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The present invention relates to porcelain 
and methods of making same. 
More particularly the present invention 

relates to the manufacture of an improved 
refractory ceramic product of the nature of porcelain containing a large percentage of 
zirconium compounds including a refractory 
phosphate of zirconium and our invention 
includes both the product and the method of 
producing such animproved porcelain which 
consists in firing a porcelain body mixture 
containing zirconium oxide together with 
zirconium acid phosphate. The temperature 
of the fusing point of the zirconium acid 

is phosphate corresponds to about that of 
Segar cone 10 while the more refractory zir 
conium pyro-phosphate fuses only at tem 
peratures above cone 27. As will be under 
stood by those skilled in the art this inven 

to tion enables an improved zirconium phos phate porcelain to be produced that will be 
thoroughly vitrified and which may contain 
as high a percentage of the very refractory 
zirconium compounds as is desired for the 

25 various grades of porcelain required for dif 
ferent purposes. The introduction of said 
variable amounts of fusible acid phosphates 
into the unfired porcelain body serves as per 
fect fluxing agents and may be used to the ex 
clusion of all other fluxing agents if desired 
during the firing operation for maturing the 
orcelain although they are converted there 
y so that they become in the matured fin 

ished porcelain the very refractory neutral 
phosphates. The chemical reaction which 
converts the fusible fluxing acid phosphate 
into the refractory phosphate of the finished 
porcelain is represented by the withdrawal 
of one molecule of phosphorus pentoxide 
(POs) from the fluxing agent, also one 
molecule of the zirconium oxid (ZrO2) also 
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present in the unfired body combines with 
this molecule of (POs) and forms a mole 
cule of (Zrp.O.) zirconium pyro-phosphate 
in the finished porcelain. 
We have found when it is required to pro 

duce a zirconium phosphate porcelain devel 
oping and maturing at a lower kiln tempera 
ture that the addition of comparatively small 

50 amounts of alkaline earth acid phosphate 
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such as calcium acid phosphate (CalPO) or 
magnesium acid phosphate (MgFO) may 
be added to the unfired porcelain body and 
Such an addition greatly facilitates the vit rification. 

It will be understood that (three parts) 
these fluxing agents also react with (two 
parts) the zirconium oxid present in the 
mixture and transfer during the firing oper 
ation (two parts) of their (POs) to the 
(ZrO2) zirconium oxid in the body and 
which forms the very refractory pyro-phos 
phate of zirconium (ZrPO) at the same 
time the (three parts) alkaline earth acid 
phosphates are converted into the very re 
fractory ortho phosphates such as calcium 
ortho phosphate (CaFOs) or (MgsPOs). 
The present invention relates to a method 

of producing an improved vitrifiable and 
homogeneous ceramic substance, which may 
contain high percentages of zirconia and Zir 
conium salts, which substance is adapted to 
serve as an efficient dielectric under severe 
conditions of high pressure and high fre 
quency electrical oscillations while exposed 75 
to elevated and rapidly varying tempera 
tures. 
An object of the present invention is to 

provide a ceramic substance which combines 
high dielectric qualities and mechanical 
strength with a quality of resistance to struc 
tural deterioration which tends to devleop 
due to electrical and mechanical strains at 
high temperatures. 
A further object is to provide a porcelain 

as above referred to without excessive dilu 
tion with energetic positive electrolytes such 
as feldspar, which excesses have formerly 
been considered essential in overcoming the 
passivity of zirconium compounds in form 
ing suitable ceramic compositions. 
Our invention comprises a method of form 

ing a ceramic composition of matter which 
utilizes the properties of the oxides of phos 
phorus in forming definite refractory com 
pounds with such nearly neutral substances 
as zirconia. 
We attain these objects by taking advan 

