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The present invention pertains to equipment 
particularly Weil adapted in blending, mixing and 
plasticizing compositions capable of being formed 
intO objectS or Shapes of a desired Size and con 
tour by the application of pressure to the mate 
l'ial. Machines embodying the present invention 
are particularly Well adapted for use in mixing 
and blending clay8, clay-like compositions and 
ceralnic mixes and in extruding Such mixes in a 
continuous imanner. Although the description 
given hereinafºer Will Specifically refer to the USe 
of the machine in the ceramic field, it Will be 
UIndersºood that the machine may also be em 
ployºd effectively in the preparation of Other com 
positions such aS, for exampie, those including 
resins or polymerized compounds With oils, fillers, 
fibreus material, etc. » 

Heretofore the ceramic industry has employed 
r:1ixing devices known as pug mills. All ClayS 
and Other Ceramic materials SUIpplied tO Such pug 
mills had to be ground before being added to the 
pug mill. Water is generally added to the mate 
rial in the pug mill and thé resultant massis 
then Éransferrad tO an extrtlding machine Which 
forces the clay mass through a desired die. 
Aligers are generally employed if the extrusion is 
to be substantially continuous. The augers 
cause the formation of lines of Clevage in the ex 
truded objects, Such lines of Clevage or slip Weak 
ening the objects thereunder. Such prior inde 
pendent units generally had to be driven inde 
pendentiy and occupied a Very large amount Of 
floor Space. Such units were generally posi 
tioned at different levels SO as to permit gravity 
feed from the pug mill to the extrusion machine. 
The pug mills aire mot ordinarily provided with 

any means whereby coarser lumps of material 
Inay be reduced in Size and such coarser lumps 
often cause imperfections in the objects extruded 
by the subsequent extrusion machine. The beat 
ing action of the pug mill very often causes air 
to be entrapped in the relatively plastic maSS and 
again the entrapped air bubbles mot Only Weaken 
the wºre but very often cause cracks or complete 
destruction of the Ware. 
One of the objects of the present invention is 

to provide a compact unit Which Will not Only 
mix and plasticize the ingredients or materials 
being employed but Will in addition assure the 
elimination of ail coarse lumps therein. In ac 
cordance with the present invention, the mixing 
Section (Which takes the place Of an Ordinal´y pug 
mil!) not only mixes the ingredients but also Sub 
jects tinein to a certain amount of attrition or 
rubbing. Furthermore the arrangement of ele 

(Cf. 259-6) 
ments within the mixing section permits a much 
more effective application of power to the mate 
rial so that a large through-put is obtained in 
addition to the improved quality thereof. The 
mixing Sections Of the machines Of this invention 
aire in adjacent relation to a treating Section 
which completes the mixing operation and at the 
same time assures the removal of any entrapped 
air orgas from the material and then forces the 
material through a die. Material is transferred 
from the mixing Section to the treating Section by 
the action Of pusher ellementS in the mixing Sec 
tion and by the action Of a Vacuum in the breat 
ing section. The extrusion means provided in 
the treating section are discontinuous and means 
are prOVided for preventing the formation of slip 
planes Or lines Of CleaVage in the extruded ob 
jectS. 
An object of the present invention, therefore, 

iStO provide improved types of mixing, plasticiz 
iing and treating machinery adapted to handle 
ceramic materials. 
Other objects, advantages, uses and modifica 

tions Will become apparent to those skilled in the 
art from the following description of an exem 
plary form which may be assumed by a machine 
constructed in accordance With this invention. 

