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FIG.1

(57) Abstract: A method comprises fusion welding a filler metal to a first aluminum component; wherein the first aluminum com-
ponent comprises a 7xxx series aluminum alloy; and wherein the filler metal comprises an aluminum alloy, in weight percent: up to
0.15 Fe; up to 0.15 Si; from 2.3 to 2.7 Mg; from 1.4 to 1.8 Cu; from 6.0 to 9.0 Zn; and from 0.06 to 0.14 Zr. In some embodiments,
the 7xxx series aluminum alloy comprises 0.5-2.6 wt. % Cu. In some embodiments, the filler metal comprises, in weight percent, up
to 0.45 Sc.
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CROSS REFERENCE TO RELATED APPLICATIONS
0001} This application claims priovity to U8, Provisional Patent Application Serial
No. 62/064,256 filed October 15, 2014, which is incorporated herein by refersnce in its
entirety.
BACKGROUND
FG002] 700 series aluminum alloys offer significant potential advantages to several
applications, which include: armored vehicles wheare high strength and blast resistance are
very bmportant, ship halls and other sub-structures, wing spares, mold-plates, and ofl riser,
to name a few. Commeon to all of these applications is the need to weld and/or repair parts
together. Unlike some other heat treatable alloys {e.g. 6061, etc) which can be welded to
themselves and other alloys {e.g 6061 /5083), fusion welding certain 7xo series alloys
with or without addition of a filler alloy, without cracking in the welds and/or their
adjoining fusion-zones and heat affected zones has been problematic,
SUMMARY
{0003} A method comprises fusion welding g filler metal to a first aluminum
component, wherein the first aluminum component comprises a 7x0 sertes aluminum
alloy; and wherein the filler metal comprises (and in some instances consists essentially of)
an aluminum alloy, in weight percent: up to .15 Fe; up to 0,15 85 from 2.3 te 2.7 Mg from
1410 1.8 Cy; from 6.0 10 9.0 Zn; and from 0.056 to 8,14 Zr, in some instances, the balance
essentially aluminum and incidental elements and tmpurities.

f0004] In another embodiment, a method comprises: abutting a- first aluminum
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component against a second aluminum component, wherein an abutment is formed, and
fusion welding a filler metal to the frst sluminum component and to the second aluminum
component so that a welded joint is formed at the abutment; wherein the first aluminum
component comprises a 7xxx series alloy; and wherein the filler metal is an aluminum aloy
comprising, {and in some instances consists essentially of) in weight percent: up to 8.15
Fe;uptn 0155 from 2310 2.7 Mg from 1.4 to 1.8 Cu; from 6.0 10 9.0 oy and from .06 to
.14 Zr, in some instances, the balance essentially aluminum and tncidenial elements and
impurities.

{B005] In a further embodiment, a method comprises: locating a surface defectof a
mold block and repairing the surface defect; wherein the surface defect has a Hirst volume,
whereln the surface defect is at least partially surrounded by an original volume, wherein
the mold block includes the original volume, wherein the mold block is made of a Ty
series aluminum alloy, wherein the repairing comprises fusion welding a filler metal to at
least a portion of the original volume to produce a repaired volume, whersin the repaired
volume includes the first velume of the surface defect and at least a portion of the original
volume; and wherein the filler metal is an aluminum alloy comprising, {and in some
instances consists essentially of} in weight percent: upte 815 Fe; up to A5 Si; from 2.3 10
2.7 Mg from 14 t0 LB Cu; from 6.0 to 9.0 2y and from 0.06 to .14 Zr, in soms instances,
the balance essentizlly aluminuwm and incidental slements and impurities,

130061 In vet another embodiment, a2 method comprises: fusion welding a weld filler
metal te a first aluminum component, whersin the first aluminum component comprises
one of; a3 A4 G alloy and a Sxxx; and wherein the filler metal comprises an aluminum

alloy, {and in some instances consists essentially of) in weight percent: up to (.15 Fe; up to
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.15 86 from 2.3 10 2.7 Mg from 14 1o L8 Cu; from 6.0 10 2.0 Zn; and from 8.06 to .34 Zr,
in some instances, the balance essentially aluminum and incidental elements and
impurities.

{6607} A product comprises a first aluminum component having a weld, the weld
containing filler metal, wherein the first aluminum component comprises a 7x0r series
aluminum alioy; and wherein the filler metal comprises {and in some instances consists
essentially of} an aluminum alloy, in weight percent up to 0.15 Fe; up to 0,15 51 from 2.3
10 2.7 Mg from 1.4 to 1.8 Cy; from 6.0 10 9.0 Zn; and from 0.06 to 0.14 Zr, in some
instances, the balance essentially aluminum and incidental slements and impurities,
wherein the weld is defect-free or substantially defect-free.

