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Microstructure and Properties of a 
Welded Al-Cu-Li Alloy 

CTA weldments made with Li-containing 
filler metals display good properties 

BY L S. KRAMER AND J. R. PICKENS 

ABSTRACT. Aluminum- l i th ium alloys 
are being considered for several appli
cations that take advantage of the attrac
tive combination of properties in these 
alloys including low density, high mod
ulus, and high strength. A recently intro
duced Al-Cu-Li alloy, Weldalite™ 0491, 
has the unique combination of ultrahigh 
strength and good weldability. In this in
vestigation, the mechanical properties 
of fusion weldments of Weldal i te 049 
made using Li-containing fi l ler metals 
are examined. Hardness, tensile tests at 
ambient and cryogenic temperatures, 
fractography, and microstructure were 
evaluated for weldments made wi th 
three ternary Al-Cu-Li fi l ler metals and 
commercial Al-Cu filler metal 2319. The 
response to heat treatment of these weld
ments was also investigated. The results 
suggest that the use of Li-containing filler 
metals can produce weldments that are 
free from hot-tearing problems and pos
sess good mechanical properties. 

Introduction 

The use of l i thium-containing alu
minum alloys in welded applications has 
not been widespread in the Western 
Wor ld due to concerns over weldabi l 
ity. In aluminum alloys, hot-tearing re
sistance is the property that is most often 
equated with weldability, although other 
issues, such as pretreatments to prevent 
porosity and the welding parameters re
quired to obtain good joint strength, are 
also important. 

L. S. KRAMER and J. R. PICKENS are with 
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Weldal i te™ 049 was introduced in 
the late 1980s as a high-strength weld
able alloy (Refs. 1, 2), whose excellent 
strength has been attributed to the high 
Cu:Li wt -% ratio and the addit ion of 
minor amounts of Ag and Mg to stimu
late precipitation hardening. One of the 
advantages of this alloy is its abil i ty to 
attain very high strengths with or w i th
out prior cold work, a necessity to attain 
the highest strength tempers in most A l -
Cu and Al-Cu-Li alloys. This, along with 
a very strong natural aging response [i.e., 
hardening at ambient temperature) make 
the alloy attractive for a variety of appli
cations, most notably aerospace appli
cations such as cryogenic fuel tanks for 
launch systems. The alloy has been 
welded by various processes, with im
provements in joint strengths over those 
obtained with existing alloys (Refs. 1, 2, 
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4, 5). The Cu and Li contents of the alloy 
are such that it is expected to be easily 
weldable (Ref. 3) and indeed, its weld
ability, as measured by resistance to hot-
tearing was determined to be almost as 
good as that of the easily welded Al-Cu 
Al loy 2219, and superior to that of A l -
Cu-Li Al loy 2090 and Al-Cu-Mg Alloy 
2014 (Ref. 4). 

The low-density Li-containing Al al
loys such as 2090, 8090 and 2091 were 
commercial ly developed to effect fuel 
cost savings in aircraft. Joining in the air
craft industry is primarily accomplished 
via mechanical fastening, so weldability 
was not a primary concern in develop
ing these alloys. The possibility of also 
using the advantageous combination of 
a luminum-l i th ium alloy properties for 
space applications, where parts are often 
joined by welding, led to several prelim
inary weldability investigations of com
mercial Al-Li alloys (Ref. 5). This re
search has primari ly been concerned 
with mechanical properties, hot-tearing 
resistance, choice of filler metal, and cor
rosion behavior of weldments. 

The purpose of this present investiga
tion is to gain a better understanding of 
the relationship between the microstruc
ture of weldments made with Li-contain
ing fi l ler metals and the mechanical 
properties. It is hoped that weldments of 
Li-containing aluminum alloys could be 
utilized to their full potential by the de
velopment of Li-containing filler metals 
that produce weldments of high strength 

' Registered with Aluminum Association in 
two variants, X2094 and X2095. 

