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My experiences with crystal glazes *
Since the first crystal glazes on ceramics have become public, interest in these fascinating pieces/ glazes hasn’t got any rest. In all those pottery workshops not only satisfying general market requirements but also investing and interested in the further development of “the art of fire”, eager work is being done in order to achieve perfection of this fantastic method of decoration of ceramic pieces. Then again, intensive work is invested, not only for creating a new kind of pottery / ceramics decoration, yet half-hearted accepted by the buying public, because of being new and un known. There is another reason which is the irresistible charm of that mysterious  natural force being able not only to isolate chemical individuals from a seemingly chaotic matter, but also to shape them in conformity with very determined rules. 
Who has had the chance to become engrossed into these rules and watch the results of  creative power of this natural force, developing a natural crystal, who in his laboratory with his own eyes  has seen the starting, slowly or rapidly developing crystallization, ending with the creation of beautifully shaped individual crystals, will understand me.
Resulting from these observations, the question about the “how?” and “why?” comes up, about the nature and basic causes of these processes, but I have the impression that many answers will be denied to us, still for a long time. That is why, willy-nilly, we have to restrict ourselves to pave the way for the activation of the  crystallization process. But this activity on its own is fully sufficient, not only for obtaining inner peace /satisfaction for the work and efforts made, but also, if the results are successful, to delight our eyes, athirst for beauty, with incredibly colourful patterns/ formations, not made by man. 
Though man-made synthetically achieved crystallizations of minerals, existing in nature, have been known for a long time, at no time such fantastic shapes , lately being created by ceramic artists, have been seen. This way, crystal glazes have become the most beautiful, peculiar and at the same time very noble medium of decoration in the ceramic industry and may be considered  a completely new creation/ invention in this field, worthily competing with other excellent glaze inventions in the past.

Crystal glazes, with their noble peculiarity and unknown until now, in the first place may appear strange to the layman; certainly this impression will fade after some acquaintance with this graceful natural phenomenon / game of nature, as safely as the snow melts away under the rays of sunshine, and one can guarantee, that this magnificent art of fire will be suitable, to win many more friends for the ceramic art. 

The purpose for / of this paper / dissertation neither is a historic outline on the development of crystal glazes, nor is it my intention, to draw final conclusions from certain occurrences/ symptoms. The author solely would like to make known his to date experiences to the public, not only to encourage further work, but also to receive suggestions from other sides. This, I hope, will be beneficial  for the further development of this wonderful branch of ceramic activity.   
The first indistinct crystallizations I saw on porcelain vase  a Danish porcelain factory, then crystals in an older tiny Japanese bowl. Some time later I found a real crystal glaze, which, after analyzing, did not give me any satisfying conclusions. That is, when I started my own trials. For all my trials with crystal glazes I have been using fine clay , which we will talk about later.
As main crystal building raw materials I used the well known Zinc Oxide and Titane Dioxide., the latter in form of Rutile. Though Manganese and Cobalt Oxide show a tendency to create crystals as well,  I generally preferred Zinc- and Titane dioxide, being more promising.
*delivered to the American Ceramic Society (ACS) in order to obtain membership in the ACS, published in  volume X, 1908, of “Transactions of ACS” 
After succeeding to get the first, very promising  Rutile-based crystals, I gave up the easier to achieve, but less attractive  Zinc oxide crystals formulae . Meanwhile, a lot has been done and published on these zinc oxide crystals, so I will not go into details of my own ZnO-trials and solely concentrate on the very attractive pure Rutile crystals, still rather unknown until today.
Right in the beginning, I should like to mention, that, due to working in a rather small institute / laboratory  I did my crystal trials on rather small pieces, also because of the generally accepted perception, that the artistic attractiveness of ceramic pieces of any kind decreases in square² ratio with the increasing size of the pieces. My largest pieces were 30 cm high.
First it was tried, to successively add up to 15 % Rutile to given , not too liquid milled and non-milled  clay glazes and fire these at the usual temperatures, resulting in no crystals at all or, when adding much Rutile, in a mat appearance of the glaze, but with significant crystalline precipitations. Increasing firing temperatures did not change much, however, it was observed, when adding coarse-grained Rutile, that the larger grains provoked a certain crystallization, which gave good hope but after all did not giving satisfying results. Then up to 15% Rutile was fritted with various glass frits, powdered and melted with and without additives to become a glaze. In various cases, this procedure gave reasonable results . e.g. the following zinc containing glazes:
1.) 0.5 PbO

     0,2 CaO                          2,0 SiO2

                      0,1 Al2O3                       +
     0,1 K2O                          0,5 TiO2
     0,2 ZnO
2.)  0,5 PbO                          1,8 SiO2
     0,2 CaO

                      0,2 Al2O3
     0,3 ZnO                            0,4 TiO2

In weight parts
1.)
Feldspar                           55,6
Hohenboken Sand            84,0

