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UNITED STATES 

2,044,332 

PATENT OFFICE 
2,044,332 

APPARATUS FOR FORMING CERAMIC 
PRODUCTS 

Davidge E. Rowland, Ealitiaore, Md., assignor to 
Locke Ensulator Corporation, Baltimore, Md., a 
corporation of layand 

Application uy 3, 1934, Serial No. 735,087 
Claims. 

The invention relates to the manufacture of 
Ceramic Ware from porcelain or its equivalent 
and has special reference to the production of 
porcelain insulators particularly designed for 

5 high tension transmission lines and equivalent 
adjunctives thereto. 

Before proceeding with the specific disclosure 
of the apparatus dealt with in this application, 
it Will be necessary to describe in some detail the 

10 Inethods heretofore in general use among insu 
lator manufacturers. 

Porcelain used for high voltage work is a vitri 
fied natelial obtained by the combination of cer 
tain types of finely ground feldspar, silicon ox 

li5 ide, and plastic clays which after proper shap 
iing, is fired to a high temperature. The quality 
Of the final product is absolutely dependent upon 
a homogeneous mixture of the raw materials ba 
fore firing. There are, essentially, two methods 
in general use for bringing this about. 

In the Wet process plastic method the proper 
proportions of ingredients are weighed out and 
introduced into a large ball mill where they are 
ground together with a certain amount of Water. 
The Water content is of great importance as it 
has been found that enough must be used to pro 
duce a thick cream-like mass in the mill if the 
required mixing uniformity is to be maintained. 
Ordinarily, the density of the “slip' which is the 
naine commonly used to designate the mixture in 
the mills, is kept around 1.5. 

In order to form the desired insulator shapes 
it is now necessary to reduce the water content 
Of the slip to the point where a plastic mass is 
produced, capable of holding its shape after 
molding. This is accomplished by pumping the 
slip into filter presses, thereby removing all but 
approximately 20 to 22% of the water, the mate 
rial thus produced being termed “clay'. The 
Clay comes from the filter presses in the form 
of Cakes Which are subsequently run through a 
plig mill Which mixes the cakes together and ex 
tilides the maSS as a clay cylinder which is cut 
off in individual lengths of Sufficient size for 
preSSing to shape in plaster molds. After press 
ing, the clay is left in the plaster mold which 
gradually absorbS noisture from the clay, caus 
ing the clay to harden sufficiently so that in a 
few hours it may be removed and handled 
through the Subsequent plant operations. 

In the casting proceSS, the preparation of the 
inaterials is the same up to the ball mills. Here, 
however, advantage is taken of a chemical phe 
nomenon called “defocculation'. It has been 
known for a long time that the addition of cer 
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(C. 259-9) 
tain alkaline Salts such as sodium carbonate and 
Sodium silicate to a clay slip will produce a rather 
Startling effect on the Wiscosity. Such a marked 
decrease Will take place in the latter character 
istic as to make possible a slip that Will readily 
pour, but which may have no more or less Water 
Content than the plugged clay, Which has been 
described. The casting process is based upon 
this fact. 
About .1 to 3 of 1% of an alkaline salt is added 

to the Water in the ball mills which as a conse 
quence may be considerably reduced, the usual 
Casting Slip having a density of approximately 
1.8. In Spite of this increase in Weight such slip 
is little more difficult to pump and handle than 
that used for making a plastic body. due to the 
effect of the salts. After lawning and passing 
OVer an electro-magnet which removes any iron 
particles, the casting slip is stored in tanks and 
is ready for use. The casting process Ordinarily 
Consists of pouring this slip into plaster molds 
of the required shape, with or without a plaster 
COre. After a certain length of time the plaster 
absorbs sufficient moisture to harden the cast 
enough to allow it to be removed from the mold 
and handled through the rest of the factory 
routine. 

All of the above Sounds relatively simple and 
Only those who have worked in ceramics can ap 
preciate the difficulties attendant upon the Wari 
OUIS manufacturing steps. The filter cakes that 
go to make up the Wet process body inst be ab 
solutely uniform. If, for any reason the canvas 
bags which do the filtering are not uniform, or 
if they are not scrupulously washed out at regul 
lar intervals, the different cakes will have uneven 
Water contents and after plugging the clay Will 
have a tendency to shrink unevenly, thus caus 
ing Strains and cracks of various sorts. Again, 
if the slip which is pumped into the presses va 
ries in Wiscosity due to infinitesimal amounts of 
Soluble Salts, so hard to control, in mined ma 
terials, the pressing will be irregular and this 
may be reflected in Various types of trouble, 
through the Shop. Extreme care must be exer 
cised to prevent dirt and all types of foreign 
matter entering the mix at any point. 

