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Abstract

2195 Al-Li alloy was welded using six kinds of weld filler wires with different contents of zirconium, titanium, and copper.
The S2503 weld demonstrated fine a-Al/Al,Cu/Al;(Ti, Zr) microstructure and superior mechanical properties. The addition
of Zr and Ti refined the grain and modified the solidification mode of the weld metal. With the increase of Ti/Zr addition in
the fusion zone, the tensile strength and corresponding elongation of the Al-Li weld increased significantly. The excessive
Al,Cu at the grain boundary helped to alleviate the cracking sensitivity by a “self healing” mechanism, but greatly deterio-

rated the impact toughness of the weld joint.
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1 Introduction

Lithium (L1i) is the lightest metal element with the specific
mass of 0.534 g/cm’. With the addition of each 1 wt. % Li,
the density of the alloy can be reduced by 3%, while the
elastic modulus increased by approximately 6% [1-3]. Alu-
minum-lithium (Al-Li) alloys have great potential as struc-
tural material for aerospace and aircraft applications, due to
their low density, high specific strength, and specific stiffness
[4-6]. 2195 Al-Li alloy, categorized as Al-Cu-Li-Mg-Ag-Zr,

Highlights

oThe 2195 Al-Li weldment consists of a-Al matrix, A12Cu
phases, and AlI3(Ti, Zr) precipitates.

eThe Al3(Ti, Zr) particles have the main effects of refining the
grain size in fusion zone.

oThe addition of Ti/Zr and Cu in fusion improves the cracking
sensitivity.

o With the increase of Ti/Zr addition in the fusion, the tensile
property of the 2195 Al-Li weld increase.
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displays high strength and ductility with good fatigue resist-
ance and corrosion resistance, which was developed at Mar-
tin-Marietta and Reynolds. The main precipitation phases
such as &' (AL4Li), B (Al3Zr), 6' (Al,Cu), T, (Al,CuLi), and
S' (Al,CuMg) can be formed during the heat treatment. This
high-strength alloy was developed to replace the 2219 alloy
for the super lightweight tank (SLWT) of the NASA space
shuttle program [4, 7-9], which provided a mass reduction
of 3175 kg, increasing almost 50% payload capability for the
space shuttle. Consequently, the effects of chemical com-
position, heat treatment procedure on the microstructure,
strengthening mechanism, and mechanical properties of this
alloy have been widely investigated [10-15]. Unfortunately,
the Al-Li alloy exhibits a poor welding performance, imped-
ing its further application.

The welding property of the Al-Li alloy is very important
for the fabrication of the engineering structural component.
However, there are some welding problems such as hot
cracks and low joint strength coefficient due to the special
chemical composition of the Al-Li alloy [16-23]. It is widely
known that the welds of the Al-Li alloys are susceptible to
cracking during solidification, due to the thermal contrac-
tion, solidification shrinkage, and liquidation of phase with
low melting point [24-27].

The addition of alloying elements such as Cu or Si to the
weld filler wires may help to reduce the crack susceptibil-
ity. The 4043 Al-Si weld filler wire was used to weld 2195
Al-Li alloy [20, 28]. It was found that the T (AILiSi) phase
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formed on the grain boundary of a-Al matrix in fusion zone
greatly decreased the crack susceptibility. However, the ten-
sile strength coefficient and the corresponding elongation of
4043 weld joints were quite low [20, 28]. The microstructure
and mechanical properties of 2195 welding joint using Al-
6Cu weld filler wires were investigated. The 2195/A1-6Cu
exhibited a good weld tensile strength, ductility, and frac-
ture properties. Unfortunately, the hot crack susceptibility
of the weld joint was still high. In this case, it is necessary
to develop new weld filler wires for 2195 Al-Li alloy, which
can improve the crack resistance and mechanical properties
of the weld joint.