10008} Another product comprises embodiment, a first aluminum component
attached to a second aluminum component via a weld, wherein the weld contains a filler
metal,whersin the frst aluminum component comprises a 7xo0¢ series alloy; and whereln
the filler metal is an aluminum alloy comprising, {(and in some instances consists essentially
of} in weight percent: upto 015 Ferup to .15 53 from 2.3 10 2.7 Mg from 1.4 to 1.8 Cy;
from 6.0 to 8.0 Zn; and from 0.06 10 8.14 Zr, In some instances, the balance sssentially
aluminum and incidental elements and impurities, wehersin the weld is defect-free or
substantially defect-fras,

[3009] Yet ancther product comprises 3 mold block having a repaired portion,
wherein the repaired portion comprises a weld, wherein the weld contains filler metal,
wherein the mold block is made of a 7xxx series aluminum alloy, wherein the filler metal is
an aluminum alloy comprising, {and in some Instances consists essentially of] in weight

percent: up to 015 Fe; up to 015 5t from 2.3 t0 2.7 Mg from 1.4 to LB Cu; from 6.0 t0 9.0
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Zn; and from 0.06 to 0.14 Zr, in some instances, the balance essentially aluminum and
incidental elements and impurities, wherein the repaired portion is defect-free or

substantially defect-free.

f3016] The following features can be combined with any of the embodiments above,
as applicable.
13011} In some embodiments, the filler metal consists essentially of, in weight

percent: up to 0,15 Fe; up to 6,15 86 from 2.3 10 2.7 Mg from 1.4 to 1.8 Cu; from 6.0 t0 8.0
Zu; from 0,06 to 0.14 Zr; and optionally, up to 845 S¢, the remainder being aluminum,
incidental elements and impurities.

i0012] In some embodiments, the filler metal comprises, in weight percent, up to

(.45 Sc. In some embodiments, the filler metal comprises, in weight percent, 8.25 - 0.35 3¢,

(0013} in some embodiments, the fller metal comprises, in weight percent, up to
.10 Fe.

F314] n some embodiments, the filler metal comprises, in weight percent, up to
.10 81

F3015] In some embodiments, the filler metal comprises, in weight percent, 7.3 to
(AR

(0016] in some embodiments, the filler metal comprises, in weight percent, 8.10 to
8,12 Zr.

F0017] In some embodiments, the filler metal comprises, in weight percent, up to

(.03 B. In some embodiments, the filler metal comprises, In weight percent, 0.015 to 0.025
B.

F0018] In some embodiments, the 7xxx series aluminum alloy comprises 0.5-2.6 wt
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% Cu.

(6019} In some embodimeants, the 7xxy series aluminum alloy comprises 0.08-0.6
wt.% Fe,

6024} in some emboediments, the 7xxx series aluminum alloy comprises 0.06-0.50
wtds SE

0021} i some emvbodiments, the 7xxx sertes aluminum alloy comprises up to 8.50
wilde Mn.

{0022} In some embodiments, the 7 series alloy comprises up to 8.35 wit O
{00231 In some embodiments, the 7o series alloy comprises, in welght percent: up

te 00655 upto .08Fe; 1310 2.0 Cu upto 004 M 120 1.8 Mg upto 004 O 7.0 1o B.0
Zryupto 315 TL and 6.08 to 00,15 Zr.

{0624} In some embodiments, the oo series alloy comprises, in weight percent: up
to 00655 upto 0.08Fe; 151017 0wy 140 16 Mg 720 7.8 up to 035 T and 8.0% 1o
00,13 Zr.

{06251 in some embodiments, the 7xxx series alloy comprises one of: 7x09, 716,
7x12, 7x14, Txl6, Tx20, Tx31, Tx322, Tx33, Tx24, Txd5, Vx26, 7x28, 7x39, Tx34, Tx3Z, 7x33,
Tx34, T35, 7Tx36, Tx37, 7x40, Tx41, 7x42, 7046, 7249, 7450, 7x55, 7456, 7460, Tx64, 7x65,
Te8, TRTE, TRT6, TRV, TxV9, Tx81, Tx85, 7x90, 7x93, 7x9%5 and 7x99 as defined by the
Aluminum Association Teal Sheets, entitled, “International Alloy Designations and
Chemical Composition Limits for Wrought Aluminum and Wrought Aluminum Alloys” as
revised January 2015, which is incorporated by reference herein. For instance, a 7x55 alloy
may be a 7055, 7155, or V255 alloy, or a future other versions thereof.

F3026] In some embodiments, the 7xom series alloy comprises oneg of 7x09, 7x18,

fae
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Tuhd, T4, 7xl6, Tu22, T3, Tx24, 725, 726, 7Tx29, 7x32, 7x33, 7x34, 7x36, 7x37, 7440,
741, 742, 7xd8, Tx50, Tu8E, Txhe, 760, 7x64, Tuhh, 768, 7x75, Ta76, 778, 7x79, 7u81,
7R85, 790, Tx%3, 7x95 and 7x99 as defined by the Aluminuwm Association Teal Sheets,
entitied, "International Alloy Designations and Chemical Composition Limits for Wrought
Aluminum and Wrought Aluminum Alloys” as revised January 20185.

FR027} In some embodiments, the second aluminum component comprises 3 7xux
aluminum alloy. In some embodiments, the first aluminum component and the second
aluminum component each comprise at lsast .5 wt. % Cu. In some embodiments, the

second aluminum component comprises one of the 7xxx sertes aluminum alloys Hsted

above.

[0628] In some embodiments, the welded joint is one of a: butt, corner, edge, lap,
and tee,

{06291 In some embodiments, {usion welding comprises one of gas metal arc

welding, gas tungsten arc welding, laser beam welding, elecron beam welding, and plasma
welding, In some embodiments, welding is performed on a iolnt, In some embodiments,
welding is performed on one of a lap-fillet joint, 2 sguare butt joint, a vee butt joint, and a
tee-fillet joint

(30301 in some embodiments, filler metal alloys disclosed herein are used in
additive manufacturing.

