
    
 

THE SEVENTH FRAMEWORK PROGRAMME FOR RESEARCH AND TECHNOLOGICAL 
DEVELOPMENT (FP7) - EUROPEAN COMMISSION - RESEARCH DIRECTORATE GENERAL 

 
COLLABORATIVE PROJECT   

CALL IDENTIFIER: FP7-ENV-NMP-2011; PROPOSAL NO: 283110-IMAT 
THEME: ENVIRONMENT, NANOSCIENCES, NANOTECHNOLOGIES, MATERIALS AND NEW 

PRODUCTION TECHNOLOGIES:  DEVELOPMENT OF ADVANCED COMPATIBLE MATERIALS AND 

TECHNIQUES AND THEIR APPLICATION FOR THE PROTECTION, CONSERVATION AND RESTORATION OF 

CULTURAL HERITAGE ASSETS  
                                                                                                                          

 
INTELLIGENT MOBILE MULTIPURPOSE ACCURATE THERMO-

ELECTRICAL (IMAT) MILD HEATING DEVICE FOR ART CONSERVATION 
 

imat 
 

GERMANY-NETHERLANDS-ITALY 
 

AUGUST 2011- AUGUST 2014 
 

    
 

Introduction 
 
Thermal treatments are among the most common in art conservation and constitute the core in the success 
for most structural treatments, such as consolidation, treating planar deformations, reinforcing degraded 
support and others. The difficulty in controlling the temperature and distributing the heat evenly increases 
dramatically with the area of application, and when using currently available instrumentation, even in 
relatively small areas, uniform and accurate application is problematic and sometimes impossible. It is 
particularly relevant in the field of paintings conservation, where thermal treatments are frequent and where 
highly accurate and steady temperature, applicable either selectively or uniformly, is a very important 
factor and lack of control over the temperature has led to incompleteness or failure of the treatment, 
complications, if not damage to the artwork.  Essentially this problem arises from the lack of accurate, 
efficient, versatile and economically accessible instrumentation, necessary to meet the needs and standards 
of conservation. 
 
As of today, the only available moderately accurate heating instrumentation for treatment of large-scale 
artworks and for the applications exceeding the size of a heated spatula is a heavy-duty metal heating table 
fitted with suction and other functions. These tables were introduced in the 1950’s when quite different 
methodologies and approaches to conservation of cultural heritage prevailed, and were to serve the 



increasingly pervasive practice of complete impregnation of paintings with wax-resin, followed by the 
extensive use of thermoplastic resins since the 1970’s. While the heating table has had some development 
and improvements in design, and today comes in various model and sizes, essentially it has not changed 
much since the mid 1980’s, and it constitutes a limited, large scale device, usable only in a fixed location, 
which, due to its high cost, is also inaccessible to many conservators. High power requirements (10-15 kW 
380 V circa), high heat sink mass, slow response, considerable temperature fluctuations, and above all 
uneven heat distribution are characteristics inherent to the all-in-one apparatus, that render it out of step 
with current conservation methodology and needs (Fig 1). For conservators practicing in European centers 
and historical buildings, the electrical upgrades required for the use of a heating table are not only difficult 
to obtain permission for, but also necessitate invasive and expensive electrical work, further increasing the 
costs of the device, and creating obstacles for in situ treatments.   
 

  
 

Fig. 1 Thermographic image of a 1990’s multipurpose low pressure heating table  in current use, showing uneven heat distribution 
(left), and graph of surface temperature fluctuation during treatment in 1990’s  multipurpose heating table (right), grill type heating 
element  in 1990’s multipurpose heating table (bottom) 
 

Current conservation practices are moving towards ever more minimal and less invasive treatments and the 
conservator’s profession and its challenges are becoming ever more global and mobile. From a “big 
picture” perspective, the future of heating devices in art conservation is clearly with mobile, versatile, 
accurate and cost effective “smart” devices. In the search for mobile alternatives, the development of 
flexible heaters offers the most attractive perspective: they are lightweight and can be designed in a variety 
of shapes and sizes, applied selectively and combined with other treatment devices in a most versatile way.  
It was with these problems and goals in mind that work began on development of a new Intelligent Mobile 
Multipurpose Accurate Thermo-Electrical mild heating device for art conservation, or IMAT. 

