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1

This: invention relates to milling methods and
apparatus and refers more particularly to the
cold. milling of soap. The copending applica~
tion of Donald E.:Marshall, Serial No. 129,942,
filed November 29, 1949, dealt with the origi-
nal system . in which a high speed: earrier-band
is passed through-a closely fitted milling or.con-
version - channel. The present invention -deals
with several modifications: of this earlier sys-
tem which provide new degrees of effectiveness,
new functions. gnd: generally extends the appli-
cation. of the system into wider fields as well
as: inereasing ‘the’capacity of the system: for cer-
tain materials.

As-in the aforesaid copending application, the
purpose of this invention is to refine the physi-
cal properties-of cold milled . soap by subjecting
the:soap in its-solid state to shearing and com-
pacting “forces of an entirely unprecedented. in-
tensity rand: to :do so without developing de-
‘structive heating: of. the:-mass undergoing treat-
ment.

Anocther singular gspect of this invention re-
sides in the fact that: despite the unprecedented
intensity . of the.shearing and compacting forees
to ‘which the soap:is subjected. and the conse-
quent high-degree of viscosity obtained thereby,
aeration, if ‘desired, may be obtained concom-
itantly with the shearing and compacting.

Those skilled in the art of sodp making have
long recognized the "desirability -of high: -viscos=
ity or hardness as a.measure of physical refine=
ment, since through it better appearance, finer
texture and. less wastefuliiess are obtained.
Small. particle ‘size, and’ particle nearness: re-
ferred to in the aforesaid copending application
as;an-ultra-microcrystalline state; is the key to
high: viseosity, but no ione heretofore has ever
dchieved these high. viscosities by ‘milling ‘alone
in::a manner conipatible with. commercial soap
‘production.

In 1941 Russian -experintenters purportedly
converted: unadulterated milled soap so as' to
shiow traces of :transparency arid. thus possess
the desired small particle size;. by repeated.cold

10

13

20

30

35

40

45

roller milling (about five times that given to -

ordinary cold milled soap); but this process:is
limited. to moistures: above: twelve  percent
12%>)., does:not aerate and has not been. com-
mercially acceptable. The only other known at~
tainment of small particle size to the point of
transparency .involved the use of adulterants
such .as sugar solution,. glycerin,. resin, castor
oil, ete. These adulterants added to soap in
the molten state inhibit crystdl formation. and
permit super cooling of the soap mass with. par-
ticles thereof in the colloidal range (less fhan
¥ micron).

This invention achieves its. objective in g coti-
mercially” practicable manver by o ‘unique

60
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method of milling by whieh the unadulterated
soap ranging in moisture content from five per-
cent (6%) to seventeen percent (17%) in the
solid: state is subjected to an extremely fast-
acting and powerful -shearing and compacting
force for but for a brief instant so that the de-
sired .fine particle subdivision and compacting
is obtained without appreciable heating of the
soap. Also aeration and dispersion of the air
in the soap may be accomplished during this
high speed action thhout requiring a closed
system.

Stated broadly, the method by which this in~
vention achieves-its purpoese involves first form-
ing the soap into a film-like sheet and. then
quiekly acting upon the sheet by means of a
bhand travelling at high: speed and dontacting
one side of the sheet to.-move the surface layer
at said side of the sheet'relative to the surfiace
layer at the opposite side-of the sheet at a speed
sufficiently .great so that: inertia; effects fine sub-
dividing ‘and compacting of particles through-
out the mass of material eomprising the sheet.

The apparatus for carrying out this method
comprises relatively movable complementary
milling” members-having closely adjacent milling
surfaces of substantigl area defining therebe~
tween s shearing and compacting zone:-through
which. the soap material to ‘be milled passes at
relatively high speed as a film-like sheet and in
its passage through said zone has extremely
high:speed-motion imparted to the surface’ ldyer
at one side thereof reldtive to its: other surfdce
layer, -and crosswise -¢f the direetion in which
the:sheet passes through the shearing and com-
pacting zone.

‘In. its preferred: form. the @pparatus -makes
use of the high speed shearing effect of an-erid=
less- band trained: sbout a- pair of pulleys .one
or both- of which are driven at high speed,snd
which drive the band through an extremely
narrow milling slot. or orifice. through: which the
miteridl to be milled is force -fed, crosswise of
the band, and brought into shearing contact
with. both: sides of the band. Not only is the
band employed to shear and eonipact the:sodp;
but it is also used to carry sufficietit-air, ddhei-
ing ds a film to the- surfaces: of ‘the:band,. into
the milling orifice for -gerdtion: of thé: soap if
desired. Congestlon and gderation -grooves in
the walls of the miilling orifice  may be- provided
to- cause occlusion and dlspersmn in- ‘the sodp
of the air brought into the mllhng orifice by the
high speed band.

As will appear ‘more filly Hereinzfter; - this
manner of effecting shearifig -and compacting
has-a very important advantage from' the stand-
point of dissipation of the heat ‘generated 'in
the-process. The extreme high ‘speed -at which
the ‘shearing actioit ‘takes ‘place minimizes the
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amount of heat produced, and that heat which
is generated is carried away by the band and/or
the walls of the milling orifice before it can
have any destructive effect upon the material.

With the above and other objects in view,
which will appear as the description proceeds,
this invention resides in the unique method and
apparatus substantially as hereinafter described,
and more particularly defined by the appended
claims, it being understood that such changes in
the precise embodiment of the hereinafter dis-
closed invention may be made as come within
the scope of the claims.

The accompanying drawings illustrate several
examples of the physical embodiments of the in-
vention constructed in accordance with the best
modes so far devised for the practical applica-
tion of the principles thereof, and in which:

Figure 1 is a side elevational view of a band
converter embodying the pr1n01ples of this in-
vention;

Figure 2 is a plan view of the apparatus shown
in Figure 1;

Figure 8 is an enlarged longitudinal sectional
view taken through Figure 2 along the plane of
the line 3—3 and illustrating the manner in
which the material to be milled is fed through
and removed from the milling zone;

Figure 4 is a perspective view diagrammati-
cally illustrating the manner in which milling is
accomplished;

Figure 5 is a cross sectional view taken through
Figure 1 along line 5—5§;

Figure 6 is a cross sectional view taken through
Figure 1 along line 6—6;

Figure 7 is gn enlargement of a portion of Fig-~
ure 5 showing slightly modified details of the
parts in the milling zone;

Figure 8 is a greatly enlarged sectional view
taken through Figure 3 along the plane of the
line 8—8 and showing the congestion and aerat-
ing grooves in the sides of the statlonary milling
members;

Figure 9 is g diagrammatic view showing the
grooved configuration on the surfaces of both
stationary milling members thrown open and
with the milling band edgewise therebetween;

Figure 10 is a view showing a pair of knives
acting on the milling band to scrape soap from
the sides thereof after leaving the milling zone;

Figure 11 is g view similar to Figure 3 illus-
trating a modified form of feeder for forcing ma-
terial to be milled through the milling zone;

Figure 12 is a cross sectional view through
Pigure 11 taken along the plane of the line
{2—12;

Figure 13 is a detail sectional view  taken
through Figure 11 along the plane of the line

13—13; ‘

Figure 14 is a side view of the flake ploduced
by the conversion of soap by the apparatus of
this invention;

Figure 15 is a view of the opposite side of the
flake shown in Figure 14;

Figure 16 is an enlarged cross sectional view
on the order of Figure 7 but showing the use of
unegrooved milling surfaces on the stationary
milling elements;

Figure 17 is a fragmentary perspectnve view
of the milling elements seen in Figure 16 but
showing the same separated;

Figure 18 is a view of a modified milling band

Figure 19 is a view partly in side elevation and
partly in section illustrating a rotary milling
apparatus embodying the principles of this in-
vention;
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‘Figure 19a is a fragmentary sectional view
showing a modified version of the rotary type
mill shown in Figure 19;

Figure 20 is a view partly in side elevation and
partly in section showing a special viscosity test-
ing apparatus; and

Figure 21 is an enlarged sectional view of a
portion of the apparatus seen in Figure 20.

In general the method of this invention com-
prises forming the goap material to be milled
into an exftremely thin sheet or film of between
.001 and .015 of an inch in thickness. This sheet
is force fed edgewise through g slit-like extru-
sion orifice and while it passes therethrough mo-
tion is imparted to the surface layer at one side
of the sheet relative to the surface layer of ma-
terial at the opposite side of the sheet at a speed
high enough to effect subdividing and compact-
ing of particles throughout the mass of the ma-
terial comprising the sheet.

In this method it is essential that the feed and
the relative motion between the surface layers
of the sheets be at a rate sufficiently high to use-
fully employ the churning of the mass of the ma-
terial comprising the sheet for the subdivision
and compacting of particles in the mass of the
material, and to also avoid temperature rise in
the mass to or beyond the crystalline reverswn
temperature.

In exploring the nature of soap 1nvest1gators
have determined that soap is a two phase sys-
tem, that is, that it has a hard crystalline phase
and a soft more soluble liquid crystalline phase
which together determine the soap structure. It
has also been determined that important quali-
ties are imparted to soaps by the conversion of
the crystalline nature of this material. Physical
alterations of its structure are known to achieve
large transformations in such qualities of the
soap as hardness, lathering, elimination of soap-
dish jelly, swelling and welding without any
other changes in the chemical formula, in the
fats used, or in the moisture content.

The apparatus of this invention employs a
high speed endless milling band to achieve these
large transformations in the hardness, lathering,
swelling and welding characteristics of soap sole-
ly by alteration of the physical structure of the
soap effected by subjecting it to the high speed
shearing and compac’mncr action of the Imlhng
band.

Heretofore, the conversion of the physical char-
acteristics of soaps has been limited to a few basic
processes, one of which is taught in the Bodman
Patent No. 2,205,539. In this process, the struc-
ture of soap is altered physically while the soap
is in a semi-fluid state, but the process requires
that the moisture content of the soap being
worked be between fifteen percent (15%) and
twenty percent (20%) and the temperature ap-
proximately 160° F. to maintain the seml—ﬂuld
condition of the soap.