[3031] The alioys of the present disclosure generally inclhude the stated alioying
ingredients, the balance being aluminum, optional grain structure control elements,

optional incidental elements and impurities.
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BRIEF DESCRIPTION OF THE DRAWINGS
joB32] Figure 1 is a flow chart {Hustrating one embodiment of 3 method useful in
accordance with the present disclosure,
jo833] Figure 2 is a flow chart {Hustrating another embodiment of & method useful
in accordance with the present disclosure.
{0034} Figure 3 is a schematic view of one embodiment of a 7xxx mold plate having
a surface defect.
{0035} Figure 4 is a schematic view of one embodiment of a 7xxx mold plate having
a repaired volume.
{0036} Figure 5 shows etched and anodized cross-sectional micrographs of a
weldment produced with standard AA70B5 base metal and 5356 filler wire,
0037} Figure 6a is 3 photograph of a weldment produced by manually GTA welding
twe (.5in thick standard AA7085 plates with the AAS356 filler alloy.
0038] Figure &b shows the weldment of Figure 63 inspected with dye peneirant.
i3039] Figure 7 15 & graph showing the solidification analysis of the AAR356 filler
alloy for fusion welding AA7085 parts.
[040] Figure 8 is a graph showing the solidification analysis of the 444043 filler

alloy for fusion welding AA7085 parts,

(00411 Figure 9 is a graph showing the solidification analysis with a new filler alloy
#266 from Table 3.
(30421 Figure 10 shows a typical cross-sectional macrograph through a GTAW Tee-

Double Fillet Weldment, used to assess the fusion weldability of different weld filler alloys

for welding AA 7085 parts.
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{60437 Figure 11 includes three photographs of a weld of AA7085 base metal with
fitler alloy #2863 from Table 3.
{30441 Figure 12 includes three photographs of a weld of AA7085 base metal with
filler alioy #2684 from Table 3.
{30457 Figure 13 includes three photographs of a weld of AA7085 base metal with
filler alloy #265 from Table 3.
{3046} Figure 14 includes three photographs of 2 weld of AA7385 hase metal with

filler alloy #2686 from Table 3.

{30473 Figurs 15 is a comparison of cross-sectional optical micrographs.
DESCRIPTION
{0048} it will be appreciated by those of ordinary skill in the art that welding using

the disclosed methods, systems and apparatus can be embaodied in other specific forms
without departing from the spirit or essential character thereof. The presently disclosed
embodiments are therefore considered in all respects to be ustrative and not restrictive.
Reference is now made to the accompanying drawings, which at least assist in Hustrating
various pertinent features of the disclosure.

[0049] In some embodiments, the filer alloy enables weld fabrication and repair of
structures {e.g armored vehicles, risers and oil platforms, ship halls, ete)), with fusion
based welding processes such as manual gas metal arc welding and gas tungsten arc
welding processes.

FB05o} In some embodiments, the filler alloy affords significant opportunities for re-
design of structures {e.g, armor plates, etc.] that are lighter and less expensive, through the

use of the stronger and tougher parts {e.g. plates] made of the 7085 aluminum alloy or

o
o
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other 7wy series aluminum alloys, including 7xxx aluminum alloys that contain 8.5-2.6
wi% Cu, that can be fusion welded with embodiments of the filler alloy.

(3051} In some embodiments, the filler alloy enables fusion welding to AA 7085 or
other 7xxx series aluminum alloys, including 7xsx aluminum alloys that contain 8.5-2.6
widh Cu. In some embodiments, the filler alloy has a composition that vields weld deposits
{a mixture of filler slloy and base metal) having & solidus temperature lower than the
solidus temperature of AA7085, or other 7xxx series aluminum alloys, including 7xeo
atuminum alloys that contain 0.5-2.6 wi% Cu, at any Liguid/Solid fraction in the welds. By
having the welds always solidify after the partially molten A47085, or other Vxxx series
aluminum alloys, including 7xsy aluminum alloys that contain 0.5-2.6 wi% Cy, solidifies
hot-cracking in the fusion and heat affected 2ones adinining the welds and liguation
cracking in the welds will be prevented. Additionally, the weld deposits have resistance to
hot cracking during solidification.

(D052} Some emvboediments of the filler alloy contain grain refiner{s} that minimize
the size of the grains. The resultant finer weld microstructures minimize the propensity to
Houation cracking and weld cracking in the bulk of these welds and reglons just next to the
fusion zones.

0053} In some embodiments, the filler alloy has very good hot cracking resistance,
and upon melting and mixing with the AAT085, or other 7xxx series aluminurm alloys,
including 7xxx aluminum alloys that contain 8.5-2.6 wi% Cy, base metals, yislds weld
deposits whose solidus temperatures are always lower than the solidus temperatures of
AATOBS, or other 7o series aluminum alloys, including 7oecaluminum alloys that contain

0.5-2.6 wi% Cy, at any Liguid/Solid fraction in the welds. By having the welds always
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solidify after the partially molten AA7085, or other 7xxx series aluminum alloys, including
7w aluminum alloys that contain .5-2.6 wt Cy, solidifies in the fusion zonss and
adjoining HAZ's, hot-cracking in the fusion and HAZ's adioining the welds and liguation
cracking in the welds, especially next to the fusion zone, will be prevented from occcurring
in these regions of the weldments,

{3654} in some embeodiments, the filler alloy contains ttanium diboride {TiB2)} and
.3% of scandium {5¢} grain refiners that additively minimize the size of the grains. The
resultant finer weld microstructures minimize the propensity to Hguation cracking tn the
bulk of these welds and regions just next to the fusion 2ones, To compensate for the losses
of these grain refiners as the welding filler alloy melts and the molten droplets detach from
the tip of the wire and are transported through the arc when welding with the Gas
Tungsten Metal Arc {GTAW) and Gas Metal Arc Welding {GMAW] processes, extra amounts
of these two grain refiners can be added to the filler alloy.

