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INTRODUCTION 

T HE T E R M Zwischengoldglas refers to sev-
eral different types of eighteenth-century 
glasses made in Austria and Bohemia. 

Meaning literally "glass with gold between," it is 
an apt description of both the way in which the 
glasses were made and of the nature of their orna-
mentation. These objects are characterized by 
having been assembled from separate glass parts, 
which were cemented together, and by metallic 
gold and/or silver decorations sandwiched in be-
tween the glass parts. The glasses occur in many 
forms, and some, such as those which also enclose 
painted decorations, are more elaborate than 
others; but for the most part, the aesthetic value of 
any individual Zwischengoldglas object-be it one 
of the simpler or one of the more complicated 
varieties-is centered upon its decoration. De-
prived of that decoration the glasses are of little 
interest. 

In The Corning Museum of Glass there are 
several examples of Zwischengoldglas which are in 
poor condition and are badly in need of treat-
ment. Many are losing, or have already lost, im-
portant parts of their decoration. Some of these 
glasses suffered water damage as a result of the 
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1972 flood in Corning, but others appear to have 
deteriorated simply as a consequence of aging. 
However, the problems of Zwischengoldglas deteri-
oration are not unique to Corning, because simi-
lar glasses elsewhere in North America and in 
Europe are also in need of treatment. For example, 
Ludwig Neustifter has recently discussed several 
aspects of this same problem, including methods 
of treatment employed on such glasses in the 
Osterreichisches Museum fUr angewandte Kunst 
in Vienna. 1 

The primary objective of the project discussed 
in this article is to devise methods for the treat-
ment of deteriorated Zwischengoldglas objects. The 
project was divided into three stages as described 
below. The results to date for the first two stages 

I. L. Neustifter, " Zwischengoldgliiser, I: Historischer Dber-
blick, Technik, Form und Dekor," Weltkunst , 48, NO.4, Febru-
ary, 1978, pp. 320-323; " Zwischengoldgliiser, I I: Konservierung 
und Restaurierung," Weltkunst , 48, NO.7 , April , 1978, pp. 
742-745; "Zur Technik der Mildner-Glaser," Weltkunst , 48, 
No. 10, May, 1978, pp. 1156-1159. 
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will be presented here . Work on the third stage, 
The Evaluation oj Proposed Treatments, is still under-
way, and the results will comprise Part II of this 
publication .2 

Examinations and Materials Studies 

In order to devise sound conservation treat-
ments , it was essential first to (I) define the na-
ture of the damage already present on the glass 
and to anticipate damage which might occur in 
the future; (2) learn something about how the 
glasses were made; and (3) identify the materials 
used in making the objects or, at least, compile 

. information on their properties and behavior. 
Visual and microscopic examinations were 

made of representative objects in the Museum's 
collection and various analyses and tests were 
carried out. In addition, two of the authors (Carol 
Aiken and Raymond Errett) visited the outstand-
ing glass collections of The Metropolitan Muse-
um of Art and Mr. Rudolph Strasser. The visual 
examinations carried out during those visits were 
valuable in broadening our knowledge of Zwi

schengoldglas. 
Although the materials used in making the ob-

jects have not yet been identified to our satisfac-
tion, enough information about the properties of 
the materials was assembled to proceed-cau-
tiously-to the next stage. 

Consideration oj Possible Treatments 

It was recognized at the outset that much of the 
damage already present in the Zwischengoldglas 

objects at the Museum could not be corrected, 
because certain types of damage are, for practical 
purposes, irreversible. Obvious examples, as dis-
cussed below, are the dissipation of painted deco-
rations and the total disintegration of some of the 
adhesive, with attached gold decoration, into 
small crumbs. However, it is expected that those 
objects which have not suffered so severely are 
not beyond help of some sort. After review of the 
findings of the examinations and tests, several 
possible treatments were considered. 

Evaluation oj Possible Treatments 

After weighing the potential adva.ntages and 
disadvantages of possible treatments, trial appli-
cations of the most promising will be made to a 
few of the less important Zwischengoldglas objects 
in the Museum's collection. The objective of this 
third stage is to evaluate the various treatments 
and to draw up recommendations as to how to 
approach certain specific problems. At some time 
in the future, a program will be undertaken to 
treat the Zwischengoldglas objects in the Museum's 
collection. 

A PRECAUTIONARY NOTE 

A warning must be directed to everyone who 
handles or cares for these objects. They can be 
extremely fragile. There have been two instances 
at The Corning Museum of Glass when objects 
have come apart while they were being handled. 
Because they were being handled very carefully 
(immediately above a softly-padded surface, cra-
dled from below, properly balanced, with attached 
parts in a horizontal position, and with one hand 
ready to catch anything that came loose) no 
breakage occurred. We strongly advise against 
unnecessary handling and recommend that Zwi
schengoldglas objects generally be stored lying on 
their sides, with medallions facing upward, so as 
to minimize stresses acting upon the adhesive 
bonds. The glasses should be protected from di-
rect sunlight, heat, extremes of humidity, liquid 
water, organic solvents, abrupt temperature 

2. This work is being funded in part by Grant no. R6o-2o-
3[8B from the National Endowment for the Arts. The work in 
Corning was conducted by Raymond Errett, the Museum's 
Conservator-Photographer, and Robert Brill , the Museum's 
Research Scientist. That done at Cooperstown, New York, 
was carried out by Carol Aiken, a private conservator. David 
Novick carried out his experiments at the laboratories of 
Englehard Industries in Newark, New Jersey, where he is 
employed. Certain facilities of the Cooperstown Program in 
the Conservation of Historic and Artistic Works were very 
generously made available by Professors Caroline and Sheldon 
Keck and Dr. Christopher Takh. 
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TABLE I 

A CLASSIFICATION OF ZWISCHENGOLDGLAS TYPES 

Variations of type based on combinations of construction, shape, and decoration. 

I. Shapes 
A. Open shapes (tumblers, goblets, bowls) 

I. Footed pieces (e.g., goblet) 
2. Pieces with lids (e.g., covered beaker-Metropolitan Museum, Strasser) 

B. Closed shapes (decanters) 
C. Novelty (perfumes-Strasser, cross base-Strasser, teacups-from Toronto: nineteenth century) 

II. Constructions 
A. Double-Wall 

I. join at top 
2. join under lip 
3. Space in bottom (for object) 

B. Applied medallion 
I. Depression 
2. On surface (Russian) 

III. Decoration (elements below singly or in combination) 
A. Engraved metal leaf 

I. Gold 
2. Silver 

B. Transparent or opaque continuous background 
C. Painted decoration 

I. On metal background 
2. Without metal background 

D. Paper or parchment insert 
I. Background (e.g., for monogram) 
2. Principal design (e.g., Mildner-type, paint) 

E. Three dimensional objects in base (e.g., dice) 

changes, and from heat build-up accompanying 
strong illumination during examination or pho-
tography. 

THE STRUCTURE OF THE OBJECTS 

For purposes offamiliarization, we shall describe 
a few types of Zwischengoldglas objects selected 
from the dozen or so objects requiring treatment 
at The Corning Museum of Glass. A more com-
prehensive classification is given in Table I. 
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Double-Walled Tumblers or Goblets with Gilt Decoration 

These vessels are made up of two hollow glass 
parts, one of which fits, relatively snugly, inside 
the other. An example is shown in Fig. I. Gold 
and/or silver decoration, applied mainly to the 
exterior surface of the inner vessel, is enclosed 
between the two glasses. Geometrically, the two 
glasses can come together in various ways near 
the rim depending on their relative shapes, and, 
in the case of tumblers, they also meet near the 
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FIG. I. Zwischengoldglas tumbler with gold decoration, 
eighteenth century. Note disintegration of resin adjacent to old 
cracks. CMG 65,].76. 

bases. Usually, a separate circular medallion is 
incorporated as the base of the tumblers. In gen-
eral , the adhesive is located not only at the con-
tacts , but appears to fill the space between the 
walls of the two parts. Often these glasses were 
ground and polished after assembly (or after a 
trial assembly) so as to achieve a smooth contour 
at the joins. 

