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Part 3
The way of making the last described crystal glazes, motivated to check several light viscous frits by using stoneware glazes. The melting point of the stoneware glaze is not above SK 4 and the glaze is milled. Copper oxide and mangan compounds are added as well as small amounts of molybdenum, tungsten and vanadium acid. This mixture was tested of the capability to produce crystal glazes. With the frit  
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We got promising results. The frit was composed from 

marble powder
10.00 weight parts

soda, calcined

42.40

red lead

114.08

sand (Hohenbocka)
115.00 

and the above mentioned stone ware glaze. 
The crystal glaze was composed by



frit


100.0 weight parts



stone ware glaze
100.0



rutil


  25.3



copper oxide

  21.1



ferrum oxide hydrat
    5.6



manganese oxide hyd.    2.8



tungsten acid hydride
    4.2
The glaze was applied without any base glaze, the maximum firing temperature was SK7. The best results were achieved however at SK 9. Very good results were achieved when this mixture was used as base glaze and the crystal glaze no. 10 was flowing above the base glaze. Here the temperature of SK 7 is sufficient. 

In one case we achieved very good large crystal stars which became metallic grey in reduction. Here we used an unfritted glaze with the following recipe:



Feldspar

  55.6 weight parts



Lead oxide

200.7



Sand (Hohenbocka)
  84.0

We added 10% rutil and 2% ammonium vanadat and fired between SK 4 and 7.
In general we have to say that crystal glazes based on titanium depend on a lot of  randomnesses. Not only the chemical compound of the glaze is important as it is important for other glazes as well such as the china red rather than also for the compound of the glaze and the other add ons. The fusing of the rutil and the metal oxides into the frit is not recommended. Very important is also the kind of kiln, the duration of the firing, the traction (draw?), max temperature, the firing material and several other things. It is not negligent whether the firing maetrial is wet or dry. It can happen that you will not achieve the same results you got very easily before or that you will see results you did not get before. So certain glazes can show afterwards great results although you may have rejected it before because you have changed one influencing factor unintentional. From time to time the crystallisation of the same glaze under the same conditions does not occur and in other cases overcrystallisation happens without any reasonable fact. From time to time firings are unsuccessful without deliberate change in the glaze and the process. Each firing has different results even when it is successful. This motivates people to do more testing. You should not be afraid of boredom although we only have copper and manganese oxides and mixtures of those oxides which show good results. The manyfold can be enhanced by simple procedures as we will see further down. The decoration of mass production with titanium based crystal glazes is not the best. This is not important due to the fact that the character of these glazes is always a prototype.
The best carrier for any decoration created during firing in any ceramic technique is the fine stoneware. This was in all above mentioned cases for crystall glazes the fact. The material is dense and yellow grey at a temperature of SK 4 – 7. At temperature of SK 9 the color switches to light blue grey and the material is completely dense and sounds lightly. In an industrial kiln the readiness of the material occurs already at SK 7. The material is steady at higher temperature but it shows the growing behaviour which is typical for silica rich material and so it lowers the density of the material. The melting point is at SK 27. The amount of glazes, enamals, colors, engobes etc which are crack free on this material is legendary as well as the amount of decortaion possibilities.The natural silver grey color is in the right environment exclusive. The fine stoneware is the material of choice that avoids piled flops and so not demotivates the ceramist.
The composition for the fine stoneware successfully used since many years is the following:



Clay-mineral

45.00 weight parts



Quartz


43.00



Feldspare

12.00

The fine clay mineral  is whitewashed very carefully and heavily mixed with the fine milled other materials. The material can also be easily done by milling all components together for several hours in a ball mill. The fine clay will be prefered because the natural impurities will be crushed and so loose their negative influences. The calculation of the recipe will be done based on its rational analysis. The result and the so found mixture will be controlled time by time based on a new chemical analysis. Depending on the chosen clay mineral the stoneware can also be used for casting purposes or not. Based on its high plasticity which can be enhanced by storing it for a while the stoneware is very good for turning.
The described crystal glazes can be used on any other clay when it is strong enough and the firing temperature should be between SK 4 to 10. Earthenware is excluded due to the high amount of fluxes that means the stresses caused by the glaze can not be carried.