{0055} The rerms “filler alloy” and “filler metal” are used interchangeably herein.
{00561 Fusion welding means to join at least two portions together such as by ene or
more of heating, melting, fusing and metallurgically coalescing, and combinations theresf,
such as with the assistance of a weld filler alloy. Examples of some types of welding
processes include GTAW, shielded metal arc welding (SMAW), GMAW, plasma arc welding
{PAW?Y and laser beam welding {LBW), to name a few.

(00571 As used herein, "grain structure control element” means elements or
compounds that are deliberate alloying additions with the goal of forming second phase
particles, usually in the solid state, to control solid state grain structure changes during

thermal processes, such as recovery and recrystallization. Examples of grain structure

10
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control elements include Zr, 5¢, V, O, Mn, and HE to name a few,

[3058) The amount of grain structure control material utilized in an alloy is
generally dependent on the type of material utilized for grain structure control and the
ablloy production process, When zirconium {Zr) s included in the alloy, it may be included
in an amount up to about 8.4 wi. %, or up to about 8.3 wt. %, or up to about 82 wt. %. In
some embodiments, 2r is included in the alloy ip an amount of from about 805 wt. % to
about .15 wi. % {e.g., frony about 008 wit. % to about 8.13 wt. %), Scandium 3¢},
vanadium {V}, chromium {Cr}, Manganese {Mn} and/or hafnium {Hf} may be included in
the alloy as a substitute {in whole or in part} for Zr, and thus may be included in the alloy In
the same or similar amounts as Zr. In some embodiments, no grain structure control
elements are used, such as when there is no inherent need to control, for example,
recrystallization.

j0859] Az used herein, "incidental elements” means those elements or materials that
may optionally be added to the alloy to assist in the production of the alloy. Examples of
incidental elements include casting ailds, such as grain refiners and deoxidizers,

00607 Grain refiners are inoculants or nuclel to seed new grains during
solidification of the allov. An exampile of 2 grain refiner is a2 8.5 mm {3/8 inch} rod
comprising 96% aluminum, 3% titanium {Ti} and 1% boron (B}, where virtually all boron
is present as finely dispersed TiBZ particles. During casting, the grain refining rod iz fed in-
line into the molten alloy flowing into the casting pit at 3 controlled rate. The amopunt of
grain refiner included in the alioy is generally dependent on the type of material utilized for
grain refining and the allov production process. Bxamples of grain refiners include Ti

combined with B {e.g., TiBZ] or carbon {TiC}, although other grain refiners, such as AlFTi

11
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master alioys may be utilized. Generally, grain refiners {e.g. carbon or boren) may be
added to the aloy in an amount of ranging from 0.0003 wt. % to .03 wt. %, depending on
the desired as-cast grain size. In addition, Ti may be separately added to the alloy in an
amount up to .03 wi. % to increase the effectiveness of grain refiner. When Ti is included
in the alloy, it s generally present in an amount of up to about 0010 or 0,20 wt. Y.

j6061} Some alloving elements, generally referred to herein as deoyidizers
{Irrespective of whether the actually deoxidize}, may be added to the alloy during casting
to reduce or restrict {and is some Instances eliminate} cracking of the ingot resulting from,
for example, oxide fold, pit and oxide patches. Examples of deoxidizers include {3, 5r, and
Be. When calcium {Ca)} is included in the gloy, it is generally present in an amount of up to
about 0.05 wt %, or up to about .03 wit. %. Ip some embodiments, {ais included in the
alloy in an ameount of from about 0.001 wt. % to about 8.03 wt. 94, or from about 0.001 wt.
% to about .05 wt. %, or frow about 0.001 wi. % to about 0.008 wt. 9 {or from about 10
ppm to about 80 ppm). Strontivm {Sr) may be incduded in the alloy as a substitute for Ca
{in whole or in part), and thus may be included in the alloy in the same or similar amounts
as La. Traditionally, beryilium {Be] additions have helped to reduce the tendency of ingot
cracking, though for environmental, health and safety reasons, some embodiments of the
alloy are substantially Be-free. When Be is included in the alloy, it is generally presentin an
amount of up to about 20 ppm.

{6062} Incidental elements may be present In minor amounts, or may be present in
significant amounts, and may add desirable or other characteristics on their own without
departing from the alloy described herein, so long as the alloy retains the desirable

characteristics described herein, U is to be undersivod, however, that the scope of this

12
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disclosure should not/cannot be avoided through the mere addition of an element or
elements in guantities that would not otherwise impact on the combinations of properties
desired and attained herein.

{3863} As used herein, impurities are those materials that may be present in the
alloy in minor amounts due to, for example, the inherent properties of aluminum and/or
leaching from contact with manufacturing equipment. Iron {Fe) and silicon {8} are
examples of impurities generally present in aluminum alloys. The Fe content of the alloy
should generally not exceed about (125 wt. %. In some embodiments, the Fe content of the
alloy is not greater than about 0.15 wi. %9, or net greater than about 8.10 wi. %, or not
greater than about 0.08 wi. %, or not greater than about (.05 wt. % or about .04 wt. %.
Likewise, the 8i content of the alloy should generally not exceed about .25 wt %, and is
generally less than the Fe content. In some embodiments, the 5i content of the alloy is not
greater than about 8.12 wt. %4, or not greater than about 0.10 wt. %, or not greater than
about 0.06 wt. %, or not greater than about 0.03 wt. % or about 0.02 wi. %.