It is obvious that irregularity of the filter cakes 
will make trouble in the plug mills. Many special 
devices have been tried in an effort to correct 
plug mill difficulties but in the final analysis the 
proper functioning of a mill depends upon the 
physical characteristics of the clay. Thus, plant 
control is of the greatest importance during the 
preliminary preparation. If the body delivered 
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2 
to the pug mills is too soft, occluded air pockets 
Will be found in the extruded clay. On the other 
hand, if it is too hard a crumbly laminated struc 
ture Will result. It has been found that the prop 
er maintenance of equipment and painstaking 
SuperVision of every step in the preparation of 
the mix are factors upon which all the subsequent 
manufacturing steps depend. Necessarily, con 
Siderable expense is involved in plant equipment 
and technical Supervision and in spite of every 
thing, there is much to be desired from a uni 
formity standpoint. In addition, pug mill lami 
nations have been a source of trouble in every 
branch of the ceramic industry and it is only by 
the strictest plant control that they may be con 
trolled. 
In the Wet process casting method the molds 

which are used must of necessity be very bulky. 
The time interval necessary between the pouring 
and removal of the casts is in some cases as much 
as forty-eight hours for the bigger pieces. More 
Over, the shapes which can be made are limited 
because of the fact that the moment the clay 
comes in contact with the plaster shrinkage com 
mences and unless the mold is designed in such 
a way as to take care of this the clay will pull 
itself apart. Great attention must be given to 
gating the molds, more even than for casting iron. 
Very often the cost involved is prohibitive, even if 
the resultant product Successfully meets all other 
requirements. 

It may be readily conceded that there is a 
place in the industry for both the casting and the 
plastic process, each of which is essential to the 
manufacture of certain designs. To make this 
point clearer, an ordinary fuse cut-out box can be 
made Only by casting (the dry process method 
not being considered) while a small threaded pin 
hole distribution insulator cannot be cast but 
may be readily manufactured by the plastic 
plunging method. The present invention deals 
With a fundamental improvement in the latter 
process. 

Deflocculation has been briefly described. It 
is with the converse or reversal of this action that 
I am concerned in the present invention. If, for 
instance, a Small amount of acid is added to a 
quantity of casting slip the alkalinity of the slip 
Will be destroyed and immediately flocciation of 
the particles will occur which will make itself 
apparent by a curdled appearance much on the 
Order of curdled milk. The reaction is So Sudden 
that the resultant mixture is far from uniform. 
If, however, a milder reagent is used, it is possi 
ble to mix it up sufficiently to produce a fairly 
homogeneous maSS. Somewhere between casting 
slip and plastic clay. The value of this reaction 
WaS recognized by Dr. A. W. Beininger SOme time 
prior to 1924, who made use of it in speeding up 
the casting time of certain ceramic materials, his 
method being disclosed in Patent No. 1,528,908, 
granted March 10, 1925, 
In the companion application of myself and 

Kurt Wetzel there is disclosed a method of mix 
ing up a porcelain body and Shaping it without 
the necessity of using filter presses or pug mills. 
It occurred to us, as Set forth in Said application, 
that if a focculent or reflocculent could be dis 
covered which would have an action Sufficiently 
delayed to allow thorough mixing with a clay 
slip without curdling and which would then re 
act completely to restore the full plasticity of the 
clay so that it could be plunged or 'jiggered' in 
the usual nanner that the problem night be 
Solved, AS already pointed out, a casting slip 
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may be readily mixed until it is homogeneous 
throughout, although its water content may be 
the same as or less than that of a plastic body. 
If, therefore, the plastic characteristics of such a 
slip could be Satisfactorily restored, the necessity 
for filter presses could be eliminated. 

In the actual carrying out of the method set 
forth in Said companion application, the casting 
Slip is prepared in accordance with usual ceramic 
practice by adding plastic clays and other in 
gredients to a measured amount of water to which 
a fraction of 1% of alkali has been previously 
added. The viscosity and specific gravity of the 
clay slip must be observed and governed very 
closely. Reflocculating agent necessary for the 
Successful carrying out of the process or method 
is the difficult problem. 