Iºn Order to facilitate explanation, reference 
Will be had to the appended drawings, in which: 

Fig. Il is a plan View of a machine. . 
Fig. 2 is a longitudinal vertical section taken 

along the plane II-II of Fig. 1. 
Fig. 3 is a transverse section taken allong the 

plane III-III of Fig. 1. 
Fig. 4 is an end View of the machine. 
Fig. 5 is a vertical section taken through a 

modified form of treating unit. 
Fig.6 is a horizontal fragmentary section allong 

the plane VI-VII of Fig. 5. 
Fig. 7 is an en larged Vertical Section taken 

along the plane VII-VII of Fig. 5. 
Fig. 8 is an en larged Side elevation Of a grid 

adjustiment device. 
Fig. 9 is a transverse section taken allong the 

plane IX-IX of Fig. 2. 
AS shown in the dra Wings, the machine com 

prises a mixing section, generally indicated at ?, 
and a treating section, generally indicated at 2. 
Both the treating section and the mixing section 
are preferably round-bottomed and of substan 
tially U-shape in cross section. The mixing sec 
tion ! is preferably longer than the treating sec 
tion 2. Ordinarily, the length (or volumetric ca 
pacity) of the treating section 2 should be not 
less than about one-half the length of Volumetric 
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2 
capacity of the mixing section !. These two sec 
tions are maintained in parallel adjacent relation 
ainº in SubStantially the Saine horizOntal plaine Or 
level by means of frame members, such as, for 
example, frame members 3 and & exteinding tï’21:$- 
versely of the longitudinal axes of the Sections. 
The fraime member 4 may constitute t:7e end Wall 
of these tWo Sections ! and 2 and may alSO fornî 
a transverse wall separating the mixing and 
üreating sections ! and 2 from ain enclosed hous 
ing, generally indicated at 5. Longitudinally e2&- 
tending, axially positioned shafts 6 and ? &re ro 
taitably heid Within the Imixing and treating Sec 
tions ! and 2. These shafts 6 and ? extend into 
the housing 3 and are there suitably Supported 
as ira bearings 8 and 9 held in supports !º and à !. 
A suitable packing gland 2 may be pl’Ovided in 
the frame 4 so as to prevent any of the materials 
being treated from finding their w8y into the 
bearings which support the shafts. It is to be 
noted that the bearings 8 and 9 are Spaced frOn 
one another an appreciable distance SC &S tO 3de 
quately support and position the Shaft:56 81:d ?. 
A common drive Shaft 3 is also positioned 

within the housing 5, this Shaft 3 being driven 
from any Suitable Source of poWel', Such aS ain 
electric motor or the like. Gears 14 and 15 aire 
mounted upon the Shafts 6 and ? and engage With 
a pinion gear 6 mounted upon the drive Shaft 
3. In this manner, shafts 6 and : aire diriven 
simultaneously in the Same direction. 
The Outer end of Shaft 6 may be journaled in 

a suitable bearing 20. The Shaft 6 is provided 
with a plurality of mixing blades, Such as the 
blades 2, 22, etc. and is also provided With a 
material-advancing element Such as the auger 
ection 23 spaced from the inner end of the mix 
ing section é. Between the auger means 23 
and the end of the mixing section ! pusher elle 
ments, such as the paddles or rods 24, 25, a re 
mounted on the Shaft 6. 
The greater portion of the length of the mix 

ing section ; is open so as to permit material 
to be treated to be discharged into this Section, 
preferably near the outer end indicated at the 
left hand side of Fig. 1. A relatively Short dOmed 
cover 2$ is applied to this mixer f adjacent the 
other end thereof and above the auger 23 and 
pusher elements 24 and 25. 
A passageway or chute, generally indicated 

at 30 (Fig. 3) connects the mixing section f With 
the treating section 2 adjacent the frame ?º and 
lhousing 5. This chute 30 includes a bottom por 
tion 3 which extends from the bottom of the 
mixing section f (beneath the domed cover 26) 
upwardly to the adjacent treating section 2 and 
preferably the bottom 3f extends to a point of 
the Side wall of the treating Section 2 at a level 
Of the Shaft 7 therein. In Other WOrds, the chute 
38 is upwardly inclined from near the bottom of 
the mixing Section || to the treating section 2. 
The direction of rotation of the mixer Shaft 3 i8 
Such that the passageway ellements 24 and 25 
mOVe material frOIn the bottOm of the mixer Sec 
tion || upWardly into the chute 30. The direction 
of rotation of the Shafts is indicated by arrows 
in Fig. 3. 
The top of the treating section 2 is provided 

