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Introduction 

 

Materials with special optical properties have been used by many artists in contemporary 

glass art. Light effects have been mainly explored using neon installations in museums, cloisters 

or other public places. 

Although luminescent properties of lanthanide compounds have been investigated for a long 

time, glasses doped with several lanthanide oxides are now being used in art works as they emit 

light with different colours under ultraviolet light. The development of these materials has been 

made in the Research Unit VICARTE “Glass and Ceramic for the Arts” where an interaction of 

art students with science students is giving interesting results. 

In this work I would like to address only the use of these new materials in contemporary 

glass art. The objects made are colourless under normal lighting conditions; it is a 

monochromatic composition, and their aesthetic value changes exposing them to UV light. 

Several colours can be integrated and new harmonious chromatic concepts can be explored. 

Among the glasses with lanthanide oxides, glass with europium has a much stronger 

emission due to its unique luminescence properties [1, 2].  

Several examples of glass objects will be presented using conventional techniques, namely 

fusing, casting, pâte de verre and glass blowing seeking for new chromatic effects. 

 

 

 

VICARTE, Research Unit ”Glass and Ceramics for the Arts”: who are we, what is our 

mission  

 

The Research Unit VICARTE, ”Glass and Ceramics for the Arts” aims to be a 

multidisciplinary research and development centre for the study of glass and ceramics. Its main 

objective is to join specialists in art, science, technology, history, archaeology, and conservation 



of glass and ceramics. This project, proposes a pioneering encounter of know-how in such 

different areas as science and arts, would be of interest to artists and scientists throughout the 

world. 

 

 

Projects developed in VICARTE 

 

- Development of new luminescent glasses under UV light with rare earths using glass 

formulations from the Portuguese industry (the oxides Ce, Sm, Dy, Eu, Tb and Tm gave 6 

different colors). Batches of 50 kg were already produced in CRISFORM, the Glass Education 

Centre of Marinha Grande. 

 

- The quenching (“suppression”) of the luminescence of the glasses with several d-transition 

elements was studied. d-transition elements responsible for the observed colours also act as 

fluorescence quenchers. A detailed study of the quenching properties of those d-elements is 

essential for the future development of luminescent glass pigments. This project was developed 

by Andreia Ruivo, under the project REF: POCI/EAT/60496/2004 supported by “Fundação para 

a Ciência e Tecnologia”. 

 

- Ruby Glass is being studied using gold nanoparticles. Recent results showed that with active 

electrons produced in a Cobalt-60 gamma radiation source in the Portuguese Nuclear and 

Technological Institute it was possible to reduce and nucleate gold, a red color being obtained. 

This project was developed by Andreia Ruivo, under the project REF: POCI/EAT/60496/2004 

supported by “Fundação para a Ciência e Tecnologia”. 

 

- Luminescent glasses for ceramics, project developed by Professor Jorge Vidal.  

 

- Luminescent glass enamels that fire at low temperatures (below 565ºC), project developed by 

Teresa Almeida and Andreia Ruivo. 

 

- Projects:  “Glass in Art: Light and Colour” (POCI/EAT/60496/2004), “Glass Art and 2D and 

3D printing” (PTDC/EAT/67354/2006) and “Provenance Studies of Portuguese Glasses” 

(POCI/HAR/55882/2004) supported by the “Fundação para a Ciência e Tecnologia”  

 

 

 

 



Research aims of the luminescent works 

 

 One of the main objectives of this work is to study the effects of light in art works using 

luminescent glasses under ultraviolet radiation. The use of different coloured and colourless 

glasses is explored with different techniques: kilncasting (casting and pâte de verre), fusing and 

glassblowing.  

 Another objective is to study luminescent glass enamels that fire at low temperatures (below 

565ºC). 

 

 

Experimental Study 

 

The glasses produced were mainly soda-lime silicate glasses with 2% (w/w) of the rare 

earth oxides Eu2O3, Tb2O3, Ce2O3, Tm2O3 or Dy2O3 and 3, 78% of Sm2O3. 
Compatibility tests were made with a dilatometer Netvcsh – Dil402PC. The thermal 

expansion curves were made in the temperature range 25-300ºC with cylindrical samples with 

6.5 mm of diameter and 30 mm of length. Compatibility tests were also made by fusing the 

glasses with the different lanthanide oxides and using optical stress spectroscopy. 

The emission spectra of the glasses synthesized were performed under UV light of    

380 nm wavelength. 

Glass sculptures were made using several techniques: kiln casting, pâte de verre, 

slumping fusing and blowing. In the kiln casting technique silica/plaster moulds where used and 

the glass was placed inside [3]. Glass billets and granular glass for kiln casting and grains, frits 

and powder for pâte de verre were used. Different earth oxides where mixed in order to achieve 

new colours for the pâte de verre technique. Several firing schedules were tested [4, 5] in order 

to accomplish the best results, avoiding stress or fractures in the pieces.  

After firing all the objects, they were observed with a polariscope Sharple Senarcon 

Strhin to check for stresses inside the pieces. Finally the glass was polished eroding the surface 

with abrasives and a further treatment with a mixture of hydrofluoric and sulphuric acids [6]. 