Flocculation or gelation of a deflocculated slip 
can be accomplished by a great variety of chemi 
cals such as organic or inorganic acids, or salts, 
Or an eXCeSS of alkali or alkali Salts. All of these 
Substances, however, have an immediate reac 
tion upon the slip, that is, they “ball up', or cur 
dle the slip instantaneously. Action of this na 
ture makes the flocculating process impossible to 
Operate. Of the large number of chemicals ex 
amined, only a Small group of earth alkali con 
pounds seem to offer possibilities. It was fitially 
discovered that calcium and magnesium com 
pounds such as limestone, magnesite or delomite, 
When fired to a temperature sufficiently high to 
form the oxides, gave results which were very 
promising. Compounds of this nature introduced 
into the Slip by means of the apparatus which has 
been described do not curdle the slip and after a 
Certain length of time which can be regulated by 
the chemical and physical characteristics of the 
compound render the clay which has been poured 
into molds sufficiently plastic for plunging. This 
Was the result I have been working for. 
The compounds used consist of calcium oxide 

or magnesium oxide or a combination of both, 
either pure or with a certain percentage of sili 
Con oxide, iron oxide, aluminum oxide, or alkali 
Oxides, which occur either naturally in the com- 4 
pound used or which are introduced by intinate 
mixing previous to firing. It was found that the 
percent of Silicon oxide, aluminum oxide, etc., 
present in the calcium or magnesium compound 
and the firing temperature had a very marked ef 
fect upon the setting time of the slip and that 
these factors had to be kept within certain limits 
dependent upon changes in the chemical and 
physical characteristics of the slip in order to 
maintain the desired setting time of the slip. 
These Combinations as described above are fired 

in the kilns. After this they are weighed out in 
the desired proportions and combined in a ball 
mill with kerosene and some kind of grease such 
as lanolin Or Vaseline So that a consistency is ob 
tained approaching that of thick cream. The 
kerosene and grease serve as a carrier for the dily 
pOWder and eliminate the possibility of air bub 
bles and lack of homogeneity which occur if at 
tempts are made to mix the dry powder with the 
slip. Besides this an Organic carrier as mer 
tioned above will penetrate the focculent thor 
Oughly and form an impermeable film on each 
particle which will further delay the reaction of 
the flocculent with the clay slip until Sufficient 
time elapses for the mixture to run from the ma 
chine into the molds. Many Organic fluids can 
be used for this purpose such as benzol, benzine, 
gasoline, coal oil, paraffin oil, fuel or lubricating 
oil, wax, cersin, carbon tetrachloride and animal 
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and vegetable oils. Such carriers prevent the 
flocculating reagent from absorbing moisture from 
the air and it, therefore, may be prepared ahead 
of time and stored indefinitely, 
AS an actual example of What I am using With 

great Success the following combination may be 
given. Natural limestone (calcium carbonate) 
COrtaining approximately 97% calcium oxide and 
3% of silicon oxide, iron oxide, aluminum oxide, 
imagnesium oxide and alkali oxides fired in the 
kiln. This fired compound was mixed with kero 
Sene and lanolin as has already been described so 
that the final product has the consistency of 
cream. However, as mentioned above, there may 
be considerable variation and this illustration is 
not to be considered limitative. 
In Order to use Such a deflocculating reagent it 

Was necessary to develop a means of mixing it 
thoroughly and quickly with the casting slip. 
Batch mixing is unsatisfactory since it is im 
possible to get a homogeneous mixture in the 
time interval before setting commences and 
moreoVer, after every batch the residue sticking 
to the container must be thoroughly cleaned off, 
as otherWise hard lumps would be mixed into the 
Succeeding batch. 

It is With all of the above facts in view that 
I have devised the present invention which has 
for its general object the provision of an appa 
iatus by means of which the foregoing described 
Iaethod, fully set forth in said companion appli 
cation, may be carried out. 
An important object of the invention is to pro 

Wide an apparatus involving the combination of 
means for pumping clay slip at high speed into 
a mixer Which likeWise operates at tremendously 
high Speed, and slow acting high pressure means 
for injecting into the stream of clay slip a floc 
Cllating or reflocculating agent which is intro 
duced immediately prior to the admission of slip 
to the mixer So as to obtain a thorough permea 
tion of the defocculated slip by the flocculating 
or reflocculating agent. 
Another object of the invention is to provide 

an apparatuS for carrying out the above described 
method and Which in one form involves simply a 
pump means for Supplying clay slip to the rapidly 
acting mixer and which, in another form, in 
Volves the provision of extremely high pressure 
feed means for the clay slip, this high pressure 
means being used under circumstances where an 
Ordinary pump Would be inadequate, such as for 
instance when extruding the reflocculated clay in 
tubular form, Such high pressure means embody 
ing alternately acting motor driven pistons which 
are screw operated and Which reciprocate Within 
Cylinders into Which the clay slip is drawn and 
from Which it is Subsequently expelled into the 
mixing device, the System including an arrange 
inent of Synchronously operating control valve 
leaS. 

