By Jean Turnbaugh Hodson

MICROSTRUCTURE
OF GOLD FOIL AND

MAT GOLD

Photographs of etched specimens of condensed gold foil
and mat gold reveal that their density is greatly
influenced by the direction and magnitude of the

compaction _force and the size and shape of the face of

An attempt to determinc the internal struc-
tures of gold foil and mat gold after they
have been compacted in cavities has pro-
duced a series of photomicrographs which
show that fillings of both materials are
made up of dense layers and void spaces
arranged according to the direction of force
during compaction.

The hardness of compacted gold foil and
mat gold had heen studied previcusly, and
the samc specimens were used for this
study. Forty of them were prepared by five
dentists who were expericneed in the use of
gold foil. Rectangular cavities measuring
approximately 2 mm. wide by 3.5 mm.
long and 1.5 mm. deep were prepared in
Lucite and filled with the gold materials,
which were compacted by pneumatic con-
densation or hand malleting. After polish-
ing, specimens were subjected to the Vick-
ers diamond pyramid hardness test (1).

The same specimens were etched with
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of the condenser

aqua regia for the present study, and some
were ground perpendicular to the surface
to get cross-sections. Significant details of
the structures of the two materials are
shown in the photographs.

Although the compacted specimens are
similar in appearance, the materials in
them differ. Gold foil is thin in one dimen-
sion but large in the other two when com-
pared with mat gold. Uncondensed mat
gold is a mass of small erystallites that have
dendritic structure and rotational sym-
metry around the axis. Both materials have
the properties of pure gold, from which
they are derived.

Cohesion is obtained in the gold mate-
rials by removing adsorbed substances by
heat, followed by pressure welding. Mectal-
lic bonding occurs between gold particles
under the forces of compaction. Resistance
to deformation increascs as the gold is
work-hardened, however, and porosity re-
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Fic. 1.—Etched surface of a gold-foil specimen of good
compaction (X32). Underneath the polished surface the
dense gold appears light and the void spaces dark when
exposed by etching.

F1c. 7.—FEtched surface of a mat-gold spccimen of good
compaction (X25). The dendritic structure of the crystal-
line mat gold is broken down during compaction so that
the condensed specimens arc composed chicfly of broken
crystal fibers. The gold is highly reflective in arcas of
condenser impact and the void spaces appear dark.

Fic. 2.—When part of the arca shown in Fig. 1 is magni-
fied 125 times, imprints from the condenser nib show up.
The gold foil is very densce in the bottom of the condenscr
imprints, and a heavily deformed rolled cdge is thrown
up at the periphery.

Fie. 5.—A cross-section of an arca below and to
the left of the Fig. 4 specimen shows a part of a
looscly compacted pellet with a height of .3 mm.
(X125). The densc layers above the foil show good
force and careful stepping of the condenser. But
the position of the pellet indicates that plastic flow
of the gold occurs only for short distances under
the face of the condenser. A portion of loosely com-
pacted foil is outlined by the rectangle; the arrow
indicates a void.

Fic. 8.—A part of the specimen shown in Fig. 7 but en-
larged 125 times shows that the greatest density is found
in imprints from the condenser point. The rolled edgn
and general shape of the imprints are similar to the we.
condensed foil specimens. In arcas of low density the
structure is comparable to the dendritic crystals of un-
condensed mat gold.




FiG. 3.—FEtched surface of a loosely compacted gold-foil
spccimen (X 125) shows five sections of the pattern
formed under a single impact of the condenser nib.
Densec. smooth gold can be seen at the bottom of the
imprints made by the condenser, but the imprints are
surrounded by foil that contains voids and laminations.
There is a deep crevice (indicated by arrow) between a
looscly compacted gold-foil pellet near the margin of the
cavity and the denser mass toward the center.

Fra. 6.—Melted portions of gold-foil pellets in the
ctched surface of compacted gold foil (X125)
caused by overheating the pellets in the alcohol

flame.

Fre. 9.—A cross-scction (X125) of the mat-gold speci-
men photographed for Figs. 7 and 8 shows a structure
similar to that of the gold foil. Layers of dense gold show
the direction of condensation (indicated by arrow) and the
stepping of the condenser. Void spaces at the lower right
were created under the same conditions as in the gold-

foil specimens.

Fic. 4—An ctched cross-section of the foil specimen
(X125) photographed in Figs. 1 and 2 shows that densc
layers of compacted gold foil alternate with loose or
moderately compacted layers. The layers are arranged
at right angles to the direction of the condensing force.
They parallel the floor of the cavity in the center and
change direction toward the line angles. The arrow indi-
cates the direction of compaction toward a line angle; a
condenser imprint can be seen in profile at the surface.

F16.10.—An uncondensed mat-gold specimen (X375) is
a mass of small crystallites that have dendritic structure.




sults from incomplete contact between par-
ticles. Overheating foil pellets causes them
to melt.

Conclusion

The structures observed in the com-
pacted specimens include laminations of
dense gold, uncondensed gold, voids, and
condenser imprints. The final density is in-
fluenced greatly by the direction and mag-
nitude of the compaction force and the size
and shape of the face of the condenser. Ex-
tensive plastic flow is limited to short dis-

tances under the condenser nih; areas not
covered by the face of the condenser re-
main porous. The actual hardness varies
widely, depending upon the techniques of
the operator.
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