W E L D I N G RESEARCH SUPPLEMENT I 115-s 



Table 1—Composition of Alloys (wt-%, bal. = Al) 

Base Metal 

Weldalite™ 049 
nominal*3' 

Cu 

4.75 1.25 

Other 

0.4 Mg, 0.4 Ag 
0.14 Zr, 0.03 Ti 

Filler Metals 
5-0.5 nominal 

measured 
5-1.0 nominal 

measured 
5-1.5 nominal 

measured 
2319 nominal 

5.2 
5.20 
5.2 
5.02 
5.2 
5.04 
6.3 

0.5 
0.47 
1.0 
0.95 
1.5 
1.39 

0.18 Zr, 0.15 Ti, 
0.30 Mn, 0.10 V 

(a) This composition is within the range of Weldalite™ Alloy X2094, registered with the Aluminum Association. 

and ductil ity without harmful hot-tear
ing. This investigation focuses on the 
mechanical properties of weldments at 
ambient and cryogenic temperatures, 
and the response of the weldments to 
heat treatment. 

Experimental Procedures 

Based on the mechanical properties 
of Weldal i te 049 and its weldabi l i ty, 
filler metals with similar high-Cu low-Li 
contents were chosen as model alloys 
for investigation. Four filler metals were 
examined: three ternary Al-Cu-Li alloys 
and Al-Cu Alloy 231 9 — Table 1. Each 
filler metal was spooled welding wire of 
0.0625-in. (1.6-mm) diameter. The base 
metal used was 0.375-in. (9.5-mm) thick 
extruded bars of Alloy X2094 in the un-
deraged T8 condition. This was obtained 
by a solution heat treatment at 500°C 
(932°F) for 1 h fol lowed by a water 
quench, cold work (;'.e., 3% stretch), and 
artificial aging at 1 60°C (320°F) for 6 h. 

Variable polarity gas tungsten arc 
welding (VPGTAW) was used to jo in 
two, 2-in. (51-mm) wide extruded bars 
of X2094-T8. The joint configuration 
was a flush square-groove butt joint (i.e., 
no root opening), and the bars were 
rigidly clamped and welded in the hori
zontal position with fi l ler metal added 
through an automated wire feed mech
anism. The welding parameters are listed 
in Table 2. The joint was oriented par
allel to the extrusion direction. 

Chemical mi l l ing in a 30% NaOH 

aqueous solution at 100°C (212°F) was 
used to remove the surface layer of the 
bars and prepare them for welding. The 
bars were then cleaned in a 30% H N 0 3 

aqueous solution. Just prior to welding, 
the joint faces were mechanically 
abraded with a hand file. 

Both Vickers hardness traverses with 
a 10-kg load and optical microscopy 
were used to examine the effect of heat 
input on the different weld zones in the 
weldment. 

Smooth, round tensile specimens 
(0.25-in./6.3-mm diameter) wi th a 1.0-
in. (25.4-mm) gauge length consisting 
of the weld, heat-affected zone (HAZ), 
and base metal were used to minimize 
the effects of slightly different weld bead 
geometries. In addit ion, reduction in 
cross-sectional area was used as a more 
sensitive and more representative mea
sure of relative ducti l i ty in addition to 
specimen "apparent" elongation. That is, 
since plastic deformation was confined 
to the weld zone, elongation is depen
dent on specimen gauge length, but re
duction in area is not. Weldment tensile 
specimens were tested at an ambient 
temperature of 20°C (68°F) and at a cryo
genic temperature of -1 96°C (385°F) at
tained in a l iquid nitrogen bath. Most 
weldments were tested in the as-welded 
condit ion, i.e., only ambient tempera
ture (natural) aging occurred. The re
sponse to heat treatment was examined 
on weldments made using one of the 
fil ler metals (5Cu-1 Li). Although not 
practical on many large structures, heat 

Table 2—Fusion Welding Parameters 

Current: 

Voltage: 
Polarity: 

Frequency: 

235 A 

12.5 V 
0.01 s electrode negative 
0.001 s electrode positive 
91 Hz 

Cas: 

Electrode: 

Travel: 
Wire Feed 

He 70 ft3/h (33 L/min) 

W (2% Th), 30 deg included angle 
0.04 in. (1 mm) truncation 
11 in./min (4.6 mm/s) 
20 in./min (8.5 mm/s) 

treatment of weldments is sometimes 
used on small parts or on parts that sub
sequently undergo a forming operation. 
Heat treatments examined included 
postweld artificial, i.e., elevated temper
ature aging (PWA), and solution heat 
treatment of the weldment (specimens 
were solution heat treated similarly to 
the base metal as outl ined above) plus 
natural or artificial aging, referred to as 
SHT + NA and SHT + AA, respectively. 