To date, little work has been done to design new weld
filler wires for the welding of 2195 Al-Li alloy. The influ-
ence of the alloying elements content on crack susceptibility
and mechanical properties of the 2195 Al-Li alloy weld is
not yet clear. In this study, 2195 Al-Li alloys were welded
by tungsten inert gas arc welding. Six types of weld fire
wires with different contents of copper, titanium, and zir-
conium were developed to reduce the cracking susceptibil-
ity and improve the mechanical properties. After welding,
the microstructure, cracking susceptibility, and mechanical
properties of the weld joint were investigated. The effects of
Ti, Zr, and Cu content on the microstructure and mechanical
performance of the weld joint were discussed.

2 Material and experimental procedures
2.1 Materials

The 8-mm thick hot-rolled commercial 2195-T8 alloy
plate was used as base material. The nominal chemi-
cal composition (wt. %) of the base material is listed
in Table 1. This plate was a solution treated at 500 C
and quenched into water, followed by the cold defor-
mation at 6%, and then artificially aged at 160 ‘C for
15 h. Six types of weld filler wires were developed to

improve the crack resistance and mechanical properties
of the weldment. The weld filler wires with 3.2 mm in
diameter were Al based alloys with different contents of
zirconium, titanium and copper, identifying as S2501,
S$2502, S2503, S2504, S2505, and S2506. The nominal
chemical composition (wt. %) of weld filler wires are
listed in Table 2. For convenience, the weld filler wires
with different contents of copper were simply named as
Al-6Cu filler and Al-10Cu filler, while those with dif-
ferent contents of titanium and zirconium were simply
identified as 0.1% Ti/Zr, 0.2% Ti/Zr, and 0.3% Ti/Zr.

2.2 Welding procedure

The welding specimens were machined to the dimension
of 150 mm X 100 mm X 6 mm with a single-vee groove
joint geometry from the T8 plate. The filler wire dilu-
tion was almost 0.6. Before welding, the specimens were
soaked in NaOH solution at 60 “C for 3 min, followed by
the rinsing with water and HNOj; solution. The welding
area of the specimens was then abrased with steel brush,
cleaned with ethanol, and dried in drying oven for 30 min.
Tungsten inert gas arc welding (Fronius MW 4000, Aus-
tria) was used to join the specimens. Two welding passes
were performed with weld fire wires, at 13-16 V weld-
ing voltage, 210 A current, and a travel welding speed of
100 mm per minute, using pure Ar gas with 11 L/min flow
rate. The wire was added in the molten pool by hand, and
the feed rate is almost 20 mm/min.

2.3 Characterization

After welding, the weld joints were cut into small pieces
and mounted in the cold-setting resin. X-ray diffraction
analysis (XRD, Model AXS-D8, Germany) was performed
to identify the phase constitutions in the base material and
weld joint using Cu-Ka radiation with speed of 6°/min.
The differential scanning calorimetry (DSC) was employed

Table 1 The nominal chemical

. 2195 alloy  Li Cu Mg Zr Ag Fe Si Zn Al

composition (wt. %) of the base

material 08-12 3743 02508 0.08-0.12 02-04 0.04 0.04 0.02 Bal

Table 2 'The nominal chemical Filler wire # Cu Ti 7r Ag Si Al

composition (wt. %) of weld

filler wires $2501 5.8-6.8 0.08-0.12 0.08-0.12 0.2-0.4 <0.05 Bal
$2502 5.8-6.8 0.18-0.22 0.18-0.22 0.2-04 <0.05 Bal
S2503 5.8-6.8 0.28-0.32 0.28-0.32 0.2-0.4 <0.05 Bal
S2504 9.8-10.8 0.08-0.12 0.08-0.12 0.2-04 <0.05 Bal
S2505 9.8-10.8 0.18-0.22 0.18-0.22 0.2-04 <0.05 Bal
S2506 9.8-10.8 0.28-0.32 0.28-0.32 0.2-04 <0.05 Bal
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with a differential scanning calorimeter (Model STDQ-600,
USA), at a heating rate of 10 ‘C/min under nitrogen atmos-
phere. The microstructure of the fusion zone, fusion line,
and heat-affected zone were observed using scanning elec-
tron microscopy (SEM, Model 200F, Holland) and opti-
cal microscope (OM, Model DM4000M, Germany). The
chemical composition of the weld joint was determined by
energy dispersive spectroscopy (EDS, Oxford Instruments
Inc.). Transmission electron microscopy (TEM) was used
to further identify the structure of the fusion zone and heat-
affected zone.

