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The present invention relates to an improved
apparatus for preparatory processes, stuch as
mixing or kneading,

Certain preparatory processes are applied to
masses which are in a plastic condition, for in-
stance, plastic masses of the ceramic and rub-
ber industries and masses occurring in the known
brocesses. of making dispersions of coal and oil
free from ash, so-called “flowing coal”, and the
like. These processes involve kneading, mixing
and, in part, washing operations, the masses hav-
ing in most cases to be subdivided once or sev-
eral times during the operation in order to cre-
ate a large surface. Besides a continuous pas-
sage, the possibility of a freatment in stages and
application .of the counter-current principle are
desirable.

The present invention provides an apparatus
which may be used with advantage in such pre-

baratory processes. This apparatus comprises a *

right-handed worm and a left-handed worm ar-

ranged so that their threads intermesh. The. -

thread of each worm is in axial direction nar-
row at one end relatively to the pitch of the worm
and Increases in cross-section towards the other
end until the intermeshing threads engage so
closely that in combination with a casing sur-
rounding the worms at this end they constitute
a valveless pump. This means that at the end
of the worm the cross-section of the thread re-
mains constant during at least one turn. Owing

‘to the increasing cross-section of .the threads,

there is provided a passage whose cross-section
decreases in the axial direction of the worms
from one end (the inlet end) of the apparatus
to the other end (the outlet end). Several such
pairs of worms may be connected in series with
intercalation of perforated press plates. The ap-
paratus may also be provided with means which
allow a counter-current operation with treating
liquids. For this purpose there may be provided
means for introducing treating lquid into the
casing adjacent to.the discharge outlets and
means for discharging treating liquid .adjacent
to the inlet end of the casing whereby the mate-
rial being treated and the treating Hquid pass

" through the casing in counter-current to each
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other.

The apparatus of this invention, therefore, may
be an organic combination of twin screw con-
veyors and valveless pumps with passages of
changing volume. oo :

The accompanying drawings diagrammatically
llustrate the invention. o

Fig. 1is a right-handed worm, the correspond-
ing left-handed worm having the same profile
structure.

Fig. 2 is a right-handed worm and a left-
handed worth arranged axially,

Fig. 3 is a section through these two worms at
the inlet end and

Fig. 4 is a section near the outlet end,

Fig. 5 is an arrangement in series of several
pairs of worms. i

m—m is the axis of the worm A; a1 az a3 a4 a5
as is the helicoidal centre line of the worm
threads of the constant pitch a; a3 or az as«. The
form illustrated may be supposed to be derived
from a square-threaded worm with threads of
rectangular profile, the initial width of the thread
being equal to half the pitch. On the left hand
side of the drawings the limits are indicated by
broken lines bs’ cs’ b’ ce’ following bz ¢z, by ba
¢z €1 show half a thread which remains in the
original form, as it is required in this form for
the valveless pump-like closing at the pressure

‘end. From b2 ca onwards the upper and lower
Jhelicoidal surfaces have & wedge shaped form so

that the final limitation of the profile shown on
the left side is now bz ¢z, b4 ¢4, @s. The thread B
which remains and diminishes from the upper
part to the lower part is represented by the solid
lines b1 b2 b3 bu bs as and ¢1 ¢2 €3 ¢4 cs as.  Each of

them has a constant pitch. Such worms may he
made in a simple manner by tapering the threads:

with the aid of inclined milling cutter discs. The
cross-section of the upper part of the threads. (b,
¢1, bz, ¢2) does no longer increase, that is to say
the distance from b: to c1 is equivalent to the dis-
tance from bz to c2. If the cross-section of the
thread is kept constant in this manner for at
least one turn, several worms of this kind sftuated
parallel to each other form valveless pumps at
the parts where the threads have a constant
cross-section. - .

As’'shown in Fig. 2 such a right-handed worm
S: is now assembled with a left-handed worm Sz
made in exactly the same way. When the worm
S: rotates counter-clockwise and the worm S
clockwise, it is apparent that the narrow threads

act on the mass of material at the inlet end I of

the device, chiefly as mixing worms, whereas the
threads at the outlet end IT act as a screw pump
and thus exert considerable pressure.

be given the form of an open trough having a
hopper Q (see Fig. 3) but at the outlet IT it will
have the form of a casing surrounding the worms
(see Fig. 4). In order to better distinguish the
single parts a small space is shown between the
gears s1 and s2 and the casing P. This space does
not really exist as otherwise the chambers be-
tween the threads of the worm would not be com-
pletely separated from each other and a valveless
pump would not be formed with the casing. The
operation of this pair of worms, according to the
invention, is as follows:— i

The quantity of the mass taken up by the
screw threads in the region I is -considerably

Conse- -
quently the casing P at the inlet I will generally -

(4]
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larger than that contained by the worms at the
outlet II, which has the form of a pump. Conse-
quently, only part of the mass taken up at I will
enter the final threads at II; the other part is
more and more forced back to I by the screw
threads which do not engage closely at the inlet
and is thereby kneaded. A circulation of a part
of the mass is thus introduced in a direction par-
allel with and opposite to the conveying current
determined by the dimensions of the end of the
worm,

The assembly of the whole device is illustrated
in Fig. 5. On the two continuous lines of shaft-
ing W1 W3z, which are coupled by means of
toothed wheels Zi1 Zs, several successive pairs of
worms Si1 Sz are arranged, those of each pair be-
ing engaged in the manner indicated in Fig. 2.