With a cover 32 which is substantially gas-tight, 
Suitable gaskets being used in bolting down the 
closure member 32. Windows 33 and 34 may 
be provided in this cover to permit inspection of 
the material Within the treating section. A source 
of illumination, indicated at 35, may be included 
to facilitate Such examination. A suction line 

2,213,38i 
36 may communicate With the upper part of thé 
treating Section 2, Such Suction line leading to a 
Suitable exhauster or Vacuum pump whereby a 
Subatmospheric pressure may be maintained 
Within the treating Section 2 ait all times. 
The Shaft 7 extending into the treating Sec 

tion 2 is not supported at its outer end, such 
outer end of the Shaft 7 being indicated at Tº 
Where it iS Shown extending into a comical die 
receiving head 40 attached to the Outer end of 
the treating section 2 aS, for example, at the 
frame 3. The Shaft 7 is provided with mixing 
blades 41, 42, etc. extending thl’ough the treat 
ing section 2. Spaced auger ellements 43, 44 and 
45 aire carried by the Shaft 7 Within the conical 
head 40. It is to be noted that the auger sections 
É3, 44 and 45 are Spaced from each other and 
thereby interrupted. The conical head 46 is pro 
vided with ports covered by covers 46, 47, etc., 
these covers being removable and adjustably held 
in position as, for example, by means of the ma 
chine ScreWS 48, 49, paSSing through slots formed 
in the covers 66, etc. Each of the covers, Such 
as the cover 46, carries an adjustably position 
able blade or pin 50, the Socket of Such pin being 
removably and attachably held by the cover 46. 
The angular position of the pin or blade 50 with 
in the cover can be changed and the longitudinal 
position of Such pin may also be adjustably varied 
by means of the machine Screws 48,43. The pins, 
such as the pin 50, extend into the conical head 
45 towards the shaft 7 and into positions between 
the Spaced auger sections, Such as the auger sec 
tions 443 and 45. 

A.S ShoWn in mOlre detail in Fig. 9, the Shaft 7 
may have a keyWay 51 cut along one Side of the 
shaft, the collar 52 of the auger section 44 be 
ing provided With an integral key, permitting 
Such auger section to be Slipped onto the Shaft. 
The end auger element 45 may be applied in a 
Similar manner &nd them retained in position by 
means of a transverse pin. 
The Clearance between the pins or blades 50 

and the edges of the adjacent auger sections 
can be readily adjusted by either adjusting the 
angular position of the pins or blades 50 or the 
adjustable holding plates 46, 47, etc. 

It is to be understood that at the end of the 
conical die-receiving head 40 a suitable die, Such 
as the die 53, is attached, the precise contours of 
the opening in such die depending upon the ob 
ject it is desired to make from the material being 
treated. 
In Order to more effectively mix material sup 

plied to the mixer section ! and in crder to cause 
a certain amount of rubbing or attrition so as to 
break up agglomerates Or larger particles, the 
mixer Section is provided With a combattached to 
Éhe inner Side of the mixing Section . Sta 
tionary comb elements are indicated at 68, 6 and 
62 and extend horizontally inwardly from that 
Side of the mixing section f which faces the ad 
jacent treating section 2. These comb elements 
aire appl'OXimately at the level of the Shaft 6 or 
Slightly thereabove. Tihe Specific position of these 
CO?hb ellements l'eferred to is employed when evel'' 
the Shaft 6 revolves in the direction of the a l'i'OW 
indicated in Fig. 3 since in this manner the mixing 
blades 21 and 22 force the material around the 
lower portion of the mixer section ! and againgt 
the stationary comb-like elements 66, 6, etc., 
preventing the material from revolving with the 
Shaft and instead producing a cutting and rub 
bing action on the material which hastens the 
mixing. 
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2,213,381 
. By reason of the varioüs stationary comb elle 
ments a larger number Of mixing blades can be 
employed. and their effectivemeSS is greatly in 
Creased. Since the revolving mixing blades ap 
prOach the CombS from the l'OWer Side and a rela 
tively Small proportion of material is forced up 
between the blades and the combs, the remainder 
of the material being positively advanced longi 
tUdinally of the mixing Section ! and tOWards 
the passageway.or: chute 30. « The space imme 
diately above the Shaft 6 : (in the open portion 
of the mixing section 3) isthus maintained rela 
tively free from material, thereby facilitating 
continuous feeding of new material to the ma 
chine. For the reasons stated, the capacity of 
the machine is greatly increased and production 
efficiency improved. J f 