The mechanical specimens are extracted from different
positions of welded joints, as shown in Fig. l1a. Tensile
tests of the weld joints with reinforcement were conducted
by using CMT-5105 electronic universal material testing
machine with loading rate of 2 mm/min at room tem-
perature. The dimension of tensile specimen is shown in
Fig. 1b. The relative elongation of the welded joint, deter-
mined by the displacement of the moving cross-arm, was
used to represent the deformation, and the gauge length
was almost 50 mm. The impact tests of weld joint with
U-shaped gap were conducted on a digital impact test-
ing machine (HIT 50.PC, Germany). The dimension of
impact specimen with 55 mm X 10 mm X 6 mm is shown
in Fig. 1c. All tensile and impact test data were found by
at least five parallel specimens to obtain the average value.
The sensitivity of solidification cracking was analyzed by
circular patch test. The circular patch test was used for
fully penetrating welds, and a relatively high restraint was
imposed on the weld zone transverse to the weld joint. The
workpiece of circular weld with 50 mm diameter consists
of an inner piece and an outer piece, which is held tightly
to the fixture with bolts. The weld specimen was clamped
between two copper plates. The details of the circular
patch test had been reported by Kou [27].

Fig. 1 Diagram of specimen: a Weld zone
extraction position of specimen, (‘J)

b dimension of tensile speci-

men, ¢ dimension of impact

specimen
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3 Results
3.1 Microstructures of the weld joints

Figure 2 shows the X-ray diffraction patterns of the base
material and weld joint. The characteristic diffraction peaks
of a-Al (PDF#04-0787) and T, (Al,CuLi) (PDF#28-0011)
were detected in the base material, meaning that the main
strengthening precipitates was 7', phase. The identified
phases in fusion zone were also confirmed by X-ray diffrac-
tion, where the peaks of a-Al (PDF#04-0787) and Al,Cu
(PDF#25-0012) were observed.

Typical optical micrographs of the weld joints are shown
in Fig. 3. The microstructure showed that the weld joints
were divided into the fusion zone (FZ), the fusion line (FL),
and the heat-affected zone (HAZ). It can be seen that the
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Fig.2 X-ray diffraction pattern of 2195 Al-Li weld and base alloy
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Fig.3 Optical micrographs

of the fusion zone and heat-
affected zone in the weldment:
S2501 (a) and (a'); S2502 (b)
and (b'); S2503 (¢) and (c');
S2504 (d) and (d'); S2505 (e)
and (e'); S2506 (f) and (f')

microstructure of the S2501 weld represents coarse equiaxed
grains in the center of weldment and a columnar dendrite
zone adjacent to the fusion line (FL), as seen in Fig. 3a'. With
the contents of Ti and Zr increased from 0.1 to 0.3 wt. %, a
remarkable decrease on the average grain size from 74 pm to
18 pm for the 2195/A1-6Cu weld, and the average grain size of
2195/A1-10Cu weld decreased from 46 pm to 14 pm. The
fine equiaxed grains at the weld interface were not a common
occurrence, but Cross thought that the formation of the fine
equiaxed grains was due to the Al;Zr particles released from
the fusion metal [29]. This result suggested that the addition
of Ti and Zr has significantly effect on grain refinement.
The backscattered electron images in Fig. 4 are per-
formed to observe microstructures of the fusion zone and
heat-affected zone in the S2503 and S2506 weld. As shown
in Fig. 4a and 4b, the weld joint had a fine and uniform
microstructure containing three clearly contrasting phases.
The bright Al,Cu and Al; (Ti, Zr) uniformly dispersed on
the Al matrix. The area fractions of the bright Al,Cu phases
were relative to the Cu content in weld filler wires. It was
approximately 18.63% in the 2195/A1-10Cu welds, which is

@ Springer

higher than the 12.43% observed in the 2195/A1-6Cu welds.
The microstructures of weldments in heat-affected zone are
shown in Fig. 4a' and b'. A number of bright phases formed
along the grain boundaries in the heat-affected zone.