Rutile                                  41,1

Read Lead                        114,2
Marble Powder                  20,0
Zinc Oxide                         16,2
                                          331,1
2.)
Zettlitz Caolin, , non calcined      51,6

Hohenboken Sand                        84,0

Rutile                                             32,9                          
Read Lead                                    114,2                   
Marble Powder                              20,0                
Zinc Oxide                                     24,8
                                                      327,0
1.) and 2.)  were slightly fritted, powdered  and fired without further additions at cone 7 (Seger) on fine clay . Both gave almost too many crystals. 
formula 1.): on an opaque-ivory base, tops of root crops, each from one centre point starting, rough to fine needle like feathered crystal flowers and leaflets,

formula 2.) however: on a grey-violet half transparent base, rough, indiscriminately grown and strongly clogged needles with very few crystal stars with pulped pikes. This latter appearance / behaviour increased, when adding more zinc.
Although these results  meant a big advance, the further results were not really satisfying. Another  experience has to be mentioned / added, the various colouring metal oxides influenced the  process rather differently, partly improving, partly worsening  the crystallization process. Copper oxide improves crystallization, next Manganese oxide, still a little improvement with iron- and uranium oxide. All other oxides di not encourage crystallization  and were only added in tiny quantities. At the same time it was realized, that quite often colourless crystal glaze formulae had to be changed in order to get the much more decorative and attractive coloured glazes. That gave a new direction to our trials, which as from that moment gave very satisfying results and also made the glaze formulae-structuring / -presentation  / - administration much easier.

First, a clay-suitable alcaline frit with the following composition was melted :
Frit A
     0,50 PbO

     0,15 K2O                                2,70 SiO2   
     0,5 Na2O     0,10 Al2O3                                         =349,0
1.  0,10 CaO                                 0,30 B2O3
     0,10 BaO
In weight parts

Potassium Nitrate                     10,10            
Feldspar                                    55,60

Borax cryst.                               57,30

Marble powder                          10,0

Barium Carbonate (Whiterit)     19,74

Read Lead                                 114,16
Hohenboken Sand                     126,00
                                                   392,90

This Frit A, clearly/ transparently melted at Cone 7 (Seger) now served, adding Rutil, for various quantities of an nonfritted mixtures 
Frit a.

      0,5 CaO

2.   0,4 MgO       0,4 Al2O3        1,6 SiO2   = 229,8

      0,1 K2O

In weight parts

Marble powder                    50,0

Feldspar                               55,6

Zettlitz Caolin, ,calcined     66,6

Hohenboken Sand                24,0

Magnesit (Dolomita)            33,6 

                                             229,9

Being the starting point for quite a few trials, adding various colouring oxides, of which here I only mention the best:
In weight parts

Frit A                               100,0

Frit a. (not melted)           100,0

Rutile                                    30,0

Copper Oxide                      12,0
                                          242,0
Corresponding to formula.

     0,282   CaO                

     0,200   MgO               

     0,173   CuO                                               1,687 SiO2
3.  0,164   PbO                 0,232 Al2O3          0,430 TiO2
     0,099   K2O                                                0,097 B2O3

     0,049   Na2O               

     0,033   BaO  
This formula gives good results  only with copper, possibly still with manganese oxide .

From the light grey green base glaze, we achieved, at temperatures of cone 7 (Seger),  rather fine silver grey fan-like (Ginco leaf) structures, arranged in opposite direction connected by a slim line, sometimes four are ordered in cross shape. Through / by further growth of the fan areas, these finally close up and touch neighbouring crystals. This way , larger groups of “ice flowers” develop along with totally empty spaces or others, showing crystallization in its starting phase. At times, the whole vessel was covered with equally distributed crystals, leading to a loss of attractiveness / delicacy  of the piece. Especially in areas, where the glaze had been applied thinly or had drained off because of too high temperature the fanlike structures frequently were intertwined  with rough ,needle-shaped crystals, always starting from a centre point and reminding of small tufts of grass. As a rule / generally, the individual crystal flowers remain small in size attaining a diameter of 8 – 5 mm or less, which, if the vessel otherwise is perfect, does not detract from a charming appearance. 
This glaze was, however, abandoned in the effort to obtain a stronger/ more intensive  development of crystals, and, above all, a greater variety of colours, especially, since we had  learnt that also without addition of the nonfritted Frit a.) larger and more evenly distributed crystals could be obtained. 