Optical metallography was per
formed on chemically etched specimens 
(etchant: H 2 0 + 2 g NaOH + 5 g NaF) 
and on anodized specimens (Barker's 
reagent: H 2 0 + 2 vo l -% HBF4 at 20V) 
under polarized light. The former 
etchant clearly shows the microstruc
tural phases, whereas the anodizing 
technique reveals the grain structure. 

Results 

Weldability 

Radiographic investigation of the fu
sion weldments revealed no hot-tearing 
{Le., good weldability), even though the 
bars were highly constrained during 
welding. The weldments exhibited a sur
prisingly bright and clean surface for Li-
containing alloys and no appreciable 
porosity. This can be attributed to three 
factors: 

1) The Li content of this alloy is lower 
than that of other commercial Li-con
taining alloys (near 1 wt -% vs. greater 
than 2 wt-%) 

2) The successful surface removal 
treatment given to the plates prior to 
welding. 

3) The use of a variable polarity 
power wherein the AC component of the 
VPGTAW process imparts a cleaning ac
tion on the molten weld pool without a 
significant sacrifice in joint penetration 
depth. 

Hardness 

Hardness traverses on the weld and 
HAZ show little differences, which is 
likely in part due to the high dilution of 
base metal into the weld. Based on the 
measured ratio of the cross-sectional 
area of the joint before and after weld
ing, it was found that the fusion zone 
contains 70 to 80% base metal. In gen
eral, the first weld pass is somewhat 
harder than the second, and in the HAZ, 
hardness first increases, then decreases, 
and finally increases to the base metal 
value of approximately 200 VHN. Post
weld artificial aging decreases the fusion 
zone hardness slightly, whereas SHT in
creases the hardness, as expected, and 
causes a leveling of the local hardness 
peak in the HAZ, as shown for the 5Cu-
1 Li filler metal weldments in Fig. 1. 
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Tensile Tests 

In the as-welded condi t ion, tensile 
strengths of approximately 50 ksi (345 
MPa) with good ductility were obtained 
for all four weldment variants —Table 
3. At -196°C, differences among the 
variants became apparent, with the 5Cu-
1 Li filler metal weldments attaining the 
highest tensile strength: 58.7 ksi (405 
MPa) with a 5.4% RA. 

The ultimate tensile strength (UTS) 
was not greatly affected by the PWA, al
though reduction in the cross-section 
area (RA) increased in the early stages 
of aging. Postweld artificial aging may 
prove to be a simple, practical method 
for increasing weldment ductility forcer-
tain applications. Artif icial aging after 
SHT similarly increased ductility at short 
aging times wi th a corresponding 
strength decrease. Wi th continued 
aging, tensile strengths as high as 87.8 
ksi (605 MPa) were obtained, although 
ducti l i ty decreased at the longer aging 
times required for such high strength — 
Table 4. Although the limited amounts 
of materials available prevented exten
sive weldment temper development, the 
preliminary properties presented here 
are extremely encouraging. 

Microstructural Evaluation 

Little difference in grain size is ob
served when comparing weldments 
made with the Al-Cu-Li fil ler metals to 
those made with 2319, even though the 
231 9 filler metal contains several grain 
refiners (Zr, Ti, V, Mn) at relatively high 
levels and the Al-Cu-Li filler metals con
tain none. Apparently, di lution of base 
metal into the fusion zone provides suf
ficient amounts of grain-refining ele
ments (Zr, Ti) to effect grain refinement. 

O 

ffi 

190 

. 7 0 

150 
00 
<n 
<D 1 3 0 
C 

T5 
U 1 10 

rc 
90 

< fusion zone——>• 

SHT+ 160X(24h) 

PWA 160°C(16h) 

-15 -10 -5 0 5 

Distance (mm) 
Fig. I — Hardness traverses of the 5Cu-l Li filler metal weldment in the as-welded condition 
and in several heat-treated conditions. 

