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The present application is a continuation-in-part of my 
application Serial No. 592,472 ?led on June 18, 1956. _ 

This invention relates to mixers, process machines and 
extruders both with continuous operation and with inter 
mittent operation on some predetermined cycle of opera 
tion, as occurs for example in injection moulding of plas 
tics. Similarly it relates to chemical process machines in 
which reactions take place under controlled conditions 
of shear-working, heating or cooling through the walls of 
the machine, pressure, and the like. 

In considering mixing, distinction is made between “ex 
tensive” mixing which covers dispersal of materials in any 
aggregate state; and on the other hand ‘intensive” mixing 
which covers shear working mainly. Intensive mixing is 
generally applied to media in the liquid, plastic or semi 
solid state which are already at least in part dispersed 
among themselves or have admixtures say of powders, 
such as for example, plastics, clays, ?lter cakes, doughs 
and the like. As far as solids are concerned, for instance, 
powders already inter-mixed to some degree or some 
granular or powdery aggregate by itself, the equivalent of 
such “intensive” mixing will be considered to be shear 
grinding between suitable surfaces of a machine. 
While both extensive and intensive mixers in general 

comprise a casing and a component or components in 
side it adapted for relative motion, the distinction between 
machines for these two purposes is clear. An extensive 
mixer is built so as to have no zones where operative sur 
faces of components pass one another at close clearances 
and/ or at high relative speeds. Where due to the nature 
of the machine such zones are unavoidable, they are made 
as small as possible (for example where screws are in 
volved, their lands will be made as narrow as possible). 
For intensive mixers, on the contrary, zones in which 
operative surfaces pass one another at small clearances 
and/ or at high relative speeds are made as large as possi 
ble relative to the operative volume of the device as a 
whole. 
The present invention more particularly relates to in 

tensive mixers. 
Intensive mixers at present available are essentially of 

two kinds: ?rstly, colloid mills which have a very sub 
stantial proportion or all of their hold-up volume forming 
the zone of intensive working. This makes them suitable 
only for very high rates of shear application if worth 
while throughputs are to be obtained, or more generally 
speaking, this feature of their construction ties up the 
throughput with the rate of application of shear work. 
This restricts their ?eld of operation to materials of rela 
tively low viscosity, emulsi?cation applications and the 
like, while for example the intensive working of doughs 
or ?lter cake cannot be contemplated in colloid mills un 
less it is intended to liquefy them. Secondly, there are 
intensive mixers in which a larger proportion of the hold 
up volume does not form a zone of intensive mixing, such 
as Sigma-Blade Mixers (essentially batch mixers), various 
screw type devices mainly with two screws on parallel 
shafts (which may be batch or continuous devices) or 
mixers having eccentrically moving rubbing components, 
to form travelling zones of intensive mixing with the suit 
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ably shaped wall of the ‘casing. These mixers all operate 
statistically in the application of the shear work they do 
on the throughput, that is, some layers of the through 
put have far too much work done on them, other layers 

' get too little work done on them, and in order to achieve 
a required average or to make sure that ‘all layers have 
had at leastsome intensive mixing, far more mechanical 
work has to be done than would be required to give every 
layer the predetermined amount of shear mixing. In 
these mixers, in consequence, the layers which have been 

> least worked prove the weak spot in the resulting material 
while the layers which are worked many times prove the 
limiting factors on operating conditions which can be ap 
plied, for example on account of local over-heating. 
To illustrate this, consider a conventional or a high 

speed plastics extruder although this is only an intensive 
mixer unintentionally in the zones of very small clear 
ance between the lands of the screw and the barrel sur 
face. In running such an extruder adiabatically (with 
out external heat input), it has not proved possible to ob 

>- tain a melt of a practically useful uniformity which has 
not also a temperature considerably in excess of the mini 
mum melt temperature, so that such extruders cannot be 
run “cool,” as is useful for certain applications. Further 
more attempts to control the output temperature mate 

_ rially affected the rate of output. All these factors prove 
severe limitations on practical operation. 1 

Objections'of a similar nature apply to much of the 
mixing proceeding‘ in the chemical industry generally, 
where often a batch‘ mixing step is interposed into other 
vwise continuousrprocess lines when intensive mixing or 
working is required, to the detriment of the process as a 
whole. , 

It is an object of this invention to provide apparatus for 
intensive mixing which is free from some or all of the 
above drawbacks. ' 

It is an object of this invention for intensive mixers 
having a hold-up volume which is generally larger than 
the zone or zones of intensive mixing, to provide a mixer 
in which all or a predetermined proportion of ?ow layers 
of a predetermined thickness are subjected to shear mix 
ing of a required intensity in one pass. 

