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Aluminum and its Alloys

e Cagt vs. Wrought
* Heat Treatable (PH) vs. Non-heat Treatable
* Non-heat Treatable— Srengthen by Cold Work

« Srengthen by Alloying




Cast Aluminum Alloys

e Slicon isMajor Alloying Element
 Slicon I mproves Fuidity
 Near-Eutectic Compogtions- for Die Casting

 Refine Eutectic by Adding Sodium (shifts eutecticto
about 14% )

» Add Copper to Permit Heat Treatment




Intermetallic Phase

Compoundsor intermediate solid solutions
containing two or more metals, that usually
have characterisic propertiesand crystal
sructuresdifferent fromthoseof thepure
metalsor theterminal solid solutions




Age Hardening

Theprocessof increasng thestrength of a
metallic material by ardativay low-
temperature heat treatment that causes
precipitation from solid solution of a second
sructura component or phasethat isusually
sub-microscopicin Sze




Solution Anneal

A treatment in which an alloy isheated to a suitable
temperaturefor asuffiaent length of timetoallow a
desred congtituent to enter into solid solution,
followed by rapid cooling to hold that constituent In
solution. Thealloy Isthen in a super-saturated,
ungable gate, and may exhibit age har dening.




Intermetallics In Al

Occur because Al 1shighly dectronegative and trivalent.
Thegability and narrowness of thair compaosition IS
determined by 9ze and valency factors. In binary
sysems, some phases are exactly soichiometric. Other
systlams have a narrow compostional range not
containing the compaogtion of thar formula (eg., CuAl,).




Intermetallics In Al

Some phases have awide compositional range.
| ntermetallics of trangtional metals often havea
success on of wdl-defined phases and may have complex
soichiomery (eg., MnAl,, MnAl, and MnAl,). Trangtion
metal intermetallics are often metastable, one phase
formed during rapid solidification transformesto ancther
inthesolid gate (eg., FeAl; forming FeAl).




Preparation of Aluminium Specimens

e Grind with 240-grit SIC water-cooled paper, 240 rpm,
51bs. (20N) per specimen, until co-planar

e Polish with 9-um Diamond on an Ultra-Pal (silk) cloth,
150 rpm, 5 Ibs/specimen, 5 minutes (contra rotation)

 Polish with 3-um Diamond on a Trident cloth, 150
rpm, 5 lbs/specimen, 4 minutes (contra rotation)

e Polish with 1-um Diamond on a Trident cloth, 150
rpm, 5 Ibs/specimen, 3 minutes (contrarotation)

 Polish with 0.05-um Colloidal Silica on a Microcloth
pad, 120 rpm, 5 Ibs/specimen, 3 minutes (contra
rotation)

(Contra: Head and platen rotate in opposite directions)



Standard “ Black& White’ Etchantsfor Aluminium

» Keller’'s Reagent
95 mL water, 2.5 mL HNO,,
1.5mL HCI, 2.0 mL HF —Immerse

e Caustic Sodium Fluoride Etch
93 mL water, 2g NaOH, 5 g NaF

» Graff-Sargent Etch
84 mL water, 15.5 mL HNQO,,
0.5mL HF,3gCrO,



Color “Tint Etching” With Weck’s Reagent

100 mL water
49 KMnO,
1 g NaOH

Immerseup to20s

Works better on cast Al than wrought Al



Anodizing with Barker’s Reagent

1.8% Fluoboric acid in water
20-45V dc, for up to 2 minutes

Examine with crossed polarized light, plus a sensitive
tint (first order red plate, or A plate) to seethe
microstructurein color. It isgood for grain size, but
does not reveal alloy segregation.



Wrought Alloys



Equiaxed alpha grains at the surface of a super-pure (SP) aluminum specimen anodized with Barker’s
reagent, 30 V dc, 2 min. Note the damage from sectioning along the surface (top edge). Viewed with crossed
polars + sensitivetint. Original at 50X.



Equiaxed alpha grainsin theinterior of a super-pure aluminum specimen anodized with Barker’s
reagent, 30 V dc, 2 min. Viewed with crossed polars + sensitivetint. Original at 50X. Thedark spotsare
inter metallic phases.



Grain boundary precipitatesin super-pure aluminum specimen (shown previously) revealed by aqueous 0.5%
HF etch. Magnification bar is20 pm long.