Another basic process in widespread use at the
present time is known as the cold milling method.
In this process soap chips in a solidified state
are fed between rollers which produce a limited
degree of subdivision and compacting of the par-
ticles in the mass of the soap. The roller milling
process, however, can only be carried out when
the soap to be milled is in a certain highly eriti-
cal state of plasticity which enables it to adhere
to the rollers and thus feed properly through the
bite of the rollers. This requires that the soap
contain at least twelve percent (12%) to fourteen
percent (14%) moisture.
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The roller milling process is also characterized
by a slow crushing and shearing action on the
soap, in which the pressure on the soap is great
but the rate of its application relatively slow.
In contrast, the apparatus of this invention,
which may be termed a high speed band con-
verter, makes use of much more intense and ex-
tremely fast acting forces for the-shearing and
compacting of particles in the mass of the seap,
thereby minimizing the exposure time -of -the
soap in the milling process necessary te produce
the desired particle subdivision and compacting.
The refinement of -soap is carried to a new high
levél by the method ‘and apparatus of this in-
vention, since through it extremely fine milling
of ‘soap may be accomplished on soaps of far
lower moisture content than is possible-on. roiler
milling equipment, with the result that it is-now
possible to produce either aerated or deaerated
low moisture converted bar soaps in the ultra-
microcrystalline phase with the particles of* the
soap compacted to a very high degree.

In the past the employment of high shearing
speeds has been discouraged because of -sueh ob-
stacles as the amount and rate of heat which
they would cause to be generated: in the soap to
be milled: the limited ability -to remove this heat
and avoid crystalline reversion; the mechanical
difficulties in -maintaining -close milling clear-
ances; and the extremely low capacity of close
clearance niilling.

With the high speed band milling apparatus
of this invention, however, it-is new poessible to
proeduce ultra milled soap which will give longer
lasting service because of its greatly inereased
viscosity, which will be less wasteful in use, and
which will be free of cracks due to swelling during
use:

Heretofore soap was prevented from developing
craeks ‘during use only if the soap material was
homogenized in a semi-fluid state during the
process of making the same, and this in turn
required the presence of adulterating moisture-as
a ‘plasticizer.

Heretofore, neither the “beta scap” made in
accordance with the teachings of the Mills Pat-
ent No. 2,295,594, nor soap of the type made in
accordance with Bodman No. 2,310,931, ner hard
cold milled soaps had the advantages which re-
sult from the ultra refinement of soap by the
method and-apparatus -of this invention.

Referring now more particularly to the ac-
companying drawings, which jllustrate- several
types of -apparatus embodying the prineiples of
this invention, Figures 1 to 10; inclusive, show
the preferred form of the apparatus. As here
shown the apparatus-comprises a frame 13 having
an -elongated horizontal bed and upright por-
tions 1 at the opposite ends thereof, each de-
fining 2 ‘housing containing a large diameter
pulley (3. These pulleys are supported by the
frame for rotation on vertical axes. adjacent to
+the- ends of the frame with their peripheries in
‘horizontal alignment with one another: One, or
both; of the pulleys is adapted to-be rotated at
high speed -by means of V belts {4 trained over
sheaves 15 on the pulley shafts 18 and connect-
ing with a driving pulley, not shown.

A flat endless band 17is trained over the:pe-
ripheries of the pulleys 3 to be driven at high
‘speed  thereby; and as will appear hereinafter,
this band comprises the high speed milling mem-
‘ber-of the apparatus.

Encircling one: straight horizontal stretch of
4he band 1, and extending: for substantially the
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entire distance between the upright portions Lt
of the frame, is an assembly of parts which jointly
defines a nozzle-like feed chamber {§:above the
band and open along its bottom, a milling zone
19, at opposite sides of the band, in open com-
munication with the feed chamber and in which
shearing and compacting of the:soap or other
material fed therethrough from the feed cham-
ber is effected, and a receiving chamher 20 ‘be-
neath the band.

This assembly is carried by & pair of opposite
angle shaped members 21 extending between and
fixed to the upright portions i1 of the frame-and
which together define a substantially channel
shaped bridge with the flanges 22 and 23 of the
channel extending upwardly. The horizontal
legs 24 of the angle shaped members, which de-
fine the back or web of the channel, are at a
level slightly beneath the lower edge of the band
[T and their adjacent ends are spaced slightly
from opposite sides of the plane of the band to
define the entrance into the tubulai receiving
chamber -20. The latter, of eourse, is supported
from the undersides of the legs 24 of the. angle
shaped members.

Seated on the upper faces of the legs. 24.'of
the angle shaped members 21 and at opposite
sides of the band 7 is a pair of stationary milling
elements or blocks 26 and 21 having flat milling
surfaces 28 directly opposite the flat sides. of the
bhand 17T and spaced a very slight distance there-
from. Henee, it will be seen that the-surfaces 28
of the stationary milling members and the op-
posite sides of the band (7 define a milling, or
shearing and compacting zone; through which
soap or other material in the feed chamber 8
may be forced to effect exceedingly fine milling
of the material as it passes through the clearance
spaces at opposite sides of the milling band.

Viewed in ancother manner the entire space
hetween the surfaces 28 on the stationary milling
members may be considered g glit-like orifice
having a relatively short dimension crosswise of
the band. Since the band- T travels through- the
central portion of the space between the sta-
ticnary milling surfaces 28, there are actuslly
a, pair of these slit-like orifices, one at each. side
of the band.

The feed chamber (8 is mounted: on the top
of the milling blocks 25 and 27 and is substan-
tially tubular in cross section. It is made in
complementary longitudinal sections, however,
detachably secured together as by bolts 30 at the
joint along the upper marginal edges of the
members and other bolts 31 which pass down-
wardly through flanges on the lower edges of
the sections to secure them to the.milling blocks.
In this manner the milling blocks are-confined
between the underside of the feed chamber and
the horizontal flanges of the angle-like support-
ing members 21.

Referring to Figure 5 it will be noted that the
milling block 27 is fixed with respect to.its sup-
porting member 24 and the section of the feed
chamber seated thereon, while the other block
28 is slidable horizontally at right angles to the
adjacent flat side of the milling band and guided
for such motion by dovetail connections 33 with
the upstanding flange 23 of its angle-like sup-
port 21, ’

Consequently the block 26 can be moved to-
ward and from the adjacent side of the milling
band to decrease or increase the transverse di-
mension of the space between the milling sur-
Such adjustment may be
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réadily effected by loosening the screws 81 which
thread into the klock 28 and bodily shifting the
same as by means of an adjusting screw 34
threaded through the flange 23 and connected
with the block.

Attention is directed to the fact that the com-
plementary sections comprising the feed cham-
ber 18 have hollew side walls to define passages
85 through which water or any other suitable
coolant may be circulated to remove heat from
the walls defining the sides of the milling orifice
and the material moving through the milling
zone as well.

Again referring to Figure 5 it will be noted
that the inner opposing sides of the milling
blocks 26 and 27 diverge outwardly and upward-
ly from points just beneath the top edge of the
milling band to define a substantially funnel
shaped entrance to the milling zone above the
surfaces 28 on the blocks.

It will also be seen that material passing down-
wardly from the feed chamber into the funnel
shaped entrance of the milling zone is constrained
to flow to opposite sides of a separator 36 ex-
tending the full horizontal length of the slit-like
milling orifice and dispcsed edgewise in line
therewith. The lower portion of this separator
is disposed closely adjacent to the entrance to
the milling orifice but is slightly spaced from the

sloping side walls of the miliing blocks so that ¢

the material passing downwardly between the
blocks is metered and divided by the separator
and formed into sheets before entering the mili-
ing orifice itself. Screws at the opposite ends of
the separator mount the same in rposition at the
inlet of the milling orifice, and these screws prei-
erably provide for a degree of adjustment of the
separator toward and from the mouth of the
milling orifice so as to achieve the desired meter-
ing effect.

Both milling blocks 25 and 27 preferably have
hollow interiors defining passages 37 through
which water or any other suitable coolant may
be circulated; and the separator 3§ likewise has
passages 38 through which a cocling medium
may becirculated.

Referring for convenience to the Figure 4 dia-
gram, soap or other material to be milled is fed
under pressure into the spaces in the milling
orifice at opposite sides of the band i7, and while
in a thin sheet it is forced downwardly through
the milling zone crosswise of the milling band.
‘While passing through the milling zone, these
sheets are subjected to intense shearing and
compacting forces exerted thereon by the op-
posite sides of the high speed milling band (7, so
that exceedingly fine subdivision and compact-
ing of the particles in the mass of the material
is accomplished.

The time the material is in. the milling zone
and the length of travel through the zone are
regulatable and dependent upon the pressure of
feed together with the speed of the band.

The material thus milled drops into the bot-
tom of the receiving chamber 28 and is delivered
therefrom by means of a screw conveycr &9 in
its interior driven by a chain 4! connecting with
g drive sprocket, not shown. It is sufficient to
note that the conveyocr carries the milled mate-
rial horizontally in the direction of travel of the
high speed milling band toward a large discharge
opening 42 fromy which the milled scap may drop
into any suitable container placed therebeneath.

At its top, or feed side, the milling zone will
be full of material to be milled during operation
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of the apparatus, and hence closed to the atmos-
phere. However, the bottom or discharge side
of the milling zone communicates with the in-
terior of the receiving chamber 28 which can be
kept open to the atmosphere by driving the screw
49 at a fast encugh rate to prevent accumulation
of milled material in the receiving chamber.

If desired, however, the discharge side of the
milling zone may also be kept under pressure,
and for this purpose a slide 43 mounted on the
discharge end of the receiving chamber and
having a restricted orifice 44 therein may be
slid into place across the opening 42 of the cham-
ber 28 to restrict the discharge of material from
the chamber and thus allow the milled mate-
rial to accumulate therein and to be acted upon
by the screw 40 which will keep pressure upon
the material at a magnitude determined by the

size of the restricted orifice £4 and t;he rate of
rotation of the screw.

The feed chamber (8 is supplied Wlth s0ap
or other material to be milled by means of a
more or less conventional plodder 45 mounted
on the left hand upright portion i1 of the frame
in line with the feed chamber. The plodder,
of course, is provided with the customary screw
46 which is adapted to be driven by a pulley
41 connected by a belt (not shown) with a drive
pulley (not shown). The plodder feeds hori-
zontally into the feed chamber, and because
of the relatively great length of the latter, its
cross section preferably decreases uniformly to-
ward the end thereof remote from the plodder.
Hence, uniform pressure will be maintained
upon the material at the inlet of the milling
zone along the entire horizontal length of said
zone.

Another way of accomplishing the same re-
sult, but by which greater feed pressures can
be obtained, is shown in Figures 11, 12 and 13.
These figures illustrate a slightly modified form
of feed chamber having an extension 46’ of the
plodder screw therein. The cross section of the
extension 46’ and the pitch of the threads
thereon may- increase progressively toward the
end of the feed chamber remote from the plod-
der so as to maintain uniform feed rate and
pressure along the entire outlet side of the feed
chamber.