{00641 Except where stated otherwise, the expression "up to” when referring to the
amount of an element means that that elemental compeosition s optional or incidental and
includes a zero amount of that particular compositional component. Unless stated
otherwise, ali compositional percentages are in weight percent {wt. %}

(3065 {ine embodiment useful in accordance with the present disclosure is
itustrated in Figure L The method 100 includes abutting a first aluminum component
against a second sluminum component 102 and wherein an abutment is formed and fusion
welding a filler metal to the first aluminum component and to the second aluminum

component so that a welded joint is formed at the abutment 104; wherein the first
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aluminum component comprises a 7xxx series alloy; and wherein the filler metalis an
aluminum alloy comprising, in weight percent upto 315 Feyupto SIS SE from 2310 2.7
Mg from 1.4 t0 LB Cu; from 6.0 10 9.0 Zm and from .06 to 8,14 Zr.

(3066] A second embodiment useful in accordance with the present disclosure is
Hlustrated in Figure 2. The method 200 includes locating & surface defect or worn out
portion of a mold block 218, and repairing the surface defect or worn out portion via a
weld filler alloy 220, Prior to the repairing step 220, the surface defect {or worn out
portion] has g first volume, which is at least partially surrounded by an original volume.
The mold block includes the original volume, and is made of a wrought 700 aluminum
alloy. The repairing step 220 may include fusion welding the weld filler alioy to at leasta
portion of the non-defective volume to produce a repaired volume, wherein the weld filler
alloy comprises {and in some Instances consists essentially of) an aluminum alloy, In
welght percent: up to 0.15 Fe; up to 015 84 from 2.3 t0 2.7 Mg from 14 to 1.8 Cy; from 6.0
to 9.0 dn; and from 0.06 to 0.14 Zr. In another embodiment, the repairing step 220
includes patch welding. Parch welding is welding in a localized area for the purpose of
repair of a damages area {e.g, crack{s}, worn down areas}, and which has the appearance
of a patch,

{0867} In one embodiment, the repairing step 220 includes repairing the surface
defect or worn out portion by a bulld-up step 250, For example, the repairing step 220
includes building-up 250 the repaired portion to a height that is higher than that of the
outer surface of the Pxxx alloy product, This may be usefid, for example, for rebuilding
worn out portions of the mold plate or imparting new geomstric features to fmprove the

contrel over the flow of the injected plastic or add new functional features, in order to form

14
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the injected parts into the desired final shape.

[0068] iry another embodiment, the repairing step 220 includes filling troughs by
removing the surface defects 260. For example, the repairing step 220 includes trough
filling 260 the defective area to its original shape by depositing a 700 weld deposit on top
and adjacent of the trough or surface defect. This may be useful, for example, for repairing
damaged portions of the mold plate to improve the contrel over the flow of the injected
plastic in order to produce injected plastic parts with the desired final shape similar to
injected plastic parts produced with an undamaged mold plate.

(D069 After the repairing step 220, whether by bulld-up 250 or fill-up 260, the
repaired volume may includs the first volume of the surface defect and at least a portion of
the original mold plate adjacent to the original defective volume diluted into and mixed
with the minlten filler alloy that filled and replaced the defective volume into the repaired
one.

(BG701 fn one embodiment, after the repairing step 220, the repaired portion of the
Txxx alloy product may be optionally texturized in a texturizing step 240. In some
instances, the texturizing step 240 may be accomplished by mechanical denting, chemical
etching or a combination of the two. In some embodiments, texturizing a repaired meold
plate may fmprove injection molding productivity with the mold plate having a longer
lifetime {&.g., can be used longer, can last longer}.

10671} Figure 3, shows a 7xxx mold plate 300 having features suited for the
production of mold parts. A surface defect 302 of 3 Trooo mold plate 300 may be produced
via normal production operations. This surface defect (sometimes called a discontinuty)

may be repaired with the weld filler alloys disclosed herein to produce repaired 7xxx mold

15
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plates.

0072} A surface defect, is a defect on the surface of the 7xxx alloy product that
inhibits or prevents the use of the 7xxx alloy product in its intended environment,
Examples of surface defects 302 that generally occur in 7ywx mold plates 300 include
cracks open to the surface and/or worn out portions of the mold plate 300, Generally, a
surface defect 302 has a depth of not greater than about 6.4 mmw {$.25 inch], but in soms
instances has a depth greater than about 6.4 mm {8.25 inch} In one embodiment, the
surface defect 302 has a depth in the range of frow about 0.025 mm {0.001 inch) to about
3.2 mm {0,125 inch).

[0073] A mold plate {sometimes called a meold block} is a plate that is used to mold
parts, with processes such as injfection molding or blow molding. As illustrated in Figure 4,
the repaired portion 304 of the repaired 7o mold plates 300 is intended (o facilitate
substantially the same appearance {e.g, texture, color match) and function {e.g., thermo-
mechanical, abrasion resistance) on the applicable outer surface of products produced with
the 7o mold plate 300, which may facilitate the reuse of the repaired Pxxx mold plates
300, The repaired 7xxx mold plates 300 may also realize enhanced functional
characteristics {e.g, durability, strength}, which may also facilitate the reuse of the
repaired 7o mold plates 300, In the end, the lifetime of the Vxoo mold plates 300 may be
substantially increased via use of the new 7xow based weld filler alloys.

[B074) The new 7o weld filler alloys disclosed herein are 7xxx aluminum alloys in
the form of a weld filler alloy produced in the form of 5 rod for manual GTAW or
continuous wire for welding with the gas metal arc welding {GMAW] process. & weld filler

alloy is an alloy that is used to weld or repair an aluminum alloy product. Examples of weld

16
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filler alloys forms include weld rods, weld wires and powders that can be clad over a repair
area {e.g., with the aid of a laser beam welding process). Other weld filler alloy forms may
be usad.