: Similair stationary comb-like elements may be 
carried by the inner surface of the treating sec 
tion 2 and such comb-like elements are shown at 
65, 66 and 67. These stationary elements are 
removably attached to the side wall in any suit 
able manner. Such stationary comb-like ele 
ments also cooperate with the various mixing 
blades 42, 42, etc., carried by the shaft 7. In the 
treating section 2, not only is the material more 
positively advanced through the treating section 
but in addition when a high degree of vacuum 
exists in such treating section a larger area of 
material is subjected to the action of vacuum 
due to the relatively thin films of material which 
are extruded between mixing blades and sta 
tionary comb-like elements. The deaeration or 
degasification of the material is thereby accom 
plished very readily. 

Positioned within the passageway or chute 30 
and preferably at the near outlet from such 
passageway into the treating section 2 a screen 
68 ispositioned as shown in Fig. 3. This screen 
Subdivides the material which is forced out of 
the mixing section À through the passageway 30 
into the treating section 2 and the subdivided 
material is then carried down by the rotation 
Of the blades on the Shaft 7. : In actual Operation 
it is to be understood that the auger element 23 
forces the material against the closed end of the 
mixing section à from which position the mate 
rialis pushed by pusher means 24, 25 into the 
passageway. The Screen 68 causes the material 
to compact in the passageway so that a seal is 
established, preventing the escape of vacuum 
from the treating section 2 by Way of the pas 
sageway 30. The movement of the material 
through the passageway is facilitated somewhat 
by the Vacuum existing in the treating section 2 
So that the conjoint action of the pusher elle 
ments 24, 25, etc. and the subatmospheric pres 
sure existing in the treating section 2 assures 
movement of the material through the passage 
Way. It is also to be remembered that the com 
pacted material being extruded through the die 
by the auger elements, 43, 44, 45 forms another 
gas-tight Seal so that the subatmospheric pres 
sure maintained in the treating section is utilized 
in prOperly degasifying and deairing the mate 
rial therein. . . r » 
Reference has been made heretofore to the 

fact that comb-like elements prevent the mate 
rial from simply churning around with the mix 
ing paddle. In Order to prevent the material be 
ing treated fronn eXerting undue Wear upOn the 
interior Surfaces of the mixing and treating 
chambers, longitudinally disposed bars or ridges, 
Such as the bars 13 and ?!, may be formed on. 
the interior surfaces of the mixing chamber, 

3 
particularly allong the bottom thereof. Addi 
tional ribs 72, 73, may be formed in the dome 
cover 26. These ribs 70 to 73 cause a Small film 
of material to be retained on the Surfaces, this 
material then acting as a buffer Or film Which 
protects the Surfaces of the equipment from the 
abraSive and rubbing action of the material While 
it is being advanced by the mixing blades. The 
end of the mixing section ! (Such as the end 
formed by the frame 4) may also be provided 
with a plurality of radial ribs 75, 76, etc., these 
inwardly eXtending radial ribs preventing the 
material being mixed or treated from being 
forced against the end of the mixing section ! 
by the auger ellementS 23 and from unduly Wear 
ing or abraiding the end of the unit. A small 
amount Of material Seems to be retained between 
the ribS at all times, such Small amount of ma 
terial then acting as a buffer which protects the 
end Of the machine from further abrasion. At 
tention is also called to the fact that an auger 
Section 23’ of reverse pitch to that of auger 23 
is ShoWn positioned between the end of section i 
and the pusher ellements 24, 25, thereby prevent 
ing the material being treated from unduly com 
pacting in the end Zone of this mixer section. 

