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Translation   

Ulrike Franck

My experiences with crystal glazes / part two

The second method spares the use of an attached top ring, 

which allows the melted crystal glaze to flow down along the vessel, in case more refractory base glazes are used. These base glazes almost used in unfritted condition prevent running of the melted glaze too rapidly. Therefore, the crystal glaze is just spread irregularly on top of the vessel and allowed to run down during the melting process. 

In the following I give some mixtures of base glazes 

and crystal glazes adapted to them, with very satisfactory results: 

α)  Glaze Frit A       100  parts by weight
    Cobalt Oxide        3     

    Rutile              10

                     __________________

                       113

β)   Glaze Frit A       100  parts by weight
   Manganese Oxide     3     

   Rutile              10

                     __________________

                      113

In the Seger formula these base glazes are as follows: 

    0.439 PbO 

    0.132 Na2O                     2.369 SiO2

α)  0.132 K20   .  0.088 Al2O3  .  O.263 B2O3

    0.123 CoO                      0.383 TiO2

    0.088 CaO 

    0.088 BaO 

    0.50  PbO 

    0.15  Na2O                     2.700 SiO2

β)      0.15  K20   .  0.100 Al2O3  .  O.300 B2O3

    0.10  CaO      0.066 Mn2O3     0.437 TiO2

    0.10  BaO

These base glazes, when colored by other metallic 

Oxides, may be increased as desired, but the two mentioned 

above and especially α) proved to be quite suitable.

I used the following Flow-crystal-glazes:

6. 

Glaze Frit A           100  parts by weight
Cobalt Oxide             3     

Ammonium Vanadate        2
Rutile                  15

                     __________________

                       120

7. 

Glaze Frit A           100  parts by weight
Manganese Oxide          3     

Ammonium Vanadate        2

Rutile                  15

                     __________________

                       120

8. 

Glaze Frit A           100  parts by weight
Uranium Oxide            3     

Ammonium Vanadate        2

Rutile                  15

                     __________________

                       120

8. 

Glaze Frit A           100  parts by weight
Copper Oxide             3     

Ammonium Vanadate        2

Rutile                  15

                     __________________

                       120

The number of glazes might be increased by addition of other coloring oxides, except chromium oxide. 

Oxides may be used in small or larger amounts, one or more added, or mixed in various ratios.

Those Glazes mentioned above yielded the best results however, and 7. and 9. were especially satisfactory. The others will be discussed later, when we deal with issues related to reduction and infiltration. 

For comparison with the base glazes α) and β)   here the seger formulas of the two crystal glazes 6 and 7:

    0.437 PbO 

    0.131 Na2O                     2.357 SiO2

6.   0.131 K20   .  0.087 Al2O3  .  O.262 B2O3

    0.127 CoO                      0.571 TiO2

    0.087 CaO                      0.062 V2O5

    0.087 BaO 

    0.50  PbO 

    0.15  Na2O                     2.700 SiO2

7.       0.15  K20   .  0.087 Al2O3  .  O.300 B2O3

    0.10  CaO      0.066 Mn2O3     0.654 TiO2

    0.10  BaO                      0.030 V2O5

As may be seen from above, those flowing-down crystal glazes differ from glazes applied directly to the clay body in smaller contents of titanium dioxide and vanadium pentoxide. 

By testing a new glaze frit, better adapted to crystal glazes, a new improvement was made. 

Here the new formula as follows: 

    0.5  PbO 

    0.2  Na2O                     2.500 SiO2

B)       0.2  Ca0   .  0.1 Al2O3  .    O.200 B2O3

    0.1  K2O      

The batch Weight: 

10.60 Soda, calcined 

38.20 Borax, crystallized 

55.60 Feldspar 

20.00 Marble dust 

114.17 Red lead 

114.00 Sand from Hohenbocka or Quartz 

352.57 parts by weight
The following mixtures were tried: 

10.

Glaze Frit B           100  parts by weight
Copper Oxide             5     

Ammonium Vanadate        5

Rutile                  15

                     __________________

                       125

11.

Glaze Frit B          100  parts by weight
Manganese Oxide         5     

Ammonium Vanadate       5

Rutile                 15

                     __________________

                       125

12.

Glaze Fritt B          100  parts by weight
Cobalt Oxide             1     

Ammonium Vimadate        5

Rutile                  15

                     __________________

                       121
13.

