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(57) Abstract

The invention relates to an aluminjum-base weld filler alloy

Mn 0,4-1.2, Zn 0,4-<2,0, Zr 0,05-0,3, Cr 0,3 max., Ti 0,2 max., Fe 0,5 wax., $i 0,5 max., Cu 0,25 max,, balance Al and inevitable
impurities. Further the invention relates to a method of manufacturing an aluminium-base weld wire, and to a method of constructing

welded constructions.

having the following composition in weight percent: Mg 5,0-6,5,




1a .
ALUMINIUM-MAGNESIUM WELD FILLER ALLOY

FIELD OF THE INVENTION

The present invention relates to an aluminium-magnesium-base weld filler

5 alloy, which is particularly suitable to be used in the construction of large welded
structures such as storage containers and vessels for marine and land
transportation. For example, the weld filler alloy of this invention can be used in
the welded construction of marine transportation vessels such as catamarans of
monohull types, fast ferries, high speed light craft. The weld filler alloy of the

10 present invention can also be used in construction of numerous other structures
such as LNG tanks, silos, tanker lorries, pressure vessels, bridges, and railway
wagons. Further, the invention relates to a method of manufacturing an

aluminium-base weld wire, and to a method of constructing welded constructions.

2w, 15 DESCRIPTION OF THE RELATED ART
The discussion of the background to the invention herein is included to

explain the context of the invention. This is not to be taken as an admission that

any of the material referred to was published, known or part of the common
general knowledge in Australia as at the pricrity date of any of the claims.

‘20 Al-Mg-base weld filler alloys are extensively used in large welded
::::: constructions such as storage containers and vessels for land and marine
transportation. One of the standard alloys is the AA5183 alloy having the
nominal compasition, in wt.%:

JENH Mg 43-52

D25 Mn  05-1.0

Zn 0.25 max.
Cr 0.05-0.25

Ti 0.15 max.
Fe 0.40 max.
30 Si 0.40 max.

Cu 0.10 max.
others (each) 0.05 max.
(total) 0.15 max.

balance aluminium.
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In particular, AA5183 weld wire is widely used in the welded construction
of marine vessels such as ships, catamarans and high speed craft. The main
reason for the versatility of the AA5183 alloy is that it provides good comhbinations
of high strength, corrosion resistance, bendability and weldability. The strength
of the weld joint of AAS183 alloy can be increased without significant loss in
ductility by increasing the Mg percentage in the alloy. However, increasing the %
of Mg in Al-Mg-base weld filler alloys is accompanied by a drastic reduction in
corrosion resistance.

The European patent application EP-A-0799900 relates to an aluminium
alloy in the form of plate or extrusion for large welded structures, with improved
properties over those of standard AAS5083 series. The composition of the
proposed material is, in wt.%:

Mg 45-7.0
Mn 0.4-1.2
Zn 05-50
Zr 0.3 max.
Cr 0.3 max.
Ti 0.2 max.
Fe 0.5 max.
Si 0.5 max.
Cu 0.4 max.

balance aluminium and inevitable impurities.
The patent application cited does not give any indication about the use as
weld filler alloy and to the improvements over standard AA5183 filler alloy.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an aluminium-base weld

filler which overcomes, or at least alleviates, one or more disadvantages of the
prior art.
According to the present invention, there is provided an aluminium-base

weld filler alloy in the form of a weld wire having the following composition in

weight percent:
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Mg
Mn
Zn
Zr
Cr
Ti
Fe
Si
Cu

50-6.5
0.7-1.2
04-<20
0.05-03
0.3 max.
0.2 max.
0.5 max.
0.5 max.
0.25 max.

balance Al and inevitable impurities.

The present invention also provides a method of manufacturing an

aluminium-base weld wire in accordance the invention, including the steps of

(a) providing a body of an aluminium-base alloy consisting of in weight

percent

Mg 50-8.5
Mn 0.7-1.2
Zn 04-<20
Zr 0.05-0.3
Cr 0.3 max.
Ti 0.2 max.
Fe 0.5 max.
Si 0.5 max.
Cu 0.25 max.

balance Al and inevitable impurities; and

(b)  drawing the body of the aluminium-base alloy to form the weld wire.

