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ABSTRACT

A techmique is described which enzbles

leud to be metallographically prepared to reveal
the true microstructure with good edge retention.
The technique consists of a series of mechanical
grinding and polishmyg steps each of which is fol-
Iowed by a chemical polish, The depth of the de-
formed metal layer, due to grinding, wus measured
as well as the rate of metal removed by the chem-
ical polish. The technique can be used to achieve
relatively gond results in a short period of time.

INTRODUCTION

Tie purpose of this paper is to present a re-
latively rapid and easy technique for the metallo-
eraphic preparation of pure icad. Due to the ex-
treme softness af pure lead, it is difficolt 1o ob-
tain the truc microstructure by mechanical polish-
g technigues. However, it i3 also difficult to oh-
tain the microstruciure by chemtical or electro-
chemical techniques without severely rounding
the edges of the sample. The technique io be
described uses @ combinadon chemical-mechuni-
cal polishing procedure. It may be used [ora
vory rapid preparation to leok only ar the bulk
micrestructure or to obrain a relatively flat edge,
not hoth. ‘The technigque can also be used, if very
carefully applied, to obtain the true microstruc -
ture and still retain relatively flat edges.

The technigue was develuped using samples
which had been welded to enable the true micro-
structurc to be more rapidly recognized. Duc to
the low recrystallization temperature of lead,
about 0°C, it is not always easy to tell if the struc-
ture observed represents the bulk material.

PROCEDLURE
The sample should be sectioned as gently as

possible and mounted in a reasonzbly soft, room-
temperature-curing resin. We used Fiberlay, P-18

coating resin [Fiberlay, Inc.) the hardness of which
can be conirelled by the amount of hardener add-
cd, Ohher similar resins such as Klearmount (Ver-
non-Benshoff Co., [nc) might also be used.

The [ollowing steps were used (or grinding
and peolishing the lead samples:

1. Gond cn 600 grit 5iC with wheel moving
to remove detormation due to sectioning or
rougher prinding steps. Use a Jight pressure,
Chemically polish using a cotton swab and light
pressure, unltil the metal appears shiny, The pol-
ishing solution of 50 ml of hydrogen peroxide.

2. Hand lap on 600 grit 5iC {still wheel) to
get mount and sample at the same level. Chem -
ically polish as in 1.

4. Hand lap on 600 5iC until scratches ap -
pear on the metal, clean the sample and continue
hand lapping using 6 u diamond paste on silk over
glass. Chemically polish.

4. Rough polish with 6 g diamond on Met-
clath with a slowly moving wheel. When the ap-
pearance of lead on the wheel is uniform, stop
the wheel and hand lap briefly. Chemically po-
lish.

5. Fine polish with 0.3 g Al; 03 on billiard
cloth and chemically polish by immersion.

6. Final polish with 0.05 g Al, 03 in dilute
soudium acetate on Micvocloth and chemically
polish by immersion. The sample is etched using
a salution of @ g of ammonium molybdate, 152 ¢
of citric acid, and 80 ml of distilled watex (30
sec to 1 min). This sclution should be allowed to
age for 1 hr before use.

The chemical polish 18 never used longer
than 2-5 sec at & time — the sample must be im -
mediately rinsed under distilled water and quick-
Iy bilown dry.

RESULTS
The appearance of the sample through sev-

eral of the preparation steps was foillowed and
the same area photographed for comparison.
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These show the appearance of the deformed metal
as 1t is slowly removed to reveal the bulk struc-
ture. Figure 1 shows the appearance of the weld
sample after a GO0 grit 5iC grind vsing a moving
wheel, Figure la shows the appearance as ground.
Figure Lb 1s the same area after a §-sec chemical
polish (¢tched wsing a b % HNO;, 10% HOAC so-
lution). Figure l¢ shows the sample after an addi-
tional 5-sec chemical pohsh, The decrease in the
rnwnber of imbedded SiC particles iz evident. The
crack is a joint and weld metal is above it.

The sumple was Further chemically polished
to remove the 310 partictes and then ground
through by diamond on silk.

Figure 2 shows the appearance of the sam -
ple after polishing with 6 y diamond on Metcloth.
Figure 2b is the sample after chemiecal polishing
and etching. There 15 still no obvicus difference
between weld and parent metal.

Further polishing removes more and more
of the deformed metal; evidenced by the decrease
in small grains present. Figures 3a and 3b show
this cftect after polishing with 0.3 g Al 8, and
0.05 i Al 05, respectively. In Figure 3b the mi-
croscgregation ol impurities, or micrecorning, of
the weld is beginning to become apparent.

After further polishing and ctching the final
microstructure 15 revealed. A low magnification
photograph of the sample, Figure 4a, shows the
tlow lincs in the base metal and the columnar,
cored grains of the weid, Figure 4b shows the
appearance of the parent metal.

The appearance of a different lead weld,
sitilarly prepared, is shown in Fipure 5a. The
weld structure is shown marce clearly in Figure 5h,

The ability to prescrve the edge while using
this technique is shown in Figure . However,
for good cdge proscrvation it may be necessary to
go to finer diamond on silk and it is 2lways neces-
sary to stay on the silk on glass until evidence of
deformed metal is a mimmum.

Measurements of the depth of the deformed
metal were made microscopically after grinding
and then chemically polishing to remove metal un-
til the true microstructure was obtained. A sam-
ple ground on 600 grit S1C with a moving whee!
had to have 45-48 4 of metal removed before
most of the flowad metal was gone.

Il Lhe sample were hand lapped an 600
gt 5iC, the delormation was only 52-34 u
deep.
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DISCUSSION

In general each mechanical step in the prepa-
ration is followed by a chemical polish. The chem-
ical pelishing procedure should be carmed out in
2-5 gec increments and proceed only fo the point
where the height difference between the sample
and the mount can be readily eliminated by the
next step. Approximately 2-4 u of the metal ars
remaved by immersion in the polishing solution
and abott twice that is removed by swabbing
for 2-5 zec.

The time required may vary irom about one
hour to one day depending on what is desired. A
scrateh free, true microstructore with good edge
retention will take very careful work,

The biggest problem with the technigue is
staining and uneven attack during rinsing. It 1=
imperative that the peroxide be rinsed away
rapidly and then the sample dried immediately on
removal from the water,
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Figure fa B as ground, 100X, (Reduced 63%)
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{b} The sarte areq as (a) after a Ssec chemcad pohsk [fNH 4/ MoQ 4, omne aead erchf, 100X
fReduced 63%)

fe) The same area as (b} after an gdditional S-ser cherncal polish {same etoh as (b}, 100X
{Rediced 63%)

Figure 1. Frotonucrographs of lead weld sammple after grendeng onr 600 grit 510
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(b} Swme atez after @ S-sec chertcal polish (AQAc, HNG; exch), 100X

Figiere 2. A lead weld sample afrer rough polishing with a ¢ p diamond on Metcloth,
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b} Polished on 0.05 p AlQ 2 end chemically polisied [etched in (NH 4)» Moy, citric acidf ; 100X,

Figure 3. The samne eree of the leqd weld sumple as shown in Figures T and 2 after further polishing,
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{b} Fareni meral, 00X,

Flpure 4. Finad microstructure of the leod weld tampfe,
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(b} Weld metal; 100X,

Figure 5. Appegrance of the weld in g different sonple,
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