To further identify the structure of the fusion zone and
heat-affected zone in the weld joint, the transmission elec-
tron microscopy (TEM) observations were conducted. Fig-
ure 5 shows the images of fusion zone in the S2503 weld.
The micrograph and corresponding SAED pattern revealed
a continuous eutectic Al,Cu phase distribute at the grain
boundary (Fig. 5a and b). The thickness of the eutectic
Al,Cu phase at the grain boundary was almost 0.5 pm. The
SAED pattern taken, as seen in Fig. 5d, exhibits that a num-
ber of Al;(Ti, Zr) particles and Al,Cu precipitates dispersed
on the Al matrix. Statistical analysis suggested that the sizes
of the Al,Cu precipitates were in the range of 20-100 nm.
It was finally confirmed that the main phases in the fusion
zone were Al matrix, Al;(Ti, Zr) particles, eutectic Al,Cu
phase, and Al,Cu precipitates.

The results of TEM analysis at grain boundary in
the heat-affected zone are presented in Fig. 6. The
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Fig.4 Backscattered electron
images of the fusion zone and
heat-affected zone in the S2503
weldment (a) and (a') and
S2506 weldment (b) and (b")

AL(Ti, Zr) &
. x E
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a-Al

8

Al (Ti, Zr)

Fig.5 TEM images of the fusion zone in the S2503 weld: a image of grain boundary along<0 2 1>, b corresponding SAED pattern, ¢ image of
precipitates taken along <0 0 1> ,; direction, d corresponding SAED pattern, ¢ HRTEM image of the plate phase

discontinuous and coarse particles were observed at
the grain boundary. The SAED pattern suggests that
this coarse particle consists of Ty (Al;,CuyLi), as seen
in Fig. 6d. This result was in good agreement with the
research of the weld heat-affected zone simulation by
Chen [20]. Figure 7 shows the TEM micrographs and

corresponding SAED pattern of the strengthening precipi-
tates in the heat-affected zone. The sphere particles of &'
(AL;Li) with the size of 200 nm are observed in Fig. 7a.
The micrograph and SAED pattern along<0 0 1> ,,
direction show that the needle-like T’ phase dispersed on
matrix [30], as seen in Fig. 7b. In addition, a small number

@ Springer
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Fig.6 TEM images of the grain
boundary in the heat-affected
zone: a image of heat-affected
zone along<0 0 1>, b image
of grain boundary microstruc-
tures, ¢ image of coarse particle
at grain boundary, d corre-
sponding SAED pattern

a_Al L ®.

10 1/nm

Fig.7 TEM images of precipitates in the heat affected zone: a and
a' image of Al;Li particles along<0 1 1> and corresponding SAED
pattern, b and b' image of Al,CuLi particles along <0 0 1>and cor-

of cubic precipitates were speculated as ¢ (AlsCucMg,)
phase. Thus, the microstructure of the heat-affected zone
was finally confirmed to be sphere particles &', plates T,
needle-like 7'}, and cubic precipitate ¢ dispersed on a-Al
matrix.

@ Springer

(b)

3

| “.
£

10 1/nm
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along <0 1 1> and corresponding SAED pattern

3.2 Weld cracking susceptibility

The circular patch test was conducted to analyze the crack-
ing susceptibility, and the sum of crack length on the circu-
lar patch served as the index of cracking sensitivity. X-ray
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radiographs of the circular patch specimens are presented
in Fig. 8. It was clear that the continuous cracks could be
observed at the weld periphery. As shown in Fig. 8a, the
S2501 weld exhibits a poor cracking susceptibility; i.e., the
crack length on the circular patch reaches approximately
11 mm, while the crack length of S2503 and S2506 weld
decreases to 1-2 mm. The crack length as a function of aver-
age grain size in weld joint is plotted in Fig. 9. The linear
relationship between maximum crack length of the welds
and the average grain size with the same Cu content fur-
ther suggested that the addition of Ti and Zr improved crack
resistance. The maximum crack length of the S2504 weld
was 5.3 mm, while that of the S2505 and S2506 weld was
2.6 mm and 1.1 mm, respectively. The linear rate constant k
for the cracking susceptibility of the weldment can be cal-
culated according to the equation:

L=k-d (1)

where L (mm) is the maximum crack length on circular
patch specimens and d (pm) is the average grain size in
fusion zone. The k value increased with decreasing nominal
Cu content in the weld, which were 113 for the Al-6.4Cu
weld metal and 151 for Al-4.8Cu weld metal. In conclu-
sion, the crack lengths on the circular patch of the S2503,
S2505, and S2506 welds were 2.4 mm, 2.6 mm, and 1.1 mm,
respectively, which revealed a good performance in crack
resistance.

3.3 Mechanical properties

The tensile tests are carried out for the weld joints with
different weld filler wires at the room temperature, and the

Fig.8 X-ray radiographs of
the circular patch specimens
$2501-S2506 (a)—(f)

Maximum crack length, L(mm)

—— T T
10 20 30 40 50 60 70 80
Average grain size, d(pm)

Fig.9 Maximum crack length as a function of average grain size in
the weld joint

average measurements of the tensile strength (MPa) and
corresponding elongation (%) are given in Table 3. The
tensile strength of the weld joints was about 60.4-68.2%
of the base material. The test results in Table 3 demon-
strate that the tensile strength and elongation of the welds
increased with the increase of the Ti and Zr content. By
comparing the results of specimens S2502 with S2505 and
S2503 with S2506, it can be found that the effect of Cu
content on the tensile strength of the weld was not signifi-
cant, but the elongation of the weld slightly decreased with
the increase of Cu content.

In order to investigate the relationship between the mechani-
cal properties and the microstructures of the weld joint, the
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Fig. 10 SEM micrographs of
the tensile fracture surfaces: a
S$2503 weldment and b S2506
weldment

Table 3 Tensile properties of the 2195 Al-Li welded joint

Filler wire # Ultimate tensile strength, Elongation, Pct

MPa
S2501 338.5 3.6
S$2502 362.1 4.3
S2503 382.7 5.5
S2504 346.1 2.5
S2505 360.3 33
S$2506 376.8 4.0

tensile fracture surfaces were observed. Figure 10 shows the
SEM images of the tensile fracture surfaces of the weld joint.
The weld joints ruptured inside the fusion line during stretching
process. For the S2503 weld, the deep and small dimples filled
up the fractured Al grains, which demonstrated that the plastic
deformation occurred before fracture. In contrast, a number of
shallow dimples are covered on fracture surface in the S2506
weld, as seen in Fig. 10b. Consequently, it can be concluded
that the S2503 weld displayed the best tensile properties.
Table 4 lists the impact toughness («;) of the weld joint as
a function of the nominal Cu and Ti/Zr content. The effect
of Ti/Zr content on impact toughness was contrary to the
tensile strength. With the increased of Ti and Zr content, the
impact toughness of the weld joint slightly decreased. It can
be seen that the impact performance of the 2195/A1-10Cu
weld was poor, and the impact toughness values were lower

Table 4 Impact properties of

;i e Filler wire # Fracture
the 2195 Al-Li welded joints toughness, J/

cm?
S2501 20.5
$2502 19.9
S2503 194
S2504 9.6
S2505 8.2
S2506 6.7

@ Springer
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Fig. 11 Average grain size in the fusion zone as function of Ti/Zr
content in the weld filler wires

than 10 J/cm?, while the impact toughness of the 2195/Al1-
10Cu weld reached approximately 20.0 J/cm?. This result
showed that the excessive addition of Cu substantially dete-
riorated the impact toughness of the weldment.