In many instances it is desired to vary the size 
Of the Openings in the Screen 68 which admit 
material into the treating section 2. In order to 
facilitate Such adjustment, a construction such 
asis shown in Figs. 5, 6 and 7 may be employed. 
It Will be noted that in this modification a sta-, 
tionary grid 78 is positioned at the outlet end of 
the passageway 30. A movable screen or grid 79 
haVing Openings of the same size as the open 
ings in the grid 78 is slidably mounted in adja 
cent relation to the grid 78. 
79is shown facing the interior of the treating 
Section 2 and is horizontally movable by reason 
of retaining guides 80 and 3. The movable grid 
19is provided with a lug 82 attached to a bar 83, 
Such bar 83 then extending upwardly to a point 
exteriorly of the treating section 2. Horizontal 
movement of the end of the bar 83 will obviously 
cause a horizontal sliding movement of the grid 
member 79 SG that the size of the openings 
through Which material may be extruded from 
the passageway 30 may be adjustably varied. 
Fig.9 shows certain details of construction of an 
adjustiment head generally indicated at 84 in 
Fig. 5. 
The frame 3 may be provided with a boss 85 

as most clearly Shown in Fig. 8, and the arm or 
rod 83 mayslidably extend therethrough. A hand 
Wheel 38 may be threadedly mounted on said 
bOSS 85, Said hand Wheel being rotatable on the 
rod 88. Rotation of the hand wheel 86 causes 
the hand Wheel to travel on the external threads 
Of the bOSS 85 and the rotatable connection be 
tWeen the hand wheel and the rod 33 imparts a 
longitudinal or axial motion to the rod 83, there 
by increasing or diminishing the size of the aper 
tures in the grid. " 

, The arrangement shown and described herein 
results in a machine having a surprisingly high 
efficiency. Power consumption per ton of ma 
terial treated is exceptionally low, this being due, 
apparently, to the fact that all important bear 
ings are maintained away from the material 
treated and are enclosed in the housing 5, and to 
the fact that the material is not permitted to 
Cling to and rotate With the Shafts but instead 
is positively advanced longitudinally at all times. 
By positioning the combs 60, 61, 62, 65, 66, 67 
above the Shaft axis and on the up-turning side 
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4 
of the Shafts and blades, a large amount of ma 
terial is retained in the bottoms of the mixing 
and treating sections and prevented from rotat 
ing. Since the material is thus retained in the 
lover section of the mixer !, the blades 21 and 
22 more effectively advance the material longi 
tudinally Of the mixer. 

Positive movement of the material from the 
mixer section ! to the treating Section 2 is aS 
Sured by reason of the auger ellements 23 and 23’. 
The remarkable efficiency of the machine iS 

also influenced by the construction of the out 
let from the treating chamber 2. It is to be 
noted that the conical die-receiving head 40 is 
of gradually tapering section and is provided 
with a. mouth or opening into the treating Sec 
tion 2, which is of Substantially the same diam 
eter as the diameter of the Shaft 7 and its aSSO 
ciated blades & !, 42, etc. AS a result, the mate 
l'ial being moved from the treating section 2 intO 
a die 53 is not pressed against or forced through 
a Small cCInstriction or opening in a fiat Wall but 
instead is gradually directed into the die 53 by 
reason of the Comical head 39. POWer is not un 
necessarily expended in forcing the material 
into the die. 

Material extruded through a die Such as the 
die 53, will be found to be of increased strength 
and free from laninations or planes of Weak 
neSS. The Superior quality of the product is 
apparently due to the thorough deaeration to 
which the material is subjected in the treating 
section 2 and also due to the fact that the auger 
elements 43, 46 and 45 are Spaced and cooper 
ate with the Stationary elements, Such as the 
element 50. 
In Ordinary extrusion or molding machines, the 

air present in the material being extruded acts 
as a lubricant between Strata, formed by unequal 
rates of flow of material at different points of 
cross section in the maSS. These strata, or thin 
layerS of air result in laminations and in an 
imperfect bonding of the material. The deaera 
tion to which the material is subjected in treat 
ing section 2 prevents Such laminations from 
forning. The Stationary e!ementS 5) further 
eliminate the possibility of forming Slippage 
planes Or laminations. In addition, the Sta 
tionary elements 53 prevent the material from 
rotating with the auger sections 23, etc., Without 
longitudinal motion. The Stationary elements 
55 insule a positive and continuous forWard feed 
ing Of the material into the die 53. 
The arrangement of mixing and treating Sec 

