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[ Abstract] The microstructure of butt-welding joint of supper eutectic ZA alloy in TIG welding was analyzed through

optical microscope and transmission electronic microscope. The results show that the weld seam microstructure is fine and

mainly composed of columnar crystals and minor equiaxed crystals, the microstructure in the zone near the weld seam is

coarse columnar crystals, and the grain in heat-affected zone does not grow markedly. The joint microstructure at room

temperature is consisted of B phase (rich Al), TZn, € phase (CuZn compound), AlCuy and other compounds. The

hardness of the weld bond area and the tensile strength of the joint are a little higher than that of base materials. The spe-

cific elongation of the weld and bond area is a little lower than those of base materials.
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1 INTRODUCTION

Super-eutectic ZA alloy is a new type of material
that is studied, developed and most widely used in
mould engineering. Because both the melting point of
the alloy and boiling point of Zn are low, while the
temperature of fusion welding heat source is high,
great change in microstructure and property of the
butt-welding joint is expected to take place. It is only
the braze welding and acetylene welding technology
that are introduced in China, while the study on
tungsten inert gas( TIG) technology is little. There is
almost no study concerning the microstructures and
properties of the welding joint of super-eutectic ZA al-
loy processed by TIG welding so far!'~ >

In this paper, the microstructures and character
istics of the welding joint of super-eutectic ZA alloy
processed by TIG welding are investigated by optical
microscopy and transmission electron microscopy
(TEM) on the basis of the previous research on the
welding technology of ZA alloy, and the properties of
the welding joint are tested and analyzed. The results
in this paper provide a basis for the further study of
welding behavior of the alloy.

2 EXPERIMENTAL

The base material used in the experiment is a
new type of super-eutectic ZA alloy. The plate with
size of 6 mm X 100 mm % 120 mm was prepared by
metal mould casting. The chemical composition and

mechanical properties of the base material are listed in
Table 1 and Table 2. The same super-eutectic ZA al-
loy was used as filler material, which was metal
mould cast into welding rod with a diameter of 4 mm
and a length of 300 mm. The self-made special weld-
ing flux was used in this experiment.

Table 1 Chemical composition of base material( % )
w (Al w ( Cu) w (Mn) w(Mg) w (Zn)
8~ 10 3~5 0.2~ 0.5 0.02~ 0.05 Balanced

Table 2 M echanical properties of base material

Tensile strength, 0,/ MPa Specific elongation, &8s/ %

2300 > 3~ 4

A WSE-315 type of manual tungsten inert gas
arc welder were used. The welding structure is in the
form of butt, and the groove is asymmetric X type.
The sample was first cleaned, then clipped on the
special jig. After the specimen was preheated to 100
~ 120 C by oxide acetylene flame, the welding rod
and the specimen were coated with the welding flux,
then the specimen was welded according to the ad-
justed process parameters illustrated in T able 3.

The leftward welding method was used. A back-
ing was put under the specimen to be welded. The
welding rod was inclined with an angle of 40°~ 50°.
In order to fill up the arc hole and to avoid collapse,
the weld rod should be moved in a circulars way as
the welding process completed. After the welding
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Table 3 Process parameters of T1G welding

Diameter of Flow rate of

Welding Current
current/ A tungsten argm type
electrode/ mm /(Lemin”~ ")
60~ 80 3.9 6~ 7 Alternating
current

finished, the weld seam was firstly examined to see
whether there exist gas cavity, inclusions, crack and
unwelded bond zone on the surface. Finally the mi-
crostructures of the welding joint were examined and
the properties of the welding joint were tested.

3 RESULTS AND DISCUSSION

3.1 Microstructures of welding joint

The welding joint may be classified into seam,
weld bond zone, heat-affected zone and the matrix
according to the microstructure characteristics of the
TIG welding joint of the super-eutectic ZA alloy, the
microstructures corresponding to various zones are il-
lustrated in Fig. 1.

From the chemical composition, Zn-Al binary
diagram'*! and isothermal phase diagram of ZmrA}Cu
(as shown in Fig. 2), it can be seen that the base ma-
terial is composed of primary B, binary eutectic ( B+
N and ternary eutectic ( B+ T+ €) phases. Some
fine compound particles distribute on the eutectic ma-
trix. The primary B phase is massive and the white
blocky massive phase is € phase. The microstructure

indicated by white spot € phase distributing on the
deep color matrix is ternary eutectic ( B+ Tt §)

16~ 81 and this phase is mainly columnar crystal

phase
with coarser crystal grain. The microstructure of the
joint interface is mainly composed of fine dendrite and
a small amount of columnar crystal. The columnar
crystal and chrysanthemum type crystal are binary
eutectic ( B+ T) phase and primary B phase. The
phase of the dendrite branch is primary B. The TEM
images of the B, T, € phases and corresponding se-
lected area electron diffraction ( SAD) patterns are
showed in Fig. 3. It can be seen that there exist some
fine polygonal sub-grains in ™rZn grain. There are
some dislocation loops in B (rich Al) grain.

