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Scanning Electron Microscopy in Conservation: The Abydos Reliefs

The Abydos Reliefs, the bas-relief sculptures from the small temple
of Ramesses | at Abydos in the collection of the Metropolitan Mu-
seum, New York, have had an eventful history. The temple, built
around 1310 B.C., was buried in shifting sand and soil and was sub-
jected to periodic wetting and drying by the Nile's flooding waters.

A village was later built above the area, and the temple was fortui-
tously found by the villagers during the digging of a water well in A.D.
1910. The excavation that followed was carried out by the villagers
themselves with little concern for proper archaeological procedures.
A detailed description of the temple, its reliefs, and their history up to
the time they were donated to the Metropolitan Museum, is given by
Winlock.? '

The Museum received the reliefs in 1911-12. Since then their story
has not been much happier. The problems associated with their
rapid deterioration due to high salt content and unsuccessful pre-
vious treatments were described in more detail in previous reports.®*
The reliefs were removed from exhibition in 1966.

Instrumentation

In the present study the scanning electron microscope (SEM) was
used to examine the condition of the limestone, to assess the degree
of penetration of the consolidant and the effectiveness of the clean-
ing method, and to compare the microstructure of the treated and
untreated samples.

The use of SEMs in the conservation of works of art has not been
fully exploited. A wide understanding of the operation of the instru-
ment, its strengths, and its weaknesses is essential for its maximum
utilization.

The SEM is basically a “reflecting” microscope (fig. 1) employing a
fine beam of electrons instead of light photons. Electrons are emitted
from a heated filament and are driven by a high voltage variable from
one to fifty kV, through electromagnetic lenses that focus the elec-
trons to a beam of the order of 2nm in width. The final electromag-
netic lens carries coils employed to drive the focused beamin a
scanning raster of x-y form. The specimen is normally attached to a
special holder, called a stub, which provides a stable conducting
platform for the specimen. The stub is placed in a stage that has me-
chanical or electrical feedthrough controls that aflow for movement of
the specimen while it is under vacuum.

The signal from the interaction of the electron beam with the speci-
men surface results from the generation of secondary electrons that
reach an electron multiplier detector that generates a visible signal
on a cathode ray tube (CRT). The displayed signal follows the point
by point tracing of the scanning raster by the electron beam.

The number of secondary electrons collected at each point—a
function of the surface topography, specimen tilt, and other factors—
determines the point by point contrast on the visual CRT. Thus an
image of the specimen is generated on the CRT. The image may also
be recorded on film or videotape, or stored in a computer for further
processing. More detailed information on the operation of the SEM
may be obtained from a variety of sources, such as Goldstein et al.®
or Heinrich.®

Other useful signals are x rays, cathodoluminescence, backscat-
tered electrons, auger electrons, transmitted electrons, and speci-
men current. To collect each signal requires different detectors and
different specimen preparation procedures.
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Specimen Preparation

Specimens to be viewed in the SEM generally require some special
preparation depending on the type of signal desired and the nature
of the specimen: whether it is a conducting material, whether it con-
tains moisture, whether it can withstand a vacuum.

For the samples examined in this study it was found that fractured
surfaces did not provide enough information, so another method for
specimen preparation was developed following Lewin’s suggestion.”
In this procedure the specimen was sawed and the surface was po-
lished and then lightly etched with 1M HCI. All samples were sputter
coated with 10nm of gold.

Examination of the Abydos Reliefs Stone

Before any treatments were attempted, the cause of the deteriora-
tion and the condition of the stone itself had to be established. The
deterioration could be attributed to the high concentration of such
soluble salts as halite, soda-niter, and magnesium chlorides, sul-
fates and nitrates, present in the stone. The highly hygroscopic mag-
nesium salts—which have a tendency to deliquesce—draw in
sufficient quantities of water to dissolve other soluble salts. When
the relative humidity changes, these salts, in turn, can recrystallize,

producing the mechanical disruption of the stone matrix.®
The paraffin wax and tung oil treatments that the reliefs received

during the years 1911-13 produced a thin, leatherlike layer of “con-
solidated” stone, which was broken up and lifted off the rest of the
stone when salts crystallized under it. Figure 2 shows a general view
of the surface of the stone with the “skin” peeling off. Details of the
edge of the skin, showing halite and gypsum crystals, are shown at
higher magnification in figures 3, 4 and 5.

