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Abstract

The size, Lype and distribution of insoluble dispersoids and age-hardening
precvipitates influence Lhe processing and final properties of aluminum alloys and
accurate characlerization of these sub-micron precipitates is often required. A
modified version of a relief etching technique introduced by Ryvola and Morris [1]
now allows rapid deltermination of Lheir size, shape and distribution in the SEM in
addition to fac‘ilitat.ing accurale chemical and microstructural analyses by
TEM/STEM analytical and diffraction techniques. The etching proceduré is
applicable to almost all second phases 'commonly foqnd in aluminum alloys and is

simple Lo use.

Introduction

Several years ago, Ryvola and Morris [1] introduced a KI + methanol electro-
lytic etch which they used to selectively remove Lhe aluminum matrix from around
the intermetlallic phases in direct-chill ingots of commercial purity aluminum, AA
6063 alloy and AA 356 casting alloy. This technique enabled them Llo study the
effects of composition, solidification and thermal treatments on the intermetallic
phases by scanning electron microscopy and x-ray diffraction. |

We applied the KI + methanol etch to several different cast and wrought
alloys according to the procedures outlined by Ryvola and Morris. The etch worked
well for their intended applications, but etched surfaces were too rough to
accurately determine such factors as the size and distribution of sub-micron
precipitates. Collection of such precipitates for x-ray diffraction was also very
difficult. We therefore Lried different combinations of current, voltage and

elching time and arrived al one which facilitates rapid characterization of both
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intermetallic dispersoids and soluble, age-hardening precipitates in the SEM. In
addition, the KI + methanol solution was used lo jet-polish thin foils for TEM

examination. Preferential polishing of the aluminum matrix occurs, leaving sub-

- micron precipitates exposed and available for accurate chemical and

microstructural analyses.

Materials and Procedures

The alloys investigated were 3003 homogenized billet, 3004 can stock, 5182

“hot-rolled sheet, 2124 plate in differently aged conditions and 7475 extruded rod.

For SEM examinalioh, etching was performed using a Hewletlt-Packard,
Harrison 6299A D. C. power supply. 6.4 grams of KI were dissolved in 0.32 liters of
methanol in a 0.60 liter beaker to make a 2.5wt% solution. An aluminum sheet
(cathode) was fitled inside the périphery of the beaker and the samples (anodes)
were suspended in the center. |

- Typical meLallograpHic -samples with a lum diamond polish were etched. The
etching was confined to about 3mm x 3mm areas by covering the remainder of the
samples with p'laler’s tape.

To begin etching, the current was turned all the way up. The voltage was
then rapidly increased from 0 to 30 volts and samples etched for 30 seconds. A
magnetic stirrer gently rotated the solution duriﬁg etching. The current density
averaged about 0.3A/mm?.

Immediately after etching, Lthe samples were ultraso_nically rinsed in methanol
for 30 seconds. They were examined in an ISI Super IIIA SEM at 30 keV, in the

secondary electron mode, with a 20°tilt and no evaporated coat'mg.‘

The 2.5wt% solution was also used Lo prepare TEM specimens. 3mm discs

 were polished in a twin-jet Fischione apparatus al -30°C, with an applied potential
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2 and the foils

of at least 90V. vThe current density averaged about 9.0 x 107> A/mm
were washed Lhoroughly in methanol immediately after pblishing. The current
density/voltage curve for the KI + metlhanol solution is roughly straight (Fig. 1) and
polishing begins along the perimetler of the foil around 70V and encompasses Lhe
whole foil surface above about 90V. Foils were examined in a Philips EM301

microscope at 100keV.

Differential scanning calorimetry (DSC) analyses were performed on a

DuPont 900 thermal analyzer equipped with a DSC cell. Reclangular specimens

about 6mm x 5mm x 2Zmm thick were cul from each of the five aged 2124 samples
and ground on a 400 grit SiC w.aLer wheel to about 319 mg weight. Instrument
settings of: Heating Rate = 20°C/min, T = 100°C/in and AT = 0.5C/in were
employed. The samples were compared with a 319 mg, annealed 99.99% Al

reference.