It is a further object of the invention to provide such 
apparatus in which'the rate of shear working can be 
adjusted, possibly during operation of the device, with 

.. minimal in?uence on the rate of throughput. 
To achieve some or all of these objects, the present 

invention provides forvthe method having the steps of 
transporting a medium which may consist of a plurality 
of constituents, in a ?rst helical groove, the step of exud 

‘ ing the said medium continuously over one side of the said 
elical groove, the said groove thus acting as a giver 

groove and the side surface of said giver groove forming 
a land of some width to the adjacent turn of the same 
or another giver groove, the step of sweeping the said 
layer between the said land of said giver groove and a 
relatively moving land of a second helical groove facing 
the said ?rst groove and forming a taker groove, the step 
of intensively shear-working the said layer between the 
said relatively moving lands, the step of discharging said 
layer into the said taker groove and the step of transport 
ing the said medium in the said helical taker groove, 
characterized in that the said lands of said helical giver 
and taker grooves are of at least the same order of width 
as the said grooves themselves, whereby to work substan 
tially all the layers exuded from the said giver groove 
through the preset gap between the said‘coroperating 
lands. 

I Apparatus to carry the said invention into effect may 
comprise an exterior component having an internal operat 
ing surface provided with a helical thread ‘and an interior 

‘ component having an external operating surface provided 
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with ia helical thread of different direction but substan 
tially co~axial with said helical thread on said internal 
operating surface, the said helical threads facing one an 
other and de?ning a passage for a medium to be mixed; 
the envelope de?ned by the crown of the thread on the in 
terior component being within the envelope de?ned by the 
crown of the thread on the exterior component and at a 
clearance therefrom, and the cross sectional areas of the 
grooves of the said facing threads varying in opposite 
senses between a maximum and a minimum’ value for 
each of the said threads along substantially the same 
length of the said passage; whereby when in operation the 
said medium moves along the said passage, portions there 
of are successively transferred between the grooves of the 
said facing helical threads as giver and taker respectively; 
the said apparatus being characterized in that the crowns 
of the said threads conform at least in part to sections of 
frusta of cones having substantially the same apex angle, 
the said crown or land being individually of a width at 
least equal to the width of the corresponding helical 
groove, whereby substantial surface areas at predeter 
mined clearance'for shear work on portions of the said 
medium are formed between the said lands. Such ap 
paratus may comprise means for effecting adjustment of 
relative position along the said common axis of the helixes 
between the two components, for adjusting the clearance 
between said lands. 

In such apparatus the minimum values of groove cross 
sections for each of said helical threads may be zero and 
the said threads may be of opposite hands. One or the 
other or both of the said components may be mounted 
to be rotatable and means maybe provided for driving 
the same, or- at least a‘section of one or both of said com 
ponents may be mounted to be rotatable and driven. 

Such apparatus may comprise an exit means with a 
valve-means for intermittent opening and closing of the 
said exit and it may generally be provided with entry and/ 
or exit means adapting it for 7continuous or for batch op 
eration. 

In ‘alternative embodiments the said envelope to the 
crowns or lands of the said threads may be cylindrical 
for permitting axial relative displacement of the said 
components without change of clearance. 

In yet another embodiment the conical interface be 
tween ‘the lands of the said helical may have an apex 
angle approaching 90° or even equal to 90° so that the 
said conical interface becomes a ?at plane. 

In preferred embodiments of this invention, the helix 
angle of the helical'groove in the rotating and driven 
component, at ‘least, is'between 45 ° and 90°, where by 
helix angle is meant the angle between a tangent to the 
helix and a plane through the axis of the helix at this 
tangent position. 

This invention also comprises systems of cooperating 
male and female screws generally as described above, 
but modi?ed in that one screw has lands which are nar 
rower than the groove or grooves thereof. In that case 
the co-operating screw, having land or lands broader than 
the groove-or grooves thereof, is speci?cally adapted for 
heat transfer therethrough, on account of its broad lands 
being continually swept by the narrow lands of said co 
operating screw ‘to provide intensi?ed heat transfer with 
each layer of ‘the material being transferred from giver 
t-o taker. 
The invention will be described by way of example and 

in some detail with reference to the accompanying draw 
ing, in which: 

FIG. 1 is a diagrammatic section through an intensive 
shear-working machine of this invention. 