Double-Walled Tumblers or Goblets 
with Polychrome Decoration 

These vessels are similar to those above but 
have additional colored decoration in the form of 
paints or stains applied over the metallic decora-
tion . An example is shown in Figs. 2 and 3. 

Vessels with Medallions 

These are single-walled vessels bearing elab-

FIG. 2 . Zwischengoldglas goblet with gold and silver deco
ration and polychrome painting. Bohemia, 173O-I740. Note 
large bubble of air trapped between walls near bottom of bowl. 
CMG 56.].89. 

FIG. 3. Detail of goblet in Fig. 2 . 
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FIG.4. Zwischengoldglas tumbler, white-opaque glass 
with gold and red side medallion. II Mildner, Austria, 1785-
1787. CMG 51.3.219. 

orately decorated medallions on the walls and 
sometimes separate rings of glass at the rims or 
bases. An example is shown in Figs. 4 and 5. Such 
objects were made by affixing the glass medallion 
and small sleeves of glass over parts of the wall, 
base, or rim which had previously been ground 
away to receive them . The contours of the parts 
were all very carefully finished so as to achieve 
close fits . Once again, gold and/or silver were 
applied to the surfaces of the glass (both on the 
in terior of the medallions and exterior of the ves-
sel walls), and most often, a deep-red transparent 
stain was applied to back the metallic decoration. 

Glasses with Painted Inserts 

These vessels are similar to those above, but 
have a painted insert enclosed between the me-
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FIG. 5. Detail of medallion on tumbler in Fig . 4· Note loss of 
decoration. 

dallion and the base glass. These are perhaps the 
most prized and also the most complicated, struc-
turally, of the Zwischengoldglas family of glasses. 
Outstanding objects of this type were made by 
J.J . Mildner in Vienna. The examples shown in 
Figs. 6 through 10 have painted portraits enclosed . 

THENATUREOFTHEDAMAGE 

Seventeen examples of Zwischengoldglas from the 
Museum's collection were examined with and 
without magnification by one of the authors (Carol 
Aiken) . A total of forty-two additional examples 
were examined visually at The Metropolitan Mu-
seum of Art and in the private collection of Mr. 
Rudolph Strasser. (The objects are listed in Table 
2.) Detailed examination notes were made, but 
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TABLE 2 

ZWISCHENGOLDGLAS OBJECTS EXAMINED 

The Coming Museum The Metropolitan 
oj Glass Museum of Art Strasser Collection 

*50.3.23 15·34·4 13 
50.3.78 27· 185. 133 14 

*"51.3.2 19 27. 185. 140 15 
51.3.223 27. 185.143 16 
51.3.224 27 .185.144 26 
53.3. 21 27· 185. 149A 68 

*53·3 ·33 27. 185. 179 120 
*54.3. 12 27. 185. 185 146 
*54·3· 13 27.185.186 154 
*54.3. 16 27.185.188 167 (new no.) 
*56.3.89 27· 185.336 204 

57.3. 181 27. 185.337 25 1 
*65.3. 76 27. 185.344 308 
65·3· 77 27. 185.345 3 without number 
65.3.78 8 Mildner 
75.3. 20 Base for cross 
77.3 .1 I 

* Included in preliminary examinations and/or tests and analyses. 

are not included here. The problems listed below 
were identified in one or more of the pieces stud-
ied. The main causes of these problems are as-
sumed to be deterioration from aging, damage 
suffered during the 1972 flood at The Corning 
Museum of Glass, and damage suffered from ac-
cident. The problems, some of which are illus-
trated in Figs. 10 through 16, are: 

4. Partial separation of Mildner-type medallions 
from the adhesive as indicated by 

I . Shattering of the adhesive on a microscopic 
level, which appears on numerous examples. 
(Figs. I I and 12.) 

2. Cracking and shrinkage of the adhesive on a 
visual level, particularly along edges exposed 
to the atmosphere, which also appears on nu-
merous examples. (Figs. I and 15.) 

3. Metal foils detaching from the glass on a micro-
scopic level, e.g., CMG 65.3.78. 

a. A glossy appearance (similar to cellophane), 
e.g., CMG 50.3.23. 

b. Blanching and dullness of the pigmented 
layer, e.g., CMG 75.3.20. 

5. Complete separation of the applied rings and 
Mildner-type medallions from glasses, with 
loss of the adhesive and decoration. (Figs. 6 
and 14.) 

6. Cracks in the inner and outer glasses of double-
walled pieces, e.g., CMG 65.3.76. (Fig. I.) 

7. Faded pigments where the adhesive is crum-
bling, e.g., CMG 54.3.12. (Figs. 8 and 9.) 

8. Fugitive pigments, e.g., CMG 51.3.223 (yel-
low onjacket and pants). 

9. Blanching of pigments leading to misinterpre-
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FIG. 6. Zwischengoldglas tumbler, with painted portrait of 
man enclosed in gold and red side medallion. J.J. Mildner, 
Austria, dated 1792. Note separation of base and rim sleeves. 
CMG 54.3.13. 

FIG. 7. Detail of medallion on tumbler in Fig . 6. Notefine 
condition of painting. 
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tation of the original decoration, e.g., CMG 
54.3.16 (blue to gray-ultramarine blue?) and 
CMG 75.3.20 (red to orchid). 

10. "Smearing" of pigments on painted silver 
examples (contemporaneous with manufac-
ture?), e.g., CMG 51.3.223. (Fig. 13.) 

RESULTS OF EXAMINATIONS 
AND MATERIALS STUDIES 

Eight objects of the types described above were 
studied in detail as a preliminary step. The studies 
consisted of microscopic examinations (ranging 
up to IOOX) and assorted chemical and physical 
tests and measurements. While detailed notes 
were recorded for all objects, only the most sig-
nificant observations are reported here. 

It must be kept in mind that the results of the 
studies reported below apply, in a strict sense, 
only to the objects actually examined. It would be 
dangerous to generalize too far and assume that 
what is found to be true for a few Zwischengoldglas 
objects is necessarily true for all. Different artists 
may well have had their own personal preferences 
regarding materials, and individual artists might 
have used different materials from time to time. 
Nonetheless, superficially, the objects we have 
looked at appear to contain similar materials , and 
the results of these experiments should provide at 
least good starting points for the consideration of 
treatments for individual objects. 

The Adhesive 

In most cases (if not all) wherever separate 
pieces of glass are joined, the adhesive appears to 
consist of two different phases. One now has an 
amber color, while the other is nearly colorless. It 
is almost certain that these are altered and un-
altered states of a single original adhesive, because 
the amber-colored phase is most frequently seen 
along edges and cracks where the adhesive might 
have come into contact with the outer world. In 
some objects another material is seen, a putty or 
whiting which served as a filler where gaps occur 
in joins. 
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FIG. 9. Detail of object shown in Fig. 8. 

FIG . 8. Zwischengoldglas tumbler, companion to tumbler in 
Fig. 6, with a portrait of a lady. Note disfigurement of portrait 
owing to damage caused in 1954 by a photographer's lights. 
CMG 543.12. 

The identification of the adhesive, which must 
have been formulated from one or more naturally-
occurring substances (or their derivatives), is 
greatly complicated by several factors . First, the 
properties of the aged adhesives in the objects are 
likely to have been altered from what they were 
originally and consequently may differ to some 
extent from those of recently gathered specimens. 
Second, the adhesives might originally have been 
mixtures of two or more ingredients. Third, the 
properties of even the freshly-prepared original 
ingredients (which were natural products and not 
pure chemical compounds) would have been very 
much dependent upon the processing by which 
they were made. With all this in mind, the pros-
pects for making a precise identification were not 
promising, even at the start. 

