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Abstract

The properties of the Al-Li alloy 8090 were investigated in the temperature range of 20°C to
150°C. Emphasis was on the tensile, fatigue (HCF), and creep properties. Two different aging
treatments were applied: a two-step treatment incorporating a first aging at a relatively high tem-
perature, followed by a second step at lower temperature, and a conventional single-step aging
treatment. The properties of 8090 are compared with those of the conventional high temperature
Al-alloy 2618, Comparisons are also made with a previously investigated P/M Al-Li alloy.

Introduction

Among the group of high strength Al-alloys, Al-Li alloys receive particular interest for aero-
space applications due to their unique combination of reduced density and increased stiffness,
offering a great potential for weight savings.

Various aluminum-lithium alloys were developed commercially, both conventionally processed
(ingot-metallurgy, UM) like alloy 8090, and powder metallurgy (P/M) processed from rapidly
solidified material, like Allied-Signal's alloy 644 B.

The main interest in these alloys is for room temperature or cryogenic temperature applications.
Due to the specific properties and structure of the major strengthening &'-phase, it can be
assumed that these alloys have a potential for applications at moderately elevated temperatures
(up to 150°C). The &'-phase is the ordered intermetallic Al;Li-phase, which is coherent with the
Al-matrix over a fairly large size range, offering an extended "window" for aging treatments.

Several authors have reported on elevated temperature properties of I/M Al-Li alloys (1-3) and
of the P/M-alloy 644 B (4); the properties of a P/M-alloy of similar composition at higher tem-
perature were reported previously (5,6) and will be to some extent included in this paper for
comparison.

The current investigations are a consecution of these investigations (5,6) and are focussed on the
microstructure and properties of the I/M Al-Li alloy 8090. Tensile, fatigue (HCF) and creep pro-
perties were measured at temperatures up to 150°C. Besides a conventional, single-step aging
treatment, a modified, two-step treatment was applied, consisting of a first aging step at fairly
high temperature and a second step at a lower temperature relatively close to the maximum ser-
vice temperature. The purpose was to investigate the influence of the aging treatments on
thermal stability.

For comparison, the properties of the well known conventional elevated temperature Al-alloy

2618 were investigated in the same temperature range. Some properties of the previously
investigated P/M Al-Li alloy (5,6) will be included in the discussion.
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Experimental

The chemical composition of 8090 and 2618 is shown in Table I; for comparison, the compo-
sition of the P/M Al-Li alloy is included. The test material of alloy 8090 was supplied by Otto
Fuchs Metallwerke, Meinerzhagen, in form of a die forgipg, solution treated, water quenchgd
and subsequently 3 % cold upset. Specimen blanks, cut with the load axis parallel to the main
flow direction of the forging, were subjected to two different aging treatments: a single-step
treatment of 27 h at 170°C, and a two-step treatment, consisting of a first step at 210°C for 5
hours, followed by a second step at 170°C for 24 hours.

The alloy 2618 was also supplied by Otto Fuchs Metallwerke in the form of a die forging in the
fully heat treated condition (T6). To obtain information about the thermal stability, specimens of
both alloys were subjected to an additional heat treatment at 150°C for 500 hours. Tensile tests
were performed at 20°C and 150°C, both in the as-aged condition as well as after the 500 h
exposure. HICF-tests were also done at 150°C for both alloys and at 20°C for 8090; the room
temperature S-N-curve for 2618 was taken from the literature (7). The tests were done at an
R-ratio of -1 at a frequency of about 95 Hz using hour-glass shaped specimens with electrolyti-
cally polished surfaces. Creep tests were performed at 150°C; the plastic strain after a test period
of 100 hours at a given stress level was used as a measure of creep resistance.

Results and Discussion

Microstructure

The grain structure of 8090 and 2618 is shown in Fig. 1. Fig. 1a shows a light-micrograph of
alloy 8090 with the typical pancake grain structure. The grains are elongated in the flow
direction of the forging up to 200 pm, the thickness of the "pancakes" in the short transverse
direction is about 20 pm. At higher magnifications a fine subgrain structure with a cell size of
10 - 20 pm becomes visible. The pancake grain structure of alloy 2618 (Fig. 1b) is not as pro-
nounced as in 8090; the length of the grains is about 200 um, the thickness about 100 pm. The
subgrain structure with a cell size of 20 - 30 pm is clearly visible in Fig. 1b. Alloy 2618 contains
a large amount of coarse (several um) particles, preferentially located in grain boundaries.

