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Abstract
The welding of Al and Cu is considered as difficult due to the formation of intermetallic compounds, which cause a brittle 
joint with increased electrical resistance. This paper investigates etching techniques that were used to contrast the intermetal-
lic compounds for optical microscope analysis. A 0.5 mm AA-1050 sheet was welded to a 0.5 mm SF-Cu sheet in overlap 
configuration. The cross sections were etched by using 17 different reagents, including common Al-grade 2xxx etchants, 
Al-bronze etchants, and specific IMC etchants. A complete microstructural characterization, including the formation of 
intermetallic compounds, is presented. The experimental result showed that a clear distinction of metallurgic structures is 
possible, thus enabling a more detailed analysis of Al-Cu welds. It was found that etchants #09, #14, and #16 revealed best 
the four different intermetallic compounds θ-Al2Cu, η-AlCu, ζ-Al3Cu4, and γ-Al4Cu9.
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Introduction

The joining of dissimilar Al and Cu is a promising tech-
nology for Li-ion batteries electrodes due to the contact-
less power delivery and low-inertia positioning system. In a 
comparative study, it was found that the mechanical strength 
and electrical conductivity are highest for laser-welded bat-
tery cells compared to resistance and ultrasonic welding 
[1]. The laser joining of dissimilar material is performed 
by selectively melting only one of the joining partners, thus 
controlling the intermixture. Based on diffusion and convec-
tion, a dissimilar alloy is formed. It consists, depending on 
the solubility the alloys, of a solid solution and intermetal-
lic compounds (IMCs). The formation of IMC is depend-
ing on the atomic size, crystal structure, electronegativity, 
and valency of both metals; the more they differ, the more 
likely the formation of IMCs [2]. IMCs are usually avoided, 
because they degrade the performance of the joint relative to 
the parent material; for example, they shift the wanted metal-
lic properties of the base materials, good conductivity and 
ductile break behavior, into higher resistivity and a brittle 

break behavior. In order to increase the understanding of the 
IMC formation in the joint, a detailed metallurgical analysis 
of the weld seam is needed.

Regarding the dissimilar Al-Cu joint, it consists of pure 
Al as one base material and pure Cu as the other one. The 
weld seam will consist of solid solutions of both material 
and several IMCs, as the binary phase diagram indicates; 
see Fig. 1 [3]. Even more, metastable phases, for example 
the β′-phase at 77% at. Cu, could be found [4]. In fact, while 
joining Al and Cu, the chemical composition of the joint 
passes through the entire phase diagram, and depending on 
the intermixture and cooling rate, this pass is a few microns 
or less thick. The properties of the varying IMC are not simi-
lar, some of them were found to be harder and with higher 
resistivity [5], and others are more crack sensitive [6].

Weld seam characteristics, such as welding depth and 
seam width, were measured by performing metallographic 
cross sections. In order to analyze the intermixture, and 
therefore the formation of IMC in the weld seam, cross sec-
tions were used. Further investigations such as SEM and 
hardness measurement use polished cross sections as well. In 
order to contrast and analyze the specific structure of a weld 
seam, etchants are used to reveal weld seam details, such 
as IMC, grain structure, and heat-affected zone [7, 8]. The 
results were found on frictions stir welded Al-Cu joints, and 
the mechanical properties of the joint are depending on the 
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intermixture and thus the formation of IMC. The authors in 
[9, 10] use XRD, SEM, EDS, and optical microscope (OM) 
methods to describe the weld seam; however, limited infor-
mation on sample preparation (which is key to obtaining 
high-quality data) was provided, and no information about 
etching methods.

Laser-welded Al-Cu joint was characterized by [11]; 
using SEM techniques, four characteristic layers were iden-
tified. Each layer consists of varying IMC and base material, 
and the author stated that joint properties can be linked to 
their relative layer. In [6], five layers were identified using 
an SEM, too. The authors prepared optical micrographs, 
etched with Keller’s reagent. The structure found by optical 
microscopy was not included in the manuscript. The authors 
in [12] described an Al-Cu interlayer using SEM, without 
using optical micrographs.

Only little information on the preparation of dissimilar 
Al-Cu cross sections for optical microscopy can be found 
in the literature. Information about the used etchants were 
limited to a minimum or not mentioned. Optical micro-
graphs have several advantages over electron microscopy. 
Chromatic images increase the contrast of metallurgical 
structures, which can be further enhanced by using selec-
tive etchants. Furthermore, the use of optical microscopy is 
more cost and time efficient than SEM.