FIG. 2 is an alternative detail of the embodiment of 
FIG. -1 showing a single start male screw con?guration. 

. FIG. 3 is an alternative detail of the embodiment of 
FIG. l-showing a double-start male screw con?guration. 
FIG. 4 is an alternative detail of the embodiment of 

FIG; 1, showing a single-start female screw con?guration. 
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FIG. 5 is an alternative detail of the embodi 

FIG. 1 showing a double-start female screw con?gsraticn. 
PEG. 6 is a diagrammatic section of screws a modi~ 

?cation of the machine of PEG. 1 showing the relative 
position of the screws for a large clearance. 

PEG. 7 is a diagrammatic view of a similar modii ca 
tion with the female screw transparent to enable the oper 
ation of the device to be visualized. 
FIG. 8 shows a modi?ed embodiment of the invention 

in side elevation and partly in axial section. 
The shear working device shown in FIG. 1 comprises a 

shaft l. which is rotatably mounted in a casing Z, by 
means of a bearing and drive shaft assembly 8, the whole 
being mounted on a common base 17. The apparatus 
comprises a feed section 3 and the shear-working section 
62 as well as a convenient outlet—section, say an extrusion 
die 5, following the working section In this example, 
the feed~section is shown to comprise the helical thread 
6 on shaft 1 while the casing 2 provides the cylindrical 
surface for helix s to rotate in, and also the hopper 7 for 
feeding a material to be worked. The whole feed-section 
is mounted and operated as is, for instance, well known 
in plastics extruder practice. 
The working section 4- according to this invention com 

prises a screw-thread 9 on screw 1 which has land iii 
which is wider than the groove 11 and which from the 
entry to the exit of section 4 reduces from a maximum 
groove cross-sectional area to substantially zero groove 
cross-sectional area. Corresponding to this, the casing 2 
has a female screw-thread l2, likewise having land 13 
which is wider than groove 34 and which is of opposite 
hand to the thread 9 of the male screw. The female 
thread increases from Zero groove cross-sectional area to 
a maximum groove cross-sectional area from the entry to 
the exit of the working section 4. The interface 15 be 
tween the male and female threads is of frusto-conical 
shape and there is a clearance 16 between opposite lands 
of the male and female helix. The screw bearing assem 
bly 8 is mounted on a carriage 1'8 which can be screwed 
along the base 1'7 by screw device 19, actuated by hand 
wheel 29. Drive 21 is also adapted to permit axial dis 
placement of shaft 1 whereby the clearance in between 
the screws can be adjusted. 

PlG. 2 shows an alternative detail of screw 9 in work~ 
ing section 4 having land 28 and groove 2? whose ratio of 
widths (landto-groove) is larger than shown for the land 
1% and groove if. of FIG. 1 and in which the groove is of 
more rounded pro?le. As in the embodiment of FIG. 1, 
the helix is a single-start one of pitch :1. 
FIG. 3 shows a male screw 9 in the working section 4 

which is a second alternative detail for FIG. 1. Here the 
natio of widths of lands 34} to groove 3} is the same as 
it is in FIG. 2, but in which the helix is a two-start one 
whereby the pitch t2 of each single helix is double the 
pitch :1 of FIG. 2. 

FIG. 4 shows an alternative detail of part of the casing 
2 of PEG. 1, comprising a half of the working section 4 
which is split longitudinally along ?ange 22 so that two 
halves can be bolted together through bolt-holes 23 to 
form a complete section 4. The two halves are so shaped 
as to form a continuous single-start female helix 12 hav 
ing a land 34 and groove 35 of the same width-ratio as 
the male screw of FIG. 2, to which it is opposite handed 
and with which it is intended to co-operate. 
FIG. 5 shows an alternative detail similarly as FIG. 4, 

but in which the female helix 12 is double-start, having 
lands 36 and grooves 37 of the same width-ratio as the 
male screw of FIG. 3 to which it is of opposite hand and 
with which it is intended to co-operate. 

