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Preface

At about the time that Thea van Oosten was born, plastics were the other promise for the future. Now that Thea reaches retirement, many plastic objects have already crumbled to pieces, but she is stronger than ever. The years in between, known as the plastic era (for us the Thea era) have seen the rise in production and artists’ use of plastics. Plastics entered the museum collections, the first conservation problems came to light and conservation science developed a new direction with synthetic polymers and modern materials.


This book represents the lifework of a conservation scientist PUR‐sang. It shows how the scientist, together with conservator and collection manager, investigates the collection and identifies the preservation problems. It describes how research is then initiated for the development of analytical techniques to study material composition and degradation processes. And how then, based on an understanding of these processes, materials and methods can be developed for the preventive conservation and consolidation treatment of plastic objects. All of this based on multi‐disciplinary co‐operation with manufacturers, artists, historians and collection managers, but above all with conservators as the case studies and pilot treatments described in the latter chapters of the book show. Working from a real conservation problem in the collections, with the equipment and knowledge of the scientific laboratory, towards a solution that can be applied in museum practice; putting science to work to support conservators.

PUR Facts is a fine example of conservation science bridging the gap between scientific theory and conservation practice. That has always been the motivation of the former Netherlands Institute for Cultural Heritage (ICN) and now, after the merger, that will be continued to be supported by the Cultural Heritage Agency of the Netherlands (RCE).

Cees van ’t Veen, Director

Janneke Ottens, Head Research Movable Heritage

Cultural Heritage Agency of the Netherlands (RCE)
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In 1969 scientist Paul F. Bruins wrote the following in the preface to the book Polyurethane Technology:


“Polyurethane technology is both a science and an art. Remarkable advances have been made in the past few years in both areas, thus creating the need for a review of the present state of knowledge and a projection into future developments.”



During my research into the conservation of plastics, particularly polyurethanes, I observed that 40 years later, they are even more widely used in science and art than when the above was written. Polyurethanes with tailor‐made properties have been developed, and numerous applications for this material and works of art have been created. This has brought with it new challenges for the conservation of these ‘new materials’, such as the consolidation of polyurethane foams in works of art.

The main motivation behind this book PUR Facts was to describe the conservation and consolidation treatment of endangered polyurethane ether foams, especially those used in cultural heritage objects. To place polyurethane ether foam in its proper context, however, the book also deals with its history, manufacture and applications and gives examples of works of art and design objects made of other polyurethanes. PUR Facts is a semi‐technical publication presenting a brief overview of the field of polyurethane production without going into too many technical details. It seeks to demonstrate general principles so that readers not so well versed in chemistry can obtain an understanding of the versatility and potential of polyurethanes.

Although I wanted to keep this book accessible to non‐scientists, there are some parts that delve a little deeper into the chemistry of polyurethanes, as this is needed for a fuller understanding.

Hence this book is aimed not only at conservators and conservation scientists but also at curators and keepers of collections, art collectors and artists and designers who wish to know something about fields of expertise other than their own.

Chapter 1 describes the production and use of flexible polyurethane foams in daily life and in objects of cultural heritage. Ever since polyurethane foam first became available, artists and designers have had a great appreciation for this ‘new’ material. Forty years later, we see ourselves confronted with the limited durability of the early polyurethane foams: loss of flexibility, cracking, crumbling and powdering of the foam.

The polyurethane ether foam carpets by the artist Piero Gilardi and the history of the ICN Polyurethane (PUR) Research Project at the Netherlands Institute for Cultural Heritage (ICN) are closely intertwined. Research into the conservation of polyurethane foam started in 1997 with Angurie, better known as Still Life of Watermelons, which is part of the collection of Museum Boijmans van Beuningen in Rotterdam. Dating from 1967, Still Life of Watermelons is a large carpet representing a field of watermelons. By 1997 the polyurethane ether foam had become very brittle. At the time the conservation possibilities for degraded polyurethane foam objects were still very limited. The materials of Still Life of Watermelons were investigated, and several solutions were proposed for conservation. In 1999 the results were published in Modern Art: Who Cares [de Jonge 1999]. This first experience of conservation was somewhat empiric but nevertheless important. It made us aware of the lack of precise knowledge about the degradation process of polyurethane foam and the limitations of the conservation methods at our disposal. The problem with polyurethane foam was acknowledged, but there was an enormous lack of knowledge in art conservation circles worldwide, although some attempts at preservation had been made in the early years (see Chapter 3 on the history of polyurethane foam conservation). This formed the principle motive for starting the ICN PUR Research Project. To start with, a risk analysis of polyurethane foam objects was carried out. The main question: What is the significance of the object and to what extent will the object gain or lose its significance when treated?