In this work, besides the use of colourless glass doped with rare earths, coloured glasses 

with oxides of 3d transition elements doped with rare earths were also used having in mind to 

explore the change of colour when exposed to ultraviolet light. 

An important issue in glass painting is the search for enamels that fire at low 

temperatures (below 565ºC), so there is no deformation of the glass shape when the enamel 

application is made. The search for low firing glass enamels is very challenging. The research 

began by experimenting several recipes in order to reach a luminescent low-melting enamel.   

 



 

Results and discussion 

 

Compatibility tests of the different glasses were made using a dilatometer in the 

temperature range of 25 to 300ºC. The results obtained for the glasses with all rare earth oxides 

showed that all the glasses used were compatible. Usually two glasses are considered 

compatible when the difference between their thermal expansion coefficients is less then 

0.5x10-6 K-1 [7]. The thermal expansion coefficients obtained for the glasses doped with 

different rare earth oxides were the following:  Sm, 9.53x10-6 C-1, Tb, 9.80x10-6 C-1, Ce 9.76x106 

C-1, Eu 9.90x10-6 C-1, Dy 9.60x10-6 C-1 and Tm 9.68x10-6 C-1, so the differences are less then 

0.5x10-6 C-1.   

To prove that the glass was well annealed, each object was checked in a polariscope. 

Among the casted glass pieces some of them did not indicate any stress, while in others the 

observed residual stress was acceptable. 

Regarding the luminescent glass enamels, after testing many combinations of the 

constituent oxides we were able to synthesize a good luminescent glass with the following 

composition: Pb2O3, SiO2, Na2O, B2O3, Eu2O3. After these tests, aluminium oxide (Al2O3) was 

added in the enamel composition to improve the stability of the enamel. A good enamel was 

obtained which could be applied also at a temperature of 550ºC. The oxides used for the 

composition was: Pb2O3, SiO2, Na2O, B2O3, Al2O3,  Eu2O3. This base composition was also tested 

with 5% (wt %) of samarium oxide (Sm), dysprosium oxide (Dy), terbium oxide (Tb) and 

thulium oxide (Tm). The enamels obtained had also good properties as the europium one. 

 

 

 

Remarks on the art works 

 

“Glass is a unique material for sculpture, and it is a contemporary material. It is 

unique because no other medium has the ability to change color, texture, and, seemingly, mass” 

[8]  

 

The sculptures made with luminescent glass produce subtle light effects, forms and fluid 

movements, which emerge from the transparency of the glass and the emission of the light. At 

first glance we have a simple, monochromatic composition, just an uncoloured transparent glass 

and, afterwards, when exposing it to ultraviolet light, a new harmonious chromatic effect is 

accomplished. The works transform with different light settings, where the colours interact with 

each other in a harmonious environment.  The observer can be surprised by the transformation 



of the color that can occur. As Adorno said, all the art pieces are enigmas... [9] The glass work 

aims elicit feelings in the observer, but they also hide a mystery. In the pieces I transport myself 

to a new reality, a dream world... a fairy-tale...  

My early explorations in luminescent glass are very much connected with nature, where 

inspiration was found, recreating and developing organic shapes and transforming them into 

pieces of art. The icebergs, volcano lava, rocks formations and drops of rain were a constant 

presence in my work. The elements in the pieces interact with each other as a living matter, 

emerging from the ground of the earth. In their interior we can see cavities, like the inner light 

of Libenský and Brychotová pieces [10]. They are like the hole of the soul… the spirit that lives 

inside the elements… 

The form and the density of the colorless transparent glass influences how the pieces 

hold the light that passes through them. Polishing a surface allows the spectator to analyse the 

interior of the work.  It is like a window through which the viewer can see the inner activities. 

[11] The duality between coarse and polished surfaces, opacity and transparency of the material 

and the seduction of colour is fundamental to my creative process.   

The casting pieces materialize from the ground as solid structures that are trying to 

reach the sky. They produce forms and fluid movements that emerge from the transparency of 

the glass colour. As they are represented in the pieces: “nature changes sometimes” and 

“thoughts of a dream”. 

The pâte de verre pieces have a textural lightness, a subtle form, tranquil and with a 

distinct allure, hopefully encouraging contemplation. They are so fragile at first glance, 

appearing to be easily broken... however they are in fact stronger. The pieces are physically and 

visually very light and for me this creates a sensation of levitation...  The pieces “subtle 

movements of the corals in the blue ocean I” and “subtle movements of the corals in the blue 

ocean II” represent this sensation well. 

This luminescent glass has an immense potential for use by the artists.  

 

“Like the other arts, glass is subject to certain limitations of form and content that an 

artist will perceive intuitively and respect” [12]. 

 

 

Final Remarks 

 

The studied luminescent glasses show that they can be used either in the casting, 

blowing and pâte de verre techniques. The light effects involving several colours are 

exceptional. The compatibility tests proved that the glasses with different lanthanides can be 

mixed. The colour effects are remarkable and they should be explored in future work.  



After trying several enamels compositions, one composition with the required 

characteristics was obtained based on boric acid and lead oxide. Further, the research will be 

concentrated in the colorant agents, especially on cobalt and copper, where the result did not get 

a satisfactory effect on the surface of the glass. 
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