Another object of the invention is to provide a 
mechanical means for mixing the fiocculating or 
reflocculating agent with the previously defioc 
Culated clay slip at such a tremendously high 
Speed that thorough permeation of the clay slip 
by said agent will result so that homogeneity in 
the Output from the mixing device Will be ob 
tained. 
A Still further object is to provide an apparatus 

of this character in which the mixing device may 
have aSSociated thereWith any one of a selected 
number of different types of nozzles depending 
upon. Whether it is desired to express or form solid 
Or tubular porcelain members, certain types of 

3 
nozzles being usable for producing, but in better 
form, the type of clay piece extruded from a plug 
mill and another or other types of nozzles being 
usable in case it is desired to form porcelain tubes 
for various purposes such as are required for 
busings, Strain insulators of Certain Varieties, 
and the like. 
A still further object is to provide an apparatus 

for carrying out the method in Voiving the con 
bination of the various instrumentalities above 
mentioned, together with change-Speed drive 
mechanisms for the Valves, etc. and other auxil 
iary of ancillary devices for governing the nove 
ment of the various parts in Order to attain the 
best resultS Which can possibly be accomplished by 
the employment of the apparatus. 
An additional object is to provide a mechanism 

or apparatus of this character which willi, when 
the ultinate 1result is considered, be compara 
tively simple and easy to manufacture, assemble 
and control, positive in action, efficient and du 
rable in Service, and a general improvement in 
the art. 
To as attainment of the foregoing and other 

objects and advantages, the invention preferably 
consistS in the details of construction and the 
arrangement and combination of parts to be here 
inafter Inore fully described and claimed, and 
illustrated in the accompanying drawings, in 
Which: 

Figure is a plan View of an apparatus capable 
of Carrying out the invention, parts being broken 
a Way for the Sake of clearness, 

Figure 2 is a side view of a portion of what is 
shown in Figure 1, 

Figure 3 is an end elevation, With most of the 
parts in vertical Section, of the mixing device, 

Figure 4 is a side elevation of the mixing device 
With portions broken away, 

Figure 5 is a longitudinal Sectional view through 
the neains for mixing the flocculating or refoc 
culating agent With the clay slip, 

Figure 6 is an end elevation thereof, 
Figure is a Cross section taken on the line 

i-F of Figure 5, 
Figure 8 is a plan view, with parts broken away 

and in Section, showing a modified form of the 
invention, 

Figure 9 is a longitudinal section through a dis 
charge nozzle of a type to form tubular ex 
preSSingS, 

Figure it is a croSS Section taken on the line 
- of Figure 9. 
Referring more particularly to the drawings, 

the nulineral designates a slip tank of any ordi 
nary Or preferred construction containing the 
uSuial paddies driven by gearing 82 for the 
pillipOSe Of effecting agitation of the slip within 
the tank to prevent settling. The numerai 3 
designates a tank or cylinder containing what 
ever flocculating or reflocculating agent is used, 
it being assumed, for the purpose of this descrip 
tion, that the slip within the tank has bee 
defocculated by the addition of some proper 
percentage of an appropriate alkali. 
In the carrying Out of the invention I make use 

of a mixer of the rotary type designated as a 
Whole by the numeral fi and shown in detail in 
Figures 3 and 4. This mixer is regreS63Ed as 
Compilising a two or more part casing, the sec 
tions or parts being indicated by the numeras 
E5 and 6, these Sections or parts being of such 
construction as to provide a space or compart 
ment a having an inlet i3 and an outlet g. Ro 
tatabie Within Suitable packing glands 28 at 
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4. 
opposite sides of the casing are shafts 2 and 22 
which are individually driven through any ap 
propriate transmission by motors 23 and 24 ro 
tating in opposite directions. Within the cham 
ber or compartment f7 the respective shafts 2 
and 22 carry disks or wheels 25 and 26, respec 
tively, provided with radial blades 27. It is in 
tended that these wheels or disks 25 and 26 ro 
tate in opposite directions, hence the reason for 
the separate motors 23 and 24. As a matter of 
fact it is intended that the wheels rotate at very 
high speed so that the blades 2 thereon will pass 
One another at the rate of something like 16,000 
times per minute. Specific details of construc 
tion of this mixing device may of course be varied 
within wide limits, the only essential require 
ment being the high speed of rotation of the 
bladed wheels. - 
In association with this mixer I make use of 

