughness of alclad 

.2024 T3. A second l. 9mm thick 8090 sheet was given the 

above RS-W treatment followed by 2000 hours thermal 

exposure at between 70°C and 75°C. The R-curve for this 

material is shown in Figure 2 together with the un-exposed 

R-curve. Also shown is an R-curve for prior art 8090 T81 

material with and without 2000. hours thermal exposure at 

70°C (Reference 1). It can be seen that although the RS-W 
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material has suffered a reduction in toughness the 

reduction (approximately 6%) is very much less and from a 

much higher starting level than was the case for prior art 

8090 TBl. 

NB: The comparative data extracted in graphical form 

from References 1 and 2 is presented for illustrative 

purposes only and is not intended to limit the invention. 

Trials were also conducted to determine 

sensitivity to temperature and time variations for the 

first ageing step and to determine whether the final step 

of 24 hours/95°C could usefully be truncated. The results 

of these trials are shown in Tables 4A, 4B and 4C for 

Batch 2 material. 

It was established that the first step could be 

shortened to 0.75 hours or extended to 1.25 hours without 

undue deleterious effects being apparent. It was also 

found that the final step could be truncated to 8 hours 

for material given 1 hour/150°C or l.25/150°C without a 

significant ef feet on the final strength being apparent 

and, for applications where strength is not critical, this 

step can be omitted completely and/or the shorter 150°C 

ageing treatment adopted. The preferred ageing treatment 

identified as a result of this work is: 

1 hour/150°C + 8/120°C + 24/105°C + 8/95°C 
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The 4-step treatment has the advantage of 

maximising the degree of benign strengthening Cie 

strengthening due to8• precipitation) without requiring an 

overly long ageing treatment which might be uneconomic. 

The treatment was found to be reasonably 

insensitive to ageing temperature within the range ±5°C 

(all steps) and to variations in th~ length of individual 

treatments within the range ±25' of the stated time. 

This preferred ageing treatment was also found to 

engender optimum resistance to intergranular corrosion as 

measured by the ASTM GllO corrosion test with depth of 

corrosion penetration limited to approximately 150µ.m and 

with a tendency to.form localised corrosion pits with very 

little or virtually no intergranular attack present. 

This is in very marked contrast to 8090 T8l which often 

exhibits in excess of 250-300µ.m of attack and which is 

characterised by an extended network of intergranular 

penetration. The forms of intergranular attack for the 

RS-W and T81 conditions are shown in Figures 3 and 4 

respectively. 

Several more full-sized sheets were then given the 

preferred ageing treatment of lhour/150· + 8/120 + 24/105 + 

8/95°C. These sheets were intended to establish the 

initial toughness level for l. 6nm sheet and to provide 

specimens for long-term thermal exposure such· that the 

SUBSTITUTE SHEET (RULE 26~ 



W096/18752 PCT/GB95/02878 
- 17 -

R-curves of thermally sensitised material could be 

determined. The results of an R-curve test on this 

material in the fully heat treated condition are shown in 

Figure 5. The R-curve is slightly lower than for the 

1.9mm material and the difference is considered to be due 

to the rolling schedule associated with l.6mm gauge, to 

differences in lithium depletion, to a thickness effect 

per se, or to a combination of these effects. 

A sheet of Batch 2 material sufficient for a large 

number of tensile tests has been given the preferred 

ageing treatment and has completed a 2000 hour thermal 

exposure test at 70°C together with comparative Batch 2 

material initially aged to the T81 condition. The results 

are shown in Table 5 and plotted as 0 .2% Proof Stress 

versus Log10 Exposure Time in Figure 6. 

It is apparent from Figure 6 that the T81 material 

has undergone an incubation period from approximately the 

100 hours exposure point to somewhere slightly in excess 

of the 1000 hour exposure point during which virtually no 

change in 0.2% Proof Stress was apparent. There was then 

a rapid increase in 0 .2% Proof Stress. :In contrast, the 

RS-W aged material exhibited no such incubation effect and 

a steady rise in 0 .2% Proof Stress versus Log Exposure 

Time is evidenced. :It should be noted that the gradient 

of the two curves (excluding the incubation period for 

T81) appears almost identical thereby indicating that the 
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•advantage• of lower strength in the RS-W material is 

being maintained and extrapolation to the 65000 hours 

point suggests that the T81 material would ultimately age 

to a 0. 2' Proof Stress of approximately 349 MPa whereas 

that of the RS-W material would not exceed approximately 

318 MPa. This represents an improvement in terms of 

preventing a strength increase of approximately Ji MPa 

that would otherwise occur. 

However, this final predicted 0. 2!fs Proof Stress . t 
level for Batch 2 RS-W material is regarded as 

approximately 25-30 MPa above a value considered 

compatible with a target . of matching the plane stress 

fracture toughness of alclad 2024 Tl. To achieve a 

further reduc.tion in the level of the 8 •-saturated 0. 2!fs 

Proof Stress may require a compositional adjustment to be 

made ·in combination with the RS-W treatment. For the 8090 

alloy it is believed that the magnesium level should be 

reduced from the 0.69!fs level present in Batch 2 to 

substantially the minimum level in the compositional 

registration (ie 0.6!fs), or even to below this value to as 

low as substantially 0.4!fs. This will further restrict the 

strengthening attributed to S' precipitation and will 

increase the solubility limit of lithium in aluminium 

thereby restricting the degree of 8 1 precipitation. 

Similarly, the lithium level may also need to be 
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maintained at or even below the 8090 compositional minimum 

(ie 2.2%). Reducing the copper levels may be 

coUriterproductive in terms of toughness and so further 

dilution below the Batch 2 level may not be advisable. 

To further illustrate the benefit of reducing the 

ageing temperature according to the invention in order to 

increase the volume fraction of the s• precipitate some 

recrystallised 8090 T3l sheet was aged for 24 hours at 

l 70°C in order to reach a medium strength condition and 

then subsequently aged for 8 hours at 120°C. The 

longitudinal tensile properties after ageing for 24 hours 

at 170°C according to the prior art are shown below 

together with the properties after the subsequent 8 hours 

period of ageing at 120°C according to the invention. It 

can be seen that a significant increase in strength 

results from the inclusion of the relatively short ageing 

step at the lower temperature and that the final strength 

level attained is significantly higher than would have 

resulted from, say, 32 hours (ie 24 + 8 hours} at l70°C. 

Ageing 

Treatinent 

24 hrs @ l 70°C 

24 hrs i 170°C 

0.2% Proof 

Stress CMPa) 

374 

Tensile % Elongation 

Strength (MPa) 

468 7 
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+ 406 499 8 : 

8 hrs @. 12 0°c 

The concept of RS-W ageing according to the 

invention to combine a prior art ageing step with a 

further ageing step or steps at reduced temperature to the 

initial ageing step to achieve a medium-to-high strength 

condition can therefore be seen to be advantageous in 

te~ of maximising the strength that can be ultimately 

attained as well as achieving a given strength level in a 

shorter overall ageing time than would otherwise be 

possible. This type of processing is applicable to all 

Al-Li alloys strengthened, in part, by the precipitation 

of 8' and is applicable . to all product forms such as 

plate, extrusions, forgings, tube etc. This particular 

form of the ageing treatment according to the invention is 

now termed High Strength Retrogressive Step-Wise ageing 

( "HSRS-W" ) . 