Results

Figs. 2a and b show SEM micrographs of the Mn constituenls and dispérsoids
in 3003 homogenized billet. The state of Lhe dispersoids crucially affects Lhe
subsequent recrystallization behavior of Lhis alloy and the etched surface is smooth
enough to determine Lheir size, shape and distribution using both low and high
magnifications.

In 5182 hot-rolled sheet, th Mngl3 phase is dissolved by the KI + methanol
etch. This, hdwever, facilitales direét observation of the Mn dispersoids, which
also affect critical properties in this alloy (Figs. 3a and b). MQZSi precipitates are
also revealed in this alloy as in 6000 series alloys, but can be eliminated by a short
solution heat-treatment followed by a cold water quench. This does not alter the

state of the Mn dispersoids significantly.

”
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The KI + metLhanol etch also exposes A12CuMg precibitalés in 2124 alloy,
provided Lhey'are not coherent with the aluminum matrix. Figs. 4, 5 and 6 show
optical and SEM micrographs and DSC thermograms of 2124 plate which was aged
to préduce a variety of precipilate structures accqrding to the aging data of Sil-
cock [2] (Fig. 7).

The optical micrographs in Fig. 4Vshow incréased darkening with Keller's etch
as precipitation progresses. In Fig. 4a only the Mn dispersoids appear as fine dark
speckles but with further aging, as in b, the background darkens and grain
boundaries are noticeably‘decorated. There is also slight decoration of slip bands
which formed during quenching.

The precipitates are more clearly revealed by the series of SEM micrographs
in Fig. 5. These micrographs show that with the KI + methanol etch: (1) G.P.B."
and G.P.B. [2] zones are associated with smooth or slightly fuzzy areas; (2) the S'
phase may be revealed as fine, oriented precipilate and, (3). the S phase is clearly
visible as distinct laths. The grain boundary precipitates are also readily visible in
Lhese micrographs.

The DSC curves of Fig. 6 confirm the presence of Lhe precipitate structures
and show a progressive increase in reversion temperatures (i.e. 177CC for sample .l
to 255°C for sample 5) and decrease in size of the S' + S precipitation peak (305°C)
as aging progresses.

Also, the KI + methanol etch was used to reveal the Cr dispersoids in 7475
extruded rod (Fig. 8). A short solution heal treatment and cold water quench was
again used to eliminate the soluble precipitates (compare Figs. 8 and 9). The size
and distribution of the Cr dispersoids influence the processing and properties of
many aluminum products, particularly in high strength, corrosion resistant 7000

series alloys.



When the KI + methanol solution is used Lo prepare thin foils of aluminum
alloys for TEM examination, a similar relief effect occurs. Figs. 10a and b show
sub-micron Mn dispersoids protruding from the edge of a hole in a TEM foil of 3004
can stock. The edge of the Al matrix is visible along each precipitate showing that
they are readily available for chemical and micro-structural analy'ses using

TEM/STEM analytical and diffraction techniques.

Conclusions

The KI + methanol solution can be used to expose sub-micron, age-hardening
and intermetallic precipitatles in a wide variety of cast and wrought Al alloys. The
solution does not attack most precipitates, thereby permitting accurate evaluation
of their size, shape and distribution in the SEM and chemical composition or
structure by TEM/STEM analytical and diffraction techniques. Etching or polishing
is rapid and simple and therefore is particularly beneficial when a large number of

samples need to be examined.
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Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.

Fig. 6.

Fig. 7.

Fig. 8.

Fig. 9.

Figure Legends

Electropolishing curves for 2.5wL% KI + methano! solution.
Mn constiluents and dispersoids in 3003 homogenized billet.

Mn constituents and dispersoids in 5182 hol-rolled sheet. Nolice Lhe grain

structure in (a).
Optical microstructures of 2124 samples wilh differenl precipitates.

SEM relief-elched structures of differently aged 2124 samples.

DSC curves of five aged samples with different initial precipitale

structures.