Table 3 -

Filler 
metal 

at 20°C 

5-0.5 
5-1.0 
5-1.5 
2319 

at - 1 9 6 ' 

5-0.5 
5-1.0 
5-1.5 
2319 

-Weldment Tensile Test Results, 

0.2% Y S 
ksi (MPa) 

C 

33.8 (233) 
34.7 (239) 
34.5 (238) 
34.4 (237) 

43.8 (302) 
44.3 (305) 
44.9 (310) 
44.3 (305) 

As-Welded Condition*' ' 

U T S 
ksi (MPa) 

48.6 (335) 
49.9 (344) 
50.8 (350) 
49.7 (343) 

55.7 (384) 
58.7 (405) 
57.4 (396) 
55.7 (384) 

R A 
(%) 

7.5 
10.5 
10.0 
10.7 

4.5 
5.4 
2.0 
3.3 

El 
(%<b>) 

3.3 
3.7 
4.4 
3.9 

1.8 
2.6 
2.0 
1.7 

(a) Each datum is the mean of 3 values. 
(b) % elongation in 1 in. (2.54 cm). 

Table 4—Weldment Tensile Test Results after Heat Treatment (5-1.0 Filler) 

Aging 
Temp. 

(°Q 
PWA 
160 
160 
160 

SHT 
25 (NA) 

160 
160 
160 
160 
160 
160 
160 
180 

at - 196°C , SHT + 
25 (NA) 

160 

Aging 
time 

(h) 

2 
6 

24 

+ 
700 

2 
6 

16 
20 
14 
40 
67 

6 

700 
20 

0.2% Y S 
ksi (MPa) 

23.9 (165) 
26.1 (180) 
37.0 (255) 

U T S 
ksi (MPa) 

43.3 (299) 
45.4 (313) 
50.4 (347) 

R A 
(%) 

19.9 
30.7 

6.0 

El 

(%<a>) 

4.9 
7.9 
2.5 

49.0 (338) 
39.5 (272) 
41.8 (288) 
51.3 (354) 
65.7 (453) 
62.7 (432) 
84.1 (580) 
83.0 (572) 
69.1 (476) 

70.1 (483) 
67.6 (466) 
66.9 (461) 
69.6 (480) 
79.1 (545) 
74.0 (510) 
87.8 (605) 
86.8 (598) 
73.6 (507) 

20.3 
27.6 
23.1 
17.1 
11.6 
10.7 
2.7 
3.2 
3.5 

16.9 
25.7 
20.1 
7.8 
4.4 
3.7 
0.8 
0.8 
0.9 

63.9 (441) 
72.0 (496) 

80.4 (554) 
81.8(564) 

6.3 
5.5 

9.4 
1.9 

(a) % elongation in 1 in. (2.54 cm). 
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Fig. 2 — Weldment cross-section (filler metal 5Cu-1Li). Fig. 3 — Banded grain structure after the first weld pass. 

These elements, in the form of inter
metallic aluminide dispersoids, act as 
nucleation sites during sol idif ication, 
thereby refining grain size (Refs. 6, 7). 
In addit ion, disrupted solidif ication 
caused by the agitation of the weld pool 
during welding contributes to the fine 
grain size observed — Fig. 2. 

The first weld pass is generally more 
refined than the second pass, and trans
verse solute banding or contouring is ap
parent in the representative micrographs 
of Fig. 3. It is likely that fluctuations in 
the welding arc cause cyclic changes in 
growth rate at the liquid/solid interface 
producing bands of solute enrichment 
and solute depletion, which often leads 
to bands of different grain sizes (Ref. 8). 
Each grain contains colonies of dendrites 
with parallel stems that solidify with few 
side branches in a structure designated 
"cellular dendritic." 

On the dendrite boundaries, inter
metallic phases are present as a result 
of divorced-eutectic solidification. The 
fast solidif ication rate associated with 
welding, coupled with high interfacial 
energy, causes the eutectic constituents 
to solidify in this separated form. After 
solidification, the solute-rich intermetal
lic constituent is present in a semiglob-
ular morphology on the cell boundaries 
wi th the aluminum solid-solution con
stituent being indistinguishable from the 
aluminum matrix. 

