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 A close investigation into Medieval stained glass for the purpose of recreating period windows lead to the realization that the vast majority of stained glass from early in the 14th century forward used a technique known as "silver staining". It would be imperative to incorporate this technique into period re-creations if they were to be historically accurate.  This paper will answer questions that arose concerning the origins of silver stain, why it became so popular, and how it was used.
 
What is silver stain?      
Silver stain, also referred to as "yellow stain", consists of a silver compound, generally an oxide or a sulphide, in a clay binder. It is mixed with water into a paste and painted onto the surface of glass. When heated in a kiln or furnace to 1050-1200 F, it will fume into the interior of the glass (unlike other period pigments) leaving a permanent yellow stain that is exceptionally durable. It was used as a surface treatment to add bright yellow highlights to stained glass windows. Modern glass painters still use this medieval technique.
 The yellow stain can result in anything from pale lemon to bright orange depending upon several factors. One determinant is the amount of heat involved. As the heat increases, and the amount of time the glass is held at that temperature increases, the colour darkens. Also, the amount of paint applied to the glass will affect the resulting colour. A thin layer will generally result in a paler stain. Perhaps the most important factor is the composition of the glass itself. The softer glasses accept the stain more readily than harder ones, resulting in a more vivid yellow. Period glass composition varied greatly from one region to another as it depended upon the composition of the raw materials of ash and sand.[1] Even today, glass hardness varies and is dependant upon the manufacturer and the colour of the glass.
Period silver stain recipes were developed with different amounts of compounds to obtain anything from lemon to brick red. Early sources describe silver nitrate being mixed with sulphur, antimony, or just clay.[2] In The Decorative Painter's and Glazier's Guide [3] of 1828, the following recipes can be found.
 
No. 3. LEMON YELLOW. 
Silver precipitated . . . . . . 1 part. 
Finely powdered pipe-clay. . . . 12 do. 
These must be mixed together in a basin, and floated on in the way 
directed for the red and yellow. If the stain is required very faint, 
add four parts to the pipe-clay: if strong, decrease the quantity of 
pipe-clay. 
 
No. 1. ORANGE STAIN. 
Virgin silver ......... 2 parts. 
Crude antimony ........ 1 do. 
Put the above in a small crucible, which place in a strong heat till 
the silver and antimony are dissolved and run together: this will be 
easily seen by taking off the cover of the crucible. When quite 
dissolved, pour the contents of the crucible on an iron plate to cool, 
and afterwards pound the mass in a mortar as fine as possible. When 
quite reduced to powder, pass it through the lawn sieve; grind the 
sifted powder on the glass palette till all the grittiness has left it; then 
suffer the palette to dry, and the silver and antimony will be reduced 
to an impalpable powder. When scraped off the palette, it may be put 
in a phial, kept properly corked to keep out the dust and air, and it 
will be fit for use after any length of time. 
 
Although these recipes are from the 19th century, they show how silver could be manipulated to suit the needs of the glazier. Today, silver stain is available in several formulations, each resulting in a different effect, but each with silver as the main ingredient.
 
When and where did it come from?
          Many 19th and 20th century literary sources suggest that silver stain was an accidental discovery made by a lucky glazier in the early 14th century. It has even been suggested that a silver button may have fallen onto a sheet of glass before entering the annealing oven, leaving a yellow stain. The chance of a glazier accidentally dropping a silver button or any silver object onto a sheet of glass on its way to the furnace, and then not noticing it, seems highly unlikely. The glasshouse was a hot and dirty place to work and silver buttons were unlikely to be worn by workers in the thirteenth century!
There is more recent evidence that silver stain has been in use in Egypt since as early as the 9th century. A Latin treatise, Mappae Clavicula, includes a recipe for manufacturing false yellow gems using a silver compound [4]. It is not mentioned again in the literature until Theophilus. However, it is now believed that it was in use since the 10th century for the decoration of Byzantine glass vessels. [5]
Recent works by Lillich suggest that the recipe for silver stain arrived in Europe in an Arab translation for King Alfonso X of Castille and Leon, and that the technique was first introduced in France during the last decade of the 13th century.[6] The earliest surviving windows with this technique are to be found in Esslingen, Germany, c.1300, and in England in the Heraldic window of York Minster, c. 1307-12.[7]. However, Lillich's work suggests that silver stain was spread from Paris starting in 1315.[8] Whenever it arrived, by 1325 silver stain was the norm throughout Europe, and forever changed the look of stained glass windows.
 