In this case also soap or other material to
be milled is formed into film-like sheets before
entering the milling spaces at opposite sides
of the milling band. For this purpose, the feed
chamber itself is provided with elongated slit-
like passages 49 at either side of a separator
36’ formed as part of the feed chamber struc-
ture.

As best shown in Figures 3 and 10, soap or
other material adhering to the sides of the
high speed milling band may be removed be-
fore the band emerges from between the mill-
ing blocks by knives 58. The edges of these
knives in contact with the sides of the mill-
ing band, however, preferably extend diagonally
across the band as shown best in Figure 3.

As will hereinafter appear in greater detail,
the size of the space between the milling band
and the surfaces 28 on the milling blocks is
one of the important factors governing the ef-
fectiveness of the milling operation.  Because
of the need for some adjustment of the size
of this space, it may be desirable to have the
surfaces 28 formed on readily detachable strips
52 extending along the entire inner sides of the
blocks. Thus, the strips 52 may be detached
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and. replaced .by: other: similar: strips..of: slightly
less or. greater. thickness,, depending: upon. the
size of the space-wanted: .

Also, as will appear-in_greater detail here-
inafter, the surfaces 28 on: the: opposing side
walls of : the milling blocks: may: either: be
grooved as. ab.54; or -they may. be smooth as
seen at 55 in Figures-16 and 17. When grooves
are used, they are relatively closely spaced but
have ‘less width than the:flat lands: 56 between
them. Also these grooves: extend diagonally
with respect to the milling- band so- that the
material entering the milling- zone will not only
flow: downwardly but will be- directed. in  the
direction of travel of the band to.some extent
while it is being- subjected to-intense shearing
and compacting forces by the: band..

The grooves 54 may be termed congestion and
aerating grooves since thiey: augment the shear-
ing and compacting action of the high speed
milling band and also make possible occlusion
and fine dispersion of air. in the soap being
milled. This air is introduced into the milling
zone as a thin film adhering by moleeular forces
to the sides of the milling band.

On the other hand when the sides of the mill-
ing orifice are smooth as shown at 5% in Fig-
ures- 16 and 17, a minimum of aeration of the
soap- or :other material being milled takes place,

and the resulting. product:is- usually deaerated. :

From the description thus far, it will be seen
that the apparatus has:several outstanding fea-
tures which enable it to exert far more intense
shearing  and compacting . forces on.the soap

or other material being milled than was hither= :

to possible. These features-are that each side
of the movable milling: member or high speed
band acts on and imparts. high speed motion
to- the surface . layer- of the.:film-like:sheet of
soap, of between .001 and .015 of an.inch.in
thickness, with which it contacts; the fact that
the milling band is .adapted. to: travel through
the milling zone at speeds ranging between
2,000 and 10,000 feet per minute; and the fact
that at such speeds of travel the band is able
to subject the soap or other material being milled
to: forces which result. almost completely. in
shearing,. subdividing and: compacting of’ the
particles ‘in .the mass .of soap. without  uselessly
churning-the: soap. and. thus.incurring the pos-
sibility. of . destructive temperature rise. therein.

Of . very .great importance-also.is the fact that
soap or other material. to:be milled.is.- force
fed. under: pressure -on the.order of fifty. (50)

pounds. per. square. inch . or higher, crosswise. of .

the-band - travel and through-the milling.zone;
s0: a8 to almost: completely. unburden the  high
speed milling band: of all that work which is
related to the feeding function or the. trans-
porting of the soap into and:through-the- ap-
paratus-with- the:result that- greater- shear- in-
tensity and consequently- highly-efficient conver=
sion is achieved.

The force feeding: of solid -soap -or: other ma-
terial to be milled through the milling zone under
substantial pressure is in-itself a novel innova-
tion in milling apparatus-of the type here-in
question. Hitherto, for example in one: form of
rotating device, namely conventional cold roller
milling .apparatus, the feeding of soap. of high
viscosity was accomplished entirely -by - the: ad=
hesion of soap to the surface of the: rollers-and
hence the soap was more or: less impositively
conducted through the bite.of the rollers. More=
over; this type of apparatus-does: not lend: itself
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to.: pressure: feeding: of. the: soap . through: the
milling zone-for the reason that the .pressure of
the-soap against the:surfaces of the rollers-would
exert a terrific braking:effect-thereon-resulting
in: high loss-of- power; and jthe- difficulty which
would: be-encountered:in-the ;provision. of :a: run-
ning seal around’the-peripheries ‘of the:feeder
to constrain:the: soap:to.-passage through their
bite. . Such:seals: also-would exert a-braking ef-
fect or-drag om the-rollers which :together with
the drag-of .the soap material on-the face of the
rollers would make-it impossible to.control- the
temperature caused by -drag-or-obtain-.either ef-
ficient operation of the.apparatus or speeds-great
enough: to -produce: efficient shearing;and. com=
pacting of ‘particles in the-mass: of: the-material
being milled.. i

Also -all roller mills: are: limited  to shearing
zonés with: no appreciable width: because-of the
line contact between :two articulating cylinders:
This. limitation can-only be-met by using a. pro-
hibitive number: of ' rollers. to - accomplish- fine
particle: refinement..

An: analysis: of: all. other forms: of rotating
milling: apparatus;: such as:the: rim of a: spoke
driven wheel or:impeller operating: within a -sur=
rounding - casing: that ' carries the stationary
milling members; or:disc types such as-the com-
mon attrition :mill.operating with: a .single .disc
against- g stationary -casing: or- with- two: discs
running: in- opposition: to- each- other; or two
elongated articulated: worm::impellers: of -small
diameter operating: within a.pressure: retaining
casing; will reveal that the power:loss.due to feed
pressures on: the . milling: elements by: the. fed
material ;itself or: by:the-running:seals used to
confine the material.to its path: in:the milling
zones, will become: major limitations:not only .on
the efficiency of the process but-more:importantly
on the intensity-to:which the process-can be car=
ried without .reaching: a: point: where the:heat
generated. by:these losses: can.no :longer: be:re=
moved and: becomes: destructive to the material
being- refined.

In the apparatus of “this:invention; however;
the straight line travel. of ‘the high:speed milling
band lengthwise through: a:slit=like:milling chan-
nel or orifice involves:the use of a:'seal embracing
only the cross:sectional area. of the: relatively
thin . milling:. band, at the.opposite: ends. of  the
milling - channel.. In-the present case the:seals
may beqinthe nature of ‘a-labyrinth of:grooves:in
the opposing walls of the milling blocks at-a:rela=
tively:short area: 58 thereof ‘where the:band.en-
ters the milling zone; and -similar-spaced:sealing
areas: 59 of somewhat :shorter:dimensions at:the
opposite: end of the: milling zone and hetween
which the knives:59: are-situated:

By reason of the:fact that soap.in a:solid-highly
viscous state: approaches:one-edge of ‘the-band
and passes.through the milling:zone crosswise:of
the band, equal pressure-is:exerted :upon oppo-
site sides of the band to.hold it:-centered in the
milling orifice: This edgewise approach of feed
to the band -also. minimizes:the drag-or braking
effect of the soap on the:hand. Since the milling
bhand is driven at a very-high:speed, and the seap
is travelling at-a substantial rate crosswise.of the
band through the milling zone, the inertia of the
mass of material comprising the sheets in the
milling zone is usefully employed to eliminate
the possibility of: useless churning of the soap
mass and to greatly:enhance the:shearing and
compacting -action.of ‘the band.

With- the-apparatus:of ‘this-invention, exceed-
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ingly fine subdivision and compacting of particles
in the mass of the soap or other material milled
is accomplished without raising the temperature
of the soap to either the melting point or.to the
crystalline reversion temperature, primarily he-
cause of the exceedingly high speed at which the
milling band 17 is driven and the short time the
material is in contact with the band.

Theoretically, soap in a solid state formed into
a film-like sheet .005 inch in thickness can have
one side thereof acted upon by the side of a high

10

speed shearing and milling band to produce .

subdivision of particles in the mass of soap in a
surface layer that would be as little as one micron
in thickness. This can be done without heating
the remainder of the sheet provided the same
is moved out of shearing contact with the high
speed milling band before the band is allowed to
dig any deeper into the sheet and also providing
the action of the band does not produce any ap-
preciable degree of distortion in the mass com-
prising the remainder of the sheet. Whatever
exceedingly small amount of heat that may re-
sult from particle subdivision and compacting
in this theoretical one micron layer will pass
largely into the metallic high speed milling band
rather than into the soap which is'a much poorer
conductor of heat than the band.

In actual practice, however, the shearing and
compacting action of the high speed milling band
goes much deeper into the sheet of soap passing
through the milling zone (probably 10 to 30
microns) than the theoretical one micron surface
layer and also some churning of the soap com-
prising the sheet does occur. However, there
are two kinds of churning, the slow and easy
churning - characteristic of conventicnal roller
milling apparatus, and the fast and highly in-
tensified churning produced in the scap by the
apparatus of this invention. Such violent churn-
ing also produces particle subdivision and com-
pacting in the mass of a sheet of soap which is
only approximately .005 of an inch in thickness;
and thus there is no serious waste of power or
destructive amount of heat generated in the soap
being milled in the apparatus of this:invention
as long as the proper clearance is maintained
at opposite sides of the high speed milling band,
feed pressure on the soap and the rate of travel
of the soap across the milling zone is properly
adjusted, and the proper design of congestion
groove is selected for each type of material to
be milled.

Essentially five variable factors must be manip-
ulated in the high speed band converter of this
invention: (1) The pressure required to feed the
soap through the milling zone; (2) the “clear-
ance” in the shearing and compacting zone, or
more particularly the space between the milling
surfaces on the stationary milling elements and
the adjacent sides of the high speed milling band;
(3) the rate of travel of the high speed milling
band; (4) the width of the shearing and com-
pacting zone, measured in the direction in which
the soap travels therethrough; and (5) ‘the length
of the shearing and compacting zone measured in
the direction of band travel therethrough. The
following is a discussion of each of these five
factors:

Feed pressure

The rate, or quantity, of soap flowing through
any given ‘“clearance” is directly proportional

to the feed pressure. In other words the soap is -

caused to flow faster through the milling zone
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12
as the feed pressure is increased. At present,
feed pressures of approximately seventy (70)
pounds have been used satisfactory on tests
conducted with the apparatus, but much higher
pressures can be used.

An important feature of this mechanical ar-
rangement is the accommodation of exfremely
high pressures by the labyrinth seals and. the
ability to entrain a molecular layer of gas into
such high pressure zones without it being. wiped
off the entraining member.