a novel means for feeding to Or injecting into 
the clay slip the flocculating or reflocculating 
agent contained within the tank or cylinder 3. 
Preferably this means comprises a reciprocatory. 
piston 23 carried by a threaded piston rod 29. 
The rod 29 projects beyond the end of the cyl 
inder and has threaded thereon a Worm wheel 33, 
meshing with a worm 3 on a shaft 32 driven at 
a selected speed by a variable speed transmission 
mechanism 33 of a type known as the Reeves 
variable speed drive. The details of construction 
of this type of drive are shown but as it is a well 
known mechanical expedient it is thought that 
a specific description thereof should be unneces 
sary. The power for rotating the gears 30 and 
3f, and consequently moving the piston 28, may 
be conveniently derived from an electric motor 33 
of suitable horsepower. The cylinder is provided 
with a fill pipe 35 which is of course normally 
closed, and is also equipped with an outlet pipe 
36 leading to the mixing device 4 as will be ex 
plained. 
This arrangement is so related that when the 

piston 28 is retracted within the cylinder 3 the 
cylinder may be filled with the flocculating or re 
flocculating agent which is introduced within the 
fill pipe 35. Of course it will be equally apparent 
that when by virtue of the motor 34 and change 
speed mechanism 33 the pistOn 28 is moved in the 
other direction the chemical within the cylinder 
3 will be expelled through the outlet pipe 36. 
It is intended that the flocculating or refloccu 

lating agent within the tank or cylinder f3 be 
nixed with the clay slip at a point where the 
latter enters the mixing device 4. Connected 
with the slip tank by a pipe 50 is a pump 5 
which draws the slip from the tank O and forces 
it; through a pipe 52 into the mixing device 4. 
Immediately in advance of the rotary mixing de 
vice 4 is a mixing nozzle indicated as a whole in 
Figures 1 and 2 by the numeral 53 and the pipe 
36 connects with this nozzle. The preferred de 
tails of construction of this mixing nozzle are 
Well illustrated in Figures 5, 6 and 7 wherein it 
Will be observed that the device comprises a T 54 
having a lateral inlet 55 with which the pipe 52 
is connected, Within this T 54 is a body 56 hav 
ing a passage 57 therein leading from the inlet 
55 toward One end. Threaded through One end 
of this body 56 is a bushing 58 through which 
extends the pipe 36 leading from the cylinder 3. 
Within the opposite end of the body 56 is screwed 
a plug 59 having a central orifice or valve seat 
6. With which cooperates a conical tip or nozzle 
6 carried by the outlet end of the pipe 36, this 
nozzle having a very small hole 62 therein So that 
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it will be capable of ejecting a very fine stream 
of Whatever flocculating or reflocculating agent 
is used and discharged from the cylinder 3 in 
the operation of the apparatus. It will be noted 
that the above described parts are adjustable and 
that there is a space between the conical tip 6 
and the orifice or valve seat 6 through which 
space the clay slip must pass in order to enter 
the mixing device 4. The nipple 63 at the out 
let end of the T 56, which nipple is screwed into 
the inlet 8 of the mixing device, is formed with 
an outwardly flaring recess 64 so that this en 
tire combination is in the nature of a venturi. 
Connected with the outlet 9 of the mixing de 
wice 4 is Whatever extrusion nozzle 65 is de 
sired, depending upon the character of the in 
tended product. 

In the operation of the apparatus, it is of course 
to be understood that clay slip prepared in the 
usual or any preferred manner is contained with 
in the tank E and is supposed to be in a defloccu 
lated condition for instance Such as results from 
the admixture of a small percentage of an alkali, 
in accordance With the discussion of the theory 
in the foregoing part of this specification. The 
clay slip is prevented from settling or is kept agi 
tated by means of the rotary paddles f. The 
pump 5: operates to draw the slip from the tank 
is and discharge it through the pipe 52 into the 
mixing nozzle 53 and thence into the rotary mixer 
4. Owing to the constricted space between the 

conical tip S of the mixing nozzle and the orifice 
6 it is apparent that the clay slip entering the 
mixing nozzle under high pressure will be ejected 
therefrom into the rotary mixer f4 at high ve 
locity. At the same time, the motor 34 driving 
the variable speed transmission S3 will cause the 
piston 28 to ba moved forward in the cylinder 3, 
or to the left when viewing Figure 1, and the 
focculating or reflocculating agent will be eject 
ed at very high speed and at high pressure 
through the small hole 62 in the tip 6 . It is 
at this point, namely at the entrance to the flar 
ing recess 66 in the nipple 63 which is at the en 
trance to the rotary mixer 4, that the floccu 
lating or reflocculating agent is intimately com 
mingled with the stream of clay slip, the pressure 
being the lowest at this particular point owing to 
the recess 6A which permits the inrushing streams 
of clay slip and flocculating or reflocculating 
agent to come together. Immediately upon en 
tering the rotary mixer 4, the mixture of clay 
slip and flocculating or refiocculating agent will 
be thoroughly agitated and commingled by the 
Oppositely rotating bladed wheels 25 and 26 so 
that all portions of the clay slip will be subjected 
to the action of whatever chemical is used as the 
fiOcculating or reflocculating agent, absolute 
homogeneity being thereby obtained. Owing to 
the pressure behind the slip it will pass from 
the rotary mixer into the discharge nozzle 65 
and as by this time the flocculating or refloccu 
lating agent has been enabled to exert a chemi 
cal action on the clay Slip which will operate to 
coagulate the same and restore its plasticity, a 
plastic clay will be extruded from the discharge 
nozzle 65. 
The above described form of the device is Sat 