{3075} Txxx series aluminum alloys are aluminum alloys comprising Zn as a primary
alloying constituent, 7xxx aluminum alloys may also include one or more of Cu, Mg and Mn,
among others elements, as alloying constituents, Some examples of 7xxx alominum alloys
include any of the 7xxx series alloys defined by the Aluminum dssociation, including Al-Zn-
Mg, Al-Zn-Cu, Al-Zn-Cu-Mg and other similar alloys.

[0076] The alloys and tempers mentioned herein are as defined by the American
National Standard Alloy and Temper Designation System for Aluminum ANSI H35.1 and the
Alurninum Association International Alloy Designations and Chemical Composition Limits
for Wrought Aluminum and Wrought Aluminum Alloys as revised January 2015, which are

incoporated by reference herein.

Example §

Table 1~ Compositional Limits of one embodiment of a new filler alloy

Alloy # 266 Fe H Mg Cu &n &y S¢ B T
Target 2.5 1.6 7.5 $11 8.3 §.82 | 806
Upper §.09

Limit g1 | &1 2.7 1.8 N .12 035§ 0025
Lower
Limit 2.3 1.4 7.3 0.1 0.25 | 4015

s
-}



WO 2016/061385 PCT/US2015/055791

* add 3:1 TiBor to B level to 0.02 witt

Table 2- Composition of AA 7085 as usad {n this example

S <0.08% by weight

Fe <0Q.08% by weight

Cu— 1.8% {1, 5-1.71% by waight
Mg - 1.5 (1.4-1.8% by weight
A - 7.5 {7.2-7 8% by weight

£r - 011 {0.08-0.13)% by welght

Ca < 0.0012% by waight
T 0.08% by weight

Table 3- Compositions of the four candidate filler alloys for fusion welding
AA 7085 that were cast into book-molds. The Boron levels listed in the table are before

TiBor was added.

Filler

Alloy Fe Si Mg Cu Zu Zr Se B Ti

#263 | 0073 | 0.058 | 514 | Q003 | 297 | 0.059 { 4012 | G052

#264 | 0075 | D063 | 506 | 0001 | 286 0.1 8.3 0.015 | 0049

#265 (.08 §.058 25 1.63 7.4 8.06%9 | 0.001 | 0.016 | 0.054

#I66 | 0.08L | 0.064 | 248 1.58 7.35 4.1 8,31 8.014 | G048

i0077] Four book molds were cast, where each of the bock molds consisted of one of
the four candidate alloys in Table 3. Each of the book molds measured 2.25in ¥ 3.75in x

14in. The ingots were cropped, scalped and homogenized for hot rolling into §.5in thick

18
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plates, out of which welding rods were sawed off for the weldability evaluations with the

manual GTA welding process,

8078} The weldability tests with the different welding filler alloys were carried out

with the following manual GTA welding conditions:

]

Process: GTAW - AC Current

Electrode Diameter: 01877 diameter Zirconia tungsten

Gas Cup: 0.6257 diameter

Shielding Gas: 75% Argon / 259% Helium

Shielding Gas Flow Rate: 40 CFH

Weld Filler Wire Fabrication: Castand rolled to 8.5" book molds sawn into
approximately 0.187” sguares, cleaned in A31K atkaline cleaner, rinsed, dried
overnight, solvent wiped with acetone and abraded with stainless steel mesh and
solvent wiped with acetone,

Base Metal Fabrication: Parts machined from 1.07 thickness to 0.5 thickness at /2,
saw cut bevel o a 37.5 degree angle solvent wiped with acetone, edges filed and
stainless steel wire brushed,

Weld Joing: Single vee butt joint 12° long, welded parallel to the plate rolling direction,
75 degree included angle, 0.03” root face, 0.093" - 0.125” root opening. Anodized
aluminum backing bar with 2 8.375” wide x 0.04” groove centered along the weld seam
used.

Weld passes: 4

interpass Operations: Interpass temp of 120 degrees F or below maintained between

passes, sach weld pass stainless steel wire brushed,

1@
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[0079] Figure 5 shows etched and anodized cross-sectipnal micrographs of a
weldment produced with standard AA7085 base metal and 5356 filler wire. The cross-
section was of a2 weld produced by manual GTA welding an end constrained Double-Tee-
Fillet type joint as shown in Figure 6, Note: The coarse grains in the standard 7085 part
{left) and weld and hot-cracks along the grain boundaries in the 7085 base metal {left}
about the fusion and HAZ zones shown in Figure 6.

{3080} Figure 6a is a photograph of a weldment produced by manually GTA welding
two 0.51n thick standard AA7085 plates with the AAS356 filler alloy. Figure &b shows the
weldment of Figure 6a inspected with Dyve Penetrant. A representative macro-graph taken
from this weldment. The Dye penetrant test reveals open surface cracks in the 7085 base
metal and weld. The open surface cracks are confirmed by examination of the welds’ cross-
sections shown in Figure 5.

16081} Figure 7 is a graph showing the solidification analysis of the AAS356 filler
alloy for fusion welding AA70BS parts. Note how close, and at thmes intersecting, the
solidus temperatures of resultant welds are at different percentages of AA7085 base metal
dilution into the weld.

[2082] Figure 8 is a graph showing the solidification analysis of the AA4043 filler
alloy for fusion welding AA7085 parts. Note how close, and at times intersecting, the
solidus temperature of resultant welds are at different percentages of 7085 base metal
ditution into the weld.