While higher feed pressures result in hlgher
capacities of the apparatus without necessarily
overloading the shearing capacity of the milling
or conversion zone, these higher pressures also
result in better cooling since the soap has less
opportunity to absorb heat generated in the mili-
ing zone and exposure to the cooled walls of the
stationary milling members is better,

Clearance

The size of the space or ‘clearance” between
the milling surface on each of the stationary
milling members and the adjacent side of the high
speed milling band determines the thickness of
each sheet of soap to be acted upon by the mill-
ing band, and can be from .001 to about .015 inch.
In general the less the “clearance” the more
useful work goes into particle shearing and com-
pacting and less useless work into churning at
a’ rate insufficient to produce shearing of the
particles in the mass of the soap.

With smaller “clearances,” both the band and
the fluid cooled stationary milling members are
better able to remove heat-from the milling zone.

Also with smaller “cleatrances,” the band may
be of less width (edge to edge) so long as the
band still has sufficient width that all particles
in the material passing across it will be acted
upon and sheared by the band; but this, of course,
has the effect of lowering the capacity of the
apparatus for any given feed pressure and length
of milling zone.

Band speed

The milling band must always be driven at
a speed which takes advantage of the inertia
of the mass of the sheet acted upon so that the
combined forces of the band and inertia on the
mass of soap comprising the sheet cause high
speed motion to be imparted to the surface layer
of the sheet contacted by the band relative to
the surface layer at the opposite side of the sheet.
In addition the speed of the band must be high
enough so that any churning of the mass of soap
between said surface layers will also be at a rate
great enough to accomplish subdivision and com-
pacting of particles in the mass of soap comprising

"the sheet.

The faster the band is driven the more intense
becomes the shearing and compacting (but not
in direct proportion to speed) of particles in the
mass of material acted upon by the band, and
the less useless churning in the mass. Conversion
of the physical characteristics of soap by fine
subdivision and compacting of the particles in
the mass of the soap requires a band speed of
at least about 1,000 feet per minute, and a film-
like sheet of soap acted upon by the band measur-
ing approximately .005 inch in thickness. At
band speeds over 1,000 feet per minute shearing
of the soap sheet and particles in the mass there-
of occurs in a zone nearest the band regardless
of how far the band may be spaced from the
surface of the adjacent stationary milling mem-
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ber; and;the-high speed churning. of the-mass
forcefully fed through the milling zone- also.ac-
complishes shearing and compacting .of ‘particles
by:churning action alone:and by the fact that such
churning:presents new particlesto the band-from
the depth of the sheet.

In general the band should be driven at a:rate
approximately 6 to-18:times faster than: the rate
at which soap.-is force fed through the milling
zone:

If the band is to be driven at extremely high
speeds:it-is possible that the width of: the band
(measured. from edge to.edge thereof) may be
made less without sacrificing - the- efficiency: of
the:shearing and compacting action: With higher
band speeds, . there is. also more - tendency: for
heating to take place in the milling zone, but this
Heat:is taken away both by the band and by the
walls of ‘the fluid. cooled: stationary milling mem-
bers. .

Although the-band. may ‘heat up during:the
milling: process, the: soap- travels: across: it-and
through- the: milling zone:at such-at a: rate:.of
speed: that it is-in:contact with:the band only
for an extremely brief time, and hence it-is:in-
capable of absorbing any appreciable heat from
the: band.

Thewidth of the milling zone

Since- the: degree: of - conversion' of: the: soap
sought:seems to require reduction of: the-size-of
the-particlesin the mass of soap to approximately
1,-miecron, theoretically therefore; there is.room
for 250 of these Y5 micron particles-in-the:opti=
mum space or-“clearance;” between one: side of
the milling-band and the surface:of the adjacent
stationary- milling - element;. of* .005-of .an inch.
Hence,. it- becomes clear that a minimum width
is that at which all particles in the mass:of mate=
rial being milled are reached.

It also appears-that the most-intense shearing
in.a:sheet of soap.of this thickness .is through-
out a-zone of -only: 10 to-25:microns in‘extent next
to::the: band.: However;.tests: have: shown: that
the: churning: produced: in- the:sheet: of - soap:‘is
at:a: high enough rate: to: effect: shearing: and
compacting of particles in the mass of material
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use-a band wider-than 2 inches under the stated
conditions. seems to achieve-little or.no further
conversion,.

When high speed milling ‘bands wider thamn 2
inches-are used, lower band speeds-can.be em-=
ployed for a given degree of conversion. Cerfain
effects: of a -high degree of conversion, such as
transparency . of . the -finished - product, .may.-in-
volve-alignment of particles in the mass of:soap
milled as well as particle subdividing and. com-
pacting. Where transparency in soap is.sought,
band’ speed and clearance are- preferably- ad-
justed  to achieve “conversion” of- the soap,  and
the viscosity of the “converted” soap is measured.
The viscosity of the soap can then be considered
o guide as to the minimum- conversion of the
soap required. Thereafter the speed of the
band may-be lowered and the width of the-band
increased: with:'the:result that better transpar-
ency of ithe: soap may: be achieved at any: given
degree of conversion..

In special applications of this process to ho=
mogenization without necessarily reaching: par-
ticle- subdivision, a wider band is used (such as
12 to:14 inches).. These widths require.careful
attention to congestion groove:design so- as:to
evenly spread the thin layer of material being
treated all ‘over the wider. band:

Length

The length of the millifig slot or zone, méasured
in the direction of band travel therethrough, has
no proportional effect upon the. degree .of. con-

. version of the. soap, but it is. obvious.that the

capacity of the apparatus.is directly. proportional
to. the length of this zone. :

The. following._table, based upon test runs on
soap of the standardized formula of: approxi:
mately. 15% CNO. and.85% tallow,.and at a
moisture corrected to.7%, defines the . special ef=
fects of each variable discussed. above. except
length of the milling slot or zone (in. the-di-
rection of band. travel),. which has. a directly
proportional effect on capacity. Therefore, mill-
ing-rate is expressed' in pounds. per: hour per
inch of length of the milling zone:

TABLE:
Tost - Clearance, fl?;"essur_e, .| Shear, width, | Rate, | Temp,, | Conver--

@ in, Ibs/sq:iny | ft./min: in: Ibs. Out. | sion Index.

i PR ——— .002- 50 1,000 1 20 100 70
. 002 | 70. 1,000 1. 25 105 72

. 0027 70" 3,000 1 25 1207 - 100

20027 70" 1,000 2. 25 110} - 80

.005. 50 1,000 - 1 40.. 901 60

005~ 70 1,000 1 50 100 65

. 005 70 3,000 1 50+ 130 80

. 005 70 3,000 2 50 135 90

.010” 70 3,000 2 70 140 75

.010 70 5,000 3 70 145. 100

.015° 70" 7,000 3 100 1507 90

.015* 70 9,000 3 1007 1607 100

Aeration

comprising the sheet extending nearly all through
the ..005. of an inch of its thickness.due teo.the
feed pressure, and ‘better shearing results with
the.use of ‘the.congestion grooves in.the surfaces
on the_stationary milling- members.

Tests indicate that a-1 inch wide band travel-
ling- at~3,000 feet-per minute will convert soap
well’ beyond the degree: possible withi~ conven-
tional cold roler-milling apparatus; while a- 2
inch band travelling at the same-speed wilk effect
much greater conversion and produce cold ‘milled
soap-of an- unprecedénted high viseosity. To
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Notwithstanding the fact that-soap fed through
the ‘milling zone in the form of a fllm-like-sheet
is: subjected - to extremely intense shearing and
compacting forces by the:high speed:milling band
to effect exceedingty fine milling and actual con-
version of the physical properties of the soap, it
is: also’ possible. to: effect aeration. of the . soap
during its passage through the milling zone... This
aeration is explained hy.the ability. of "the. high
speed.. milling . band- to earry air: imto: & highly
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compacted milling zone as a thin molecular film
which tenaciously adheres to the sides of the
band. Such air is brought into contact with the
adjacent surface of the sheet of soap passing
through the milling zone and is occluded and
finely dispersed in the soap by the joint action
of the high speed milling band and the enveloping
action on the material -in the.congestion and
aerating grooves H4 in the sides of the milling
slot or orifice.

These grooves not only assist the band in pro-
ducing intensified churning in the mass of soap
passing through the milling zZone and thus aug-
ment the shearing and compacting action of the
pband, but also envelope the air introduced into
the soap mass. Since the air brought into the
milling zone by the band is entirely occluded and
dispersed in the mass of soap by speed and in-
ertia while the soap passes through the milling
zone, it is unnecessary to make the milling zone
air-tight to obtain a thoroughly aerated mate-
rial;

Aeration can also be facilitated to some extent
by effecting shreading of the soap immediately
prior to entry thereof into the clearance spaces
pbetween the sides of the milling band and the
surfaces of the stationary milling elements adja-
cent thereto. This can be accomplished as shown
in Pigures 11,12 and 13 by a series of tooth-like
obstructions 82 extending transversely across the
passages 49 at opposite sides of the separator 3§’
and spaced from one another along the length of
the separator adjacent to the bottom thereof.
These obstructions, and the milling blocks them-
selves, may be formed integrally with the sections
of the feed chamber, as seen best in Figure 12.

As stated the obstructions 62 cavse shreading
of the soap just prior to its entry into the milling
zone so that the soap brought into contact with
the opposite sides of the milling band just out~
side the entrance to the milling zone is in a bet-
ter condition to envelope the air brought into the
milling zone by the band.

When the apparatus is operated with smooth
surfaces on the stationary milling members the
air brought into the milling zone by the high
speed milling band seems to be driven out over
the lower edge of the band and lost if the receiv-
ing chamber is open,

Aside from their aerating function the conges-
tion grooves 54 cause churning of the soap pass-
ing through the milling zone to such an extent
as to prevent by-pass of the soap through the
milling zone via the grooves, or without all por-

tions in the mass of the soap being subjected to *

the shearing and compacting effect of the high
‘speed milling band. Examination of the aerated
flakes (either converted soap or synthetic deter-
gent) discharging from the milling zone, see Fig-
ures 14 and 15, show that the flakes have spaced
ribs on one side thereof produced by the conges-
tion grooves with the material in these ribs
aerated to the same degree as the thinner areas
of the flakes between the ribs. Algo these thin-
ner areas between the ribs show fine surface
marks or lines which extend in the direction of
band travel at one side of the flake and similar
but less distinet lines at the opposite ribbed side
of the flake which are substantially crosswise
thereto. These marks or lines evidence the ef-
fects of violent tearing action on the soap pass-
ing through the milling zone when the appa-
ratus is operating properly. This unigue texture,
‘in flakes packaged for laundry use, provides a de-
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gree of solubility and a guard against matting
on the clothes which is important.