Laboratory Testing of the Consolidant

Possible consolidants were first tested on a marly limestone from
Dendera similar in texture and composition to the Abydos stone. Par-
affin wax and tung oil were applied to this limestone following the
procedures of 1911-13. The treated stone was then artificially aged
to produce conditions similar to those of the stone from the reliefs.®
After testing of some consolidants, methyl trimethoxy silane (Dow
Corning Z-6070 or T-4- 0149) was chosen.

The first specimens were prepared from fractured surfaces of the
treated stone. Figure 6 shows the microstructure of the Egyptian
limestone treated with paraffin wax and tung oil and after being con-
solidated with the silane. The consolidant is not readily visible in this
picture. To find a better means of observing the consolidant and as-
sessing the degree of consolidation the etching technigue previously
described was used. Figure 7 shows the appearance of the consoli-
dant matrix that is left behind after the etching has removed the ex-
posed calcareous part. Notice that this matrix is homogeneous
indicating the solubilization of the wax and oil mixture by the silane.

Testing of the Cleaning Procedure

Since the reliefs had been treated with paraffin wax and tung oil, a
procedure that, as noted by Pliny the Elder,® considerably darkens
the light-colored surface of stone, cleaning was necessary. Usually
this is undertaken before any consolidation is carried out. In the spe-
cial case of the Abydos Reliefs the surface was so delicate that it
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Fig. 1. Diagrammatic representation of a scanning electron microscope.
(a) filament; (b) anode; (c) condenser lens; (d) scanning coils; (e) final lens;
(f) specimen holder and specimen; (g) detector.
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Fig. 2. Leatherlike layer of “consolidated” stone produced by paraffin wax and

tung oil treatments. Layer lifts off from the rest of the stone as salts crystallize Fig. 3. Edge of leatherlike layer showing the separation from the underlying
under it. stone.
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Fig. 4. Detail of edge at higher magnification showing crystals that are respon- Fig. 5. Detail of edge showing masses of halite crystals and rosettes of gyp-
sible for lifting of layer. sum crystals.
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Fig. 6. Microstructure of Egyptian limestone treated with paraffin wax and tung Fig. 7. Consolidant matrix ieft behind after specimen was treated by the pglish-
oil and consolidated with methyl trimethoxy silane. The consolidant is not read- ing and etching technique. White rounded protrusions are preduced by the so-
ily visible. lidification of the wax-oil mixture.
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Fig. 8. Appearance of the consolidant matrix after application of one poultice Fig. 9. Appearance of the consolidant matrix after application of two succes-
(PERC in attapulgite). Notice the diminution of the number of white sive poultices. Practically no wax-oil mixture is left behind.

protrusions.




KOESTLER, CHAROLA, and WHEELER The Abydos Reliefs 220 K

was considered necessary to consolidate first and clean after the Testing on the Reliefs
curing of the consolidant. A more detailed description of the deci-
sion-making process is given elsewhere.®

Laboratory tests were carried out to ascertain the feasibility of
cleaning after consolidation had taken place. Samples for these
tests were also examined under SEM. Figure 8 shows the appear-
ance of the Egyptian limestone sample after the application of one
poultice (perchloroethylene in attapulgite). Figure 9 shows the ap-
pearance after the application of a second poultice. Both specimens
were prepared using the polishing and etching technique.

Samples from the sides of the reliefs were used for laboratory test-
ing. Figure 10 is a fractured surface of one of these specimens. Fig-
ure 11 shows another fractured surface after consolidation with
silane. Again the consolidant is not too evident. Figures 12 and 13
are micrographs of samples prepared by the polishing and etching
technigue. The matrix of the consolidant is clearly visible. It can also
be noticed that the silane forms a homogeneous matrix with the wax-
oil mixture from the previous treatments.
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Fig. 10. Fractured surface of a flake from the Abydos Reliefs. Fig. 11. Fractured surface of another flake from the Abydos Reliefs after con-
solidation with methyl trimethoxy silane. The consolidant is not clearly visiblo,
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Fig. 12. Polished and etched specimen of the Abydos Reliefs. The hydropho- Fig. 13. Polished and etched specimen of the Abydos Reliefs after consolidn-
bic nature of the wax-oil mixture in the stone shapes the residue. tion with silane. The consolidant forms a homogeneous matrix with the existii
wax-0il mixture.
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Fig. 14. Fractured surface of Egyptian limestone after treatment with wax-oil
mixture, silane, and one poultice application. The micrograph is from an area
near the edge of the specimen which is richer in oil. The white rounded protru-
sions and needle-like formations are due to the wax-oil mixture that solidified
after being partially mobilized by the solvent (PERC).