That same year, another polyurethane foam carpet by Piero Gilardi named Zuc‐ caia crossed the path of the ICN PUR Research Project. Zuccaia represents a brightly coloured field of squashes and pumpkins. Part of the field is uncultivated and branches lie on the furrows drawn in the ground. Grass has invaded part of the field, and logs lie at the edges. An important characteristic of the carpet is its large size: 279 x 188 x 35  cm.

Zuccaia shares several similarities with Still life of Watermelons, but the works differ in age. In 2000, Zuccaia was only nine years old. It had been commissioned in 1991 by the city of Zoetermeer. After a short temporary exhibition in 1992 at the Floriade World Agricultural Fair in Zoetermeer, the carpet was moved to the city hall where it was exhibited within reach of the public. The carpet’s unusual combination of bright colours and soft materials appealed greatly to city hall visitors, who could not resist pressing the materials and even pulling tiny parts off. All the same, Zuccaia’s visual qualities were so impressive that despite this minor damage and the slowly growing dust layer, the carpet remained presentable. The turning point in its condition came about in 1997 when a melon was pulled off. After that, Zuccaia was moved to a carpenter’s workshop where it was exposed to the wood dust of the sawing machines. ICN received the carpet in 2000. The Collection Department of the ICN had been asked to take it into temporary storage and to propose solutions for conservation treatment. This provided a wonderful opportunity for the ICN PUR Research Project to assess the developing theoretical knowledge about polyurethane foam on the basis of a real case. The art historical context was studied, the materials of the carpet were investigated, and the artist was interviewed about recent developments in his working technique. Research into the materials of Zuccaia and the assessment of the condition grew simultaneously with the PUR Research Project. The two projects were in permanent communication with one another with the advancement of one project modifying the order of steps taken for the other. Applying the theoretical research to a real case raised methodological and ethical problems. An important step in defining a proposal for treatment was the precise condition assessment of the polyurethane ether foam. The polyurethane ether foam was curatively and preventively consolidated with the nebulisation method developed within the ICN PUR Research Project. Consolidation also included the repair of the mechanical damage. Some parts were restored by inlaying new pieces of polyurethane ether and retouching them. The conservation and restoration of Zuccaia started in 2007 and was completed in 2008.

These examples of works of art created from ‘short life’ consumer material demonstrate important conservation problems caused by degradation. Factors causing and accelerating the photo‐oxidation of flexible polyurethane ether foams are light, oxygen and heat, leading to discolouration, loss of strength and flexibility and, ultimately, total crumbling. Due to the many open pores, polyurethane foam has a large internal surface and is therefore very prone to degradation. Polyurethanes are both (photo)‐oxidised and hydrolysed by exposure to light, heat, relative humidity and chemicals. In general, polyurethane ester foams are more sensitive to hydrolysis, whereas polyurethane ether foams are more sensitive to oxidation. The degradation of polyurethanes is described in Chapter 2.


From the 1990s onwards, conservators and curators had concerns about light and oxygen‐vulnerable polyurethane foam. An increasing number of degraded polyurethane foam works of art were presented as case studies at conferences. At first, only preventive measures were advised, and occasionally, attempts at curative treatment were mentioned. As described in Chapter 3, most forms of treatment between 1990 and 2000 made use of already proven conservation materials such as sturgeon glue and acrylic resins. Several conservators performed impregnation of flexible PUR foam with various consolidating agents as a curative method on degraded objects, thereby hoping to slow down degradation.