The present invention further provides a method for constructing welded

construction, including the steps of

(a)
(b)

providing separate component parts of the construction; and
welding the separate parts together with an aluminium-base weld
filler alloy in the form of a weld wire in accordance with the

invention.




3a

One advantage of the present invention is the provision of an Al-Mg-base
weld filler alloy with improved strength of welded aluminium alloy joins as
compared to those of the standard filler alloys such as AA5183 alloy. Itis also an
advantage that the provided Al-Mg base weld filler alloy which can offer ductility,
bendability and corrosion resistance at least equivalent to those standard Al-Mg
base weld wires, such as AA5356 and in particular AA5183.

Accordingly, there is provided an aluminium-magnesium-base weld filler

alloy, having the following composition in weight percent;

IMANDDELY1 1489-89.do¢
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Mg 5.0-6.5

Mn 04-12
Zn 04-<20
Zr 0.05-03
Cr 0.3 max.
Ti 0.2 max.
Fe 0.5 max.
Si 0.5 max.
Cu 0.25 max.

balance Al and inevitable impurities.

By the invention we can provide welded alumlmum joints having higher strength
than the standard AA5183 welds. Weld filler alloys in accordance with the invention
have been found very successful for the welding constructional parts of AlMg alloys to
themselves or to other aluminium alloys. More in particular are very good results
obtained in the case where the weld filler alloy in accordance with the invention is
applied for the welding of constructional parts of AIlMg alloys, which AlMg alloys are
within the same chemical compositional range as the inventive weld filler alloy.

* Further it has b_éen found that the higher Mg content in combination with the
higher Zn content in comparison with standard AA5183 filler wire, has an increased
fréezing range, in the range of 568-639°C for the weld filler alloy of this invention
against 574-638°C for standard AAS5183 alloy. The- advantages of this increased
freezing range in particular emerge when the weld filler alloy of this invention is used
wheﬂ constructing welded constructions, ¢.g, a smooth transition from the weld bead to
the base material, which reduces the notch effect and by this improving fatigue
performance of joints. Further during fusion welding, at those places where the weld
bead overlaps with the base material, surface oxides e.g. aluminium-oxides are present.

The increased fluidity of the weld filler alloy of this invention leads to more adherence .

) WAmanAMMHNODELY 1489-89 doc
OFt :
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and hence reduces deieterious “overlap” effects. And additionally a relatively more flat
bead and finer or smoother ripples on the surface of the weld scam is obtained.

It is believed that the improved properties available with the invention,
particularly higher strength levels in the weld seam, results from increasing the levels of
Mg and Mn, and adding Zr. The good corrosion resistance at higher Mg levels results
from uniformly precipitating relatively less anodic Mg and Zn containing intermetallics
in the microstructure of the weld seam.

The reasons for the limitations of the alloying elements of the aluminium base
weld filler alloy according to the present invention are described below. All
composition percentages are by weight.

Mg : Mg is the primary strengthening element in the weld filler alloy. Mg levels
below 5.0 % do not provide the required strength ta the weld seam and when the
addition exceeds 6.5 %, manufacturing weld wires from the weld filler alloy becomes
immensely difficult. The manufacturing difficuity arises due to severe cracking during
contintous or semi-continuous casting and subsequent processing. The preferred level
of Mg is 5.0 - 6.0 % as a compromise between ease of fabrication and strength.

Mn : Mn is an essential additive element. In combination with Mg, Mn provides
the strength to the welded joints. Mn levels below 0.6 % canmot provide sufficient
strength to the welded joints. Above 12 % the manufacturing of feed stocks for
subsequent wire drawing becomes extremely difficult. The preferred minimum for Mn
is 0.7 % for strength.