Some early references point to the use of amber 
for making gold varnishes, with copal being used 
for pale-colored varnishes. 3 Later references men-
tion the use of complex formulations of rosin (gum 
turpentine), mastic, sandarac, shellac, and other 
materials for gold sizes or gold varnishes. 4 , 5, 6 

FIG. 10. Gold decoration of undersurface of medallion, as seen 
through the opposing wall of a Mildner tumbler. Note separation 
of gold. CMG 543.12. (See also Figs. 8 and9.) 

While it would have been preferable to have 
studied the unaltered, colorless phase of the adhe-
sive, it was only possible to obtain one small 
sample of such material. Therefore, we had to 
make do mainly with samples of the altered and 
discolored phase. This has a transparent amber 
color and contains occasional small bubbles and 
bits of debris. It has become quite brittle, 
and individual fragments show extensive internal 
cracking at a microscopic level. Shattering is fre-
quently seen on the edges of this phase where it is 
exposed at joins between two pieces of glass. Quite 
often pieces have separated. The adhesives on 

3. J. F. Watin , "L'art du Peintre, Doreur et Vernisseur," in 
C. L. Mantell, C. W. Kopf,J. L. Curtis , and E. M. Rogers , The 
Technology oj Natural Resins, New York: Wiley & Sons, 1942. 

4. F. Seiligmann and E. Zieke, Handbuch du Lack- und Firnis-
Industrie, Berlin: Union Deutsche Verlagsgesellschaft Zweig-
niederlassung, 1910. 

5. A. Livache and J. G. Mcintosh, The Manufacture of Var-
nishes, II , London: Scott , Greenwood & Son, 1908. 

6. Neufstifter, loco cit. , quoting Kunckel, mentions the use of 
linseed oil. 
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F!G. I I. Interior of rim of bottle showing deterioration of 
adhesive. Pattern of cracking in adhesive is visible in oxidation 
pattern iif silver. CMG 533.21. 

F!G. I 2. Reverse side of decanter medallion showing crazing 
and loss of adhesive (by transmitted light through opposing wall 
iifdecanter). CMG753.20. 

TABLE 3 

PROPERTIES OF MATERIALS IN ZWISCHENGOLDGLAS 

Solubili!y Fluorescence 
Index of Softening Melting Readily Partially 

Matenal SOlJ.ra Color Rifraction Point Point Soluble Soluble Insoluble Long-wave Shon-wave 

Amber resin 
CMG4660, 51.3.21 9 transp. 1.554 -800 r03° acetone, benzene, hexane, moderate little or 

4661 , amber ethanol, toluene, carbo tet., icy-bluish none 

4663, eth. acetate, xylene turp. , 

4664 DMF, water 
conc. NaOH, 
cone. Na,B,07 

54-3· 13 1.556 -800 1060 

53·3·33 1.554 

Colorless Resin 
CMG4665 56.3.89 colorless 1·554 83-88° 92-95° acetone, benzene, hexane, yellowish green> 

ethanol, toluene, carbo tet., 
eth. acetate, lurp. water 
DMF 

Red Pigment 54.3. 13 transp. cone. (no other salven t dark purple color 
"rose" NaOH yet found) (microscopically) 
(micro- (slow) 
scopically) 

Vehicle for Red 54.3. 13 nearly swells in All other none 
(and others) colorless warm water solvents (microscopically) 

listed above 
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PROPERTIES OF RELATED MATERIALS 

Solubility Fluorescence 
Index if Softening Melting Readily Partially 

Material Source Color Refractiou Point Point Soluble Soluble Insoluble Long-wave Short-wave 

Dragon's blood modern, deep orange acetone, turp. , water, 
CMG 4662 Malaysia brown ethanol , carbo tet. conc.NaOH 

benzene, Na,B,07 
toluene, 
xylene 

Rosin modern , transp. 75° "Readily soluble in many solvents" moderate, little or 
Fisher, '97' amber (literature) blue none 

Rosin modern , transp. 63° turp. (slow) moderate, little or 
Fisher, '976 amber blue none 

Rosin Roman Period transp. 70° 80° turp. 
CMG 4603 Constanta dark amber (sl. soL ) 

Rosin Roman Period transp. 85° 93° toluene turp. 
CMG4605 Constanta dark amber (sl. soL) 

Shellac modern , transp. 6,° 69° ethanol, acetone, toluene strong moderatc 
orange flake orange (this study) conc. NaOH benzene, orange orange 

amber (literature values Na,B,07 ether, 
vary widely) turp. 

Canada balsam modern , yellowish 1.540 
(hardened film ) Fisher, '977 

Rose madder Egypt, Roman transp. 
CMG "99 rose" 

(micro-
scopically) 

several different objects closely resemble one an-
other microscopically and may, for all practical 
purposes , be identical. 

Indices of refraction were estimated for adhe-
sive samples from three different vessels by im-
mersion in index oils. The results, shown in Table 
3, agree closely with one another, the differences 
being well within experimental error. An index of 
1.555 was therefore accepted for the altered phase 
of the adhesive. For comparison, refractive indices 
of several natural resins are included in Table 4. 
Allowing for aging effects and experimental errors, 
various combinations of these resins (excluding, 

7°°.115° 
120°-150° 

weak-mod. v. weak 
greenish? greenish? 

NaOH dark purple color 
(microscopically) 

perhaps, shellac) could possibly match the adhe-
sives being studied. 

A transmission spectrum of a small speck of the 
discolored adhesive is drawn as Curve I in Fig. 
20. (The sample measures about 2 x 3 mm and 
was 1.0-1.2 mm thick.) It will be seen that the 
curve has a high transmission in the red and 
yellow regions and falls off quite quickly as it 
passes through the green, eventually tailing off in 
the near ultraviolet. This curve could prove useful 
if one should attempt, for any reason, to match 
the amber color in a restoration treatment. 

The transmission spectrum of a sample of the 
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FIG. 13. Smearing of pigments on silver-decorated goblet. 
eMG 56.].89. 

discolored adhesive in dilute ethanol solution was 
described as being flat throughout the visible re-
gion, down to 400 ml-'.7 Near that wavelength, 
there appears the effect of a strong near-ultra-
violet absorption peak located at 296 mI-'. This 
absorption accounts for the amber color of the 
adhesive in more concentrated solutions, and, 
presumably, for the color of the altered adhesive 
itself, which is not perceptibly different from that 
of the solutions. 

The altered phase shows a moderate icy-bluish 
fluorescence under long-wave ultraviolet and little 
or no fluorescence under short-wave irradiation. 
This resembles the fluorescence of rosin (colo-
phony).8 Portions of the adhesive separated by 
paper chromatography, and still absorbed to the 
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FIG. 14. Rim ring showing loss of decoration (by transmitted 
light). Note traces of gilding and central patch of red paint which 
still adheres. 

paper, appear to fluoresce more strongly than the 
adhesive itself in bulk. Under long-wave irradia-
tion, a rather strong yellowish white color is seen, 
and under short-wave a faint pinkish color. 