FIG. 6 shows a detail of the operative parts of a modi 
?cation of the machine of PEG. 1 with the male screw 
withdrawn axially in order to provide a large clearance 
16. 

FIG. 7 shows diagrammatically a working section 4. 
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comprising double-start male and female screws, such as 
for example those of FIGS. 3 and 5, but where for the 
sake of clarity the view is drawn as if the casing 2 were > 
transparent, the grooves of the female screw being shown 
dotted. ' 

Considering now the different parts of the screws which 
lie opposite one another: 38 represents the crossing of the 
land 28 of the male screw and of the land 34 of the 
female screw; 39 represents the crossing of the male 
groove 29 and of the female groove 35; 4% represents the 
crossing of the groove 29 of the male screw with the land 
34 of the female screw; and 41 the crossing of the land 
28 of the male screw with. the groove 35 of the female 
screw. The crossing areas 38, 39, ‘40 and 41 thus repre 
sent all the combinations, and recur all along the frusto 
conical interface 15 between the screws. _ ' 

In operation, with the inner screw 1’ rotating as ‘Indi 
cated, the .direction of flow in its helical grooves 18 as 
indicated by the black arrows, while the direction of ?ow 
in the helical grooves of the stator (female) is as indicated 
by the dotted arrows. As the grooves in the rotor (male) 
reduce in cross-sectional area, the material, say a viscous 
?uid, in these grooves has to enter the clearance 16 and 
in the narrow slot formed by the clearance between the 
opposite lands it has to ?ow by “drag-?ow” in the circum 
ferential directions, as indicated by the small arrows. 
The geometry of the screw can be so calculated, includ 

ing a certain value of the clearance 16, that the circum 
ferential drag-?ow between the lands in areas 38 equals or 
exceeds by a required amount the total forward ?ow in 
the screw-system. Thereby it is made certain that ‘every 
layer of the ?ow through the working section 1s subjected 
to the intensive shear-working which the material is given 
in the areas 38 between opposite lands. 
this shear-working can be controlled ?rstly by the speed 
of rotation of the male screw, and secondly, by the ad 
justment of the clearance. This second‘ adjustment is 
more important as it permits regulation of the shear work 
input to some degree independently of speed and hence of 
throughput. 
As the shear-working proceeds in “enforced order,” 

every layer of a predetermined thickness (i.e. of clearance 
as set) being given a predetermined amount of shear 
working and no more, this enables the total sheariwork to 
be put in for a required purpose to be kept to a minimum, 
thus leading to most economical operation and also per 
mitting minimum heating, as is required for many appli 
cations. This has been proved in practice on plastics ex 
truders operating adiabatically, ie without external heat 
being put in. In these extruders, an intensive working 
section corresponding to section 4 on FIG. 1 was provided 
following a screw section adapted for melting the plastics 
granules to a large degree. In this application, it proved 
possible and practicable to vary the outlet temperature 
of the molten plastic by practically useful amounts only 
by adjusting the clearance, leaving the rotational speed of 
the screw unchanged. ‘ 

If the co-operating male and female screws do not vary 
between full and zero groove cross-section, but between 
some maximum and minimum values thereof, only a pre 
determined part of the ?ow is subjected to intensive mix 
m . 

gBetween the different male and female screws shown in 
FIGS. 2—5, different effects of compression and decom 
pression can be achieved together with the mixing for 
the case of viscous ?uids being dealt with. 
For example, the combination of the male screw of FIG. 

2 and of the female screw of FIG. 4, as also the combina 
tion of the male screw of FIG. 3 and of the female screw 
of FIG. 5, will not result in any particular compression 
or expansion effects as the screws are of matched pitch 
and in each case of the same number of starts. 
However, combining the double start male screw of 

FIG. 3 with the single start female screw of FIG. 4 will 
result in considerable compression as the double start 
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male screw of bigger pitch transports in its ‘groove con 
siderably more material than the single-start, smaller pitch 
female screw, for the same relative rotational speed. 