BANGE OF HEAT TREATMENTS 

The nature of the heat treatment according to the RS-W 

aspect of the invention is such that there is a broad 

range of treatments which achieve approximately the same 

final condition. A very broad range of RS-W treatment 

intended to produce a condition of high plane stress 

fracture toughness is therefore disclosed and then various 

refinements culminating in a preferred range (RS-W Range 
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4) which is particularly suited to the 8090 alloy and 

which achieves an optimum combination of initial strength, 

toughness and thermal stability is disclosed. 

The HSRS-W ageing treatment according to the 

invention combines the process of maximising the 8 1 volume 

fraction with an ageing treatment intended to produce a 

medium-to-high strength condition (ie high in S' and 8 1
} 

to result in an increased strength level which is higher 

than would result from the initial prior art ageing 

treatment alone or from an isothermal ageing treatment of 

the same overall length which is solely carried out at the 

higher temperature. 

For •short• ageing steps (ie less than or equal to 

substantially 3 hours) the time indicated may commence 

when the temperature of the product as determined by a 

contact-based temperature measuring device C thermocouple) 

reaches a temperature within 5°C of the nominal temperature 

of the treatment. Typically, for a 150°C ageing step 

applied to 1. 6:mm. thick sheet and with the sheets loaded 

into a pre-heated air circulation oven, a heat up time of 

10 to 15 minutes has been found to be appropriate. 

For ageing times longer than about 3 hours the lag 

between the metal and oven air temperatures can be ignored 

and the treatment time then cormnences when the oven air 

temperature recovers to the set temperature. 
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For very short ageing treatments .the use of an oil 

bath or similar may be necessary in place of an air oven. 

In such cases appropriate.adjustments to the metal heat up 

times will be needed.· 

Treatments below 90°C are· considered to be 

ineffective, according to the invention. 

A continuous transition between the temperat'1res 

shown in any pair of adjoining steps is considered as part 

of the temperature ranges and time ranges specified. 

RS-W TREATMENT - BANGE 1 

Temperature Range Time Range 

Step 1 165 to 130°C 15 Minutes to 24 Hours 

Step 2 13 0 to 9 0°C 1 Hour to 7 2 Hours 

RS-W TBEATMENT.- BANGE 2 

Temperature Range Time Range 

Step 1 

Step 2 

160°C to 130°C 

13 0°C to 90°C 

30 Minutes to 12 Hours 

2 Hours to 72 Hours 

RS-W TREATMENT - BANGE 3 

Step 1 

Step 2 

Step 3 

Temperature Range Time Range 

150 :.t: 5°C 45 Minutes to 75 Minutes 

120 :.t: S°C 4 to 12 Hours 

105 ± S°C 12 to 36 Hours 

SUBSTITUTE SHEET (RULE 26) 
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Step 4 95 ± 5°C 

RS-W TBEA'l'MENT - BANGE 4 

Temperature Range 

Step 1 

Step 2 

Step 3 

Step 4 

HSRS-W 

150 ± 5°C 

120 ± S°C 

105 :::t: S°C 

95 ± 5°C 

.Zero to 24 Hours 

Time Range 

1 Hour ± 15 Minutes 

8 ± 2 Hours. 

24 ± 6 Hours 

Zero to 8 Hours 

PCT/(;B95/02878 

The HSRS-W treatment ranges are described either 

as 2-step or as 3/4-step (ie 4-step treatment but with the 

fourth step optional which, if omitted, thereby results in 

a 3-step treatment). 

HSRS-W TREATMENT - 2-STEP. BANGE 1 

Temperature Range Time Range 

Step 1 190 :::t: 40°C 20 Minutes to 72 Hours 

Step 2 120 :!: J0°C 1 Hour to 48 Hours 

HSRS-W TREATMENT - 2-STEP, BANGE 2 

Temperature Range Time Range 

Step 1 170 ± 20°C 4 Hours to 48 Hours 

Step 2 125 ± 15°C 4 Hours to 3 6 Hours 

HSRS-W TREATMENT - 2-$TEP. BANGE 3 
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Step 1 

Step 2 

Temperature Range 

110· ± 20°c 

12S ± 1s0 c 

. Time Range 

12 Hours to 36 Hours 

6 Hours to 24 Hours 

HSRS-W TREATMENT -. 2-STEP. BANGE 4 

Temperature Range 

Step 1 

Step 2 

170 ± 10°c 

12S ± 10°c 

HSRS-W TREATMENT - 314 STEP, 

Temperature Range 

Step 1· 170 :t: 20°c 

Step 2 12S :I: 1s0 c 

Step 3 lOS ± 10°c 

Step 4 95 :I: 5°C 

BANGE 1 

4 Hours 

6 Hours 

8 Hours 

Zero to 

HSRS-W TBEATMENT - 3/4-STIP. RANGE 2 

Temperature Range 

Step 1 

Step 2 

Step 3 

Step 4 

170 ± 10°C 

125 ± 10°c 

105 :t: S°C 

95 :i: S°C 

Time Range 

24 :t: 4 Hours 

8 ± 2 Hours 

Time Range 

to 48 Hours 

to 24 Hours 

to 30 Hours 

8 Hours 

Time Range 

24 ± 4 Hours 

8 ± 4 Hours 

18 :t 6 Hours 

Zero to 8 Hours 

In summary the use of the RS-W ageing method of 

the invention provides a means of achieving a strength 

level for aluminium-lithium alloys such as 8090 which are 

SUBSi\iUlE SHEET lRULE 26) 
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strengthened by the precipitation 0£ 3' and S • which is 

ccmparable with conventional aluminiwn-copper alloy 

materials whilst also restricting the degree of subsequent 

and unwanted strengthening and associated loss in fracture 

toughness which can take place due to prolonged exposure 

to moderately elevated temperatures such as are 

encountered by fuselage, wing and empennage skin 

structures during on-the-ground exposures when relatively 

high ambient temperatures exist and/or there is 

significant heating due to solar radiation. 

The use of the HSRS-W ageing method of the 

invention provides a means of achieving a strength level 

for aluminiwn-lithium alloys such as 8090 which are 

strengthened by the precipitation of 3• and S 1 which is 

ccmparable with conventional aluminium-copper and also 

aluminium-zinc alloy materials 

The invention also provides a means of achieving 

an improved level of toughness of all other 

aluminium-lithium alloys whether in plate form, sheet 

form, extruded form or otherwise primarily strengthened by 

the precipitation of the 3 • (Al3Li) precipitate in 

conjunction with other precipitates such ass• (Al2CuMg}. 