Softening and melting points were measured 
for samples of the adhesive from two objects, 
using a standard laboratory melting-point appa-
ratus. Both samples behaved similarly. They re-
mained brittle at 70-75° c but softened, rounded, 
and could become compressed to a gummy mass 
at about 80° c. They were gummy to 95° c and 
melted to clear, straw-colored liquids at 103° c 
and 106° c respectively, although the melting 
points could not be described as being sharp. In 

7. This comment was made by D. Yao Su of Coming Glass 
Works, who ran the spectrum. 

8. In the literature, rosin is reported to produce a green, 
yellow-green, or weak blue fluorescence. Shellac has a well-
known orange fluorescence. Amber is said to show light green; 
Congo, light blue; Manila, blue green; sandarac, blue green; 
damar, weak blue; elemi, orange; and mastic, blue gray. But 
such descriptions are notably subjective (as is our own "icy-
bluish") , and sometimes the nature of the exciting radiation is 
not specified. Therefore, it is hazardous to compare one ob-
server's visual perception of a color with another observer's 
printed verbal descriptions. Except where color differences 
are very great, or where the colors are described by experi-
mentally determined spectra, only direct comparisons by the 
same observers should be considered really valid. 
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TABLE 4 

SOLUBILITIES AND REFRACTIVE INDICES OF SOME NATURAL RESINS 

Congo* Copal* Damar* Manila * Rosint Sandarac* Shellact 
Natural Resins 
( Unprocessed) 
Acetone GL-SW PS S S S S 
Benzene SW-I SLS S GL S PS 
Carbon Tetrachloride SW SLS S S I 
Ethyl Acetate GL I LS S GL 
Ethanol SLS PS S S S S 
Dimethyl Formamide 
Hexane 
Toluene SW LS S I-SW PS§ SLS I§ 
Turpentine SW LS S S SLS I§ 
Refractive Index! -1.55 1.516 -1·55 1.525- -1·55 1.535 

1.548 

Natural Resins 
(Thermally processed) 
Acetone SLS SLS-SW S LS-SLS 
Benzene S S S S 
Carbon Tetrachloride S S-SW S S 
Ethyl Acetate S LS-PS S S 
Ethanol 
Dimethyl Formamide 
Hexane 
Toluene S S S S 
Turpentine S S S S 

S-Soluble, LS-Largely Soluble, PS-Partly Soluble, SLS-Slightly Soluble, I-Insoluble, GL-Gelatinous Mixture, 
SW -Swelled Solid 

*C. L. Mantell, C. W. Kopf, J. L. Curtis, and E. M. Rogers, The Technology oj Natural Resins, New York: Wiley & 
Sons, 1942. 

t United States Dispensatory, 24th ed., Lippincott, 1947. 
!Various sources. 
§This study. 

the melted state a portion of one sample remained 
slightly cloudy, as if some other minor component 
were present. 9 Two samples of modern rosin, two 
of rosin from Roman amphoras, and one of a 
modern shellac were run for comparison. All soft-
ened and melted at lower temperatures than the 
adhesives from the Zwischengoldglas objects. (See 
Table 3.) 

The results of these tests must be viewed with 
some caution, because melting points are notori-
ously sensitive to impurities (as is illustrated by 
the difference between the results for the two 

9. This could be a siccative ingredient, such as lead oxide, 
added to assist drying. 
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FIG. IS. Two m£dallions separated from MildTl£r-rype vessels. 
Note extensive loss of material. CMG 53333 and 543.16. 

modern rosins), and the melting points of aged 
samples of resinous substances may be different 
from those of the fresh substances. Moreover, it is 
possible that the adhesives being studied are mix-
tures and not single substances. Nonetheless, the 
results imply that the melting point ofthe original 
adhesive was moderate, and that the original ad-
hesive might possibly have been softened or even 
melted on a water bath for application to the 
glasses-if that is how it was applied. (Alterna-
tively, the adhesive could have been applied as a 
solution in some solvent; or perhaps was itself a 
liquid at room temperature.) 

The colorless phase of the adhesive is distinctly 
different from the discolored phase in appearance 
and is markedly less brittle, being almost waxy in 
its microscopic response to a dissecting needle. 
However, in some properties the colorless phase 
resembles its amber companion. The refractive 
index of the only sample which could be taken (a 
microscopic speck from CMG 56.3.89, the goblet 
in Fig. 2) was found to be I.554 ± 0.002. The 
softening and melting temperatures of the same 
sample were 83-88° and 92-95° c. This sample of 
the colorless phase showed a strong yellowish-
green fluorescence to an intense unfiltered quartz 
micro-lamp, when irradiated under the micro-
scope. The same fluorescence can be seen in the 
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F IGo 16. Schematic sections showing relationships among de-
teriorating materials on the two Mildner medallions illustrated 
in Fig. 15. (Not to scale.) Proceeding from the left on CMG 
53.333: glass of medallion, wal!Y lines representing gold leaf 
(sizing not shown), shattered amber resin, with patches of 
detached gold leaf, layers of paint, fibrous structure of paper 
support for painting, shattered amber resin grading into red 
transparent paint, incised silver foil (sizing not shown) which 
would have been attached to the wall of the parent object. 
Proceedingfrom the left on CMG 543.16: glass medallion, gold 
leaf (sizing not shown), painted decoration, red transparent 
stain, shattered amber resin, red transparent paint, silver foil 
(sizing not shown) which would have been attached to wall of 
parent object. 

colorless phase where it is exposed at ajoin on the 
object, but there it becomes confounded some-
what with reflection from adjacent gold decora-
tion. Considering the colorless phase as a less-
altered predecessor of the other phase, both the 
development of the amber color and the increase 
in mel ting poin t (from 92-95° to 103- I 06°) can be 
considered reasonable consequences of the altera-
tion processes. Apparently, however, the refrac-
tive index was unaffected. 

Perhaps the most important property of ad-
hesive materials in relation to conservation stud-
ies is solubility. The altered and unaltered phases 
have very similar solubility properties within the 
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limited range of solvents available for testing at 
the Museum. (See Table 3.) They differ only in 
their behavior to turpentine, and there the differ-
ence is merely one of degree. Both are readily 
soluble in the polar solvents tested (ethanol, ace-
tone , ethyl acetate, and dimethyl formamide), 
just somewhat soluble in benzene and toluene, 
and insoluble in two nonpolar solvents (hexane 
and carbon tetrachloride) . Presumably, this indi-
cates the presence of polar functional groups in 
the two resins. Both are insoluble in water. Table 
4 is a compilation of solubilities for several natu-
ral resins . 

I t will be shown below that a pine resin of some 
sort is a major component of the adhesive. Con-
sidering rosin (or colophony) as an exam pie of a 
pine resin , the solubilities agree with those of the 
adhesive, except regarding turpentine. The color-
less phase is partially soluble and the altered 
phase insoluble. Rosin is generally said to be 
soluble in turpentine. We found, however, that 
two samples of ancient rosin (samples 4603 and 
4605) had very limited solubility in turpentine 
and that even a sample of modern rosin dissolved 
very slowly. It was concluded that aged rosin does 
not dissolve readily and completely in turpentine, 
and, therefore, the fact that the adhesives from 
the Zwischengoldglas objects are not soluble in tur-
pentine cannot be taken as convincing evidence 
that they do not contain rosin as a major ingredi-
ent. 

There is solubility-related evidence that the 
altered adhesive contains at least two differing, 
but similar, components. This came from a sim-
ple paper chromatographic separation. 10 An etha-
nolic solution of the adhesive from CMG 51.3.219, 

the tumbler in Fig. 4, was applied dropwise and 
slowly to the center of a sheet offilter paper. After 
a small evaporation ring had built up, the adhe-
sive was eluted by the dropwise addition of tolu-
ene. The process was extended over several days, 
after which a second ring had deposited outside 
the initial ring. Thus, the adhesive had been sepa-
rated into two components, one soluble in toluene, 
and the other insoluble in toluene. The toluene-

FIG. 17. Four samples from the gilding tests. Slide 2 is oil-
gilded gold, slide 3 is glair-gilded silver, slide 5 is gelatin-gilded 
gold, and slide 12 is gelatin-gilded silver with an induced blister. 

soluble fraction contained 10-20 percent of the 
original material. Both fractions are amber col-
ored and have an identical fluorescence behavior 
under ultraviolet light. The result can be inter-
preted in several ways. Two major ingredients 
might have been used in preparing the adhesive; 
or one major ingredient, itself a mixture of two 
compounds, might have been used; or the sep-
arate components found could have resulted from 
agmg. 

I t is helpful to know the physical properties 
discussed above when devising conservation treat-
ments, but the identification of the adhesive ma-
terials requires chemical analyses and testing. So 
far, gas chromatography, infrared analysis, and 
the Liebermann-Storch Test have been employed. 