Extruded commer cial-purity (CP) aluminum, >99% Al, (defor mation axis horizontal). AqQueous 0.5% HF
etch. Magnification bar is 10 pm long.



As-cast (concast) 1100 Al (>99% Al) tint etched with Weck’sreagent revealing a dendritic
solidification structure. Magnification bar is 200 um long.. Viewed with crossed polars +
sensitive tint.



As-cast (concast) 1100 Al (>99% Al) etched with Keller’sreagent revealing intermetallicsin theinterdendritic
regions. M agnification bar is 50 pm long.




As-cast (concast) 1100 Al (>99% Al) anodized with Barker’sreagent (30 V dc, 2 min.) revealing a
dendritic solidification structure. Original at 50X. Viewed with crossed polars + sensitive tint.



As-cast (concast) 1100 Al (>99% Al) anodized with Barker’sreagent (30 V dc, 2 min.) revealing a
dendritic solidification structure and intermetallicsin theinterdendritic areas. Original at 200X. Viewed
with crossed polars + sensitive tint.



Wrought 1100 aluminum (>99% Al) etched with aqueous 0.5% HF. Magnification bar is 10 pum long.



Wrought 1100 aluminum (>99% Al) anodized with Barker’sreagent (20 V dc, 2 min.).
Original at 50X. Viewed with crossed polarized light plus sensitive tint.



| Bright Field

Grain structure of wrought 1100 grade foil after electrolytic polishing and anodizing with Barker’s
reagent (20 V dc, 2 min), and viewed with bright field (top), polarized light (left) and with polarized
light plus a sensitive tint filter (right). Note that color isnot observed in bright field because an
interference film is not formed using Barker’sreagent.



Wrought (extruded) 1350 aluminum (>99.5% Al) anodized with Barker’sreagent (20 V dc, 2 min.) and
viewed with crossed polarized light plus sensitive tint. Note the highly elongated alpha grain structure.
Original at 50X.



Surface grain structur e of as-hot worked Al —4% Cu showing non-recrystallized grain structure at the
surfaceand fine " precipitates. Keller’s reagent. M agnification bar is 200 um long.



Interior grain structure of as-hot worked Al —4% Cu showing elongated, non-recrystallized grain
structure 0 precipitates. Keller’sreagent. M agnification bar is 200 um long.



Interior of as-hot worked Al —4% Cu showing fine theta-phase precipitates. Etched with aqueous 0.5%
HF. Magnification bar is20 um long.



Equiaxed alpha grain structurein solution annealed (552 °C, 1025 °F for 1 h, water quench)
Al —4% Cu etched with Keller’sreagent. Magnification bar is 200 um long.




Fine precipitates remaining in solution annealed (552 °C, 1025 °F for 1 h, water quench) Al —4 % Cu
etched with aqueous 0.5% HF. Magnification bar is 10 um long.




Equiaxed alpha grain structure with criss-cross marksin solution annealed and aged (552 °C, 1025 °F for 1 h,
water quench, 260 °C, 500 °F — 1 h, air cool) Al —4 % Cu etched with Keller’sreagent. Bar is 200 um. Markings
aredueto fine precipitation in the alpha phase.



Very fine precipitatesin solution annealed and aged (552 °C, 1025 °F for 1 h, water quench, 260 °C,
500 °F —1 h, air cool) Al —4 % Cu etched with aqueous 0.5% HF. Magnification bar is 10 um long.



Equiaxed alpha grain structure with criss-cross marksin solution annealed and aged (552 °C, 1025 °F for 1 h,
water quench, 316 °C, 600 °F —1 h, air cool) Al —4 % Cu etched with Keller’sreagent. Bar is 200 um. Markings
aredueto fine precipitation in the alpha phase.




Fine precipitatesin solution annealed and aged (552 °C, 1025 °F for 1 h, water quench, 316 °C, 600 °F — 1
h, air cool) Al —4 % Cu etched with aqueous 0.5% HF. Magnification bar is 10 um long.



Equiaxed alpha grain structure with criss-cross marksin solution annealed and aged (552 °C, 1025 °F for 1 h,
water quench, 371 °C, 700 °F — 1 h, air cool) Al —4 % Cu etched with Keller’sreagent. Bar is 200 um. Markings
aredueto fine precipitation in the alpha phase.




|

Very fine precipitatesin solution annealed and aged (552 °C, 1025 °F for 1 h, water quench, 371 °C, 700 °F -1
h, air cool) Al —4 % Cu etched with aqueous 0.5% HF. Magnification bar is 10 um long.