As part of the PUR research project at ICN, various consolidating agents for the conservation of flexible polyurethane foams were tested and evaluated for their appearance and behaviour, as described in Chapter 4. Due to the decreasing cell struts, polyurethane ether foam will collapse; it cannot withstand the stress imparted during the manufacture of the foam, and the struts break, causing the foam to crumble. In order to protect new, still flexible polyurethane ether foams from degradation or crumbling and to restore the flexibility of old degraded foams, the foams were coated with a light stabilising system (Sun Block). Im‐ pranil® DLV combined with Tinuvin®B75 proved to be the best sun block agent for protecting and simultaneously consolidating. As a method and a material, ‘Sun Block’ was tested with special emphasis on applicability, effectiveness in preventing oxidation and influence on the visual, textural and chemical properties of the treated polyurethane ether foam.

The decrease in cell strut size, discolouration and increasing hydroxyl index of a polyurethane foam could be related to the condition assessment of polyurethane ether foam as described in Chapter 5. A better insight into the condition of a foam makes it easier to decide whether to recommend treatment in due course or whether immediate consolidation is required. Instructions for consolidation can also be found in Chapter 5.

Overall, Chapter 4 is more suitable for conservation scientists, whether Chapter 5 is more for conservators.

Chapter 6 clearly describes the consolidation of two works of art by Piero Gi‐ lardi with ‘Sun Block’, the solution of Impranil® DLV + Tinuvin®B75. Zuccaia was treated at ICNin 2007 and another work of art by Piero Gilardi called Sassi was treated in Milan in 2009. Methods and materials are discussed in relation to the original meaning and function of the objects and their physical integrity.

At the moment, works of art around the world – both polyurethane ether foams and closed cell polyurethane foams – are about to be consolidated using the ‘Sun Block’ method. An example is the work of art ‘Untitled’ by the artist Kirsten Hutsch, shown on the cover of this book. Consolidation using Sun Block is a first step in safeguarding our polyurethane cultural heritage.
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What are polyurethanes?

Polyurethanes (PUR) are a family of plastics with different compositions and numerous applications, including cellular materials (flexible and rigid foams), fibres, soft and hard rubber (elastomers), surface coatings and adhesives. Polyurethanes are formed by the reaction of a diol (alcohol with two reactive hydroxyl groups) or a polyol (an alcohol with more than two reactive hydroxyl groups per molecule) with a diisocyanate (cyanate with two reactive sides) or a polyfunctional isocyanate (with more than two reactive sides) in the presence of suitable catalysts and additives (Bruins 1969).

Polyurethanes can be found as thermoplasts, thermosets and rubber (elastomeric) materials.

Thermoplastic polyurethanes consist of linear, long-chained polymers (Figure 1), and they are formed when difunctional reactants (a diol and a diisocyanate) are used.


[image: Blueprint of thermoplastic polyurethanes showing linear, long-chained polymers formed by difunctional reactants, including a diol and a diisocyanate.]

Figure 1 Thermoplast



Thermosetting polyurethanes are branched or cross-linked polyurethanes which are formed if three or more functional reactants (a triol and polyfunctional isocyanate) (Figure 2) are used.


[image: Icon: A series of wavy lines interconnected by nodes, symbolizing the cross-linked structure of thermosetting polyurethanes.]

Figure 2 Thermoset



Rubber (elastomeric) polyurethanes are co-polymers of hard polyurethane and very flexible polyurethane in which microphase segregation of the hard phase occurs (Figure 3).


[image: Elastomeric polyurethanes are formed as copolymers containing both stiff and flexible polyurethane units, where the rigid portions separate into distinct microphases.]

Figure 3 Elastomer



The clusters of hard polyurethanes shown as thicker lines act as ‘pseudo cross-links’ and allow the material to behave as a rubber (Figure 4).