[0. The experimental conditions were as follows: A volume 
of [.8 ml of solution deposited approximately IO mg of adhe-
sive, forming an elliptical ring , measuring about 2 x 3 cm. 
Elution with -30 ml toluene over a six-day period produced an 
irregularly-shaped ring about 8-9 cm in diameter. Special 
care was taken to remove all traces of the red pigment and its 
vehicle, both of which are insoluble in ethanol , from the 
original solution . The support was Whatman no. 42 filter 
paper. 
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Gas chromatography provided the most useful 
information. Analyses of two samples were car-
ried out by Dr. John Mills and Mr. Raymond 
White of the National Gallery in LondonY Both 
samples came from the same object, CMG 51.3. 
2!9, the piece by Mildner shown in Figs. 4 and 5. 
The side medallion of this tumbler had become 
detached and a substantial portion of the adhe-
sive had separated, removing with it the metallic 
decoration and red paint. The samples were taken 
from the detached adhesive. All of the adhesive 
was altered and had the usual amber color. The 
first sample, no. 4660, consisted of the adhesive 
mixed with traces of gold leaf, silver foil, and red 
paint. The second, no. 466!, consisted of the ad-
hesive alone, having been separated from the other 
phases under the microscope. 

Dr. Mills reported that familiar and clear-cut 
chromatograms were obtained which are typical 
of a pine resin. He was able to add that the resin 
had quite possibly been used in an unprocessed 
state. Sample no. 466! contained only the pine 
resin and its chromatogram indicated that no 
other diterpenoid resins, such as sandarac or ma-
nila, were present. The chromatogram of no. 4660, 
however, showed a considerable proportion of 
additional components. Sample no. 4660 con-
tained the pine resin, some shellac, and a third as 
yet unidentified resin. The latter two apparently 
were associated with the sizing or vehicles of the 
applied decorations. 12 

Infrared analyses of very similar adhesive sam-
ples (nos. 4660, 466!, 4663, and 4664) from the 
same object as was used for the gas chromatog-
raphy experiment, were carried out by Prof. Curt 
W. Beck of Vassar College, and, independently, 
by Dr. A. S. Manocha of Carnegie-Mellon Uni-
versity. Spectra were run of the whole resin in 
potassium bromide, of solvent-extracted fractions, 
and offilms cast from ether, benzene, toluene, and 
acetone solutions. 

The results of the infrared analyses ofa sample 
equivalent to no. 466!, were summarized by Prof. 
Beck. He said the spectra are consistent with the 
presence of a pine resin as a major component, 13 
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and that the adhesive could contain copal as a 
major component, but that the spectra exclude 
amber, shellac, and aromatics as possible major 
components. Infrared spectra cannot be used for 
the identification of minor components in a com-
plex mixture. 

A series of Liebermann-Storch Tests was run 
by one of the authors (David Novick) on samples 
of adhesives from several Zwischengoldglas objects, 
along with some resins from archeological objects 
and many control samples. The Liebermann-
Storch is a color test, run on a spot plate. It is 
specific for the presence of abietic acid, a compo-
nent of rosin. The tests run on the adhesive sam-
ples gave a negative result which at first seemed to 
be in contradiction with the gas chromatography 
results. It may be, however, that the negative 
results were due to aging of the adhesive, or to 
interference by some other component. 

The Gold and Silver 

When viewed without magnification, the metals 
in the decoration are lustrous and have a bur-
nished appearance. Microscopically, however, 
the same surfaces show numerous irregularities, 
wrinkles, and tears. They clearly were applied as 
leaf or foil. Presumably, a sizing was used, but in 
the parts of the vessels accessible to microscopic 
examination, little or no visual evidence was seen 

II. For an excellent and comprehensive account of the ap-
plication of gas chromatography for the identification of 
natural resins , see their publication:]. S. Mills and R. White, 
"Natural Resins of Art and Archaeology, Their Sources, 
Chemistry, and Identification," Studies in Conservation, 22, No. 
I , February, 1977, pp. 12-31. 

12. Dr. George Reilly, of the Winterthur Museum, had also 
run some preliminary gas chromatography experiments on 
these samples and established that there was more than one 
major component. He did not proceed further , because at that 
time we did not have access to any relevant reference ma-
terials. 

13. The data suggest that the resin might have come from 
trees in the subgenus Diploxylon such as Pinus sylvestrus (com-
mon to Austria and Eastern Europe) or Pinus pinaster (common 
to France, Spain, and Portugal). 
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FIG. 18. Engraved goldfacsimile with red background. Angel 
measures 4-3 em. 

under either visible or ultraviolet illumination to 
verify this. In places, the gold leaf is distinctly 
green by transmitted light. After application, the 
metals were trimmed in situ to produce extremely 
delicate and sharply-delineated details. It is worth 
noting that inscriptions, such as those viewed 
from the inside of the Mildner tumblers, had to be 
incised in reverse, which attests to the skill of the 
decorator. 

The thickness of the metals is important to the 
understanding of the color of gilded decorations. 
The partial transparency of leaves of gold, and 
their greenish cast, causes the color of a thin gold 
layer, when viewed by reflected light, to be influ-
enced by the color behind it. For example, it can 
be enriched by a red pigmented ground. Thicker 
leaves and foils, including those of silver, reflect 

FIG. Ig. Detail of Fig. 18. 

light and are metallic in appearance, and their 
color is not influenced by that of underlying layers. 

The Red Paint 

The red transparent "stain" which commonly 
backs the gold and silver decoration is not dis-
solved in the adhesive. I t appears to have been 
applied, in its own vehicle, over the metallic deco-
ration before the adhesive was applied. In one 
case, that of the base on the Mildner tumbler with 
the portrait ofa man, the thickness of the adhesive 
was measured and found to be o.Igmm. The 
thickness of the intact red-stained layer still ad-
hering is 0.0I5mm. The vehicle in which the red 
pigment is dispersed adheres more tightly to the 
adhesive than it does to the glass, and the metals 
adhere more tightly to that vehicle than to the 
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glass. Consequently, when the adhesive separates, 
it usually takes the red layer and metallic decora-
tion with it, rather than leaving the metal and red 
stain on the glass. This is most unfortunate, be-
cause it means that the disintegration of the ad-
hesive leads to nearly total destruction of the 
ornamentation. 

The vehicle of the red background layer is mark-
edly different from the adhesive. It does not dis-
solve in any of the organic solvents applied to the 
adhesive, as far as could be determined in spot-
plate tests. Neither is it readily soluble in cold 
water, but it does soften and seems to swell some-
what in warm water after several minutes immer-
sion. The reaction is slow, however, and although 
there is a loss of transparency at the surface of the 
film, it preserves a strong, translucent, pink color. 

The red pigment is dispersed throughout its 
vehicle as fine particles having a strong, pink, 
transparent color. They can be seen at magni-
fications of -40 X . The color of the particles at a 
microscopic level is better described as "rose" 
than "deep-red," although the latter is an accu-
rate description of the color of the film in bulk. 
The particles have rather indistinct shapes and 
are isotropic. The pigment is seemingly unaffected 
by the solvents used for the solubility tests on the 
adhesives, but this could be the result of their 
being shielded from the solvents by the vehicle. It 
can be said with certainty, however, that the pig-
ment is insoluble in ethanol. 

Another very fine-grained and thinly-dis-
persed phase is also present in the vehicle. This 
phase is anisotropic and, in fact, only becomes 
visible when viewed in crossed polarized light. It 
may be the residue of a lake. 

When the vehicle film is treated with dilute 
aqueous sodium hydroxide in spot-plate tests, the 
film swells (as it does in warm water), taking on a 
gelatinous appearance, but still preserves its edges 
and corners. After a few moments, the pigment 
particles go into solution. 

Two possibilities considered for identification 
of the red pigment were dragon's blood and rose 
madder. Dragon's blood seemed a likely choice, 

28 

because it is traditionally thought to have been 
used as a red varnish in association with gold 
decoration. While it has not been strictly elimi-
nated, it now seems unlikely that the red pigment 
is dragon's blood. Samples of modern dragon's 
blood, in the form of an orangish-brown resin, 
transparent in small pieces, were found to be 
soluble in ethanol and unaffected by dilute aque-
ous sodium hydroxide solution. In both these 
features it is unlike the red pigment under investi-
gation. In addition, the orange-brown color ofthe 
modern dragon's blood under the microscope is 
distinctly different from the characteristic rose 
color of "the unknown." 