tions Which has been described results in an 
apparatuS Which Occupies Very little floor Space 
and Which is particulailly Well adapted for Use 
With but a single Source of power. It is to be 
noted that a Single motor or drive Shaft effec 
tively and simply drives both Sections. More 
OVel', the Specific arrangement referred to here 
inabOVe obViates the necessity of elevating the 
material to be treated to any appreciable dis 
tance above the Working level. It has been found 
that in actual practice mixing is accomplished 
Inluch I?lore l'eadily and quickly, the quality of 
the resulting product is improved and the equip 
ment i8 capable of handling a very large tonnage 
of matei'ial With a. Very Small power consump 
tion. En coi?pariSOn With previous machines, the 
3pparatuts of this invention is approximately 
One-half in length and in height. A product of 
imprOVed ch3.racter and quality is obtained even 
though the production per, horsepower hour is . 
three times that of machines previously em 

ployed. Byreason of this small size, a savingin 
labor is obtained. 
Those Skilled in the art Will appreciate that 

numerouS changes and modifications may be 
made in the machine Without departing from the 
teachingShereOf. All changes and modifications 
coming Within the Scope of the appended claims 
are embraced thereby. 

I Claim : 
1. In a device for use in mixing and treating 

Ceramic materials, the combination of: a mixer 
Of Substantially U section and provided with a. 
dome cover adjacent one end thereof, an open 
ing in the Side of Said mixer beneath said dome 
COVer, a longitudinally eXtending Shaft in Said 
mixer, mixing blades carried by the shaft, an 
auger ellement carried by the Shaft under Said 
dome cover, pusher elements carried by the 
Shaft between Said auger and the end of Said 
mixer, Said pusher ellements being adapted to 
dischalºge material through said opening; a single 
Series of horizontally and inwardly extending 
Stationary comb elements carried by the inner 
Surface of Said mixer on the side of Said open 
ing, Said elements resisting upward movement 
of material in Said mixer when the shaft is ro 
tated. 

2. In a machine of the character described, 
the combination of: a. mixer of substantially U 
Section provided With a dome cover adjacent one 
end thereof, an Opening in the bottom portion 
Of the Side of Said mixer beneath said dome 
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COVer, a longitudinally extending Shaft in Said ; 
mixer, mixing blades carried by the Shaft, Said 
blades being adapted to mix and move material 
tOWard the covered end of the mixer; an auger 
element carried by the shaft under said dome 
COVer, an auger element of reverse pitch carried 
by the Shaïti adjacent the end of the mixer, 
puSher elements carried by the shaft between 
Said Opposing auger ellements, said pusher elle 
ments being adapted to discharge material 
through Said opening; and means for rotating 
the Shaft to move material by said pusher elle 
ments through Said side opening. 

3. In a machine of the character described, 
the combination of: a mixer of substantially U 
Section provided with a dome cover adjacent one 
end thereof, an opening in the bottom portion 
of the Side of Said mixer beneath said dome 
COVer, a longitudinally extending shaft in said 
mixer, mixing blades carried by the Shaft, said 
blades being adapted to mix and move material 
toward the covered end of the mixer; an auger 
element carried by the shaft under said dome 
cOVer, an auger ellement of reverse pitch carried 
by the Shaft adjacent the end of the mixer, 
pusher ellements carried by the Shaft between 
Said opposing auger ellements, said pusher elle 
ments being adapted to discharge material 
through Said opening; means for rotating the 
Shaft to move material by said pusher elements 
through Said Side opening ; and a single series of 
horizontally and inwardly extending comb elle 
ments attached to the Side of said mixer above 
the axis of Said Shaft and adapted to cooperate 
With Inixing blades to resist upward movement 
Of Inaterial by Said blades. 

4. In an apparatus of the character described, 
the combination of: a treating section including 
a semi-circular bottom, a removable air-tight top, 
and end portions; a shaft extending axially 
through Said section, bearing and driving means 
for Said Shaft externally of said section adjacent 
One end thereo?, a comical die-receiving head con 
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