Glaze Fritt B          100  parts by weight
Uranium Oxide            1     

Ammonium Vanadate        5

Rutile                  15

                     __________________

                       121
14.

Glaze Fritt B          100  parts by weight
Iron Oxide               2     

Ammonium Vimadate        5

Rutile                  15

                     __________________

                       122

Many others were also tested, but they did not yield even approximately good results like those recipes given above. 

Far the best results were achieved by oxides of copper or manganese. Especially with the recipes 10. and 11. containing both oxides, or mixtures of them in varying ratios. 

Glazes 10. and 11. in terms of the Seger formula: 

    0.417 PbO 

    0.167 CuO                      2.083 SiO2

10.  0,167 CaO   .  0.082 Al2O3  .  O.167 B2O3

    0.166 Na2O                     0.498 TiO2

    0.083 K2O                      0.057 V2O5

    0.50 PbO 

    0.20 CaO                       2.500 SiO2

11.      0.20 Na2O   .  0.100 Al2O3  .  O.200 B2O3

    0.10 K2O       0.101 Mn2O3     0.598 TiO2

                                   0.068 V2O5
A comparison shows that in terms of chemical composition these formulas do not differ much from those previously given. Nevertheless the results were different and the glazes 10. and 11. were much more beautiful. 

These glazes can be fired without a ground glaze, but it is better to use one. Composition and coloring of these ground glazes are less important as far as their colors still harmonize. 

A very successful ground glaze was the following mixture: 

   Glaze Frit A                     100  

b) Mixture containing Iron Oxide    100     

   Rutile                            12

                                    __________________

                                    212 parts by weight
The mixture of iron oxide is analogue to the mineral diorite and it corresponds to the formula 

0.507 CaO     0.522 Al2O3  .  2.019 SiO2

0.348 MgO  .  0.225 Fe2O3

0.145 Ka2O 

and this batch weight:

80.62 Feldspar 

97.27 Zettlitz Kaolin, raw 

41.70 Sand from Hohenbocka 

36.00 Iron Oxide 

50.70 Marble Dust 

29.23 Magnesite

____________________________________ 

335.52 parts by weight

That mixture of frit, iron stain and rutile has been used 

without further fritting, and so carbon dioxide and hydration water had to be considered when the formula was converted to a batch recipe. 

The ground glaze mentioned above corresponds to the Seger formula: 

   0.307 CaO 

   0.245 PbO      0.310 Al2O3       2.501 SiO2

γ)   0.177 MgO   .  0.115 Fe2O3   .   0.147 B2O3

   0.148 K2O                        0.257 TiO2

   0.074 Na2O 

   0.049 BaO 

A comparison of these glazes shows that they can vary in broad limits. It turned out later that lead oxide, boric acid and even titanic acid are not necessary. Each whiteware or stoneware glaze may be coated with a crystal glaze. Just with high refractory ground glazes crazing or shivering may occur. 

Very peculiar effects and extraordinary star-shaped crystals were obtained with the following ground glaze: 

    0.627 CuO                          1.306 SiO2

δ)  0.224 CaO    .   0.149 Al2O3   .   0.124 TiO2

    0.075 MgO 

    0.074 K2O 
according to batch weight: 

53.49 Copper Oxide 

22.40 Marble Dust 

 6.30 Magnesite 

41.14 Feldspar 

19.35 Zettlitz Kaolin, raw 

42.72 Sand from Hohenbocka 

 9.92 Rutile 

_____________________________

195.32 parts by weight

This ground glaze has been fired and fused separately, what is not absolutely necessary. 

In a second firing the vessel was covered with crystal glaze No.10, containing copper oxide. For the first time tests showed a partially absence of crystals. In their place the surface showed a radiant dirty green color in direct light, with an intensely luminous, bright iridescent green in reflected light, which gained for it the name “catseye glaze", as referred to later. 

A most peculiar effect was obtained by the following 

stoneware glaze (H) without lead, boron and titanium dioxide, as a Crystal glaze base
       0.7 CaO 

H)     0.2 K.0 . 0.4 Al2O3 .  3.5 SiO 

       0.1 MgO 

melting  even at SK 4 and corresponding to 

the following batch recipe: 

111.2  Feldspar 

 51.6 Zettlitz Kaolin, raw 

114.0 Sand from Hohenbocka 

 70.0 Marble Dust 

  8.4 Magnesite 

355.2      parts by weight
With a few exceptions ground and crystal glazes were now fused in only one firing.