In this paper, metallurgical cross sections of laser-welded 
Al-Cu were analyzed using light optical microscope. The 
main objective of the paper is to present the etching of Al-Cu 
weld seams to observe different patterns, features that are 
formed in the weld seams. A review of 17 etchants for Al-Cu 
welds is presented and summarized. The reliable identifica-
tion of structures in the Al-Cu weld seam is the starting 

point for further investigation on the formation of the IMC 
in the weld seam and how the IMCs affect the properties of 
the joint.

Materials and Experimental setup

All tests were carried out using AA-1050 in soft (annealed) 
state, welded to SF-Cu in soft state. The materials were 
welded without any surface cleaning routine; attention was 
paid on welding an uncrumpled and flat surface in order to 
avoid weld irregularities. The welded coupons had a size 
of 40 × 40 (Al) and 40 × 45 (Cu) and were prepared from 
40 mm rolled band material with a thickness of 0.5 mm. The 
materials were welded in overlap configuration, with Al on 
top. The weld seam was 40 mm width across both materials.

The welds were performed using a TruDisk 2000 with 
1030 nm wavelength and an energy density of 32 MW/cm2. 
No shielding gas was used, since it was found that the lack 
of shielding gas does not alter the mechanical properties of 
the joint [13]. The weld seam width is 0.81 mm, achieved 
by wobbling, laser power was set to continuous 700 W, and 
a feed rate is 290 mm/s. The weld seams were welded with 
high laser power in order to achieve high intermixture. The 
higher the intermixture, the more IMCs are formed which 
then are more accessible to analyze. It is known that a high 
energy input increases the brittleness and thus creates more 
cracks; furthermore, the weld becomes more porous. Since 
we want to analyze the contrast capability of different etch-
ants, the mechanical properties and joint quality are not of 
interest for this study.

Fig. 1  (a) Binary phase diagram, as investigated by [26]. (b) Al-Cu joint sample, laser welded. (c) Cross section of Al-Cu weld seam, unetched
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The cross sections have been prepared using 320 and 800 
grinding paper, 6, 3, and 1 µ diamond polishing, and 0.25 µm 
diamond end polishing, as reported in Table 1. The samples 
were sectioned using a puncher, and each sample contained 
five weld seams. The samples were positioned into silicon 
molds, fixed with plastic clips, and cold embedded using a 
quick hardening, acryl-based resin. The samples then were 
grinded/polished using a semiautomated grinding machine.

The weld seams were etched using multiple etching 
agents, see Table 2, in order to identify the IMC and ana-
lyzed by optical microscope. The chemical composition, 
etching time, and temperature are reported in Table 2. The 
etchants were chosen based on common literature on Al-Cu 
dissimilar welds. Technical Al-Cu alloys are mostly limited 
to chemical ranges within the solubility of the metals to each 
other, which is about 18% at. Al to Cu and approx. 2% at. 
Cu to Al [4]. Thus, several etchants are based on either alu-
minum bronze or copper-alloyed aluminum, known as 2.xxx 
alloys. Chromium(IV) oxide-based etchants were found in 
various publications, for example [14–17], and used as cop-
per etchants. Recent studies have shown that those chemi-
cals were carcinogenic and mutagenic. For these reasons, the 
chemicals and their applications will be restricted by the end 
of 2017 [18]. As a result, those etchants will not be used in 
the current investigations.

Results

The etchants shown in Table 1 were applied to the Al-Cu 
weld seam to reveal the weld seam structure, heat-affected 
zone (HAZ), and base material grains. The detected struc-
tures are presented in Fig. 2 and  described in Table 3 in 
a schematic cross section. It was found that nine distinct 
regions can be identified inside the weld seam. They were 
numbered from 1 to 9, starting from the Al side.

The main structure exists in every weld seam, but not an 
individual etchant could reveal all the mentioned structures; 
each etchant contrasted a specific structure, also depending 
on etching procedure. Considering the finite resolution of 

optical microscopy, it was difficult to observe some struc-
tures, especially 5–6–7. Therefore, the main structures which 
can be found in most cross sections are 1–2–3–4–8–9. The 
intermixture is high for laser-welded joints; thus an alter-
nating, but ordered sequence or structures 1–9 are likely to 
be obtained. The patterns and microstructures resulting in 
the weld seam are classified into nine different structures 
or regions.