Why was it so popular?
          There are several reasons why this new yellow stain became so popular and had such an impact on stained glass. 
At the time of its introduction, stained glass windows consisted of individual pieces of pot metal glass [9], each of a distinct and fairly uniform colour. Dark pigments (glass paint) composed of ground glass and iron oxides were applied to the surface to provide details and shading. These pigments were only available in black and brown. When heated to 1250 F, the pigments fused to the surface of the glass and became permanent. So each piece of glass in a window consisted of one colour and black/brown details. This painting on the glass is found on even the earliest extant windows,[10] and it is next to impossible to find an extant window without some painting. 
          Although amber/gold was a fairly common glass colour during the Romanesque period, a clear yellow pot metal glass was difficult to achieve. A strong yellow colour was dependent on a delicate balance between the amount of iron and manganese present in the raw materials of the glass, and the firing conditions of the furnace. Both the temperature and the oxygen concentration had to be just right, which in period conditions was extremely tricky.[11]  A look through literary sources with pictures of Romanesque stained glass will verify the scarcity of this colour in windows of that period. 
Bright yellow glass was desirable for several reasons. It is a colour that lets in a lot of light, while adding a warmth and vibrancy to windows. It is perfect for halos, angels, and other religious icons found in cathedrals and churches. It worked well for highlighting the Gothic canopies of tall pinnacles and arches incorporated into window designs. It allowed for fine details in borders, and clothing. And it was most useful in heraldry. By the early thirteenth century armorial windows were common throughout Europe.[12] Yellow stain worked perfectly for or (gold), a common heraldic colour.
In fact, with the introduction of silver stain, it was now possible to have up to three colours of glass in a single piece. It was common practice beginning in the 12th century to "flash" glass. Early red glass was too opaque to see through, so glaziers developed a technique called flashing that applied a thin coating of red to a clear glass. This resulted in a brighter transparent red, but also allowed for the select removal of some of the red layer by abrasion, leaving only the clear glass beneath. This would appear frosted, or white. "The medieval artist ground the colored layer away using powdered stone as an abrasive, - a difficult and slow process." [13] 
With flashed glass, it was possible to have a white object on a red background within one piece of glass. This eliminated the need of many complicated lead lines and enhanced the design. For example, the rough shape of a lion could be abraded on red glass. This white lion would then be outlined, detailed, and shaded with black pigments, and then turned yellow with silver stain.[14]  This was a great addition to armorial glass. Now it was possible to have yellow, white and red all within one piece of glass, without the distraction and work of lead lines (see Figure 1 and 2). Heraldic glaziers must have been delighted! 
Although red was the most common colour of flashed glass, flashed blue was also abundant. Green flashed seems to be a rarity but did exist. Silver stain was also used on the back of pot metal blue glass, resulting in a green that proved useful in the representation of trees and bushes. [15]  
Another bonus to silver stain was its portability and easy storage. England, for example, did not make coloured glass, but imported it from Normandy and Flanders [16]. If an English glass house ran short of pot metal yellow glass, they could reach for the bottle of silver stain, which was kept in powdered form, and stain the necessary design elements rather than wait for the next shipment of glass. 
It is no wonder that it became so popular so quickly! It reduced the need for leading and soldering and introduced a much needed consistent yellow glass. It allowed for the addition of brilliant highlights to icons, and fine details to designs.
 

 
 

Figure 1. Heraldic lion without the use of silver stain. Notice all the lead lines. Compare this with the heraldic boar in Figure 2.

 

 

 
 
Working with Silver Stain
          Peter McGrain, a well-known modern glass painter, refers to silver staining as "an advanced technique" and calls it temperamental.[17] It is difficult to get the colour right, and many test firings are necessary with scraps of glass to find out which thickness of stain works best with each glass, what kiln temperature is needed, and how long it should be kept at that temperature (see appendix).
Unlike the traditional glass paints used for outlines and shading, the yellow stain is applied to the back of the glass where it would have been exposed to the weather. Weather didn't affect it as the stain actually changes the chemical composition of the glass and is therefore entirely permanent. 
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 Figure 2. 1490. Notice the flashed red heraldic shield with silver stain, and many silver stained details in this work. Unknown Swiss glass painter.
 
Like any new technique, early glaziers were hesitant to use it at first. Glass was expensive and difficult to make, and poorly applied stain could ruin a day's work. There is a set of fourteen medallion windows in Avioth, France, which show this hesitancy. Dated around 1320, it illustrates the glazier's command of silver staining developing as the series progresses. In the early medallions only the acorns are stained yellow, and the technique is clumsy. By the end he has realized its potential, and has altered his style and composition to suit this new discovery.[18]            

Traditional glass painting is complex and involves many steps. If, for example, the artist is painting a piece of glass destined to be an angel's head, the first step is to cut the glass. Then the outline of the head and face are painted (called tracing) and this is fired in the kin to become permanent. Next a light matte is brushed over the entire piece and smoothed. When dry, the areas, which are to be left without any shading, are cleaned off and the piece is fired again. Often three mattes are used to achieve the desired shading. Only after all the painting was complete did the glazier use the yellow stain as it has to be fired at a lower temperature than the darker pigments or it will be ruined.  
       To achieve a deep colour the stain must be applied thick to the entire piece and then brushed smooth and allowed to dry. At this point, the layer of stain hides the underlying outline. Without being able to see the outline, it is extremely difficult to remove stain from the appropriate areas, even with the use of a modern light table. Anyone who tries this will have a new appreciation for the fine detailed silver staining found in medieval windows! Furthermore, if the stain is accidentally removed from the wrong area, the entire piece must be washed clean of stain and the glazier must start again. 
          The discovery of silver stain had a huge impact on future stained glass. For the next hundred years cathedral windows boasted a predominance of yellow stain on white glass combined with blues and reds. Heraldic glass became even more popular as silver stain allowed for fine details in quartered shields. By the 17th century, coloured enamels had been developed and "stained" glass windows evolved into little more than paintings on glass. These enamels proved to be less durable, and in many such extant windows the enamel colours succumbed to time and have disappeared off the glass entirely. In these, only the yellow stain remains, a testament to the ingenuity of the Byzantine civilization from centuries ago.
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