The drawings show, for instance, a three-stage

construction, but it is also possible to use one pair
only or more than three. Between each of the
consecutive pairs of worms a press plate R is in-
serted which has openings of the desired cross
section. The mass to be treated is pressed
through these openings by the pump portion of
the pair of worms and then enters between the
conveyer portion of the following pair of worms.
The mass introduced through the first hopper Q
is treated, as represented in Fig. 5, in three stages
and is pressed or pumped out of the apparatus
by the last pair of worms at T. In the case shown
there is provision for causing & treating liquid to
travel in counter current to the material. - The
conduit v: is introduced near the discharge out-
let of the next to last casing. From this part the
conduit 2 leads to the corresponding part of the
preceding casing and from there & third conduit
13 leads to the inlet end of the entire apparatus.
Through these conduits v1, vz and vs the lquid
for treating Is passed through the entire device
whereby & part of the liquid during the kneading
operation is taken along by the worms and con-
ducted together with the mass to be kneaded
whereas the excess of the liquid leaves the ap-
paratus at U.

The effect of the worms provided. with a flat or
a broad passage may be enhanced by using not
only threads with a converging or tapered pro-
file, but by cutting the worms with & pitch which
becomes smaller from the inlet end to the outlet
end. Moreover, at the pumping end the threads
may be given an additional profile in any known
manner in order to improve the pumping action.
Finally at the conveying end the worms may be
perforated in order to improve the kneading ac-
tion. The arrangement of the worms may also be
used alone as a kneader with conveying action.
The principal advantage of the invention over
blade kneaders and mixing worms lies In the pos-
sibility of combining mixing, kneading by dis-
placing action and mere pumping action in one
and the same device.

We claim:—

1. A kneading apparatus comprising a casing,
right-handed and left-handed worms arranged
in the casing so that the threads of the worms in-
termesh, the threads of the worms being of con-

stant pitch, the cross-sectional area of the

threads of each worm gradually increasing from
the inlet to the outlet end of the casing, whereby
the threads of the worms are relatively widely
separated at the inlet end and closely spaced at
the outlet end, the worms and casing forming &
valveless pump at the ouilet end of the casing.

2,186,264

2. A kneading apparatus comprising a casing,
a right-handed and a left-handed worm arranged
axially in the casing so that the threads of the
worms intermesh, the threads of the worms being
of constant pitch, the cross-sectional area of the
threads of each worm gradually increasing from
the inlet end to the outlet end of the casing
whereby the threads of the worms are relatively

widely separated at the inlet end and closely |

spaced at the outlet end to provide a passage of
decreasing volume from the inlet point to the
outlet point, the worms and casing forming a
valveless pump at the outlet end of the casing.

3. A kneading apparatus comprising a casing,
several pairs of right-handed and left-handed
worms arranged axially in series in the casing so
that the threads of each pair of worms intermesh,
the threads of the worms of each pair being of
constant pitch, the cross-sectional area of the
threads of each worm gradually increasing from
the inlet end to the outlet end of the casing
whereby the threads of the worms are relatively
widely separated at the inlet end and closely
spaced at the outlet end of each pair to provide
a passage of decreasing volume from the inlet
point to the outlet point, the worms and the cas-
ing forming a valveless pump at the outlet end
of each pair of worms.

4. A kneading apparatus comprising a casing,
several pairs of right-handed and left-handed
worms arranged axially in series in the casing
so that the threads of each pair of worms Infer-
mesh, perforated press plates interposed between
each pair of worms, the threads of the worms
of each pair being of constant pitch, the cross-
sectional ares of the thread of each worm gradu-
ally increasing from the inlet end to the outlet
end of the casing whereby the threads of the
worms are relatively widely separated at the in-
let end and closely spaced at the outlet end of
each pair to provide a passage of decreasing vol-
ume from the inlet point to the outlet point, the
worms and casing forming a valveless pump at
the outlet end of each pair of worms.

5. A kneading apparatus comprising a casing,
several pairs of right-handed and left-handed
worms arranged axially in series in the casing so
that the threads of each pair of worms inter-
mesh, an inlet for material to be treated at one

"end of the casing and a discharge outlet for

treated material at the opposite end of the cas-
ing, perforated press plates interposed between
each pair of worms, the threads of the worms of
each pair being of constant pitch, the cross-sec-
tional area of the thread of each worm gradu-
ally increasing from the inlet end to the outlet
end of the casing whereby the threads of the
worms are relatively widely separated at the inlet

- end and closely spaced at the outlet end of each

pair to provide a passage of decreasing volume
from the inlet point to the outlet point, the worms
and casing forming & valveless pump at the out-
let of each pair of won .s and means for intro-
ducing treating liquid into sald casing adjacent
to said discharge outlets and means for discharg-
ing treating liquid adjacent to the inlet end of
the casing whereby the material being treated
and the treating liquid pass through the casing
in counter-current to each other.
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