It was found that structure 4 is the  Al2Cu-θ phase, struc-
ture 5 the AlCu-η phase, and structure 7 the  Al4Cu9-γ phase. 
Structure 6 consists of ζ-phase   (Al3Cu4). The identifica-
tion of the phases was based on micro-XRD results and is 
presented in [26]. A similar description of the structures 
in the weld seam was discussed by [10]. Four distinct 
zones, phases, as found in the literature were identified. 
The columnar dendrites, region ④, resemble zone 2 (Lump 
(Θ-CuAl2) + eutectic (α + Θ)). The region ③ is correspond-
ing to the zone 3 (eutectic α + θ) and the region ② to zone 
4 (Dendrites α + Al). Zone 1 was identified by the as γ2-
Cu9Al4 grains.

Some structures can be identified before etching; see 
Fig. 3a. For example, dendrites ④ + ⑤, or the copper bronze 
⑧, are colored in yellow. Application of etching routine to 
the weld seam resulted in an increased contrast of the vary-
ing Al-Cu intermetallic structures formed during welding 
of aluminum and copper. Figures 3 and 4 show the specific 
results, which are described hereafter.

#01: Keller The Keller etching is commonly used for Al-Cu 
weld seams. Etching for 5–15 s revealed the structure ④, 
which is clearly contrasted from ③; see Fig. 3c. Increasing 
the etching time to 2 min strongly etched the regions ② and 
③, and ④ was etched too. By this, ⑤ is more contrasted. The 
results are best for short etching times; see Fig. 3c.

#02: Weck This KE_002 etched both base materials Al① and 
Cu ⑨. However, grain structures were not revealed. The area 
② appeared blue, even at higher magnification of 200 ×. The 
developed color was not uniform. The etchant was dissolving 
the cotton and attacking the nitrile gloves.

Table 1  Description of grinding and polishing procedure used

Step Description of the procedure (cloth type/size) Time, min Speed Force, N Lubricant

Grinding SiC paper 320 grit 2 250 RPM 20–25 Water based
SiC paper 800 grit 4

Cleaning Clean with ethanol in ultrasonic bath 2
Polishing Hard, woven cloth with 6 µm diamond suspension 3 150 RPM 20–25 Water based

Short-napped velvet cloth with 3 µm diamond suspension 2
Soft, long-napped cloth with 1 µm diamond suspension 2
Soft, long-napped cloth with 0.25 µm diamond suspension 1

Cleaning Clean with ethanol in a ultrasonic bath 2
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#03: 2‑step etchant In this two-step etching, Al-Cu weld 
seam is first etched with KE_03 and then it is etched with 
KE_02 (Weck). The dendritic region ④ appeared brown/dark 
with a light contrast of ④ from ③. ④ and ⑤ were colored in 
light blue; the etching was not uniform.

#04: Macro‑Cu Starting from base Al①, the regions ②to ④ 
were not etched. At reduced magnification 50 ×, the region④ 
was not seen, but ⑤ appeared in blue. In ⑦, an acicular, mar-
tensitic-like structure is revealed. The copper ⑨ was etched 
and the grains are well contrasted.

#05: Tucker KE_05 manly etched ② and slightly etched 
③, giving a contrast between ② to ④. The etchant attacked 

the transition between ⑤ and ⑥, revealing cavities of a few 
microns diameter. In ④, the dendrites were striped with a 
lamellar appearance with gray and black in color.

#06: Al etchant This etchant, which was applied at 70°C, 
mainly etched the dendrites ④. The structures in ② and ③ 
were not clearly seen. A light contrast was found between ④ 
and ⑤. This etchant is revealing only the dendritic structure 
⑤. The copper-rich zones ⑥–⑨ were not etched.