tage of the properties of the oxides of phos 
phorus in forming definite refractory com- 100 
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pounds with compounds of such nearly neu 
tral elements as zirconium, certain of which compounds being capable, at temperatures 
available in the art, of forming with refrac tory clays mechanically strong bodies, which 
show greatly improved dielectric factors E.gif the higher range of working tem: 
peratures. The compounds of the oxide of 
phosphorus with zirconia are formed direct ly during the regular firing operation, from 
the several elements introduced into the un 
fired porcelain body in the form of fusible 
fluxing agents such as zirconium acid phos 
phate with or without the addition of other 
more fusible alkaline earth and phosphates 
such as acid phosphates of calcium and mag 
nesium. 
As one example of our improved method we 

have employed in combination with clay and 
zirconia, an oxide of phosphorus compound 
frit formed from normal zirconium phos 
phate (ZrPO) as precipitated from an acid 
solution which is mixed with an excess of 
phosphoric acid (H3PO) and calcined, the 
acid phosphate frit is mixed with a suitably 
refractory grade of white burning bond clay, 
said combination being pyro-chemically 
treated to produce our improved porcelain. 
A similar acid phosphate fluxing frit is at 
tainable by the phosphating of a precipitated 
zirconium hydroxid, with the phosphoric 
acid (HPO.) followed by calcination. 
As an illustration of our invention we have 

found that, in a substance having nearly 60% 
of total zirconium content, compounded in 
this manner we have found that as little as 
4% of magnesium and 1% of calcium in the 
form of acid phosphates will cause this body 
to become thoroughly dense and vitreous at 
an approximate temperature of 1400° C. 
cone 13, with a nearly neutral kiln atmos 
here. -. 

p As a further illustration of this process we 
have obtained similar results from less pure 
materials by employing a suitable grade of 
acid (sulphuric) washed baddeleyite, which 
may carry zirconia in excess of 80%, with a 
silicon content, as high as 14% and varying 
amounts of titanium, aluminum and iron. 
In this case, a relatively large amount of this 
impure zirconia may be employed in connec 
tion with an acid phosphate of zirconium and 
carried in a more plastic fatter bond clay, 
such softer grades of clay being rendered 
more refractory by means of the silica re 
leased from the zirconium ore during the 
acid washing process. Where this native 
oxide is employed, we have also overcome the 
difficulties commonly encountered in produc 
ing a white or clean burning ware from such 
crude materials, by maintaining an oxidiz 
ing condition of kiln atmosphere during cer 
tain intermediate stages of the firing opera 
tion. 

Actual tests of samples of this improved 
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ceramic structure have indicated a factor of 
electrical resistance in excess of fourteen 
times that of a standard porcelain dielectric 
body under similar conditions, that is at the 
relatively high temperature of 700° C. This 
clearly proves that the phosphates used in 
this invention as a substitute for the felds 
spar of ordinary porcelain is a much im 
proved fluxing agent and aids in producing a 
new and improved result. Much of the im provement in the zirconium porcelain is 
known to be due to the substituting of zirco 
nium oxide for the larger part of the silicon 
oxide of the ordinary porcelain, but most of 
the improvement over feldspar porcelain, es 
pecially for electrical insulation, is due to the 
elimination of feldspar. 
The present invention contemplates a di 

electric vitrified ceramic body consisting of 
zirconium compounds in combination with 
clay, together with refractory pyro-phos 
phorus compounds. Furthermore, the pres 
ent invention contemplates the method of 
producing refractory ceramic compositions 
of matter wherein the properties of acid 
phosphorus compounds have been depended 
upon to effect a complete reaction at temper 
atures commonly available in the art with 
such neutral elements as zirconia. 
The present invention also contemplates 

the method which takes advantage of the 
properties of such neutral elements as zir 
conium in a sulphated form to combine with 
acid phosphorus compounds in connection 
with a clay carrier, whereby kiln reactions are 
facilitated and the elimination of contamina 
tions is also facilitated. - 
The composition of matter produced ac 