Zn :Znis an in.iportancc additive for corrosion resistance of the weld seams. Zn
also contributes to some extent to the strength of the weld scams. Below 0.4 %, the Zn
addition does not provide sufficient corrosion resistance equivalent to that of AA 5183
alloy welded joints. Due to weldability reasons, the Zn level is restricted to < 2.0 % .
More preferably the Zn level is restricted to a maximum of 0.9%. In a further preferred
embodiment the Mg/Zn-ratio is larger than 5 in order to achieve a favourable
combination of strength and corrosion resistance properties.

Zr: Zr is important to achieving strength improvements in the weld seams. Zr is

also important for resistance against cracking during welding. Zr levels above 0.3 %
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results in very coarse needle shaped primary particles which cause unacceptable failures
during wire drawing operation and therefore the Zr level must be kept below 0.3 %.

Ti : Ti is important as a grain refiner dunng solidification of the welded seam.
However, Tt in combination with Zr form undesirable, coarse primaries which can
decrease the toughness and fatigue strength of the weld seams. To avoid this, Ti levels
must be kept below 0.2 % and the preferred range for Ti is 0.05 - 0.1 %.

Fe : Fe forms compounds of Al-Fe-Mn during casting, thereby limiting the
beneficial effects due to Mn. Fe levels above 0.5 % causes coarse primary particles
formation which decrease the fatigue life of the welded joinis of the weld filler alloy of
the current invention. The preferred range for Feis 0.10 - 0.30 %.

Si : Si forms Mg,Si which is practically insoluble in Al-Mg alloys containing Mg
> 4.5 %. Therefore Si limits the beneficial effects of Mg, S1 also combines with Fe to
form coarse AlFeSi particles which can affect the fatigue life of the welded joints of a
welded construction. To avoid the loss in primary strengthening element Mg, the Si
level must be kept below 0.5 %. The preferred range for Siis 0.10 - 0.30 %.

Cr : Cr improves the corrosion resistance of the alloy. However, Cr limits the
solubility of Mn and Zr. Therefore, to avoid formation of coarse primaries, the Cr level
must be kept below 0.3 %. A preferred range for Cr is 0-0.15 %.

Cu : Cu should be kept below 0.25%. Cu levels above 0.25 % gives rise to
unacceptable deterioration in pitting corrosion resistance of the weld filler alloy of the
current invention. The preferred level for Cu is < 0.10 %, and more preferably the Cu is
present at impurity level <0.05%.

The balance is Al and inevitable impurities. Typically each impurity element is
present at 0.05 % maximum and the totai of impurities is 0.15 % maximum. With
regard to impurities content, it is preferable to limit the beryllium content to about
0.00008 %.

The weld filler alloy of the present invention is most preferably provided in the
form of drawn wire. The wire may be produced, for example, by extruding the alloy in
accordance with the invention through a multiple hole die at 2 temperature range of
200-550 °C and a ram speed in 4 range of 1-25 m/min. The extruded rod may then be

drawn into wire using multiple drawing steps. Extrusion ratios typically used to draw
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aluminium wire may be employed. During the wire drawing operation intermediate
annealing of the ailoy in a temperature in the range of 250 - 550 °C may be employed.
The drawn wire may then be final annealed, if required, in a temperature range of 250 -
550 °C. Each annealing step may have a soak period in the range 10 min. to 10 hours.
The diameter of the finished drawn wire is typically in a range of 0.6-6.0 mm. The wire
may also be produced by continuously casting the alloy in the form, for example, of a
round bar. The bars may be either directly coiled or after a rolling step, and then
subsequently drawn to produce weld filler wire.

The invention also consists of 2 method of constructing welded construction, such
as a storage container or a vessel for marine or land transportation, comprising the steps
of
{a) providing separate component parts of the construction; and
(b) welding the separate parts together with an aluminium-base welid filler alloy in
accordance with the features set out above.

Preferably the component parts of the construction are provided in the form of an
extrusion, plate, sheet or a combination thereof.

