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A man assembles a glass window. Many of the tools on his bench are still used today. 

 

The stunning beauty of colored glass and sunlight transcends time. From the earliest colored 

shards to the modern sheets of today, glass fascinates us. As early as the first century AD, the 

Phoenicians had developed a method of glassblowing that allowed glass to be shaped into 

hollow forms. It would take until the 11th century for the Germans to transform these hollow 

glass tubes into the first true sheet glass for windows.  

Many of these early glasses were slightly colored, in part because of naturally occurring 

impurities in the basic ingredients, silica (sand) and potash (wood ash). As the glass makers 

refined their skill, colors became richer and clear uncolored glass became possible. It is this 

development of clear glass that allowed for the perfection of the art of stained glass. 

This paper will help to illustrate the difference between stained glass – colored potmetal glass – 

and glass painting. Three important aspects in the art of creating and understanding stained 

glass windows.  



An Introduction to Colored Glass 

Many of us are familiar with stained glass windows– but rarely do we use the term “stained 

glass” correctly. When we envision the pieces of richly colored stained glass we’re actually 

describing pot-metal glass. Pot-metal glass is created by introducing metallic oxides or salts to 

the pot of molten glass during formation. This technique creates a glass that is colored 

throughout the total thickness of the piece. These metals do not dissolve into the glass, but are 

distributed throughout the piece on a microscopic level.  

Glass painting is a technique of enhancing glass by applying additional color and detail to the 

surface of the glass. In its earliest forms, glass painting was simply a paint applied to a finished 

piece of glass. This technique left the painting susceptible to damage though, and in time 

vitrified enamels were developed which could be permanently affixed to the glass sheet by 

reheating the painted glass in a kiln. These enamels account for the fine details and soft shading 

that we see in faces, fabric folds, and diapered backgrounds.   

Silver stain is the only colored glass that is truly stained. By applying paint containing silver 

nitrate and reheating the glass, a wide variety of yellow to dark amber tones can be achieved. 

The advantage of silver stain is that it allows an artist to select the exact details they wish to 

color within a single piece of glass. Silver stain is often combined with the shading effects of 

glass painting. Silver stain can also be used to shift the color of a piece of colored glass – such as 

applying it to blue glass to achieve a green result.  

 

 

 

 

 

 

 

 

 

 

 



The Project – A Window of Colored Glass 

I wanted to select a piece for this project that would allow me to illustrate the three aspects of 

glass decoration that this paper aims to cover – pot-metal glass coloration, glass painting with 

vitreous enamel, and silver stain. I was lucky enough to discover a perfect inspirational piece 

while visiting the Met Cloisters in NYC. 

The original piece is an 8 ¾” Armorial Roundel from approximately 1500. It was crafted by 

German artists of the Middle Rhineland, and had once been a part of a castle on the Moselle 

River. My husband and I were lucky enough to visit the Moselle in the past, and I chose to 

create a piece that would celebrate that memory. I exchanged the original heraldry for his SCA 

heraldry, and aimed to keep the rest of the design as close to the original as my skill would 

allow.  

 

The original stained glass panel design   – My finished piece. 

 

Skills & Knowledge 

Glass making was a highly skilled profession, requiring specific tools and knowledge to complete 

each task. And like most skilled professions its technology and techniques were well guarded 

through the ages, passed down from one skilled craftsperson to another. Accounts of these 

techniques were rarely written down. Because of this, there are many details of early glass 

production that we do not know – at least not for certain. Most of our knowledge is based upon 

evidence provided by surviving glass pieces. This can tell us quite a bit about the technical 



composition of the glass – but it doesn’t always provide the evidence we need to understand 

the production. 

Most of our knowledge of early stained glass production comes from a twelfth century treatise 

written by Theophilus called On Divers Arts. This manual covers a wide variety of topics, 

including painting, glass making, and metal working. This manual offers many fascinating details 

about the process, though like many early works – it assumes a certain level of base knowledge 

and can sometimes leave one with more questions than answers. I will refer to Theophilus 

frequently during this project, as it is the most complete period source I know of. You will see 

this book referred to as ODA throughout the project. 