The firing of the crystal glazes will not work in industrial kilns. Neither the magnificant colors nor crystals nor any other exciting appearance can be reached. The melting of crystal glazes has to be done quickly in a neutral atmosphere, neither oxidation nor reduction, and in the same way the quick cooling has to be achieved. The last postulation seems to be a controdiction. First I believed that careful and slow cooling would be an advantage for crystal forming until I discovered that at the end of the firing all crystals were already covering the surface of the pot. Far more the crystals occur at a certain point during firing such as the china red and will disappear again if you raise the temperature. Therefore it is recommended during tests with new crystal glazes to check the kiln content from time to time and decide about the progress of firing.
For such an art of firing you need a kiln as described by Dr. Heinecke in the brochure „Tonindustrie Zeitung“ from 1896, (page 8 of the special report). It is called „Scharffeuermuffel“. [Comment from translator: This seems to be a samll gas fired oven (maybe the English word is grouch). You may find things like the Muffel through internet although my search was not very successful]. This kind of oven is good for ceramic work and is going up to SK 10. It is only for small and single pieces and allows to fire quickly to top temperature by full flame. Based on this you will be able to achieve beautiful glazes which are not possible in industrial kilns because they loose the characteristics due to the long firing. The duration of the firing to SK 10 is less than 3.5 hours. By using electrical kilns or coke fired ovens with fan you will be able to reach top temperature earlier but you will not achieve nice glazes because you need the flame. Prerequisit for the muffel oven is a good draw and a fan as well as a 9m high flue. This can be regulated by slide bars or by adding additional air. As firing material we used cleaved wood from the pine tree but you can use as well brown soft coak or coak or a mixture of both. But the coak firing will be more in the direction of reduction.
A more detailed discription is not necessary due to the above mentioned publication which has also layouts with all dimensions.
At the end I would like to point out some interesting results of a method to increase the manifold of decoration. It is the well known reduction and in the creamic the not so well known reduced reduction or infiltration or diminishing (maybe damping?) (I am not sure about the correct wording).

Reduction can be handled differently. You can start reduction at higher or lower temperature based on the effect you want to have. At high temperature you should start reduction when the glaze surface is solidified otherwise you will see puffing or distroy the glas surface. Copper oxide will be completely reduced at higher temperature to the metal without any damage to crystal stars or the gloss of the glaze. Based on darker or brighter areas as well as different colouring the crystals will flash out much better. If you have copper and manganese together in the crystal glaze it happens that the mid points of the crystal stars are becoming high red while the rest is darker. In case you have in addition cobalt, uranium, iron or nickel oxide you will see in combination with copper manganese and titanium a tremendous and exciting play of colors.
By reduction at higher temperature you have to be careful not to overdo the reduction so that metallic copper is coming to the surface. It is very important that the copper will be covered by the glas. Otherwise you will see the well known effect of fading and the disappearing of the lustre in the air and the sunshine. Especially by using heavy reduction agents at high temperature it is not easy to schedule the reduction correctly within its limits. Reduction at low temperature however delivers not so brilliant but beautiful results with and continuing effects. The reduction at high temperature was always done in the way that after 45 minutes we put periodical pine wood pieces through the spyhole into the oven. For that purpose we had a small lane in the oven. We did that by decreasing the numbers with short breaks until the red heat was pre dominant. If you plan to reduce at low temperature the reduction starts much later at about 950°C and below (SK 10). The reduction has to be done heavily until the oven is getting dark. This method has the disadvantage that you are misled about the temperature within the oven because you do not have a pyrometer and so the results are flops. To achive always a save result you have to do the following. You take a defined amount of sawdust and put it between the kiln supports on the bottom of the oven. On top you place a fireclay plate which will be hold by the supports when the sawdust is burned. On the plate you put the pieces to be reduced. They are results of any oxydation firing. You close the oven and start firing slowly. As soon as the walls are getting red the destillation products of the wood are developed. You continue firing carefully and with care you are opening the spyhole so that the destillation products are starting to burn. Than you close the oven completely, shut down the fire and let the oven on its own. A longer heating would result in the disturbance of the glaze surface. Based on the result you will have to increase or decrease the amount of the sawdust until you have the right amount for this glaze. [Comment from translator: the results are even better when you protect the pieces with a skin of china clay, mixed with 30% quarz. The pieces are first heated to about 60°C, than you dip the piece into the slip of china clay and quarz several times so that the piece is covered by an overlay. This cover will avoid that any carbon is going into the glaze. The cover can be peeled away after the firing]. The discribed procedure does not say that you can not use any other reduction agent such as coal gas, coal oil, oil, resin, CO2 etc. We just used pine wood sawdust or any other kind of wood. I just wanted to describe the method I used with good success.