In addition the invention also provides an 

improvement in the resistance of the 8090 alloy in 

recrystallised sheet form to intergranular corrosion. 
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INITIAL CONDITION AS-RBCBIVBD.PROPBRTIBS PROPBRTIBS AFrBR 920 BOORS @ 1oo•c 

0.21 PROOF TBNSILB BLONG. 0.21 PROOF TBNSILB BLBCT. BLONG. BLBC'f. 
STRENGTH ST RB SS COND. STRESS STRENGTH COND. 

HP a HP a I IIACS HP a HP a % llACS 

T81 (T31 + 150°C/24 hours) 293 424 13.5 18.8 320 439 10.2 19.6 

T81 + REVERSION 260 379 14.8 17.6 324 451 10.5 19.8 
(200°C/10 HINUTBS) 

T81 + 200°C/10 HINUTBS + 295 416 13.6 18.6 339 471 10.0 20.5 
170°C/4 BOORS 

T81 + 22o•c112 HOURS 346 411 8.4 18.5 394 471 5.4 20.4 

TABLB 1 BOOH TEHPERATURB HECHANICAL PROPERTIES AND ILBCTRICAL CONDUCTIVITY OF BATCH 1 8090 IN VARIOUS INITIAL CONDITIONS 
AFrER 920 HOURS AT 1oo•c TBERHAL BIPOSURB. 

.. 

~ 
Q 
IO 
~ .... 
QO u: 
N 

N 
0\ 

"d g 
i cs 
~ 



CJ> c 
tD 

~ 
c! 
-I rn 
CJ> 
:i: 
m 
tn 
-I -:D 
c 
r-
m 
N ·m -

AGBING TIBATHENT TBBIUIAL 

SBNSITISATION 
raoor STRISS TINSILI 

STRENGTH 
KP a 

BLONGATION 
I 

IOOH TBHP. ILBCTIICAL 
COHDUCrlVITY 

llACS 

(HOURS AT TllPIRATUll) 
1so•c 135•c 12o•c 1oo•c as•c 1o•c 

0.1% 0.21 0.51 
Kfa HPa IPa 

1 -
1 6 

1 6 

1 6 

1 6 

1 6 

1 6 

TABLI 2A 

- - - - 205 216 238 342 20.0 17.5 

- - - - 249 260 284 384 ts.a 18.2 

3 - - - 256 267 291 392 15.8 18.6 

N 
3 50 255 277 303 408 lS.8 19.0 .... - -
3 50 100 - 274 2'5 310 413 13.9 19.3 

3 50 500 - 282 294 318 416 14.3 19.4 

3 50 500 500 284 294 319 416 13.5 19.6 

LONG TRANSVBRSI TENSILE PIOfllTIBS AND ILBCftlCAL CONDUCTIVITT HBASUUHBNTS roa BATCB 1 1.6 .. 8090 SBBIT AT BACH 
STAGB OP AGBING roa AGEING SBQUBNCB 1h/150°C + 6h/135•c + 3h/120•c + 50h/100•c AND APTBR TBBRHAL BJPOSUll AT 85•c ' 
10°c. 

STARTING CONDITIONs SOLUTION TRIATBD 505'C AND CONTROLLBD STIBTCBBD 21 ! 0.51 IN LONGITUDINAL DIRICTION. 
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AGEING TRIATHINT 

(HOURS AT TBHPEBATUBB) 

1so•c. 135•c 12o•c 1oo•c 

1 - - -
1 ' - -
1 ' 8 -

1 6 8 50 

1 6 8 50 

1 6 8 50 

1 6 8 50 

nmw. 
SINSITISATI08 

95•c 1o•c 

- -
- -
- -

- -
100 -
500 -
500 500 

raoor STUSs 
0.11 0.21 0.5% 

HPa HPa HPa 

205 216 238 

249 260 284 

252 269 294 

264 280 305 

277 287 311 

284 296 321 

281 292 316 

TINSILI 

STlllNG'l'll 

HPa 

342 

384 

393 

406 

415 

426 

419 

ELONGATION 

I 

20.0 

15.8 

14.9 

14.5 

14.5 

16.1 

13.6 

IOOH TlllP. BLICTIICAL 

eotmUC'lIVI'n 

ZIACS 

17.5 

11.2 

18.6 N 
m 

19.0 

19.3 

19.3 

19.6 

TABLI 28 LONG TUNSVllSI TENSILB PROPllTIES ARD ELICTllCAL COllHICTIVm HIASURIHDITS POR BATCa 1 1.6 • 8090 SBllT AT BACH 

STAGE OP AGEING FOR AGEING SBQUINCB lh/150•c + 6h/135•c + 8h/120•c + 50h/too•c ARD APTlll TBllUIAL ElfOSUBB AT a5•c ' 

1o•c. 

STARTING CONDITION: SOLUTION TRIATBD 505•c ARD COHTROLLID STllTCllED 2% ± o.5% IN LONGITUDINAL DIRBCTION • 
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AGIING TllATHBNT . 

(HOURS AT TIHPlltATURI) 
1so•c 135•c 12o•c 1oo•c 

TBIRHAL 

SBNSITISATIOtf 
as•c 1o•c 

0.11 
HPa 

raoor mass 
0.21 o.sz 
II Pa HP a 

TINSILI 
STUNGTll .... 

ILONG&TIOtf 

I 

llOOll TIHP. ILBCralCAL 

CONDUC'flVIft 
IIACS 

1 -

1 6 

1 6 

1 6 

1 6 

1 6 

1 6 

TABLB 2C 

- - - .. 205 216 238 342 20.0 11.5 

- - - .. 249 260 284 384 15.8 18.2 

16 - - .. 265 275 301 403 15.4 18.7 

16 50 - - 251 280 306 407 15,8 19.1 

16 50 100 - 276 287 312 413 14.9 19.3 
N 

'° 
16 50 ·500 - 283 295 320 425 13.3 19.4 

16 50 500 500 283 294 319 420 12.2 19.7 

LONG TRANSVBllS8 TBNSILB PROPIRTIIS AND BLBCUICAL CONDUCTIVIft HIASUUllBNTS IOI BATCll 1 1.6 • 8090 SBBBT AT IACB 
STAGE OP AGEING POI AGEING SBQUINCI lh/150•c + 6h/135°C + 16h/120•c + 50h/100•c AND AFrll TBllUIAL BIPOSURB AT as•c, 1o•c. 
STARTING CONDITIOlh sourrIOH TUATBD 505•c AHO COllTIOLLBD STUTCllBD 21 ! 0.5% IN LONGITUDINAL DIRICTION. 
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AGEING TUATHBNI' THDIW. noor STllSS TBHSILB ILOllGATIOll IOOH mr. ILICftICAL 

(HOURS AT TBHHIATURI). SBHSITISATIOH 0.11 o.u 0.51 STUHGTH % CONDUC"l'IVIft 

1so•c us•c 

1 - . 

1 12 

1 12 

1 12 

1 12 

1 12 

1 12 

TABLE 20 

12o•c 1oo•c 85•c 1o•c ••• Hh Hra Hra ZIACS 

- - - - 205 216 238 342 20.0 17.5 

- - - - 260 270 295 393 14.7 18.5 

6 - - - 269 278 302 405 14.7 18.8 

6 50 - - 272 287 312 411 14.1 19.1 

6 50 100 274 290 316 420 14.8 19.4 - w 
0 

6 50 .500 - 292 301 325 432 16.8 19.5 

6 50 500 500 289 300 325 428 13.3 19.7 

LOHG TllANSVDSI TENSILE raoraTIBS AND ILBCTRICAL COHDUCTIVlft HIASURlllBHTS POI BATCH 1 1.6 - 8090 SBllT AT IACH 

STAGE or AGBIHG roa AGIIHG SBQUINCI lb/150•c + 12h/135•c/ + 6h/12o•c + 50h/tOO•c AND APTll TBllHAL BIPOSURI AT as•c 

• 1o•c. 