 

The Tools – Then & Now 

Some of the tools used for stained glass production and painting have changed since the 

medieval period, but not all of them. Throughout this project I tried to identify these different 

options. Where safety, cost, or inaccessibility was a concern I defaulted to the modern option. 

Whenever possible I tried to explore the period option. My hope is that this will inspire others 

to explore the art of stained glass, while also helping them to appreciate the challenges and 

skills required to create this art in period.    

 

The Cartoon 

Just like modern stained glass, medieval glass projects started with an illustration often referred 

to as a cartoon. This full size illustration allowed the glass artists to cut and paint the pieces 

accurately. The artists who illustrated the cartoons were not necessarily the same artists who 

completed the glass shaping.  

In modern glass shops you can purchase a wide variety of patterns. Artists who wish to craft 

their own designs can easily find sturdy white paper that will work just as well in any craft store. 

Thinner paper can also be used, if you glue it to card stock first. 

In On Diverse Arts (ODA), Theophilus describes a different method. He suggests taking a flat 

smooth board, covering it in chalk dust and a sprinkle of water, and the rubbing it all around 

with a piece of cloth. This produces a pale finish similar to chalk paint or whitewash that can 

then be drawn upon.  

Once you have your drawing surface selected – begin by laying out the overall measurement of 

your finished piece. Next, lay out any border designs. Then fill the remaining space with your 



selected design. ODA suggests drawing first with lead or tin – then with red or black pigment. 

The first serves the place of a modern pencil sketch – the second creates the bold lines we’d 

modernly use a marker for. 

After the design is laid out, you then take the time to mark each section to indicate the color or 

type of glass it should be. Planning is an important step in laying out a stained glass panel, and 

this method is still used modernly.  

 

 

The original stained glass panel design   – My interpreted cartoon and color choices. 

 

Glass Sheets  

Today glass of almost every imaginable style and color can be selected at a local stained glass 

shop or ordered online. In the medieval world glass was limited to what could be produced 

based on skills, available materials, and budget. In both societies the art of making sheets of 

glass required considerable skill. 

The basic ingredients of glass - silica (sand) and potash (wood ash) – are easy to acquire. But 

producing sheet glass in period was a long and complex process taking many days to complete. 

ODA gives detailed accounts of this process. (I won’t repeat the entire process here, but I will 

attempt to summarize it.) It describes the three kilns necessary to produce sheet glass; one for 

building glass, one for annealing, and a third for flattening the glass into sheets. It also describes 

the quantities of materials and amount of time required for each step.  

First the raw ingredients are combined, and fired in the building kiln for a day and a night. The 

next day this liquid glass is collected onto an iron blow pipe and formed into long cylinders. 

These cylinders are then detached from the blow pipe and transferred to the cooler annealing 



kiln. These cylinders are then removed from the annealing kiln and transferred to a red hot 

flattening kiln. In this kiln the cylinders are split down one side with a hot iron. As the split 

cylinders begin to reheat and soften they are coaxed flat by iron tongs. Once they are 

sufficiently flat, they are placed back in the annealing kiln. (Annealing is an important step that 

helps release the stresses created as glass cools, and helps prevent the glass from breaking.)   

While mouth blown sheet glass is still sought after by those working in restoration and 

historical architecture, most modern sheet glass is a mechanically produced product known as 

float glass. This glass is created by floating a continuous ribbon of molten glass onto a bed of 

molten tin. Once developed in the 1950’s, float glass quickly replaced traditional glass sheet 

manufacturing methods. This development allowed smooth even glass to be produced quickly, 

greatly reducing the cost and labor necessary to manufacture and polish it. 

 

 

Modern mouth blown glass - modern float glass – modern seedy restoration glass. 

Note the distortion caused by the uneven thickness of the mouth blown glass. 

 

Glass Color  

Slight mineral variations in the type of sand or ash could affect the color and quality of the 

finished glass, as could the amount of time and oxidation they experienced in the kiln. This 

oxidation meant that the longer the raw glass remained in the kiln the more colorful it became. 