While the converted soap product of the method
and apparatus of this invention preferably is a
thin flake having between five percent (5%) and
seventeen percent (17%) moisture content, it will
be appreciated that materials of lower than five
percent (5%) moisture content can be milled as
well. With seap of such lower moisture contents,
the milled soap will be in a powdered state, rather
than flake form.

It will also be understood that bar soaps can
easily be made from these flakes by feeding them
into a plodder and extruding in a more or less
conventional manner. A plodder especially suited
for handling aerated flakes without deaeration of
the resulting product forms the subject matter
of the copending application of Donald E.
Mayshall, Serial No. 177,268, filed August 2, 1950.

Synthetic flakes made in accordance with this
invention may be made into bars by first pul-
verizing the flakes and thereafter subjecting the
pulverized material to aerated compacting such
as in the copending application of Donald E.
Marshall, Serial No. 129,093, filed November 23,
1949,

The band converter process of thig 1nvent1on
produces soap having the following desirable and
highly useful properties:

A. The highest viscosity for a given soap form-
ula that has ever been produced while preserv-
ing the lathering qualities of “beta” phase soap.

B. Non-swelling type of gel. It seems that
the intensity of shearing and compacting achieved
in the process is sufficient to produce the most
closely knit particle structure known without the
use of adulferants so as fto give a finished bar
with good lathering qualities and yet long last-
ing texture. o

C. Cold welding properties which are unigue
for milled low moisture, unadulterated soaps.

D. The highest lathering coefficient for soap in
bar form because of the combined advantages of
“beta” phase crystals and low moisture together
with a shearing and compacting hardness which
permits the use of the more soluble fats in the
formula.

E. High resistance to deaeration, enabling in-
tegration of aerated flakes or chips in a conven-
tional plodder and extrusion without squeezing
the air from the flakes, thus yielding g well-knit
soap even at moistures from twelve percent
(12%) down to five percent (5%) and with a
:.rystalline structure favoring the lathering quali-

ies.

F. The best light transmission for unadulter-
ated soaps having a particular value in giving a
transparent jacket or finish to the bar.

If desired, the high speed milling band may
have a slightly roughened surface indicated in
Figure 18.  As herein shown both sides of the
band are given an extremely fine file-like sur-
face 64 which may be defined by very slight
scratches on the sides of the bhand at an angle
of 45° to its long dimension, or substantially at
right angles to the congestion and aerating
grooves in the surfaces of the stationary milling
elements. Such a band is capable- of develop-
ing higher tearing forces on the soap, and these
higher forces may be quite useful, when milling
other materials such as wheat flour or the like.
When using the band of Figure 18, the stripping
knives should be set at such a dlagonal angle
with respect to the band that their edges are
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disposed-at right angles to the lines or scratches
on-the sides of the band.

While one 'of the most-important uses of the
apparatus described is the conversion of the
physical properties of soap, its use is by no means
limited to the refinement of -soap. It may be
used also for the refining of chocolate, margarine,
paint and many other materials of similar nature
as well as for grinding and dehydrating during
grinding of powdered or particulated material.
For this latter use, the feed chamber and plod-
der may be removed and a-feed means for con-
ducting the material through the milling zone
entrained in a carrier gas such as air employed
in place thereof,
band-converted and aerated material yields an
extraordinary uniformity and fineness of grind.

When applied to dehydrating grinding opera-
tions the band may be heated with g direct flame
to carry heat.in between the sheared films of ma-
terial as well as. using the jacketed milling ele-
ments as steam. heated surfaces for driving off
vapors. New degrees of grinding: reduction are
accomplished because the material as it becomes

extremely fine will still encountér shearing con-

ditions at these high spéeds and close clearances.

Abrasive materials such as the “builders” used
with soaps or synthetic detergents can be sub-
divided more successfully by this process because
of good temperature control and the minimized
abrasion of milling elements. The material .is
ground up on surfaces formed by the material it-
self.

Particle fineness and particle néarhess within
the mass of a pulverized piece of material is not
to be confused with the sieve. test of the pulver-
ized material and it is important to be .able to
preserve this “conversion” during grinding by the
use of the present invention.

Synthetic detergents and their builders which
are usually very hard salt crystals, particularly
present a milling problem due to the. erosion
of the machinery on the milling elements. Such
erosion seriously darkens and otherwise contami-
nates the detergent. To gvoid milling, these syn-
thetic materials have been molded from powders
at extremely high pressures,; sufficient to mill the
crystals and in that way refine the bar’s texture
to some degree. However, in re-solidifying when

the pressure is removed these crystals do reform ;

and the bar inevitably has g sandy texture which

‘Also, the recycling of once i
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is objectionable in fine toilet soap merchandising.

The process for converting these materials into
high quality bars calls for either superfine grind-

ing and aerated powder. compacting such as ;

taught in the copending application of Donald
E. Marshall, Serial No. 129,093, filed- November
23, 1949; or conversion by shear and compacting
of particles in mass, according to the present in-
vention, at temperatures below the crystalline re-
version point and with adequate aeration to lessen
the extreme density of these materials in respect
to soap.

The present process has features for reducing
the abrasion of milling members to a minimum.
The shear is accomplished essentially by speed
in place of pressure and-this shear is largely be-
tween two surfaces of the material itself.  The
shearing band and channel walls can be consid-
ered as expendable and- cheaply replaced. The
aeration is done in the solidified state.

As indicated - hereinbefore,; the purpose of the
method  and apparatus of thig invention is fo
cold mill:soap to effect.conversion of the physical
properties thereof by subdivision and compéacting
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of particles or crystals in. the mass of. the soap to
the state where they may be said to.be. in.the
ultra~-microcrystalline phase. Since the viscosity
or hardness of the soap increases as conversion
becomes more complete, it will.be apparent that
the degree of conversion can be.determined by
measuring the viscosity of the soap.

Heretofore there has.been ne way .6 measur-
ing. accurately. the viscosity. of such. a- highly
viscous . solid. material as.soap. With the vis~
cosity testing apparatus. shown in- Figure 20,
however, it is .possible to..prove that -the high
speead band convarier of this invention produces
soap of much higher viscosity than was obtained
by any prior. cold milling method,.and to thus
evidence the fact that fine subdivision and. com-
pacting of particles in the . mass of soap has been
accomplished by the apparatus.

An acturate testing procedure for measuring
the -degree of conversicn of soap-invelves meas-
urinig the: time. required to. displace 4 predeter-
mined volume. of 'soap:under. constant pressure
through.. a lrel'a‘ti‘vely,,small..standa-rdized' and
self-cleaning gperiure.:

For this purpose the apparatus shown .in: 1"1g-

ure 20 comprises a.cylinder-like .die chamber 65
having a restricted neck:§6:at its.top,.and closed
2t -its bottom by a rethovable plug-67. The soap
to De tested. is loaded.irito. the die chamber 65
and a plunger.68.0f a:diameter to loosely fit the
bore.of. the neck 66 is:forced downwardly there-
through and into the mass of soap in-the die
chamber. This is accomplished by means of -an
air cylinder 89 .connected: with ‘the . plunger
through a lever 78.. One end of the lever is con-
nected .as at T} to tlie piston. of the air cylinder,
and its opposite end is connected as at -12:to
the plunger. Close to the plunger end. of.the
lever the latter is supported for. pivotal motion
about a- horizontal axis on a pin .13 carried by
a link 74 connected with. the frame of the ap-
paratus. .

The -diameters . of. the plunger 68 and the re-
stricted orifice.or bore-in the neck-66 are such
that the small space between the.exterior of the
plunger .and the wall:of fhe- orifice preferably
has a cross sectional area of approximately .0015
ineh times 1.57 inches, with a length of approxi-
mately % inch for the neck §5. - The motion. of
the plunger  during the test ‘serves to prevent
clogging of this extremely small'space. ‘

In conducting a viscosity test the cylinder 69
is connected with a source of air under pres-
sure-re;gulated,to keep it uniform. This causes

“the lever T3 to rock in a counter: clockwise- di-

rection about its pivot T3 and force the plunger
88 downwardly through- the- orifice in the neck
86 and into tha mass of soap contained in the
die chamber €5. The plunger is allowed to trav-
el into the die chamber far enough to make cer-
tain that all of the veids in -the s0ap- -have béen
eliminated, :which: fact will - be- evidenced by a
uniform fow of soap upwardly through the Space
between - the side of the : plungeér-and - the - side
wall .of - the bore in -thHe neck 86, -as seenr in
Figure 21, .

As soon as the apparatus has ‘heen placea into
balancéd operation: through- achlevement of an
even: flow of. soap out of: the die chamber a
solencid: 15 is energized such as by manual de-
pression: of the. actuator-of a - push button 75
to r éffect connection- of a- trlgge; W wvth the
lever:-78.. The trigger is: ﬁxed on a- tubulaL
membei 78 mounted on the- frame of - the ma-

" chine and guided for up-and-down reciprocatory
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motion relative to the frame. Also slidable on
the tubular member 78 is a supporting block 79
upon which the solenoid 75 is mounted and this
supporting block is connected by means of a
link 80 with the lever 10 so that as the arm of
the lever travels upwardly the solenoid will be
raised with it. It is the function of the sole-
noid 75 to releasably lock the tubular member
78 to the lever 70 through the link 80, and for
this purpose the plunger 8! of the solenoid
carries a collar 82 on its outer end, and in
which the tubular member is slidably received.
When the solenoid is energized, inward travel
of the plunger 81 draws the side of the tubular
member against the hole 83 in the block 719 to
frictionally lock the tubular member thereto.

With the tubular member connected with the

“drive arm of the lever 10 in this manner the
trigger 17 begins to rise upwardly with the tub-
ular member and after a very short distance of
upward travel it engages the actuator of a
switch 84 to complete an energizing eircuit to
an electric clock 88, thereby starting the clock.
As the plunger 68 is forced deeper into the die
chamber the trigger 17T rises accordingly but at
a rate which is determined by the flowability of
the soap through the clearance space around the
plunger. After a measured distance of upward
travel, -the trigger engages the actuator of a
second switch 86 to stop the clock so that the
time it took to displace a predetermined volume
of soap from the die chamber will be indicated
by the cloek.

The time interval so registered will be the

measure of the viscosity, and comparisons can

be made on the testing apparatus between soap
samples of equal moisture content but varying
degrees of milling.