In contrast, however, the microscopic appear-
ance of the pigment from the Zwischengoldglas is 
virtually identical to that of a pink powder found 
in a small Egyptian glass bottle of Roman date. 
While that seems an unlikely place to look for a 
parallel, that powder had previously been identi-
fied as rose madder by one of the authors (Robert 
Brill). Particles of the two pigments have exactly 
the same color, transparency, appearance under 
ultraviolet illumination,14 lack of birefringence, 
and more-or-less indefinite shapes. Having not 
come across evidence to the contrary, we pro-
ceeded on the assumption that the red pigment is 
rose madder, although there are in fact other 
candidates. Red gum accroides, which seems to 
match at least some of the properties of the Zwi-
schengoldglas pigment, is one. The yellow form of 
gum accroides has been used most frequently as a 
yellow dye, along with gamboge and saffron, to 
produce "gold" varnishes for bright metal surfaces 
such as tin foil and silver. Much less known is a 
similar use for the red gum. This resin is thermo-
setting, obtaining greater hardness and becoming 

14. The appearance is a dark purple color, but because the 
particles are so small it is difficult to describe this as fluores-
cence in the sense that fluorescence usually implies a glowing 
appearance. We believe it is somewhat questionable that 
bright fluorescence is truly a characteristic of madder, as has 
often been stated in the lore of pigment identification. 

Brill, Robert H., et al.  “Conservation Problems of Zwischengoldglas, Part 1:  Examinations and Analyses.”  The Journal of Glass Studies vol. 22 (1980):  12-35.

Rakow Research Library, The Corning Museum of Glass - http://www.cmog.org



virtually insoluble upon hardening. Furthermore, 
it is totally soluble in aqueous sodium hydroxide 
solution. Mixed with shellac and spirit alcohol, it 
frequently saw use as a red varnish stain for metal. 
The lac dyes are another possibility. 

Curve '2 in Fig. '20 shows the visible transmis-
sion spectrum of a tiny patch of the red pigment. 
This patch remained attached to a fragment of a 
glass rim which had broken and separated from a 
Zwischengoldglas vessel (CMG 50.3.'23). Unfortu-
nately, the sample still contained traces of gold 
decoration which could not be removed because 
they were sandwiched between the pigment layer 
and the glass. The sample transmits most strongly 
in the red region and shows a secondary trans-
mission peak in the blue, 15 which accounts nicely 
for the visual effect of the pigment. In fact, even 
before the curve was run, we expected that a 
minor blue component would be found, because 
the color is so reminiscent of that seen in gold 
ruby glasses which have a similar secondary blue 
peak. 

The curve for the red pigment somewhat re-
sembles Curve 3, which is the spectrum ofa coat-
ing of alizarin, a modern analogue of rose madder, 
painted onto a microscope slide. The spectrum of 
the alizarin is much more sharply defined, because 
it was a more homogeneous sample, optically, 
than the sample of pigment on the glass. Because 
the pigment patch on the glass was so small and 
had an irregular shape, it was not possible to 
obtain a curve representative of the pigment alone. 
Curve '2 is really a combination of three contrib-
uting spectra. These are the pigment alone, the 
pigment partially obscured by gold leaf, and some 
white light which leaked through uncovered 
spaces of the glass. The effect of the white light is 
to raise the curve and generally flatten it out. The 
effect of the gold, which transmits green and ab-
sorbs in the red and blue, is to build up the 
transmission curve of the pigment in the green 
region. An effort was made to synthesize Curve '2 
by combining the other spectra mathematically. 
If one assumes about 45% coverage by alizarin, 
45 % coverage by alizarin plus a layer of gold leaf, 
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FIG. 20. Spectral transmission CUTlJes in the visible region. 
CUTlJe I, a speck of the original amber resin; CUTlJe 2, a speck of 
the original red transparent paint with traces rif gold leaf; CUTlJe 
3, modem alizarin painted on a microscope slide; CUTlJe 4, 
calculated transmission of a composite rif alizarin, gold leaf and 
white light. Notice that Curve 4 resembles the experimentally 
determined CUTlJe 2. 

and 10% leakage of white light, Curve 4 can be 
constructed. This is a close match for the experi-
mentally determined Curve '2. Although this is 
obviously a rather arbitrary treatment, because 
other combinations yield different curves, it does 
add some credence to the identification of the 
pigment as rose madder. 

The Glass 

Chemical analyses were carried out on the glass 
from two Zwischengoldglas objects which had been 

15, There is some suggestion, too, of another peak at 
-540 ml-', 
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TABLE 5 

CHEMICAL ANALYSES OF 
TWO ZWISCHENGOLDGLAS OBJECTS 

Colorless 
glass 

4 060 

Si02 d -76 .3% 
K20 a 14. 1 

CaO a 7·74 

Na20 a 0 .5 8 

MgO a 0·37 
Al20 3 a 0 . 10 

P20 S c 0.14 

Fe203 a 0.42 

Ti02 nf 

As20 s nf 
Sb20 s nf 
MnO 0 .08 

CuO 0.01 

Ag20 0.002 

PbO 0.001 

BaO nf 
SrO nf 
Li20 nf 
Rb20 0 . 10 

B20 3 0.02 

NiO 0.005 

ZnO 0.006 

Bi20 s 0.001 

a = analysis by atomic absorption 
c = analysis by colorimetry 

Colorless 
glass 

4 061 

-72 .5% 

14. 1 

10.1 

0 . 7 2 

0.07 

0·43 
0 . 15 

0·45 
0.10 

1.0 

nf 
0.17 

0.01 

0.002 

0.001 

0.01 

0.02 

<0.005 

0.10 

0.03 

0.005 

0.0066 

0.001 

d = Si02 estimated by difference from 100% 

All other analyses by semiquantitative emission spec-
trography. 
nf = not found 
Sought but not found: CoO, Sn02 , V20 S , Cr20 3, and 
Zr02 
Analyses by Dr. R. H. Bell of Lucius Pitkin, Inc., New 
York City 

broken in the past. Because of the nature of the 
damage, it was possible to remove the necessary 
samples without significantly altering the appear-
ance or value of either of these objects. The glasses 
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are CMG 50.3.23, a tumbler with a broken rim, 
and CMG 65.3.76, the double-walled tumbler 
illustrated in Fig. I. Both samples are of colorless 
glass. The results are presented in Table 5. The 
glasses are of the potash-lime-silica type (K20: 
CaO:Si02) and bear only a minute trace oflead. 
Although we have not analyzed many glasses of 
this period, the composition is about what was 
expected. The compositions are similar, but they 
certainly are not identical. CMG 50.3.23 (sample 
no. 4061) contains about I percent of arsenic oxide 
(as As20 s), which was apparently added as a 
fining agent, whereas the other glass does not 
contain arsenic. Ultraviolet examinations of sev-
eral other Zwischengoldglas objects in Corning did 
not disclose any high-lead glasses, except for one 
which is a repaired object (CMG 57.3.181). The 
inner glass of this double-walled tumbler shows 
the strong blue fluorescence ofa lead glass, while 
the outer glass does not. 

The chemical compositions would play no par-
ticular role in choosing among different conserva-
tion treatments, unless the glasses were judged to 
be susceptible to crizzling. In that case, it would 
be most inadvisable to apply any treatment which 
might promote crizzling; for example, treatments 
which require warming the glass. However,judg-
ing from the analyses obtained, as well as from 
their microscopic appearances, there does not 
seem to be real danger of these glasses becoming 
crizzled. 16 The potash contents are on the high 
side, but there is a sufficient level oflime to stabi-
lize the compositions. It might be added, none-
theless, that we try never to heat a glass for any 
reason, unless it is absolutely unavoidable. 