Clear molten glass would begin to slightly yellow in the kiln and over time turn to a saffron 

color, then tawny, light purple, and even a rich reddish purple. This meant that your clearest 

glass would come from the kiln first.  

Additional metal salts could also be incorporated into the liquid glass to increase the strength of 
the color; cobalt oxide for blues, gold for rich burgundy red, silver for warm yellow, orange and 
even red tones. Metal salts are still used in glass coloring today.  



Glass that is colored during its creation in this manner is referred to as pot-metal glass. These 
metals do not dissolve into the glass, but are distributed throughout the piece on a microscopic 
level.   

For my project I selected a clear seedy restoration glass, and a rich cobalt blue glass. I felt these 
provided the best modern equivalents my budget would allow. The seedy restoration glass is 
not as textured as the period equivalent, but it was better than modern float glass and much 
less expensive than mouth blown glass.  

 

Transferring the Design 

Now that the glass has been selected it is time to begin transferring the design. Choose a piece 

of glass larger than the piece you will need to cut, and lay it on your cartoon. Trace the selected 

area, being careful to accurately trace your cartoon line. It is helpful to avoid shifting your body 

while you look down at the glass- this will help to keep your lines accurate and to diminish the 

distortion the glass thickness can create.  

For tracing your lines ODA suggests mixing a chalk and water in a lead pot, and painting this mix 

on with a paint brush. This method is effective, though it does wipe off rather easily once it is 

dried. Modernly you can use a silver or gold sharpie marker or even a wax marking pencil.  

If the color of your glass makes it hard to see your cartoon, ODA suggests first tracing your 

piece onto a clear sheet of glass. Place your colored piece atop this clear piece and hold them 

both up to the sun. You should now be able to see the line clearly. Modern stained glass artists 

often employ electric light boxes in the same manner. 

 

 

Tracing the design onto a piece of glass – a cut shape next to its pattern piece. 



Cutting and Shaping the Pieces 

Once a piece has been traced onto a sheet of glass, it will need to be separated out by cutting 

and breaking. To cut glass, you begin by scoring along the line you wish to follow. This can be 

done using a hard gem, such as the emerald suggested in ODA – or with a modern carbide glass 

cutter. Both options create a scratch in the surface of the glass that helps to encourage and 

direct the break. 

Separating the glass or breaking, can be achieved in a number of ways. In period, the tip of a 

red hot iron would be placed along the score until a crack formed. Once the crack had started, 

the iron could be traced across the score and the break would follow.  

Most modern makers no longer employ red hot irons. Instead glass is simply scored and then 

snapped apart with a quick but gentle upward motion, similar to breaking bread. You can 

achieve this with your hands or with a pair of running pliers. This is possible because of the 

highly refined nature of modern glass, and the efficiency of modern cutting wheels. When 

cutting modern glass it is important to always make your cuts on the smooth side of your glass. 

Once the glass shape has been separated from the sheet, you may need to refine the shape so 

that it perfectly matches your cartoon. In period this was achieved by a grozing iron or plier. 

ODA describes this tool as a “span long and bent back at each end.”  Modernly the tool is still 

called a grozer, but it looks more like a set of pliers with one flat jaw and one curved jaw. With 

a modern grozer it is important to keep the flat side on the top side of the glass, and to align 

the tips on the line you want to break. Both tools could be used to nibble away at excess glass 

or refine the shape of a piece. Be sure to wear eye protection while grozing, as it tends to create 

small glass shards. 

 

 

Medieval Grozing Iron – Modern Grozing Plier 

 



Pieces can further be refined through the use of an abrasive stone. ODA does not mention this, 

but it can be helpful in reducing accidental cuts and perfecting the fit of pieces. I also use an 

abrasive stone to remove the sharp edges along my breaks to help extend the life of my 

expensive brushes during the painting step. 

Refine your individual glass pieces one at a time until they fit fully within the lines of your 

cartoon. Pieces should fit together with a small 1/16” gap between them on all sides. This will 

allow space for the lead came that will later join the pieces together. Accuracy during this step 

will help to make sure your finished piece fits together well during assembly. 

 

 

Scoring glass – Shaping with an abrasive stone – A good fit. 