By this means it is possible to determine the
viscosity, for instance, of a conventional cold
roller milled soap, and to compare with it the
viscosity of soap which has been. cold milled
and converted by the method and apparatus of
this invention. The difference in the elapsed
time for the displacement of equal volumes of
the two soaps will thus indicate the greater per-
centage of viscosity or hardness in the converted
s02p.

A large number of tests on soap ranging from
five (5) to fifteen (15) percent moisture content
has given the following index figures on rela-
tive viscosity: .

Moisture Content. ..o ooeeiceeans 5% 12% 15%

Framed S08D. o ovweomcmmeoooolloiiens 4.0 2.1 1.0
Milled S08D - e e e 2.3 1.2
Converted S08P -« oo ovcem e 6.1 3.2 1.5

Another extremely valuable characteristic of
the soap which hag been converted by the method
and apparatus of this invention is that it has
very little tendency to swell when immersed in
water for any length of time. The swelling prop-
erties or swelling coefficient of soap is accurately
determined by pressing specimens of the.soap to
be tested to the dimensions of 4 inch diameter
by 1 inch long. This is done in a cylinder die
under 5,000 pounds per square inch pressure.
The compressed specimens are then submerged
for ¥ their length in water of standardized hard-
ness which is maintained at 80° F'., and allowed to
remain in this condition for seventeen (17) hours.
Thereafter the specimens are withdrawn for ex-
amination and measurement,
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The measurement is accurately accomplished
by placing the swollen samples immediately upon
removal from the water upon the “stage” of an
optical comparator so that the shadow cast by
the sample can be accurately scaled. i

A large number of tests gave the following de-
grees of swelling expressed in inches:

5%

MOFS U e 2 e e e ecien

Converted Sample
Milled Scap A (Lux
Milled Soap B (Palmolive).
Milled Soap C (Camay)...
Floating Soap A (Ivory)...
Floating Soap B (Swan).._
Framed S08D oo

The method of converting soap and cther vis-
cous materials in a solid state by subjecting ex-
tremely thin layers or sheets of the material to
intense chearing and compacting forces applied
thereto at extremely high speed may also be car-
ried out in another type of apparatus, as scen in
Pigure 19, This apparatus embodies a wheel {29
rotatable at high speed and having its periphery
or rim 12{ facing and very close to a concentric
stationary milling surface 122 on the inner wall
of a hollow annular stationary milling mem-
ber 123, .

The narrow sht hke space between the rim
of the wheel and the surface 122 again defines an
elongated high. speed milling and compacting
zone or orifice, and material such as soap to be
milled and converted to what may be termed the
ultra-microcrystalline phase is force fed down-
wardly through this space.

Seated on and fixed to the top of the stationary
milling member 123 is a frusto-conical housing
{24 having a hollow water cooled wall. The
small diameter end of the housing is uppermost
and connected with the outlet of a vertically ar-
ranged plodder to have the soap or other material
to be milled force fed downwardly into the in-
terior of the housing. The soap is fed into the

. housing, coaxially of the wheel {20, and is de-

flected cutwardly toward the rim (21 thereof by
means of a stationary conical cap {25 overlying
the upper side of the wheel, so that the cap and
the housing walls cooperate to direct the soap
into the slit-like milling orifice between the rim
of the wheel and the surface {22 on the station-
ary milling member 123.. Attention is directed to
the fact that the walls of the housing and the
cap {25 converge toward the milling orifice and

_at the entrance thereto, form the soap into a
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5 relatively thin sheet prior to passave through the

milling zone.

_ Hence, the soap to-be mllled is adapted to be
foree fed downwardly for travel at a substantial
rate through the milling zone as a film-like sheet
where-the rimm of the wheel contacts one side
thereof to-exert shearing and compacting forces
therecn of such an intensity as to effect subdi-
vision and compacting of particles throughout
the masss of soap comprising the sheet. The con-
verted soap drops freely from the open bottom
of the milling orifice in the form of flakes to be
removed by any suitable means.

In this-case also, the soap being milled can
be aerated, if desired, but since the high speed
milling member never leaves the milling zone, it
cannot be relied upon to carry air thereinto.” In-
stead, the necessary air for aeration of the soap
is brought into the upper portion of the milling
zone, under pressure, by means of a series of
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small orifices 139 in the .inneér wall of the sta-
tionary milling member .communicating with an
annular header 131.in the inside of the member
123 and supplied with air under pressure by one
or more air lines 132. -The air introdueed into
the milling zone in. this: manner-will thus be
occluded and finely dispersed in the soap-pass-
ing through the milling zone; by the combined ac-
tion of -the high -speed milling wheel and the
congestion and aerating grooves-54’ in the inner
wall of the stationary milling element 123.

The wheel type mill.shewn- will not have the
high efficiency -of the previous ‘embodiments of
the invention, however, since it requires-a run-
ning seal 127 between-the entire rim of the wheel
and- the. underside. of ‘the stationary -cap 124.at
the entrance to the milling zone. - This seal may
exert, to some extent, a braking -aetion upon the
wheel which -cannot be avoided and will limit the
speed to that at which. a satisfactory seal can
be maintained.

In this case .also, the -inferior -of the. annular
milling member 123 preferably is-water-cooled,
and-cooling channels (28 are provided in-the rim

of ' the wheel to be supplied with.coolant in any :

suitable manner.

-If. desired, milling can take-place at opposite
sides -of the rim of a rotating -type -conversion
mill to-achieve greater: capacity, as seen in Fig-
ure 18a. As here-shown,; the rim 135 is the ex-
act counterpart of the high speed milling band
of the first- embodiment. of the.apparatus, and
has -concentric inner and-outer cylindrical high
speed. milling surfaces 136 and -131, respectively,
thereon which are slightly spaced-from comple-
mentary milling surfaces 138 and-139 on station-
ary inner and outer milling. members 148 and
141, respectively.

"The lower portion-of. the rim.is -detachably
joined to a ring -142 which in turn is connected
to the hub (ot .shown) of the wheel by spokes
{43 beneath the inner milling member 140. The
upper edge portion of the rim, in-this.ease, is
received in a groove in an annular separator 144
similar to the separators 36 and 36" of the pre~
vious embodimierits of the apparatus, and is guid-
ed for rotation in said groove.

Soap- or other material to be milled is-force
fed downwardly, as in the Figure 19 embodiment,
into and through the spaces at:opposite sides
of the rim 1285, and the converted: material: dis~
charges. adjacent to the lower edge-of the rim.
To facilitate the discharge of material from the
inner milling space, the outer ends of the spokes
are preferably blade shaped, as at (46, so as to
forcefully eject the milled material. during and
despite high speed rotation of the wheel.

In this case also, the stationary milling mem-
bers can be provided with aerating and conges-
tion grooves 1471 in-their opposing surfaces; .and
air under pressure can bé introduced.into -the
milling spaces through.small orifices 148 in the
opposing walls of the stationary milling members
so as to-achieve ‘occlusion .and fine dispersion of
the air in the soap or other material being milled
by the combined action of the high-speed rim and
the aerating and congestion grooves 1471.

Another modification of the band mill especial-
ly suited for small scale applications .sich as a
coffee grinder, consists of using a reciprocating
motion imparted to the band by a counter bal-
anced high speed drive using any stahdard trans-
fer mechanism with straight line path.

‘From the foregoing it will: be. apparent that
this invéention provides a method .and.apparatus

10

20

30

35

40

45

60

70

75

22
for cold milling soap -(and other materials) to
produce- a. product- either. aerated or deaerated,
more: completely converted, and having -much
greater viscosity, or hardness, than was hither-
to possible -with .conventional cold milling. ap-
paratus, and.wherein:

--1.- An. improved routing -of. material-being pro-
cessed -carries it- across the path .of -the high
speed milling band. to.greatly .increase the .ca~
pacity..of. the system- and.-permit.a. greater :in-
tensity .of .-conversion without- developing de-
structive heat;

2. The high speed milling band is substantial-
1y completely unburdened.of all that work-which
is related to the feeding .function, transporting
of material through apparatus, and the discharg-
ing function for removing .the converted ma-
terial. This removal of work- from the high
speed milling band by. providing separate feed-
ing and discharging means.independent. of the
band has greafly.increased the capacity.and in-
tensity in the conversion. zone;

-3..The . aeration function resulting from.gas
entrainment by the high.speed milling band has
been auginented by force feeding the congestion
grooves in the walls of ‘the milling slot, thereby
making it possible to open the slot on the dis-
charge side of the milling zone without losing
the aerating feature of the process. Such open-
ing of the milling zone provides accessibility for
the additional use of drying or cooling air blasts
when desired and also permits the use of either
aclosed or open system;

4, The removal of nearly all of the finished
converted product from the milling zone before
the product can be carried and swept down to
the stripping knives has simplified the band
cleaning or stripping funection of these knives;

5. The metered flow and directed feed of the
input material to  both sides of the high speed
milling band has made it possible to reduce the
clearance between the sides of the band and the
walls of the milling orfice to such a degree that
the field of application has now been extended
to emulscids or liquid and pasty materials. Al-
so with ‘the closer clearances possible, the heat
transfer -coefficient 'in the intensified shearing
and compacting zone has been improved and en-
ables the use -‘of low temperature coolants to re-
frigerate the -material’ being ~processed. 'The
metered feed also improves the system for han-
dling powdered or granular materials such as syn-
thetic  detergents with their builders; very low
moisture soaps, and wheat flour. - Even abrasive
powders can now be milled with a minimum of
erosion of the machine parts; and

6. The-cross feed arrangement enables the use
of a considerably elongated feed and milling zone
together with a guide means for the milling band
and a metering means-for the regulation of the
feed of material through the milling zone. Con-
sequently, the system has a very high through-
put -eapacity - without sacrificing "the effective-
ness-of extremely close clearances between the
band and-the walls of ‘the milling orifice so as
to preserve the best particle reduction, particle
compacting and heat removal conditions in. the
milling and- convergion "zone.

What we claim as our invention is:

1. The method of milling.deformable solid ma-
terial having a crystalline phase, to increase the
viscosity and/or -hardness-of said material, which
meéthod comprises: .applying pressure upon the
material and by-said pressure continuously forc-
ing-the: material in- one -direction into: a space
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between closely adjacent parallel wall surfaces of
substantial area for passage through said space
and at the same time forming the material into
a thin sheet of substantial area; forcing the thin
sheet of material in the same direction through
and from said space; and rapidly moving the
parallel wall surfaces with respect to one another
in a direction crosswise to that in which the ma-
terial travels through the space between said par-
allel wall surfaces to thereby effect relative mo-
tion between the surface layers of the sheet of
material in said space, throughout the entire
area thereoif.