Equiaxed alpha grain structure with criss-cross marksin solution annealed and aged (552 °C, 1025 °F for 1 h,
water quench, 427 °C, 800 °F — 1 h, air cool) Al —4 % Cu etched with Keller’sreagent. Bar is 200 um. Markings
aredueto fine precipitation in the alpha phase.




Fine precipitatesin solution annealed and aged (552 °C, 1025 °F for 1 h, water quench, 427 °C, 800 °F —1
h, air cool) Al —4 % Cu etched with aqueous 0.5% HF. Magnification bar is 10 um long.



Equiaxed alpha grain structurein solution annealed and aged (552 °C, 1025 °F for 1 h, water quench, 538 °C, 1000 °F
—1h, air cool) Al —4 % Cu etched with Keller’sreagent. M agnification bar is 200 pm long. Criss-cross markingsare
no longer present because the high aging temper atur e has dissolved nearly all of the fine precipitatesin the alpha
phase. Compar e with the solution annealed image at the same magnification.




Near absence of precipitatesin solution annealed and aged (552 °C, 1025 °F for 1 h, water quench, 538 °C, 1000
°F —1h, air cool) Al —4 % Cu etched with aqueous 0.5% HF. Magnification bar is 10 um long. The high aging
temperature has dissolved nearly all of thefine precipitatesin the alpha phase. Compare with the solution
annealed image at the same magnification.




As-cast Al —4.5% Cu tint etched with Weck’sreagent. Magnification bar is50 um long. Viewed with
crossed polarized light plus sensitivetint. Microstructurereveals“ coring” segregation within the
dendrites and inter metallics between the dendrites.



Wrought 2011-T 3 aluminum (Al —5.5% Cu), as polished, showing the surface and intermetallic particles.
Magnification bar is 100 um long.



Wrought 2011-T3 aluminum (Al —5.5% Cu), etched with Keller’sreagent, showing the grain structure and intermetallic
particlesat the bar surface. Notethat the grains are elongated somewhat in processing. Magnification bar is 100 um long.
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Wrought 2011-T3 aluminum (Al —5.5% Cu), after etching with Keller’sreagent, showing the surface, grain
structure and intermetallic particles (higher magnification view of previously shown image). M agnification
bar is20 um long.



e

Wrought 2011-T3 aluminum (Al —5.5% Cu), anodized with Barker’sreagent (20 V dc, 2 min.), showing the
elongated grain structure and intermetallic particles. Original at 50X. Viewed with crossed polarized light
plus senditive tint.



2011-0

NaF-NaOH

B&W —
Barsare
20-um long
500X

Color is
Graff-Sar gent 200X Weck’s




2011-T3

NaF-NaOH

B&W —
Barsare
20-um long
500X

Color is
Graff-Sar gent 500X




Extruded Al —4.6% Cu—-0.7% S —0.3% Fe—0.7% Mg-0.7% Mn with highly elongated alpha grains and
inter metallics. Etched with Keller’sreagent. Magnification bar is 100 um long.




Extruded Al —4.6% Cu—0.7% S —0.3% Fe—0.7% Mg—0.7% Mn showing theintermetallics, CuAl,,
(FeMn)Al, and Mg,Si. Etched with aqueous 0.5% HF. Magnification bar is 10 um long.




As-cast 2024 aluminum (Al —4.4% Cu —1.5% Mg—0.6% Mn) that was not homogenized revealing coarse
primary intermetallicsin the interdendritic locations. M agnification bar is 100 pum long. Etched with aqueous
0.5% HF.




As-cast 2024 aluminum (Al —4.4% Cu —1.5% Mg-0.6% Mn) that was not homogenized revealing coar se
primary intermetallicsin theinterdendritic locations and coar se pr ecipitates within the dendrites for med
during subsequent slow cooling of theingot. Magnification bar is 20 um long. Etched with aqueous 0.5% HF.




Wrought 2024-F aluminum (Al —4.4% Cu —1.5% Mg—-0.6% Mn) bar (28.5 mm diameter) showing the
inter metallics. M agnification bar is 20 um long. Etched with Keller’sreagent. Transver se plane.