STARTING COllDITIONa SOLUTION TllATID 505•c AllD CORUOLLID STllTCHID 21 ! 0.51 IH LONGITUDINAL DIUC'l'IOH. 
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AGllNG TBIATHINT TIBlllAL 

SllfSWSATION 
noor nuss TBHSILI 

STUNGTI 
HPa 

ILOHGATIOll 

% 

IOOH TlllP. ILICTIICAL 

CONDUCTIVIft 
%IACS 

(UOU1lS AT TBHPBllATUll) 
1so•c 135•c 12o•c 1oo•c as•c 1o•c 

0.1% 
Hra 

0.21 0.5% 
HPa II Pa 

1 -
1 12 

1 12 

1 12 

l 12 

1 12 

1 12 

TABLB 21 

- - ... - 205 216 238 342 20.0 17.5 

- - ... - 260 270 295 393 14.7 18.5 

16 - - .. 274 284 309 410 15.5 18.9 

16 50 .. - 274 289 314 417 13.6 19.2 w ..... 

16 50 ·100 - 283 295 319 422 12.a 19.5 

16 50 500 - 290 299 324 427 11.8 19.6 

16 50 500 500 292 302 327 427 12.5 19.8 

LONG TIWfSVBBSI TENSILB HOPD.TIIS &HD BLICTRICAL COHDUCTIVITJ HIASURIHINTS POI BATCH 1 1.6 - 8090 saan AT IACB 
STAGE OP AGllNG POB AGBIHG SBQUINCI lh/t50•c + 12h/135•c + 16h/120•c + 50h/too•c AllD APTll TBBIUIAL BIPOSU1ll AT 85•c 
& 1o•c. 
STARTING CONDITION: SOLUTION TUATBD sos•c &HD COHTllOLLID STUTCHBD 2% ! 0.5% IN LORGITUDINAL DIRBCTlON. 
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AGEING TUATHBll'l TllBBllAL. raoor S'.IBISS .TmtSILI BLOHG&TIOR IOOH Tm. ILBCnICAL 

(BOORS AT TBHPBIATURB) SBNSITISATIOH 0.11 o.u 0.51 STlllNG'l'8 I COllJUCTivrrt 

1so•c us•c 

3 -
3 12 

3 12 

3 12 

3 12 

3 12 

3 12 

TABLE 2F 

12o•c 1oo•c 95•c 1o•c HPa HPa HPa HPa IIACS 

- - - - 237 247 270 372 16.0 17.9 

- - - - 266 279 304 406 15.0 18.7 

6 - - - 277 287 311 415 17.4 19.0 

6 50 - - 264 293 318 421 14.3 19.3 
w 
N 

6 50 100 - 285 296 322 423 13.3 19.6 

6 50 500 - 291 301 325 429 13.6 19.7 

6 50 500 500 291 302 326 429 14.1. 19.9 

LONG TUNSVBISB TBNSILB PROPBITllS AHO ILBCDICAL CONDUCTIVIft HBASUUHIN'l'S FOR IATCB 1 1.6 • 8090 SBllT AT UCB 
STAGE OP· AGllHG roa AGEING SIQUBllCI 3h/150•c + 12h/135•c + 6h/12o•c + 50h/100•c ARD ArflR TllllUIAL llPOSURI AT 95•c ' 
1o•c. 

STARTING' CONDITIONI SOLUTIOH TIBATID 505•c ARD CONTROLLED STBnClllD 21 ! o.51 IN LONGITUDINAL DIUCTION. 
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ACBING TIBATHINT TllBIUIAL noor snus TINSILB ILONGATIOH IOOK TBHP. ILIC'l'UCAL 
(HOUIS AT TIHPBRATUlll) SBHSITISATION 0.11 0.21 0.51 STIBNGTB I COHDUCTIVITJ 

iso•c us•c 

3 -

3 12 

3 12 

3 12 

3 12 

3 12 

3 12 

TABLB 20 

12o•c 1oo•c 95•c 1o•c HPa HP a HPa HP a %IACS 

- - .. ... 237 247 270 372 16.0 17.9 

- - - .. 266 279 '°4 406 ts.o 18.7 

16 - - .... 280 291 316 422 16.S 19.1 

16 so - - 275 291 317 418 13.3 19.4 

w 
16 so 100 - 279 298 324 426 12.3 19.6 w 

16 so 500 - 294 303 328 434 12.6 19.7 

16 so 500 500 294 306 331 436 11.a· 20.0 

LONG TRANSVDSB TINSILB PIOPDTIBS AND ILBCtaICAL CONDUCTIVITY HIASU88HBNTS roa IATCI 1 1.6 - 8090 SBBBT AT BAC8 
STAGB or AGBING roa AGBING SIQUIHCB 3h/150°C + 12h/135°C + 16h/120°C + 50b/100°C AND APTD TBBllHAL llPOSUlll AT as•c 
' 1o•c. 
STARTING CONDITION1 SOLtrrION UBATID sos•c AND CONDOLLBD STUTCBID 2% .t o.5% IN LONGl1'UDINAL DIUCTION. 
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AGBING TIBATHBNT TBDllAL noor SDBss TltlSILI BLONGATIOll IOOll TBllP. BLIC'l'IICAL ~ 
(HOURS AT TBHPDATURB) SINSITISATIOH 0.11 0.21 0.51 STIBNG'lll I cotmUC'l'IVlft IO 

~ 
15o•c 135•c 12o•c 1oo•c ·8s•c 1o•c Hfa .... .... .... llACS ;; ... 

Ull w 

1 - - - - - 224.2 232.0 254.3 366.3 20.6 16.4 

1 6 - - - - 259.1 267.3 290.8 398.2 18.5 11.5 

1 6 8 - - - 275.4 283.4 307.9 414.3 14.4 11.9 

en 1 6 8 50 - - 287.2 295.1 320.2 430.0 16.8 18.3 
c: m en w -I 6 8 50 100 288.7 296.5 320.9 429.8 11.2 18.5 is=-=i .1 -
c: 
-I m 
en 1 6 8 50 250 - 290.5 298.0 322.1 429.3 14.6 18.6 :r 
m m 
-I - 1 6 8 50 250 500 297.3 309.7 328.3 434.5 12.7 18.8 :0 
c: 
I 
m 
I\,) 1 6 8 50 - - (301.7) (307.3) (320.6) (415.2) (12.8) (18.3) 
CD -

I'd 

TABLB lA LONG TUHSVUSB TINSILB PBOPBITIBS AHO BLBCTltlCAL COHDUCfIVIn HIASURlllBNTS roa BATCH 2 1.9 - 8090 SllBIT AT IACll a 
STAGB OP AGBIHG FOR AGBING SBQIJlltCB 1h/15o•c + 6b/135•c + 8h/120•c + 50b/100•c AHO Arra TllBlUfAL BIPOSUBB AT as•c ' i 1o•c. (lONr.lTUDINAL RBSULTS SBOIH IN PAllBNTBISIS). ~ 