[image: Blueprint of network towers and electricity pylons. The illustration shows a complex network of interconnected lines representing the structures and their connections. Thicker lines indicate clusters of hard polyurethanes acting as pseudo cross-links, allowing the material to behave like rubber.]

Figure 4 Pseudo cross-links



These thermoplastic-thermosetting polyurethanes come about when an excess of the diisocyanate component is charged during polymerisation. This excess allows the formation of cross-links subsequent to the formation of linear polymer chains and during the post-cure of the formed article. When the temperature is raised, the clusters disassociate, and the material can be made to flow; when subsequently cooled, the clusters reform, and the material again exhibits elastomeric properties. These materials exhibit elastomeric behaviour at room temperature, but can be processed as thermoplastics. Hence the name of this class of materials: thermoplastic urethane elastomer. When hard clusters predominate, thermosetting polyurethanes are formed, whereas soft clusters will give thermoplastic polyurethanes (Dombrow 1957) (see Figure 1-4).


Polyester is a family of organic polymers characterised by the presence of ester groups RO-C = O within the molecule. Polyesters can be prepared so that they have reactive hydroxyl groups and can thus be used as a polyol in the preparation of polyurethane ester foam.

Polyether is a family of organic polymers characterised by the presence of ether groups R-O-R within the molecule. Polyethers can be prepared so that they have reactive hydroxyl groups and can thus be used as a polyol in the preparation of polyurethane ether foam.

For more information on the chemistry of polyurethanes, see Chapter 2.




When

When the chemist Würtz formed urethanes from isocyanates and alcohols in 1864, it signified the birth of the polyurethane industry. The development of polyurethanes in the USA and Europe started after World War II as a result of the studies of Dr. Otto Bayer in 1937 at the laboratories of I.G. Farben (now Bayer) in Leverkusen in Germany [Bayer 1963]. Bayer succeeded in producing fibre-forming polymers by reacting aliphatic diisocyanates and aliphatic diols (glycols). In 1938 Du Pont in the USA started research into polyurethanes, but it was not until the 1950s that polyurethanes became commercially available.

Before the 1950s, the production of polyurethanes initially focused on fibres, coatings and flexible foams by using the polyaddition reaction and producing polyurethanes from liquid diisocyanates and liquid polyols. During World War II these polyurethanes were applied as aircraft coatings and used only for military purposes.

Stiffness, hardness and toughness can be modified using a combination of reactants containing both large and small chain extenders or cross-linking agents. In addition, the diisocyanate component can exert a significant influence on the thermoplastic polyurethane properties. Fillers are added to lower the cost and increase the hardness, tear, strength and modulus. The effect of most filling materials on the mechanical properties of polyurethanes begins to show at a level of around 5 parts per 100 parts of polymer (5%).


Thermoplastic Polyurethane

Thermoplastic urethanes (TPU) have been developed since the 1950s. With their high elasticity, flexibility and resistance to abrasion, impact and weather resistance, thermoplastic polyurethanes are used for coatings, adhesives, sealants, paints and elastomers. Furthermore, thermoplastic polyurethanes are used in elastic fibres for textile applications such as artificial leather, in medical devices and footwear, in ski boots, transparent films for laminating, cable jacketing, hot-melt coatings, hoses and medical tubing. Polyurethane adhesives and sealants are used in construction, transportation, marine use and other applications requiring high strength, moisture resistance and durability (www.pfa.org).


Thermoplastic coatings are formed when dibasic acid and diethylene glycol form a polyether polyol that reacts with a diisocyanate forming polyurethane ether. Can be applied on textile in the form of synthetic leather


[image: The chemical structure of adipic acid features a six-carbon chain with carboxyl groups at both ends. The left end has a hydroxyl group attached to a carbonyl group, and the right end has a carbonyl group attached to another hydroxyl group.]

Figure 5 Adipic acid




[image: The structure of diethylene glycol featuring two hydroxyl groups attached to ethylene glycol units connected by an ether linkage.]