 

Painting the Glass 

Glass painting is a technique of enhancing glass by applying additional color and detail to the 

surface of the glass. In its earliest forms, glass painting was simply a paint applied to a finished 

piece of glass. This technique left the painting susceptible to damage though, and in time 

vitrified enamels were developed which could be permanently affixed to the glass sheet by 

reheating the painted glass in a kiln. These enamels account for the fine details and soft shading 

that we see in faces, fabric folds, and diapered backgrounds.   

ODA describes provides a recipe for glass paint that is burnt copper foil, Byzantine blue glass, 

and green glass. Each of these is ground to a fine powder, combined in equal parts, and then 

ground again with either urine or wine. 

I substituted modern powdered glass pigments by Reusch – tracing black and tracing brown. 

Each pigment was mixed with a small amount of water to create a thin paste, and a few drops 

of gum Arabic was added. The goal was to create a mix that was fluid enough to paint with 

enough thickness to be opaque when applied. The gum Arabic was added 1 drop at a time until 



the test lines I painted offered resistance when I scratched them, but not so much resistance 

that the edges of the line chipped when scratched at.  

Once all of the pieces have been cut and shaped, they should be thoroughly cleaned and placed 

back onto the cartoon. It is important to remove any oils, marker residue, and fingerprints that 

may have gotten on the glass during shaping. I used dawn dish soap to remove the heavy 

cutting oil, and then wiped each piece down with alcohol to remove any residue. 

With my glass pieces in place on the cartoon, I began tracing the outlines of my border design. 

Once the borders were outlined I then went back to fill in the open spaces that would be 

shaded. I found that I achieved a more consistent coverage if I worked an area entirely before it 

dried. I then used a light touch to add in the small details such as the grapes and the fine lines.  

The piece I based my project on was not perfect or smooth in the way a modern glass painting 

might be. There were variations in the finish and the consistency of the lines – and so I didn’t 

beat myself up over my small imperfections. I found the imperfections to be part of the charm 

of these pieces. In each roundel I studied there were misaligned pieces, patterns that didn’t 

align, even a few pieces that had obviously been recycled from other projects. In that spirit I 

chose to paint one of my small border strips in reverse. You’ll find this piece on the bottom row 

if you look closely. 

Once I completed the border sections, I applied a coat of brown pigment to the heraldic 

section. I used a wash brush to apply a thin coat to the entire piece, and then blended it with a 

badger brush. This gave the piece a nice even finish that I then allowed to dry. Once dry, I used 

a sharpened wooden dowel to scrape away areas of the brown paint. This will help to create 

the texture and shading in the acorns and the tree trunk, and also provide additional interest to 

the main fields of color in the heraldry. 

 

 

Brown wash – Blending with a badger brush – Scraping away. 

 



Once I was satisfied with the painting I allowed it to dry fully, and then fired it in a kiln to 1220 

degrees. The next morning I was able to remove the pieces from the kiln and inspect them. The 

brown had lightened significantly. The black had a pleasant and accurate inconsistency to it. 

 

 

Texture and inconsistency in the original and in my own. 

 

Silver Stain 

Silver stain is the only colored glass that is truly stained. By applying paint containing silver 

nitrate and reheating the glass, a wide variety of yellow to dark amber tones can be achieved. 

The advantage of silver stain is that it allows an artist to select the exact details they wish to 

color within a single piece of glass. Silver stain can also be used to shift the color of a piece of 

colored glass – such as applying it to blue glass to achieve a green result.  

The origins of silver stain are not clear, but by the 14th century it was in use in Europe. It proved 

popular and by the 15th century its use had spread and the skill with which it was utilized had 

grown considerably. This lead to a reduction in production cost that made it more affordable 

than pot metal yellow glass. This price drop helped make the works accessible to patrons in the 

guild and merchant class. By the 16th century its use had evolved to a highly detailed style of 

roundel painting that used only black pigment, silver stain, and clear glass. Even today silver 

stain continues to be used by modern glass artists. 

