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AF Cu based welding wire with minor ScZr alloying and its applicati0n®
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Abstract: A kind of AFCur(Se, Zr, Mn, Ti, V, B) welding wire was developed by adding minor Se, Zr, Mn, V, B,

and was used for welding 2195 aluminum alloy plate with a thickness of 2 mm. Mechanical properties and microstructure

of welding wire and welding joint were studied. The results show that strength coefficient of the welding joint is 0. 70 and

the weakest area lies in the softened zone of HAZ. Tt is indicated that this welding wire adding minor S¢, Zr, Mn, V, B

is an ideal welding wire for 2195 AFLi alloy plate. The high strength of the weld comes from grairr refining strengthening

and precipitation strengthening of Al,Cu, Al Sc and AlzZr.
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1 INTRODUCTION

2195 aluminum-lithium alloy is a new kind of
aerospace structural materials with low density, high
specific strength and specific modulus as well as excel-
lent low temperature performances'' . Although
2195 alloy has excellent combined properties, there is
still a problem of how to guarantee its welding joint
11 Due to
the influence of welding heat input during welding,

with also such good combined properties

microstructure and properties of aluminunrlithium al-
loy will be changed a lot, and the strength of HAZ
(heat-affected zone) obtained by T8 heat treatment
will be lost a lot'”!, which will affect seriously the
overall strength of welded units. At present, research
of 2195 alloy mainly focuses on the relationships a
mong composition, technology and properties. The
literature on welding of 2195 alloy is still very rare,
therefore it is very necessary to develop welding wire
suited to welding 2195 alloy and study the mi
crostructure and properties of its welding joints.

2 EXPERIMENTAL

2.1 Materials preparation

The 2195 alloy with a thickness of 2 mm and a
composition of AF4Cu-1Lr0.4Mg-0.54(Ag, Zr, Ti)
(mass faction, %) was supplied by South West Alu-
minum Ltd, China. The plate was experienced solu-
tion heat treatment at 505 C for 40 min in a salt
bath, then water quenched and followed by T 8 aging
treatment (6% prior rolling+ 160 C, 10 h aging
treatment) .

The welding wire is a kind of AFCu-(Se, Zr,

Mn, Ti, V, B) welding wire developed by the au-
thors with a diameter of 3 mm. The preparing route
is as follows: microalloying composition designing,
degassing melting in a 50 kg melting furnace, semr
continuous casting to d115 mm ingot, homogeniza-
tion treatment, hot work (extruded to d 6 mm bar) ,
annealing, cold drawing to d 3 mm wire by many
passes, then surface treatment.

2.2 Experimental methods

The welding experiment was done in Institute of
Aerospace M aterials and Processing T echnology, Chi
na. Prior to welding, the surface of the 2195 base
plate was chemically cleaned and the oxide film was
removed. The plate was TIG welded by Fronius
welding machine in argon atmosphere. The welding
parameters of single-sided forming are as follows:
welding current, 80 A; welding voltage, 12713 V;
welding speed, 2.3 mm/s; flux of argon, 8 10 L/
min.

The specimens of base metal and welding joint
(with reinforcement) were cut from the plate in the
transverse direction(T. D. as shown in Fig. 1). Ten-
sile samples were tested on CSS-44100 tensile testing
machine and the tensile ratio is 2 mm/ min. Hardness
measurement was made on HVA-10A low-load Vick-
ers hardness tester with the load of 5 N. Metallogra-
phy samples were observed on Nephot-1I microscope
after etched by mixed acid. Samples for transmission
electron microscopy (TEM) analysis were prepared
by conventional twirmrjet polished in an electrolyte of
1/ 3 nitric acid and 2/ 3 methanol ( volume fraction) at
- 30 C. Microstructure observations were carried
out on Hitachr800 microscope operating at 200 kV.
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Tensile samples of welding joint Table 1 Tensile properties of
Tensile samples of base metal / base metal and welding joint
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Fig. 1 Schematic of 2195 alloy welding joint

3 RESULTS

3.1 Hardness distribution of welding joint

The hardness distribution of welding joint is
shown in Fig. 2. The result shows that the hardness
of welding joint is approximately symmetrically dis-
tributed along the weld center line. The hardness of
the weld is 102 HV, and the hardness of the heat af-
fected zone( HAZ) is lower than that of the base met-
al. With the increase of the distance from the weld
center, the hardness increases. In the HAZ, the
hardness descends to 115 HV at a distance of 10 ~ 12
mm from the weld center, then ascends up to the
hardness of the base metal.
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Fig. 2 Hardness distribution of 2195 welding joint

3.2 Mechanical properties of welding joint

The mechanical properties of the base metal and
welding joint using AFCu(Se, Zr, Mn, Ti, V, B)
welding wire are listed in Table 1. The results indi
cate that the weakest area of 2195 alloy welding joint
lies in the softened zone of HAZ, and the welding co-
efficient of the welding joint can reach 0. 70.

