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Introduction

Consolidating adhesives have been used throughout the centuries for the conservation of painted cultural objects- such as paintings and polychrome sculpture- and if it were not for these adhesives, many objects may not have survived to the present day.  Degradation of the paint binder and/or the failure of adhesion between layers (paint layers and the substrate) are some problems that can occur over time, and the ability to re-adhere and consolidate fragile and flaking paint layers is an essential part of the maintenance and stability of a work of art (Figure 1).

The choice of conservation treatment is unique to each piece of art, and it is up to the discretion of the conservator to decide on the best methods and materials to use.  For example, a traditional oil painting will present different conservation problems, needs and constraints compared to a contemporary acrylic painting.  There are a large number of products, both natural and synthetic, that have been used for the consolidation of paint, most of which were not designed and tested for this purpose.  In the case of the synthetic and semi-synthetic adhesives for conservation, many are pure polymer resins and dispersions adapted from other industries. In general, these adhesives were not specifically formulated with the appropriate chemical, optical, mechanical and physical properties for conservation, nor do they take advantage of some of the more recent developments in adhesive technology.  For example, in the late 1960s/early 1970s a poly(ethylene-vinyl acetate) (EVAc) based adhesive was specifically designed for conservation as a lining adhesive for paintings on canvas; it was  later adopted by conservators as a consolidant adhesive [1].  It is unique among conservation adhesives, in that it is a complex multi-component mixture based on a standard hot-melt adhesive formulation.  To facilitate delivery into the damaged areas, the adhesive is used as a low viscosity solution (a mixture of resin in naphtha and aromatic solvents).   After solvent evaporation, if it is safe for the work of art, the adhesive is ‘heat activated’ at a moderate temperature using an appropriate heating tool to encourage tack, additional flow into crevices and better adhesion.  The ability to heat re-activate the adhesive, which can be performed multiple times, also allows the conservator to manipulate and reposition paint flakes, if necessary.    
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Figure 1. Conservator applying a consolidant to a painting

The formulation was state-of-the-art at the time of its development; however, it was never properly tested as a consolidating adhesive for the surface of paintings.  Rather, only its mechanical properties as a lining adhesive for attaching a new canvas to the back of a degraded or compromised original canvas was carefully scrutinized. Over the years some concerns have been raised about its long-term chemical stability.   Some yellowing has been noted, as well as changes in solubility due to oxidation with time; these changes were noted with accelerated photo-ageing at the National Gallery of Art, Washington, DC, and components were identified as unstable [2].  In the case of a lining adhesive, which is used on the back of a canvas painting, yellowing and a moderate change in solubility may not be a major concern; however, as a consolidating adhesive, used on the front of a painting or polychrome sculpture, yellowing becomes a major concern as it can alter the visual appearance of the work of art, drawing attention to repairs and distracting the viewer. Aging induced solubility changes can make it difficult or dangerous to reverse the treatment or to clean excess adhesive material that may remain on the surface.  The concept of reversibility is important in art conservation, since restoration can change in appearance over time and thus require retreatment.  Conservators utilize broad terms to describe performance: it fills gaps, is flexible, it dries matte and ‘it sticks to everything’; but these terms are inappropriate for quantifing performance.    In an effort to quantify the properties that conservators most need in an adhesive, this project evaluated this popular EVAc based adhesive.  

Another reason to study this adhesive is the recent change in formulation.  The polycyclohexanone tackifer in the original formulation was discontinued by the manufacturer about four years ago, and a new product was introduced containing an alternative ketone resin tackifier.  Although this was said to be the only change in formulation; it has been speculated that adjustments to the solvent mixture and tackifier concentration were made as well.  The new tackifier was selected to maintain the final mechanical properties and performance of the system.  On the other hand, some art conservators have commented that the performance properties of the adhesive have changed since the reformulation (i.e., ‘the new formulation does not stick like the old formulation’).  