isfactory for the extrusion of the clay in the form 
of a rod or column. However, when it is desired 
to extrude the clay in tubular form it is quite 
conceivable that the pump 5 will not develop 
Sufficient power for the purpose. In Such an 
event I resort to the construction and arrange 

10 

5 

20 

25 

40 

45 

50 

55 

60 

65 

70 

75 



5 

O. 

20 

30 

35 

40 

45 

50 

55 

60 

70 

75 

2,044,832 
ment shown in Figure 8 of the drawings. In this 
figure there is employed the same slip tank 0, 
flocculent ejecting cylinder 3 and mixing device 
4 as in the first described form, the only differ 
ence being the replacement of the pump 5 by a 
peculiarly and Specially constructed mechanism 
for drawing the clay slip from the tank and 
injecting it into the mixer. In carrying out this 
modification, I provide a pair of elongated cyl 
inders 66 and 6 containing reciprocatory pistons 
68 and 69, respectively, carried by threaded piston 
rods 3 and ii. These rods 7 and project 
beyond the rear ends of the cylinders and have 
threaded thereon gears 3 and 73, respectively, 
meshing With an intermediate gear 4 rotating 
With a Worm wheel 5 with which meshes a worm, 
beneath it in Figure 8, driven at a selected speed 
by a variable speed transmission mechanism 6 
preferably of a type known as the Reeves variable 
Speed drive. The details of construction of this 
type of drive are shown but as it is a Well known 
expedient it is thought that a specific description 
thereof should be unnecessary. The power for 
rotating the gearing and the change speed mech 
anism may conveniently be derived from an elec 
tric motor of Suitable horsepower. The ar 
rangement of this portion of the apparatus is 
such that when the motor i is in operation the 
pistons 68 and 69 in the respective cylinders 66 
and 6 will be reciprocated in opposite directions 
and at a low Speed. 

Leading from the slip tank it is a pipe E8 
Which connects with a control valve 9 from 
which lead branches 8 and 8 connected with the 
espective cylinders 38 and 6. Leading from 
the cylinders G6 and 67 are branch pipes 82 and 
83, respectively, which lead to a control valve 83 
from which extends a pipe 85 for conducting the 
clay slip into the mixing device A, this pipe being 
connected. With the inlet 55 of the nozzle 53 above 
described. The valves 9 and 84 are intended to 
operate synchronously and they are preferably 
moved into open and closed position, in Sequence, 
by some suitable electric motor means, not shown 
in detail though the necessary gearing is indicated 
in Figure 8. 

This form of the device or apparatus Works in 
identically the same manner as the first described 
form except that the clay slip is forced into the 
mixer f4 by the action of the pistons 68 and 69 
which are reciprocated slowly within the cylin 
ders 66 and 6. Owing to the fact that these pis 
tons are Screw operated it is apparent that there 
will be a tremendous power developed for ejecting 
the slip into the mixing device. It Will of course 
be readily understood that as one piston is ad 
vancing and forcing out the clay slip from either 
cylinder 66 or 67 the other piston will be retreat 
ing and will suck in a charge from the slip tank 
8, the operation of the two pistons being in al 

ternation but there being no stopping of the ac 
tion or hiatus at the end of the stroke of either 
piston. It is clear that the clay slip passing 
through the pipe 85 from either of the cylinders 
and entering the inlet 55 of the mixing nozzle 53 
will be subjected to the chemical action of the 
fiocculating or refocculating chemical which is 
ejected from the cylinder 3 as described in con 
nection with the first form of the apparatus. 
The principal reason for the employment of the 

high pressure double cylinder and piston mecha 
nism above described is when the mixing device 
4 is equipped with an outlet nozzle 86, shown in 

Figures 9 and 10, intended for the production of 
tubular extrusions, such a nozzle 86 is connected 