16. For information on the susceptibility of glasses to criz-
zling see: R. H. Brill , "Crizzling-A Problem in Glass Con-
servation," Conservation in Archaeology and the Applied Arts: Pre-
prints of the Contributions to the Stockholm Congress 2-6 June 1975, 
London: The International Institute for Conservation of His-
toric and Artistic Works , 1975, pp. 121-180, and " The Use of 
Equilibrated Silica Gel for the Protection of Glass with In-
cipient Crizzling," Journal of Glass Studies, 20, 1978. 
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THE PREPARATION 
OF FACSIMILES 

An important part of any study aimed at estab-
lishing how objects were made is the attempt to 
duplicate the appearance of the objects by carry-
ing out the processes posited with the materials 
thought to have been used. Several such experi-
ments were conducted by one of the authors (Car-
ol Aiken), and although no actual reproductions 
of objects were attempted, small facsimiles were 
made. (See Table 6.) 

Eighteenth-century records indicate that oil, 
gelatin, isinglass, and glair were used as mor-
dants and sizes for gilding glass.!7 Therefore, sev-
eral experiments were conducted with these ma-
terials. The res ul ts of some of the gilding tes ts are 
illustrated in Fig. 17. The conclusions drawn con-
cerning each experimental size were based on a 
comparison of its physical appearance with ac-
tual Zwischengoldglas objects. The strength of the 
bond was also considered, because the original 
decorations were easily removed with water and 
light rubbing. 

All of the gilding tests were carried out with 
Hastings XX Deep 22 Carat Gold and pure silver 
leaf manufactured in OccupiedJapan. The leaves 
were applied in double thickness, except in the oil 
size tests. Double application of the metal leaves 
was necessary in the tests to get complete cov-
erage of the glass. Double application also had 
been used in the gilding of the original glasses, as 
indicated by visible flaws and by the traces of 
decoration which adhered to the fragments of 
damaged glasses. 

Different techniques were used in the experi-
ments on the application of sizes to the glass. The 
oil size was brushed onto the glass and allowed to 
air dry until a proper tack was obtained for the 
application of the metals. After the leaf was ap-
plied, the surface was lightly rubbed with cotton 
to remove excess material. The other sizes were 
most successfully applied when the surface of the 
glass, held at a slant, was flooded and the leaf 
"floated" into place with a gilder's tip. This pro-

TABLE 6 

LIST OF ZWISCHENGOLDGLAS 
TEST SAMPLES 

I. Oil gilding, silver leaf. Discolored. 
2. Oil gilding, gold leaf. Slightly discolored. 
3. Glair full strength, silver leaf. 
4. Glair full strength, gold leaf. Discoloration. 

*5. Gelatin , gold leaf. 
*6. Alizarin crimson watercolor in different thicknesses, 

with colophony used as bonding resin. 
*7. Engraved gold with layer of alizarin crimson water-

color and colophony used as bonding resin. 
*8. Engraved gold and engraved silver each backed 

with layer of alizarin crimson watercolor. Slides 
bonded with colophony. 

*9. Watercolor painted silver covered by slide bonded 
with colophony. 

10. Samples of mastic, Canada balsam, and Venice 
turpentine. 

II. Samples of colo phony, colophony and shellac, and 
shellac. 

12. Silver leafwith induced blister. 

* Successful simulation of appearance of original 
objects. 

cess was repeated when the first application was 
dry. The surface was then lightly burnished with 
cotton. 

The following observations are noteworthy: 
I. Oil (Hastings Oil Gold Size). Although syn-

thetic and different in composition from eigh-
teenth-century oil sizes, which were based on 
natural products, the application and handling 
of non-aqueous sizes would have been similar. 

[7. Among the sources consulted are: Theodore Zuk Penn, 
" Decorative and Protective Finishes [750-[850: Materials , 
Process," unpublished master's thesis , University of Dei aware, 
[966; Theodore Zuk Penn, The Painter's Manual, New York: 

Jesse Harvey and Company, [869; and John Stalker and 
George Parker, A Treatise oj Japanning and Varnishing 1688, 
London: Alec Tiranti , [960. Neustifter, op. cit., part II , men-
tions the use of quince oil. 
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The product used was not entirely colorless, 
and it is assumed that eighteenth-century oil 
sizes were not colorless. 
a. The gold had a matt appearance. The en-

graving had a clean edge, but residue re-
mained on glass in lines. 

b. When used with silver leaf, even in thin ap-
plications, there was a tendency for the oil to 
discolor the metal. Discoloration was not ob-
served in original samples. 

c. Neither gold nor silver could be removed 
from the glass with water, even when vigor-
ously rubbed. 

d. Dr. Tahk, of Cooperstown, suggested that if 
heated, as in the application of hot resin, the 
oil could soften and swell, causing possible 
problems in maintaining clarity of design. 

2. Gelatin (Knox Powdered). A weak solution 
(approximately 3%) was used. Stronger solu-
tions tended to be cloudy. The gold was applied 
to a very wet surface and gradually became 
shinier and more lustrous as it dried. Two ap-
plications were necessary to make a continuous 
surface without flaws. The gold when dry was 
gently burnished with cotton. 
a. The gold had a lustrous appearance and 

could be engraved with sharp, clean lines. 
b. Visually during the process and microscopi-

cally upon completion, numerous irregulari-
ties and wrinkles could be viewed on the 
surface, similar to the effect observed in the 
originals. Previously thought to indicate sep-
aration of decoration from the glass, this ap-
pearance may instead be a result of the gilding 
process. 

c. Leaf can easily be removed with moisture 
and light rubbing. 

d. Unusual blisters observed in one original 
sample could be reproduced by slowly heat-
ing the test sample immediately after gilding, 
before totally dry. Small pockets form in gild-
ing, away from the glass, as a result of mois-
ture escaping as vapor. 

3. Isinglas (sheets from France) . A weak solution 
(approximately 3%) was used. Solutions of all 
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strengths tended to be cloudy. When used in 
the gilding process the final appearance of the 
gold did not reach the degree of clarity that the 
gelatin tests did. In other respects isinglas and 
gelatin were quite similar. It is possible that a 
more highly refined isinglas would not produce 
cloudy solutions, although cloudiness is a prop-
erty mentioned in many sources. IS 

4. Glair. The white of one egg was beaten until 
frothy and allowed to rest overnight. The liquid 
which collected at the bottom of the cup was 
diluted with water. 
a. An extremely brilliant, shiny surface resulted 

from the gilding process. Sharp clean lines 
could be engraved in the surface. 

b. There seems to be a slight tendency for metals 
adhered with glair to discolor with a brassy 
gold tint. 

c. The bond between metal and glass was im-
pervious to moisture. Even when soaked for 
several days and rubbed vigorously it was 
difficult to remove the leaves. 

Gold and silver leaf were applied to glass mi-
croscope slides using the technique described 
above, and then a design was traced on the metal 
surface with a thin needle. The small negative 
spaces were removed with the needle, and larger 
negative areas of the design were removed with 
small, slightly damp cotton swabs. 

Colophony (or rosin) was successfully used to 
simulate the colorless Zwischengoldglas adhesive. 
Applied to warm glass in powdered form, then 
covered with a warm glass, when gently heated 
the colophony quickly melted and formed a bub-
ble-free layer. After cooling, a clear resinous bond 
secured the two pieces of glass. The shear strength 
of this sample was weak. I t is not known how the 
strength of the bond compares with original sam-
ples because of the different configurations of the 
actual glasses and the possible changes in aged 
material from original samples. 

18. Arthur Louis Duthie, Decorative Glass Processes, London: 
Archibald Constable and Company, Ig08. 
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Windsor Newton Alizarin Crimson Water Color 
was used to simulate the transparent red paint 
often found in Zwischengoldglas. A small amount of 
gum arabic was added to the watercolor to make 
it adhere more tightly to the glass. The mixture 
was brushed onto slides sized with gelatin. This 
resulted in a deep transparent red stain closely 
matching the color and appearance of the original 
objects when it was combined with colophony in a 
"sandwich" between two pieces of glass . 