Wrought 2024-F aluminum (Al —4.4% Cu —1.5% Mg—-0.6% Mn) bar (28.5 mm diam.) showing the
inter metallics. M agnification bar is 20 um long. Etched with Keller’sreagent. L ongitudinal plane.



Wrought 2024-F aluminum (Al —4.4% Cu —1.5% Mg-0.6% Mn) bar (28.5 mm diam.) showing the grain
structure and intermetallics. Magnification bar is 200 um long. Anodized with Barker’sreagent (30 V dc,
2 min.). Transverse plane.



Extruded 2024 aluminum (Al —4.4% Cu —1.5% Mg—0.6% Mn) bar showing a coar se grained surface layer
with tears, highly elongated grain structurein theinterior of the extrusion and inter metallics.
M agnification bar is 100 um long. Anodized with Barker’sreagent (30 V dc, 2 min.). Longitudinal plane.



As-cast 3003 aluminum (Al —1.2% Mn —0.15% Cu) tint etched with Weck’sreagent and viewed with crossed
polars and sensitive tint. Magnification bar is 200 um long. Shows dendritic segregation (“coring”).



3003

Keller's NaF-NaOH

B&W —
Barsare
20-um long
500X

Color is
Graff-Sar gent 500X




As-cast (concast) 3004 aluminum (Al —1.25% Mn —1.05% Mg) tint etched with Weck’sreagent and
viewed with crossed polars plus sensitive tint. Magnification bar is50 um long. Reveals segregation
(“coring”) within the dendrites and inter metallics between the dendrites.



As-cast (concast) 3004 aluminum (Al —1.25% Mn —1.05% Mg) etched with Keller’sreagent.
Magnification bar is20 um long. Revealsinter metallics between the dendrites.




Bright Field Differential I nterference Contrast

As-cast 3004 aluminum (Al —1.25% Mn —1.05% Mg) etched with Keller’sreagent. Magnification barsare
both 20 um long and the samefield is shown, in bright field (left) and in Nomarski DIC (right). The dendrites
arevisibleusing DIC but not in bright field. Theinter metallic particles between the dendritesare easier to see

in bright field.



As-cast (concast) 3105 aluminum (Al —0.55% Mn —0.5% Mg) tint etched with Weck’sreagent and
viewed with crossed polars plus sensitive tint. Magnification bar is50 um long. Reveals segr egation
(“coring”) within the dendrites and inter metallics between the dendrites.



As-cast (concast) 3105 aluminum (Al —0.55% Mn —0.5% Mg) etched with Keller’sreagent. Magnification
marker is20 um long. Revealstheintermetallic particles between the dendrites (not visible).




Extruded Al —4.9Mg—-0.2% S —0.2% Fe—0.5% Mn etched with Keller’sreagent. Magnification bar is
10 um long. Intermetallicsare Mg,Si and (Fe,Mn)Al..




4032-T6

NaF-NaOH

B&W —
Barsare
20-um long
500X

Color is
Graff-Sar gent 500X Weck’s




Wrought 4147 aluminum (Al —12% Si —0.3% Mg) in the as-polished condition showing the silicon
particles elongated in the hot working direction (horizontal). M agnification bar is50 pum long.




4147

Keller's NaF-NaOH

B&W —
Barsare
20-um long
500X

Color is
Graff-Sar gent 500X




o083-H321

NaF-NaOH

S

Keller

B&W —

Barsare
20-um long

500X

Color is

500X Weck’s

Gr aff-Sar gent




Wrought 5754-F aluminum strip (Al —3.2% Mg—0.4% Mn + Cr) etched with 0.5% HF. Magnification
bar is20 pum long.




Wrought 5754-F aluminum strip (Al —3.2% Mg —0.4% Mn + Cr) anodized with Barker’sreagent (30 V dc,

2 min.). Thestrip was cold worked and annealed at 343 °C (650 °F) for 2 h. The grain structureisfully

recrystallized.



Wrought 6005 aluminum (Al —0.5% Mg —0.8% Si) anodized with Barker’sreagent (20V dc, 2 min.)
revealing an equiaxed alpha grain structure. Original at 50X. Viewed with crossed polarized light plus
sensitivetint.



Wrought 6005-T5 aluminum (Al —0.5% Mg—0.8% Si) etched with Keller’sreagent showingthe
inter metallic presipitates. M agnification bar is 10 um long.