Discussion 

Hardness: As-Welded Condition 

Only a small amount of precipitation 
hardening is possible in the weld zone 
due to the solute concentration gradient 
in the grains. Solute concentration varies 
from the grain interior to the grain 
boundary due to the nature of dendritic 
solidification (Ref. 9). As the weld pool 
solidifies, the first solid consists mainly 
of a-aluminum, with much of the solute 

partitioned into the lower melting point 
liquid and ultimately to the cell bound
aries after solidification is complete. The 
degree of solute segregation is depen
dent upon alloy composition and cool
ing rate. The resulting non-uniform, so
lute-depleted grains have low hardness. 
In addition, insufficient quenching from 
welding temperatures apparently results 
in little supersaturation for precipitation 
hardening. Microstructural refinement 
and some type of heat treatment pro
vided by the second pass (e.g., possibly 
solution treatment or artif icial aging) 
cause the fusion zone from the first weld
ing pass to be somewhat harder than that 
of the second. 

In the HAZ, hardness increases and 
then decreases with distance from the 
fusion line — Fig. 1. The portion of the 
HAZ closest to the weld is harder than 
the rest of the HAZ, but still softer than 
the base metal. A possible explanation 
for this behavior is that this region of the 
weldment was subjected to sufficient 
heat for a reasonable amount of solu-
tionizing and a fast enough cooling rate 
to be quenched and produce a some
what supersaturated solid solution. Very 
fine precipitates could have formed dur
ing cooling or during natural aging, re
sulting in a local hardness peak in the 
HAZ. Such a phenomenon has previ
ously been observed in the HAZ of A l -
Cu Al loy 2219 and the similar Russian 
Alloy 1201 and was attributed to phase 
dissolution followed by fine 9' precipi
tation in this region (Refs. 10,11). Phases 
present in the HAZ of Weldali te 049 
have not yet been identified but are 
likely similar to the fine precipitates of 
8' (Al3Li) and GP zones found in the base 
metal after quenching (Refs. 1 2, 1 3). 

Optical micrographs of these regions 
discussed above are shown in Fig. 4. The 
cast structure of the weld zone is shown 
in Fig. 4A, with the region of the HAZ 
closest to the weld, (corresponding to 

the high-hardness zone), shown in Fig. 
4B. Partial melting, as characterized by 
pockets of a two-phase eutectic struc
ture is evident in this region. The adja
cent softer region of the HAZ etches 
more readily, and Fig. 4C reveals an 
overaged microstructure. As the hard
ness traverse progresses into the base 
metal, the heat transfer from welding has 
negligible influence on the base metal 
microstructure — Fig. 4D. 

Hardness: Heat-Treated Conditions 

Postweld aging does not affect the 
hardness greatly for the times and tem
peratures evaluated. Artificial aging after 
welding results in an inhomogeneous 
distribution of precipitates, especially 
outside the fusion zone, where the base 
metal was already in the heat-treated T8 
condition prior to welding. 

Solution heat treatment redissolves 
most of the interdendritic phases in the 
fusion zone and the visible phases in the 
HAZ, and quenching retains a somewhat 
supersaturated solid solution in the ma
trix, allowing precipitation hardening to 
occur upon aging. More solute is avail
able for strengthening in the matrix than 
on the boundaries because SHT causes 
the grain interiors in the fusion zone to 
become more homogeneous wi th less 
of a solute gradient. The local peak in 
HAZ hardness also disappears. Artificial 
aging after SHT (Fig. 5) hardens the 
weldments even more by al lowing 
greater precipitation hardening to occur, 
although lower ductility is found at long 
aging times as grain boundaries become 
more decorated in both the fusion zone 
and the HAZ. 

Tensile Tests: As-Welded, 
Ambient Temperature 

The strength values reported are 
among the highest values found in the 
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- the hard region of the HAZ; C— the soft region of the HAZ; D— the un-

literature, and the ducti l i ty values ob
tained are good for such high strengths. 
Very few Al alloys are capable of ex
ceeding a tensile strength of 300 MPa in 
arc-welded weldments wi thout post
weld heat-treatment. 

The weldment tensile specimens typ
ically failed through the weld metal and 
the corner of the HAZ — Fig. 6. Frac

ture is primarily interdendritic, and the 
intermetallic phases decorate each frac
ture surface — Fig. 7. These inter
metallics are brittle, as evidenced by 
their being cracked near the fracture sur
face. 

The fracture surfaces of the ternary 
filler metal weldments are heavily dim
pled, which are consistent with the high 

reduction in area measured — Fig. 8. 
Also evident is secondary cracking along 
dendrite boundaries and remnants of in
termetallic phases. 