Conversely, combining the single start male screw of 
FIG. 2 with the double start female screw of FIG. 5 will' 
result in decompression in the female screw grooves, as 
they tend to transport more material for the same relative 
speed of rotation between the screws. 
FIG; 8 shows a modi?cation of the apparatus of FIG. 1 

in a side-elevational, partly axially sectional view. The 
internally threaded barrel of the mixer seen in FIG. 8 
consists of four sections 61, 62, 63, 64. Section 61 is 
stationary and includes a hopper 65 so that it constitutes 
a feed section. The annular sections 62, 63 are rotatable 
about the common axis of the several barrel sections and 
are equipped with respective circumferential worm gears 
66, 67 meshingly engaging Worms 68,69. The shafts 
70, 71 of the worms permit the barrel sections 62, 63 to 
be individually driven in the same direction, preferably 
the direction of the leads of their threads, but at different 
peripheral speeds. 

Annular glands 72, 73, 74 ‘arranged on the feed sec 
tion 61, the rotatable section 63, and the axially terminal 
stationary section 64 provide seals between the several 
adjoining sections. _ 

The screw 80 of the mixer is mounted on a shaft 81 by 
means of which it may be rotated. The portion of the 
screw 30 within the feed section 61 de?nes a substantially 
cylindrical envelope, and the grooves of its threads are of 
uniform depth, and of substantially uniform cross sectional 
area over a major portion of the feed section length. In 
the annular rotatable barrel section 62, the cross sectional 
area of the threads on the screw 80 varies in an axial 
direction away from the hopper'65 from a maximum to 
substantially zero, while the thread grooves on the barrel 
vary in cross sectional area from substantially zero to a 
maximum in the same direction. Within the second ro 
tatable barrel section 63 and the terminal section 64, this 
relationship is reversed. 
The thread grooves on the barrel sections 61, 62, 63,, 

64 and on the screw 80 complement each other to form 
a continuous‘ passage for a medium to be mixed. The en 
trance of the passage is at the hopper 65, and the exit 
end at a flange 82 to which a discharge conduit may be 
attached in a manner apparent from FIG. 1. 
The shaft 81 together with the worm 841 may be shifted 

axially in the manner evident from FIG. 1 to vary the 
spacing of the substantially conical faces of the screw 80 
and of the barrel section in a different manner in a ?rst 
portion of the barrel consisting of sections 61, 62, and in 
a second barrel portion consisting of sections 63, 64, the 
feed-section provides a cylindrical surface on the casing 2 
for the screw 1 to rotate in and also the hopper 7 for 
feeding the material in. The whole feed-section is mount 
ed and operated as, for example, is well known in plastics 
extruder practice. ‘ 

The heat transfer section 44 comprises a screw-thread 
on screw 1 which has narrow lands 50 and relatively wide 
grooves 51. From the entry to the exit of section 44 the 
grooves reduce from a maximum cross-sectional area to 
substantially zero cross-sectional area in the screw 1. 
Corresponding to this, the casing 2 has a screw-thread 
52, having contrariwise lands 53 which are wider than 
the grooves 54 and which thread is of opposite hand to 
the thread of the male screw 1. The interface between 
the male and female threads is of frusto~conical shape and 
there is a clearance 56 between opposite lands of the male 
and female helices. A device as shown, for example on 
FIG. 1 enables the screw 1 to be displaced axially relative 
to casing 2 whereby the clearance 56 can be adjusted. 

It will be noted that the screw threads are both single 
start, but that the female screw thread 52 has a much larg 
er pitch. 

58 indicates heating or cooling elements arranged in 
casing 2. 
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In operation, the material to be'heated or cooled, hav 
ing entered through hopper '7, is transferred in the heat 
transfer ‘section 44 from the male into the female screw. 
This proceeds layer by ‘layer, which layers are each indi 
vidually smeared across the wide lands 53 of the female 
screw where they take intensive part in the heat transfer, 
and then collect in the grooves 54. Grooves 54, having a 
large pitch, transport the material-if- it is viscous-for 
ward at a greater speed of flow than in the male screw, 
so that its contact with the heated or cooled sides of the 
grooves is minimised, and it is quickly discharged. For 
granular material, such as plastics being melted, the broad 
lands of the female screw also impose a certain compres 
sion which aids melting. The layer by layer treatment 
makes the heat transfer uniform, and by keeping up the 
temperature-difference through the wall, makes the heat 
transfer more intensive than it could be if the layer just 
having taken part in the heat transfer was not removed 
from the wall. The adjustability of the clearance makes 
it possible to adjust for the thickness of layer being taken 
off the wall. Alternatively, in case of wear, it enables 
increases oflclearance to be taken up so that a required 
thickness of layer can be removed from the heat transfer 
ring lands. 