6013-T8

Keller’s (longitudinal) NaF-NaOH (transver se)

B&W —
Barsare
20-um long
500X

Color is
_Graff-Sargent 500X Weck’s




Wrought 6061-O annealed aluminum (Al —1% Mg—-0.6% S —0.2% Cr —0.27% Cu) etched with
aqueous 0.5% HF toreveal theintermetallics. Magnification bar is 10 um long.



Wrought 6061-T6 aluminum (Al —1% Mg-0.6% Si —0.2% Cr —0.27% Cu) extrusion (125 mm diameter)
etched with Keller’sreagent to reveal theinter metallics. M agnification bar is 20 pm long.
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Sheared end of 6061-F (Al —1% Mg—-0.6% Si —0.2% Cr —0.27% Cu) extruded rod anodized with Barker’s
reagent (30 V dc, 2 min.) revealing the heavily elongated grains from extruding and the compression of the
sheared end. Magnification bar is 100 um long.



I ncipient melting “ rosettes’ in 6061 alloy, 0.5% HF etch



6061-T6511

Keller's NaF-NaOH

B&W —
Barsare
20-um long
500X

Color is
Graff-Sar gent 200X




Wrought 6063-T5 aluminum (Al 0.7% Mg—-0.4% Si) etched with aqueous 0.5% HF revealing the alpha
grain boundaries and intermetallic precipitates. Magnification bar is 10 um long.



Extruded Al —5.6% Zn —2.5% Mg—-0.2% S —0.2% Fe—0.5% Cu —0.5% Mn etched with Keller’s
reagent revealing the intermetallic precipitates. M agnification bar is 20 um long.



6262-T9

Keller's NaF-NaOH

B&W —
Barsare
20-um long
500X

Color is
Graff-Sar gent 200X




Wrought 7021-O annealed aluminum strip (Al = 1.5% Mg—-5.5% Zn —0.12% Zr) etched with aqueous
0.5% HF. Magnification bar is 20 um long.




Wrought 7050 annealed aluminum (Al —2.3% Cu —2.3% Mg—6.2% Zn —0.12% Zr) etched with Keller’s
reagent to reveal the precipitates and coar se constituents. Annealing treatment: 426 °C (800 °F) — 3 h, cool
slowly to 232 °C (450 °F), hold 6 h, air cool. M agnification bar is20 pm. 16 HRB.




Wrought 7050-T 74 aluminum (Al —2.3% Cu —2.3% Mg—6.2% Zn —0.12% Zr) extrusion etched
with Keller’sreagent to reveal thegrain structure and intermetallic precipitates. Magnification bar
IS20 um. 88 HRB.




Wrought 7050-T 73 aluminum (Al —2.3% Cu —2.3% Mg—6.2% Zn —0.12% Zr) forging etched with
Keller’sreagent to reveal thegrain structure and precipitates. Magnification bar is20 pm.



Wrought 7075 annealed aluminum (Al -1.6% Cu —2.5% Mg—-5.6% Zn —0.23% Cr) etched with Keller’s
reagent to reveal theintermetallic precipitates. Annealing treatment: 426 °C (800 °F) — 3 h, cool slowly to
232 °C (450 °F), hold 6 h, air cool. M agnification bar is20 um. 18 HRB.



Wrought 7075-T 74 aluminum (Al =1.6% Cu —2.5% Mg—-5.6% Zn —0.23% Cr) anodized with
Barker’sreagent (20 V dc, 2 min.) showing highly elongated, recrystallized surface grainson afine
grained interior structure. Magnification bar is50 pum long. Viewed with crossed polarized light plus
senditivetint.



7075-T651

Keller's NaF-NaOH

B&W —
Barsare
20-um long
500X

Color is
Graff-Sar gent 200X







As-cast A356 aluminum (Al —7% S —0.3% Mg -<0.2% Fe) casting made by permanent molding.
Anodized with Barker’sreagent (30 V dc, 2 min.) and viewed with crossed polars + sensitive tint. Original
at 50X. Note dendritic solidification pattern.



As-cast A356 aluminum (Al = 7% Si —0.3% Mg -<0.2% Fe) casting made by sand casting. Anodized
with Barker’sreagent (30 V dc, 2 min.) and viewed with crossed polarized light plus sensitive tint.
Original at 50X. Note dendritic solidification pattern.



sreagent. Magnification

<0.2% Fe) etched with Keller

—7% S -0.3% Mg -
bar is20 um long.