I . 
STARTING CONDITIOlli sowr1ot1 TUATBD 530•c AND eotmlOLLBD STRBTCllBD 21 t 0.51 IN LOHGITUDINAL DIDcrION. 
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AGBING TWTlllll'I' 
(HOURS AT TBHPBRATURI) 

150•c 12o•c tos•c 95•c 

1 - - -
1 8 - -

1 8 24 -
1 8 24 24 

1 8 24 24 

1 8 24 24 

1 8 24 24 

l 8 24 24 

1 8 24 24 

TllUllAL 

SINSITISATIOB 
85'c 1o•c 

- -

- -

- -
... -

100 -
250 -
250 500 

250 500 

- -

0.11 
HP a 

224.2 

253.7 

268.1 

274.1 

217.4 

283.2 

288.5 

287.9 

(288.7) 

noor mas 
0.21 0.51 .,. . .. 
232.0 254.3 

260.9 283.3 

275.S 299.2 

281.8 306.2 

284.7 308.4 

291.0 315.8 

296.1 320.5 

294.7 317.7 

(293.5) (305.9) 

TINSILI 
SUIHGTB 

HP a 

366.3 

394.3 

409.7 

413.6 

416.3 

422.4 

427.0 

426.9 

(402.5) 

ILOHGATIOI 
I 

20.6 

18.3 

18.0 

19.l 

14.7 

17.7 

16.8 

19.5 

(13.9) 

ROOH TlltP. lt.BeftlCAL 

COHDUCTIVm 
IIACS 

16.4 

17.4 

17.8 

17.9 

18.2 
w 
01 

18.3 

18.4 

18.4 

(17.9) 

TABLI 38 LONG TIWISVBllSI TBHSILI raoPDtIIS AllD BLBCTIICAL COHOUCTIVITT HBASURIHINTS FOR BATCB 2 1.9 •• 8090 SBllT AT UCB 
STACI or AGEING FOR AGIIIG SIQUINCI 1h/150'C + 8h/120'C + 24h/105'C + 24h/9S'C AHO AFTD TBBIUIAL llPOSURI AT 85'C, 
1o•c. (LONt;lTUOlNAL RISULTS SBOVN IN PAlllTlllSIS). 

STARTING CONOlTIOfh SOLlrrION TWTID 53o•c ANO CONTIOLLID STRETCHED 21 !: 0.5% IN LONGITUDINAL DIRICTION. 
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AGEING TREATHENT 
(HOURS AT TEHPERATURB) 

15o•c 12o•c 105•c 95•c 

1 - - -
1 16 - -
1 16 24 -
1 16 24 24 

1 16 24. 24 

1 16 24 24 

1 16 24 24 

1 16 24 24 

TBBRHAL 
SBNSITISATIOH 
85°c 1o•c 

- -

-. -

- -
- -

100 -
250 -
250 500 

- -

0.11 
HPa 

224.2 

264.4 

274.1 

276.9 

274.8 

285.8 

290.7 

(299.4) 

PROOF STRBSS 
0.21 o.51 
HP a HPa 

232.0 254.3 

272.1 295.1 

281.9 305.7 

284.5 309.1 

282.5 306.1 

293.6 317.9 

298.4 323.2 

(304.7) (316.3) 

TBNSIU 
STRBNGTB 

HP a 

366.3 

405.7 

415.6 

419.7 

417.7 

424.5 

433.6 

(405.7) 

BLONGATION 
.I 

20.6 

18.5 

19.0 

16.4 

17.6 

14.4 

17.6 

(12.6) 

ROOM TEMP. ELICTRICAL 
CONDUCTIVITY 

llACS 

16.4 

17.5 

18.0 

18.1 w 
C1'I 

18.3 

18.4 

18.6 

(18.1) 

TABLE 3C LONG TRANSVERSE TENSILE PROPERTIES AND ELECTRICAL CONDUCTIVITY MEASUREMENTS FOR BATCH 2 1.9 mm 8090 SHEET AT BACH STAGE OF AGEING FOR AGEING SEQUENCE lh/150°C + 16h/120°c + 24h/105°c + 24h/95°c AND AFTER THERMAL EXPOSURE AT 85°c;. 10°c. (LONGITUDINAi. RESULTS SHOVN IN PARBNTBESIS). 

STARTING CONDITION: SOLUTION TREATED 530°C AND CONTROLLED STRETCHED 2% ± 0.5% IN LONGITUDINAL DIRECTION. 
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AGBING TIBATHBNT 
(HOURS AT TIMPIRATUll) 

15o•c 125•c 105•c 95•c 

1 - - -

1 8 - -
1 8 24 -
1 8 24 24 

1 8 24 24 

1 8 24 24 

1 8 24 24 

1 8 24 24 

1 8 24 24 

TBBIUIAL 

SENSITISATION 
as•c 1o•c 

- -

- .. 
.. -

- -
100 -
250 -
250 500 

250 500 

- -

0.11 
HP a 

224.2 

254.5 

269.8 

275.6 

282.0 

286.6 

287.3 

286.o 

(293.7) 

noor mass 
0.21 0.5% 
HPa HP a 

232.0 254.3 

263.2 286.4 

277.7 300.7 

282.9 306.6 

289.3 312.3 

294.1 318.0 

294.8 318.7 

293.1 316.5 

(299.6) (312.1) 

TBNSILI 
STRENGTH 

HP a 

366.3 

398.2 

410.8 

417.4 

423.8 

428.3 

424.9 

424.6 

(403.2) 

BLONGAUON 

% 

20.6 

18.7 

14.1 

11.1 

17.1 

16.5 

11.1 

16.3 

(12. 7) 

10011 TBHP. BLBCTIICAL 
CONDUCTIVITY 

IIACS 

16.4 

17.4 

11.9 

18.1 
w .... 

18.3 

18.4 

18.5 

18.5 

(18.0) 

TABLE 30 LONG TRANSVBRSB tBNSILI l'ROPlllTIBS AllD ILICTllCAL COMDUC'l'IVITT HIASUUHBH'rS POI BATCB 2 1.9 • 8090 SBBBT AT UCB STAGE OF AGEING p~a AGBING SIQUBNCB lh/150°C + 8h/125°C + 24h/105°C + 24h/95°c AND APTlll tlllUIAL llPOSUll AT 85°C;· 1o•c. (WNGl'fUOINAL USULTS SHOUN IN l'UBtmlBSIS). 

