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Abstract

A woven silk picture transferred its image to the glass against which it had been pressedfor fourteen
years. The image was formed from salt, which occupied the areaswhere the silk had not touched the glass.
Salt impregnation increasesthe water absorption of silk at a relative humidit y below the value at which pure
salt deliquesces.A salt solution had formed in the fabric at a moderate relative humidit y and then migrated
to the glasswhere the salt precipitated, becausethe relative humidit y was below the deliquescencepoint of
pure salt. The processhas beenreplicated.
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SUMMARY

A woven silk picture transferred
its image to the glass against
which it had been pressed for
fourteen years. The image was
formed from salt, which occupied
the areas where the silk had not
touched the glass. Salt impreg-
nation increases the water
absorption of silk at a relative
humidity below the value at which
pure salt deliquesces. A salt
solution had formed in the fabric
at a moderate relative humidity
and then migrated to the glass
where the salt precipitated
because the relative humidity

was below the deliquescence point
of pure salt. The process has

been replicated.
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It is not unusual to find on opening the glazed frame of a picture that an
image of the original has been imprinted on the inner surface of the glass.
Here we propose an explanation for one example of this phenomenon.

The silk picture shown in Figure 1 was woven by the Jacquard process in
France around the beginning of this century. It now belongs to the National
Museum of American History in Washington DC [1]. This picture and six
others from the same source were framed pressed against glass. They hung
for seven years in a curator's office, after which they were put into a

store room for a further seven years. When the frames were dismantled each
glass was seen to have acquired a copy of the original picture.

The image, shown in Figure 2, results from the scattering of light by fine
crystals of salt, sodium chloride, which form an adherent film on the inner
surface of the glass. The salt is mixed with a small amount of an organic
substance with surfactant properties. The dark areas are clear glass. The
white areas of salt on the glass match the white areas on the picture almost
exactly. There is, however, a notable exception: the sleeve of the left arm
(Figure 3, top). Here a dark mark on the glass (Figure 3, middle)
corresponds to a glossy white area on the woven image. Figure 3, bottom, is
a relief image of the cloth which shows that all the dark areas of the
picture, but only a few of the white areas, including the highlight on the
sleeve, are raised. The salt image does not match the pattern of the colour
but instead follows the relief of the original. The salt is found on the
glass only where the cloth did not touch it.
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Figure 1: The woven silk picture Figure 2: The image on the glass
of Joan of Arc. It measures 520 which was pressed against the
by 320 mm. picture. The pale areas are

formed by light scattered from
fine salt crystals.

Figure 3 (left): An enlarged portion of
Figure 1 (top) with the salt image (middle)
and the surface relief of the silk (bottom).



Figure 4: The crystallization Figure 5: The pattern of salt

pattern of an evaporating salt formation on glass resulting

solution with surfactant. from migration and evaporation
of solution from saturated silk.

Figure 6: A portion, 10 mm

across, of a companion picture to The image on the glass is consistent with crystallization from a salt
Joan of Arc (top), and the solution containing a trace of surfactant [2]. Figure 4 shows how crystals
corresponding salt image. form over the glass of a beaker containing such a solution. Note how there

is a gap between the surface of the solution and the lowest crystals on the
glass. This gap is shown more clearly in Figure 5. Here a piece of silk,
saturated with salt solution, is placed against a piece of glass. As
evaporation proceeds crystals form on the glass at a small distance from the
point of contact of glass with silk. Figure 6 shows a portion of a
companion picture to Joan of Arc and the corresponding salt image. The
clear area on the glass around the point of contact with the silk is clearly
shown.

Salt is widespread in the picture assembly. It is in the silk cloth, in the
linen behind the silk and in the card backboard. The salt could have
transferred to the glass during a period of high relative humidity (RH).
Above 76% RH pure salt deliquesces: the crystals absorb water vapour from
the air and dissolve to form a saturated solution.

A possible sequence of events within the frame of the picture of Joan of Arc
is illustrated in Figure 7: as humid air diffuses slowly into the picture

from the back, water absorption by the salt crystals buffers the relative
humidity so that until all the salt has dissolved the relative humidity of

the air within the enclosure cannot exceed 76%. Suppose now that a
temperature gradient forms within the picture because its back is against a
cool outside wall or because the front is warmed by a spotlight. The
relative humidity at the back of the picture will be buffered to about 76%
by the action of the salt, whose deliquescence point is not affected by
temperature. However, the relative humidity at the warmer inner surface of
the glass will be slightly below 76% because in an empty, closed space it is
the water vapour concentration which tends to become uniform, not the
relative humidity. Under these conditions the salt solution in the fibres
will move by capillary flow among the fibres and then migrate from the point
of contact across the glass. The salt solution begins to dry out as it
traverses the glass, eventually depositing salt at a small distance from the
point at which it emerged from the fibres. The evaporated water diffuses
back through the picture and the cycle of deliquescence, capillary movement,
evaporation and precipitation continues. The first deposit of salt crystals
on the glass forms a capillary network allowing the solution to flow outward
from the point of contact protected from evaporation. Fresh salt

zone of partial
dissolution of salf

Figure 7: The process of salt precipitates outside the existing fringe of salt. Over several years even a
transfer caused by a temperature feeble movement of salt driven by intermittent imposition of a high relative
gradient at high ambient relative humidity and a small temperature gradient may indeed have generated the

humidity. image found on the glass.