#07: Macro‑Al This etchant revealed the grains of Aluminum 
①. The regions ② and ③ were etched, the contrast was best 
for etching times of 3 min. A good contrast between regions 

Table 2  List of 17 etchants, which were used during the investigations

Nr Name Chemical composition Etching time, s Temp., °C Etching method Literature

#01 Keller 950 ml  H2O; 25 ml  HNO3; 
15 ml HCl; 10 ml HF

Up to 1 min RT Wipe/swabbed by cotton [7, 8, 16, 19–21]

#02 Weck 100 ml  H2O; 4 g  KMnO4; 1 g 
NaOH

Up to 60 s RT Immersion [19]

#03 Two-step etching with Weck Pre-etchant: 1 g NaCl; 50 ml 
 H3PO4

Second step: #02 Weck’s

Up to 3 min 70°C Immersion [22]

#04 Macro-etchant (Cu) 15% Ammonium persulfate; 
85%  H2O

15–60 s RT Cotton/immersion [16, 23]

#05 Tucker’s reagent 5 ml HF; 20 ml  HNO3; 20 ml 
HCl; 60 ml  H2O

15–60 s RT Immersion [15, 16]

#06 Al etchant 80 ml  H2O; 20 ml  H2SO4 30 s–3 min 70°C Immersion [14]
#07 Macro-Al 100 ml  H2O, 15 g NaOH 3–5 min RT/70°C Immersion [16, 20]
#08 Klemm’s III reagent (Cu) 5 ml Sat. aqueous sodium 

thiosulfate
45 ml  H2O; 20 g potassium 

bisulfite, use fresh

Up to 3 min RT Immersion [16, 24]

#09 Herenguel & segond (Al etch-
ant)

25 ml  H2SO4; 70 ml  H3PO4; 
5 ml  HNO3

30 s–2 min 85°C Immersion [15, 17]

#10 Kroll (Al-Cu alloys) 92 ml  H2O; 6 ml  HNO3; 2 ml 
HF

15 s–1 min RT Immersion [16, 20, 21]

#11 Θ-Al2Cu etchant (red) 1 g Ammonium molybdate
6 g Ammonium chloride
200 ml  H2O

30 s–2 min RT Immersion [19]

#12 Cu etchant 5 g  FeCl3; 15 ml HCl; 60 ml 
 CH3COOH

15 s–1.30 min RT Immersion [8, 14–16, 23]

#13 Cu etchant 120 ml  H2O; 10 g Cu-ammo-
nium chloride

Add ammonia till deposit gets 
formed

20 s–1 min
From 2 s

RT Immersion [14]

#14 Θ-Al2Cu etchant (blue) 1 g Ammonium molybdate
6 ml  HNO3, 16 ml  H2O,
60 ml  CH3COOH

15 s–2 min RT Cotton/immersion [19]

#15 ASTM 30 H2O2;  H2O;  NH4 in 1:1:1 5 s–1 min RT Immersion [14–16, 21, 23]
#16 ANPE 80/5/5/10 H3PO4 (73%);  HNO3 (3.1%)

CH3COOH (3.3%);  H2O 
(20.6%)

30 s–2 min RT Cotton/immersion [17, 25]

#17 Barker 1.8% fluoboric acid in water Up to 2 min – Electrolytic, 20–45 V [16, 19, 20]
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④ and ⑤ was found, whereby the region ④ was gray/brown 
and the dendritic structure ⑤ appeared bright white.

#08: Klemm3 (Cu) The transition region ⑥ was colored 
in black, and the subsequent regions ⑧ and ⑨ were seen 
colored in orange and yellow, respectively. ⑦ was etched, 
revealing a brown/gray, martensitic-like structure, which is 
γ-Al4Cu9; see Fig. 4d. In the region ⑨, base copper grains 
were revealed with a good contrast.

#09: Herenguel & segond KE_09 is a viscous etchant, which 
dissolves the cotton. The region ④ was colored in brown and 
⑤ appeared in gray. The etchant attacked the area between 
⑤ and ⑥, giving a good contrast of ⑤ to ⑥. A clear contrast 
of regions ⑦ and ⑧ was observed near the Al-Cu interface; 
see Fig. 4c. In the region ⑨, copper grains were revealed by 
this etchant.