All of the experimental techniques were finally 
combined, and several models of Zwischengoldglas 
were made. Gold leaf was applied to glass slides 
with gelatin, then engraved, and the decorated 
slide was adhered to a second slide with colophony 
to make a sample representing a double-walled 
tumbler with gilding of the type illustrated in Fig. 
I. Similar procedures were followed with the ad-
dition of the red transparent paint to reproduce 
the type of decoration found in the example in 
Fig. 4. The facsimile is illustrated in Fig. 18. A 
silver sample was polychromed with watercolors 
to represent the type of goblet illustrated in Fig. 2. 

SUMMARY OF RESULTS 

On the basis of what we have learned so far, and 
what has been verified to some extent by the 
preparation of facsimiles, it is reasonable to make 
the following assumptions as a working hypothe-
SIS: 

I. The adhesive is a natural pine resin, or it at 
least contains a natural pine resin as a major 
ingredient. 

2. The adhesive was originally colorless, but has 
become discolored and embrittled where ex-
posed to air. 

3. At least two other components, shellac and an 
as yet unidentified resin, seem to be present 
somewhere in the system, most likely in asso-
ciation with the applied decorations. 

4. The sizing used to adhere the gold to the glass 
might be gelatin. 

5. The red pigment is probably rose madder. 

6. The vehicle of the red pigment is unlike the 
adhesive. It has different solubility character-
istics, and might have been waterbased. 

7. The glasses are of a stable potash-lime-silica 
composition. 

8 . Although more precise identifications would 
be desirable-and we hope they will be forth-
coming-the information above is sufficient to 
begin planning conservation treatments. 

CONSERVATION TREATMENTS 

Having acquired a working knowledge of the ma-
terials and structure of Zwischengoldglas objects, it 
became possible to begin considering, with some 
confidence, possible methods of conservation and 
consolidation. Although it is impossible to gen-
eralize about specific procedures, assuming that 
every glass has individual problems and possibly 
different components, in each treatment an effort 
should be made to preserve, unaltered, as much 
original surface decoration as possible. It is also 
important to devise treatments which will consol-
idate the existing original materials and decora-
tions to prevent their disintegration in the future. 
Complicated by the diversity of elements present 
in the decorated portions of the glasses, the treat-
ments must be compatible with the properties of 
all these materials . 

In certain cases it might be desirable to go 
beyond just preservation of the glasses for the 
future and attempt appropriate restoration of de-
tached decoration and backings. For example, 
where the deteriorated resin has crumbled away 
from the edge of the medallion, leaving conspicu-
ous losses, small fills could be made with natural 
resins or synthetic materials for aesthetic purposes. 
In the examples of Mildner-type glasses which 
have already been severely damaged, the partial 
or complete restoration of missing rims and dam-
aged medallions might be desirable. Original 
fragments that can be put back together would 
make good test cases to judge the response of 
materials to the consolidants which are under 
consideration for treatment of the less-damaged 
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pieces in situ. These attempts can be aided by 
using the experimental manufacturing techniques 
discussed above. 

Originally it was hoped that the resins in the 
glasses which show marked deterioration could 
actually be reformed in situ. This may not be 
practical because it is assumed that through loss 
of volatile components the resins presently oc-
cupy less volume than they did when the glasses 
were manufactured, and reforming cannot im-
prove the condition. It may, however, be possible 
to use a cement or resin to impregnate deteriorated 
areas to consolidate and prevent further deteri-
oration without changing the present appearance. 
If a decision is made to introduce modern mate-
rials or adhesives into the structure, consolidation 
might be attempted in one of the following ways: 
I. Infuse the areas which show marked deterio-

ration (cracking and shrinking easily seen) with 
a low-viscosity adhesive that sets relatively 
quickly. This might be a monomer which poly-
merizes with UV, a warm resinous adhesive 
which sets on cooling, or even a fast-setting 
epoxy. 

2. Impregnate the areas of marked deterioration 
with a low-viscosity adhesive while under vac-
uum as the glass is gently warmed. (If air is 
trapped in bubbles between the double walls, 
and consolidation or filling is considered neces-
sary, it may be beneficial to warm the resinous 
adhesive between the glasses so that it is capable 
of moving slightly as the vacuum is pulled.) This 
process might be accomplished by warming the 
glass until the resin is soft, evacuating the en-
velope or container so air bubbles can move 
slightly, flowing excess adhesive also in the con-
tainer into the spaces, and cooling the piece 
under vacuum. Adhesive on the exterior of the 
glass could be removed when cool. The actions 
of heating and applying a vacuum could intro-
duce additional problems in dealing with these 
composite structures, as they do with glasses in 
general. However, used judiciously and under 
careful control, heat and the application ofvac-
uum might be advantageous. 
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Although early discussions of possible treatments 
stressed the possibility of impregnating and treat-
ing deteriorated resin in situ, we are aware that 
other methods of approaching this problem may 
be both acceptable and successful. 

Until treatments are available for specific prob-
lems, protection from the causes of deterioration 
is essential at all times. Protection includes avoid-
ing exposure to direct sunlight, extremes of hu-
midity, and sudden temperature changes. Mild-
ner-type glasses benefit from being stored lying 
on the side opposite the medallion, with the me-
dallion on top, so that the weight of the coverglass 
does not put a stress on the resin. Since the great-
est hazard to the glasses lies in the embrittlement 
and deterioration of the adhesives holding the 
separate glass parts together, handling with ex-
treme care is essential, or the parts may separate, 
causing breakage of the glass. Even with careful 
handling, the aged adhesives might disintegrate, 
causing loss of the decoration. 

As we consider the possible methods of con-
servation and consolidation, the information as-
sembled from the observations mentioned above 
have proven valuable. As we proceed to the next 
stage of this project, some of the proposed experi-
mental treatments will be applied to the less im-
portant Zwischengoldglas objects in the Museum's 
collection in order to evaluate their effectiveness, 
practicability, and safety. 
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SAMPLE DESCRIPTIONS 

4060 Sample of glass from broken base-rim of 
Zwischengoldglas tumbler. Signed "J .]. Mildner," 
dated 1806. CMG 50.3.23. Colorless glass , with 
all traces of decoration removed. 
4061 Sample of glass from broken rim of Zwi-
schengoldglas tumbler. Bohemian, ca. 1730. CMG 
65.3.76. (From inner piece which overlaps outer 
piece at rim.) Colorless glass , with all traces of 
decoration removed . (Fig. I) 
4660 Sample of original adhesive used to attach 
side medallion to white opaque Zwischengoldglas 
tumbler.]']' Mildner, 1785-1787. CMG 51.3.219. 
From material collected by Raymond Errett after 
flood and before medallion was replaced . This 
adhesive seems to be typical of adhesive used on 
such objects. Sample consists of amber adhesive, 

gold leaf, silver foil, and red transparent layer. 
(Figs. 4 and 5) 
4661 Sample consisting primarily of amber ad-
hesive phase separated from bits of 4660 by dis-
section under the microscope. It may be contami-
nated slightly with the other phases. 
4662 Dragon's blood resin from Malaysia. Stick 
form, labeled "Mark Horse, Reed's Dragon's 
Blood." Purchased from the Warlock Shop, New 
York City, September, 1976. 
4663 Portion of resinous material resulting from 
paper chromatographic separation experiment. 
Starting material same as no. 4660. This portion 
is appreciably soluble in ethanol but not in toluene. 
4664 Another portion of resinous material from 
same paper chromatographic separation experi-
ment. This portion is soluble in both ethanol and 
toluene. 
4665 Small sample of "colorless" adhesive from 
Zwischengoldglas goblet. Bohemian, ca. 1730-1740. 
CMG 56.3.89. From join between the two ves-
sels of this double-walled object, just above and 
slightly to the rear of head of the mounted hunter. 
V.S.O.P. yellow transparent color when viewed 
under the microscope. The sample was carefully 
taken to avoid contamination with the amber 
adhesive phase which is also present. This sample 
is of the material which is present throughout 
between the walls of the two vessels . (Figs . 2 and 
3) 
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