3.3 Optical microstructure of welding joint

The optical microstructures of the base metal and
welding joint are shown in Fig. 3. The result shows
that the weld exhibits complete equiaxial microstruc
ture with small grains, while the HAZ exhibits com-
plete recrystallization microstructure.

Grain growth has obviously occurred in the area

Mean value 550 469 10.3 -

W, 382 312 4.3 HAZ

Welding W2 387 315 4.2 HAZ
joint Ws 384 318 4.2 HAZ
Mean value 385 315 4.2 HAZ
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Fig. 3 Optical microstructures of

base metal and welding joint

(a) —Boundary between weld and HAZ;
(b) —HAZ; (¢) —Base metal

close to the weld. For the base metal, it remains fi-
brous.

3.4 XRD analysis of welding wire and weld
The XRD analysis of the welding wire and the
weld are shown in Fig. 4. It can be seen in the weld-
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Fig. 4 XRD analysis of welding wire and weld

ing wire and weld, besides a( Al) matrix, there are

still a few O( Al,Cu) and Al;Sc phases.

3.5 TEM microstructure of welding joint

Fig. 5 presents the TEM microstructure of the
welding joint. In the welding wire alloys, many
small needle-like and granular precipitates are found

(Fig. 5(a)). The corresponding selected area electron
diffraction ( SAED) pattern reveals that they are 0
(Al,Cu), Al3Sc and Al3Zr phases, respectively ( Fig.
5(b)).

granular precipitates can also be found (Fig. 5(¢)). In

In the weld, many small needle-like and

addition, some eutectic phases can be observed along the
boundaries (Fig. 5(d)). 2195 base metal exhibits many
needle like and plate-like precipitates ( Fig. 5(e)). The
SAED pattern reveals that the spots belong to the T,
(ALCuLi) phases and the streaks belong to the 6( Al,Cu)
phases. Fig.5(f) shows that in the HAZ, the main
strengthening phases T'1 and 0 have coarsened.

4 DISCUSSION

4.1 Microstructure and properties of weld

The result of tensile experiment shows that the
strength coefficient of welding joint ( with reinforce-
ment) can reach 0. 70, which is high for high-
strength aluminum alloys without postweld heat
treatment. The result also shows that the weakest
area of the welding joint is not in the weld, but in

Fig. 5 TEM microstructures of welding joint
(a),(b) —Welding wire alloy; (¢), (d) —Weld; (e) —Base metal; (f) —HAZ
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the HAZ. This suggests that AFCu( Se, Zr, Mn,
Ti, V, B) welding wire weld has high strength. The
high strength mainly comes from three aspects:
First, both the welding wire alloy and 2195 alloy be-
long to AFCu based alloys, their main phase mi-
crostructures are a(Al) and 6(Al,Cu), which leads
to a good compatibility between them (Fig.3(b));
Second, adding minor Se¢, Zr, Ti, B to AFCu alloys,
small grains after solidification are obtained, which
leads to remarkable fine-grain strengthening; T hird,
besides grain refinement, microalloying of Sc and Zr
results in dispersive precipitation of Al3Sc and AlzZr
during solidification without heat treatment ( Fig. 5
(a)), which obviously improves the strength of the
weld. In addition, TEM microstructures indicates
that, along the boundaries, some eutectic identified
as a( Al) + 0(ALCu) can be found (Fig. 5(c) = 5
(d)), which leads to step solidification. Eutectic liq-
uid can “cure” hot cracks produced during solidifica-
[5

tion'®!, which is also a main reason why this kind of

welding joint has such a high strength.

4.2 Microstructure and properties of HAZ

The microstructure of 2195 plate at T8 treat-
ment primarily exhibits unrecrystallized fibrous ( Fig.
3(d)), in which the main phase are a( Al) matrix,
platelike T ( ALLCuli) phases and needlelike 0
(AL,Cu) phases!®®

temperature of aluminum alloys is 200 =300 C. Dur

Generally, the recrystallization

ing the welding heat input, in the base metal close to
the weld, the temperature is high up to solution tem-
perature, the majority of strengthening particles ob-
tained at T8 treatment solution into the a(Al) ma
trix. During the welding cooling, the cooling velocity
is high, this part of base metal is rapidly quenched
and forms supersaturated solid solution. At room
temperature, the supersaturated solid solution dis-
composes slowly and secondary phases precipitate,
producing partial natural aging strengthening. During
the welding heat input, the temperature of HAZ far
from the weld is not so high that overaging occurs in

this area ™ '%(

Fig. 5(f)), which reduces the original
aging strengthening effect of alloy and results in for

mation of “softened zone” within the HAZ.

S CONCLUSIONS

1) Aluminum alloy welding wire microalloyed by
minor S¢, Zr, Ti, V, B has good compatibility with
2195 alloy. At TIG welding condition, the strength
coefficient of welding joint can reach 0. 70.

2) High strength of the weld joint mainly comes
from fine-grain strengthening and dispersive precipi-
tation strengthening caused by AlLCu, AlSc and
AlsZr.
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