Figure 6 Diethylene glycol




[image: Close-up of a jacket lining featuring a checkered fabric in red, black, and white. The jacket is made of polyurethane coating on textile, as indicated by the label. The label includes the brand name Vistram, the composition 80 percentage cotton and 20 percentage polyurethane, and care instructions. There is also a size tag showing 38.]

Figure 7 Polyurethane (pur) coating on textile. Photo Ulrike Müllners






Thermosetting Polyurethanes

Thermosetting polyurethanes are mostly used for foamed materials and are found as the flexible foam providing comfort in upholstered furniture, mattresses, carpet underlay, vehicle interiors and packaging. Flexible foam can be formed into almost any kind of shape and firmness. It is light, supportive and comfortable. Polyurethanes can be found as rigid foams in the insulation of walls and roofs and as tough and hard elastomers when used for roller blade wheels and for floors and automotive interiors. Production technology, additives and formulations such as reinforced and structural mouldings for exterior automotive parts and one-component systems were developed, and nowadays polyurethanes can be found almost everywhere: in our desks, chairs, cars, clothes, footwear, appliances, beds, cosmetics and insulation in walls and roofs.


Thermosetting flexible polyurethane foam formed by dibasic acid and diethylene glycol forming polyether polyol, using a trifunctional polyol as chain extender reacting with a diisocyanate to form flexible foam.


[image: The photo depicts a chemical structure of adipic acid consists of a chain of six carbon atoms. The first and sixth carbon atoms are each double-bonded to an oxygen atom and single-bonded to a hydroxyl group.]

Figure 8 Adipic acid




[image: The structure of diethylene glycol featuring two hydroxyl groups attached to ethylene glycol units connected by an ether linkage.]

Figure 9 Diethylene glycol




[image: The chemical structure of trimethylolpropane features a central carbon atom bonded to one oxygen atom double-bonded to it, forming a carbonyl group. This central carbon is also bonded to a methyl group, represented as CH3. Additionally, the central carbon is bonded to another carbon atom, which is further bonded to two hydroxyl groups, represented as OH, and one additional carbon atom.]

Figure 10 Trimethylolpropane




[image: Polyurethane foam puppet of Larry the Lamb, a character from the early 1970s television series. The puppet has a mustard-yellow body with detailed features, including large painted eye with blue irises. It is posed in a standing position on four legs with black hooves.]

Figure 11 Polyurethane foam puppet from the early 1970s television series ‘Larry the Lamb’. Courtesy Victoria & Albert Museum, London. Photo Brenda Keneghan





Thermosetting rigid polyurethane formed by three different acids forming a polyester polyol that reacts with a diisocyanate resulting in a polyurethane ester. Found as mouldable objects as well as in foam.


[image: The structure of adipic acid, a molecule with a six-carbon chain. The first carbon is bonded to a hydroxyl group and a carbonyl group, and the sixth carbon is bonded to a hydroxyl group and a carbonyl group.]

Figure 12 Adipic acid




[image: The chemical structure of phthalic acid features a benzene ring with two carboxyl groups attached. One carboxyl group is attached to the first carbon of the benzene ring and consists of a hydroxyl group bonded to a carbon atom double-bonded to an oxygen atom. The second carboxyl group is attached to the adjacent carbon of the benzene ring and also consists of a hydroxyl group bonded to a carbon atom double-bonded to an oxygen atom.]

Figure 13 Phthalic acid




[image: The chemical structure of oleic acid consists of a long carbon chain with a carboxyl group at one end and a cis double bond approximately in the middle of the chain.]

Figure 14 Oleic acid




[image: The chemical structure of trimethylolpropane features a central carbon atom bonded to one methyl group, one hydroxyl group, and a propane chain ending with a hydroxyl group and a carbonyl group.]

Figure 15 Trimethylolpropane




[image: Illustration showing the formation of rigid thermosetting polyurethane and polyurethane ester, represented as molded objects and foam. The setting represents indoor setup.]

Figure 16 Noah by Benjanin Houlihan. Kunstmuseum, Bonn, Germany. Photo Reni Hansen.






Rubber (Elastomers)

Polyurethane rubber originated at the same time as the polyurethane foam industry.
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