S. 
with the outlet 9 of the mixer by a pipe 87. 
The outlet end of this nozzle 86 is shown as pro 
vided with a conical ended central member 88 
supported in concentric relation to the body as by 
radial ribs or webs 89. Of course this type of 
nozzle will offer a far greater degree of resistance 
to the extrusion of the replasticized clay than the 
ordinary type of nozzle shown in the first form of 
the invention but the substitution of the alter 
nately acting screw operated pistons for the Sin 10 
ple pump of the first described form Will take care 
of this increase So that rapid production in a sat 
isfactory manner Will be insured, 
From the foregoing description and a study of 

the drawings it will be apparent that I have thus 
provided a comparatively simple and easily con 
troiled apparatus for carrying out my method of 
po'celain production in a very simple, inexpensive 
and expeditious manner. The screw operation of 
the piston provided in the cylinder for effecting 
injection of the flocculating or reflocculating 
agent into the stream of clay slip will insure a 
Constant pressure at all times in contradistinc 
tion to the objectionable pulsations which are as 
latural Concomitant to the employment of an Or 
dinary type of pump. Moreover, in the second 
for in of the invention the motor driven valves 
which control the inlet and outlet of the clay slip 
into and from the cylinders move but slowly and 
at intervals spaced a considerable time apart 
so that actually there will be but little wear on 
the moving parts. Every precaution has been 
taken to insure the mixing together and chemi 
cal combination of the deflocculated clay slip and 
the flocculating or reflocculating agent at a high 
speed and at a high pressure So as to insure ho 
imogeneity in the output. It is thought from the 
foregoing that the construction, operation and 
advantages will be readily apparent to One skilled 
in the art without further explanation. 
While I have shown and described the pre 

ferred embodiment of the invention, it should be 
understood that the disclosure is merely an eXenia 
plification of the principles involved as the right 
is reserved to make all Such changes in the de 
tails of construction as will widen the field of 
utility and increase the adaptability of the de 
vice provided such changes constitute no depar 
ture from the spirit of the invention or the scope 
of the claims hereunto appended. 

Having thus described the invention, I claim: 
i. An apparatus for forming ceramic products, 

comprising the combination of a tank containing 
clay slip in a deflocculated condition, a reservoir 
containing a flocculating or reflocculating agent, 
a mixing nozzle connected with the reservoir, 
alternately operating pumps connected with the 
tank for forcing clay slip at high pressure into 
the mixing nozzle in the form of a stream, plung 
er means within said reservoir for injecting the 
fiOcculating or reflocculating agent in constant 
Stream form at high pressure and at high veicc 
ity into the Stream of clay slip transversely there 
of at said nozzle, high speed rotary blade mixing 
iiaeans located beyond and connected with said 
mixing nozzle for mechanically mixing together 
the clay slip and said flocculating or reflocculai 
ing agent, and a discharge nozzle located beyoid 
and connected with said mechanical mixing 
means for extruding the replasticized clay result. 
ing from the chemical action of said flocculating 
Or reilocculating agent on the slip. 

2. An apparatus for forming ceramic products, 
comprising the combination of a tank contain 
ing clay slip in a deflocculated condition, a reser 
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6 
voir containing a flocculating or refocculating 
agent, a Venturi mixing nozzle connected with 
the reservoir, pump means connected with the 
tank and mixing nozzle for forcing clay slip at 
high pressure into the mixing nozzle in the form 
of a stream, means operating Within Said reSer 
voir for injecting the flocculating or reflocculat 
ing agent in constant fine stream form at high 
pressure and at high velocity into the stream of 
clay slip at the nozzle, high Speed rotary means 
located beyond and connected with said mixing 
nozzle for mechanically mixing together the clay 
slip and said flocculating or reflocculating agent, 
a discharge nozzle located beyond and connected 
with said mechanical mixing neans for extrud 
ing the replasticized clay resulting from the 
chemical action of said flocculating or refloccu 
lating agent on the slip, Said pump means com 
prising alternately acting cylinder and piston 
means, and Synchronously operating power actu 
atted control valves in the inlets to and outlets 
from said cylinder and piston means. 