 
Goals and Objectives 

 
The IMAT project is made possible through joint cross-discipline research and support from the European 
Commission under the Seventh Framework Program (FP7), and corresponds seamlessly to the proposal call 
to integrate cutting edge research in nanotechnology with that of cultural heritage conservation. To promote 
and implement the application of best practices in conservation of cultural heritage in the EU and 
worldwide a consortium of researchers from Germany, the Netherlands and Italy, representing expertise in 
the areas of art conservation, nanotechnology, and thermo-electrical engineering, will design  “from the 
bottom up” a series of portable, highly accurate flexible heaters and the associated methodology 
specifically for art conservation, employing, but not limited to, the new technology of carbon nanotubes 
(CNT). CNT materials allow for the design of thin, lightweight, even transparent, stretchable and woven 
mild heaters with low power needs as an ultra-portable, versatile and efficient alternative for diverse 
thermal treatments in diverse areas of art conservation.  
 
The advancement of art conservation instrumentation is of great importance. Sophisticated and accurate 
instrumentation allows conservators to treat artworks achieving the maximum result within the margins of 
minimal intervention and with minimal risk. Few resources have been allocated to the development of 
instrumentation for actual conservation treatment, and research of this type is beyond the reach of 
independent conservators.  Moreover, much of the instrumentation current in use is quite out of step with 
current methodologies and needs, and this is particularly relevant to diverse mild heating applications.  The 



lack of instrumentation impacts conservation treatment capacities and the long-term preservation of 
irreplaceable cultural heritage in the most direct way, since objects may be and are exposed to risk because 
of inadequate or unavailable instrumentation.  Treatments that take place in the field, including emergency 
responses, often must rely on inadequate ad hoc tools.  The IMAT goals therefore will hit the core of this 
problem in many ways and the results will have a lasting impact on conservation methodology and beyond. 
 
The project was conceived with a research-based objective, focusing on the creation of the IMAT device 
and associated treatment methodology in order to improve the quality, accessibility and cost effectiveness 
of a fundamental tool for art conservators in Europe and globally. Another important goal of the 
Consortium is to make the information generated through the IMAT project as accessible as possible, 
through the presentation of research at conferences, publication in peer-reviewed journals, the filing of 
papers on Open Access sites, as well as through a dedicated website, workshops and symposia.  It is also 
the Consortium’s desire to involve participants from a wide spectrum of treatment traditions during the 
field-testing phase to gain the best insight into design improvements and to improve the range of potential 
applications of the IMAT, as well as to facilitate discussion on the use of new instrumentation and 
conservation methods leading to common strategies. 
 
The development of the IMAT device and methodology will represent a unique opportunity to impact the 
field of conservation of heritage products in a significant manner, and the full extent of the potential for 
application will become evident only during the execution of the three-year project.   
 

First steps: from idea to first prototypes 
 
First steps were taken in 2003, when upon the advice of Al Albano (Intermuseum Conservation 
Association, Cleveland OH, USA) the first mobile high precision flexible mild heating system was 
designed, tested and applied successfully by Olsson and Markevicius in the treatment of New Deal mural 
paintings on canvas in Oregon City, Oregon, USA (Fig 2-3). The first prototype was made of silicon rubber 
and wound wire heating elements, connected to a custom designed control unit with an external thermal 
sensor. Later, a second prototype was created in 2005, with some improvements in its design and was used 
by Markevicius in his studio in Amsterdam and in the National Gallery of Canada. Both prototypes and 
later designed heaters have been used since then in the treatment of various artworks, which differ in size, 
period and materials and the results have solicited considerable interest from the conservation community1.  
 

   
 

Fig. 2 Experimental Olsson and Markevicius silicone rubber and wound wire mild heater (2005) and lining one of the H.S Sewell 
murals using vacuum envelope and flexible thermal blanket. Portland (OR) USA 2003 (right) 

 

   
 

Fig. 3 Olsson-Markevicius experimental mild heater: thermographic image of wound wire element inside the heater (left), graphic 
showing steady temperature during the treatment and thermographic image showing even heat distribution (right).  