Structure occurring at various points on the aging curves for an Al-3.15%

Cu-1.52% Mg alloy (after J. M. Silcock, Ref. 2).

: _ .
Cr dispersoids in 7475 extruded rod. Cr dispersoids as small as 500A are

visible in Lthe right micrograph.

Cr dispersoids and soluble phases in -F temper 7475.

Fig. 10. Mn dispersoids at perforation in TEM foil of 3004 can stock.



P T N

L RS 2 o Py ”.&;,_-.,
P

Current Density (L\/mm2 x10°)

o 20

Applied Potential (V)

Fia. 1

b R
4Q l l T [ T
30
201
10
ol | L N
' 40 60 80 I00 120

XBL 8210- 6622



)
[q¥]
D
(ee]
1
(7]
od
co
[aa]
om
>




XBB 820-8921




- 12 &

a)Sample 1
b)Sample
c)Sample
ample
e)Sample

w”m o »;mo o

PB.
PB.+S'

PB.[2

XBB £20-8916



a)Sample 1-G.PB.
b)Sample 2-G.PB.+S'

c) Sample 3- S

d)Sample 4-G.PB.[2] +§'
e)Sample 5-S

XBB 820-8917



EXO

AT

-

ENDO

T (°F)

3 212 ) 392 572 752 932
| I » ] T {
. 304°C
Precipi tatiot
of S' and S
Sample 1 - G.P.B. Zone-s N
B 7N\
N\
R
Iy
L. 1 305°¢}
/ \‘
/ \
/ !
— /
" sample 2 - G.P.B. + S . /
T T T T - !
s : _ 210C /
— ) \ /
A |
\ /
\
Sample 3 - §' . \
— T . <5]od \
It : yozor 3/ 3lic \\
| .266°C - ]
. / \ \\
J312ec; AN
| N N
| Sample 4 - G6.P.B.[2] + S' / : \ 1
i e 1\ N\
e S 187°C AN sg°C / \ \\/
Sample § - S \\/ \ / \ .
— JemTTTOTSTE I T ST ———— \/ \ _?
e 255°¢ TN \
. .
}— \\ \ -
\ \
Y .
\ N,
\\ \b
| )\,\ . \.\ _
322°¢ **»».\\ N
~o \
.\
- N
\\\ \7
\\\
N
\\
| ] | | | ! | ] N
0 00 200 300 200 500
T (°C)

XBL 8210-2858

19



Diamond- Pyramid Hardness (DPH)

b

- 15 -

T —T T T :
|4O [~ -
L 30% Sample | - 24hrs . o BO
120 DDDDDDDDDD.-Q"- .
100%- .
140 /Samplie 2-89hrs
190 °C ‘ qg QOO/Somple 3 -3l hrs
120 0 S
oD Do m N QJ OQ...
100 —t - ] 1 1
0.0!. O.l l 10 100
140 r T , —
= . 03+ Somple 4 -0.24hrs
1207 240% LA -
- Q s 75 DPH as-quenched -
100 ' ®e, » -
L ] @ % 0 G-P. B.[Z] -
80L 0O G.P.B. ]
, B G.P. B with streak
: Fa) gnregoé\;ed otr
- roa spots
120 260°C « ® Sample S- 2.4 hrs. o S'spots.
' o R P @ Sharp spots
100 o0 oo
80 ' 1 L - ] !
: 0.00t! 0.0l ol ! 10
Aging Time (Days)
XBL8210-6 765



oy

Fics. & and @ XBD $20-8918



s 17 =

5168-0¢8 98X

r

Eimu.o_ |




This report was done with support from the
Department of Energy. Any conclusions or opinions
expressed in this report represent solely those of the
author(s) and not necessarily those of The Regents of
the University of California, the Lawrence Berkeley
Laboratory or the Department of Energy.

Reference to a company or product name does
not imply approval or recommendation of the
product by the University of California or the U.S.
Department of Energy to the exclusion of others that
may be suitable.




Fros
PR e
et

TECHNICAL INFORMATION DEPARTMENT
LAWRENCE BERKELEY LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720

e e 0
L T