As-cast A356 aluminum (Al



Cast A356 Aluminum

Dendritic structure and eutectic structure of A356 permanent mold castings
revealed using Weck’s reagent (polarized light plus sensitive tint, 200X)



Cast A356 Aluminum

g HR

Thixocast, 200X

Microstructure of A356 made by thixocasting and by thixocasting and
thixoforming revealed using Weck’sreagent (viewed with polarized light and
sensitive tint, 200X).



Microstructure of an SSM bhillet of A357 aluminum etched with Weck’s and
viewed in bright field (200x).



As-cast Al —11.6% Si —0.6% Fetint etched with Weck’s reagent and viewed with crossed polars. Original
at 100X.
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Hypoeutectic Al —7.15% S microstructureof primary a-Al and a eutectic of a-Al
+ S (0.5% HF etch).



Dendrites of a-Al and a eutectic of a-Al and Si in as-cast Al —7.12% Si etched
with Weck’s, polarized light plus sensitive tint.



As-cast hypoeutectic Al —11.8% Si showing alpha dendritesand an alpha-Si eutectic. Etched with
aqueous 0.5% HF. Magnification bar is50 um long.
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Near -eutectic microstructure of as-cast Al —11.7% S alloy etched with Weck’s and viewed
with polarized light plus sensitivetint.



As-cast hypereutectic Al —19.85% Si showing primary hypereutectic Si particles surrounded by a matrix of
thealpha-Si eutectic. Etched with aqueous 0.5% HF. Original at 500X.




As-cast hypereutectic Al —19.85% Si showing primary hypereutectic Si particles surrounded by a
matrix of the alpha-Si eutectic. Tint etched with Weck’sreagent. Original at 200X



As-cast 201 aluminum (Al —4.6% Cu —0.3% Mg-0.3% Mn) tint etched with Weck’sreagent and viewed
with crossed polars. Magnification bar is 100 um long. Reveals segregation (“coring”) in the primary alpha
dendrites.



As-cast 206 aluminum (Al —4.4% Cu —-0.3% Mg-0.3% Mn) tint etched with Weck’sreagent and viewed
with crossed polars + sensitive tint. Magnification bar is 50 um long.



As-cast 319 aluminum (Al —6.0% Si —3.5% Cu) etched with Keller’sreagent.



As-cast 319 aluminum (Al —6.0% Si —3.5% Cu) tint etched with Weck’sreagent and viewed with crossed
polarized light. M agnification bar is 100 um long.



As-cast 319 aluminum (Al —6.0% Si —3.5% Cu) tint etched with Weck’sreagent and
viewed with crossed polarized light. Magnification bar is 100 um long.



As-cast 319 aluminum (Al —6.0% Si —3.5% Cu) tint etched with Keller’sreagent revealing the
inter metallic precipitates. M agnification bar is 50 pum long.




As-cast Al —7.3% S —0.4% Mg tint etched with Weck’s reagent and viewed with crossed polarized
light plus sensitive tint. Original at 100X. Note coring segregation in the primary alpha dendrites.



As-cast A356 aluminum (Al —7% S —0.3% Mg -<0.2% Fe) casting made by per manent molding tint
etched with Weck’sreagent and viewed with crossed polarized light plus sensitive tint. Original at
200X.



As-cast 357-T6 aluminum (Al —7.0% Si —0.5% MQ) etched with aqueous 0.5% HF revealing primary
alphadendrites and an alpha-Si eutectic. Magnification bar is 20 um long.




As-cast Al -5% S —1.2% Cu —1% Mg tint etched with Weck’sreagent. The magnification bar is
50 pum long.



Surface Interior

Microstructure of pressure-die cast A380 aluminum (Al —8.5% S —3.5% Cu) etched with
Weck’s reagent and photographed in bright field illumination. Note that the silicon particles
wer e colored by the reagent. The magnification bars are both 50 um long.



As-Cast Al —Cu Alloys

Al —33% Cu Al —45% Cu

Eutecticin the Al-Cu system at 33% Cu isshown at left at 1000X. The AlCu,
phase was colored red using 1 g ammonium molybdate, 6 g ammonium chloride
and 200 mL water. Hypereutectic Al —45% Cu isshown at right at 50X. The
AlCu, was colored blueusing 1 part 3g ammonium molybdate, 20 mL HNO,, 20
mL water to 4 parts ethanaol.






Composite of wrought 6061 aluminum and 22.5 wt. % alumina (Al,O,). Aspolished. Original at 200X.