Technical characteristics: from wish list to IMAT concept 
 
Accuracy, mobility and versatility were central to first prototypes and remain fundamental also for the 
IMAT concept, along with the increased demands for core technical characteristics such as fast thermal 
response, steady and accurate temperature, low power needs, soft and tack-free surface, durability and 
resistance to chemical and physical factors associated with frequent use. Newly introduced features such as 
transparency and permeability to gases (airflow and water vapors) are highly desirable. While some of the 
goals were successfully achieved in earlier silicone rubber heaters, the entire “wish list” was unobtainable 
using available means and in 2009 IMAT researchers started exploring the possibility of replacing the 
resistance wiring with of one of most exciting new materials of our time - carbon nanotubes and silver 
nanowires. 
 

  
 

Fig. 4 Schematic drawing of the first “open” type transparent  SWCNT  heater, reported by Chang Soo-Han and his collaborators at 
Korea Institute for Machinery and Materials (KIMM) in 2007 (left).  Transparent Therma-Klear mild heater invented by Dontech Inc 

using conductive film with self arranging silver nanowires (AgNW) on PET substrate by Cima Nano Inc, USA (right) 
 

 
Carbon nanotubes: from frontier nanotechnology to IMAT design  

Ever since their discovery in 1991 by Sumio Iljima2, carbon nanotubes (CNT) have inspired scientists and 
developers of future technologies, yet until recently, their practical application was limited by relatively 
high production and purification costs. CNTs are molecular scale sheets of graphite (called graphene) rolled 
up to make a tube and can be described as a new member of carbon allotropes, lying between fullerenes 
and graphite (Fig 5). 

   
 

Fig. 5  SEM image of carbon nanotubes bundles (left), and the schematic structure of single wall carbon nanotube (SWCNT)(A), and 
multi wall carbon nanotube (MWCNT)(B), (right). 

CNTs are particularly interesting for various applications in cutting edge electronics, optics and material 
engineering: they are approximately 50 000 times thinner than human hair, and yet thanks to sp2 bonds, 
they are the strongest and the stiffest materials known, with an E-modulus 10 times greater than steel; they 
are lightweight and highly conductive, and have numerous other outstanding properties and applications, 
which are still in the process of being discovered. Unlike traditional materials, CNTs conduct electricity 



balistically, so electrons, just like cars in a multiple lane highway, can be transported in high densities and 
speed with a minimal resistance and hence the electrical conductivity of CNT films is very high (106 S m-2) 
and surpasses that of copper. They are the best field emitters of any known material and in theory, metallic 
nanotubes can carry an electric current density of 4 × 109 A/cm2 which is more than 1,000 times greater 
than metals such as copper. CNT thermal conductivity along the axis has been measured as high as 3500 
(W m-1 K-1), although in theory it could reach 6600 (W m-1 K-1).3,4  

The remarkable mechanical, thermal and electrical properties of carbon nanotubes allow for the design of 
highly accurate portable film heaters with highly desirable qualities for art conservation. Such film heaters 
could be designed in ultra thin, transparent, and woven forms. Conductive film heaters could be perforated 
without disruption to the electrical circuit and may be designed as permeable membranes to permit the 
migration of vapors and airflow so often used in combination with mild heating in many treatments.   
 

  
 
Fig TEM image of single walled carbon nanotubes (SWCNT) bundles (left) and SEM image of vertically arranged ‘forest” of 
superaligned CNTs. 

 
In contrast with heating tables, requiring 380 V at 15KW, the IMAT technology allows reducing the power 
requirement to 12-24 V, which would be key from a "green" point of view, but also would allow greater 
diffusion of a state of the art conservation tool, making it easily adapted to any environment, basically 
wherever there is regular current.  
 
All this will make the IMAT mild heating device the ultimate in versatility and precision while remaining 
economically accessible, which could fill the gap in the core instrumentation for structural treatments in art 
conservation.  
 

