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Formulating glazes which melt in the cone 5-6 range is difficult. The natural, and
historic, system for a strong, durable glaze is a high fired (cone 10 range) alumino-silicate
glass fluxed by a combination of alkali and alkaline earth metals. The firing temperatures
available in electric kilns however, have led to the rise of cone 5-6 firing. There are
multiple ways to make glazes that work in this temperature range and there are
advantages and disadvantages to each. Our research supports that inclusion of Boron
provides an ideal combination of melt characteristics and is the best option for
developing a durable and attractive glaze at cone 5 to 6.
Simple mid-temperature glazes and their shortcomings
Before considering boron, however, let’s discuss creating simple (alumino-silicate)
glazes. It is possible to create mid-temperature glazes with only the materials available
for high temperature glazes. To achieve this we must increase in the effectiveness of the
melt based on the increase of R20.
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Figure 1. A series of tests by Brian Quinlan documenting the recreation and expansion of
Stull’s original UMF map. The three variations are various R 2O:RO levels with
consistent silica and alumina at cone 10. The maps document gloss meter readings with
blue indicating no gloss and red, high gloss.
An experiment by Brian Quinlan while a graduate student in the New York State College
of Ceramics at Alfred University i demonstrated it is logical to increase the proportion of
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alkali fluxes relative to alkaline earth fluxes in a glaze. This expands the ability for
materials in lower R2O formulas that would remain unmelted to melt with higher R 2O
levels. However, increasing R2O is not without consequences. Glasses created with
excessive alkali levels (>0.3) are less chemically and mechanically durable. This
durability is regularly strained during the stress of daily use and cleaning, resulting in
hastened wear on the ware
Just as water created the Grand Canyon, water and soap can destroy our work.
Excessively alkali glaze is weak in the face of the destructive power of a dishwasher.
Very hot water (120-160°F), a great solvent, is combined with very basic detergents. The
pH of dishwasher soap can be as high as 13.5 on a scale of 14. A hot, highly alkaline soap
solution can be very destructive to a poorly formulated glaze.
We tested glaze durability in a dishwasher by creating a series of glazes with constant
silica and alumina levels (3.5 SiO2: 0.5 Al2O3, a 7:1 Si/Al ratio, perfect for a glossy
glaze according to Stull’s diagram). We created a series of 11 test tiles where we altered
the alkali to alkaline earth ratio from all alkali to all alkaline earth in 0.1 increments. As
natural materials aren’t pure, we actually began 0.95 alkali :0.5 alkaline earth to the
opposite extreme of 0.01 alkali:0.99 alkaline earth. We sprayed these glazes onto 4”x4”
tile and fired them in an electric kiln at a rate of 5°C to a temperature of 1240°C with a 1
hour soak at peak temperature.
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After the firing each tile was photographed and a gloss meter (Photovolt “G-3”) readings
were made. The gloss meter gives us a numeric value for the percentage of light reflected
by the glaze. We recorded 3 different angles (20°, 60°, and 85°) of reflection with the
meter in 5 different locations on each tile (each corner and the middle). The highest
reading was recorded for each angle.

Figure 2. A graph documenting the melting of a series of tests fired to 1240°C. The tests
are fluxes with only alkali and alkali earths.

We then took these tiles and ran them through 50 cycles in a dishwasher (Bosch Model
SHE33MO5UC, using the power scrub plus setting, with Do it Automatic Plus Lemon
dishwasher detergent. The detergent pH was 13.1).
After 50 cycles the samples were removed and another gloss meter reading was taken.
The results were striking. The glazes as a whole lost an average of 34.82% of their gloss
after only 50 cycles, what would be less than two months in regularly used dishware.
The minimum loss was 19.76% while the maximum degradation was 43.88%.
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This loss of glossiness is normal in any glaze. Most ceramics will degrade to some degree
with this kind of exposure. The weakness created by excessive alkali can also lead to
potential problems with leaching colorants from functional ware. The glazes represented
here were clear glazes which had no inherent toxicity. The addition of coloring oxides,
many of which are heavy metals, creates the potential that they can be absorbed by the
food held in the ware. To prevent heavy metal leaching we recommend glazes for use on
food contact surfaces always have an alkali:alkaline earth ratio of 0.3:0.7 +/- 0.1. as
defined by Dave Finkelnburg
Working with boron
If a durable glaze with a flux ratio of 0.3 alkali:0.7 alkaline earths will not melt at midtemperature, what is the alternative? Boron is the best alternative however, boron is
frequently misunderstood. While it melts at a much lower temperature than silica, it is
still a glass former, not a flux. What this means is that boron is the material that makes up
the body of the glass, as silica does. A flux is a material which, in combination with other
materials, forms a lower melting temperature mixture than the melting temperatures of
any of the individual materials.
Because boron melts at a relatively low temperature, we can take advantage of this
property to lower the temperature of our glaze melting. The pertinent question becomes,
how do we utilize boron in a recipe? Historically, there have been conflicting theories
about how much boron is needed and what are its limits? Because of the confusion over
whether boron is a flux, even its place in the UMF has been fluid.
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While boron is a glass former and must be considered that way, glazes are still composed
primarily of silica. Thus boron should be considered a complimentary glass former. That
means that in the UMF system, boron is not lumped in with silica and alumina. This
allows one to still see the valuable silica to alumina ratio that predicts whether a glaze
will be gloss or matte. Since boron is being utilized to lower glaze melting temperature,
we have provided that the boron is shown separately in the glass former area.
For example, a representative UMF formula would be:
SiO2:3.5, Al2O3:0.5, B2O3:0.2, R2O:0.3, RO:0.7
Clearly, the ratio of SiO2 to Al2O3 is 7:1.
Having established how to represent boron in the UMF, the question then becomes, how
much do we need? We have been able to suggest the amount very simply.
Figure 3. A series of tests where in a glaze with a UMF composition of 3.5 silica 0.5
Alumina, 0.3 R2O and 0.7 RO. In addition, incremental amounts of boron were added in
0.05 UMF increments. Each of these samples was fired in 50°C increments. The maps
document gloss meter readings with blue indicating no gloss and red, high gloss.
This chart shows the relationship of boron is a linear relationship between temperature
and the amount of boron required to form a gloss glaze at any particular temperature.
This chart displays 0.05 mole incremental additions of boron to a formula with set silica,
alumina and flux levels. Each point on this chart is exactly the same as all the others,
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except for additions of boron. What we see clearly is that we need roughly a minimum of
0.1 mole, on a UMF basis, of boron for every 50°C reduction in firing temperature from
1300°C. For the maximum value we conducted tests where samples were fired on
perfectly flat tiles set at a 45° angle in the kiln.
After the firing the glaze thickness at the top and bottom edges of the tile were measured
and the difference of the thicknesses is considered to be the degree of running. We
consider the running of the glaze to be indicative of an over-melted glaze. As can be seen
in the chart, at roughly double the minimum boron amount, we achieve flow and what
would be considered maximum recommended boron levels. These values are so
consistent the trend is linear all the way from cone 10 down to cone 04.