4 Discussion

4.1 Effect of Ti and Zr content on the microstructure
of weldment

As observed in Fig. 3, the statistical analysis reveals that
the grain size of the fusion zone is related to the nominal
Ti and Zr contents. Figure 11 shows the average grain size
in fusion zone as function of Ti/Zr content in weld filler
wire. The crystal growth rate for a given undercooling
is inversely proportional to the growth restriction param-
eter Q. Easton [31] reported a relationship of the growth
restriction parameter Q to the solutes content by the fol-
lowing equation:
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0 =mk - 1)C, 2)

where k is the solute partition coefficient, m is the slope of
liquidus, and C, is the solutes content in the alloy molten.
The overall growth restriction parameter is the sum of the Q
values for the individual solutes. Thus, the grain size related
to the crystal growth rate is controlled by Ti and Zr content.

With the increase of Ti and Zr contents in the weld
filler wires, the grain size of the a-Al decreases remark-
ably [32], and the morphology of a-Al gradually trans-
forms into the fine equiaxed grain, as shown in Figs. 3 and
11. As the effective nucleation sites, Ti/Zr dispersoids are
initially present in the filler wire, when set in the molten,
and have a strong capacity to modify the grains in weld-
ment, as seen in Fig. 3. According to this nucleation the-
ory, the refinement of the nucleant particles increases the
amount of potential solidification sites and promotes the
formation of the finer equiaxed grains in the fusion zone
[33]. Consequently, the addition of Ti/Zr in the weld can

630.8C

 (a) S2501

1.0 4

Heat flow (W/g)

effectively refine the grains and modify the solidification
of the weld joint.

4.2 Therelationship between the composition
and cracking susceptibility

In this work, the circular patch test is conducted to analyze
the cracking susceptibility, and the sum of crack length on
the circular patch serves as the index of cracking sensitiv-
ity. X-ray radiographs of the circular patch specimens show
that the solidification cracking occurs along the center of the
weld. The RDG model [26] shows that the cracking behavior
in the solidification process is mainly determined by three
factors: the tensile stress between grains (crack driving
force), the deformation ability between grains (crack resist-
ance), and the liquid compensation capacity along the grain
boundaries (crack resistance).

The fitted linear relationship between crack length and the
average grain size in the fusion zone further suggests that the
excessive Cu improved crack resistance. This phenomenon

I8 ] 625.6C
.«1(b) S2503
l.-!-i
CI
z 143
g 197 Texothermic
_5 0.8
0.6-3
0.4-5
1 T T T T L 7T T T T
300 400 500 600

Temperature

—
1

0.8 .
] T exothermic
0.6 N 5304C
0.4
W
300 400 500 600
Temperature
1.8
1(c) S2506
1.4
12

Heat flow (W/g)

T exothermic

620.1C

0.8

0.6

0.4

—— —— T ———

300 400 500 600
Temperature

Fig. 12 DSC curves of 2195 Al-Li weld joints: S2501 weldment (a), S2503weldment (b), and S2506 weldment (c)
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can be explained by the theory of “self healing.” The eutec-
tic Al,Cu liquid at grain boundary can be sufficient to
heal the incipient cracks during the solidification process.
In addition, the fine equiaxed grain structure is easier to
deform than coarse columnar grain structure, which can also
improve the crack resistance, as shown in Figs. 8 and 9.
The solidification temperature range, as an important ten-
sile stress factor, has been known to affect the susceptibility
of solidification cracking. To identify the solidification tem-
perature range of the weld metal, the differential scanning
calorimetry (DSC) is conducted. Figure 12 illustrates the
DSC curves of the heat flow as a function of the temperature
in cooling process. The solidification temperature range of
the weld metal can be calculated by the following equation:

I=Ti-T; 3)

where 7, is the solidification temperature range, T; is the
initial crystallization temperature, and T is the final crystal-
lization temperature. The solidification temperature ranges
of the weld metal and base material are listed in Table 5. The
solidification temperature range of the base material was
117.2 °C, while that of the S2503 and S2506 weld decreased
t0 95.8 °C and 91.0 °C. Previous works verified that the wide
solidification temperature range is susceptible to solidifica-
tion cracking, due to the larger (S +L) region in the weld
metal or the mushy zone [32]. In conclusion, the crack resist-
ance of the weld joint improved by increasing the contents
of Cu, Ti, and Zr.