10083] Figure 9 is 2 graph showing the sclidification analysis with the new filler
alloy #2686 filler alloy {Table 1) for fusion welding AA7085 parts. Note the solidus

temperature of resultant welds at different percentages of AAT08S base metal dilution into

20
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the weld,

[3084% Figure 10 shows a typical cross-sectional macrograph through a GTAW Tee-
Double Fillet Weldment, used to assess the fusion weldability of different weld filler alloys
for welding AA 70835 parts in this example.

FR085] Figure 11 includes three photographs of a weld of AA7085 base metal with
filler alloy #263. Dye penetrant can be seen in the bottom photograph. Note the edge {toe]
cracks revealed with upon both visual and dye penetrant inspections.

10086} Figure 12 includes three photographs of a weld of 847085 base metal with
filler alloy #264. Dye penetrant can be ssen in the bottom photograph. Note the edge (toe)
cracks revealed with upon both visual and dye penstrant inspections.

{0087 Figure 13 includes three photographs of a2 weld of AA7085 base metal with
filler alloy #265, Besides some small surface-breaking openings, consisting of small pores
and contaminants, these inspections showed no major weld and/or HAZ cracks,

13088) Figure 14 includes three photographs of a weld of AA7085 base metal with
filler alloy #266. Note that this weld did not show open pores and/or cracks.

j3089% Figure 15 is a comparison of cross-sectional optical micrographs {320X]
through double-fillet welds showing the pronounced difference between welds produced
with alloy #2646 and filler alloy #2673 {Table 1}. Note how significantly finer {1.e. smaller
grains} the weld produced with welding filler alloy #2566 is as compared to the weld
produced with the alternate filler alloy #263. The main difference between the two alloys
is the addition of 0.3% {by weight} of scandium to {#264), which augments the grain
refining achieved by TiBor. This difference in the micre-structures between the welds in

conjunction with the lower solidus temperature of the welds produced with the filler alloy
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#266, in comparison to the solidus temperatures of the fusion-zones and heat affected
zones adjacent to the weld, leads to a significant reduction in the propensity to cracking of
the welds, as they solidify, and hot-cracking in the reglons adiacent to these welds,

[0G90] As can be seen when comparing the micrographs shown in Figure 12, even
when cracks develop in the welds produced with filler alloy #2686, which contains 0.3% {by
weight) of scandium, they are much finer {Le. narrower and shorter) than the cracks
formed in welds produced with scandium-free filler alloy #263.

10091} The feasibility of fusion welding AA 7085 plates with an embodiment ofa
filler alloy has been successfully demonstrated. The fusion weldability of AA 7085 plates
with the filler alloy #2686 is compared with the fusion weldability of 7085 with the 5354
commercially available filler alloy and three other filler alloys {#263, #2864, #265] (Table
31 Both visual and Dye-Penetrant inspections of all the welds, which were deposited with
the manual (GTAWTIG) process, clearly demeonstrated that the filler alloy (#2266} yielded
the soundest welds. The results with this weldability test were replicated three {3} thmes
with sach of the welding filler allpys.

Exgmpie 2

(3092} n example 2, post weld heat treatment of AA7085 base metal welded with

filler metal according to ceratin embodiments was investigated.

Table 4 - Composition Himits of two candidate filler alloys

Filter Alioy Fe St Mg Cus In 2 S8 #e
CHE5D <308 | <G5 | 2% 1.6 7.5 0.1 Q.02
Clsel <008 § Q.06 | 2.5 1.6 7.5 11 8.3 .02
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Table 5 - Candidate Post Weld Heat Treatments

Post weld heat treatment investigation of 7085 plate welded with 7xxx+5¢ filler wire

PCT/US2015/055791

#of

Condition | SHT Quench Aging Specimens
log to 870 Fin 6h
soak for 6h,ramp o I50F/12h +

1 CWQ 3
890F in 3h and soak 310F/9h
for 12h
fog to 890F in 6h and 50 F/12h+

2 CWGQ 3
soak for 12h 310F/9h
fog to BSOF in 6h and 250 F/12h +

3 CWQ 3
soak for 6h 310F/Sh
log to B90F in 6h and 250F/12h+

4 force air cool 3
spak for 12h 310F/9h
iog to 890F in 6h and 250 F/12h+

5 force air cool 3
soak for 6h 310F/9h
log to B90F in 6h and 250 F/12h+

& air cool 3
soak for 12h 310F/Sh
log to B90F in 6h and

7 CWGQ 375/20min+310F/6h 13
soak for 12h

8 fog to 890F in 6h and | CWQ 375/20min+320F/4h 1 3
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soak for 12h
fog to B90F in 6h and
9 force air cool | 310F/9h 3
spak for 12h
fog to 890F in 6k and
10 force air cool | 310F/Sh 3
soak for 6h
log to 8#90F in 6h and
11 force aircool | 375/20min+310F/8h {3
soak for 12h
log to BOOF in 6h and
12 force air conl | 375/20min+320F/4h {3
soak for 6h
250 F/1Zh+
13 3
310F/9h
14 375/20min+310F/6h | 3

Table & ~ Weld efficiency after post weld heat treatiment

Té-Alr TG~ Forced [T6-~Water
Filler Alloy  As-welded TS

Cood Afr Cool Quengh
LO650 46,3% 45,744 77.7% 86,484 98.1%
CO&6D 53.7% &0.08% 79.5% 85.2% G8.2%

T5 - Low temperaturs age
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T& ~ SHT + Quench + Age

3093} Weld efficiency is defined as tensile strength of the weld divided by the
tensiie strength of the base metal,

(3094} Although the welding repair and mold plate repaired using the disclosed
methods, systems and apparatus have been described in detall with refergnce to several

embodiments, additional variations and modifications exist within the scope and spirit of

the disclosure,
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CLAIMS

1. Amethod comprising:

s

a. fusion welding a filler metal to a first aluminum component;

i, wherein the first aluminum component comprises g 7xxx series

aluminum alloy;

. wherein the filler metal comprises an aluminum aloy, in weight

percent:

1.