The precipitate structure of the alloys, imaged by transmission electron microscopy, is shown in
Fig. 2. At lower magnification, alloy 8090 shows after two-step aging discontinuously precipi-
tated S'-phase (Fig. 2a), nucleated at dislocations stemming from the cold deformation after
quenching. The higher mangfication darkfield micrograph of 8090 (Fig. 2b) shows precipitates
of Al4Li (&), of which two types are observed: "solid” &'-precipitates with a size of up to 200 A,
and occasional composite precipitates, consisting of a nucleus of fine dispersoids of Al,Zr with a
shell of &', having a total diameter of 500-600 A_ These composite precipitates appear tinglike in
the darkfield micrograph. In comparison, after single-step aging the precipitates were found to
be quite similar with slightly smaller &-precipitates and hardly any difference in the
S'-population. In addition, narrow precipitate free zones along high-angle grain boundaries were
observed in both aging conditions with small particles (<0.1 um) of the equilibrium &-phase
(AlLi) in the grain boundaries. The amount of intergranular 8-phase was slightly higher after
two-step aging. TEM micrographs of alloy 2618 are shown in Fig. 2¢ and Fig. 2d. The alloy is
strengthened by precipitates of S' (Fig. 2a), which are fairly homogeneously distributed except
for some areas, where coarse S-phase particles are observed as shown in Fig. 2¢. A large diffe-
rence between the two alloys is found for the grain boundaries: the boundaries in alloy 2618 are
densely, sometimes nearly continuously, covered with particles (Fig. 2d) of the type Al FeNi.

Tensile Properties _ N )
The tensile properties of the two alloys are shown in Table I, in addition, the yield stress and the

ductility are shown in Figs. 3a and 3b. The table and the figures also include the tensile proper-
ties after the pre-exposure treatment of 500 h at 150°C.
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At room temperature, the highest yield stress for unexposed material is found for 8090 after two-
step aging (435 MPa), while the yield stress after single-step aging is 375 MPa. Hardness tests
verified, that the single-step aging treatment applied here (27 h at 170°C) leads to a slightly
underaged condition; the hardness continues to increase slightly up to about 200 hours, while the
two-step aging treatment leads to a peak aged condition for the time-temperature combination
chosen here. This explains the difference of the room temperature yield stress between these two
conditions. It also explains the response of the yield stress to the pre-exposure treatment. The
yield stress of the single-step aged material increases after pre-exposure from 375 MPa to
425 MPa, indicative of continued aging, while the yield stress of the two-step aged material
decreases by 10 MPa, indicative of a fairly stable precipitate structure after the aging treatment.
Alloy 2618 has the lowest yield stress at room temperature (340 MPa in the as-aged condition).
An increase of 30 MPa in the yield stress is observed after pre-exposure.

The yield stress values at 150°C show exactly the same tendencies as observed at room
temperature: alloy 8090 in the two-step aged condition has the highest yield stress (410 MPa as
aged), which remains practically constant after pre-exposure (405 MPa). The single-step aged
material has a yield stress of 370 MPa in the as-aged condition, which increases to 405 MPa after
pre-exposure. As at room temperature, this finding is indicative of inferior thermal stability of
the single-step aged condition as compared to the two-step aged condition. The yield stress of
alloy 2618 at 150°C is 325 MPa, increasing to 365 MPa after pre-exposure.

The ductility (true fracture strain € =1In A /A) at room temperature and 150°C is shown in
Fig. 3b and Table II. The highest ductility at room temperature is found for 8090 after two-step
aging (e = 0.22), while the ductility of the same alloy after single-step aging is only slightly
lower (g = 0.20). The lowest ductility is found for 2618 (g =0.15). The lower ductility of this
alloy can be explained by the higher volume fraction of brittte intermetallic phases at grain
boundaries. Fractographic examinations of the fracture surfaces showed intergranular fracture
for 8090 in both heat treatment conditions, and intergranular fracture with small contributions of
ductile, dimpled fracture for 2618.

The pre-exposure treatment decreased the ductility of 8090 in the two-step aged condition con-
siderably from 0.22 to 0.08, while an increase was observed for the same alloy in the single-step
aged condition (from 0.20 to 0.27). The fractographic examination showed a considerable
amount of intergranular secondary cracking for the two-step aged 8090 material after pre-ex-
posure explaining the decrease of ductility, while no significant changes in fracture mode were
observed for the single-step aged material. For alloy 2618, the ductility decreases slightly from
0.15 to 0.12 after pre-exposure, simultaneously, the amount of ductile, dimpled fracture
decreases.

At a test temperature of 150°C, the same ranking of the ductilities of the unexposed material is
observed: the highest value for alloy 8090 with two-step aging (0.51), closely followed by the
single-step aged condition (0.46), and the lowest value for 2618 (0.32).

The pre-exposure treatment has little effect on the ductility of 8090 in both aging conditions,
while alloy 2618 shows a strong response: the ductility decreases from 0.32t0 0.12 at 150°C.

Fatigue Properties
The fatigue properties of alloy 8090 for both aging conditions was tested at RT and 150°C, the

S-N curve of 2618 at 150°C. For comparison, literature data (7) for the RT-fatigue curve of 2618
are included.