Composite of wrought 2124 aluminum and 20 wt. % SIC. Aspolished. Original at 1000X.



Composite of A356 as-cast aluminum and 21.2 wt. % SiC. As-polished. Original at 200X.




2024 Al —55% TiC Composite— As Fabricated
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Segregation in the composite viewed after etching with Keller’sreagent.



2024 Al —55% Ti1C Composite — Solution Annealed and Aged
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Views of the heter ogeneity in the composite



Al —Al;Ni Directionally Solidified Eutectic

a-Al —Al;Ni DS eutectic, perpendicular to growth direction, aqueous 0.5% HF.



lly Solidified Eutectic
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Coated Specimens



Aluminum Clad 2024 Aluminum
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Bright Field Nomarski DIC

Microstructure of Al-clad 2024 aluminum etched with Keller’sreagent. The specimen was mounted in
Epo-Thin epoxy resin. The magnification barsare both 50 um long. Theinterfaceisnot distinct in bright
field but ismoreclearly seen in DIC.



Aluminum Clad 2024 Aluminum

Weck’s Reagent Keller’s'Weck’s Reagents

Microstructure of Al-clad 2024 aluminum etched with Weck’stint etch (left) and with Keller’sreagent followed by
Weck’s (right). Weck’sreagent revealsthe interface much better than standard reagents. Keller’srevealsthegrain
structure. The magnification barsareboth 20 um long.



Aluminum Clad 2024 Aluminum

. -
ro - > - . - . T
- " e - - —
| S e <. e et
- - o
- = - # % B “ .
~ = oo e — * "e > o ey
— == o 8o
— 3 o 2 = < - ) e a
- b g = e, .- 3 & E A
F “ e - - i & e Ve Rl
2 : - - .
& = ——— .- - - . »
" - T e . - -
- e X2 e = = . S -~
- ’ Rpvie N :
- e gy 2 e =
b = FEa ias - da " ot - e >
—a - - = . - . PR - - :
a -_-' ARy 4 L G 4 S - - -, ..
- . - — T - - % ST = -~
> = “ = L - -
: LS ; e i e
- ¢ e = A
- . Ll WA efrir P " = et 1 o
r——— o 3 - -
. 5 | W, - '] * oy ’».. s
. _— ‘ : ” - 4.
= '_;"_/. - » .-
3 - i — - © -
- o ; - ‘. . * ™ A P
- - = - - . - -
A . - t 9
" ~ b b - "--. T T - & Q.L
. > ey v y ——
- [See— . A e . = - -
- P - = - - -
™ . - e - P s * = - - b =
Foi - . . = T L

Weck’ s Reagent Keller’'s’'Weck’s Reagents

Microstructure of Al-clad 2024 aluminum etched with Weck’stint etch (left) and with Keller’ sreagent followed by
Weck’s (right). Weck’sreagent revealsthe interface much better than standard reagents. Keller’srevealsthegrain
structure. The magnification bars are both 50 um long.



Welded Alloys



Weld

Microstructureof afriction stir weld in 2519 aluminum (Al —5.8% Cu —0.3% Mn —0.3% Mg —0.06%
Ti—0.1% V —0.15% Zr) etched with Weck’s reagent and viewed with polarized light plus sensitive tint.
Original at 100X. The magnification bar is 100 pum long.



Friction Stir Weld in 7075-T651

Weck’sreagent used toreveal afriction stir weld in 7075-T651. The
magnification bar is 200 um long.



-

Microstructure of afriction stir weld between two wrought aluminum specimens

revealed using Keller’sreagent. Note that the B& W reagent does not reveal the

microstructure aswell asthe color etchant.



Weld Nugget

Microstructureof alaser weld in 5052 aluminum (Al —2.5% Mg —0.25% Cr) etched with Weck’sreagent
and viewed with polarized light plus sensitivetint. Original at 50X. The magnification bar is 200 um long.
Thewhite arrow pointsto an undercut wheretheweld isrecessed below the sheet surface. Thereisa
globular inclusion at the base of the weld nugget.



Weld Nugget

Microstructure of alaser weld in 6061 aluminum (Al —0.6% S —0.3% Cu—1% Mg—0.2% Cr) etched
with Weck’sreagent and viewed with polarized light plus sensitive tint. Original at 50X. The
magnification bar is 200 um long.