2. The method of milling deformable solid
material having a crystalline phase, to increase
the viscosity and/cr hardness of said material,
which method comprises: applying pressure upon
the material and by said pressure continuously
foreing the material in one direction into a space
between closely adjacent parallel wall surfaces
of substantial area for passage through said space
and at the same time forming the material into
a thin sheet of substantial area; forcing the thin
sheet of material in the same direction through
and from said space; rapidly moving the parallel
wall surfaces with respect to one another in a
direction crosswise to that in which the material
travels through the space between said parallel

“wall surfaces to thereby effect relative motion
between the surface layers of the sheet of ma-
terial in said space, throughout the entire area
thereof; and abstracting heat from the material
passing through said space to prevent a tempera-
ture rise therein above the crystalline reversion
point of the material.

3. The method of milling and aerating viscous
material, which comprises: force feeding the ma-
terial through a slit-like extrusion orifice having
its discharge end open to the atmosphere and
which defines a shearing and compacting zone,
to forim the material into a film-like sheet in
said zone; imparting motion to the surface layer
of material at one side of the sheet crosswise
of the travel of the sheet through said zone rela-
tive to but substantially parallel with the surface
layer of material at the opposite side of the sheet,
and high speed internal churning motion to the
mass of the material comprising said sheet, so
as to effect subdivision and compacting of par-
ticles throughout the mass of the material com-
prising said sheet; and introducing a gas into
said shearing and compacting zone for occlusion
and fine dispersion of the gas in the material by
the churning thereof along with the shearing
and compacting forces acting upon the material.

4. The method of milling viscous material to
refine and aerate the same, which comprises:
moving a mass of deaerated material to be milled
and aerated through a feeding zone toward a
shearing and compacting zone; forming the ma-
terial leaving said feeding zone into a film-like
sheet; force feeding said sheet edgewise through
the shearing and compacting zone; bringing a2
thin film of air into contact with the surface
layer of material at one side of the sheet in said
zone; and imparting high speed motion to said
surface layer of material in the shearing and
compacting zone relative to but substantially
parallel with the surface layer of material at the
opposite side of the sheet, crosswise of the travel
of the sheet through said gzone, and high speed
internal churning motion to the mass of the
material comprising said sheet, so as to effect
subdivision and compacting of particles through-
.out the mass of material comprising said sheet
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and occlusion and fine dispersion of the air in
the material by the churning thereof along with
the shearing and compacting forces acting on
said material.

5, The method of milling and aerating viscous
material, which comprises: forming the material
into the shape of a film-like sheet; force feed-
ing a plurality of such sheets edgewise in one
direction through a shearing and compacting
zone with the sheets in side-by-side parallel re-
lationship; introducing air into said zone; and
in said zone imparting high speed motion to the
surface layers of maaterial at the inner sides of
the sheets relative to and substantially parallel
with the surface layers of material at the outer
sides of the sheets, crosswise of said feed direc-
tion, and simultaneously effecting high speed
internal churning of the mass of material com-
prising each of said sheéels so as to effect sub-
dividing and compacting of particles throughout
the mass of material comprising each sheet, and
occlusion and fine dispersion of air throughout
the mass of material comprising the sheets.

6. The method of milling deformable solid ma-
terial, which comprises: forcibly moving the
material to be milled along a predetermined path
toward and through a slit-like orifice defining
a shearing and compacting zone which is relative-
iy short in the direction of travel of the material;
gradually conforming the mass to the shape of
said orifice as the material travels along said
path; utilizing the force required to move and
shape said masg to cause rapid travel of the ma-
terial threugh said orifice; and by a separate
force imparting motion to the surface layer of
material at one side of the film thereof in said
orifice, relative to the surface layer of material
at the opposite side of the film, in a direction
substantially crosswise of the direction in which
the material travels through said orifice, and at
a speed great enough fto effect shearing and
compacting of particles in the mass of the ma-
terial travelling through said orifice.

7. In the method of milling a deformable solid
madterial, the steps of: applying pressure upon
the material and by said pressure extruding the
material through the narrow dimension of an
elengated narrow orifice into a zone having op-
posite sides of substantial area; and passing a
shearing member with opposite faces of sub-
stantial area through the material in said zone,
centrally thereof, in the direction of the long di-
mension of said orifice with the opposite faces of
said shearing member closely adjacent and par-
allel to the opposite cides of the said zone and
at a high speed so that the combined action of
the shearing member and the sides of the zone
on the material as it passes through the orifice
and through said zone produces intense shear-
ing and compacting forces in the mass of the ma-
terial to thereby finely mill the same.

8. The method of milling highly viscous solid
material, which comprises: forming the material
into a sheet not greater than about .015 of an
inch in thickness; force feeding said sheet edge-
wise in one direction, at a rate of at least 200
feet per minute through a slit-like extrusion
orifice defining a conversion zone having a length
of at least 1 inch in the direction of travel of
the sheet; and as.the sheet travels through said
Zone, Imparting motion at a rate of at least 1,000
feet per minute to the surface layer of material
at one side of the sheet relative to the surface
layer of material at the opposite side of the sheet,
crosswise of the direction of travel of the sheet
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through said zone, to effect shedring and com-
pacting of particles in the material throughout
the thickness of the sheet.

9., The method of milling and aerating highly
viscous solid material which comprises: forming
the material into a shiéet not greater than about
.015 of an inech in thickness; force feeding said
sheet edgewise in one direction, at a rate of at
least 200 feet per minute, through a slit-like ex-
trusion orifice defininig a conversion zone; as the
sheet travels through said zone, imparting mo-
tion at a rate of at least 1,000 feet per minute to
the surface layer of materidl at one side of the
sheet relative to the surface layer of material
at the opposite side of the sheet, crosswise of the
direction of travel ofthe sheet through said
zone, while-violently churning the material in-
ternally so as to effect shearing and compacting
of particles in the material throughout the thick-
ness of the sheet; and introducing air into said
conversion zone for oceclusion and fine disper-
sion of the air in said material by the churning
thereof along with the shearing and compacting
forces exterted on the material passing through
zaid zone.

10. The method of milling deformable solid
material, which comprises: moving a mass of the
material to be milled toward a slit-like extrusion
orifice defining a shearing and compacting zone;

dividing the mass of material approaching said 3

zone into separate relatively thin sheets; rapidly
feeding said sheels in spaced apart side-by-side
opposing relationship edgewise through said ori-
fice with' the surface layers of material at the
outer sides of the sheets in intimate contact with
the sides of the orifice, and in a direction cross-
wise of the-length of said orifice; and in said
orifice; imparting high speed motion simulta-
neously to the surface layers of material at the
inner ‘opposing sides of said sheets, lengthwise
of said orifice, so that the combined effect of such
motion and the inertia of the mass of the ma-
terial causes subdividing and compacting of par-
ticles in the mass of both sheets.

11. The method of cold milling highly viscous
solid material, which comprises: forming the
material into a film-like sheet; rapidly feeding
said sheet edgewise in one direction through a
conversion zone; and imparting extremely high
speed motion to the entire surface layer of ma-
terial at one side of the sheet in said zone as the
sheet passes therethrough, crosswise of said feed
direction, while utilizing' the inertia of the mass
of material comprising said sheet to resist such
motion so as to effect extremely high relative
motiocn” between the surface layers of material
at the opposite sides of the sheet and thus pro-
duce fine subdivision and ecompacting of particles
in the mass of material comprising said sheet.

12, The method of milling deformable solid
material, which comprises: forming the material
to be milled into a film-like sheet; force feeding
said sheet in one ‘direction through a shearing
and compacting zone in which the sheet is con-
strained to edgewise travel: imparting high speed
motion to the surface layer of material at one
side of the sheet as it travels through said zone,
crosswise of said feed direction, relative to but
substantially parallel- with the surface layer of
material at the opposite side of the shest; and
congesting the material adjacent to said opposite
side of the sheet at spaced areas-thereof in-the
shearing and compacting zoneé so- that the -com-
bined action of such -congestion and the high
speed ‘motion of 'said surface layer of material
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effects subdividing 'and-compacting of particles
in"the mass of material comprising said film.

13. The method of milling viscous -material
to refine and aergteé the same, which comprises:
moving a mass of“the material to-be milled
through a feeding zéné toward a slit-like extru-
sion orifice deéfiiiing a sheéaring and compacting
zone; force féeding the material leaving said
feeding zone in one direction throtgh said shear-
ing and ‘compactiiig zone to-form the material
into a film-like sheét; bringing a thin film of air
into contact with the surface layer of material
at one ‘sidé -of "the- sheet passing through said
zone; imparting high speed motion:to said sur-
face layer of material as the sheet moves through
the shearing and compacting . zone, crosswise of
said feed  direction, relative to-but substantially
parallel with the surface layer of: material at the
opposite side of thé shest; and congesting the
material adjacent "to said opposite side of the
sheet at spaced aréas thereof in said shearing
and compacting zone, so that the combined ac-
tion of such congestion and the high. speed mo-
tion of said surface layer of material produces
sukdividing and compacting of particles in-the
mass of material compiising said sheet, and the
occlusion’ and fine "dispersion therein of the air
brought into contact with said first designated
surface layer of material.

14. The method of milling viscous material to
refineg” and aerate the same, -which comprises:
forcing the material: to bé ‘milled and aerated
through a- slit-like extrision orifice having its
discharge end opén to. thé atmosphere, and which
orifice’ defines a shearing and compacting zone,
to form thé material-into a. film-like sheet in
said zone; imparting high- speed-motion to the
surface layer of material at one side of the sheet
as it moves through said zone relative to but
substantially parallel with the surface layer of
material at the opposite sidé of the sheet, while
simultaneously violently churning  the -material
internally so as to efféct- subdividing and. com-
pacting of particles  throughout the mass :of the
material comprising said sheet; and introducing
a gas into said shearing and compacting - zone
for occlusion and fine dispersioni of the-gas-in
the materidl by thé churning thereof along with
the shearing and compacting forces acting upon
the material.” ,

15. Milling apparatus, -comprising:. a-movable
milling element constrained to travel in one di-
rection ‘along a predetermined path and having
an elongated ‘milling surface thereon of -sub-
stantial area; a stationary milling element hav-
ing an elongdted complementary milling- surface
thereon of ‘substantial area in juxtaposition to
but spaced slightly. from said surface on:-the
movable milling element; means for driving said
movable milling ¢element at high speed; station-
ary gu1de means’ for directing material- to be
milled in"a direction crosswise of the path trav-
elled by the milling surface on the-movable mill-
ing ‘element, and “into theé space between said
surfaces on the stationary and movable elements;
and feed means communicated with said guide
means for forcing. material to be ‘milled under
substantial pressure into -said -guide means-and
across the spdce between said - surfaces- on - the
stationary and movable milling elements. -

16. The apparatus set forth in claim 15 further
characterized by “thé- fact that said stationary
miling elément has & seriés of spaced apart .con-
gestion grooves. theréin opeéning to and extend-
ing across said milling surface thereon, through
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which material passes as it is forced through
the space between the stationary and movable
milling surfaces.