At room temperature (Fig. 4a), the fatigue strength of all three conditions is quite similar:
140 MPa for 8090 in the two-step aged condition and for 2618, and a slightly higher value of
160 MPa for 8090 after single-step aging. The difference in fatigue strength between 8090 and
2618 is more pronounced at a test temperature of 150°C (Fig. 4b); here the fatigue strength of
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th 8090-conditions (about 130 MPa) remains close to the room temperature values (140 or
tl)gO MPa, resp.), while(the fatigue strength of 2618 decreases considerably to about 90 MPa.

Creep Properties » o
The creep properties of the three conditions were measured at a temperature of 150°C; in this

investigation, a load of 225 MPa was applied. The plastic strain after a test period of 100 hours
was used as a measure of the creep resistance. As shown in Table I1I, the creep behavior of alloy
8090 in both aging conditions is the same: 0.15 % plastic strain after 100 hours, while the creep
strain of 2618 is considerably lower (0.08 %).

For comparison, results of the previous investigation (5,6) are included here, where 8090 (two-
step aging), and 2618, and in addition the P/M-alloy Al-2.1Li-1.2Cu-0.6Mg-0.7Ti-0.7Zr-1Mn
(two-step aging) were tested at different stress levels, as shown in Fig. 5. By far the highest creep
- strains were found for the P/M-alloy; at a stress of 225 MPa, for example, the P/M-alloy has a
creep strain of 1.2 %, compared to 0.15 % for 8090 and 0.08 % for 2618.

This behavior is indicative of grain boundary sliding as the controlling mechanism for creep
deformation. The grain size of the P/M alloy is extremely small (= 1um) compared to the con-
ventional alloys, furthermore, there are only very fine and small particles in the grain boundaries
to hinder sliding. Comparing alloys 8090 and 2618, the latter contains a much higher amount of
grain boundary particles (c.f. Figs.2a and 2d), explaining the lower creep strain of 2618.
Assuming that grain size and amount of grain boundary particles are dominating parameters for
creep deformation, it is obvious that no noticeable difference in the creep behavior of the two
conditions of 8090 (two-step and single-step aging) were observed.

Conclusions

The aluminum-lithium alloy 8090 shows attractive elevated temperature properties up to 150°C
in comparison with the conventional elevated temperature Al-alloy 2618.

Emphasis in this investigation was on the influence of the aging treatment on the properties, par-

ticularly at elevated temperatures. A conventional, single step aging treatment (27h at 170°C)

was compared with a two-step aging treatment (Sh at 210°C + 24h at 170°C); the two step

aging treatment resulted in a better thermal stability, as verified by tensile tests after a pre-

exposure of 500h at 150°C. In comparison with alloy 2618, the two-step aged alloy 8090 shows:

- Higher yield stress at room temperature (+ 40 MPa) and at 150°C (+ 50 MPa).

- Higher ductility over the whole temperature range.

- Better fatigue strength, particularly at 150°C (+ 30 MPa).

- Slightly inferior creep resistance at 150°C, due to the lower content of particles in the grain
boundaries.

- The thermal stability of 8090 after two-step aging is comparable to that of 2618.

A lithium containing, P/M-processed alloy exhibits much higher yield stress and superior fatigue
strength as compared to alloy 8090, however, the creep resistance is quite poor due to the small
grain size, which makes the P/M-alloy unfavourable for creep-controlled applications. It is anti-
cipated, that the elevated temperature properties, including the creep resistance, of the alloy 8090
can be further improved by optimizing the two-step aging treatment.
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Table I: Chemical composition of 8090 and 2618, P/M-ALl-Li alloy (5,6) for comparison

Alloy Li Cu Mg Zr Ti Mn Fe Ni Al
8090 24 1.2 0.9 0.1 - - - - Bal.
2618 - 25 1.5 - 0.1 - 1.0 1.2 Bal.
P/M Al-Li 2.1 12 0.6 0.7 0.7 1.0 - - Bal.
Table II. Tensile properties at 20°C and 150°C with (500) and without (0) pre-exposure
Condition Pre- Test 502 UTS oF EL 3
Exposure | temp.(°C) | (MPa) (MPa) (MPa) (%)
8090 single- 0 20°C 375 495 595 10.6 0.20
step 500h 20°C 425 525 640 8.7 0.27
8090 two- 0 20°C 435 515 645 11.0 022
step 500h 20°C 422 510 560 8.0 0.08
2618 0 20°C 340 425 490 8.0 0.15
500h 20°C 370 435 490 7.3 0.12
8090 single- 0 150°C 370 430 590 14.1 0.46
step 500h 150°C 405 425 560 16.9 0.53
8090 two- 0 150°C 410 435 560 18.0 0.51
step 500h 150°C 405 425 545 17.8 049
2618 0 150°C 325 380 480 12.8 0.32
500h 150°C 365 390 425 7.6 0.12
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Table III. Creep strain at 225 MPa and 150°C after 100 hours

Alloy epl,IOOh (%)
8090 single-step 0.15
8090 two-step 0.15
2618 0.08
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Fig. 2: Microstructure of the two alloys (TEM); 8090 in the two-step aged condition
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