Very beautiful delicately fibred crystals in star shape of varied size, of a diameter of 8 -10 mm max. on a grey-greenish to lively greenesh base / fond were achieved with the following formula:

In weight parts
Glaze Frit A       100             

Rutile                   15
Copper Oxide        6

                           121
Formula Seger:

     0,396 PbO

     0,209 CuO                                          2,137 SiO2
4.  0,119 Na2O          0,079 Al2O3         0,518 TiO2
     0,118 K2O                                           0,237 B2O3
     0,079 CaO

     0,079 BaO
This glaze at cone 4 Seger,  was much better / more advantageous, due to its higher percentage of boric acid and less alumina content, which however proved to be too low a temperature for the fine clay used and described farther on, resulting in lots of breakage during the cooling process. So, the beauty of this glaze required to adapt the clay to the glaze, which was succeeded without problems.
Of the other colouring oxides, only manganese oxide yielded somewhat serviceable results.

The most beautiful results, however, were achieved by  simultaneously using  copper and manganese oxide.

In weight parts

Glaze Frit A                  100

Rutile                              15

Copper Oxide                  6

Manganese Hydroxide    3
                                      124
Corresponding formula Seger

       0,396 PbO

       0,209 CuO                                                    2,137 Si2O3

 5.   0,119 Na2O          0,079 Al2O3                   0,518 TiO2
       0,118 K2O            0,039 Mn2O3                 0,237 B2O3
       0,079 CaO

       0,079 BaO
This glaze works best at temperatures  between cone (Seger)  4 – 7  On an olive coloured ground many fine greenish-brown crystal stars are obtained, not detrimental to the lustre/ shine of the glaze, which here appear more frequently and more accumulated than in the glaze, only containing copper oxide, mentioned above (4), not damaging the delightful overall  impression of the piece at all. The diameter of the individual star shaped crystals is 1 cm only, which , however, does not decrease their decorative value.
The experiment, however, took quite different a turn after it had been observed, that the fluxing effect of TiO2 , which is being considered the basic reason for its ability to create crystals, can be considerably improved / increased by adding rather small quantities of vanadium, tungsten and molybdenum, resulting in larger crystals, desired, yes, but not always improving the beauty of the piece. Star shaped crystals up to 5 cm or more in diameter were obtained, but generally they come out smaller as they hinder each others development/ growth. The best results were achieved by the addition of vanadium compounds and among these, ammonium vanadate worked best. Although water soluble, it can be stirred in / added  to the glaze slip (which should have a reasonable viscosity) and should be added and mixed in last, just before applying the glaze. By being partially dissolved in water, it comes into  closer contact / develops an acceptable composition with the other constituents. Also in the case of Wolfram and Molybdenum , their ammonium salts work fine, we however, mainly used their acid anhydrides.
Special attention must be called to the fact, that the effects of the compounds named is not necessarily well-working / functioning in all / any glaze(s). It may happen, that , if on of the three works favourably with regard to crystallization, the other two may have negative effects.
Now it was necessary, to counteract one common evil , resulting from the greater fluxing of these glazes, i.e. the almost complete flow-off of the glaze from the vessel, forming the most beautiful crystals in the catcher and not on the vessel. I tried two methods of doing this. One of them, that already had successfully been used elsewhere, consisted in attaching a top ring / plate / tube at the (upper) neck of the vessel having at the point of contact the same diameter as the vessel , loose or joining it with a sand- caolin mixture and in the case of cast pieces, connected with these right from the beginning. These top rings now are filled up with sufficient glaze quantities. In the firing, having achieved sufficient flux temperature, it flow equally over the piece and, if the glaze quantity was correct, develops the most beautiful crystals, where we want them. Thereafter, the top is being cut off and the edge polished. Those who don’t have the right cutting equipment, better apply the following procedure,
as breaking the top ring off the vessel with pliers very often leads to damages.

The method mentioned before, quite often leads to large areas of the vessel remaining without any glaze at all, as the downflowing glass flux doesn’t spread properly or in small streaks only.  This can be avoided by first applying a suitable coloured base glaze which should not contain any or only minor quantities of  components with crystallizing properties, which however may or not contain small quantities of Rutile and colouring metal oxides, if the desired shade requires so. This base glaze , should never contain any Vanadium, nor molybdenum, nor tungsten, and, for this purpose, should be somewhat more refractory than the crystal glaze itself. If the base glaze, in a probably still porous condition, is touched / met / hit  by a streak or drop of the less viscous crystalline glaze, this drop or streak is being stopped and forced to spread to the sides and finally , after  flux ends, to harden into/ joint with the base glaze. The whole process may be plainly observed in the muffle. Due to the fortuitousness / contingencies resulting from / occurring in this process, i. e. crystal-covered and crystal-free areas being coloured differently,  this method gains considerably in interest and allows to attain a great variety of extremely charming effects. Later on we realized, that it is of no importance at all, if the composition of the base glaze has a much higher melting point than the crystalline glaze,. E.g. glazes with a melting point around cone 4 (Seger)  could be used with almost no problems at all. If, however the melting point was higher than cone 4 (Seger) , the crystalline glaze had a tendency to shiver / split off , perhaps not immediately, but after a little while.

End of chapter 36 