STARTING CONDITION& SOLUrlON TUATID 530°C AND CONTROLLED STUTCUBD 2% ! 0.51 IN LONGITUDINAL DIUCl'ION. 
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AGBING TRBATHBNT THBRHAL 
SENSITISATION 
85°c 10°c 

PROOF STRBSS TBNSILB 
STUHGTB 

HP a 

BLOHGATIOH 

% 

llOOH TBHP. BLBCTUCAL 
COHDUCTIVITI 

%1ACS 

(HOURS AT TBHPBRATURB) 
15o•c 125•c 105°c 95°c 

0.1% 
HP a 

0.2% 0.5% 
HP a HP a 

1 - - - - - 224.2 232.0 254.3 366.3 20.6 16.4 

1 16 - - - - 267.1 274.9 298.8 406~9 17.6 17.6 

1 16 24 - - - 279.6 287.4 311.6 420.6 20.1 18.1 
Cf) 
c: l· 16 24 24 - - 285.1 292.7 317.0 425.6 14.9 18.2 CJ 

~ 
w =i 
CX> s 1 16 24 24 100 - 287.9 295.4 319.2 428.0 .14.8 18.4 "' Cf) 

ffi 1 16 24 24 250 - 291.5 299.4 324.7 435.7 15.9 . 18.5 ~ -:D 
. c 1 

J;; 16 24 24 250 500. 293.2 300.5 324.0 433.9 15.8 18.7 
~ 
-1 16 24 24 - - (301.4) (306.8) (318.7) (410.2) (12.4) (18.2) 

TABLE 3E LONG TRANSVERSE TF..NSILE PROPERTIES AND ELECTRICAL CONDUCTIVITY HEASURBHBNTS FOR BATCH 2 1.9 mm 8090 SHEET AT EACH STAGE OF AGEING FOR AGEING SEQUENCE lh/150°C + 16h/125°C + 24h/105°C + 24h/95°c AND AFTER THERMAL EXPOSURE AT 85°c, 70°C. (LONGITUDINAL RESULTS SHOUN IN PARENTHESIS). . 
STARTING CONDITION: SOLtrrION TREATED 53o•c AND CONTROLLED STRETCHED 2% ! 0.5% IN LONGITUDINAL DIRECTION. 
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AGEING TREATHENT 
(HOURS AT TEHPERATURE) 

13s•c 12o•c tos•c 9s•c 

1 - - -

1 8 - -

1 8 24 -
1 8 24 24 

1 8 24 24 

1 8 24 24 

1 8 24 24 

1 8 24 24 

1 8 24 24 

THERHAL 

SENSITISATION 
e5•c 1o•c 

- -

- -
100 -
250 -

250 500 

250 1250 

- -

0.1% 
HP a 

198.4 

232.2 

252.1 

256.6 

267.3 

278.2 

279.4 

283.8 

(273.9) 

eaoor miss 
0.2% 0.5% 
HPa HP a 

205.9 225.8 

239.4 260.6 

259.5 282.1 

264.2 286.5 

274.9 298.3 

285.6 309.3 

286.6 309.4 

290.5 313.0 

(278.l) (290.8) 

TEN SI LB 
STRENGTH 

HP a 

341.6 

374.4 

399.3 

399.0 

412.8 

418.3 

420.3 

425.4 

(386.9) 

BLONGATION 
% 

22.4 

19.3 

20.3 

20.3 

19.5 

15.5 

16.3 

11.2 

(10.5) 

ROOM TIHP. BLICTllICAL 
CONDUCTIVITY 

%IACS 

15.9 

16.8 

17.4 

17.5 
w 
\0 

17.9 

18.0 

18.2 

18.2 

(17.5) 

TABLE 3F 
LONG TRANSVERSE TENSILE PROPERTIES AND ELECTRICAL CONDUCTIVITY MEASUREMENTS FOR BATCH 2 1.9 mm 8090 SBBBT AT EACH 
STAGE OF AGEING FOR AGEING SBQUENCB lh/135°C + 8h/120•c + 24h/105°C + 24h/95°C AND AFTER THERMAL EXPOSURE AT as•c & 70"C. (LUNGU'UD!NAL RESULTS SBOVN IN PARENTHESIS). 

STARTING CONDITION: SOLtrrION TREATED 530°C AND CONTROLLED STRETCHED 2% ~ 0.5% IN LONGITUDINAL DIRECTION. 
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AGBIHG TIBATHBNT 

(HOURS AT TBHPDATUIB) 

13s•c 12o•c 1os•c 95•c 

1 - - -
1 16 - -

1 16 24 -

1 16 24 24 

1 16 24 24 

1 16 24 24 

1 16 24 24 

1 16 24 24 

1 16 24 24 

TBDllAL 

SBNSMSATloR 
15•c 1o•c 

- -
- -

- -

- -

-100 -
250 -
250 500 

250 1250 

- -

0.11 
HPa 

198.4 

245.3 

258.9 

261.8 

210.2 

280.2 

282.4 

289.2 

(286.6) 

noor STBBSS 

0.21 0.51 

HP a HP a 

205.9 225.8 

252.7 274.8 

266.2 288.8 

269.6 292.5 

277.2 299.5 

287.9 311.9 

288.9 311.6 

296.5 319.7 

(292.0) (303.8) 

TBISILI 
SftBNGTB 

HP a 

341.6 

387.5 

400.0 

395.5 

414.8 

420.6 

417.6 

425.8 

(399.5) 

BLOHGATIOH 
I 

22.4 

22.8 

19.0 

16.4 

18.l 

15.9 

16.7 

14.9 

(11.8) 

100H TBHP. BLBCl'IICAL 

COllDUCTIVITt 

IIACS 

15.9 

17.2 

17.5 

11.8 • 0 

18.0 

11.1 

18.3 

18.4 

(17.8). 

TABLB 3G LONG TUNSVBllSB TBNSILB PROPBITIBS ARD BLBCTRICAL·. COIDUCTIVlft HBASURBlllNTS FOR BATCH 2. 1. 9 • 8090 SBBBT AT BACH 
STAGE OF AGEING POll·AGBIHG SBQUBHCB lh/135°C + 16h/120°C + 24h/105°C + 24h/95°C ARD APTBI TBBIUIAL BIPOSURB AT 85°<; 
70"C. (LONGITUDINAL USULTS SBOVH IN PARBllTBBSIS). 

STARTlllG CONDITION: SOLUTION TUATBD 530°C ARD CONTROLLBD STUTCllBD 2% ,t·0.51 IR LOHGITUDillAL DllBCTION • .. 
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AGEING TREATMENT 
(HOUllS AT TBHPBllATUllB) 

135•c 12o•c tos•c 95•c 

2 - -
2 32 -

- 2 32 24 

- 2 32 24 

- 2 32 24 

- 2 32 24 

2 32 24 

2 32 24 

THERMAL 
SENSITISATION 
es•c 1o•c 

- -

- -

- -
100 -
.250 -
250 500 

250 1250 

- -

0.1% 
HP a 

189.5 

235.2 

242.7 

256.2 

267.7 

272.4 

276.1 

(260.0) 

f ROOP STUSS 
0.2% 0.5% 
HPa HP a 

196.2 213.5 

242.2 263.5 

249.9 271.3 

263.6 286.2 

274.9 297.2 

279.2 301.3 

283.5 306.5 

(263.8) (274.8) 

TENSILB 
STltENGTB 

HP a 

336.1 

375.5 

386.7 

403.7 

411.9 

414.3 

412.5 

(377.4) 

ILONGATION 
% 

20.7 

21.4 

18.6 

19.3 

16.9 

15.8 

17.1 

(16.6) 

ROOM TBHP. BLICTRICAL 
CONDUCrIVlTT 

%IACS 

15.7 

16.8 

17.t 

17.5 "" ..... 