The crystal glaze was applied irregularly on top of the bisque fired vessel, which had been covered first by ground glaze (H) by dipping.

Along with these tests others were run in the laboratory of the Bunzlau Ceramic School, with remarkable results as well. 

In one test the following frit was used: 

     0.367 PbO 

   c)0.257 CaO   .   0.300 Al2O3    .   3.570 SiO2

            0.179 K2O                          0.326 B2O3

     0.163 Na2O                          

     0.043 MgO 

And a ground glaze with this formula

    0.2 MgO  

J)  0.3 CaO  . 0.6 Al2O3  . 5.0 SiO2 

    0.5 K2O  

and batches weight recipes:  

c) 

99.52 Feldspar 

31.22 Zettlitz Kaolin raw  

135.24 Sand from Hohenbocka  

62.27 Borax, crystallized  

83.77 Red Lead 

25.70 Marble Dust 

2.86 Magnesite 

__________________ 

440.58 parts by weight

d) 

278.00 Feldspar 

 25.80 Zettlitz Kaolin raw  

108.00 Sand from Hohenbocka     

 30.00 Marble Dust 

 16.80 Magnesite 

__________________ 

458.60 parts by weight

From a large number of experiments only the best will be mentioned. They differ from those previously given in their content of molybdic acid, iron oxide, titanium dioxide and the oxides of copper and manganese. 

This on the whole was an improvement. 

Now vanadic acid was abandoned entirely. In each test the uncolored ground glazes were completely covered with crystal glazes. It showed that those crystal glazes containing iron oxide developed much better without a ground glaze, whereas the other glazes required one.

The following mixtures proved to be the best:

15.

Glaze Frit C             100  

Copper Oxide              10     

Molybdic Acid (anhydrous)  2

Rutile                    13

___________________________________

parts by weight               125 
16.

Glaze Frit C             100.0  

Copper Oxide              10.0     

Molybdic Acid (anhydrous)  2.0

Rutile                    13.0

Iron Oxide                 3.5

parts by weight                                         128.5
17.

Glaze Frit C             100.0  

Copper Oxide              10.0     

Molybdic Acid (anhydrous)  2.0

Rutile                    13.0

Manganese Oxide            4.0

parts by weight                                         129.0
18.

Glaze Frit C             100.0  

Copper Oxide              10.0     

Molybdic Acid (anhydrous)  1.5

Iron oxide                 1.5

Rutile                    13.0

Manganese Oxide            4.0

parts by weight                                         127.5

The addition of molybdic acid tended to develop starry crystals with a diameter of 20 to 30 mm. The crystals did not grow too large, what would have been disadvantageous. The color of glaze 15 was a vibrant green, glazes 16 and 17 got more brownish, and glaze 18 a yellowish green. 

Glaze 18 was the most beautiful one, with radially star shaped crystals that sometimes showed a bluish fringe, and some test tiles also got the above mentioned iridescent glow in reflected light.

The Seger formulas of these glazes for comparison:

15.

0.330 CuO                          2.392 SiO2

0.246 PbO                          0.218 B2O3

0.172 CaO    .   0.201 Al2O3   .   0.427 TiO2

0.120 KaO                          0.036 MoO3

0.109 Na2O 

0.023 MgO 

16.

0.330 CuO                          2.392 SiO2

0.246 PbO                          0.218 B2O3

0.172 CaO    .   0.201 Al2O3   .   0.427 TiO2

0.120 KaO        0.057 Fe2O3       0.036 MoO3

0.109 Na2O 

0.023 MgO 

17.

0.330 CuO                          2.392 SiO2

0.246 PbO                          0.218 B2O3

0.172 CaO    .   0.201 Al2O3   .   0.427 TiO2

0.120 KaO        0.067 MnO3        0.036 MoO3

0.109 Na2O 

0.023 MgO 

18.

0.330 CuO                          2.392 SiO2

0.246 PbO                          0.218 B2O3

0.172 CaO    .   0.201 Al2O3   .   0.427 TiO2

0.120 KaO        0.025 Fe2O3       0.036 MoO3

0.109 Na2O       0.025 MnO3

0.023 MgO 

Those crystal glazes without iron oxide are not restricted to the above mentioned ground glaze J. Any other may be used in case it is not more refractory than the crystal glaze. 