Discussion

Through scanning electron microscopic examination of the micro-
structure of the samples it is possible to visualize the consolidating
action of a particular compound and to deduce the mechanisms in-
volved during cleaning procedures. The microstructure of fractured
surfaces does not by itself provide all the information and can in
some cases be misleading (compare figs. 10 and 11). The use of the
polishing and etching technique permits a better assessment of the
consolidating action of the silane (figs. 9 and 13).

The consolidant forms a mesh that holds the particles of the stone
together. Methyl trimethoxy silane also forms a uniform “solution”
with the wax and oil in the reliefs {figs. 6 and 13). This feature was
important in the choice of the consolidant because the poor condi-
tion of the reliefs made it necessary to consolidate the stone without
removing the previous treatments. That cleaning after consolidation
can take place is shown in the series of micrographs (figs. 7-9) in
which the decreased concentration of wax in the matrix of the conso-
lidant is clearly evident.

The mechanism through which the wax is removed during poulitic-
ing is easier to deduce from the examination of fractured surfaces
(figs. 14 and 15) than from polished and etched surfaces. Figure 14
corresponds 1o an area toward the edge of the specimen thatis
richer in tung oil. This component did not penetrate as readily into the
stone as did the silane or even the molten paraffin. Figure 15 corre-
sponds to an area towards the center of the sample. The fibrous-
looking crystals are the paraffin wax that crystallized after the evap-
oration of the solvent (PERC) that mobilized it. The difference in
morphology in the crystals from these two micrographs is due to the
different composition of the wax-oil mixture. It would appear that the
tung oil is also mobilized along with the wax. The poulticing tech-
nique is therefore a series of wax dissolution-crystallization steps,
with each step drawing the wax and any oil that can be mobilized fur-
ther out from the stone.
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Fig. 15. Micrograph of the same sample but towards the interior of the speci-
men. The thin white needles are mainly paraffin wax that crystallized after the
evaporation of the solvent that mobilized it.

To achieve a thorough understanding of stone, or any sample, by
SEM examination, special specimen preparation techniques may
have to be developed. No one technique can provide all the neces-
sary information. The different specimen preparation techniques se-
lected should be used to provide complementary information and to
ensure that accurate interpretaion of the images is derived.

Acknowledgments

The authors wish to thank R. Sheryll for the photographic reproduc-
tion of the SEM micrographs and help in SEM sample preparation.

References

1. H. E. Winlock, Bas Reliefs from the Temple of Ramesses | at Abydos, Pa-
pers Vol. | Part |. (New York: The Metropolitan Museum of Art, 1921).

2. H. E. Winlock, The Temple of Ramesses | at Abydos, Papers No. 5 (New
York: The Metropolitan Museum of Art, 1937).

3. L. Aussenberg, Preliminary Report on the Abydos Reliefs (unpublished). On
file at the Egyptian Department, MMA, N.Y., 1974.

4. G. M. Helms, “Conservation of Egyptian Limestone: The Abydos Reliefs,”
3rd Annual Conference of Art Conservation Training Programme, Queen’s
University, Kingston, Ontario, Canada (1977) p. 40.

5. J. . Goldstein and H. Yakowitz, Practical Scanning Electron Microscopy,
Electron and lon Microprobe Analysis (New York: Plenum Press, 1977).

6. K. F. J. Heinrich, Electron Beam X-ray Microanalysis (New York: Van Nos-
trand Rheinhold Co., 1981).

7. 8. Z. Lewin, personal communication.

8. A. E. Charola, G. E. Wheeler and R. J. Koestler, “Treatment of the Abydos
Reliefs: Preliminary Investigations,” Proceedings of the 4th International Con-
gress on Deterioration and Preservation of Stone Objects, Louisville, KY
(1982) pp. 77-88.

9. Pliny, Natural History Book 36.30.

10. G. E. Wheeler, J. K. Dinsmore, L. J. Ransick, A. E. Charola and R. J. Koes-
tler, “Treatment of the Abydos Reliefs: Consolidation and Cleaning,” Studies
in Conservation, 29 (1984), pp. 42-49.




Application of Science

in Examination

of Works of Art

Editors:

Pamela A. England and Lambertus van Zelst

Proceedings of the Seminar:

September 7-9, 1983

The Research Laboratory

Museum of Fine Arts

Boston, Massachusetts

[ ]

UB1]

(P

€T