In the roundels I studied for this project, silver stain is used to add a shade of yellow to the 

grape vines and details within the leaves. The grapes and the inner border are left unpainted. I 

duplicated this design feature, and added silver stain to the acorns and the bottom field in the 

heraldry behind the tree stump. This allowed me to create a natural color for the tree, while 



still having a yellow field. I would not have been able to achieve the same effect with a yellow 

piece of pot metal glass.  

 

 

Armorial roundels with silver stain in the collection of the Metropolitan Museum, NYC. 

 

Applying silver stain is very similar to applying glass paint – though you do not need to add any 

gum Arabic. The mixture will create a clay red color on the glass at first – but this is not the 

color the glass will be once fired. You can apply the stain in different thicknesses and achieve 

different colors using the same stain, but this effect can be hard to control. Silver stain can 

react differently based on the type of glass it’s applied to, which side of the glass it’s applied to, 

the thickness of the mixture, and the time and temperature it’s fired at. This is evident in the 

roundels above, and in the finished shade or yellow found on my piece. 

Some pieces of glass barely take color; others produce rich golds, oranges, and even reds. 

When applied too heavily or fired too long silver stain can also produce metaling. Metaling is 

the name for the opaque iridescence that can form on a piece of silver stained glass, in small 

amounts this isn’t something to worry about – but in large amounts it can cause a piece of glass 

to loose it’s transparency. 

 

 

Painting on the silver stain – Silver stain after being fired and washed – Metaling in silver stain 



Assembly 

Once all of the pieces of glass have achieved their final color, the assembly process can begin.  

Each piece of glass is carefully arranged and joined by a length of lead came. This lead came is 

an H shaped piece of metal, similar in shape to a modern I beam.  

ODA describes the creation of the lead cames, and of the molds for making them in two 

different ways. These simple two piece molds could be made of metal or of wood, though the 

iron ones were considered longer lasting and superior. ODA also provides a recipe for solder, 4 

parts pure tin to one part lead. The methods of modern came production may have progressed, 

but solder has stayed the same. Both of these components are still made of lead, and it’s still 

important to practice good safety when working with them. Never eat or drink while working 

with lead, and be sure to clean your hands thoroughly when finished touching them. When 

soldering lead, be sure to allow adequate ventilation. 

Once the pieces are properly placed, and the lead came arranged, solder is used to connect the 

length of lead. An iron is heated and tinned , and this melts and applies a small amount of 

solder to the lead came joints. Modern soldering irons are electric and temperature controlled, 

but otherwise the concept remains the same. Once all of the joints on one side of a window 

have been completed, the window is flipped over and the process is repeated on the other side. 

The lead came must be clean or the solder will not stick to it. Modernly flux is used to help the 

solder flow and create a clean transition – but I found no mention of this in ODA. Perhaps this is 

just one of those skills that was assumed?  

 

 

Carefully cut lead came fitted to glass – the same section soldered. 

 



Finishing 

After all the soldering is completed, cement putty is applied to the panel. This cement fills the 

gaps that remain between the glass and the lead came – helping to stabilize and waterproof the 

panel. Before the cement has set, a layer of whiting (chalk) is applied to the surface to absorb 

excess fluid and to facilitate cleanup of the excess cement. The entire panel is then scrubbed 

with a dry brush until the glass is cleaned of excess cement. Once the cement is fully cured the 

panel will be ready to hang. 

 

Conclusions and Lessons 

The creation of this panel proved to be a good learning experience. As a first project, it was 

small enough to be achievable – but also forgiving enough not to discourage me when things 

didn’t go as expected. Honestly, many things did go wrong during this project.  

I needed to recut a number of the glass pieces because I initially forgot to incorporate the 1/16” 

gap necessary to accommodate the lead came. My brown paint mixture had a drop too much 

gum Arabic, making it difficult to remove from the glass. My silver stain fired very pale. I’m not 

sure if this was a question of my mixture, or of the firing schedule I used to heat the silve 

stained glass pieces. And soldering is certainly a skill that will require practice. 

But even with all of these setbacks, I enjoyed the learning process and I’m happy with the 

finished piece. The roundels in the Met show me that my medieval counter parts had 

inconsistencies too, and that somehow makes this feel like a victory. 
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