I claim: 
1. In apparatus for intensive mixing, a barrel com 

ponent and a worm component co-axial with said barrel, 
said barrel having an inner and said Worm having an outer 
helical thread each with lands between adjacent thread 
groove convolutions so that the lands are of at least 
equal width as said grooves and the lands of the Worm 
face the lands of the barrel, said threads being of differ 
ent lead at least in direction, the cross-sectional areas 
of opposite thread groove, portions varying the one from 
a maximum to a minimum value and the other one from 
a minimum to a maximum value so that said portions 
complement each other to form a continuous passage hav 
ing an entrance and an exit end for the medium to be 
mixed, the lands of said barrel thread being located 
on a ?rst conical surface and the lands of the worm thread 
being located on a second conical surface parallel to the 
?rst one, said Worm being adapted to be axially shifted 
in relation to said barrel thereby to vary the spacing 
of said surfaces from each other, at least one of said com 
ponents being rotatable in the direction of the lead of its 
thread, so as to convey the medium towards said exit end. 

2. In apparatus for intensive mixing, a barrel compo 
nent and a worm component co-axial with said barrel, said 
barrel having an inner and said. worm having an outer 
helical thread each with lands between adjacent thread 
groove convolutions- so that the lands are of at least equal 
width as said grooves and the lands of the worm face the 
lands of the barrel, said threads being of opposite leads, 
the cross sectional areas of opposite'thread groove por 
tions varying the one from a maximum to substantially 
zero-‘and from substantially zero to a maximum value and 
the other one from substantially zeroto a maximum value 
and from that maximum value to substantially zero so 
that said portions complement each other to form a con 
tinuous passage having an entrance and an exit end for 
the medium to be mixed, the lands of. said barrel thread 
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being located on a ?rst conical surface and the lands of 
the worm thread being located on a second conical sur 
face parallel to the ?rst one, said worm being axially 
shiftable in relation to said barrel thereby to vary spacing 
of said surfaces from each other, at least one of the 
components being rotatable in the direction of the lead 
of its thread so as to convey the medium towards said 
exit end. 

3. An apparatus as in claim 1, said barrel being com 
posed of a plurality of annular sections axially adjoin 
mg one another, a plurality of driving means for rotating 
said sections, respectively, in the same direction but with 
different peripheral speeds, and a gland between each two 
adjoining sections of the barrel. 

4. An apparatus as in claim 1, said barrel being com 
posed of a stationary section including a feeding hopper 
and a plurality of rotatable sections in co-axial alignment, 
a plurality of driving means adapted to rotate said rotat 
able sections in the same direction but with different 
peripheral speeds, and a gland between the stationary 
section and the adjoining rotatable section and another 
gland between each two adjoining rotatable sections. 

5. An apparatus as in claim 1, wherein said conical 
surfaces taper towards said exit end. 

6. An apparatus as in claim 1 wherein respective por 
tions of the threads on said components are connected in 
co-axial alignment to one another. 

7. An apparatus as claimed in claim 1 wherein said 
barrel and said worm are rotatable in the directions of 
the leads of their threads, respectively, so as to convey 
said medium towards said exit end. 

8. An apparatus as claimed in claim 1 wherein said 
barrel and said worm are rotatable in the directions of 
the leads of their threads, respectively, said barrel being 
composed of a plurality of annular sections axially ad~ 
joining one another, a plurality of driving means for ro 
tating said sections, respectively, in the same direction but 
with different peripheral speeds and a gland between each 
two adjoining sections of the barrel. 

9. An apparatus as claimed in claim I wherein the 
helical thread whose groove portion is ?rst of reducing 
cross-sectional area and which is rotated has a greater 
pitch than said helical thread of said other component, 
whereby to effect compression of said medium being in 
tensively mixed. 

10. An apparatus as claimed in claim 1 wherein the 
thread whose groove portion is ?rst of reducing cross 
section and which is rotated has a smaller pitch than said 
helical thread of said other component, whereby to effect 
decompression of said medium being intensively mixed. 

References Cited by the Examiner 

UNITED STATES PATENTS 

2,183,959 l2/39 Dunsheath. 
2,547,151 4/51 Braeseke __________ __ 25-44 X 
2,744,287 5 / 56 Parshall et al. 

WALTER A. SCHEEL, Primary Examiner. 

I. S. SHANK, Examiner. 