It has been found that by using the weld filler alloy in accordance with this
invention there is a smoéth transition from the weld bead to the base material as
compared to standard AA5183 filler wire and this reduces the notch effect and by this
improving fatigue performance of the obtained joints. Further it has been found that
with the increased freezing range of the weld filler alloy leads to more adherence and
hence reduces deleteri_'ous “overlap” effects. And additionally it has been found that as

compared to standard AAS183 filler wire a more flat bead and finer and/or smoother

ripples on the surface of the weld seam is obtained.

EXAMPLES
Example 1

Two DC-cast extrusion ingot of the weld filler alloy in accordance with the
invention, see Table 1 with compositions in weight percent, has been extruded to
produce round bar extrusions of diameter of 9.5 mm. Standard direct extrusion process

was used 1o produce the feed stacks for the subsequent wire drawing operation. One
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batch of each weld filler atloy of the extruded rods were further drawn to produce filler
wires with diameters 1.2, 1.6, 3.2, 4.0 mm respectively corresponding to the standard
diameter of filler wires for MIG welding. Another batch of each weld filler alloy was
further processed to produce wires with diameters 1.5, 2.0, 2.5, 3.2, 5.0, 6.0 and 8.0mm
respectively comesponding to the standard diameters for the TIG welding process. The
wires drawing comprised series of drawing and intermediate annealing at 380°C. For
reference purposes the standard weld filler alloy AA5183, see Table 1, was used in this
example.

Using the filler wires of 1.2mm diameter standard MIG welded panels of
1000x1000x8mm (length x width x thickness of the base material) were prepared. The
chemistries of the plate or base materials used are also listed in Table 1, and all the
plate materials were in -the H32!-temper. The ‘composition of Plate-A represents a
typical AAS083 alloy.

From the welded pancls, samples for tensile testing and corrosion testing were
prepared. The tensile properties of the welded panels were determined using standard
tensile test. Resistance to pitting and exfoliation corrosion of the panels were assessed
with ASSET test according to ASTM G66, whereas the resistance to SCC was assessed
using four poiat bend test following ASTM G389 procedures.

Table 2 lists the tensile test results over 3 or 4 testing per combination. From
these resulls it can be seen that the tensile properties of the plate material in the welded
condition are significantly improved when the weld filler wire alloy in accordance with
this invention is used in stead of the filler alloy according to AA5183. The best results
are obtained when the weld filler wire in accordance with the invention is used in
combination with the plate material which is also within the same chemical window as
is the inventive weld filler wire alloy.

Table 3 lists the ASSET testing results. With the testing results N represent no
corrosion attack, P represents pitting with grades from A to D indicating worsening
degree of resistance to corrosion. From Table 3 it can be seen that that the corrosion
resistance of the panels in the welded condition using the filler wire in accordance with
this invention are either comparable or better than the standard filler ailoy. Independent

of the combination used, samples from all the combinations passed 1000 hours of
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testing in the SCC test according to ASTM G39 pro¢edure. From this it can be seen that

the increased strength of the welded panels did not cause deterioration in stress

corTosion resistance.

5 ample 2

In an identical manner as in Example 1 material was welded using a double sided

TIG process. For this process 4 mm diameter filler wire alloy was used. The resultant
tensile properties are listed in Table 4,

From the results of Table 4 it can be seen that the welded panel produced using

10 base material/filler wire combination plate-B/filler-1 invention is significantly stronger

than plate-A/filler AA5183 which is the reference combination of AA5053 alloy with
the currently widely used filler wire alloy AAS1 33.