Tensile Tests: Cryogenic Temperature 

Tensile specimens tested at -196°C 
show a dramatic strength increase but 
were less ducti le than those tested at 
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— Tensile fracture through the weld and HAZ corner of an as-Fig. 6 
welded specimen 

20°C. The differences in mechanical 
properties between the various fi l ler 
metal weldments seem to be amplified 
at this low temperature. For example, 
weldments made with 5Cu-0.5Li and 
2319 fi l ler metals have a lower UTS, 
whereas those made using 5Cu-1.5Li 
fil ler metal suffer from lower ducti l i ty. 
Weldments made wi th 5Cu-1 Li fi l ler 
metal display the best combination of 
strength and ductil ity. The strength dif
ferences are consistent with the fracture 
paths observed, with the lower strength 
weldments occasionally failing through 
the center of the weld bead. The higher 
strength weldments failed through the 
weld metal and the corner of the HAZ, 
as was the case at 20°C. The weldments 
made with 5Cu-1.5Li fi l ler metal con
tain more Li, and copious amounts of 
brittle intermetallic phases form during 
sol idi f icat ion, which may account for 
the lower ductil ity found at lower tem
peratures. In general, SEM fractographs 
are comparable with those of ambient 
temperature specimens, wi th ducti l i ty 

Fig. 7— Brittle intermetallic phases at the fracture surface of a weld 
tensile specimen. 

and secondary cracking along dendrite 
boundaries still evident— Fig. 9. A sim
ilar fracture mode at 25°C (77°F) and 
-1 96°C with retention of ductil ity is an 
important attribute. Certain alloy/fi l ler 
metal weldment combinations change 
from a ducti le fracture mode at room 
temperature to a brittle intergranular or 
quasicleavage mode at cryogenic tem
peratures (Ref. 14). 

Tensile Tests: Heat-Treated Condition 

A cursory postweld aging study was 
performed on the 5Cu-1 Li fi l ler metal 
weldment, wi th aging time varied at 
160°C. Init ial ly, strength decreases 
slightly upon aging with a correspond
ing increase in ductility — Table 4. This 
"reversion" phenomena has been stud
ied by Gayle, et al. (Ref. 13), in Wel 
dalite 049 extruded bar, and it results 
from the dissolution of small 8' (Al3Li) 
precipitates and some GP zones formed 
during natural aging. The present results 
suggest that a short, elevated tempera

ture aging treatment may be an effective 
method for obtaining increased weld
ment ductil ity without a full SHT. Con
tinued artificial aging increases the yield 
strength, but no major increase in UTS 
is realized without a significant loss of 
ducti l i ty. The fracture surface contains 
some dimpl ing, but wi th sharper and 
more abundant cell boundary cracks — 
Fig. 10. 

Art i f icial aging after SHT causes an 
immediate strength drop due to rever
sion, wi th a corresponding increase in 
ductility. Continued aging increases the 
strength, eventually above 600 MPa, 
while decreasing the ductility. It should 
be noted that most base metal aluminum 
alloys cannot attain this high strength 
level even in the fully heat-treated, un
welded condit ion. The aging response 
is similar to that of the base metal (Ref. 
1 5) and a good strength-to-ductility ratio 
is similarly found at a slightly underaged 
(i.e., less than 40 h) condition. Overag
ing produces an abundance of grain 
boundary and coarse matrix precipi-

Fig. 8 — Scanning electron fractograph of an as-welded tensile frac
ture shows a dimpled surface with secondary boundary cracking. 

Fig. 9 — Scanning electron fractograph of a cryogenic (-196°C) ten
sile specimen. 
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Fig. 10 — Scanning electron fractograph of a postweld aged tensile 
specimen reveals cracking at the cell boundaries. 

Fig. 11 — Dimpling and a more homogeneous microstructure are 
evident in this scanning electron fractograph of a solution heat-treated 
and aged tensile specimen. 

tates, that are detrimental to duct i l i ty. 
The fracture surface after SHT (Fig. 11) 
resembles those in the as-welded con
di t ion, but with some differences. The 
fracture is ducti le, but there is less of a 
stepped surface appearance with in the 
grains (compare with Fig. 8). This is pos
sibly due to the disappearance of much 
of the interdendritic intermetallic phases 
during SHT, causing a more homoge
neous distribution of solute. 