Application and use of the IMAT 
 
The IMAT will have diverse features which are not available in currently used heating devices. It may be 
used in a variety of applications and the treatment of heritage objects, especially 2D works such as 
paintings, prints, books, drawings, textiles, mixed media, modern and contemporary objects and 
more. The new device, which can be designed in diverse sizes with diverse properties and configurations, 
will fill the currently existing gap in instrumentation between “micro” applications, where heated spatulas 
are utilized and “macro” treatments, presently using heating tables. It could essentially replace the heating 
table, and above all the hand held irons and the whole range of less accurate DIY or adopted devices used 
by conservators.  The IMAT will clearly be useful in various lining and backing treatments, which, thanks 
to this technology, could be accomplished also in situ.  The uniquely uniform diffusion of heat of the IMAT 
and the extremely accurate temperature regulation will allow the conservator the ultimate in control at 
temperatures ranging from 0-65C. 
 
In paintings conservation:  The new device may be used in treating diverse deformations and planar 
distortions, to reduce cupping and distortions to paint film, tear mending, consolidation of paint layers, 



reinforcement of degraded supports in diverse lining and backing treatments. Air permeability combined 
with highly accurate and stable mild heating at low temperatures will offer new opportunities for minimal 
intervention in treating planar distortions, improvement of the condition of earlier treatments, and more. 
The IMAT heater’s thin profile, flexible nature and availability in a wide size range are well suited for use 
in treating works on the stretcher.  It may be used with all currently used conservation adhesives and may 
be incorporated into either traditional or recent methodologies where controlled mild heating is required. 
Optical properties, such as transparency, would be highly desirable for visual control during treatment, 
especially when the heat source is applied to the recto. The IMAT would be particularly useful for in situ 
work, and in emergency response actions. Low voltage (12-24 or below 100 V) would make it usable in 
diverse locations and situations.  
 
In paper conservation the IMAT could be used in treating planar distortions and in consolidation 
treatments, where mild heating is required. The combination of highly accurate temperature control and 
permeability to gases, such as air flow and water vapours, as well as transparency would be a strong asset 
in many humidification treatments.  
 
In textile conservation the IMAT could be applied in methods similar to those implemented in painting or 
paper treatments, used for consolidation, smoothing planar distortions and more. An added advantage of the 
device would be the option of placing the heat source simultaneously on both sides or on either side, as 
well as performing the work in sections on large pieces. Yet another application could be thermal 
disinfection treatments. 
 
In 3-D objects IMATs of diverse configuration and shape could be applied in consolidation treatments. 
These could be quite useful for polychrome sculptures, frames, furniture, mixed media objects and more. 
 
In other applications the availability of this new mild heating technology and the programmed field 
testing will allow conservators to find additional applications and ways of incorporating its use into both 
current treatments, and new methodologies that have yet to be developed.    
 
  

IMAT project: from unobtainium to accessible nanotechnology for art conservation 
 
In the first year of the project, technical aspects of the IMAT will be researched and developed to find 
optimal designs and configurations of the CNT heaters, the thermosensors and temperature controls, and to 
create the first prototypes of the device.   
 
In the second year of the project, field testing partners will be involved to submit prototype designs to 
rigorous lab use in order to collect analytical and empirical data which will allow further necessary 
improvements to be incorporated in the design. The project also foresees close cooperation with 
conservation suppliers, envisioning and implementing the future manufacturing and the distribution of the 
cost effective device.  
 
Year three of the project will give way to the dissemination phase to make the new technology known and 
accessible to conservators through publications, lecturing, and training in diverse cultural and geographical 
milieus. As a finality, the IMAT project will make available the new technology and knowledge in multiple 
formats, which will advance the treatment methodology and will target a very broad audience in the field, 
essentially all conservators using thermal treatments in one or another form. Such far-reaching objectives 
and implications of the IMAT project epitomize a European approach, and exemplify many of the broad 
goals of the European Commission and the 7th framework program, by bringing together cutting edge 
expertise available in different EU countries to produce new knowledge and technology that will advance 
higher standards for art conservation and benefit operators and the preservation of cultural objects in the 
EU and globally. 
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