The cooling rate of welding is higher than that of
casting. The melt in the molten bath crystallizes fast
which make crystal to be fine and to form columnar
dendrite, therefore the weld seam is mainly composed
of columnar crystals. But a remarkable change on the
microstructures takes place in the weld bond zone.
There exist coarse dendrites and larger amount of eu-
tectic crystals near the seam. This is because the zone
is in partly molten state, and some eutectic crystals
with low melting point may melt firstly; while the
weld bond zone cool fast than other zones and there is
not enough time for a part of primary B phase to pre-
cipitate, then the eutectic transformation takes place.
The microstructures in the heat-affected zone tends to
be fine. The reason is that the melting point of the
super-eutectic ZA alloy is low and the coefficients of
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Fig. 1 Microstructures of welding joint
(a) —Joint interface; (b) —Weld bond zone; (¢) —Heat-affected zone; (d) —Base material
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Fig. 2 Isothermal phase diagram of

Zr A}t Cu alloy at 300 C

heat transmission is large. Although the maximum
temperature of the heat cycle is very high, the reten-
tion period was short. Therefore the grain in the
heataffected zone recrystallizes to fine microstruc
ture.

3.2 Properties of welding joint

The tensile experiment results of the welding
joint are listed in Table 4. Table 4 shows that the
tensile strength of the welding joint is higher than
that of the base material, but the specific elongation
of the welding joint is a little lower than that of the
base material. Most of the fracture position is in the
base material. The welding joint is more compact
than base material and the crystal grain of the weld-
ing joint is fine. This makes the properties increase.
In the heat-affected zone the recrystallization takes
place and the microstructures tend to be fine, so the

Table 4 M echanical properties of welding joint

Sample Tensile Eelongation Fract it
number  strength/ MPa ! % racture position
1 350 3.5 Base material
2 360 3.2 Base material
3 362 3.0 Base material
Bhase 341 4.0
material

Fig.3 TEM images of & T B, AlLCuo and corresponding SAD patterns
(a) —Polygonal subrparticles in granular Tl grain; (b) —Corresponding SAD pattern of Tl phase;
(¢) —Dislocations and dislocation loops in B grain; (d) —Corresponding SAD pattern of B phase;
(e) —SAD pattern of € phase; (f) —SAD pattern of Al4Cuy



* 390 -

Trans. Nonferrous Met. Soc. China

Jun. 2001

properties of the heat-affected zone do not decrease.
In addition, the evaporation of Zn during the welding
process makes Zn content near the weld seam and the
weld bond zone decrease, while the content of other
elements such as Al, Cu, Mn increase. The increase
of the alloy element content strengthens the material
which results in the tensile strength increasing, but
the plasticity and toughness decreasing. The property
reaches an optimum value when the content of Al is
4% ~ 5% . As the content of Al increases, the
strength may further increase, but the plasticity and
the toughness decrease a little” '

The hardnesses of the welding joint are listed in

Table 5.

Table 5 Brinell hardness of welding joint

Sample number  Weld seam bor‘f([lei((l)ne mEf:gal
1 132 122 124
2 130 127 120
3 129 124 119
Average 130 124. 33 121

It is found from Table 5 that the hardness of the
welding seam and weld bond zone is higher than that
of the base material. The Brinell hardness of the
welding seam is highest and is up to 130. The hard-
ness of the weld bond zone is lower than that of the
weld seam and it is only a little higher than that of
the base material. During the welding process, the
welding electric arc imposes intense stirring on the
molten bath, the gas and inclusions in the weld
molten bath can be discharged under suitable welding
parameters, which reduces and avoids defects at joint
interface. In addition, the cooling rate is large during
welding and there is a large supercooling as the mate-
rial in the molten bath crystallizes, so the microstruc
ture is fine. Zn and other alloy element contents are
different in the weld seam and molten bath due to the
evaporation of Zn during the welding process. The
content of Zn is lower in the weld seam than that in
the weld bond zone, while the contents of the Al and
Cu are higher than that in the weld bond zone. Both
Al and Cu can increase the hardness of Zn, especially

Cul® 7 81,
4 CONCLUSIONS
1) The super-eutectic ZA alloy is welded by T1G

process using special weld rod. The microstructure of
welding seam is fine and is mainly composed of fine

dendrite and a small amount of columnar crystals.
The microstructure in the molten zone changes
markedly, the zone near the welding seam is coarse
columnar crystal. The grain in the heat-affected zone
does not become coarsen because of recrystallization.

2) The tensile strength of the welding joint of
the super-eutectic ZA alloy processed by TIG is not
lower than that of the base material. The specific e
longation is similar to or a little lower than the base
material. The hardness of the weld seam and weld
bond zone is higher than that of the base material and
the hardness reaches a maximum in the weld seam.

3) There exist some polygonal sub-particles in Tk
Zn grain at the welding seam, this makes the grain
fine and intensify the tensile strength .
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