The laboratory of the Bunzlau Ceramic Technical School also continued to make progress in the research of titanium crystal glazes.

These tests were based on a composition similar to glaze C) with the following formula: 

   0.36 PbO 

   0.25 CaO 

D) 0.17 Na2O   .   0.28 Al2O3   .   3.50 SiO2

   0.12 K20                         0.34 B2O3

   0.10 MgO 

which the batch weight:

8.40 Magnesite 

66.72 Feldspar 

41.28 Zettlitz Kaolin, raw 

147.60 Sand from Hobenbocka 

64.94 Borax, crystallized 

25.00 Marble Dust 

82.20 Red Lead

______ 

436.14 

This, however, was divided into a frit and a mill charge. To get a low melting frit the following ingredients from the total charge were fritted:

77.60 Sand from Hohenbocka 

64.94 Borax, crystallized 

82.20 Red Lead 

______

224.74 

This corresponds to the formula: 

0.679 PbO   .  2.440 SiO2

0.321 Na20     0.642 B2O3

For the mill charge were used the frit mentioned above and the remaining components, as follows: 

192.22 Frit 

  8.40 Magnesite 

 66.72 Feldspar 

 41.28 Zettlitz Kaolin, raw 

 70.00 Sand from Hobenbocka 

 25.00 Marble Dust 

_______

403.62 

This thoroughly milled mixture now formed the base 

for numerous crystal glaze batches, of which only 

the following two, as the best, will be mentioned: 

19. 

100.00 Glaze D
 10.80 Rutile 

 10.00 Copper Oxide 

  2.80 Manganese Oxide 

  1.32 Tungstic Acid 

  2.00 Molybdic Acid 

_______

126.92

20.  

100.00 Glaze D 
 12.00 Rutile 

 10.00 Copper Oxide 

  2.80 Iron Oxide, hydrous 

  0.15 Tungstic Acid, anhydrous 

  1.32 Manganese Oxide, hydrous 

__________

122.27 

Converted to Seger formula as follows: 
      0.333 CuO

      0.240 PbO     .  0.187 Al2O3  .  2.332 SiO2 

19.  0.167 CaO        0.048 Mn2O3     0.227 B2O3

      0.113 Na2O                       0.363 TiO2

      0.080 K2O                        0.037 MoO3

      0.067 MgO                        0.015 WO3

      0.333 CuO

      0.240 PbO     .  0.187 Al2O3  .  2.332 SiO2 

20.  0.167 CaO        0.017 Mn2O3     0.227 B2O3

      0.113 Na2O       0.047 Fe2O3     0.403 TiO2

      0.080 K2O                        0.037 MoO3

      0.067 MgO                        0.001 WO3

Both glazes gave best results fired without a ground glaze to  Seger cone 7 (1260°C / 2300°F) in a high-temperature muffle. That was possible because they were rather viscous. 

No. 19 is not glossy but has a semi-matte appearance and by this a peculiar effect. 

On a reddish-brown, brownblack dottet background numerous radially star-shaped crystals appear, also forming larger groups with an iridescent bronze like hue. The isolated crystals sometimes are surrounded by a steel-grey feathered ring, that generally shows a fringed edge, giving the impression of sunflowers. 

If glaze 20. is used as a ground glaze and fired to a higher temperature, it turns out glossy, chocolate brown, and generally developing scattered, fine-feathered star shaped crystals with a brown center, surrounded by a scarcely visible steel-grey ring. 

Although the chemical composition of glaze 20. does not essentially differ from glaze 19., both glazes show different results.

With a successful firing, which, however, does not 

always take place, glaze 19. must be considered the most beautiful of all. It does not always show up with equal beauty, in spite of seemingly identical conditions. 

In reflected light the glossy brownish-green background shows a magnificent iridescence in every instance, 

even when only few or no crystals appear. This iridescence, however, varies in intensity according to different shapes and firings. It decreases with higher temperatures, but is never totally missing. On this iridescent background bronze-like crystals appear, with shifting colors and great delicacy. They usually form larger groups at the lower part of the vessel, single crystals reach a diameter of 2 cm . Those parts of the glaze, where crystals appear in crowded groups, are less glossy, as is the case with all other glazes. 

An iridescence in reflected light is confined to parts of the surface with no crystals.
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