The most exciting effects we achieved with the infiltration method which is related to the reduction method. This is a kind of reduction but will never reduce the copper silicate. Based on information found in several literatures about coloring crystalline stones, crystals, gems etc with organic agents we thought how to color the very tiny spaces between the crystal lamellae with organic fluids and coupled with a light reduction to achieve unique decoration capabilities. This was done based on the following process.
The test piece will go into a cylindrical bisque fired pot made of fire clay. The test piece has to be in the middle of the pot. You fill all spaces of the pot with sawdust between pot and test piece as well on top of the piece. The sawdust will be pressed to avoid any air in the pot. The pot will be closed with a lid which is fixed with brick clay and is placed on a bed of sawdust from pine wood into the oven. The oven will be heated slowly until walls and bottom of the pot is getting red. The destillation products of the wood are coming out under the lid. These products will be burned when they reach the air from the spyhole. The kiln will be closed completely and the oven will be on its own. After cooling the test piece is surrounded by charcoal and is partly covered by a surface of tar which easily can be removed and wiped off with sand or turpentine oil. [Comment from translator: the results are even better when you protect the pieces with a skin of china clay, mixed with 30% quarz. The pieces are first heated to about 60°C, than you dip the piece into the slip of china clay and quarz several times so that the piece is covered by an overlay. This cover will avoid that any carbon is going into the glaze. The cover can be peeled away after the firing]. The gloss of the glaze is not changed but the total glaze appearance of the crystal glaze has changed. In a certain sense the glaze is more transparent in the depth. The crystal stars seem to be not any more on one layer and they seem to be more plastic, clear and therefore more interesting. You do not believe any more that you have just a thin layer of glaze rather than a polished crystalline rock. The most charming is a wunderful colorplay in a very soft gradation especially in those crystal glazes which are applied over a colored base glaze and has in itself many coloring oxides such as cobalt, uranium, iron or nickel each in very small amounts. Especially the uranium oxide will appear in gold color after this process with a lot of gradation and so will make the glaze lively. (See also glazes 6) and 8) as well as 12), 13) and 14). Based on this method you can achieve colors which you never will see by normal firing. So I hope with this method to have given hints to excited ceramists.
There is one disadvantage in this method and that is the unequal heat distribution for the pot on the bed of sawdust which is a bad heat conductor or distributor. The test pieces made of stoneware were from time to time bursted while others made of  more coarse material could survive the procedure. In support of the stoneware pieces we used the method with sawdust under a plate and put the pieces on top of the plate. The oven was not heated that much but sufficient in order to produce the destillation products of the wood. This was successful in a certain way but the most beautiful and gentle successes we had with the second method of  infiltration within a container. Currently I am busy to enhance the second method in order to make the process more safe for the valuable test pieces.
To sum up I want to note and compare the three crystal glazes with copper oxide as coloring agent which showed the best results. These glazes will be listed to show the gradual development until the best results:
Glaze 4
0.396 PbO


0.209 CuO


2.137 SiO2



0.119 Na2O
0.079 Al2O3
0.518 TiO2



0.118 K2O


0.237 B2O3



0.079 BaO



0.079 CaO

Glaze 10
0.412 PbO


2.059 SiO2



0.176 CuO


0.491 TiO2



0.165 CaO
0.082 Al2O3
0.165 B2O3



0.165 Na2O


0.060 V2O5



0.082 K2O

Glaze 20
0.333 CuO



0.240 PbO
0,187 Al2O3
2.332 SiO2


0.167 CaO
0.017 Mn2O3
0.403 TiO2


0.113 Na2O
0.047 Fe2O3
0.227 B2O3


0.080 K2O


0.001 WO3


0.067 MgO

I am not going to do any technical speculations because the existing material is not sufficient enough and predefined theoretical views about certain laws may fail over time when new facts are on the table. Wrong theorems are not useful and only can confuse people. The following sentences will be my summary of the existing tests but they are not general conclusions.

1. It is recommended to include rutil and titanium into the frit. The same is true for the metal oxides and other additives.
2. the best results are achieved with glazes containing copper or manganese oxide or any mixture of them

3. the best crystal development is achieved by temperature between SK 4 and 7

4. crystal development will be supported by adding small amounts of  vanadium, molybdenum and tungsten acid. The impact is not favourable in all cases. You have to test case by case to find the best results. Small amounts of iron oxide can have often surprising effects
5. Base glazes do not influence the crystal glazes heavily but in certain cases it can have positive impacts
6. it is an advantage to use fluid frits and load the frits with metal oxides, rutil and those add ons which are necessary for a good glaze. The crystal forming is not only dependant from the chemical composition of the glaze but also from the solution capability of the frit itself
7. fine stoneware is the preferred base for creating beautiful rutil crystal glazes
8. to achieve beautiful titanium crystal glazes you have to have a quick raise of the temperature to the maximum. Slow cooling is not necessary because the crystal forming happens already during heating and they are there before cooling starts. It is important to detect the temperature of crystal forming and adjust the firing accordingly.
9. The impact of the reduction depends very much on temperature during reduction. Results can be very different. Do not start reduction before the glaze surface is solidified.
10. The method of infiltration or damping will show color and effects which can not be achieved by any other method.
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