Fig. 2  Schematic cross section of the Al-Cu weld seam with main metallurgic structures 1–9, colors similar to unetched weld seams (structure 3 
is gray too and gives a bad contrast to 2 and 4). Structures 4–7 are Al-Cu intermetallic compounds

Table 3  Description of revealed structures, Fig. 2

Structure Description

① Structure ① is the aluminum base material
② Coming from Al, a dissolution of aluminum in weld seam is defined as ②
③ The region ③ is a transition area which includes the eutectic point of (al) + θ
④ The first dendritic structure is defined as ④, according to the phase diagram, see Fig. 1, this is the theta phase  Al2Cu, also found by 

[10]. The structure ④ represents a columnar dendritic structure, which is found in the every weld seam. These look like peaks with 
pointed tower-like shape; see Fig. 3. The peaks range from 3 to 70 µm, rarely even longer

⑤ The next dendritic structure is defined as ⑤.The dendrites are only a few microns long, rounded, and fine distributed. According to 
the phase diagram, this phase is the eta phase, AlCu, which agrees with SEM measurements

⑥ Region⑥ is a transition zone, which is found between ⑤ and ⑧, revealed by few etchants at high magnification
⑦ Structure ⑦ is a copper-rich zone with needle-like microstructure found between ⑥ and the Al bronze ⑧. According to [4], a marten-

sitic structure is likely, based on metastable transformation of the β-phase. The needles are about 5 µm in length and only visible at 
high magnification; see Fig. 3a

⑧ Structure ⑧ is Al-bronze, well distinguishable by color, with a gradient to orange (pure copper ⑨). Copper can dissolve up to 18% at. 
Al forms a solid solution; thus, no metallurgic structures can be found. Non-etched cross sections show a uniform yellow region; 
after etching, a new metallurgic structure ⑦ between the copper bronze and ⑥ was distinguished and well contrasted. This structure 
is the phase γ-Al4Cu9

⑨ The last structure was identified as the copper base material. Also included in this region is the heat-affected zone in the copper side
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#10: Kroll This etchant mainly etched ③, increasing the etch-
ing time up to 1 min, ④ was etched too. Structure ④ was 
contrasted with ③ + ⑤, and it has a dark gray color, whereby 
③ was in brown/black.

#11 This solution etched the base material ⑨ producing a 
pink and orange color region but it did not reveal the grains 
of copper. At higher magnification, ④ was etched light blue/
pink, ⑤ appeared in purple, ③ was colored in yellow and ② 
blue. The other regions ⑥–⑧ were all colored too, but no 
contrast was seen making it difficult to separate from one 
another. Overall, the received color depended strongly on 
the etching time and on the deposition of the etchant to the 
specimen, thus preventing a clear structure identification.

#12: FeCl3 This chemical solution etched the base Al ①, 
causing many black spots of a few microns diameter. The 
base material ⑨ was etched too, but the grain structure was 

not well contrasted. The regions ② and ③ were hard to iden-
tify as they were strongly etched within 15 s. Because of no 
clear contrast, it was difficult to see ④ and ⑤. The dendrites 
④ had a ginger color, possibly deriving from the dissolved 
copper. An increase in etching time to 1 min was enhanced 
to contrast of ④ but did not show ⑤; the base materials ① and 
⑨ were over-etched.

#13 KE_13 is a strong copper etchant, and the base mate-
rial ⑨ was etched in less than 5 s and remained black. The 
structures ② to ⑧ in the weld seam could not be identified.

#14: �‑tint etchant The etchant reveals a detailed struc-
ture coming from the base Al ② to the columnar dendritic 
structure ④. An increased etching time resulted in strongly 
etched regions ④ + ⑤, with clear contrast to ③. By reducing 
the magnification to 20 ×–50 × combined with reduced etch-
ing time, the dendrites ④ appear in a bright blue, see figure 

Fig. 3  (a) Unetched micrograph, several structures can be detected. 
(b) The same micrograph as in (a), but etched with #14. The IMCs 
are now contrasted. The γ-phase, region ⑦, which was hidden in 

region ⑧, is now clearly visible. (c) The Keller etchant, #01, giving 
contrast in regions ②–④. (d) The etchant #16 gives more contrast than 
the commonly used Keller, #01
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a, which was also seen by [19]. The contrast from ⑤ to ⑥ 
is best for reduced etching time, the transition zone ⑥ was 
clearly identified, and see Figs. 3b and 4b.

#15: ASTM 30 KE_15 is a copper etchant, revealing the grain 
structure of ⑨ after a short etching time of 15 s. The weld 
seam was not etched in ①–⑥, and only ③ was lightly etched 
after 60 s. At that time, the copper was strongly etched, 
remaining dark on the micrographs. The copper was not 
etched in an acceptable way, and the color and contrast were 
not uniform.