17. Milling apparatus comprising: an elon-
gated movable milling element having cpposite
sides providing movable milling surfaces of sub-
stantial area; means mounting and constraining
the movable milling element to movement along
a defined path which extends lengthwise of said
element; stationary milling elements at opposite
sides of the path of the movable milling element
having opposite walls providing stationary mill-
ing surfaces of substantial area overlying said
opposite sides of the movable milling element
with a milling clearance therebetween; means
for forcibly feeding material to be milled into
the milling clearances between the stationary
and - movable milling elements simultanecusly
along the entire length thereof for passage
through said milling clearances in a direction

_crosswise to the path of the movable milling
element; and means for imparting high speed
motion to said milling element.

18. Milling apparatus, compriging: a pair of
pulleys rotatable about fixed spaced apart par-
allel axes; an endless flat band trained over said
pulleys to be driven at high speed thereby, with
one stretch of the band travelling in a straight
path between said pulleys, said band having op-

posite flat sides defining milling surfaces; an ¢

elongated wall at each side of said band having
a milling surface facing one flat side of the band
and extending lengthwise thereof; means mount-
ing said walls in fixed relation to the pulley axes
with said surfaces thereof close to but spaced
slightly from the sides of the band, said wall
surfaces defining a slit-like shearing and com-
pacting zone therebetween of substantial length
measured in the direction of band travel there-
through but relatively short in a direction cross-
wise of band travel; means for feeding material
to be milled through said zone, crosswise of the
length thereof; and means on said walls near
the ends thereof providing seals embracing the
band to prevent the material being milled from
passing out of the opposite ends of said shearing
and compacting zone.

19, Milling apparatus, comprising: s pair of
walls each having an elongated milling surface
thereon of substantial area; means mounting said
walls in fixed spaced apart relationship with
said milling surfaces thereof opposite and rela-
tively close to one another, said milling surfaces
defining the sides of a slit-like extrusion orifice
of substantial length but relatively short in a
direction crosswise of said surfaces; an elongated
movable milling element having opposite sides
defining milling surfaces of substantial area and
having a thickness slightly less than the spacing
between the milling surfaces defining the sides
of the slit-like extrusion orifice; means con-
strainihg said movable milling element to travel
lengthwise through said extrusion orifice with
the opposite sides of the movable element spaced
slightly from the surfaces defining the sides of
said orifice; means fixed with relation to said
walls defining a feed nozzle opening to said ex-
trusion orifice along the entire length thereof
adjacent to one side edge of said movable milling
element, through which material to be milled
is adapted to be forced for travel through said
extrusion orifice crosswise of the long dimension
thereof; and means for imparting high speed
motion to said movable milling element. .

20. Milling apparatus, comprising: a pair of
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walls each having an elongated straight milling
surface thereon of substantial area;  means
mounting said walls in fixed spaced apart rela-
tion with said milling surfaces thereof opposite
and relatively close to one another, said surfaces
defining the sides of a straight slit-like extrusion
orifice of substantial length but relatively short
in g direction crosswise of said surfaces; an end-
less milling band having opposite sides providing
milling surfaces of substantial area and having
a thickness slightly less than the spacing between
said surfaces which define the sides of the slit-
like extrusion orifice; means constraining said
band to travel lengthwise through said extrusion

5 orifice with the opposite sides of the band spaced

slightly from the milling surfaces defining the
sides of said orifice; means at the cpposite ends
of said walls defining pressure seals closely em-
bracing said band; means fixed with relation to
said walls providing a feed nozzle opening to said
extrusion orifice along the entire length thereof
between said seals and adjacent to one side edge
of the band, through which material to be milled
is adapted to be forced for travel through said
extrusion orifice crosswise of its long dimension;
and means for driving said band at high speed.

21. The milling apparatus set forth in claim
20 further characterized by the provision of
means for forcing material to be milled through
said extrusion nozzle and conseguently through
said slit-like extrusion orifice.

22. 'The milling apparatus set forth in claim
21 wherein said means for forcing material to be
milled through the feed nozzle comprises a screw
rotatable inside the feed nozzle.

23. The milling apparatus set forth in claim
19 further characterized by the provision of
separator means fixed with relation to the feed
nozzle and extending along the entire length of
the extrusion orifice adjacent to the discharge
opening in the feed nozzle for directing material
to be milled to the opposite sides of the movable
milling element and for metering the flow of
material into said extrusion orifice.

24, The milling apparatus set forth in claim
23 further characterized by the provision of a
series of relatively small teeth extending from
the opposite sides of said separator means and
spaced apart along the entire length thereof for
effecting shredding of the material prior to en-
trance thereof into said milling orifice.

25. Milling apparatus, comprising: an elon-
gated feed nozzle having a discharge opening in
its side extending substantially the entire length

5 of the nozzle; stationary milling means fixed to

said side of the feed nozzle and having elongated
spaced apart opposing walls the surfaces of which
define a slit-like extrusion orifice extending the
full length of said discharge opening in the nozzie
and in open communication therewith, so that
material discharging from the feed nozzle travels
through said orifice crosswise of the long dimen-
sion thereof; an endless metal movable milling
band guided for lengthwise travel through said
orifice, said band having g thickness slightly less
than the spacing between the surfaces defining
the sides of the extrusion orifice so that material
forced through the orifice will be brought info
intimate contact with the sides thereof and with
the opposite sides of the band; means for driv-
ing the band at high speed to effect shearing
and compacting of particles in the mass of mate-
rial passing through the milling orifice; means
fixed with relation to said walls providing an
elongated chamber at the ouflet side of said
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orifice communicating therewith along its entire
length and into  which the milled material is
adapted to be received, said chamber having an
outlet opening adjacent to one end thereof; and
means inside said chamber for conducting milled
madterial therein toward and through said outlet
opening.

26. The milling apparatus set forth in claim 25
further characterized by the provision of aerat-
ing and congestion grooves in said walls extend-
ing across said surfaces thereof which define the
sides of the extrusion orifice for effecting high
speed churning of the mass of material passing
through said orifice along with occlusion and fine
dispersion of air, brought into the orifice by the
band, in the material being milled.

27. The milling apparatus set forth in claim 25
wherein said receiving chamber is connected in
air-tight relationship with said extrusion orifice;
and further characterized by the provision of
means on said receiving chamber for restricting
the outlet opening therein so as to cause milled
material to accumulate in the outlet end of the
chamber and thus close off the interior of the
chamber from the atmosphere.

28. Milling apparatus, comprising: an annular
stationary milling element having an inwardly
facing annular milling surface; a wheel rotatable
inside said annular milling element and having
a rim provided with an annular surface facing
said surface on the annular element and spaced
from but closely adjacent thereto, said space de-
fining a shearing and compacting zone for ma-
terial to be milled; means at one side of the wheel
for force feeding material to be milled into and
through said space between the surfaces on the
rim and the annular element; and means for ro-
tating said wheel at high speed.

29. The milling apparatus set forth in claim 28
further characterized by the provision of: means
on said annular element for introducing air un-
der pressure into said shearing and compacting
zone; and said annular element having spaced
grooves opening to said surface thereon and ex-
tending thereacross substantially in the direc-
tion of travel of material through the shearing
and compacting zone for congesting the material
passing through said zone and for producing
high speed churning in said material to effect
occlusion and fine dispersion of air throughout
the mass of the material milled.

30. Milling apparatus, comprising: a rotatable
wheel having spokes and a rim carried thereby,
said rim being in the shape of a cylindrical wall
extending from one side of the wheel, the inner
and outer sides of said wall providing cylindrical
milling surfaces; a pair of stationary milling
members, one inside and the other outside of said
rim, and each having a cylindrical milling sur-
face spaced from but facing and close to the adja-
cent surface of the rim; means for rotating said
wheel at high speed; and means connected with
said stationary members for force feeding ma-
terial to be milled into and through said spaces
between the rim and the surfaces of the sta-
tionary milling members in a direction axially
of the wheel.

31. The milling apparatus set forth in claim 30
further characterized by the provision of means
on said stationary members for introducing air
into the spaces between the rim and said sur-
faces on the stationary members, said means in-
cluding a series of small orifices in said mem-
bers opening to said spaces; and said members

2,620,611

10

20

o
(533

30

35

40

45

650

70

30

having spaced congestion grooves therein open-
ing to said surfaces thereon and extending across
said surfaces substantially in the direction of
travel of material fo be milled through said
spaces, for effecting occlusion and fine disper-
sion of air in the material being milled.

32. Milling apparatus, comprising: a rotor
having a rim with opposite annular surfaces of
substantial area providing movable milling sur-
faces; a pair of stationary annular walls each
having an annular milling surface of substantial
area; means mounting said stationary walls with
their annular milling surfaces overlying said an-
nular surfaces on the rim with a milling clear-
ance therebetween; means for force feeding ma-
terial to be milled into said clearances between
the surfaces of the rim and the stationary walls;
and means for revolving the rotor at high speed.

33. Milling apparatus comprising: a pair of
annular stationary milling elements having fac-
ing stationary annular milling surfaces; a rotor
having a rim positioned between said stationary
milling surfaces and provided with annular mill-
ing surfaces facing said stationary annular mill-
ing surfaces with a milling clearance therebe-
tween; walls defining a feed passage leading to
said milling clearances; means for feeding the
material foreibly through said feed passage and
into said milling clearances; and means for ro-
tating the rotor at high speed.

34. Milling apparatus comprising: complemen-
tary inner and outer stationary substantially
conical walls spaced apart a distance which de-
creases toward the outer edges of said walls, de-
fining an annular feed passage having an inlet
at its center where the space between said walls
is greatest and an outlet at the periphery there-
of where the space between said walls is least;
stationary opposed annular walls joined to the
peripheries of said substantially conical walls and
defining a milling zone therebetween to which
the outlet of the feed passage leads; a rotor hav-
ing a rim disposed in said milling zone with op~
posite faces of the rim overlying said opposed an-
nular walls with a milling clearance therebe-
tween; means for forcing material to be milled
through the feed passage and into the spaces be-
tween said overlying surfaces of the rim and said
opposed annular walls; and means for revolving
the rotor.
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