15 Table

Mg Mn Zn Zr Cu Cr Fe Si Ti Al
Filler-1 inveation | 5.30 | 0.84 0.55 0.13 | 0.013 | 0.049 | 0.19 1 0.11 | 0015 | bal
Filler-2 invention { 5.89 | 082 0.50 0.12 0.01 0.07 | 0.21 ] 0.07 | 0.08 bal.
Filler AAS183 4.60 | 0.68 0.01 - 0.04 | 008 §0.33 | 0.15 | 001 bal.
Plate-A 482 | 0.65 0.09 0.01 003 | 007 {0.05) 005 | 0.0 bal.
Plate-B 530 | 0.84 0.55 0.13 [ 0013 | 0.049 {1 0.19 | 0.11 | 0.015 | bal
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Table 2
Combination 0.2%PS uts Elongation
(MPa} (MPz) (%)
125 275 15.2
Plate-A | Filler AAS5183 127 282 15.4
1310 277 17.1
128 274 14.5
141 297 14.6
Plate-A | filler invention 142 296 13.9
140 301 14.3
145 305 111
160 310 15.2
Plate-B | filler AAS183 165 312 16.2
162 317 13.3
164 320 16.4
170 119 15.7
Plate-B | filler-1 invention 172 325 14.2
174 324 11.6
T 331 10.9
180 41 16.2
Plate-B | filler-2 invention 177 345 147
181 340 15.9
Tabled
Combination Base Material | Heat affected Zone | Weld Seam
Plate-Affiller AAS183 PB/PC N N
Plate-Affiller-1 invention PB N N
Plate-Bffiller AAS183 N N N
Plate-B/filler-] invention N N N
Plate-B/filler-2 invention N N N
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TJable 4
Combination 02%PS UTsS Elongation
(MPa) (MPa) (%)
125 275 15.2
Plate-A/filler AAS183 127 282 15.4
130 277 17.1
Platc-B/ﬁlle-rwl invention 168 330 16.2
170 335 16.5
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THE CLAIMS DEFINING THE INVENTION ARE AS FCLLOWS:

1. An aluminium-base weld filler alioy in the form of a weld wire having the
following composition in weight percent:
5 Mg 50-65
Mn 07-1.2
Zn 04-<20
Zr 005-03

Cr 0.3 max.
10 Ti 0.2 max.
Fe 0.5 max.
Si 0.5 max.

Cu 0.25 max.

balance Al and inevitable impurities.

CRGE 15 2. An aluminium-base weld filler alloy in the form of a weld wire according to
e claim 1, wherein the Mg content is in the range of 5.0-5.0 wt.%.

..... 3. An aluminium-base weld filler alloy in the form of a weld wire according to
claim 1 or 2, wherein the Cr content is not more than 0.15 wt.%.

20

4, An aluminium-base weld filler alloy in the form of a weld wire according to

any one of claims 1 to 3, wherein the Zn content is not more than 0.9 wt.%.

. 5. A method of manufacturing an aluminium-base weld wire in accordance
: 25 with any one of claims 1 to 4, including the steps of
(a) providing a body of an aluminium-base alloy consisting of in weight

percent

Mg 50-65

Mn 07-12
30 - Zn 04-<20

Zr 0.05-0.3

Cr 0.3 max.

Ti 0.2 max.

Fe 0.5 max.
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Si 0.5 max.
Cu 0.25 max.
balance Al and inevitable impurities; and
(b)  drawing the body of the aluminium-base alloy to form the weld wire,

5
6. A method according to claim 5, wherein the alloy is provided in the form
of an extrusion,
7. A method for constructing welded construction, including the steps of
10 {a) providing separate component parts of the construction; and

{b)  welding the separate parts together with an aluminium-base weld
filler alloy in the form of a weld wire in accordance with any one of

claims 1 to 4,
e, i5 8. A method according to claim 7, wherein the component parts of the
construction are provided in the form of an extrusion, plate, sheet or a

combination thereof,

9. An aluminium-base weld filler alloy in the form of a weld wire,

20 substantially as herein described with reference to Example 1 or 2.

10. A method of manufacturing an aluminium-base weld wire according to

claim 5, substantially as herein described with reference to Example 1 or 2.

: 25 11. A method according to claim 7, substantially as herein described with

reference to Example 1 or 2.
DATED: 25 September 2000
30 PHILLIPS ORMONDE & FITZPATRICK

Patent Attorneys for:
HOOGOVENS ALUMINIUM WALZPRODUKTE GmbH
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