#16: ANPE 80/5/5/10 The dendrites ④ were well contrasted 
with ③ and ⑤ for etching times of 1 min. Structure ⑤ was 
mainly etched and excellently contrasted, giving a clear view 
on cracks in this structure. The transition zone ⑥ was not 
etched, giving a light contrast to ⑤. The grain structure of 
⑨ was revealed best for 60 s; see Fig. 3d. By reducing the 
magnification, the dendrites ④appeared in dark blue.

#17: Barker The barker’s etchant was the only electrolytic 
etchant in the list. While etching the aluminum, and reveal-
ing the grain structure on the base material and the weld 
seam, the copper was dissolved, as well as the IMC. No weld 
seam structure could be identified after.

Discussion

It was found that out of 17 defined etchants, only nine are 
usable to enhance the contrast of the micrograph. Further-
more, each etchant had a specific etching range and contrast 
range. Figure 5 summarizes the performance of each etchant 
to characterize the Al-Cu joints. The columns in the table 
represent the structures from ① to ⑨, and each row repre-
sents the etchants from #01 to #17. The table indicates which 
specific regions were etched (indicated by color) and which 
regions were clearly contrasted (marked by a cross).

Fig. 4  (a) #14 etchant colored the  Al2Cu-θ-phase blue at ×20 magni-
fication. (b) The same micrograph from (a), at higher magnification. 
The etchant gave an excellent contrast for all the IMC regions ④–⑦. 

(c) #09, a copper etchant, giving good contrast between the Al-bronze 
⑧ and  Al4Cu9-γ. (d) The #08 etchant is a more specific etchant, by 
selectively etching regions ⑥ and ⑦ and revealing the Cu grains
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In order to rate the etchants, scores were given based on 
the number of etched regions and the number of contrasted 
regions. The total score was calculated by summing up the 
etching score and contrast score. It was found that etchants 
#09, #14, and #16 performed best. The score was calculated 
for each region and each etchant.

The etchants were classified into Class A (Al etchants), 
B (copper etchants), A + B (combined), and C (not recom-
mended). Class A etchants etched the regions from ② to ⑤ and 
provided a contrast of dendritic structure ④ or/and ⑤. Class 
B etchants were revealing the structures from ⑤ to ⑧ and a 
contrast of the structures ⑥, ⑦ or/and ⑨. Class C etchants show 
no contrast of the critical zone as shown in Fig. 4. The Class 
A + B etchants etched the regions from ② to ⑧ and contrasted 
the structures ⑤ and ⑥.

It was found that the structures ③, ④, ⑤ (Class A) were 
etched and contrasted by more etchants than the structures ⑥ 
and ⑦ (Class B). This was also observed in the literature, and 
the θ-Al2Cu and η-AlCu were more often described.

Conclusions

Aluminum (99.5%) was welded to copper (99.9%) using 
the laser braze welding principle. In order to analyze the 
weld seam by optical microscopy, a study on 17 etchants 
was carried out. Each etchant was analyzed and the devel-
oped color and the resulting contrast were reported. It was 
found that the etchants mainly etched the aluminum near 
weld seam (Class A etchants) or the copper near weld 
seam (Class B etchants). Eight etchants were classified 
as Class C and are not further recommended for analyz-
ing Al-Cu weld seams. The revealed weld seam structure 
was schematically shown in an exemplary cross section, 
which was subdivided into nine distinguishable structures 
which are parts of weld seams, base materials, or revealed 
intermetallic structures. The following conclusions were 
derived during these investigations:

Fig. 5  Summary of the etchants and their etching capability per 
region. The blue color indicates an etching effect, and the cross indi-
cates that the etchant significantly increased the contrast. The Al 

etchants and Cu etchant were well distinguishable. The most suitable 
etchants were found to be #09, #14, and #16
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• The critical metallurgical structures in the Al-Cu weld 
seam can be effectively identified and contrasted by using 
an appropriate etchant.

• It was found that each etchant gives a specific contrast 
regarding the Al-Cu weld seams, depending on which 
metallurgic structure should be analyzed; see the sum-
marizing table, Fig. 5.

• The main structures identified in Al-Cu weld seams were 
columnar dendritic θ-Al2Cu and the finely distributed 
dendrites η-AlCu. Furthermore, the phases ζ(Al3Cu4) 
and γ-Al4Cu9 were revealed.

• Regarding laser braze-welded Al-Cu weld seams, it was 
found that etchants #09, #14, and #16 give the best con-
trast for further metallurgical analysis.
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