Figure 4. This graph shows the glaze running from the samples in figure 3. The
coloration indicates the percentage discrepancy of thickness from the top of the sample to
the bottom. Purple indicates no discrepancy while red indicates high discrepancy,
indicating running of the glaze.

All of this does not mean that adding boron will make a mid-temperature glaze equivalent
to high temperature glaze. A series of boron tests was also cycled in the dishwasher 50
times. The samples proved to be much more rugged than the alkali tests. The average
degradation was 20.89% with a minimum of 10.12% and a maximum of 38.45%.
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Other functions of boron
Based on our initial results, we decided to explore alternative uses of boron. As the role
of boron in lowering glaze melting temperature is essentially linear, we wondered if the
same applied in reverse. In other words, could one increase the amounts of silica and
alumina (thus increasing the melting point of the glaze) and then add boron to lower the
melting temperature, to obtain a glaze which matured at the original firing temperature
but had a different composition with respect to alumina and silica, and thus different
properties?
The challenges of this particular series of tests arose from use of a body that was under
fired because the user was unable to fire any hotter. Because the clay was under-fired and
there was unavoidable crazing. The principle is shown in Stull’s work where increasing
silica and alumina in a glaze reduces crazing. As discussed by Dave Finkelnburg, while
minimizing silica and alumina will decrease the melting temperature, the inverse is also
true. Increasing the amounts of silica and alumina will increase the melting temperature
of a glaze. So we wondered if we could increase the glass former content high enough to
minimize or eliminate the crazing on the body and then use additional boron in the recipe
to keep the firing temperature the same.
The result was we were able to eliminate crazing in the glaze on the under-fired rapid-fire
body. We confirmed this result by placing the final sample in an autoclave and exposing
it to 150 psi steam without causing crazing of the glaze. To achieve this result, a glaze
was created with a UMF of SiO2:4.39 Al2O3:0.53 B2O3:0.7 R2O:0.29 RO:0.71 in a
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glaze fired to 1163°C in approximately 54 minutes. The level of boron does exceed the
limit previously recommended. This is because the un-vitrified body and the rapid firing
cycle required higher total boron content.
As useful as Stull’s diagram is, it can be misleading in that it implies that glazes will
continue to melt as silica and alumina values increase. This is true only as long as there is
no upper limit to the firing temperature. There is a clearly defined upper limit to silica
and alumina in a glaze which will melt if cone 10 is more or less the peak firing
temperature. Beginning after the 0.5 alumina level, glazes fired at cone 10 begin to
become under-fired. Seger acknowledged that these upper limit glazes will melt with an
increase of firing temperature, but that does not provide much advantage, since the
practical maximum temperature for the art ceramicist is around cone 10.
We wanted to know, could we add boron to glazes that would be under-fired at Cone 10
and induce melting? We created a series of recipes to be tested at cone 10. We took
glazes with increasingly high glass former levels and added incremental amounts of
boron. We found that a glaze with UMF composition SiO2:4.2, Al2O3:0.70, B2O3:0.7,
R2O:0.3, RO: 0.7 fires to an exceptionally glossy surface. In fact, the surface is glossier
than any surface we have created with a simple clay, feldspar, quartz, alkaline earth
system.
Surely the question will be asked, “Can I add X amount of boron to my glaze and turn a
high temperature glaze into a mid temperature glaze?” The answer to that question is

9

Matt Katz/ Mid-Temperature Glaze Science/NCECA2012

definitively, “Not unless you’re extremely lucky!” The addition of boron allows us to
create new glazes in terms of firing temperature, color, and texture. That said, this is not a
panacea. Adding boron to an existing glaze will lower the maturing temperature of the
glaze, but it almost always changes the fundamental character and appearance of the
glaze also. This subject thus requires more study. The expansion of the understanding of
the behavior of boron in glazes is a great tool. It gives us a greater ability to create and
alter glazes at a variety of temperatures and applications.
Matthew Katz is a ceramics nerd from Alfred, New York. He is an adjunct professor at
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