17. 7 

18.0 

18.0 

(17.1) 

TABLE 3H LONG TRANSVERSE TENSILE PROPERTIES AND ELECTRICAL CONDUCTIVITY HEASUREHENTS FOR BATCH 2 1.9 ma 8090 SBBBT AT BACH STAGE OF AGEING FOR AGEING SEQUENCE 2h/120°C + 32h/120°C + 24h/95°C ANO AFTER THERMAL EXPOSURE AT 85°c & 70°c. (LONGITUDINAL RESUL'rS SBOVN IN PARENTHESIS). 
STARTING CONDITION: SOLtrrION TREATED 530°C AND CONTROLLED STRETCHED 2% + 0.5% IN LONGITUDINAL DIRECTION. 
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AGBIHG TRIATHIHT 
(HOURS AT TBHPBBATURB) 

135•c 12o•c 105•c 95•c 

8 - -

8 24 -

- 8 24 24 

- a. 24 24 

- 8 24 24 

- 8 24 24 

- 8 24 24 

8 24 24 

TllDllAL 
SBHSITISATIOH 
95•c 1o•c 

- -

- -

- -
100 -
250 -
250 500 

250 1250 

- -

noor mas 
0.11 0.21 0.5% 
HPa HPa HP a 

217.8 224.9 244.8 

240.6 247.5 268.4 

249.5 256.7 279.1 

262.6 269.6 291.0 

271.9 278.6 300.9 

271.3 278.6 300.7 

279.0 286.0 308.7 

(265.2) (269.8) (281.l) 

TBHSILB 

STIBNGTB 

HPa 

364.l 

389.9 

388.7 

408.8 

415.9 

413.l 

416.4 

(384.l) 

BLOHGATIOH 

I 

21.5 

18.6 

18.3 

16.5 

19.1 

20.5 

17.0 

(167.6 

llOOH TBHP. BLBCTllICAL 
CORDUCTIVITt 

ZIACS 

16.4 

17.l 

17.4 

17.6 ,,,.. 
N 

17.8 

18.l 

18.l 

(17.3) 

TABLB " LONG TIWISVIRSB TENSILE PROrBllTIBS AND BLBCTllICAL COHDUCTIVITJ HBASURBHIH'l'S roa BATCB 2 1.9 - 8090 SBBBT AT UCB 
STAGE or AGBIHG POI AGBIHG SBQUBHCB 8h/120•c + 24h/120•c + 24h/95•c AND AfTBI TBBIUIAL llPOSURB AT 95•c ' 1o•c. 
(LONGITUDINAL IBSULTS SHOUN IN PARBNTllBSIS). 

STARTING CONDITION: SOLUTION TUATBD 530•c AND CONTllOLLBD STIBTCBBD 21 ! O.SJ IN LONGITUDINAL DIRBCTION. 
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AGIING TRIATHBH'l' 
(HOUIS AT TIHflllATURI) 

tso•c 12o•c 1os•c 9s•c 

0.75 8 - -
0.75 8 24 -
0.75 8 24 8 

0.75 8 24 24 

T&D.HAL 

SINSITISATIOH 
as•c 1o•c 

- -

- -

- -

- -

raoor snass 
0.11 0.21 0.51 

•• "'• HP a 

241.6 248.7 271.3 

261.6 268.4 291.4 

262.5 270.2 294.4 

268.3 276.1 300.6 

TBNSILB 
STBINGtll 

HP a 

389.4 

405.2 

406.3 

417.S 

ILONGATIOH 
% 

20.7 

20.1 

18.6 

19.6 

ROOM mr. ILBCDICAL 
CONDUC'l'IVm 

DACS 

11.6 

18.0 

.s:o. w 
18.2 

11.2 

TABLB 4A LONG TRANSVEPSE 'flNSILE PROPDTIBS ARD BLICTIJCAL CONDUCTJVITf HBASURIHBNTS roa BATCB 2 1.6 - 8090 SBBBT AT BACH 
STACI or AGEING FOR AGEING SIQUINCB 0.75h/1501 C + 8h/1201C + 24h/1051C + 8h/9S1 C OR 24h/951 C. 

STAllTING CONDITION: SOLUTION TRIATBD 5301C AHO CONTIOLLBD STllBTCBBD 1.751 ± 0.25% IN LONGITUDINAL DIRBCl'ION. 
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AGEING TllATlllifr 

(HOURS AT TBHPllATURB) 

15o•c 12o•c 105•c 95•c 

1.00 8 

1.00 8 24 

1.00 8 24 8 

1.00 8 24 24 

TlllllfAL 

SBHSITISATIOR 

95•c 1o•c 

noor snus 
0.11 . 0.21 0.51 

IPa IPa IPa 

250.1 258.2 283.4 

266.7 274.8 299.7 

272.1 280.2 305.8 

273.6 281.5 306.3 

TBHSILI 
STRINGTB 

HPa 

394.4 

411.3 

421.0 

415.8· 

11.0BGATIOH 

I 

18.3 

19.3 

18.1 

16.2 

aooH TIHP. BLICTIICAL 

cormucnvrrr 
DACS 

17.8 

18.1 

18.3 

18.3 ""' ... 

TABLE 48 LONG THNSVERSB TBHSILI PROPBITIBS AND BLBCTllCAL CORDUC'UVIft HBASUllBHINl'S POI BATCH 2 1.6 • 8090 SBBBT AT BACH 

STAGE OF AGEING FOi AGBING SBQUBHCI 1h/150•c + 8h/120•c + 24h/105'C + 8h/95•c oa 24h/95•c. 

STARTING CONDITION: sourrION TllATID 53o•c AND COlft'ROLLID S'DBTCBID 1.751 .t 0.251 IN LONGITUDINAL DDBCTION. 
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AGIIHG TUATHBNT 
(BOORS AT TBHPBliTIU) 

1so•c 12o•c 105•c ts•c 

1.25 8 

1.25 8 24 

1.25 8 24 8 

1.25 8 24 24 

TBDllAL 
SINSITISATIOll 
85•c 1o•c 

noor snass 
0.11 0.21 0.51 
HPa HPa HP a 

247.8 255.1 278.6 

270.7 278.9 304.5 

272.9 280.9 306.2 

212.2 279.4 303.4 

TINSILB 
smNGn 

HP a 

391.4 

415.2 

419.7 

416.8 

BLOHGATIOH 
I 

18.9 

16.8 

H.8 

18.0 

IOOH !BHP. ILBCTRlCAL .. 
COHDUCTIVln 

UACS 

17.9 

18.2 

18.3 

18.4 
~ 

TABLB 4C LONG TIANSVDSB TIHSILB PROPBITIIS AllD ILICDICAL COHDUCTIVITJ HIASUUlllRTS POI BATCH 2 1.6 • 8090 SBBn AT IACI 
STAGB or AGEING POI AGBING SIQUINCI 1.25h/150•c + 8h/t20•c + 24h/105°C + 8h/95°C OR 24h/95°c. 