3. An apparatus for forming ceramic products, 
comprising the combination of a tank containing 
clay slip in a deflocculated condition, a reservoir 
cointaining a flocculating or reflocculating agent, 
a Venturi mixing nozzle connected with the res 

voir, pump means connected with the tank for 
forcing clay slip at high pressure into the mixing 
nozzle in the form of a stream, means Operating 
within said reservoir for injecting the flocculat 
ing or reflocculating agent in constant stream 
form at high pressure and at high velocity into 
the fine stream of clay slip in the nozzle, means 
located beyond and receiving from Said mixing 
nozzle for mechanically mixing together the clay 
slip and said focculating or reflocculating agent, 
and a discharge nozzle located beyond and Con 
nected with said mechanical mixing means for 
extruding the replasticized clay resulting from 
the chemical action of said flocculating or refloc 
culating agent, said mechanical mixing means 
comprising a casing having an inlet and outlet 
and enclosing rapidly oppositely rotated radially 
bladed Wheels or disks disposed directly between 
the inlet and outlet for transversely cutting the 
stream of material passing through the casing. 

4. An apparatus for forming ceramic products, 
coin prising the combination of a tank contain 
ing clay slip in a deflocculated condition, a reser 
voir containing a flocculating or reflocculating 
agent, a Venturi mixing nozzle connected with 
the reservoir, pump means connected with the 
tank for forcing clay slip at high pressure into 
the mixing nozzle in the form of a stream, means 
operating within said reservoir for injecting the 
flocculating or reflocculating agent in constant 
fine stream form at high pressure and velocity 
and transversely into the stream of clay slip 
Within the nozzle, high speed rotary means lo 
cated beyond and connected with said mixing 
nozzle for mechanically thoroughly commingling 
the clay slip and said flocculating or refloccu 
lating agent, and a discharge nozzle located be 
yond and connected with said mechanical mixing 
means for extruding the replasticized clay result 
ing from the chemical action of said flocculating 
or reflocculating agent on the slip, Said mixing 
rozzle comprising a casing having an inlet at one 
side for the clay slip and having an axial outlet 
surrounded by a valve seat and leading to a flar 

2,044,832 
ing discharge orifice, a pipe leading from the 
Supply of flocculating or reflocculating agent and 
extending into the nozzle, and a Small apertured 
tip on Said pipe located adjacent said orifice and 
cooperating adjustably with said valve seat. 

5. An apparatus for making plasticized clay 
objects, comprising, in combination, a tank con 
taining clay slip in deflocculated condition, a res 
ervoir containing a flocculating or reflocculating 
agent, a mixing nozzle connected with the reser 
Voir, a pair of cylinders having inlet connections 
With Isaid tank and outlet connections with said 
mixing nozzle, Valves interposed in the inlet con 
nections to the cylinders, outlet valves interposed 
between the outlet connections for the cylinders 
aid said mixing nozzle, alternately acting power 
driven pistons reciprocable within said cylinders, 
the inlet and outlet valves for each cylinder being 
opened and closed alternately in accordance with 
the advance and recession of sail pistons, a ro 
tary mixer embodying oppositely rotating bladed 
disks and connected With Said mixing nozzle, and 
Sa extruding nozzle connected with said rotary 
rixer. 

6. A mixing apparatus comprising the combi 
nation of a tank containing fluent material, a 
reservoir containing a chemical to be mixed with 
Said inatelial, a Wenturi mixing nozzle connected 
with the reservoir, pump means connected with 
the tank and mixing nozzle for forcing said ma 
telial at high pressure into the mixing nozzle in 
tie form of a stream, means operated within said 
l'eservoir for injecting the chemical therein in 
coasta, it fine stream form at high pressure and 
at high velocity into the stream of material at 
the nozzle, high speed rotary means located be 
yond and connected with said mixing nozzle for 
mechanically mixing together said fluent mate 
rial aid said chemical, a discharge nozzle located 
beyond and connected with said mechanical mix 
ing means, said pump means comprising alter 
nately acting cylinder and piston means, and 
Synchronously operating power actuated control 
Valves in the inlets to and outlets from said cyl 
inder and piston means. 

7. A mixing apparatus comprising the combi 
ination of a tank containing fluent material, a 
rese:Woir containing a chemical, a Wenturi mix 
ing nozzle connected with the reservoir, pump 
means connected with the tank and mixing noz 
zle for forcing said material at high pressure and 
in stream form into the mixing nozzle, said pump 
ineaias Comprising alternately acting cylinder and 
piston means, means for varying the speed of 
13.Gveinent of the piston means, synchronously 
operating power actuated control valves in the 
inlets to aid outlets from said cylinder and pis 
ton means, piston means within said reservoir for 
injecting the chemical in fine stream form at 
high presure and at high velocity into the stream 
of material at said nozzle, means for varying the 
Speed of movement of said last named piston 
means independently of the speed of movement 
of the first named piston means, a rotary mix 
ing device located beyond and connected With 
Said mixing nozzle for mechanically mixing to 
gether the material and the chemical, and a 
discharge nozzle located beyond and connected 
with said mixing device for discharging the mixed 
material and chemical. 
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