Et

5.

B.

wt, % Cu.

percent:

a. uptolls Fe;

|53

up to 0.15 Si;

up to 0.15 Fe;

up to 15 S

from 2.3 10 2.7 Mg
from 1.4 t0 1.8 Cy;
from 6.0t 9.0 Zn; and

from 0.06 16 0,14 Zr.

The method of claim 1 wherein the 7xx series aluminum alloy comprises 0.5-2.6

The method of claim 1 wherein the filler metal consists essentially of, In weight

from 2.3 to 2.7 Mg;

from 1.4 t0 1.8 Cu;

from 6.0 to 9.8 Zn;

from 0061w 014 2r; and

26
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g optionally, up to 0.45 S¢,
h. the remainder being aluminum, incidental elements and impurities,
4. The method of claim 1 wherein the filler metal comprises, in weight percent, up io
(.45 Sc.
5. The method of claim 1 wherein the filler metal comprises, in weight percent, 0.25 -
.35 Sc.
6. The method of claim 1 wherein the filler metal comprises, in weight percent, up to

L14 Fe.

=3

The method of claim 1 wherein the {iller matal comprises, in weight percent, up to

(.10 5L

8. The method of claim 1 wherein the fillsr metal comprises, in weight percent, 7.3 1o
7.7 Zn.

8, The method of clalim 1 wherein the filler metal comprises, in weight percent, (.10 to
0.12 7r.

18, The method of claim 1 wherein the filler metal comprises, in welght percent, up to
3.03 B.

11. The method of claim 1 wherein the filler metal comprises, in weight percent, 3.015
to 0025 B.

12. The method of claim 1 wherein the 7xxx series alloy comprises one oft 7x09, 7x10,

Tx12, Txd4, Txd6, Tx20, Txdd, 7a22, Tx23, 724, Tx25, Tx26, Tx28, Tx29, Tx30, 7534,

Tx33, Tx34, Tx35, Tx36, 7x37, 7x40, Tx41, Tx42, 7046, 7x49, 750, Tx55, 7«56, 7x6l,

Txhd, Tuhb, TxaB, Tu75, 776, Tx78, 7x79, 7x81, 7x85, 7x90, 7x93, 7x95 and 7x99.

I
-l
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13. The method of clabm 12 wherein the 7xx series alloy comprises one oft 7x09, 7x16,
T2, x4, Txl6, Tx22, Txi3, Tx24, Tx25, 7x26, Tu2Q, Tx32, Tx33, 7x34, Tx36, 7Tx37,
Tx40, Txdl, Txd2, 7x49, 7x58, 7x58, 7x56, 7x60, 7x64, Tx65, 7x68, 7575, 7476, 77§,
TH7G, 781, Tx8E, 790, x93, 7x95 and x99,

14. The method of claim 1 wherein the 7xxx series alloy comprises, in weight percent:

a. upto3.065L;

b oupto 0.08 Fe;

]

13t 2.0 Gy

d. upio 3.064 My

8. 1.2to 1.8 Mg

£ upto (.04 Cn;

g 70wy

h, upto 0,15 7§ and
i G080 00452

15. & method comprising:
a. abuiting a first aluminum component against a second aluminum component,
wherein an abutment s formed, and
b, fusion welding a filler metal to the first aluminum component and to the
second aluminum component so that 2 welded joint is formed at the
abutment;
i. wherein the first aluminum component comprises a 7xxx series alloy;
it, wherein the filler metal is an aluminum alloy comprising, in weight
percent:

1. uptof.15 Fe;

28
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s

up to 015 8

from 2.3 10 2.7 Mg

0

4, from 1.4to LBy
5 from &0 90 Zn;and
& from U.06t0 (.14 Zr,
16. The methed of claim 15 whersin the filler metal comprises, in weight percent, up to
(.45 Sc,
17. The method of claim 15wherein the 7xxx series alloy comprises 8.5-2.6 wt, % Cu.
18. The method of claim 15 wherein the welded joint is one of a: butt, corner, sdge, lap,
and tee.
19, A method comprising
a. locating a surface defect of a mold block;
i, wherein the surface defect has a first volume:
i, wherein the surface defect is at least partially surrounded by an
original volume;
ifi, wherein the mold block includes the original volums;
tv, wherein the mold block s made of an aluminum alloy; and

b, wherein the aluminum alloy is a 7xxx serles aluminum alloy;

£

repairing the surface defect, wherein the repairing comprises fusion welding
a filler metal to at least a portion of the original volume to produce a repaired
volume;

. wherein the repaired volume includes the first volume of the surface

defect and at least a portion of the original volume; and

29
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i, wherein the filler metal is an aluminum alloy comprising, in weight

percent:

Lo

up to 8,15 Fe;

2. upto 1550

3. from2.3t0 27 Mg

4, from 1.4 to 1.8 Cu;

5. from 6.0 t0 9.0 Zn; and
6 from (3.06600.14 7r

28, The method of claim 19 wherein the filler metal comprises, in weight percent, up to

21. The method of claim 19 wherein the 730 series aluminum alloy comprises(.5-2.6

wt. % Cu.

30
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