STARTING CONDITION: SOLUTIOll TllATID 53o•c AND CONTROLLED snncem 1.751 .t 0.251 IN LOHGITUDINAL DIUC'fION. 
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W096/18752 

TBERMAL EXPOSURE 
HOURS @ 70°C 

- (CONTROL) 

- (CONTROL) 

100 

100 

200 

200 

500 

500 

1000 

1000 

2000 

2000 

STARTING 
'CONDITION 

T81 

RS-V 

T81 

RS-V 

TSl 

RS-V 

T81 

RS-V 

T81 

Rs-V 

T81 

RS-V 

46 

0.2% PROOF 
STD SS 

MP a 

l 
309.4 

l 
279.0 

314.5 . 
l 

284.9 

31S.S 
I 

286.7 

314~2 

l 
291.2 

316.4 
l 

297.7 

l 
330.7 

l 
300.8 

PCT/GB95/02878 

TENSILE ELONGATION ... : 

, $t!NGTB 
HP a % 

I I 
441.3 13.3 

l l 
413.7 16.6 

449.4 13.9 
l l 

416.7 16.8 

446.1 14.2 
l l ' 422.3 17.3 

451.9 13.3 
l 

431.7 
I 

15.8 

454.3 11.1 
l 

440.4 
l 

16.1 

l 
466.3 

I 
12.6 

436.9
1 l 

15.7 

TABLE 5 ROOM TEMPERATURE LONG TRANSVEllSE TENSILE PROPERTIES FOil BATCll 2 
1.6 mm 8090 SHEET 70°C TBERMAL EXPOSURE TRIAL INVOLVING TSl AND 
MATERIAL AGED TO TBE PREFERRED llS-V CONDITION (i.e. lh/150°C + 

Bh1120°c + 24h/105°c + Bh/95°C). 

2 

Average of 2 tests. 

Average of 16 tests. The extreme highest and lowest values of 0.2% Proof 

Stress for the RS-V "Control" tests were 2.3 HPa above the mean and 
2.5 HPa below the mean. 
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CLAIMS 

PCT/GB95/02878 

THIS SHEET HAS BEEN 
REPLACED 

1. A method of heat treating an aluminium-lithium 

alloy including carrying out a succession of at least two 

artificial ageing steps, the first such step being carried 

out within a first temperature range and at least one 

further step being carried out within a successively 

reduced temperature range. 

2. A method as in Claim 1 including carrying out the 

first artificial ageing step substantially within the 

temperature range 165°C to 130°C and substantially within a 

time range of 15 minutes to 24 hours and thereafter 

carrying out a second said artificial ageing step 

substantially within a temperature range 130°C to 90°C and 

substantially within a time range of 1 hour to 72 hours. 

3. A method as in Claim 1 including carrying out the 

first artificial ageing step substantially within a 

temperature range 160°C to 130°C and substantially within a 

time range of 30 minutes to 12 hours and thereafter 

carrying out a s~cond artificial ageing step substantially 

within a temperature range 130°C to 90°C and substantially 

within a time range of 2 hours to 72 hours. 

4. A method as .in Claim 1 including carrying out the 

first artificial ageing step substantially within a time 

range of 155°C to 145°C and substantially within a time 

range of 45 minutes to 75 minutes, thereafter carrying out 

SUBSTITUTE SHEET (RULE 26) ---------· 
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a second artificial ageing step substantially within a 

temperature range 125°C to 115°C and substantially within a 

time range 4 hours to 12 hours, thereafter carrying out a 

third artificial ageing step substantially within a . 

temperature range 110°c to 100°C and substantially within a 

time range 12 hours to 36 hours and thereafter carrying 

out a fourth artificial ageing step substantially within a 

temperature range 100°C to 90°C and substantially within a 

time range 0 hours to 24 hours. 

5. A method as in Claim 1 including carrying out the 

first artificial ageing step substantially within a 

temperature range 155°C to 145°C and substantially within a 

time range 45 minutes to 75 minutes, thereafter carrying 

out a second artificial ageing step substantially within a 

temperature range 125°C to 115°C and substantially within a 

time range 6 hours to 10 hours, thereafter carrying out a 

third artificial ageing step substantially within a 

temperature range ll0°C to l00°C and substantially within a 

time range 18 hours to 30 hours and thereafter carrying 

out a fourth artificial ageing.step substantially within a 

temperature range 100°C to 90°C and substantially within a 

time range 0 hours to 8 hours. 

6. A method as iri Claim 1 including carrying out the 

first artificial ageing step substantially within a 

temperature range 230°C to 150°C and substantially within a 

time range 20 minutes to 72 hours and thereafter carrying 

SUBSTITUTE SHEET (RULE 26) 
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out a second ar;tificial ageing step substantially within a 

temperature range 150°C to 90°C and substantially within a 

time range 1 hour to 48 hours. 

7. A method as in Claim 1 including carrying out the 

first artificial ageing step substantially within a 

temperature range 190°C to 150°C and substantially within a 

time range 4 hours to 48 hours and thereafter carrying out 

a second artificial ageing step substantially within a 

temperature range 140°C to 110°C and substantially within a 

time range 4 hours to 36 hours. 

8. A method as in Claim l including carrying out the 

first artificial ageing step substantially within a 

temperature range 190°C to 150°C and substantially within a 

time range 12 hours to 3 6 hours and thereafter carrying 

out a second artificial ageing step substantially within a 

temperature range 140°C to ll0°C and substantially within a 

time range 6 hours to 24 hours. 

9 • A method as in Claim 1 including carrying out the 

first artificial ageing step substantially within a 

temperature range 180°C to 160°C and substantially within a 

time range 20 hours to 28 hours and thereafter carrying 

out a second artificial ageing step substantially within a 

temperature range 135°C to 115°C and substantially within a 

time range 6 hours to 10 hours. 

10. A method as in Claim 1 including carrying out the 

first artificial ageing step substantially within a 

SUBSTITUTE SHEET (RULE 26) 
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temperature range 190°C to 150°C and substantially within a 

time range 4 hours to 48 hours, thereafter carrying· out a 

second artificial ageing step substantially within a 

temperature range 140°C to 1io0 c and substantially within a 

time range 6 hours to 24 hours, thereafter carrying out a 

third artificial ·ageing step sUbstantially within a 

temperature range 115°C to 95°C and substantially within a 

time range 8 hours to 30 hours and thereafter carrying out 

a fourth artifici~l ageing step substantially within a -~ 
teinperature range 100°C to 90°C and substantially within a 

time range 0 hours to 8 hours. 

11: A method as in Claim 1 including carrying out the 

first artificial ageing step substantially within a 

temperature range 180°C to 160°C and substantially within a 

time range 20 hours to 28 hours and thereafter carrying 

out a second artificial ageing step substantially within a 

temperature range 135°C to 115°C and substantially within a 

time range 4 hours to 12 hours, thereafter carrying out a 

third artificial ageing step substantially within a 

temperature range 110°C to 100°C and substantially within a 

time range 12 hours to 24 hours and thereafter carrying 

out a fourth artificial ageing step substantially within a 

teq:>erature range 100°C to 90°C and substantially within a 

time range 0 hours to 8 hours. 

12. A method of forming an adhesively bonded heat 

treated structure of at least two conq:>onents at least one 
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of which comprises aluminium-lithiutn alloy, the method 

including the steps of forming a pre-cure assembly of the 

couiponents and adhesive and heat treating the assembly 

according to the method of Claim 1 whereby to cure the 

adhesive during at least one of the artificial ageing 

steps and so form the adhesively bonded heat treated 

structure. 

13. A method of heat treating an aluminium-lithium 

alloy substantially as herein described. 

14. A method of forming an adhesively bonded heat 

treated structure substantially as herein described. 
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