Conclusions 

1) Weldal i te™ 049 is capable of 
porosity- and crack-free weldments that 
exhibit very high tensile properties. 

2) Of the three Li-containing fi l ler 
metals tested, the AI-5.2Cu-1 Li variant 
exhibited the best combination of 
strength and ductility: as-welded tensile 
strengths of 50.8 ksi (350 MPa) with 10% 
RA at 20°C, and 58.7 ksi (405 MPa) with 
5 .4%RAat -196°C. 

3) For the variable polarity welding 
process examined, the di lut ion of base 
metal into the weld zone provides suffi
cient amounts of grain-refining elements 
to give fine-grained, high-strength weld

ments without additional grain refiners 
added via the filler metal. 

4) The SHT and aging of these weld
ments produce a more homogeneous 
and refined microstructure, which ac
counts for the increased hardness and 
high tensile values. 

5) Art i f icial aging of the weldments 
(i.e., wi thout re-SHT) increases weld
ment ducti l i ty without a significant 
strength penalty. 
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WANTED - MEMBERS FOR THE 
G2 SUBCOMMITTEE ON ALUMINUM WELDING 

This Subcommittee reports to the newly formed G2 Committee on Joining of Metals and Alloys. This committee in
tends to prepare documents on welding and repair of aluminum, aluminum alloys and aluminum castings. The docu
ments wil l describe the alloys and give typical uses, material preparation, joint designs, joining parameters, postweld heat 
treatments and precautions. All forms of arc welding, resistance welding, high energy beam welding and brazing wil l be 
included in the documents. Persons interested in work on such documents should contact: 

R. L. O 'Br ien 
AWS Headquarters 

800 443-9353 , Ext. 297 
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WRC Bulletin 343 
May 1989 

Destructive Examination of PVRC Weld Specimens 202, 203 and 251J 

This Bulletin contains three reports: 

(1 ) Destructive Examination of PVRC Specimen 202 Weld Flaws by JPVRC 
By Y. Saiga 

(2 ) Destructive Examination of PVRC Nozzle Weld Specimen 203 Weld Flaws by JPVRC 
By Y. Saiga 

( 3 ) Destructive Examination of PVRC Specimen 251J Weld Flaws 
By S. Yukawa 

The sectioning and examination of Specimens 202 and 203 were sponsored by the Nondestructive 
Examination Committee of the Japan Pressure Vessel Research Council. The destructive examination of 
Specimen 251J was performed at the General Electric Company in Schenectady. N.Y., under the 
sponsorship of the Subcommittee on Nondestructive Examination of Pressure Components of the 
Pressure Vessel Research Commit tee of the Welding Research Council. The price of WRC Bulletin 343 is 
$24.00 per copy, plus $5.00 for U.S., or $8.00 for overseas, postage and handling. Orders should be sent 
with payment to the Welding Research Council, Room 1301, 345 E. 47th St.. New York, NY 10017. 

WRC Bulletin 354 
June 1990 

The two papers contained in this bulletin provide definitive information concerning the elevated tem
perature rupture behavior of 2V4Cr- lMo weld metals. 

(1 ) Failure Analysis of a Service-Exposed Hot Reheat Steam Line in a Utility Steam 
Plant 
By C. D. Lundin, K. K. Khan, D. Yang, S. Hilton and W. Zielke 

(2 ) The Influence of Flux Composition of the Elevated Temperature Properties of Cr-Mo 
Submerged Arc Weldments 
By J. F. Henry, F. '.'. Ellis and C. D. Lundin 

The first paper gives a detailed metallurgical failure analysis of cracking in a longitudinally welded hot 
reheat pipe with 184,000 hours of operation at 1050° F. The second paper defines the role of the welding 
flux in submerged arc welding of 2V4Cr- lMo steel. 

Publication of this report was sponsored by the Steering and Technical Commit tees on Piping Systems 
of the Pressure Vessel Research Council of the Welding Research Council. The price of WRC Bulletin 354 
is $50.00 per copy, plus $5.00 for U.S. and $10.00 for overseas postage and handling. Orders should be 
sent with payment to the Welding Research Council, 345 E. 47th St.. Room 1301, New York, NY 10017. 

122-s I APRIL 1992 