4.3 Therelationship between the composition
and mechanical properties

The tensile and impact tests were carried out for weld joints
with different weld filler wires at room temperature. The
joints ruptured in the fusion zone adjacent to the fusion line,
which means that the fusion zone is the weakest region com-
pared with the heat-affected zone and base material. Previ-
ous research has shown that 7| precipitates have a greater
strengthening effect than other strength phases in Al-Cu-Li
alloys [34, 35]. The observation of microstructures confirms
that the main strengthening phase in the fusion zone was

Table 5 Solidification temperature range of the weld metal and the
base material

Material states Solidification temper-

ature range (AT), 'C

2195 base material 117.2
$2501 weld 100.4
$2503 weld 95.8
$2506 weld 91.0

@ Springer

Al,Cu and no T precipitate was found in the weld joint,
as shown in Figs. 4 and 5. Therefore, the strength of fusion
zone is weaker than that of the heat-affected zone and base
material.

In this work, the relationship between the tensile strength
and the grain size (D2 of the weldments is consistent with
the Hall-Petch equation [36]:

6, = oo + k,D7'/? “

where o), is tensile strength, o, is the Peierls-Nabarro
stress, D is the grain size of the weldment, and %, is the
slope. The tensile strength of the weldments plotted against
grain size (D!2) is shown in Fig. 13. The k, value was
230.8 Mpa-pum~"2 for 2195/A1-10Cu weldments and 375.0
Mpa-pm~"2 for 2195/A1-6Cu weldments. These results
showed that the tensile strength and the corresponding
elongation of the weld joint increased with the increase of
Ti and Zr contents. However, the addition of Al; (Ti, Zr)
particles in the fusion zone slightly reduced the toughness
of the weld joint. In addition, once the excessive Al,Cu was
formed at the grain boundary, the plastic deformation of the
grain boundary will be reduced, resulting in poor plasticity
and toughness properties of the weld joint. Therefore, the
impact toughness and elongation of the weldment decreased
with the increase of the nominal Cu content.

5 Conclusions

The effects of Ti, Zr, and Cu content on microstructure,
cracking susceptibility, and mechanical behavior of 2195
Al-Li alloy weld were investigated using six kinds of weld
filler wires. It can be concluded with the following points.
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Fig. 13 Tensile strength (o) of the weldments plotted against the
grain size (D12
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1)

2)

3)

4)

5)

The microstructure of the fusion zone consists of a-
Al matrix, eutectic and precipitate Al,Cu phases, and
Al;(Ti, Zr) particles, while the sphere particles &'
(AL;Li), plates Tg(Al,CuyLi), and T, (Al,CuLi), cubic
precipitate ¢ (AlsCusMg,) are located in the heat effect
zone. The fractions of Al,Cu and Al;(Ti, Zr) are relative
to the content of Cu, Ti, and Zr in fusion.

The Al;(Ti, Zr) particles have the main effects of acting
as heterogeneous nucleation cites for aluminum grains,
which refine the grain size in fusion zone.

The quantity of Al,Cu phase at grain boundary and the
grain size in fusion zone play a key role in the cracking
sensitivity of 2195 Al-Li weld. Therefore, the addition
of Ti/Zr and Cu in fusion improves the crack resistance
of the weld joint.

With the increase of Ti/Zr addition in the fusion zone,
the tensile strength and corresponding elongation of
2195 Al-Li weld increase, while the impact toughness
slightly decreases. An excessive Al,Cu at the grain
boundary greatly deteriorates the impact toughness of
weld joint.

The S2503 filler with the nominal chemical composi-
tions (wt. %) of Al-6Cu-0.3Ti-0.3Zr-0.3Ag displayed the
best tensile properties.
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