cording to the present invention is a homo 
geneous ceramic structure having very good 
factors of thermal expansion and of thermal 
electrical values. The formation of crystals 
is controlled by means of extremely rapid 
temperature reductions at the finish of the 
firing operation without risk of breakage. 
An additional and equally important advan 
tage is had by the reason of the fact that only 
a minimum of fluxing agents are present due 
to the fact that the acid phosphate compounds 
which served as a flux during the firing and 
maturing of the structure have mostly been 
converted into refractory pyro compounds in 
the finished body. The present application 
is a continuation in part of the prior appli 
cation No. 654,777, filed on July 30, 1923. 
Having now described our improved porce 

lain and the improved fluxing agent that is 
introduced into said body and which over 
comes many of the defects caused by feldspar 
and having described the method by which 
a highly refractory structure containing a 
large percentage of zirconium compounds 
and practically free from feldspar may be 
produced, what we claim is: 

1. An improved porcelain comprising clay, 
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1,80,041 
zirconium and refractory neutral compounds 
of phosphorus. .. 

2. An improved porcelain consisting of a 
ceramic structure composed essentially of zir 
conium compounds arid containing ortho 
phosphate compounds of calcium and magne 
sium which result from the withdrawal of 
phosphoric oxid from the acid phosphateflux 
ing materials. 

no 8. The method of producing an improved 
zirconium porcelain which consists in firing a 
mixture of zirconia, clay and acid phosphates 
of zirconium, magnesium and calcium which 
will yield orthophosphates of calcium and 

is magnesium, as constituents of the finished porcelainstructure. 
4. An improved porcelain, characterized 

by containing a large proportion of zirconi 
um compounds, and ortho phosphates of 

so magnesium and calcium. . . 
5. The method of producing an improved 

porcelain which consists in firing a body 
mixture comprising clay, zirconia, zirconium 
E. phosphates and alkaline earth acid phos 
phates. 

6. The method of producing an improved 
zirconium porcelain which consists in fir 
ing a mixture of zirconia, clay and acid phos 
phates of alkaline earths by which method 
the fusible acid phosphates of the unfired body are converted into refractory ortho 
E. pyro compounds in the finished porce 
8. 

7. The method of producing an improved 
porcelain which consists in firing a porce 
lain body mixture comprising clay, zirconia 
and acid phosphate of zirconium by which 
method the fusible acid phosphate of the flux 
ing agent is converted during the firing op 
eration into the very refractory zirconium 
pyro-phosphate that remains in the finished 
porcelain. 

8. An improved porcelain consisting of a 
refractory ceramic structure composed prin 
cipally of clay and zirconium compounds 
and containing refractory ortho phosphate 
compounds of alkali earths and refractory 
phosphate of zirconium. 

9. An improved porcelain characterized 
50 by containing a large amount of zirconium 

compounds in place of a large part of both 
the free silica and the feldspar of ordinary 
porcelain, said improved porcelain also con 
taining refractory zirconium pe such 

B6 as Zirconium pyrophosphate (ZrP.O.). 
10. The method of producing porcelain, 

which includes kiln firing a body mixture comprising clay, refractory zirconium com 
ounds, and a fluxing agent comprising fusi 

60 ble acid phosphates. 
11. A method of producing porcelain which 

includes firing a body mixture of clay, zir 
coniunoxid and zirconium acid phosphate. 

12. The method of producing an improved 
5 zirconium porcelain which consists in form 

ing a mixture of zirconia, clay, and acid phos 
hates of zirconia, magnesium and calcium, E. the mixture and thereby causing the 

3 

formation as constituents of the finished por 
celain structure phosphates of calcium and 
magnesium. 

13. The method of producing an improved 
zirconium porcelain which includes forming 
a mixture of zirconium compounds and clay 
and fusible acid phosphates of calcium and 
magnesium, firing the mixture, and thereby 
employing the EEE compounds dur 
ing the course of the firing first as fluxes and 
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later for the formation within the porcelain 
body, by the transfer of their excess of phos phoruspentoxide, of pyro-phosphate of zir 
conium. 
Signed at Chicago, in the county of Cook 

and State of Illinois, this 21st day of August, 
A. D. 1928. 

ALICE MAUDE FARCHILD. 
EMORY LEE RATHBURN. 
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