The first phase in this program compares the old and new EVAc-formulations to establish a baseline, identify those properties that most closely relate to the conservators performance requirements, and develop a testing protocol for future evaluation of new formulations.  DSC, TGA, probe tack measurements, rheology, IR-spectroscopy, and accelerated photo-ageing were applied to the EVAc formulations.  The most relevant measurement was the probe tack measurement and viscoelastic characterization.  Since the polycyclohexanone tackifier was found to be the least stable component, finding a suitable alternative tackifier has been one of the first goals of this project.  The second phase of the research formulated model material systems to improve photo and thermal stability while maintaining performance requirements defined in phase one.  The tackfiers studied thus far are low molecular weight resins but also common to the art conservation field, some of which are used as varnish and retouching materials: Laropal A series (BASF) urea-aldehyde resins and Regalrez series (Eastman) hydrogenated hydrocarbon resins [2, 3].  

Experimental[footnoteRef:1] [1:  Certain commercial materials and equipment are identified in this paper in order to specify adequately the experimental procedure.  In no case does such identification imply recommendation or endorsement by the National Institute of Standards and Technology, National Gallery of Art, Washington, DC or Museum of Modern Art,New York City, nor does it imply necessarily that the items are the best available for the purpose.  ] 

The probe tack specimens were prepared by casting films (20 weight percent solids) to metal plates that had been slightly roughened and cleaned with solvent.  The samples were allowed to dry for several days.  The plate was then placed inside an oven on the compression platen of a computer controlled Instron test machine that had been adapted to do probe tack measurements.  The maximum load during pull-off and the energy for pull-off were measured at a series of different temperatures.     The viscoelastic properties were determined for the as received solutions/dispersions (approximately 40 weight percent solids) using oscillatory shear in a 40 mm parallel plate geometry.  Both tack and viscoelastic measurements were then performed on samples that had been completely dried by placing them in a vacuum oven at 100 °C until the mass remained constant.    


Results and Discussion

This paper focuses on identification of performance metrics for the two EVAc-formulations.  For films dried over one week, properties like modulus, tack, and melting point were nearly identical.  However, for films dried only a few days “fresh films”, significant differences were seen in the tack behavior as a function of temperature (Figure 2).  Moreover, dynamic mechanical tests on the fresh films show differences in behavior even though both formulations contain 56 % by mass solvent.  This suggests some solvent is still present in the “fresh films,” and that there is a difference in solvent interaction and/or retention behavior for the two formulations.

The differences in tack activation can have implication when a conservator re-activates the adhesive with heat.  In the case of the original formulation, a significant amount of tack can be achieved at 55°C, while the same amount of tack in the new formulation is achieved (5 to 10) °C higher.  In paintings, which often have complex multilayer structures (Figure 3), the adhesive needs to flow into cracked and debonded areas.   
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Figure 2. Differences in tack behaviour between the original formulation (O.F.) and the new formulation (N.F.) of the EVAc-based adhesive (fresh films).  The onset of tack in the original formulation occurs at a lower temperature than that of the new formulation, which is closer to the melting point of the adhesive (~65°C).

Due to heat transfer through the paint and working time constraints, the area where the adhesive is located may be at a lower temperature than the iron temperature.  This temperature gradient, combined with the difference in tack activation, is a possible explanation for the perceived difference in performance properties by conservators.  
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Figure 3. An example of a simple layer structure of a painting and types of damages that would require a consolidation treatment.

Solvent retention and its effects on the tack activation are of particular interest and need to be confirmed or better understood.  The tack at lower temperatures may prove to be advantageous for works of art that are sensitive to heat.  Also, even if maximum tack isn’t achieved the lesser amount may still be adequate for the requirements of the system.  Rheological measurements, as well as other techniques are being applied to the study of solvent effects and retention. These will be discussed during the presentation.


Conclusions

This project is still in its early stages of research. While it has been possible to find products that result in more light stable, non-yellowing formulations, finding materials with the same activation conditions established by conservators in the early 1970s has proven more of a challenge. A good understanding of tack and how it can change based on solvent and tackifier choice is one of the fundamental points of this research. Here we have highlighted one of the interesting observations we have encountered in this project, and which requires more study.  
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